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ABSTRACT

The sources, distribution, and losses of PCBs in the U.S. pulp and paper
industry ars 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 iTodel showing past
and projected PCBs content in product and wastewaters from the industry is pre-
sented and discussed. Estimated corts (worst-case basis) for wastewater treat-
ment to achieve one ppb PCBs 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

INDDSTRy INTERVIEWS AND PLftNT TRIPS

1-1.0 OBJECTIVES OF INDUSTRY INTERVIEWS AID DISCUSSIONS
From previous efforts under Task I of Contract 68-01-3259, it was

apparent that the data available concerning PGBs in the paper industry were
sparse at best, and that extensive efforts would be required to gather suffi-
cient information for the mrA**; development, and. interpretation. The gathering
of such information was the major objective of all industry contacts during
this work; early in the program industry was made aware of the purpose of and
our approach to the work. Subsequent response and cooperation by the industry
were uniformly excellent.

Specific areas covered -%^nng the interviews and discussions included:
1) The level of awareness of the PCS problem within the industry;
2) Analytical data (on PCB levels in products and effluents) which

might be available or which might be rj-rt-a-jiyd and made available
at a later date;

.3) The i "H t-» * and 'i ** •*••'*>'» which on treatment of
mill effluents, or on internal 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 sailing and analysis which generate
the data base of PCB levels in the plants;

6) The ginvi 1 j^ri/t-yafl and <fri f fargatopg found between production mills
operating under current bounds of raw material, energy, labor
and treatment costs; and '

7) PCBs transport within the plants.
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1-2.0 MEETINGS WITH TRADE ASSOCIATICNS
1-2.1 Meeting with API

'- - " -In mid-0\ily, 1976, a mfcting 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 mRntears from several API
mpirtw companies, and the EPA r>Pf<n» of Solid Waste Management Programs

- (CSW4P) .-: Tbe approach to the ptugxan, and parti rail arly the PCBs-industry
model, was >™«-iinftd and fU&?v*&*n in detail. Cooperation and needed informa-
tion were solicited, and plans for the provision cf available or anticipated
data were made. All areas noted under Section 1-1.0 were covered.

1-2.2 Mneting with Institute of Paper Qvmistrv (IPC)
Cn August 6, 1976 a meeting was held with staff members of the

IPC in Appleton, Wisconsin. John C. WbULwage, Vice President-Research; Dr.
H. S. Dugal, Director, Industrial and Environmental 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) took part in
the

At that time the IPC was performing an in-house study aimed at
development: of an improved procedure for PCB analysis in pilp and paper mill
Tnfrt-riops. 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 rocyclsd in order that as much of the fiber as
possible eventually become products since fines have a desirable effect en the
qualities of opacity ̂ nd surface smoothness. F/r»rvnri rg*1 use of the raw fn-**r
requires a minimizatijcn of the finer, loss. Such a procedure appears to pre-
ferentially associate the major portion of any PCBs with the paper product.

It was aiao agreed that the PCB concentration in the waste sludqe
might reasonably be agg»ynerf to be at *t*> «an»» concentration as in **v* product.
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In other words, if the PCB levels in paper product is in the low parts per
mil lien range, IJB levels in the sludge will also be in this range. The

sludge data obtained supports this contention, and at the sane tine
shows pap»r m.j.11 sludges to be ""fpftTflM** to TTT'""nr';''p:*i trpgatn**"* plant sludges
in PCB content (ranging up to 23 ppnO ** ' . !I

The majority of PCBs introduced to papermaking as part of the
wastepaper input were believed by the IPC personnel to be still enclosed in ! j

gelatin—gum arabic microbaHcons* The m^ mnpfrvai i fvnta (io — 20 microns in i
are known to be substantive to fiber. They release their PCB load i

for analysis upon treatment with almhplirr KCH solution. It was not known i
what fraction of the incoming capsules may break open, nor whether the pulping iiand refining steps may cause breakage/ but it was suspected that relatively '
few of the microballoons would rupture during the papermaking process.

In addition, it was ffaAQfA that PCBs in intact capsules would
not participate in evaporation as "free* or "wild" PCBs may be able to do.
Mass balances done 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 overall oonclT"8 j o*** or credibility of the nyy l̂
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 reconroendation for the minimization of sample transfers
and handling in analysis for PCBs.

Present analytical '•?pah|'M*"'**g at IPC show detection limits for
paper to be 0.1 ppn PCB and for solutions to be 0.1 ppb PCB. Both «*n for a
trained operator conversant with and practiced in routine PCB analysis.

Interferences on the chromatcgram appear to be removed in good
part by oxidation of the sample with chromium tricodde. These interferences
seamed 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
oecachlorobiphenyl were found to give unsuitable results. This treatment
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fid to have arted sane non-PCB its of oopy
into a form which nonld be inoorzectly identified asJPCBs.

- otter aspects of the problem and of the IPC program were dis-
cussed in- detail. Many of these are (tJBraisserl or referenced elsewhere in this
report. The results of this meeting served to solidify the approach to the

and the selection of parametric values to be used in exercising the model.
1-3.0 ELMO? VISITS

Seven paper tniiia were visited <*Tri"g the program; four of these
between 50 and 100 percent recycled material. The others either were
known to be very ntich aware of the FCBs problem and using sane

recycled fiber or mil* using only virgin fiber. Short sunnarLes of the trip
reports for theg^ plants are inr!'*̂  below. As will be noted, seme plants are
not named in these sunaarLes.

1-3.1 Plant A - 100 Percent Recycled Raw Material

Plant A employs approximately 300 people and has a Pourdrinier,
two cylinder machines and a Printer Tinter. The raw material used is waste-f
paper wMch has been sorted, graded, baler! and marked by organized paper stock
dealers throughout the Midwest. The most important grades used are reclaimed
ecu. .Legated containers, mixed paper, iMJWUpap'.u and clippings trimmed fron box
shops and converting plants. Much of the stock, is picked up in large cities
by conpany 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 ttiig plant. _

Tfop frq<g|r? product "B*rfli'fi|M!t'ir'1*^ f njn» t-he wastepaper is paperboard.
ThJa product is used for core stock, tube stock, wrapper, carton, paper box,
book bindings, and globe stock.
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Pulping r and
Hie first step in converting paper stock to pulp is called

hydration; luachines called hydropulpers axe used. Theae are large tubs with a
rotating disc in which the dry paper is nixed with warm 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 matierial, and
settling to remove heavy dirt. In ariflltinn, there are several systems of
mechanical screening to remove coarse or undefibered bundles and dirt. Not the
least important is a treatment cf high pressure - high taii£jeraLure 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 stored as a
liquid suspension in large chests. Before going to the paper machine the stock
is again refined or "brushed out" in machines callpri Jordans or Refiners,
to an exacting consistency with water and screened one last time.

Plant A employs both PourdrLner and cylinder-type paper machines.
The latter employ xylinders covered with fine mesh wire to extract pulp from
the slurry stock onto the surface. The material is then deposited in thin
layers (one from each cylinder) to form the wet web. After all the cylinders
have deposited their contribution of fibers, the wet web of paper is pr'issed
to remove excessive water. Each r*<r* 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 Tnaffrjp^ employs a long wire belt for formation
of the wet web. Paper stock is fed onto the moving wire through a sluice fron
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a headbox, and, in contrast with a cylinder mnrfilnpi, the web is made up as a
glngl** layer. Over a relatively short distance ginongh 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 marfiinog employ a lT*g section of many steam boat***! cylindri-
cal dryers. As the sheet leaves the wet end after all possible moisture has
bocn removed by "**chnp"i«ai pressing, tfag remaining excess moisture must be
removed by evaporation. The sheet of paper passes over all of these dryers
which eventually prr»frir!'ag a dry sheet to customer

last Step in paprr mami^f arfHiri ng is
or pressing for the purpose of obtaining a uniform finish and thickness. Alsc
at *fa'»g station it is pna^K]** to apply surface sizing or other forms of coat-
ing or stain.

After passing through the calenders the pappr is wound onto
reels to be rewound and trimmed to meet «*j»» orders. If the customer wants his
paper in flat sheets, it is run directly from the paper machine through a
sheeter. In either case, when the paper is fim'«dvar! it is bandpri, wrapped,
labeled, and weighed.

A -«aihat-arrt"iai anouot of the total production of Plant A is sent
to a <3g»w*»rH TVJ plant for further processing. Most of *frft« processing consists
of slitting wide rolls into narrow widths to be used for winding into cores
and tubes. Biis plant ai«r> performs cutting from rolls into sheets, precision
trimning of sheets, and laminating*

1-3.2 Plant B - 90 Percent Racyr.lfri Raw Material
General Description
This plant is a major i>*̂ rilT îr?*?.li!*i-T' of <"in«ni«» items, p^•»•^^^•r;^ pg

800 tons of fyifil 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 peromtagn than most other tissue mills.



Plant personnel supplied a report en FCBs generated by them in
7i for effluent water quality dates back to the establishment1975. The

of a primary treatment system in conjunction with the start-up of a deinking
process in the 1930's. Ihe 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 tine. PCB measure-
ments were begun in-house during 1975. Data on PCBs content of products prior
to 1975 have been obtained and are reported elsewhere.

fKa»i of Raw Material
Although most of the raw material for this plant is wastepapsr,

less than 50 percent of this is classed as post-consumer waste; in other words,
roost of the returning paper stock has never been previously 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
economic standpoint. As shown by ir îg^ry data and the modeling effort in this
report, even a few sheets of the carbonless copy paper can have an observable
affect on PCS concentrations in a single day's output.

Office wastes in general do not make a desirable paper stock,
since many office paper products <-«->n*^jn binders, colorants or other minerals
that are difficult to remove and cause problems in the papermaking process.
Obese wastes are purchased by the m|fi primarily to assist their paper dealers.
They do become more important during periods of short paper stock supply.

Effluent PCB Levels
PCB concentrations in mill intake water were less than

0.1 ppb. Measurements of deinking, ""'I1 and conbined effluents were reported
to range frcm 0.3 to 2.7 ppb.

In-Plant Vaporization Estirate
The plant has performed a water mass balance on its paper

mnrhinps. 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 pounds of PCS per day or less than 0.15 Ih -/year. This is
probably an undetectable loss if direct measurement was attempted. . .

1-3.3 Plant C - 80 Percent Hftcycled Raw Material _ _-__ ___
PulpGeneration
Pulping is a batch process .at this plant. Wastepaper, ac tting

for about 80 percent of the raw material, is added to pulpers 13 and 14 to-
gether with hot water and caustic soda. Steam jets raise the temperature to
about 185°F and deinking continues for about 1.5 hours. After deinking, the
stock from both pulpers are dtTiperi together yielding a stock slurry of about
7 percent consistency. Frcm here the stock is passed through a one inch bar
screen that removes large contaminants such as string and rags. The pulp is
now punped to a holding chest.

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

Upon leaving **>•}« tank, the stock is diluted to about 0.7 per-
cent solids and run through centrifugal <"fl'»arpj'vj to remove fine contaminants.
Accepted stock is now directed to a screen with 0.010 inch slots. Accepted
stock from +•*"«» screen pooped to two slope washers that have counter-stock flow
of water. These washers are arranged in series with the second one increasing
the stock consistency (solids mrvw^r^Aewt) to about 5 percent.

At this point the. stock is pumped to two washers set up in
parallel. The washed stock, with a T>n*1lgtqTvy of about 2 percent solids, is
pumped to a storage tank until the chlnrlnatim tank is ready for a new batch.
Water for the washers cores from the slope washers.

During chlorination, chlorine g3*** is peeped into a tank
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 adfed which reacts with any residual chlorine to form
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sodium hypochlorite to augment the bleaching process; the final pH is 9.
bleached stock is sent to retention tanks.

The stock pilp is sent to a vacuum washer to remove materials
made soluble by chlorination. This wash water originates from tL.-; paper machine
water supply, the unite water. The filtrate from the washing process is cunped
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. Opon leaving the washers, the
stock pulp is pumped to high density storage tanks to await the papermaking
operation.

This ni-m aiqn 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 adfted to develop better fiber
bending strength.

From 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 papermaking 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 through regulates the strength of the product. Thickness is
governed by this speed and by slicing the sheet off the belt with z. doctor
blade. Several piles 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 PGBs. The intake volume is about 1.5 ̂ ill-inn gallons per day.
The discharges fiem Plant C enter a wet well from which the

wastewater is screened and sent to a ccmpany-operated treatment plant.
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Treatanent oonsists of primary clarification and a two-stage activated sludge
system. The treatment plant effluent is discharged to the Fox River (mid-
stream).

1-3.4 plant D - 50 Percent Recycled Raw Material
Plant D is a major recycling operation. Six grades of wastepaper

(e.g., off ion and foodboard) are the major constituents of the raw maty rials
o produce aougi^^M** deinked p^lp stock. This spooun^ for approxl—

mately 50 percent of the required pulp with the remaining being composed of
purchased virgin pulp and p'Tp 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 mi*«hapi/-!a'ny broken down with hot water

(about 190°F) / caustic soda, surfactants and deinking chemicals by means of a
ribbed rotor at the bottom of the bydrapulper. Much of the heavy waste such
as metal Lie objects and plastic sheets are collected in traps at the bottom of
the pulper. At this point, the pulp stock has about a 6 percent consistency
(consistency being the percent «*"lî q to

The de-inked pulp leaves the hydrapulper through perforated plates
and is pumped to blending chests f*?r ymf-Srmqi retention fr-ij» and agitation.
The pulp now has about a 2.5 percent consistency. Upon leaving the chests, the
pulp is passed over a filt-pr that recovers the cooking litjmr in the filtrate.
The filtrate is reused in the p^p*** to recover the heat and residual ohpnu.cals.
Excess washer water Is reused for other operation dilutions. Water is exten-
sibly recycled in the deinking operation.

The pulp is now sent to oentrif flers , which are centrifugal
cleaning devices for removal of pins, staples, and other heavy particles. The
accepted p^p has a 2 percent consistency and it is sent to a centrisorter
pressure screen. Accepted stock from the pressure screen goes on to washing
viiile rejects are passed through a d*fi*v«»r and then across a screen for
further f ***>*• recovery.
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The pulp then enters a four-stage counter-flow washing system.
The first stage consists of 2 cylinder washers, the second and third stages
consist of sidehill washers, and the fourth is another cylinder washer. The
cleanest water is used for dilution at the fourth stage and the filtrate is
fed to the proceeding (third) stage. This filtrate is then used in the second
stage and its filtrate in the first stage, where the filtrate is discharged to
waste treatment. The water in the »«fring process originates from the dis-
charge of the paper "a îm 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 gees to the final washer for
thickening and storage in high-density towers. The water removed by the
thickening process is reused in other washing:; and in the bleachery.

The above A»gf*HryM<7n for secondary pulp supplies 50 percent of
the TTU>> gf iai.ct required to meet the ^"^oni* dems^jd of Plant D. The remainder is
composed of purchased virgin 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.
From here, the pulp is sent to refiners for f•»*•***• shortening and f|v»riTi **•_•$rr>

to enhance greater bonding capacity.
From the refiners the pulp is discharged into a pipeline that

contains the secondary pulp for blending of the types. After sufficient time
to ensure homogeneity, components such as clay, titanium dicocirie and alum, to
name a few, are added to the stock pulp as it moves to the paper machine.
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Pagercaking _ -_•
. . . . . Stock taken from the high density storage tanks is d-rint^d and.
puqped 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 piip sheet falling on the Fourdrinier remains the same throughout the

The endless mesh belt of the Fourdrinier effectively drains
enough viator Fftjm **hp pulp «im*rv to penait the •fifrgrg .to "ok** a sheet
the wet web. Much water ia recycled during papermaking operations. Since
*-h-{g watei1. is falling rr»«n the b1°yfi*^ product, the p^p imparts a ̂
on the wafer and hence is railed white water. Because water is oontimvJLly
being adfad here, there is an excess overflew. This surplus water is stored
and need 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. Vben 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 Waatewater Treatment
Since the product "n^nr and ' »jt't'>?i'<"i/1|n is highly important, the

water used throughout the operations necessarily should not contain any sus-
pended oontani narits that are able to be removed. Therefore, this mill has a
treatment facility for intake water, utilizing flocculation with alum and limp,

of aigyirtoj and filtration. The filter is composed of the following:
top layer - 8 inches of coal; middle layer - 2 feet of sand; bo Lion layer - 2
feet of crushed stone.

