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Recommended Procedures for the Disposal

of PCB-Containing Wastes (Industrial Facilities)

On December 22, 1975, the Administrator of the
Environmental Protection Agency announced an action
plan of regulatory and administrative actions to help

«

ensure that polychlorinated biphenyls currently 1in
service do not enter the environment. One portion of
that program includes investigation and recommendation of
appropriate disposal procedures fTor industrial users of
this fTamily of chemicals or products containing them. The
Agency is also evaluating the consumer waste disposal problem
and may issue further guidance on that subject at a later time.
General Background * o, -z .

Polychlorinated biphenyls (PCBs) are chlorinated
aromatic organic compoungs which givg rise to foncern
bécause of their pervasiveness and persistence in the ~ -
environment, their tendency to accumulate in food chains,
and their chronic toxicity. The .possible adverse effects
on animals (including man), resulting from the bioaccumula-
tion of PCBs in the food chain, causes the present and
continuing concern over the disposition of PCBs tovjthe
environmenti PCBs have been used both in closed systems,
especially as sealgg dielectric fluids in tragsformers and

capacitors and consumptive (or “open') applications, where

the PCBs are used in and consumed and discarded with the product.
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Consumptive or "open” uses of PCBs have included:
impregnation of cotton and asbestos for braided insulation
of electrical wiring; a plasticizer in wire and cable coatings;
plasticizers of vinyl chloride polymer films; in high-pressure
hydraulic fluids; specialized lubricants and gasket sealers;
heat transffr agents; and machine tool cutting oils. Former
"open" appl?cations also include: formulation into some epoxy
paints; protective coat?%gs for wood, metal, .and concrete;
adhesives? and iIn carbonless reproducing paper..

Today domestically produced PCBs are supplied only to
"closed" applications in the electrical power distribution
industry. PCBs used as dielectric fluids in tranformers and
capacitors are referred to generally as askarels.

The sole producer of PCBs in the United States is
the Monsanto Company, under the trade name of Aroclor.

Some domestic manufacturers either modify Aroclor or have

Monsanto prepare special formulations for them. These

have been marketed and used by manufacturers in their

products under ‘various trade names. Additional quantities

of PCBs are imported, both as a raw material and as a substance

incorporated into manufactured parts or products. Appendix A

provides a Iistigg o} the trade ﬁ;mes used by domes%ic and

foreign manufacturers on their products containing PCBs.
eCumulative sales in the U.S. since the introduction of

PCBs in 1929 are estimated to be 1.5 billion pounds. In 1970

Monsanto voluntarily restricted domestic sales to transformers
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and capacitors (closed systems). As a result, current
production of PCBs is down about 50% from the peak years
before 1970, but still amounts to about 30 million
pounds per year. Imports of PCB liquids currently amount
to about 0.4 million pounds per year. Monsanto introduced
Aroclor 1016 in 1971; although not conclusively proven, it
is reported(@o have lower toxicity and higher biodegradation
rates than other homologs. Most capacitors (using PCBs)
produced in the past two years use Aroclor 1016, while
transformer applications continue to use Aroclor 1242 and 1254.

An estimated 750 million pounds of the PCBs produced
are still in service. It is estimated that less than
half the PCBs ever produced have entered the environment;
of this amount, only about 10% (0 million pounds) are
estimated to have degraded or been incinerated? 300
million pounds -are estimated in landfills. This-distri-
bution of PCBs is illustrated on Figure I. The recommenda-
tions of this publication are directed only at the PCBs
presently in service (or which will enter service as a
result of future production).
Purpose

a

Pursuant to Section 204 () (O of the Solid Waite

Disposal Act:, as amended, the Administrator may issue
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FIGURE 1
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advisory guidance ane_recommendations related to the
disposal of waste materials. These recommended
procedures do not have stahdard—setting or regulatory
status, but represent the best information aveilable

- on preferable disposal options for PCB-containing waste
meterials. The Agepcy‘plans to conduet studies to
determine other options for treatment and disposal of
Pcé-containing wastes (iecludieg incineration of
capacitors containing PCB liquide) during calendar yeari
1976. _(In addition Fp Agencf activities, the American

. National Standards Institute isdin tﬁe process of '
- revising its guideline fof.diséosal of askarels containing
.PCBs (ANSI ClO? 1-1974).) &As significant new information
becomes available from these and other sources, this

lv’ -
u,. -,

Pederal gzster issuance w111 be revised. ) .