Currently, *•>!•<« fr»n only h*» primary treatment, a ̂  ayj •Fi **r-
The present system has about 90 percent SS removal but only about 25-30 percent
run reduction. *n^ effluent frun *M« r^arf-yf it*r is being discharged to tjv*
Fox River. The average flow for 1975 was 3.9 MS). This volume can be broken
down as follows;
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2.5 M3> frcm deinking
.9 MOD from paperraaking
.3 MOD from water plank
.2 MOD disposal plant and misc.

rinrioT- construction now at Plant D is a 2-stage activated sludge
system. Preliminary investigations on this tĵ pe of treatment facility for pulp
and pap*r wastswater discharges indicatas that *h^« system is very effective
at furtijer reducing the SS levels and greatly reducing effluent BCD.

sludge contains 10 paropnt solids and is further con-
solidated in compaction tanks to a 12 yfttqenl solids Level. The sludge is
furthered devrateied. to 28 percent solids by Hire artrtitirm and subsequent
vacuum filtering. The filtrate is returned to the primary clarifier and the
dewatered sludge is trucked to their private landfill.

The company has opened a new landfill which covers about 18 acres.
Preliminary geologic investigations revealed a solid bedrock foundation. The
area is encompassed, by a man-made compacted clay dike, effectively eliminating
any surface runoff from the lanrif m t

for groundwater contamination, resulted in th? construction
of uonitoring wells. There appears to be two layexs of groundwater separated
by a clay table. When completely fillfd, the landfill will be slightly done
shaped with a 2 degree slope.

1-3.5 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 chemL-oechanical treatment on
hardwoods. The remaining 50 percent is frntr^^ of purchased bi*>aft>«»̂  kraft
pulp from Canada and other U. S. sites and such items as foodboard, cups, and
IBM cards. No carbonless paper is utilized. Production is between 300 and 400
tons per day.
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Waste Treatment
This plant utilizes two waste facilities; a fluidized bed incin-

eration for spent liquor in the p"*p *""n operation, and a wastewater treatment
plant for water used in the paperoaking process plus excess wash water and
associated solids from the pulp mill.

The ohmi-mechanical pulp mill effluent with a 6 percent solids
content is sent to an evaporator where -the solids content is increased to zboot
45 percent. The liquor, now a syrup, is plaoM in the incinerator operating at
approximately 1300°F, and the remaining moisture is flashed off ̂ liuwing the
organics to be volatilized. At the bottom of the unit, air jets keep the ash
in motion (fluidized). Therefore, pulp mill activity is a closed system with
no effluent, and the excess ash is trucked to a landfill.

Wastewater currently receives only primary treatment in two
• ••parallei clarifiers, but removal of approximately 96 - 98 percent of the sus-

pended solids is achieved with 4 0 - 5 0 percent BOD removal. A new secondary
treatment system will begin operations in the near future. Overflows from the
clarifiers will be combined and discharged to the secondary treatment reactor,
which is a closed, oxygenated, three- segment tank. Effluent from the reactor
is then sent to a settling tank and after a determined retention time the
supernatant 1-igmri is discharged to the Fox Fiver. The new system is designed
to handle 6.5 mgd with a three hour retention. The mill has recently reduced
its water requirement ftvm 8 T"j3 to 6.8 "»j»'i in jrmpaT-a'Hon .for <•>*» secondary
system.

The sludge will be removed with scene of it reused as seed in the
oxygenated reactor tank while most of it will be dewatered to about 22 percent
solids by a vacuum filter. This waste sludge is presently deposited on a land-
fill. There is no monitoring for groundwater contamination at this time.

Management is currently oannunicating with other mills that may
be able to use their sludge as it contains a high fiber concentration that can
be used for other paper products.
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1-3.6 Crown Tf Research Laboratory and CamM .Mi 11
... - "-'- A meeting- with Oar. Herman R. Anberg, Director of Eavirc«neEt-.al

Services for Crown ^«»TT<»rfqr^ and members of ^a staff was hoiri on June 29 /
-1976, at the Central Research Division in Cams, Washington. Crown Ze.llerbach
has a number .of «rnig which range fron total use of virgin fiber to complete
dependence en secondary fiber. Since most chemical analyses are done at the
Oentral Research location, it was felt that the question of analytical
-accuracy- coul«2 be de-emphasized and relative differences in PCS concentrations
assessed. v - - . - -

- - - - CZ analytical detection limits for PCBs on paper were routinely
1 ppm ami are apparently dropping \vfietr continued attention to details of the
analysis. Sens data had been taken as far back as 1971. A number of important
points were discussed:

1)
2)

3)

No measurable PCBs had been found in virgin wood.
Exhaustive -«mpY»'HTij sod analysis had failed to identify
any PCB generation during the p^p bleaching stages.
Process chemicals were surveyed to identify any
of PCB and none were found.

4} Data would be made available through API.
A tour of the Camas Mill, which makra specialty papers, was taken.

This mi 11 used virgin pulp, a qnaii amount of purchased pulp, sawdust and wood
chips from surrounding sawmills as its raw ma^n*"! - Inputs of PCB were there-
fore liimtPd to that occurring in the intake water.

1-3.7
Cn June 25, 1976, Dave Morris and Ted Bass of the Weyerhausex

Corporate Engineering Department at Taccma, Washington met with a Versar rep-
resentative. Mr. Boss had previously been involved with EPA contract work
which related to effluent guidelines for the pulp and paper industry and both
were following PCB-related matters.

1-16



Weyerh ' s p '̂Tnir*kir|g operations are on a 100 percent
virgin fiber rzrw mat«»ri>i. As a result, it was believed that this mill would
only encounter FCBs that were asaociated with the intake water, or as a result
of internal PCS uses in transformers or capacitors. Contingency spill plans
were set up in every mill; transformers containing FCBs were diked and
monitored for any signs of leakage.
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1.0 EXECUTIVE SUMMARY
1.1 Historic Background

In 1966, Soren Jensen reported the presence of PCBs (polychlorinated
biphenyls) in Swedish fish and wildlife as a result of a study begun in 1964.
The Ebod and Drug Administration began, in 1967, a program to develop analytical
techniques for PCBs. During this period concern about PCBs in food and in the
environment of the United States was increasing. In 1969, FDA alerted its
Districts to expect PCBs in food samples, and to analyze for PCBs in foods
sampled for pesticide analysis. Findings of PCBs in fish, milk, eggs, and
poultry samples occurred throughout 1969 and 1970.

In August, 1971, a significant level of PCBs was found in a grain and
cereal composite of a Market Basket sample by FDA in their Tottl Diet Studies,
and the contamination was traced to the greyboard packaging of a cereal. According
to FDA (supporting data for Press Briefing by Dr. C. C. Edwards, September 29, 1971),
the highest PCBs level found in greyboard was 433 ppm. FDA met separately with
the American Paper Institute and with food nanufacturers in September, 1971 to
inform them of the PCBs problem in foodboard and to discuss approaches to its
solution.

By the end of September, 1971, all concerned parties appear to have
agreed that the major source of greyboard contamination was recycled carbonless
oopy paper which was known to contain PCBs. Production of this material had
ceased as of June 1, 1971, but recycling was continuing. In the same tiro** frame,
Monsanto Industrial Chemicals Co., essentially the s_.ie U.S. producer of PCBs,
announced cessation of sales for all but closed electrical systems (capacitors
and transformers) applications.

Cn July 6, 1973, the FDA issued its final r-le-making document on
tolerance levels of PCBs in various foods and paper food-packaging material (10
ppm for paper food-packaging). By this time the paper industry had succeeded in
reducing PCS levels in food-packaging materials madp wholly or partially from
recycled fiber to well below the FDA tolerance limit. This appears to have been
accomplished through more judicious selection of recycled fiber for foodboard
manufacture, including:
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XI} Cessation of use of cutting scrap from office fvym product inn
(phere c*rt*yi«»gg copy paper oon'***' could be very high); and

C2) Limitation or selectivity in the use of office waste .for _.
£O*QuuO£UrGL CB?OCIUC

• - - -.1

- Levels of PCBs in foodboard have generally continued _to decline since
1973 to a cMi-igni level of less than one ppm, except for occasional "hot spots"
resulting in levels of up to five rpn. These "hot spots'! are generally attributed
-to the *«f!\iiQ'tnn of Bigr**^*"*"*1 Quantities of outdated office
carbonless copy paper. PCS levels in other paper products are also in the one
ppn or below range; those made fron virgin pulp, of course, exhibit by far the
lowest PCB levels.

1.2 Copy Paper
Aroclor 1242, a mixture of PCBs containing an average of 42 per cent
was pmrfuiggrf frt «\ Mpnsantx? and "g**^ in r^r^Ti!'**** copy PTT as an

ink. carrier or solvent during the period 1957-1971. The total auxinL used for
this purpose was 44,162,000 pounds, approximately 28 per cent of the total
estimated Monsanto gai«»q fo^- pi agH r*i faar »ppi f fqf-innq and 6.3 p**1* cent of
Monsanto domestic sales of PCBs during 1957-1971. Ibe average content of Aroclor
1242 in the nnrtynless copy r^per was 3.4 per cent.

The National Cash. Register Company (NCR) was the developer and sole
marketer of the PCB-<raitaining <̂ *r*r?nl̂ ?9 paper, although. Appleton Coated Paper
CD., Appleton, Wisconsin; Mead Corp., Dayton, Ohio; Combined Paper Mills,
Contained Locks , Wisconsin; and NekDosa-Eflwards Paper Co., Port Edwards, Wisconsin,
at one time or other performed the actual production under license Iron NCR.

Ihe Aroclor 1242 was used as a solvent for certain color reactants which
were encapsulated into microspheres producing aggregates 10-20 microns in diameter
and applied to one side of the paper during the coating process. The walls of the
microspheres were an aldehyde-hardened gelatin-gum arable formulation which ruptured
and released the dye under application of local high pressures as from pens or
pencils. In 1971 alkyl-biphenyls were used os fcljc dye carrier in place of
Aroclor 1242.
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to a
It should be noted here that PCBs, primarily Aroclor 1254, were used

extent in printing inks. The total usage in this application is
estimated at 50,000 pounds, primarily in the 1968-71 time frame. No other actual
or potential usage of PCBs in paper product or usage besides the copy paper and
these inks has been definitely identifier! to date.

1.1 Pgis in Paper Mill Effluents
It has been recognized for several years that effluents from paper mills

contain environmentally significant quantities of PCBs. The PCBs in these waste-
water streams are generally more *»•*«•< 1aT~ to Aroclor 1242 than to any of the other
Aroclors or to PCBs found in the general environment and biota (which tend to
exhibit chroma tographic fingerprints corresponding to higher chlorine contents
than 1242) . Thus, although introduction of PCBs into paper-making processes
through process water usage undoubtedly occurs (PCB levels at water intakes of
paper mills average about 0.1 ppb) , the major source of process contamination by
PCBs appears to be carbonless copy paper contained in recycled wastepaper.

A Ty"***** of paper mills, in response to the need for improvement of water
quality, have installed or are now installing waste treatment processes which are
expected to greatly reduce the PCB levels in their effluents. However, these
levels may still be typically above the one ppb level proposed by EPA on July 23,
1376 as an effluent standard for capacitor and transformer manufacturers, and the
quantities of wastewater from paper mill a are generally much larger than from such
equipment manufacture. In addition, sludges or concentrates from paper mill
water treatment may be sufficiently high in PCBs as to warrant concern about pro-
per disposal. •»

The magnitude of the PCB control problem is illustrated by the existence
of 230 paper mills producing pulp completely derived from recycled wastepaper and
550 other facilities utilizing !9Cir<? fr ju^tHrm of secondary fiber in their pulp
production (typically 10 to 15 per cent). Recycled wastepaper amounts to
about 13 mill inn tons per year as a pulp source, third in importance to pulpwood
and forest product wastes.
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1.4 Purpose and Objective of the Reported Work.
.The purpose of the work eil herein was to bring together all

HdflyHnt Tfi pOfyyy^T* j[On fflno Ofl̂ ft î f^^ffdy^ ĵ̂ gf rC^rfl \^ T^ftft p^TTffy ijy n î̂ ^yy - jjfl^fl tO
interpret these data with regard to preucnL and future environmental significance.
Specifically, the report addresses the sources, transport and release of PCBs
throughout the paper industry; the historical perspective and projected future
impact of PCBs usage in carbonless copy paper; and a preliminary account of
technology and costs associated with abatement of PCBs in paper mill effluents.
The data obtained on intake and effluent PCB levels, on paper recycling statistics,
etc., from industry and other sources are also discussed.

There appears to be general agreement that the entry of PCBs into the
paper industry was completely vmintentiqn*'' , that the industry responded well to
the need for reduction of PCB levels in food packaging, and that waste treatment
systems for suspended solids removal (albeit installed for purposes other than
PCB control) will significantly reduce PCB discharges from the industry. Never-
theless, continuing and increasing uonc^rr by the public and by state and federal
agencies regarding environmental and human health effects of PCBs, including con-
tamination of food packaging materials as well as PCBs in wastewater, have repeatedly
focused attention on the paper industry, ir*'t> to the concern of that industry.
The objective of this report is to present the actual situation, as accurately as
possible, in order to serve those who must make regulatory decisions potentially
affecting a valuable resources recovery industry.

The concern of the industry was reflected in their excellent cooperation
with the project. Cooperation and support from federal and state agency personnel
were also uniformly excellent. However, it should be noted that, in general,
there was a scarcity of data in several relevant areas, particularly historical
data prior to 1975; this was the major limitation to the accuracy and nnnpletenesa
of the results obtained. Results of industry visits are presented in Appendix I.

1.5 Major Results of the Study
Since 1971, when NCR carbonless copy paper was no longer manufactured with

a PCB dye solvent, PCB concentrations in paper products, effluents and sludges



have shown a precipitous decline. The fanner are now in the 0-1 ppm range for
most products tested. Effluents have dropped as the. result of better suspended
solids removal in rm^\ -iarra with. BPCKA and approaching BATEA requirements.
Sludges gem to have approached the range of <1 to 24 ppn PCB CXJIHLBI for mm id pal.
treatment plants. The driving force has been the reduction in NCR carbonless
frirma being recycled, and the ^TMI disposal by incineration or landfilling of a
large annual fraction of the paper industry's output. "Sie present 19% recycling
rate shows that 81% of the annual production is not available to be recycled and
carries its PCS load to the larvwn or the abnosphere (via incineration of wastes) .

A search for evidence of "pulses" of PCB as old files are recycled failed
except on a cne-mill/one-day basis. The 40 mill 1cm pounds of PCB put into the
carbonless copy paper has been routed through the wastepaper stream each time
losing 80% of the previous year's mass, and being further diluted by virgin wood
pulp and forest product residue pulps. As of 1976 the average product concentra-
tion as well as influent and effluent levels had a1! fallen to the point where
.the sensitivity and detection limits of the analytical methods for measurement
required improvement. The FDA reported a &**?&***** from 15.3 ppm in recycled
(food packaging) paperboard in 1972 to 1.4 ppm in the same matPri al in 1974.

As the introduction of PCB has decreased in the recycled waste paper
stream, the fraction of product PCB arising from the input water has increased,
but this contribution does not appear to be significant at present. For a 0.1 ppb
intake water concentration, total removal to the pulp will produce (in a paper
requiring 13,000 gallons per ton) a PCBs concentration of 0.005 ppm. As an
example of just how directly the effect of the carbonless copy paper acts, the
same concentration (0.005 ppm) would result from the PCBs found in 0.14g of copy
paper . . . less than one 8 x 10 inch piece.

The historical perspective shown by our mathematical model, and validated
by the available data, show PCBs in paper taill effluents and product to have passed
a maximum in the. 1970-1971 period and to be continuing down to pre-1957 levels under
the influence of declining amounts of PCBs in the recycled waste paper stream and
the low effective concentrations found for intake waters.
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- Cn-site measurements and laboratory experiments have shown the PCS to
be substantive to fiber; that is, preferentially associated with the fibers rather

- than the water in which, they are carried. Highest PCS concentrations in fiber
ftjin-rit** are associated with the smallest fitw particles, the. "fines". Economical
utilization of the fiJyr requires it to be exhaustively recycled in attempts to
associate it with the paper fr^gg* manufactured. Fines control porosity/ surface
finish and affect brightness of the product. Discharge of PCB from a typical
mill thus appears to be primarily by way of the suspended solids. Removal of

PCB i MM'iujii r and a consideration of the high surfaceto volume ratio of the «n»"n«»»- particles shows why they are the ones that need
to be removed for a low PCB effluent.

A continued trend of increased water recycling is exhibited by the
industry, for the purpose of minimizing external treatment costs as well as re-
covering chemicals, heat and raw m»+t*rf»f from process streams. This has culminated
in the design and construction of a totally process-effluent free bleached kraft
pulping mill in Canada. Only non-contact cooling water will be discharged.
New end-of-pipe treatment systems, such as the Zurn-Attisholz 2-stage activated
sludge system installed by Wisconsin Tissue Mills, offer promise of significant
reductions in BCD and suspended solids/PCBs. Cost eg^'p*"*^*5*' for ' ' ^ >T » • » ^b^cp*"1'"
treatment (end-of-pipe) range from $886 to $1227 per pound of PCB removed.