P o 3

’ﬁt
' The® purpose:of this issuance is to provide guidance

'. for the disposal of PCB-containing wastes. This

'guidance is addreSEed primarily to industrial users of

PCBs, particularly thosegmenufacturing and/or us;ng

capacltors and transfegmers containing PCBs, although
the recommended pro;eéures are eppropriate to - all

PCB-containing wastes. ‘ - s
Capacitor epplications'inelude,power factor
correqtion of both high and low voltage power, hallastin§ |
in fluorescent lamps, and motors in air eoﬁdi;ioners
4 ' : ‘-
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and industrial applioations. Transformer use of PCBs
is primarily in those areas where the non-flammability
- is the major consideration {(largely those applications
in proximity to homans). These include transportation
applications (electric trains, rapid transit systems)
and pover supply tratsformers in oommeroial and ppblic'
buildings. '
Technical ﬁackground

Polfchlorihated Siphenyls are a class of synthetic
compounds whict have no known counterpart in the natural
environment. PCBs are manufactured by the chlorination
) of biphenyl with anhyorous ctlorine using iron filings
or ferric chloride-as a cttalyst.f The three most
1mportant physioal properties of PCBs are low vapor
pressures, low'water soluhility, and h;gh dielectric
. constants, They are miscible w;th most organio solvents.
The chemical properties that make PCBs desirdble
1ndustr1a1 materials are their exoellent thermal stabilxty,
thelr stroné res;stanoe to both acidie and basic hyarolysis,
and theixr general inertness. They are quite resistant
to oxidation. Unfortunately. sohe of the cﬁaracteristics
(stability, non—degradabilzty) which make PCBs 80
valuable in 1ndustrial appl:cations also make them'&ighly
persistent in the enwironment.‘ .

SET 5 L
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In the process of replacing hydrogen atoms with
chlorine atoms, a large number of substitution combina-
tions arise. Theoretically 210 PCB compounds can be
.prepared, but only about 100 homologs and isomers arezlikely
to occur io commerical products. In commercial preparation,
- PCB compounds contain from 12 to 65 percent.cﬁlorine; the
typical product is a mixture of several homologs.

Monsanto, the sole U.S., producer of. PCBs, has
adopted a four-d;git desxgnation for its Aroclors, ]
. the last two digits represent the approximate chlorine
content by percentage weight. (Aroclor 1016, with
approximateiy 41 percent cﬁlorine, is an exception to
this nomenclature sysrem.) The first two digits indicate
. the type of material: biphenyl, triphenyl, or mixture |
of the two, Bxphenyls with higher chlorine content are °
noanlemmable and have extremely low volatilities.

'The chemical stability, low.volatility, high
dielectric constant, and campatibility with other
chlorinated hydrocarbons have resulted in many and
varied 1ndustrial applications for the PCBs.

The ready solubility of PCBs in nonpolar solvents
explains why they are easily absorbed into fatty b
tissue aod into the liver. Fatty tissue acts as a non;:'

'poiar solvent, and PCBs are retainegd, rather‘than

excreted; as the blood passes through. Their resistance

T e y e =
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to oxidation or other types of chemical degradation
explains their persistence and accumulation in animal
tissue.

Degradation characteristics ere not well under-
-stpod. Some, dibenzofurans, which are extremelf toxic,
may be degradation products-of PCBs. The chemicel
inertness and resistance to metabolism of PCBs account
for their low ecuce toxicity. But as they slowly build
up in a living system, their concentration approaches '
toxicity levels--FDA has adopted a safety level for
food of 5 ppm. At this point chronic ‘effects make
themselves evidene. Chronic toxic effects vary in
different enimel species, but run the gamut from skin,
liver, and kidney leSiqns in rabbits to chloracne and

'iﬁ'-.'

hepatctqyic effects§in man. .

The low so&uﬂility of PCBs in water probebly 1imits
the rate at which they are dispersed by water systems.
PCBs discharged inte a river or lake will accumulate in
the sediment in re}éEéveI& high concentrations. Plents
.and animals can conce;crate PCBs above their level in
_water alone.i Some zish species taken from Lake Michigan,
in 1970 and 1971 have exhibzted PCB concentrations'ﬁf
greater than S ppm. Shrimp end_eysters exposed to 10 pph
of Aroclor 1254 have shown bibeccumulations from 130-. .
to 3300-fold; hioaccumulations in some species of 40 000
to 75,000 have been’ experienced.

7
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PCBs are not intended to get into.the environment,
but they'do because their unique chemical. properties
prevent them f£rom being destroyed by usual waste treat- f
_ment methods. Thus, they inadvertently escape and
become Widely dispersed. "Environmental transport models
for PCBs have not been developed. Conclusxons regarding
. their behavior, partictlarly their distribution‘and
transport in the enﬁi:onment, were based largely upon
the rssults of DDT research. Recent data indicates
that aerial transport plsys s'majo: role in the world-
wide dissemination of PCBs, although dumping and river
runoff may contribiite more importahtly to local
contaﬁination of fish, wildlife, and drinking watex

sources.