Some data exists to show net removal of PCB from an intake water as
evidenced by a lower concentration in the effluent. The paper-making process in
such a case is withdrawing the PCBs from the environment and stabilizing them in
the much less mobile paper phase. Of course, numerous routes whereby these PCBs
can become remobilized (in JH** or water) are available.

It is believed that essentially all of the Aroclor 1242 used in carbon-
less copy paper has been released to the environment (assuming negligible degrada-
tion) . At the present time more than *»i* can be attributed to landfills and the
remainder dissipated. In a sense, these PCBs were TT*?|if»*? upon the initial
production of the paper, and their passage through paper miTTs merely resulted in
partition between the accepting mpriin (water, air, solid wastes, products).



2.0 PPOG25S TOTHMnr/ny CF "TTTR HHJP AND PAPER INDCSTEY

2.1 Background
Pulp and paper manufacturing consists of two distinct processes.

Pulping is the reduction of whole wood or waste paper into a semi-liquid
fibrous mass, while papermaking consists of forming discrete fibers into paper
sheet or paperboard. There can *1*»g be ancillary operations which provide

features such as coloring, coating and backing.
The processes require four basic raw marpriaLs; fiber, water/ energy

and chemicals, m contrast to the earliest mills, newer mills may be located
sane distance from their fiber source, especially in the case of recycling-
oriented mills where proximity to fiber means an urban center rather than a
forest. The water requirement is definitely being reduced in magnitude as
recycling methods are being developed within the industry. The recycling has
the benefit of assisting in meeting more stringent discharge criteria as well
as recovering chemicals from process waters and meeting energy needs by re-
covering energy from organic wastes.

The wood used in pulp and paper manufacturing is called pulpwood. It
can be either hardwood from deciduous broad leaf trees, or softwood from con-
iferous or needlebearing trees. This categorization reflects the proportion of
cellulose to lignin (the substance which holds the fibers together) . The supply
arrives at the pulping facility as logs, chips made from roundwood, as sawdust,
slab or chip residues from saw mills.

In traditional logging practice, the central portion of the tree was
utilized in the pulping mill requiring a removal of the bark from the log.
Mprivmlcal debarking or hydraulic means are used with the bark often collected
and burned as an energy source.

2.2 General Pulping Techniques
Itegardless of the type of process involved, the basic objective of

pulping is to reduce the wood to non-woody fibrous materials by rupturing the
bonds between the fibers of wood. This task entails either cooking the pulp-
wood (using suitable chemicals) in a digester under controlled conditions of
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time, temperature, and pressure or reducing the wood-to fibers by mechanical
GCT gqmj^J''**"^^*! USSRS. . " - ' ' . ' . • • • - . - " - -

2.2.1 Pulping

pulping/ imes cnllftd "the groundwood process/
operates by
machine

means, generally using either a -large grindstone or a
a "refiner". The present methods of mamif*f*-iT*-P <v» not differ in

principle from that of 1867, though the size, capacity and form of the grinders
have undergone much, change. In all equipment the logs of wood are pressed against
the face of a rapidly revolving grindstone in such a way that the length of the
log is pnrallftT to the shaft holding the stone. In the older grinders, logs two
feet long were placed by hand in pockets attached to the grinder frame, and were
forced against the stone by pressure plat̂ g operated hydraulically . Usually there
were three pockets on each stone so that one could be opened, f-m«ad with wood,
and put back into operation without shutting down the entire grinder.

Modern grinder installations are very different in appearance
from these old ones, and operate mien more efficiently. Continuous magazine
grinders have been developed, in which the logs are fed into the grinder on one
floor and dropped down through the magazine to the pockets of the grinder on the
floor below. Such grinders are usually installed in pairs driven by a motor which
nay rate as high as 4000 horse power and have a turning speed from 3,500 to 5,000
rpni.

The increasingly popular disk mill method uses a refiner to shred
and grind groundwood chips between counter-rotating metal shearing dirks. Refiner-
ground wood, which usually has longer fibers, is preferred over stoneground wood
since it yields a stronger paper.

Both types of mechanical pulpers are generally used in an inte-
grated papennaking facility, in which the resultant fiber is thickened by removal
of water and stored as slush pulp rather than being frmnad into flat sheets for
sale as market pulp. Characteristically, groundwood pulping requires high power -
over 32,000 kw to operate a 500 ton per day groundwood mill.
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Unlike chemical pulping, groundwcod pulping entails consirterable
damage. It produces a relatively weak paper that discolors easily on

exposure to light. Oi the other hand, groundwood processes have the advantage
of converting about 95 percent of the dry weight of wood into pulp, conpared to
about 50 percent for chemical processes. The strength problem nay be overcone
by adding long-f ibered chemical pulp to groundwood pulp between the pulping and
papermaking stages.

Groundwood pulp constitutes 70 to 80 percent of newsprint by
weight. Groundwood plants are principally located in Canada and the southern
U.S., where the supply of softwood and electricity is ample.

2.2.2 Chemical Pulping
Chemical pulping is the process of cooking wood with suitable

chemical reagents to dissolve and degrade the lignin, the cementing ra+^yiai
• «between the wood fibers, and allow the fibers to be easily separated. The

diversity of pulping processes is increasing in response to the availability of
improved technology, the need to improve productivity, and the requirement to
curb pollution. Currently, two major chemical techniques and one semichemical
technique of widespread rrn|mgTryiJ>.T importance are employed.

The most significant chemical processes are the sulf ate or kraf t
process, the acid sulfite process, and the neutral sulfite process. In the kraft
and the acid sulfite processes, the debarked and chipped wood is loaded into a
large metal digester along with the appropriate chemicals in an aqueous solution.
Heat is applied and cooking is continued, usually at high temperatures and pres-
sures, until the desired degree of delignification and purification is obtained.
Cooking transforms lignin, some carbohydrates, resins, and mineral matter into
soluble compounds that can be removed by washing. For most pulp grades, over 95
percent of the lignin is eliminated. Because the cooking liquid also attacks and
removes some A»g-i rafri •» hemicellulose and f*»livOo««» from the wood, relatively poor
yields are inherent in chemical pulping.

The type of process and products involved determines the necessary
cooking conditions. The important variables are the size and physical properties
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of-the chips, - the
and temperature of cooking.

sition .and cncentration, .and the time, pressure,
7 •for*""' t-rat- Inn is the most important

variable since it affects the reaction rate and cooking. time; a large
tration increases the reaction rate but dec

at removes or -weakens more of the desirabl
the yield since the

materials.
From an economic standpoint, the most important variables in cooking are the
chemtonl composition and the thermal energy requirement. The industry is con-
centrating on improved methods of recovering and recycling the chemicals and
of reducing energy inputs.

The *&M sulfite process/ discovered in 1874 and well established
by 1890, remained the most important r*h**>p<-»*i process until it was

overtaken by the kraft process in 1937. Here, the cooking liquor is made at the
mill by frrrrp-fpg sulfur in *•»'** to fi?ng sulfur djnyifte and reacting the rp«> with
limestone to produce a cooking acid of the desired oanmsition and concentration.

Poc years the only was inexpensive but
magnesium, and ammonia-based sulfite liquors have cone into use recently,
especially in Scandinavia and North Anerica, for various reasons; reduced cooking
time, easier recovery of cooking chemicals, reduced shream pollution, more market-
able by-products, fewer required screenings subsequent to cooking, and greater
brightness. However, the soluble bases other- than c^Jcixm cost four to five t"jm*g
more per ton of pulp and their advantages in yield, reduced cooking time, and
improved pulp quality alone, without the possibility of spent liquor recovery and
before the advent of stringent pollution' controls, would not have warranted in-
dustry use.

Since the spent "H<jmrr in the calcium-based process is
to recover and presents a major water pollution control problem, most plants will
abandon the process unless an *»****• *« 1̂ way can be found to recover or dispose of
the spent liquor. Spent 1 irpxar has been variously used, e.g., as a road binder or
in the manufacture of yeast, vanilla, alcohol, fertilizers, insecticides, tanning
agents, and inks. It can a3so be burned in concentrated form to produce, power and
steam; the heat value of the dried sulfits waste is about two-thirds that of
industrial coal, but much of the energy produced must be used to evaporate and con-
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ntrate the
likely to

in preparation for burning. Even this llnritvpri recovery is
more attractive as energy prices rise.
Despite such, efforts to find alternative uses for the spent

liquor, most m-m«t have oon+-'p"«*:* to dispose of it as a waste product. Recent
water pollution control requirements might alter this trend.

The kraft (sonetiraes called the sulfate) process is now pre-
dominantly used in pulping. The name "sulfate* (derived from the sodium sulfate
used as the make-up chemical in the chemical recovery process) is misleading since
the active cooking agents are mostly sodium hydroxide and sulfide.

As in the sulfite process, wood in chip form is cooked in large
steel digesters in the presence of a cooking liquor and under conditions of
elevated temperatures and pressures. The cooked chips are then defiberized in a
blow tank and screened as necessary before washing and pleaching. The prepared
pulp may be either pressed and dried into flat sheets for sale or shipment to
another facility or retained in a slurry form for use at an adjoining paper or

plant.

The kraft process has various advantages: it can be used on al-
most any species or quality of wood; its cooking times are short; it entails no
pitch problems; recovery of the spent li«jy>r is relatively easy; and it yields'
valuable by-products. The pulp produced has great strength and can be bleached
to high levels of brightness. The efficient chemical recovery system is especially
advantageous and economical since the sodium hydroxide used in the kraft process
is a very effective but relatively expensive chemical.

The principal disadvantages of the process are its high capital
costs, high cost of bleaching, and discharge of several highly malodorous waste
gases Ce.g. , hydrogen sulfide) . Regulations requiring controlled discharge are
thus significantly affecting the economics of the kraft process. Electrostatic
precipitators and scrubbers are being used to reduce odor by precipitating dust
particles to which the odor producing particles cling. Unfortunately, since the
wastewater from these cleaning operations cannot be used for pulp washing be-
cause the odor is imparted to the pulp, this deodorizing method merely substitutes
a liquid waste problem for a gaseous one. ;
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2.2.3 Pulping
fiflnrt rj-yam

pulping features,
uses

pulping, Which rnrirt Ty»«
the wood to achieve

and

refining to complete the fiberization.
softening and-

pulp-
. The

yield is from 65 to 90 percent of the weight of the wood because only part of
the lignin and hgnrfrionnirMM* is IMMIUKV^. This is considerably better thy»i the

ing offers several advantages over bath chemical and groundwood p

hemical treatznent reduces the amount: ofi'> reduction, increases the average
straight chemical process.
power. necessary for the subsequent
fiber length, and enables the process to be used effectively with hardwoods.
In addition, gino1* ***""? f^^mi r**] p^p^ng nooq fewer r4i**ti^raiig t+mn the pure
chemical processes and requires a lower capital investment, it lends itself to

in graii or- plants. Cne is that pulping only works
well for hardwood and is not ased for softwood species.

The two most important types of spnn'rhpminal pulping are the
sulfite g«»"''<^h*|*n'irmT and the g?14 renv&tr* puoogggp-St The more widely

used neutral sulfite process treats the wood with a solution of sodium sulfite
which, during cooking, is buffered to about pH 7 with a buffering agent such as
sodium bicarbonate. The physical characteristics of the neutral sulfite process
pulp make it particularly well suited for use as a corrugating medium. The
neutral solution produces a pulp with high yield, about 65-80 percent, strength,
and brightness without offensive odors.

The , which employs r!^^H€rt-^ r- gnA>
hydroxide) to produce coarse pulps for corrugating and acnfi finer pulps for
printing papers, is particularly useful with high density hardwoods that cannot
be used in the groundwood process. Efficient use of chemicals and reduction of
the mechanical energy required for snbseqauL refining make this process lower
in operating costs than either groundwood or other sfmie4*mirs*i processes. The
pulps produced are inferior to kzaft pulps in physical properties but stronger
than or equal to groundwood pulps made from softwoods.

Qvmical recovery in santchenucal mills, unlike in the kraft
system, can use a number of chemical procHtfgeg. Rar the gpnHr*h"n-iraT process

-12-



«i:.»+*n»fi » . . " - • • Vf-K-c.,--.-.' -.. . , •

using caustic soda, a recovery process to that used to recover sodium
hydroxide in the Rraft process nay be used. Most of the remaining techniques
involve either combustion of cross-recovery (using the kraft mill recovery
system) .

2.2.4 Secondary Fiber Pulping
Secondary fiber, derived from wastepaper, is a principal source

of pulp for some papermaking facilities around the large metropolitan areas.
Secondary fiber accounts for about 20% of the fiber used for pulp today. Al-
though the rising cost of fiber will undoubtedly induce the industry to increase
use of secondary flN»r (especially recycled paper, the highest-quality waste-
paper used for making pulp today) , such increases may be less than is popularly
anticipated. Rising energy costs, the difficulty of separating wastepaper from
other trash, and the lack of captive supplies nay limit the growth in use of
wastepaper as a fiber source. Mil Is that use wastepaper generally have little
control over their secondary fiber supply, although firms are increasingly
seeking long-term wastepaper supply arrangements.

2.2 .5 Dissolving and Special Pulps
Variations of the basic sulf ate and sulf ite processes which

produce pulps for paper and paperboard are used to produce a special type of
pulp called dissolving pulp. This segment of the pulp industry has become so
specialized that it operates much as a separate industry. Tto generate dis-
solving pulp, pulps produced by kraft or sulfite processes are chemically
purified to remove all semi-cellulose and to extract pure cellulose. Tlie pure
cellulose is then used as a raw material to produce rayon, cellophane, and cel-
lulose derivatives used in such diverse products as explosives, detergents,
lacquer, food product thickeners, hand lotions, and automobile accessories.
Dissolving pulp is also used to make glassine paper (the paper that forms the
clear window in window envelopes) . Dissolving pulp facilities are frequently
located adjacent to kraft and sulfite m-m a so that the pulp can be delivered
in slush form without drying.
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2.3 EPA d****"fictH«?n of _yni« by Pulping Method
It is a£ the pulping stage that the process nchpmen allow for- dif- .

between plants. In ccopliance with cartaia. sections of FWPCA.of
1972, TTPA has P>«TH*K^ ̂  qtw^ the following1 sub-categories of pulp,, paper and paper-
board operations for the purpose of «gt?*jt 1 gH-rrvj effluent guidelines:*

Table 2—1 EPA MJ 1 1

1. Bleached Kraft: Dissolving Pulp
2. Bleached Kraft: Market Pulp
3. Rlearhprl Kraft: Fine Papers
4. Bleached Kraft: B.C.T. Papers
5. Papergrade Sulfite
6. Papergrade Sulfite Market Pulp
7. low Alpha Dissolving Suifite Pulp
8. High Alpha Dissolving Sulfite Pulp
a. Soda

10. Groundwocd: c*vitvi,-Tnftrfr»n-{r?al (O4P)
U. GrOUndwOOd: TVmir>-nia« îairiiffa1 QMP)
12. Groundwood: Fine Papers
13. Groundwood: C.M.N. Papers
14. Deink
15. Non-Integrated Fine Papers
16. Non-Integrated Tissue Papers'
17. Non-Integrated Tissue Papers (fwp)
ETA dpfines each ̂ i*sg of m-m as follows:

1. RTfaTHKD KHAFT; DISSOLVING POU> means that production of a hj^hly bleached
pulp by a "full cook" process utilizing a highly alkaline qrv^ii^ hydroxide and
sodium sulfide cooking liquor. Included in the manufacturing process is a "pre-
oook" operation termed prehydrolysis. The principal product ™aA. by tnmg in
this subcategory is a highly bleached and pm-tf-fM dissolving pulp which is used
principally for the manufacture of rayon and other products requiring the virtual
absence of lignin and a very high alpha cellulose content.

* Reference No. 1; further industry and process descriptions, including waste-water characterization, can *">«« be found in this and associated references.
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2. prrarHFn KRAFT; MARK*?? PULP means the of bleached pulp by a "full
cook" process utilizing a highly alkaline sodium hydroxide and sodium sulf ide
cooking liquor. Included in this subcategory are mil In producing papergrade
market pulp as the only product.
3. mrarHRD KRAFT; FINS PAPERS means tile production by integrated pulp and paper
by a "full cook" process utilizing a highly alkaline sodium hydroxide and sodium

cooking liquor. The principal products rp^*> by mills in this subcategory
are fine papers which include business, writing, and printing papers.
4. HrrarTTRp KRAFT; B.C.T. PAPERS means the production by integrated pulp and
paper mills of bleached pulp and paper by a "full cook" process utilizing a highly
alkaline sodium hyeroxide and sodium «ii-p*Ai cooking liquor. The principal
products made by mi "n « in this subcategory are papers of low filler content
including paperfaoard (B) , coarse papers CO , and tissue papers (T) .
5. PAPEBGRADE SULJbTIK means the ppyfrrHfflu by integrated pulp and paper mills of
pulp and paper, usually bleached, by a "full cook" process using an acidic cooking
liquor of bisulfites of calcium, magnesium/ anraonia, or sodium containing an excess
of free sulfur dioxide. The principal products mâ «* by mills in this subcategory
are tissue and fine papers.
6. PAPERGRACE SULETEE MARKET PULP means the production of pulp, usually bleached,
by a "full cook" process using an acidic cooking liquor of sulfite of calcium,
magnesium, ammonia, or sodium containing an excess of free sulfur dioxide. The
principal product made by mi T la in this subcategory is papergrade market pulp.
7. LOW ALPHA DISSOLVING SULFHE PULP means the production of highly bleached and
purified pulp by a "full cook" process using very strong solutions of bisulfites
of calcium, magnesium, amnonia, or sodium containing an excess of free sulfur dioxide.
The pulp produced by mills in this subcategory are viscose, nitration, or cellophane
grades and are used principally for the manufacture of rayon and other products
requiring the virtual absence of lignin.
8. Hica ALPHA. DISSOLVING SDLb'i'IK PULP means the product ion of highly bleached and
purified pulp by a "full cook" process using very strong solutions of bisulfites of
calcium, magnesium, ammonia, or sodium containing an excess of free sulfur dioxide.
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The piir produced by "riiia in ***« subcategory ia principally acetate grade .and
lie principal -uses are for the manufacture of rayon and other products requiring
the virtual absence of Hgnin. -.. ; • • _ -
-9. : SOCft means the production by integrated pulp and paper-mills of blenched pulp
and paper by a "full cook* process «*•-<!<*tng a highly alknline sodixm hydroxide
cooking liquor. The principal products made by mills in this subcategory are
printing, writing/ and business papers. . -

10. SCOHDMDCO; CHEMI-MBCHMlIOtt. means the production by integrated pulp and paper
of pflp and paper, with or without brightening, utilizing a chemical cooking
to partially cook the wood followed by q»»r»»*nifg«'i def ibration by refining

at atmospheric: pressure. The principal products made by mills in this subcategory
are fine papers, newsprint, and molded fiber products.
11. GBDGNDMDX: TEEFMCKMBCHMaraL roaans the production by integrated pulp and paper
mills of pulp and paper, with or without brightening, by a brief cook utilising
steam, with or without the ayVtfHgn of cooking chani^Qq such as sodium sulfite,
followed by mechanical defibration by refiners which are under pressure. The
principal products v*** by mil in in this subcategory are fine papers, newsprint,
coarse, papers, and tissue products.
12. GtoUNDHDOD; FINE EAEERS means the production by integrated pulp and paper mi 11 s
of pulp and paper, with or without brightening, utilising only mechanical defibra-
tion by either stone grinders or refiners. The principal products made by mills
in this subcategory are fine papers which include business, writing, and printing
papers.

GKXHEMOOD; C.M.N. PAPERS means the production by integrated pulp and paper
of pulp and paper, with or without brightening, utilizing only mechanical

defibration by either stone grinders or refiners. The principal products made by
m-nig in this subcategory are papers of low filler content including coarse
papers (O , molded fiber jaoducts (M) , and newsprint (N) .

13.
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14. DEINK means the production of pulp and paper usually brightened or bleached
from recycled waste papers in which an alkaline treatment is used to remove
contaminants such as ink and coating pigments. The principal products made by
nrmc, in this subcategory are printing, writing and business papers, tissue papers,
and newsprint. __
15. NGH-INTBGRyrcp FINE PAPER means the manufacture of fine papers by non-
integcated mi 1 1 « from wood pulp or deinked pulp prepared at another site. The
principal papers m*At* by mil is in this subcategory are printing, writing, business,
and technical papers.
16. NCN-INIBGRMED TISSUE PAPER means the manufacture of tissue papers by non-
integrated mills from wood pulp or deinked pulp prepared at another site. The
principal products T"*te by mil la in this subcategory are facial and toilet papers,
glassine, paper diapers, and paper towels.
17. NCN-INIE5RA3ED TISSUE PAPERS (FBCM WASTE PAPER) means the manufacture of
tissue papers by non-integrated milts from recycled waste papers (fwp) . The
principal products made by mi 11 a in this subcategory are facial and toilet papers,
glassine, paper diapers, and paper towels.

The effluent limitations and standards for the above subcategories are
baggd upon on-site manufacture of all of the pulp (inclining deinking of waste
paper) used to produce the final products (i.e., no supplementary fiber source
such as purchased pulp or waste paper was included in the determination of the
effluent limitations or standards) . The exception to this is the Groundwood:
Q4N Papers and Groundwood: Fine Papers subcategories which were based upon ground-
wood mills manufacturing papers from pulp produced on-site and from purchased
pulp used as supplementary fiber. * ' Of particular interest from the standpoint
of PCBs and waste paper recycling are categories 14, 15, 16 and 17.

2.4 Papermaking Processes
2.4. 1 Background

For roost paper and paperboard products, the papermaking machine
receives prepared paper stock containing about 199 pounds of water for every pound
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of dry ircity**11- passes it through a series of operations to farm it into a
continuous web and to remove the excess water, presses the wet sheet to remove
still more water and to make the sheet still more dense, dries it over heated
driers end finally reels it up into large rolls, This change from stock con-
taining almost ten tons of water per 100 pounds of dry matter to a sheet of
paper which HP! rim contains over 5 pounds of water in 100 pounds of dry paper
takes place in just a few minutes aooonp^<»g to the speed of the m>y?h-tMT A
schematic of the overall process is shown in Figure 2-1.

Although many mechanical variations and improvements have been
made over the years, only two basic types of paper machines, the fburdrinier
and the cylinder, are used today. Both were invented over a century ago. These
machines differ significantly in the method of forming the fiber web.

The fiber stock is subjected to a series of refining and clean-
ing stages prior to its introduction to the paper machine. These stages are
chosen to produce the desired fiber characteristics to meet the product's needs.
The fiber stock is mechanically refined in heaters or continuous refiners to
fray or "brush" the individual fibers. The frayed fibers will have a tendency
to mat together and the degree of matting will produce the required strength in
the final paper. In fine papers where a compact, tight mat is required the
stock may al.qn be pinped through a fordan which will cut the fibers to the re-
quired length with a "Hnvt+orf amount of brushing.

2.4.2 Eourdrinier Paper Machine Process
In the fourdrinier, the refined stock is pumped to a headbox

which controls the amount of stock flowing to the paper machine "wire" and thus
maintains the paper at the desired consistency. The carefully diluted stock
(- 0.5% solids) is then spread evenly on the "wire" (a woven brass or bronze
cloth, the mesh of which differs in type and size of opening according to the
paper being made) to form the paper. Water drains through the wire, and is
squeezed fron below to assist in the drainage. The transfer of the sheet to
presses is nccrmpl iftfvd with a ductim pick-up roll. The sheet leaves the "wet-
end" of the machine at a consistency of 35 to 40% solids and is passed through
heated, hollow iron or steel drum dryer rolls, in the dry end. Because of its
higher output speed and greater versatility the fburdrinier is more aiiimi than
the cylinder.
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Figure 2-1 gives a schematic process flow diagram for the
fourdrinier paP61" machine. Of special interest is the recycling loop of both
water and fiber from the fourdrinier BPrHrn back to the rich white water tank,
saveall and filtered white water tank. This stream is the major inplant carrier
of fines-related FCBs, and is shown to be repeatedly passed through the fourdrinier
to incorporate as much of the fiber and fines load as possible in the product
Paper.

2.4 .3 Cyii™v»r Paper Machine Process
In the cylinder machine, the headbox and wire found in the four-

drinier are replaced by a wire-covered cylinder mold which is partially immersed
in the prepared stock.

The principle of the cylinder machine differs from that of the
fourdrinier in several respects. Instead of the sheet being formed on an endless
belt of woven wire through which the water drains, leaving the fibrous stock on
its surface, the cylinder mold revolves while partially inmersed in a vat of the
dilute stock and the^ sheet is formed on the surface of the wire-covered mold.
This is accnmpl i.shed by maintaining the v^ter level within the cylinder lower
than that outside so that the water drains into the cylinder leaving the stock
on its surface. The web of paper formed by the revolving cylinder is removed off
the top of the cylinder by a felt. Usually a cylinder machine consists of several
cylinder molds and vats supplied with stock entirely independeltly, and as the
felt passes over each cylinder in turn it picks up the sheet fron each, thus
making a sheet of multiple layers. This makes it possible to form sheets with
surface layers differing from those within the sheet, either in color, kind or
fiber or both.

The same basic flow process is associated with cylinder machine
as the fourdrinier shown in Figure 2-1; however, as mentioned above, the final
product may be multi-layered, requiring a parallel stock flow through each
cylinder machine.
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2.5 Paper Industry; Size and Distribution
2.5.1 Water Usage

Census Bureau data shows that Paper and Allied Products had a
1973 water intake of 2,415 h-m.jm gallons. Gross water usage was estimated
to be 8,126 hiTMm gallons. The ratio gross/intake shows how much water re-
use is occurring. The historical trend is shown on Table 2-2.

2-2
Water Usage -in Paper and Allied Products Industries
Gross WaterYear

1973
1968
1964
1959
1954

8127
6522
5491
5046
4242

Intake Water(billion gal)
2415
2252
2064
1937
1786

Gross/Intake
3.36
2.89
2.66
2.60
2.38

Between 1954 and 1973 water intake increased by 35%. In the
same period, total paper and paperboard production rose 106%. The trend to
internal water recycling is well documented and continuing. A report by Rapson^
describes the processes to be used at the bleached kraft mill of Great T-ai«»g
Paper Co., Ltd. at Thunder Bay, Ontario. This ni-m will start up in late 1976
and will recycle virtually all of its water, emitting only low temperature heat
in uncontaminated cooling water. Projections indicate this to be at a lower
cost than use of external treatment. One major reason will be the conservation
of heat in the counter current washing of the bleached pulp.

Allowing for a 5% water loss associated typically with product
moisture, about 2.2 trillion gallons of water was discharged to U.S. waterways
in 1973. Average runoff for the continental U.S. is given by Toddt3) as 655
trill ion gallons. A simple division indicates that the paper and a i l i t >A product
discharge is 0.33% of the total continental runoff. Since the discharge is not
evenly distributed over the rivers, the water quality of even large streams can
be strongly affected by the effluent in»A« from paper mills.
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2.5.2 ProcHaetion History
There is few the 'TM1 •<Tjf*-fof| of

data from tbs -pulp and paper industry because over the years for which infor-
mation has been retained, new products as well as new processes have appeared.
As a result, the categorization of the output of the industry is constantly
changing. While the ategories are relatively stable over a short, term period,
they hcve changed noticeably during tie long term. The general overall trend
has been one of production increase, underlain with a use of recycled waste
paper which Las varied with world economic and political conditions. Table 2-3
shows the information on jimrtivrHr^ and secondary fiber usage obtained from
Bureau of Census, American Paper Institute and other sources for the 1957-1974
period.

According to the last column of Table 2-3, the rate of recycling
has remained virtually constant at about 20% since 1968. Even with the
on re-use and conservation of natural resources, little change can be seen.

(4)Lingl* states that paper constitutes 31% by weight of mmirnpnl solid wastes
going to disposal. Of that paper, 29% is corrugated containers, newspapers and
printing papers are each 20%, and packaging and the other categories make up the
balance. Slightly more than h*"»^ of all paper wastes are from residences with
the rest originating in t*""fi**i'^'^i or institutional locations.

Source separation is a basic part of most collection systems
focusing on recycling. Newspaper bundling in residential areas and compacted
corrugated carton collection from i«-imi»»tvy**'> establishments are examples of
such source separation schemes. This is required so that a paper milt utilizing
recycled paper in its furnish (raw material) can be assured that the proper
type of fiber is going into its process.

menL and
The type of catch-all waste which emanates from offices, govern-
Lal firms is termed "miKPd waste". While it can be utilized by

segments of the paper industry, there exists the chance in this waste stream for
the cnrhnnless copy paper which contains PCBs.
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2-3

Year
1957195819591960
196119621963
1964
1965
1966
1967
1968
1969
1970
1971

' 1972
1973
1974

PaperjlO* tons)
13.613.515.015.4
15.716.517.318.2

' 19.2
20.7
20.9
22.4
23.6
23.6
23 .8
25.4
2fi .5
26 .9

Paperboard
Output
Totalgo* tona)_
30.7
30.8
34.0
34.5
35.637.539.2
41.7
44.147.146.9
51.2
54 .2
53.5
55.1
59. !i6i. a
59.?

Paper StockRecycled^10* tons)_
8 5. •>
8 7. i
9 4.4
9 ft• V

9.0
9 1.1 .
9 a• o
9 0• O

10.2
10.6 \q oy» *
10.2
10.9
10.6
11.0
11.7
15 2A*. ̂
12.1

% production
Recycled

27.7
28.2
27.6
26.1
25.2
24.3' 24.5
23.5
23.122.5
21.119.9
20.1
19.8
20.0
19.7
19.7
20.2



3.0 TRHJSFOKr CF PCBs IN THE PAPER INDUSTRY
3.1 PCS Sources to the Industry

3.1.1 Influent Waters
- A representative value for FCBs oonoentration in the intake

waters of paper mills was defined necessary for several aspects of the work. This
value, which was A^^nM"**̂  to be 0.1 ppb, was derived from several sources as
shown below.

During the early months of 1976, EPA instructed its Regional
Offices to conduct a sampling i-ii.cxjj.au «<"«»* at Identifying point sources of PCBs
to the environment. T^ITC flgg4nr>ai air^a-mary-To prntjr.m r»?p>rtr**3 in excess of
2,400 data points. Of these, 106 could be unambiguously categorized as having
come from a natural body of water. 191th the elimination of a few samples suspected
of being contaminated, the average value of these "natural water" samples is 2.3
ppb. However, the choice of sampling sites was usually contiguous to a facility
which was already a potential FOB emitter, so that this value is probably more
representative of a high use, industrially developed stream rather than an environ-
mental background. The intake PCS concentrations for paper mills might therefore
be expected to be somewhat, less than *fri« 2 ppb average. Paper miiia faced with
suspended solids in their intake water will usually perform a clarification clean-
up prior to use. Such treatment would be expected to remove up to 90 per cent of
the PCBs fron the water (retained on removed particulates).

Dennis obtained STQRET data for PCBs in major U.S. drainage
baair>:> ;rjd showed a range of median values for each basin from ND (not detectable)
to 0.3 pjjb in his i-aHiia+-inn for 1974.

Data on intake water PCS concentrations from the Institute of
Paper Chemistry for eight Wisconsin paper m-nic showed three mi~\i.<* reporting un-
detectable levels and the other five reporting an average of 0.2 ppb PCBs.

On the basis of the above considerations, the representative PCBs
level of the water used in paper m-ma was taken to be 0.1 ppb.
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3.1.2 Process
Table 3-1 gives a. typical listing of .snrne of the major kinds of

chemicals used in pilp and paper making. The amounts used on a per unit ton basis
vary from trace quantities to 280 UM. for nnny pulping LJquor constituents.

Both Crown Zellerbach and Institute of Paper Chemistry researchers
have tegt'gd process f*¥*iyirais for PCBs. None have ever been detected except for
one specialty chemical reported by IPC. A rough calculation shows that to produce
a 2 ppm PCS concentration in a product which uses 8 Ibs. of trisodium phosphate
per ton of pulp (assuming a complete extraction of PCS by the fiber) , 2 grams of
PCS would have to come in with the detergent. Its concentration in the detergent
would be 5500 ppm, easily detected. Even an increase of 0.1 ppm in the product
from this source would require a concentratifin of 27.5 ppm in the phosphate.
Present analytical capabilities allow ncnitoring at 1 ppm and below, so that PCB
inputs from process chemicals would have been easily noticed.

3.1.3 Inks
The National Printing Ink Research Institute at Lehigh University

was contacted for details on present and past usage of PCBs in printing inks. The
major use reported was the NCR encapsulation procedure used in the carbonless copy
paper. A small number of patents do exist for PCB use as part of some inks
sensitive to ultraviolet light. However, they date from the very early seventies
and had not gotten into widely marketed use by the time the PCB use in carbonless
copy paper was stopped. To the best knowledge of NPTRI, none of these inks reached
contnercial production and nar.present day fbtmulations utilize PCBs as a constituent.

Subsequent conversation with a representative of the Sun Chemical
Co.* indicated that PCBs were used for several .years prior to 1971 in "flexographic"
inks used on flexible packaging. It was estimated that the production of such inks
during 1970 was about 20 million pounds, of which about five per cent of the pro-
duction would have contained PCBs at a two per cent by weight concentration. Thus,
the estimated use of PCBs for this purpose, apparently the maximum, was 20,000
pounds in 1970. The historical trend for this application is not known, but based

*Personal Connunication with Mr. William Pusterhaltz, Sun Chemical Co., October, 1976.
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en a five-year period of usage and linear growth during that period, it is
estimated that the total usage of PCBs in such inks was about 50,000 Ib.