Disposal of PCB-Containing Wastes

- . - . .

. The persistence of PCBs necessitates extremely

careful attention to final disposition of PCBs and .
. » . . '
PCB~containing matexials. First, the use of PCBs

should be reduced. Manufacturers Or useérs may either

use less contaminating substitute materials. or more
S

efficient mgthods which produce less qute.' Bowevéka

no matter how many substitutes are develbpeﬁ or how
efficient operations may become, there may still remain
some applications for which PCBs are the best material,

and there still wzll be waste materials. SPills, damaged '

.
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goods, and housekeeping materials will reguire disposal.

Aleo, as noted on Figure I, there are approximately_
750 million pounds of PCBs, incorporated into products,
currently in serviee. These.products will ultimately
require disposal., If a capecitor or transformer has a
label identifying one of the trade names shown in

Appendix A, it -should be handled as a PCB, and the options

" listed below followed. If the contents are unknown, but the

manufacturer is one of those listed in Appendix A, an inquiry
should elicit information on the contents of the
equipment or' product.

Effective safeguards should be,employed in the handling

;and transport of the PCB-containing wastes. These

" include the use of protective clothing, cloaed conta;ners

for trqgggortation,%fnd‘hdequate 1abeling to alert dxsposal

f B -
- e

~

personnel or eﬁ%rgeney response personnel.in the event

- of a Splll or accident.

- Anyone in;tiating a d;sposal actron should select hxgh-

quality fxrms for th E:ﬁhsport and disposal of their PCB-~
.,Ef')‘ A
containing wastes. .Aleo, spet—checking to assure that the

, materrals*are belng preperly ‘handled, treated, transported,

and drsposed is recommended The generator of the baste

should take responsibility for proper waste management.

NPC00026241
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- of by high temperatures incineration.

Recommended options for the disposal of PCB-conéaining

wastes (in p

riority order) are:

° Reclamation or recycling

° Controlled land disposal

Incineration

Recycling - Reclamation or recycling of PCBs is.usually

feasible only with relatively uncontaminated liquids.

Monsanto maintains a toll-free téléphone number

(800/325-3850) for -the public for advice on scrap PCBs,

If liguids cannot be reused, these liquids should be disposed

Recycling of transformers is accomplished by General

Electric Co, and several indepen&gnt comp&nies. The T

tank and inside copper of the transformer is reclaimed;

the PCB liquids, 1f they can't be reused,-should be

incineraﬁed.

PCBs can be leached from solid wastes with a suitable

solvent, e.g., trichloroethylene or acetone. The

decontaminated waste can then be diéposed. The solution

‘containing fCBs may be separated by distillation into PCB,

which may be reclaimed, and the éq}venp,’which may be used

10
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again. Mallory has developed a techniuue for extracting
'PCBs from reject capacitors and then reclaiming the PCBs .
for reuse. The distillation technique is also appliceble
to remove PCBs from contaminated liqeids. This technique
- (of leaching and reclamation) is especiallf useful after
accidental spills of liguid PCBs. The spille cotld be
absorbed on dry sand, ash, sawdust, or commercial
absorbents and thén processed as above.

Incineration = The proper incxneration of waste PCBs

must involve a suitable balance among temperature in
the inoinerator, dwell time in the £iring chamber, and
oxygen'availability. Also, a suitable scrubber should be

provided on the exhaust stack to remove the -hydrochloric

acid m;st that “is formed. Exhaust gases should be monitored

: “Uﬂ
to assnr,y compl:.aq;a w:.th air regulat:.ons.

Recomnendeﬂrrequlrements are: (1) Z—second dwell

time at 1100°C(2000°F) and 3t excess oxygen in the stack.
or (2) l1x/2 second dwell time at 1500°C(2700°F) and
2% excess oxygen in’%heﬁgtack gas. Open hearth and other

1nc1nerators ;used ﬁor‘hmnio;pal refuse 1ncineratzon
. 4
are not normally su;table, the relat;vely low operatzng

temperature of these equipment would ‘only volatilgbe the

* These values are £rom ANSI C107.1~1974. Guidelines for
Handling'and Dispoal at Capacitor and Transformer~Grade
Askarels Containing Polychlorinated Biphenyls, American

Natlonal Standard Institute.

e & ' Lt
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PCB and pollute the'atmosphere. In addition, instrumenta=
tion and handlin§ equipment are usually not sufficient for
‘managing hszardous materials. Therefore, PCB-containing'
waste should not be sent to such municipal incinerators
-for dlsposal.
‘ The above recommendat;ons are suitable for liquigds.