The above figure is roughly 0.1 per cent of total PCBs usage in
carbonless copy paper. In addition, flexible packaging materials typically were
plastic or contained plastic adhesives which render them unattractive for re-
cycling. Thus, it appears unlikely that the PCBs usage in flexographic printing
inks' has contributed significantly to PCBs inputs to the paper industry.

3.1.4 Recycled Waste Paper
As was indicated in Section 1.0, the major source of PCBs entry

into the paper industry appears to have resulted from the use of Aroclor 1242 in
carbonless copy paper during 1957-71 and subsequent recycling of a fraction of this
product. To y*r** extent, PCBs contamination has spread from this source through-
out paper products because of the affinity of paper for PCBs. A sxmnary of avail-
able data on PCBs levels in various types of paper products, by year, is presented
on Table 3-2. The recycling of these products tends to perpetuate the contamination.

3.1.5 Other Potential Uses or Sources of PCBs in Paper Mills
Although paper mills utilize askarel-filled (PCS) transformers and

capacitors, and may have utilized PCB-filled hydraulic or heat transfer systems,
PCB-ocntaining lubricants, paints, etc., it is considered unlikely that such
activities would be causing release of significant guantitif/< of PCBs to either
effluent streams or product streams.

Similarly, it is also considered highly unlikely that PCBs are
produced in the practice of wastewater chlorination in the paper industry. Biphenyl
has not been identified as a waste stream constituent from this industry, although
very small amounts could conceivably enter via recycling of packing materials
(typically for fruit) which have been treated with biphenyl as a fungicide.

3.2 PCS Content of In-Plant Streams and Reservoirs
Data on PCB levels of in-plant process streams are almost completely non-

existent for three apparent reasons. First, at the observed low concentrations,
PCBs have no effect on product quality, so that internal monitoring is not required.
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TOHEJ5 3-2
PCB OCNUNT OF EWER MD PflPEBBORRD

_; - - . _ - - . NO, OX fUH (JUBICenc
' - Sflfl̂ lftS ^PP31^ 1V»fi»TT»n»»

1968
T>»_1 _-|_-i_- fl-r-tPrior to

1970
_ j» — S1971

1972

1973
1973

7.974

1975

1976

Virgin pulp
Recycled wastepaparinput
Recycled (1) wastepaper
input (1970-1972)

Recycled paparcoara
Virgin pulp
Paperbonrd
Virgin newsprintRecycled newsprintVirgin bond paperRecycled bond paper
Bleached kraft pulpBleached kraft liner board
Publication paper
p»ryr»1o<3 rv4£KJr1 K'vamri
Recycled ft) wastepaper
input

Virgin pulp
Paperboard
Virgin pulp
Paperboard
Cerpal linerOonegated board
Waxed paperSpec, twist
Tjatrin. fjyryVa
Bookstodc..
Recycled ̂  ' wastepaperinput

2
13

24

200
2

100
3
3
7
2
4
1
3

115
5
2
4
6
—
-
-
-
-
—

138

0.29
3.2

. 1.1

_ 15.3
0.16
0-20

<!s-l!38
<.5-8.5
113.5-290
<. 5-1.33
<.5
< .5
1.45-2.97
0.37
0.127
0.3-1.2 .
0.072
0.430
0.8
0.2
0.5
0.2
0.3
1.6
0.15

6 ... .
6

6

7
6

-a
9
9-
9
9
9
9
7
6

10
11
11
6
11.11
11
11
11
6

U)Discounting known samples of NOR. carbonless copy paper.
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Second, most plants, especially the older ones, are not planned with specific
capability for sampling in-plant flows/ so any sampling done is more by opportunity
than by design. Thirdly, ""»*"•-f* i PCS analyses cost from $60 to $100 per sample,
and a sampling program without a clear y>nl of compliance with regulations or
product improvement is generally <y?n3iA*r*** a poor investment. A PCS analytical
system would require capital costs in the range of $15,000 to $20,000 and annual
expenditures for trained personnel, lab space, and operation of up to $50,000.

3.2.1 PCBs in Deinking and Pulping Process Water
The deinking process water is typically not a recycled stream,

although in many cases it represents a significant fraction of the total water
usage for a recycling mill. Deinking procedures and conditions depend on the
product qualities desired (white or natural or color, etc.). Although sane of
the PCBs associated with recycled paper will probably be stripped from the fibers
during deinking, this should represent only a minor fraction of the total PCB load
of the reclaimed material.

During the pulping process the cellulose fibers are separated, and
this process should also release the PCBs or PCs-containing microballoons held
within the mat. PCBs already released from micmballoons would then be able to
distribute themselves- between the fibers and the water. Since evaporation and other
'losses of PCBs during pulping should be small, the above appears to be the situa-
tion when the slush pulp enters the paper mill.

3.2 .2 Distribution of PCBs in the Process
In the papennaking process (see Figure 2-1), most of the PCBs

entering with the pulp exit with the product. These would include most of the PCBs
in intact microhal loons and most of the PCBs associated with fibers. In the drying
and calendaring sections, the vapor3.2at.lon of excess water would be expected to
rnflistill free (not encapsulated) PCBs at or near the surface. This is the major
opportunity for vaporization loss in the process.

In a typical plant, much of the water in the papennaking process
(white water) is recycled as shown in Figure 3-1. White water from the fourdrinier
or cylindrical machines contains dissolved and suspended PCBs. The fibers present
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are relatively snail, with high surface area per unit weight, so that the ratio
of PCB3 to solids by weight nay be as large as or greater than the PCBs content
.of the product. Much of the PCBs in suspended form is adflpd back to the main
process with the short fibers, in order to conserve fiber. The liquid phase from
the "save-all", a separator unit, is filtered to futher remove fiber (which goes
back into the process) and the filtrate is discharged. This clarified save-all
yield can be one of the major componenbs'of the discharge ̂ £tt»u the plant.

If we assume a 1 ppm PCS concentration (typical of product PCS levels
using recycled pulp) in the fiber portion of the clarified save-all yield (at
120 mg/1 solids) , the PCB concentration of that flow is 0.12 ppb which is effective-
ly the same as the intake value selected as representative, and near the lower
working limit of present analytical techniques. About 95 per cent of the PCBs
entering the save-all appear to be directly recycled back into the paper on the
PCBs first pass through the white water system. Thus, it appears that most of
the PCBs (and the solids) in the effluents arise from unit processes other than the
save-all.

Since it appears that most of the PCBs in paper mill effluents are
with the fiber «ani JA& (either encapsulated or gfi«ot"iwi PCBS) , the

major route of PCBs entry into waste-waters must then be via solids entry. Cn
Figure 3-1, this occurs primarily in the aqueous discharges from the centrifugal
cleaners, machine screens, and press section. Fiber loss at these points is
sufficient to cause solids levels up to several grans per "H+w in the raw waste-
water.

3.2.3 Fate of PCB-Oon*-aining Microspheres
The h^rrten^ gelatin-gum arable walls of the ink-carrying micro-

balloons used in the NCR carbon l̂ ss copy pgp^r are considered essentially stable
under conditions typically encountered in the use of secondary fiber. Thus, most
of the microballoons should proceed through the process intact. Most would be
expected to be incorporated into the product, because of the manner in which fiber
is collected in to product (essentially a filtration process) .
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Based on the above/ the PCBs content of the plant effluent should
consist of those ndcrospheres not retained in the. product and a fraction of that
released by breakage (through IMHIJB of the paper/ during T>1 ̂  frt^rn and transport
of wastes, and in the recycling and pnpffrmaking processes). The remainder of that
released by breakage <y**Td remain on the product/ be vaporized/ or removed
the stream in various other ways.

line of reasoning !*"¥**' to the conclusion that most of the
PCBs in paper products and wastepaper is still encapsulated. Discussions with

industry » •*»!'" •»»*My*'*<"tv»:»g have supported **h^.g view, especially <3< >**v*9 j ons on
the comparison of analytical results between procedures in which the microballoon
walls have and have not been definitely destroyed. PCS levels resulting from
At^f-nx^-im of the rm'rTTvn£jmnu ua>Tiq with alcoholic potassium hydroxide solution
are much higher than those obtained using rryn/upt im*i extraction procedures.
However, this could be grossly misleading singe the g^n* treatment is necessary to
separate the individual fibers to release for analysis PCBs (in whatever state)
trapped within the mat.

The actual proportion in paper products and effluents of PCBs in
intact microballoons is not known and could be ascertained only with difficulty.
Che of the items of future work proposed by the Institute of Paper Chemistry in(12)a recent report is to determine the amount and effect of PCBs present in pro-
ducts and effluents within intact microballoons.

3.3 PCS Losses from the Pulp and Paper
3.3.1 Wastewater

The PCBs content of microballoons in plant effluents can be
removed by .sol iris removal; similarly/ PCBs sorberl onto suspended solids in the
effluent can likewise be removed. Solubilized PCBs, either in true solution or
present in or on very mall particulates, will be very difficult to remove from
effluents.

coefficient for PCBs between r**i inir>a«» and water is
not expected to be anywhere near as large as those between T ip-M« or carbon (for
example) and water, based on the relatively slight ^cr8T»^^1"n in woody plants
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and scanty general information available on tl"g subject. Unpublished data
obtained from the Institute, of Paper Chemistry concerning a series of experiments
in which, one per cent fiber slurries in water ware doped with. PCBs tup to 100 ppb),
shaken and allowed to settle, and then filtered and analyzed, indicated partition
ccefficiisits ranging from 800 to 1700. These values are hot sufficiently high to

. allow removal of dissolved PCBs with, suspended solids in mill wastewaters as
described below.

At a partition coefficient for PCBs between cellulose and water
of 500, and a suspended solids content of two gm/liter, about one-half of the
"free" PCBs would be expected to be adsorbed onto the fiber. However, recent
industry experience has indicated that removal of over 90 percent of the suspended
solid?; from the wastewaters will *ign remove over 90 percent of the PCBs, with
resulting PCS concentrations in the range of 0.1 ppb to several ppb, well below
the reported solubility level of Aroclor 1242. In the absence of. other infor-
mation, this appears to indicate that 'relatively little of the PCBs in the waste-
water is present as dissolved PCBs.

Three alternative explanations for the above appear to be
possible:

(1) Ihe partition coefficient between water and the sol ids present is
very much greater than a few hundred;

(2) Mast of the PCBs present are encapsulated in microballoons and
are thus removed in t-his form along with the other solids; or

(3) Organic solids added to or present in wastewater treatment systems
serve to separate the PCBs from the water. .

Alternatives (2) and (3), or a combination of these, appear to
be more likely than alternative (1). In all paper mill wastewater treatment
systems of which we are aware, polymeric flccculation **<** are added in primary
treatment and/or the water is subjected to activated sludge secondary treatment.
It is well-known that biological sludges exhibit a strong affinity for PCBs and,
although the sorptive activity of the polymeric agents for PCB relative to water
(and cellulose) is not known, it may be surmised that these agents are better
scavengers of PCBs than cellulose. However, alternative (2) (most PCBs still
encapsulated) remains a strong possibility until proven otherwise.
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. _ . - - . . The PCS levels in raw wastes, fjrom, recycling plants vary widely
but are typically in the range of 10 to 100 ppb« With, current, waste treatment
practices, this is reduced to a typical range of less than 0.5 ppb to several ppb,
with, ocnnninnnl excursions. As a consequence of the recent experience showing PCS
removal ocroomitant with suspended solids removal, compliance with BPCTCA (1977)
and BATEA (1983) should result in continuation of the downward trend in effluent
PCB levels.

3.3.2 V> Ization losses
3.3.2.1 Losses During Papermaking _.. _

Available •frtft'^iimi "ton indicates that there may be
of PCB during the Î JMCT"̂  of moisture frr" the p^p*>r in

the_ dryer_section of_the machine. This conclusion was reached on the* basis
of nvttfa fv l̂̂ ntcg studies <Vr¥? on a **t*"fc*M* of ooop^ t̂̂ TiKr Wisconsin mills.

We are fanling here with a PCB concentration in a typical
paper of only 1 gram per ton. Since the qualitative assessment of the vapor-
ization loss was that it was a few percent of the PCBs present, the loss will
not pose a health hazard, nor will it have a significant effect on the con-
clusions reached in the model of the industry.

3.3.2.2 Losses from Effluent Treatment Ponds
A significant amount of the treatment of papermill

effluent occurs in systems open to the atmosphere. Such choices as aerated stabiliza-
tion basins, ditch aeration, and rotating biological surfaces are designed to provide
a greater supply of atmospheric oxygen to the effluent for the purposes of lowering
BCu. At the sane time an opportunity arises for PCBs to exchange across the solid-
liquid and liquid-gas interfaces. No definitive data on these processes for PCS
loss are available, but there may be the possibility of exchange meriiatpd by the
pMT*Hf-inuring of the PCBs in the complex systems.

One expects sane exchange based on previously puhl i shed
descriptions of apparent losses from natural water systems such as lake Michigan ̂ ' ,
as well as demonstrated losses from 1 per cent pulp fiber/distilled water slurries
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in experiments carried out at the Institute of. Paper Chemistry, de latter case
showed up to 30 per cent losses from solutions spiked to the 100 ppb concentration.

Quantitative assessment of the evaporative losses from
ftz*iv\i treatment •?«?•{ "M+"»*** will require application of field sampling techrnqilM

for airborne PCBs which are still in the development stage.
3.3.3 Incineration Losses

Destruction of PCBs by high temperature incineration is generally
regarded as requiring a 2 to 3 second exposure to 2,000°F for "conplete" combustion.
Sborter contact J-imog or lower temperatures will not allow conplete elimination of
these stable compounds. Specially designed incinerators have been operated by
Monsanto and other firms for the proper decimatim of PCB-containing liquid wastes,
but typical municipal and industrial incinerators will not destroy PCBs completely. }i

3.3.3.1 Bark Burning
In those mi 11« which practice harking, the bark is often

utilized as a hog fuel in mm« which generate sufficient bark to use it to fire a
boiler for steam generation. Smaller producers of bark may simply incinerate it
along with unsalvageable fiber from other parts of the operation. Like the virgin
wood, bark has a PCB content which is essentially nil and results in an extremely
tiny emission to the atmosphere under these conditions.

3.3.3.2 Sludge, Spent Liqnnr and Carbon Burning
Cn an industry-vide basis there has been a drastic decrease

in incineration of these materials. The price of fuel necessary to mix with them
has risen to the point where alternative disposal schemes cost less.

Sludge is dewatered and generally landfilled. Its PCB
content usually ranges from 4 to 25 ppm, the same range exhibited for municipal(14-treatment, plants.
as other PCB wastes.

(14)treatment plants. As such, it should be subject to the same careful handling

Spent liquor of all types is being internally recycled
and refined to reduce the amount of make-up chemical required in the pulping stages.
More and more opportunities are being discovered for converting spent liquors into
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:ts or for srsion to other uses jj*yt«V* the plant. -These
reasons have led to a great overall reduction of Hgtvn- frtrm-tng throughout the
industry.

burning has in a few instances
the of cgghon. But the extent is not great and one would expect

of any FCBs to have taken place prior to such an activity. As in
bark burning, actual measurements of such potential losses are not available.

3.3.4 Solid Process Waste losses ___ _
The industry exhibits an average process loss of 2 to 5 per cent.

That is, of the pulp entering the paper machine, 2 to 5 per cent of the fiber by
weight does not get incorporated into the product paper. This amounts to 40 to
100 pounds of solids per ton of product that will be incorporated into the sludge.
As mentioned in the previous section, the few data for paper mill sludge PCB con-
tent shows it to be in the same range ffldvi hit-fid by municipal treatment plant
sludges. These considerations predict that an average mill with 100 ton daily
production might landfill between 2 and 120 grams of PCBs per day (0.004 - 0.26 Ibs.)

The effective mobility of FCBs in the landfill situation is not
well A*yr-?i>ari, The EPA Tap*j1'nr>J*i Surveillance Program generated 75 g^ypl̂ g <̂ a
as leachates. These were all «*mpl**r where ground water was determined to have had
the opportunity to percolate prior to sampling.

Eliminating three sarnies known to be directly associated with
highly contaminated industrial sites, the average value for the 72 remaining samples
is 2.8 ppb. It is only 2.8 times the 1 ppb detection limit specified in the EPA
40 CFEF FT. 136 standard analytical method.

Assuming that are about 40 to 50 per cent paper, neither
the paper or the sludge would appear to be mobilizing large quantities of FCBs.
In fact, the leachate PCB concentration is inrHat-ingpTiahaKio from that of industrial
intake waters rgpoi't'**? by the TV-iijlf7r>3>^ ftTr^m< 1 1 arvo PMT»JP<HI and AyqrflHfo*̂  in
Section 3.1. The binding of the FCBs to the f *+*>*• may be similar in stability
and strength to their association with soil or sediment particles. PCB mobility
in sediments is reported to be very low.*15'16'17^ This is thought to be due to
the availability of organic material with which PCBs preferentially associate.
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3.3.5 PCS Concentration in Fiivtshprl Product
Product concentratlnns are referred to elsewhere. In general,

PCS levels of <T" "**il products "w »̂ with recycled fiber range up to one to two
parts per million. This material appears to be almost entirely due to use of
Aroclor 1242 in NCR carbonless copy paper prior to the spring of 1971. _Levels in _
products appear to be consistently decre»«^"g. *Hnr*» the 1971-72 time frame.

3.4 Monitoring Technology
The study of PCBs within the pulp and paper industry is naturally based

on the data generated by the analytical procedure. At the present time, just as
in the analysis of natural waters for PCBs, there is no standard method for the
analyses of pulps or effluents which take into account the peculiarities of the
matrices involved. Fbr example, in the analysis of pulp or paper, it is absolutely
essential to remove the PCBs from the fiber quantitatively so that eventual extraction
into an organic solvent such as hexane may be jymmpii.Qh^. Removal procedures such
as treatment with alcoholic potassium hydroxide have been used. Application of
surfactants such as Triton X-100 is also practical. Having removed the PCBs from the
fiber, it is then necessary to make sure that both forms, the free PCB and the
encapsulated PCB from NCR carbonless copy paper, are extracted into the solvent.

There exists a definite problem with storage of samples prior to extrac-
tion and analysis. Apparently, the organic activity of the bacterial population
immobilizes PCBs in si imps deposited on container walls and fiber. An attempt to
control such losses has been to jy^j formaldehyde to the samples, killing all biotic

M O\activity. This has proven successful in lake and stream waters.
EPA researchers reccmnend that the extraction step be performed on a vortex

mixer in the original container. This is to give the solvent the maximum opportunity
to react with any of the analyte bound to the container walls. It *ian will assist
in reducing volatilization losses already shown to be potentially large by the
Institute of Paper Chemistry. Similarly, it has been T-***'"ti*-tyV>^ that
transfers of material during the pre-analysis manipulations be kept to an absolute
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have shewn the drastic effects on precision.
ry which the an^n differences in t^f"1** H^V *̂ i*̂  and storage can have.

Cne IPC study showed 3 laboratories r^r"*"*'*"? 21.5 ppb, 102 ppb and 180 ppb on a
and

split -effluent yr ]̂«»T But «*vn*> other ««irp>*»« showed as large percentage
differences, there was no regularity in the laboratories reporting high or low on
a given sample. IPC and others are working in the vicinity of a 0.1 ppb detection
limit in effluent samplei:. Moot of thfff** inter"*"! •H""-*tiqnj« took pT*r*» at concentra-
tions f*r above the detection "Hm-ttg so **•>•>•• in the' analysis is -«at«n compared to

by storage ar*? handling.
- Quantitaticn of the chrcnattogram is a difficult process for the complex,

multi-peaked plots given by PCBs. Paper mill effluents often show interfering
peaks cannprl by non-PCB materials. Recourse to mass spectroscopy analysis, is some-
times necessary to separate these interferents. Some removal is accomplished by
«tmpif» oxidation with i'$>mm-h»ii trioxide^ but many peaks can remain and a qualitative
assessment of the dmjivityx^au by a trained person must be employed. The possibility
of Tn^»-•if^Af^t••^•f^r!?»4-^nn is real, but the alternative "*y* of fr-hg GC-tnass
is often too expensive to be considered for routine use.

The continuing «feHI jne in PCS concentrations in effluent, sludge and
product will require a fr^M-iTming improvement in detection limits and sample treat-
ment techniques.

A detailed treatment of analytical techniques for PCBs in paper products
and paper mill effluents is presented in Reference (12).
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_^—-1
4.0 POST DEVELOPMENT OF PCB KEMCVKL fPQH PAPER BFCYCTiTNG MILL

EFELOENT STREAMS
4.1 Background

The major apparent cause of PCBs in thi a industry is the use,
until 1972, of Aroclor 1242 in carbonless copy paper. A significant por*-
tion of this paper has gone through at least one recycle resulting in the
PCB contamination of the effluents emanating from these facilities.

Three major types of paper recycling mi] Is currently exist
in the U.S. They are:

(1) Mills producing paper products with deinking process;
(2) Mills producing paperboard from wastepaper; and
(3) Non-integrated Tmiia producing tissue paper from

wastepaper without deinking.
A number of mil la in the paper recycling industry are so-called

mills, ije., mills which produce multiple paper grades. The basis
used for classifying crrplex miiia is the product and process which account
for the largest daily production capacity. Table 4-1 summarizes the
distribution and the production of the paper recycling industry in the U.S.

The general process used in the paper recycling industry is
pulping and deinking (only for deink mills) , pulp washing, bleaching (not
for paperboard mills) , screening and cleaning, and papermaking. PCBs can
be released from the recycled paper in any or all of the above process
steps. The water usage of a deinking plant is large and can amount to 65
percent of the total usage of the entire mill. Water used in pulp washing
is generally done in a counterflow system which allows maximum potential for
water reuse. Some characteristics of the effluent streams are shown in
Table 4-2. Data on the PCBs level in the effluent streams for this industry
are discussed in Section 3 .3 .

Technologies for the renoval of PCBs from industrial waste-
waters were evaluated and described in a previous report. ̂ ' Carbon
adsorption in conjunction with pretreatnent (equalization and multimedia
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'Source - EPA reports 440A-76/047-a and 440A-74/025-a2 Average of 4 plants5There are a total of 72 non-integrated tissue inills in the U.S. with total
capacity of 6,300 kkg/day (6,900 tons/day). No information was obtained as
to how many plants actually recycle wastepaper

*
f
I

Category

1. Deink
2. Paperboard fromwastepaper

TBBIE 4-1
CF DISTRIBUTION AH) PRCDUCTICN

(F THE PAPER

NO. of
Plants in U.S.

17
165

3. Non-integrated Not Available*
tissue papersfrom wastepaperwithout deinking

DWETRf1

Annual
U.S. Production

kkg(ton)/yr
1,000,000 (1,100,000)
6,900,000 (7,600,000)

Not Available1

Annual Average
Plant Production

kkg(ton)/yr.
58,800 (64,600)
41,800 (45,900)

11,680 (12,800) l
,v



TABIE 4-2
L*—,* CHABW^EERISTICS CF THE
PAPER RECYCLING PLWIS1

Category

1. Deink

2. Paperboard fromwaetepaper
3. Non-integratedtissue paperfrom wastepaper

Effluent Flow Rate [BOOK ing/1 ITSS], mg/1
1 ,000 1/kkg of product (1,000 gal/ton)
range,
average,
range,
average.
range,
average,

55.5 (13.3)
74.0 (17.8)
5.0 (1.2) -
30.0 (7.2)
27.9 (6.7)
53.6

- 93.0 (22.3)

68.4 (16.4)

- 79.2 (19.2)

40 - 197
92

9 - 8 2
46

146 - 411
279

45 - 141
97

40 - 83
164

Hot available
Not available

'Source - EPA reports 440/l-76/047~a and 440/1-74/025-a.



filtestionl was remnnpndpd as the best current candidate, for the removal
of PCBs from tha wastewaters to the 1 ppb level or below. Oast information
generated in this report for the treatment of pnpm- recycling mill effluents
is based upon the pretreatnent and r*v*m adsorption cost curves of Figures 4-1
and 4-2 which were taken from that report.

In the analysis which. follows, we have taken the general view that
sufficient PCBs will be present in solutinn in the wastewater to warrant considera-
tion of <~*r+m treatment down to the one ppb level. As was dlnmiwrl previously,
it is conceivable that a sufficient fraction of the PCBs present will be removed
with the solids during filtration so that the one ppb can be reached without
resort to further treatment by carbon or any other technique (jiv^oaone, etc.) .
Similarly, we nave aastmpri, for the purpose of cost estimation, an end-of-pipe
treatment without regard to any treatment (to reach BPTCA, etc.) already in place.
In essence, then, the following should represent a worst-case situation.
* * *

4i2 Plant PCS Wastewater Treatment
The treatment system designed to remove PCBs from wastewater

is capable of handling all pgs-siM-* contaminated flows. A schematic flow
diagram for this treatment system is given in Figure 4-3. -Since there
can be a wide variation existing in these flows, a flow equal J7?i^'^n basin
is necessary to provide a near constant flow downstream to any downstream
treatment unit

In thg basin, suspended <>n« and •i sol-
vents will separate and rise to the surface. Suspended solids will either
rise, fan or remain suspended depending on their dgngrti*** and particle
size. It has been found that suspended solids will absorb PCBs on their
surface and these are removed either in the equalization basin or by the
subsequent filtration. Any heavy material collected from the LuLLuu of
the basin would be drunmad and sent to an incinerator for decomposition
of PCBs. The floating liquids would be ramvel by a belt skimmer and
druamed for subsequent incineration, since these oils could contain high

ntratLons of PCBs. it is assumed that PCBs will enter the
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at an unknown *.«_«!iL*pt|J|*'.-i«'> and leave it at 200 ppb, and that filtra-
tion win, reduce *•>•*» PCBs level to 50 ppb. Subsequent twnrfrmi treatment
systems, i.e., rarrnn adsorption will reduce this PCBs ojricentration
to 1 ppb or less. Plants which already have treatment for suspended :
•rVHAt aad discharge i****** ttmp 50 n^ of PCBs in *-b*>i'r effluent streams
may install the rarhm absorption system only.

4.3 Cost
The basic assumptions and rationale employed in developing the

wastewater treatinent f^y^^s in t*1** papyr recycling industry for PCB
removal

(1)

(2)

be gi*"»«» I^PH as follows:
Costs are developed, for "rep ntative plants" rather
than any actual plant. "Representative plants" are
dffflnpri to have a size, age, and wastewater flow
agreed upon by a substantial portion of the manu-
facturers in this category. In the absence of such
info-oration, the arithmetic average of production
size and wastewater flow for all plants is used.
It shonlri be noted that the unit costs to treat
wastes at any given plant may be considerably
higher or lower than the representative plant
hrvynTnn. of individual rr*'"^jps&Ttf'^ft. Extra;*
polaticn of thene costs to the entire industry
would very likely be unrealistic.
The costs for the end-of-pipe treatment for PCBs
are assured to be essentially pii-puit.jnnal to the
volumetrjjc flow rate of the wastewater. The treat-
ment costs developed in the previous report (19)
for PCB reEoval'are" and presented
in Figures 4^1 and 4-2.
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(3) Very anounts of information are available
fnm this industry concerning' the PGB concentration
in the effluent and the kinds of treatment presently
employed. Therefore/ tte estimated total annual
cost for PCS wastewater treatment of a representative

•plant is based on the "worst case" conditions. It
was assumed that "representative plants" employed no
terminal treatment rbr PCBs removal and practiced no
segregation of wastewaters containing PCBs from other
in-process use waters.
Costs are developed separately for the pre treatment

filtration) and the
(4)

carbon adsorption treatment of PCBs.
(5) The capital cost is based on 8 percent interest over

a period of ten years. If the supply of waste paper
with substantial PCB content stops before the ten-
year period is up, the capital recovery cost will
increase substantially.

4.4 Cost Development
dree major categories are -iAmfcifigri within the paper-

recycling industry (see Section 4.1) . The costs of wastewater treatment
are developed for each individual category. Costs for pretreatment and
carbon adsorption for each category are shown in Tables 4^3 through
4.5. The capital costs, operating and maintenance costs (excluding
power), and power costs are taken.directly from Figures 4-1 and 4-2
at given wastewater flow rates. Throughout the analysis represented by
Tables 4^3 through j4-5j_annual capital" recovery costs were calculated
based upon a ten-year lifetime and an 8 percent interest rate, consistent

(19)with the earlier reference. ' Tte capital recovery factor was thus
estimated to be 0.15. All cost estimates contained in this report are
based on 1976 dollars.
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TABLE 4*3
COST ANALYSIS FOR A HH^BESENIMTVE PIMTT

OVIEOCIW: Deirfc Paper Manufacture
PIANT SIZE: 58,800 Matric tons of product^ear
FinWt 8,210 1/roin (2,170 GPM)

Treatment Costa, Dollars
Type of Poet

Invested Capital Coats:
•total
Annual Capital Recovery

Operating and Maintenance Costa:
Annual O&M (excluding power

and energy)
Annual Energy and Power

Total Ar^tual Costs
CoBt/Matric Ion of Product

Pretreatment

4,600,000
690,000

78,000

58,000
826,000
$14.11

terminal Treatment viaCarbon Adsorption

860,000*
129,000

250,000

17,000
396,000

$6.78

•totalTreatment System

5,460,000
819,000

328,000

75,000
1,222,000

$20.89

*Actual costing on a specific ndll showed that this amount could be raised by 275% in an
individual case.



fo» A PLWT

41,100 H*ri* toM Of

1,100,000
2*9,000

33,000
14,000

Ttadml ftMtaant via Tbtal
Cuban Adsorption TtMtnant 8y«tan

K.58

240,000
39,000

100,000

5,000
144.000
$3.43

1,760,000
264,000

132,000
21,000

417,000
$9.93



TABLE 4-5

COST ANALYSIS FOR A PEftSSSNTffTTfB PLANT
GA3EQQRYi Non-integrated Tissue Paper fron Kastepaper
PLANT SIZEi 11,680 Metric tons of product/year
FLOWi 1,200 I/rain (310 CTM)

Type of Post
Invested Capital Costs:
Total
Annual Capital Recovery

Operating and Maintenance Costs t
Annual OCM (excluding power

and energy)
Annual Energy and Power

Total Annual Costs
Cost/Metric Ton cf Product

Treatment Costa, Dollars
Pretreatnent terminal Treatment viaCarbon Adsorption

860,000
129,000

19,000

8,000
156,000
$13.36

140,000
21,000

60,000

2,600
83,600
$7.16

JbtalTreatment System

1,000,000
150,000

79,000

10,600
239,600

$20.52



A sunnery of cost estimates for POJ removal at diffr in-
put PCB levels is givenV in Table 4H?7~ A'aumary of taatal_capj.t«l_invest^

cost -tnfMuimt.ten for PCBs frrm paper recycling nrill effluent is given

industry/ as a whole, woold have to invest op to an estimated
$366,700,000 to achieve a PCS 11ml fnHm of 1 ppb in their vastewaters.
There is *»"»«» an j^nH^p^*^ $94,120,000 of annual treatment cost for the
ramovalof PCBa~fran^ <̂« *IV*»«*'TYT 'ft̂ Ie~4-8 is a -«a™ry of

coet of PCB removal. T3» estimated annual treatment costs correspond
to a three to five percent increase in the anlUng prices of products from

industry.
on the amount of pretr nt required to decrease

the suspended solids to a point where fouling of the charcoal beds could be
avoided, costs could escalate, severely. Such, would be the case for effluents
from deinJdng operations where fines loading can be heavy and particle sizes
quite small.
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nsz 4-6.
GF "BSSOKSSD

COST XT
MSOBPTICH

ECB

Eel iimlurt tonal Caadbcn MaozptLon Goets
tPCB] Input

50
40
30
20
10

5

Dedric
1,870(850)
2,350(1,070)
3,160a,430)
4,820(2,190)

10,200(4,620)
22,900(10,400)

Bnpecb
2, 330 a, 060)
2,930 a,330)
3,940(1,800)
6,020(2,730)

• 12,700(5,770)
28,600(13,000)

Tissue
2,730(1,240)
3,430(1,560)
4,610(2,090)
7,030(3,190)

14,800(6,740)
33,400(15,200)
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1MZE 4-7
CP DKEgPBCT CF PCS

FKM EAPER BBCXCU1C I2O05TCY

Oeink
Papexboard £rcmwastepaper
Nco— integrated
uastepaper withoutdeink
total

78,200,000
247,500,000

17,200,000

342,900,000

Jixvestment
,1 nnTlnrs

14,600,000 92,800,000
6,440,000 253,900,000

2,800,000 20,000,000

23,800,000 366,700,000

1 Assume all plants in each category have production rates B-lm-Ma-r tothe representative plants.
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TABLE 4-8
SU-MAJff CF COSTS OP PCBe FBCUAL

FROM PAPER BBCTCUNG BDUSTR*

Category
Deink
Paperboard from
wastepaper
Non-integrated
tissue paper frcro
wastepaper without
deinking

Total
Annual Costs

($/kkg of product)
20.89

9.93

Present
Selling Price

($/Wcg of product)
440 - 550 1

220 - 330*

Annual Cost aspercent of
Selling
Price

3.8 - 4.7
3.0 - 4.5

Total"Annual Coatin Industry
($/Vr)

20,900,000
68,500,000

20.52 Not available1 Not available1 4,720,000'

Total 94,120,000
lPersonal oonnunication between C.V, Pong & Mr. Zarozag - Bergstron Paper Oo.2Personal connunication between C.V. Bong 6 Mrs. Pell - Montveil Paper Co.
'Not available at the present time. Fotlatch Corp. will forward this Infonnation in the future.
"Total annual cost is obtained from nultiplying total annual production by annual unit coat.5AsBune 10% of the total U.S. tissue production is attributed to this category.



5.0 MOCEL CF PCBs INVCEVEMNT IN THE FOU* AND PAPER INDOSTFY
5.1 Purpose and Objectives of MnrtpT Development

Although, it is generally agreed that the major input of PCBs into the
paper industry has been through recycling of NCR carbonless copy paper (and this
view is strongly supported fay evidence presented previously in this report),
there are a n»™***r of questions t-t^vwnjng PCBs in this industry which have not
been answered:

Q.) How long will PCBs from NCR paper cont.i.rnip to cause
significant product levels of PCBs?

(2) How long will paper mill effluents continue to exhibit
PCB levels of sigpi f ir-arv**?

(3) What are the chances for "hot spots" of PCB levels in
products and effluents due to locally high concentrations
of NCR paper in recycled fiber?

C4) Are PCB levels in intake water significant at present in
comparison to levels from NCR paper, with regard to
product and effluent levels?

The purpose of developing and exercising a model of PCBs involvement
in the paper industry was to obtain the best available answers to the above
questions. By necessity, the model takes a simplistic material balance form;
the major limitation of the utility and accuracy of the results obtained arises
from the almost complete lack of data on process stream PCB levels and the extremely
1 imi 1-pd set of data concerning effluent and product concentrations of PCBs.
However, the model does appear to be consistent with available information and
does predict the PCB concentrations in various paper products and in the effluent
water ±L'on paper processing plants in terms of the amount of input PCS accepted
with the raw material and contained in the intake waters.

The effluent prediction is based on a constant distribution factor be-
tween the product and the effluent. Data available on sludge, effluent and pro-
ducts place this distribution coefficient in the vicinity of 1:1000, effluent
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to product. fh* actual PCB concentration in the. effluent entering the receiving
will reflect the treatment process at a given site, "With a more rigorous

•fly.yfr to j-Qg di-«tri'ivt"?f*' rr**ffif^**ntr one would be able, to narrow the limits
of predictability considerably. We have aimed at the center of the array in. order
to maintain a +••?«» to "average.* cnpr>'»t'lfyg-

At all «•*«••* it is realized that the mnrlel is only a general one; no
has be*fi "•¥*• to apply it to a pHti*?*!*''' mill. A simple mass halnnce

with known PCB inputs, water flows and pr*rhr7Hfr« outputs would be a
straightforward task for a given site.

The node! does show that a *""n which accepts NCR carbonless copy or
converter scrap, has poor suspended ??!*«*? removal and has a high PCB level in
its intake water nrtgtrf- be cap^bl** of producing a high PCB effluent as a local
Tot spot". Present values for recycled ths l i ]e]"
hood to be continually decreasing. However, the expected frequency or severity
of hot spots <-*inq< be fully addressed because of lack of data.

5,2 First Order MrVfrl of Paper Industry
5.2.1 Assiirptions

The irr«v»1 is based upon the following assumptions:
11 Hie two primary sources of PCB to the paper industry

are:
a} NCR carbonless copy paper made between 1957 and

1971 and its associated converter scrap at 3.4%
PCBs by weight; and

b) Ihe PCB load of the intake waters, taken to
average. G.I ppb.

2} A secondary source is PCBs already existing in recycled
paper due to la and Ib above.

3} The routes of PCBs out of the paper industry are
to:
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a} Product
b) Effluent
c) Sludge and other solid wastes" (or process^ loss)
d) Evaporation

4) Most of the PCBs in the paper industry remain associated
with the fiber, either as product or as sludge. This
appears tc be due to the presence of PCBs in microspheres
used in the NCR paper plus the low solubility of PCBs in
aqueous solution and its preferential association with
surfaces and organic rich interfaces. In some cases PCBs
found in industrial effluents are almost quantitatively
associated with the suspended solids.

51 Evaporative losses of PCS will depend to a great deal on
the integrity of the capsular form. Industry experts have
been quite unanimous in their agreement that capsular
breakage would be small, The evaporative losses intimated
by sane of the mass ha"? arvoc attempted at the Institute of
Paper Chemistry are very small compared to the amounts of
PCS moving through the systems. As a result, we have
chosen to neglect evaporative losses in the treatment of
the model since any assessment would be fragmentary at best.

G) Contributions of PCB by inks cr adhesives are negligible
and net considered to be large enough to affect even a
locate distribution. Based on the estimation presented
in Section 3.1 , the upper bound of PCBs into paper products
other than the NCR paper appears to be on the order of
50,000 to 100,000 pounds, much less than one percent of
the total PCBs usage in the NCR paper during the same
time frame. Thus, non-NCR PCBs should be negligible with
regard to the model.
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7) Pricr to 1957, when NCR carbonless copy PaPe^ **& intro-
duced, the PCS n^tMifc of paper products would have been
imlir/ngr* by the PCBs carried with, the intake water. The
effluent *mia. have been r^**ped by the passage of PCBs

the water to the fiber during the pulping and paper
process. Total transfer for a typical process would

have produced a PT *̂" with a PGB concentration of 0.02 ppra,
pjgjpoj on *M» consideration, and the "»»i -t^jrHnn that pr&-
sent day detection limits for PCS in paper are in the
vicinity of 0.1 ppn, the modgl has been exercised neglecting

3) The two routes for PCS return on NCR paper are:
a) As part of the recycling waste paper stream in

"nixed" or deinked grades of paper stock.
bl As converter scrap purchased by mi n « that use

it as furnish (raw material) .
Other assumptions or m**-:'f ft f decisions "wA» in developing the

mndel will be indicated at the point where the information is used or the
equation rVpgrT-tt-io^,

5.2.2 Model Structure
The first order model is an overview of the industry as a whole.

itess hnlnnoe considerations are utilized to develop a "one-box" representation.
Such a treatment avoids .the complexity of the actual recycling web, and applies
the limited data on PCS concentrations of waters, product and sludge to produce
a first look at the time rate of change of PCS levels in average product as a
result of the growth and eventual f***Mrtrr) of NCR carbonless copy paper in the
recycled waste stream. This admittedly qin^i** approach serves as a foundation
upon which to further divi.de the industry, as well as providing a qualitative
vaJ i.dat:'j3n of many of the accepted descriptions of PCB occurrence within the
industry.
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Figure 5-1 shows a scherostic representation of the first order
paper industry model, where:
ECt) - evaporative losses of PCS. These losses are yet to be assessed on

an industry wide scale, but early indications are that they are
not <Tr-* »M*;Jf- Any stirh losses would have the effect of lowering
product, effluent and ?lr*3g» PCS conoei»txations, but would not
change the relationship between these.

V(t) - input of virgin wood pulp. Virgin wood has been found to be
relatively "V-- ~f. PCBs, but may pick up some from the water used
in the pulpi „ stages.

W, (t) - intake water. Census Bureau data for total water usage are relied
on. The typical intake water PCS concentration is taken to be 0.1
ppb. This value is probably an upper bound on a natural waLer
and nonetheless turns out to have only a snail effect on PCB con-
centrations found in the paper industry.

SCt) - sludge output. This i" *-he amount of process loss going to sludge.
It is inferred that slucu, itput is proportional to the production
rate and has the same conce. oration of PCBs as the product.

R(t) - amount of paper stock being recycled. The average lifetime of paper
products is taken to be 1 year before recycling. Hence the concentra-
tion of PCBs in the paper stock is assumed to be that of the previous
year's product.

WQutCt) - effluent water. It is generally held that PCBs in the effluent are
strongly associated with the suspended solids. In the present case
the effluent can be considered what might typically remain after
primary treatment, removal of settleable solids and some suspended
solids. How much removal occurs in an actual mill will depend on
the type and amount of treatment available. It has been assumed
here that the effluent PCB concentration is proportional to the pro-
duct concentration. The constant of proportionality would depend
on the treatment system efficiency for solids removal. But in
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PCt)
NCtl

any case., tfr*^ effluent
an JA*» of

'«.'• ••*"« --»'**~» m predicted by the model gives
into the tsiviicciutait with-

out further rm?j <v»rr»»-tnri and treatment.
of the industxy.

- PCBs introduced to the paper industry as a result of NCR carbon-
less copy converter scrap and recycled used sheets. While NCR

figures for ry*mlegs copy paper and its PCB content
are known, the amount recycled from office and other ccmnercial
institutions or from converting operations can only be guessed
at. Converter scrap varies between 10 and 15% (15% was the figure
used in an A.D. Little Paper Industry study) for printing and
writing grades. C20) However/ much of this scrap was recycled
in-plant, back into NCR carbonless forms - this amount could not be
estimated by personnel at Mead (the manufacturers for NCR). Shade
Information Systems, Inc., a converter of carbonless and a supplier
of post-consumer office waste/ in testimony before the Department
of Natural Resources in Wisconsin/ estimated that 10% of all office
waste ia presently recycled/ that of this recycled paper, 10% came
from old files and 90% from yearly usage, and that the average life-
time for files is three years. ^
According to Mr. Ed Nastar of the International Business Forms
Association, the major uses for carbonless paper are in invoices and
customer statements with tax forms using a lesser amount. If one
extends the Shade estimates to include ccrmercial establishments like
stores with offices then one can use the same estimates for carbon-
less paper: 10% of each years production is eventually recovered with
90% of that recovered caning from the previous year and the other 10%
coming from old files with a three year half life. Biese estimates
are used in the model. (To show the sensitivity of the model to the
NCR recovery rate a 20% figure will be presented). Table 5-1 shows
NCR production from 1957-1971.



Year
1957
-1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

58.7
77.9

101.9
114.9
164.3
195.3
228.1
270.5
348.9
424.6
435.5
580.1
627.8
661.1
126.6

0
0
0
0



the azDunt of ol<* NCR <-»rhnni g«m recycled into the in-
dustry can only be estimated and few aeasuranents on other than recycled box-
board exist by which to validate the figures, the exact levels 'predicted by the
jrr-Aii should be regarded with ca»'t+"iqo. Nonetheless, the ™rWai does reflect the
trends and dynamics of PCS involvement in the industry.

BK. PCB "CTqg h>Oar>fg equation for the First Order Model is
written:

P Ct) Cp (t) +S (t) Cp (t) -fW (t ) Cw ( t)

where:
Cp(t) = PCBs concentratian in product for year t.
Cw. = K2Js concentration in input water (taken to be 0.1 ppb)
C w ' . C t ) = PCBs concentration in effluent = X Cp(t) where X is a

constant dependent on the level of suspended solids.
In EPA data ' p* ' the suspended solids are shown to range from 500 ppm in
non-de-inked paper mills to 1700 ppm in deinking effluents. Considering that the
best available technology is not u^ . uly used now or in the past, 1000 ppm is
assumed for a suspended solids load, -nd the model is exercised with X at • A* A.
From John Strange Paper Co. data a X of TXXTT was obtained while Ft. Howard informa
tim indicated X at to
and: S(t) , the sludge output is taken to be proportional to P(t) . That is:

S(t) m £(t), where 5 is the proportionality constant.
A value of 4 .5% was chosen for £, based on previously reported data for

(22)process losses.
Rewriting the previous equation,
R(t)CpCt-l) + NCt) + lO'^W^Ct) « Cp(t) [0.955 P(t) + lOW Ct) ]

1^ X
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As a simplistic first «"*'r<r*p - aiwunrt X - 0, i.e., all PCS is
retained by the pmiliirt. Let the N(tJ aastae three

Aj - 10% recovery
A_ - 15% recovery (10% recycle + 5% converter scrap)
A__ - 25% recovery (20% recycle + 5% converter scrap)

Figure 5-2 shows the PCB concentration in the product for these three different
recovery rates. Die NCR £qr***-t!i'T*. is alao plotted as a reference to show the
roll-off of the curves.

obvious is the direct and quantitative relation
between the NCR leuoveiy and PCBs in the product. Product levels rapidly fall
below the 1 ppax level by 1S73 or 1974, so that input water concentrations (W^Ct) )
appear to be confuetely dominated by the NCR contribution.

Further Insight is gained if the data of A^ (15% recovery) are
plotted again with R(t) - zero; that is, if there was no recycling of product back
ittto the paper stock input. Figure 5-3 shows the result of this exercise. For the
overall industry under these conditions, 15% NCR recovery appears to be responsible
for about 83% of the PCB in the product. However, if broken down further, specific
segments of the industry which utilize a large proportinn of wastepapar in their
.furnish would be expected to exhibit a larger dependenre on the PCBs recycling to
tbe paper stock input.

The effect of process loss to sludge is easily demonstrated in a
tnhulnr format. Table 5-2 shows the 15% NCR recovery data now allowing R(t) to
operate (i.e., recycling to paper stock) and ̂  values of 0 (plotted in Figure 5-2) ,
10~s, and 2 x 10~J. According to the data on Table 5-2, a X of 10~3 (ratio of
PCBs level in effluent to TSS level in effluent) decreases the PCBs levels in the
product by only about ten percent from those at zero PCBs in the effluent (X - 0) .
A further reduction of six to ten per cent in product PCB levels results from
appT4:caHnn of A - 2 x 10~J. As further internal reuse *r**m** for white water
proliferate a continuing decrease would be expected in both suspended solids and
X. Ail •t«ripheral factors point to a continuing asnncintlon of the majority of
PCBa introduced into the system with the product.

-€4-



20-

O

uiU
OU

OOffa. 6 -

For X-0, All PCB in product output
PRODUCTION

1957 I960

aoo

1965 1970 1076

Figure 52. FIRST ORDER MODEL WITH DIFFERING RECOVERY RATE FOR RECYCLED PAPER



30-

26-

20-

16-
ff
Z

10-

1967

A -0

1960 1966 1870 1076

Figure 5-3. AFFECT OF RECYCLING PAPER OTHER THAN NCR CARBONLESS PAPER ON PCB
CONTENT OF FIRST ORDER MODEL PRODUCTION



5-2

Year
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969.
1970
1971
1972
1973
1974
1975

KB Concent]
A-0
0.48
1.58
2.15
2.66
3.20
3.96
4.58
5.04
5.68
6.76
7.69

. 8 . 0 8
9.18

10.20
8.03
2.83
0.86
0.45
0.33

cation In Product
A-10-'
0.43
1.41
1.93
2.39
2.88
3.58
4.15
4.59
5.28
6.21
7.04
7.42
8.46
9.40
7.40
2.61
0.80
0.42
0.30

(ppnl

0.39
1.27
1.75
2.16
2.62
3.26
3.79
4.20
4.85
5.72
6.49
6.86
7.85
8.72
6.86
2.43
0.74
0.39
0.28
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overall look at PCBs (Vm.iiHtxatad the following;
A 1970-71 peak in product KB mrvwt v*Hnn«i corresponding
to "pr^TTim PCB usage in NCR paper plus a one-year or less
delay in reaching T'W"*™*" PCS levels in the recycling stream.
With, the c*gff**"»"n of NCR prr**y*-«"" the drop off in pro-
duct PCS was rapid. specific industry segments

5.3

would show a «Mfft»i»qii- drop off rate (this is investi-
gated with the mccnd order model) .

c) Os ing -naaqnruiK! «> f-Hyvtrspy ftjf the adjustable constants,
the major source of PCB is the NCR cnrhmless paper's
direct input to the industry. Further recycling of
paper contaminated by recycled NCR input has a relatively
««piTi effect on the carmen Lra1-ion observed in the paper
product.

d) It is difficult to assess the quantitative effects of
such, industry responses to the PCBs problem. as elimina-
tion of deinking grades as furnish for food board. There
is no doubt that within a specific segment of the in-
dustry such activity was beneficial. In the overview
of the first order model, however, these effects cannot
be separated out. The model as developed exhibits an
overwhelming response to the NCR carbonless recovery
rate which would inundate any analysis of a fine*r internal
structure.

Second Order Model of Paper industry
5.3.1 Industry Categorization for Second Order Model

The obvious inAmtjy (ga^^noyi y.f* ^ rg> \i«i«»fnT to a nore
industry analysis is paperboard,- paper; and construct inn paper and board. The
latter segment includes portions which use 100% recycled paper stock (construction

. paper] and others which, use little, if any, recycled paper stock (construction
board) and can be further subdivided on this basis. Figure 5-4 shows schematically
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five catyprieg selected gr^ the flows of products returning to these industry
segments in recycled waste streans as «*TI as other inputs, products, and dis-
charges. Figure 5-4 is t*"« essentially a. schematic dxagram of the second order
model. Annual production data from 1957 thrAyft 1974 for each of the five
industry segments are presented on Table 5- -3.

Segment I, paper, has a product output approximately equal to
the sun of segments II, IH, and IV. This should be remembered when one assesses
the total load of PCB asg~rJ3t«*3 with the production of a given segment. The
load will be PCB concentration times the output.

Segment H, combination boxboard and chipboard, is based on a
raw material vhich is 100% recycled. Historical PCB data (back to 1971) exists
for combination boxboard. Almost all of the de inked paper stock (ledger grades)
went into box production prior to 1971; also, most of the mixed grades and pulp
substitutes went into box production. As a result, most NCR paper entering the
general area of paperboard would probably wind up associated with combination
boxboard and chipboard. Chipboard is included since sufficient tfofc? were ^^7^1-
able on this category, *••' "b îtrchlpboa.rd is lessTthan 10% of this segment's __
total output.

Segment HI contains those items which are primarily made from
virgin wood or recycled product from Segment m.

Segment V, construction board, uses all virgin wood and is not
recycled.

Segment IV is a composite segment, the components of which have
the following characteristics:

a) All use a high percentage of mixed waste which could
contain NCR sheets.

b) Many are in building which
precludes their entry into the recycled waste stream.

cl The tube, can and drum component is not likely to be
recycled, though "it has an open usage different than
the building
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Year
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

annual̂

IPaper
13.6

- 13.5
15.0
15.4
15.7
16.5
17.3
18.2
ia.2
20.7
20.9
22.4
23.6
23.6
23.8
25.4
26.5
26.9

Table 5-3
j>goductian_far Indust

HQ-mbinatioPBoxroard
&

3.9 '
4 .0
4.2
4 2*• »«•
4.3
4.3
A 4*t.*«

4.5
4.7
5.0
4.1
4 4*i ."

4.3
4.1
3.8
3.9
4.0
3.5

HIduel
8.9
8.8
9.8

10.3
10.9
11.6
12.2
13.4
14.4
15.9
16.5
18.4
20.0
19.7
20.3
22.4
23.3
22.2

IVConstruction
Papers andOthers

2.7
2 .8
3.1
2 .8
3 .0
3.1
3 .2
3 .4
3.5
3 .3
3.1
3 .5
3 .5
3 .5
4.0
4 .3
4 .3
4.2
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5.3.2
of mathematical *-**mpt hold for the second

order node! as for the first order nnrtel (see Sec. 5 .2 .21 , appl jpri on a segment-
by-segment basis. In V îti™if the seoond order model uses superscripts to
denote j»««»v îĵ -tpp vith. a p*T*"|'"''l3>r' "Jry^-"*1*y segment. Other symbols n«»*3 are:

C^ (t) = FOB concent-ration of virgin wood in industry segment 1.
CQ Ct) = PCS concentration in aqueous solution of effluent. from segment 1.
de following are kaged on our assumptions:

Cv

w'' Ct) - C w (•
Cwina)(tJ-Cwin

C.C21

cv

C3)Ct) Ct) cv

(5) (t) , o
C2) (t) (3)"win

Ct! ft) Ct)
(t) -
}Ct)

"win
(5) (t)

EC5) (t)
and,

"woutCD
C2)"wout

"wout

c
c

(t)
(t) where X's are constants.

Since newsprint contains little if any PCB,
N (3 )(t) =0

(t) a 0
Prior to 1937,

Ctl «' (t, C p

W)Ct) = 0
After 1957 one has these 5 unknowns, and the following 5 equations:
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UL N (tH-.TOR0- 1 Ct}Cp

ai Ct-l)-K).Q5RC1> Ct}Cp

Q1 Ct-ll+.25Rai Ct) CO} ]

C2] NC2) CtJ + JQ.lSR^1 Ct)Cp

C2) C*-1)+0.20RG1 CtlCp

ai Ct-l} +

SR025 Ct) CO)J

ctj+s™ ct)+x2Wout

(2) ct) J cp

C2) ct>
(This holds until 1971 at which time the paperfaoard segment greatly decreased their
usage of recycled paper. Ihus, the coefficient of 0.20 for the paper portion of
the paper stock input is taken to be zero for years after 1971 . )

01 [RC3 1Ct!CC3 1Ct-l ) ] =

(t-l)+0.40R(4) (t)C (31 (t-l)+0.25R(4) (t) (0)J

cp

w'(t)

(51 0 - [ PB) Ct)+SC5) Ctl+XjW^,.'51 Ct) ] C (S1 (t)
f

Notes:
(a) From equation (5) C ( ' (t) = 0 for all (t) .(5)

(3)(b) From equation (3) C { ' (t) = 0 for an (t).P
(c) All X's are from .001 to .002. This allows us to ignore X terms since they

are so much smaller than the P(t) and S(t) terms.
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Substitution yields:
From equation d)

.Toc ai ct-DP.0-' (t> »[pa> ct)4sa) ct)J cp

ai ct)
Fran equatic.i (2)

[o.20C (1) Ct-D+0.15C (2) (t-ljl R(2) (t) -[pt2) (t)+S(2) (t)] C (2) (t)

(The 0.20 constant drops to 0 after 1971 as noted above)

Fran equation (4)

N(4) (t)+0.35R(4) (t)C (1) (fc-1) » [P(4) Ct)+SC4) (t)]cp

(4) (t)

Bguaticna (3) and (5) are negligible, based on Notes (a) and (b) above.

5.3.3 Quantitation and Exercise of the 2nd Order Made!
McLenahan's study of 1965>-1970 paper stock usage was used as the/23\basis for quantitating the model. Hiis extensive study accounted for over 90%

of the wastepaper stock usage. It «ian <-ah\ia<-pri the paper stock by type and
associated that with its end use. A number of other studio have since been based
on these figures; utilization of these data thus keeps the model on a somewhat
P« -rail «»i footing for comparison with the other studies.

The second order rr*^l is a good A^<1 more complex than its
predecessor in Sect inn 5.2. To explore the effects of recycling on specific
segments of the industry it was necessary to subdivide the industry into identifi-
able sectors. This r&c**5S !*•*+• ̂ developing a reasonable set of criteria for
touting the recycled paper between these sectors.
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Ihe following aJdit^<rmi assumptions were made:
1} Paper products produced one year are considered to be recycled the next.
2) The paper stock percentages of various inputs were taken to be constant

over the pericd 1957 to 1974, except in the combination hoxboard and chip-
board category after 1970. In this category, industry reaction to PCS in
food packaging and the eventual ETA 10 ppm limit is reflected.

3) Each segment's percentage of +•* •». overall paper stock usage is constant
from 1957 to 1974 using ti_ . percentage. The model is quite in-
sensitive to changes in this parameter.

4} Recycled newsprint is considered to be PCB free. Newsprint is produced
primarily fron virgin fiber, and the only paper stock used in newsprint
is other newsprint. Consequently, no PCB from NCR paper should be intro-
duced into this segment. Measurements by Hazleton Laboratories in 1972
confirm lew background values of PCBs in newsprint. ̂  '
Since newsprint is only a small percentage of paper output it was not set
aside as a separate category. However, newsprint is a sizeable fraction
of the recycled waste stream and here it was accounted for separately.

5) Containerboard uses very little paper stock, and what it does use is old
containers or container clippings. (This excludes gypsumboard, chipboard,
and recycled tube, can and drum segments). We therefore approximated
paper stock in this subcategory to be 100% container. This implies that
containerboard will be PCB free.

6) As before, process loss to sludge was assumed to have the sane PCB con-
centration as the product. The process loss estimates are those previously
published for 1970. <22)

7) Bureau of Census data was used to obtain values for total paper stock
recycled.

8) The model is very sensitive to the total amount of NCR carbonless copy paper
recycled into the industry, and to its distribution within the industry. Un-
certainties in these affect the <te**ails of the model, but not the general
trends.
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9) Virgin wood contains negligible FOB.
10) PCS concentration of input waters is taken to be 0.1 ppb.
11} Evaporative losses are not considered for the reasons given for the first

order model exercise, in Section 5.2.
12} The "mixed" category of waste paper includes tl and 12 mixed, super mixed,

boxboard clippings and nriii wrappers. The amounts of each going into "mixed"
in 1969 was investigated by other workers. ' Paper stock dealers inter-
viewed indicated that "mixed" paper was usually office waste with the follow-
ing approximate composition:

Chosen for
Range C%) Mndel

Old Corrugated Cartons 0-15 10
Newsprint 10-25 20
High-Grade Printing & 'writing 60-90 70

13) The loss cf PCBs in solution in effluent waters is assumed to be negligible
to PCBs a ffcyyi' a t?°4 with the suspended solids.

The model is exercised for two distribution .schemes for NCR paper as follows :
a) The NCR received in a given year is assumed to be 5% of the converter scrap

from that year's production and 10% of the post consumer wastepaper. Of the
post consumer waste 9/10 came' from the previous product inn year and 1/10 came
from years prior to that.
(A three year half-life with exponential decay is postulated for the post
consumer waste NCR paper which is recycled more than 1 year after being

ri , This ag«q«n>Hr<n is significant only a-Ff-or- 1971 . )
All of the 5% NCR converter scrap is assumed to go into the paper segment
of the industry. The combination boxboard segment rejected it due to a

profr? gin.,

The recovered post consumer NCR was distributed according to the percentage
of printing and writing paper being recycled within each segment. 70% of
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the mixed category was taken to be printing and writing paper except
within boxboard p?ry3T' stock where it is estimated that 50% of the mixed
was actually boxfaoard clippings. About 2/3 of the deinking category is
taken to be printing and writing paper. The final breakdown of NCR in
the paper stock for each segment thus beconps:

PAPER - 5% converter scrap
3% post consumer

CCMBINATICN BGXBOARD AND CHIPBOARD - 3 .5% post consumer
CCNSTHJCTICN PAPER - 3.5% post consumer

After 1970 the combination boxboard segment drastically reduced the use of
ledger grade papers and some pulp substitutes. This was industry's response
to eliminate NCR from inadvertently contaminating the foodboard grades. In
the model, the NCR entry figures for that segment are adjusted to reflect this
industry action. The NCR going into the paper segment may have increased its
percentage of NCR received as a result. Though this is not entirely clear, it
has been included in the second exercise of the model.
Figure 5-5 shows the response of the model. The rapid decrease in segment H
PCB levels after 1970 is evident. Concomitant reductions occur in segments I
and IV. While the latter two reflect the loss of the NCR carbonless copy
paper production, the former shows cessation of PCBs usage by NCR as well as
additional reduction caused by the industry action.
A second exercise of the model, shown on Figure 5-6, is made on the assumption
that 10% of the returning NCR is sent to the paper and boxboard segments
based on the use of deinkirq' stock. The paper .segment has not used mixed
grades and boxboard officials state that their product has not used mixed grades,

(20 23)although several references indicate sate usage. ' The second exercise is
performed, with the assumption that the boxboard segment (II) does not use mixed
grades, other than boxboard clippings.
10% recovery of wastepaper is c îlc"'1**''5'^ at 9% the year after production, and
1% thereafter based on the 3 year half-life described earlier.
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Figure 5-5. FIRST EXERCISE OF SECOND ORDER MODEL



NCR refuted by Segment II,route to Segment I

1967 1960 1970 1975

Figure 5-6. SECOND EXERCISE BY SECOND ORDER MODEL



The post-1970 reduction of NCR into **>g combination haxboard segment is
The reduction ±n ledger grar*** usage by baxfaoard is aspired to

have been by half in 1971 and cozplete stoppage thereafter. If the ledger
stream might have diverted to the paper segment upon its rejection by the
boxboard (segment H] , the effect this would have liad on the paper PCS is
shown by a dotted plot from 1971 on in Figure 5-6.

Overall, we see the sane general trends in both exercises
(Figures 5-5 and 5-6) . The routing chosen for the returning PCB in the NCR paper
effects the details of the product concentrations , as does the relative size of
the production output within each segment.

In «wfr scenario, the primary removal of PCB containing NCR from
production allowed a return of every segment to pre-1957 PCB levels in the products
by 19.74 or 1975. This trend is reflected in the decreases shown by available data
in Table 3-2. The decreases documented are of the same general magnitude as produced
by the model. Data on "recycled wastepaper input"(6) has reflected a drop to 0.15
ppm in 1376, which is near the detection limit of the analysis for PCB in paper
products.

5.4 Discussion of Model Results
The results obtained from exercising the model show clearly the over-

whelming dependence of PCB levels in both product and effluents upon the NCR paper
content of recycled fiber. According to these results, product levels of PCBs
resulting from the NCR paper should be less than one ppm by the present *-inm (1976)
with the possible exception of the combination boxboard and boxboard segment, and
of course, excepting localized hot spots caused by inclusion of ami 1 amounts of
NCR paper in the fiber recovery stream. This result agrees with recent analytical
results on PCB levels in paper industry products. Product levels, effluent levels,
and frequency and severity of hot spots should continue to decline sickly as the
PCBs in paper products are diluted further with virgin and less contaminated
secondary fiber.

The ratio of PCBs concentration to TSS in the effluents had little effect
on product levels, as would be expected. Values of this ratio in the range of
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0.001 to 0.002 appear to be consistent with available data on both effluents and
predicts. This result indicates that most of the PCSs entering the process exit
in the product ana thus generally agrees with tie analysis of Section 3.

The overall agreement of ti¥B refAilts obtained with the model tend to
support the various assunptions made. Agreement is reflected by comparison with
available data on both product and effluent PCB levels. Thus, the model as pre-
sented does appear to represent a reasonable and consistent material balance for
PCBs around the paper industry.

A distribution for inooning PCBs between product, effluent, and waste
treatirent sludge can be calculated bajed on tiae results of the model. Using
the following values:

(1) PCBs level on product « 1 ppm. of solids
(2) PCBs on solids in wastes = 2 ppm of solids
(3) 90 percent removal of solids and PCBs in wastewater treatment
(4) 135 ppm suspended solids in final effluent
(5) 0.27 ppb PCBs in final effluent
(6) Zero loss through vaporization

The. results obtained are:

Plant Percentage of Incoming Weight cf PCBs Level SolidsStrean PCBs Oont-aiTvad Therein Stream* in Stream Oontem.
Product 75-80 1 kkg 1 ppm 95-96%
Sludge 18-20 0.6 kkg 0.4 ppm 20-30%
Efflusnt 2-3 100 kky 0.27 ppb 135 ppm

* Based on one kkg of product.

The results obtained indicate that on the order of 75 percent of the
PCBs entering a paper mill exit associated with the product. The values
selected probably represent more of a "best case" situation for a recycling
plant than a typical situation within the industry. The PCBs distribution should
vary from plant to plant and from product to product, but should not be nearly so
widely variable as suspended solids or PCBs concentrations, which are known to
fluctuate widely from day to day in a given plant.
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6.0 GCtvCLDSICNS
The fiol

report:
(1)

OQ evidence In

(2)

(3)

(4)

The recycling of NCR carbonless copy paper was and still is the
only major source of PCBs intn tie paper industry.
PCS levels in paper products have been decreasing sinra 1972 and
apparently will onnfrln"* to decrease inter the Influence of con-
tinued rH iirHnn of PCBS ft vin recycled NCR paper.
PCS levels in effluents *" ' ' *'• PT**" nrm«» utilizing reclaimed

have been decreasing in recent years, and will continue to
o At*f*rr*3>taf'^ «x levels in reclaimed

of wastewater *TM **"**"*- technology.
PCS levels in sludges resulting from wastewater treatment may
be as H'iffi as 10 - 20 ppm. Disposal of such material qfrv""!^ be
performed with care.

(5) Application of as an end— of-pipe for
PCBs removal from wastewater in the paper recycling industry
could increase product prices as w*̂  as three to five percent.

(6) Tfte proportions of PCBs present in intact microballoonG in paper
products and in paper industry wastewaters are not known. General
indications are that more PCBs in the industry are encapsulated
than are "free" (released •Ff>'«^ i||ilrrrn^v>^ 1 r^nM* ping other sources) .

(7) 3he model generated to dftfine PCBs involvenent in the paper
industry represents a •paaPT7rtT'̂ ^ ** snfl consistent inahMi— iai )v»i anop
of PCBs input and output in this industry.

(8) According to the model, PCS levels in products and effluents are
sensitive only to tiv* parameter

COpy parnar < tjjit
associated with recycle of NCR
PCBS.
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(9) She product PCS levels obtained fron exercise of the model agree
well with available fkrf-a; the results indicate a steep drop-off
following oegg^tict of PCBs usage by NCR and a continuing, but
less steep, decrease thereafter. Or-renL product levels are in
the one ppm range (recycled fiber) .

(10) Within the limitations and asamnitions of the model, on the order
of 75 percent of tie PCBs entering the papermaking process exit
associated with the
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