' Incineratiou of solid wastes containing PCBs has not
beeu demonstrated. However, such destruction does appear
feasible. For example, a rotary kiin furnace, with an -
afterburner and scruyuing'system could probably safely
incinerateosolid'wastes containing PCBs. Likewise,
othex smaller, high temperature incinerators uith
. sufficient residence times nmay be satisﬁaééory.

As a service, Monsanto will 1nc;nerate {(for a £ee) any -
returned Jiquids in their hzgh temperature incinerator. A
. technlcal descrzptaon.of the Monsanto 1ncinerator is prov;ded
in Appendix B. . . o . i.

" EPA puhl;catzon, Hazardous Waste Management

Facilities (EPA/530/5W-146), provides information on

some incineration facilities. Use of these facilities

for 1nc1neration-of PCB-containing waste should be .
checked wzth EPA Regional and State representat;ves-to _
assure that, the facxlity has adequate environmentsfv
controls to meet Federal/State{loca} regulations.

Land Disposal - Wastes containing §CBs should not be

disposed of with other mixed wastes in a sanitary landfill,

(dee EPA Guidelines on Thermal Processing and Land
12
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Disposal of Solid Waste, federal Register, August 19,
1974). Characteristics of transport of-PCBs'through
the soil are not definitively established. .The |
interaction with other decoﬁposing wastes is not well
.understood. Some landfills may receive materials that
readily leach PCBs. The ubigquity and persistence,of
PCBs 1nd1cate that thelr disposal should be carefully
controlled untll addltional data are developed. Ihile
these data are-bezng gathered, PCBs (when disposed to
the land) should only be placed in a secure chemical
waste landflll '

‘In general teres, a chemical waste landfill provides
" complete 1ong-term‘protection'for tﬁe guality of surface
and subsurfaceiwaters .£rom hazardous waste deposited '

A

therelngi;nd agaizzt?:a§ards to public health and the
environment.. S%gh.sites should be 1ocated or engineered
to avoid d;rec; hydraulic cont;nu;ty with surface and
subsurface waters.. Generated leachates should be
contained, and subsugface; flow into the disposal area
ellmanated Monitorfﬁg'wells should be established and
a samplan and analﬁsis program conducted. Additlonal
characteristics of a_chemxcal waste 1andfill areJlﬁg}
13 |
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described in EPA publication, Landfill Disposal of

Hazardous Wastes: A Review of Literature and Known

Approaches (EPA/530/SW-165) %%,

. Encapsulation of wastes in cement priof to burial
infa sanitary landfill has been used for small quantities
~or solids or sludges. This is usually done by casting
the waste in concrete inside a drum prior to deposition
in the landfill.:_Only those'specific:sites which have
~ been state-app?oved for PCB wastes éhould be ﬁsed, The.

EPA publication, Hazardous Waste Management Facilities,

(EPR/530/5W-146) provides some information to
potential d;sposers. these data.when used in consultatlon

with State solid waste management officials can assist
"ar'
in a d;sposal action.~

.-n"" .
= -

%L K ,,
F\t: z
':L .

y-
. 4 4
W g o
’ ":‘;.f")' -t
S R,
[ nd 5-.'}': : DL
. e

" %% Documents ;efe:enged here may be Abtainea érom Solid ﬁasté'

Information, U.S. Environmental Protection Agency, Cincinnati;

' Ohio {45268 L NPC00026246
14

. . ..
¢ mem—— . . - Pecla Wl R_TVE

753583




reojsf

Appendix A V
R .
Listing of Names Used for PCBs by Manufacturerss
3
; Name Manufacturer
i Aroclor Monsanto
1 Abestol American Coxporation .
| Askarel *
1 Chlorextol Allis Chalmers
3 Diaclor Sangamo Electric
. Pykanol Cornell Dubilier
1 Elemex ' McGraw Edision
] Hyvol ‘. Arovox :
Inexteen - Westing‘xousaslectrz.c
i No-Flamol Wagner Electric
3 Pyranol «Gepexal :Electric
g Saf-T~Kuhl ‘Kuhlman: Electric
1 L. R
’ - ‘ Pl
; Clophen ‘Bayer (Germany)
3 Fenclox . Caffaro (Haly)
3 Kennechlox . Mitsubishi® (Japan)
Phenoclor y E- Prodelec (France)
DK - : ‘f.,,',! Caffaro (Italy)
Pyralene ’N.:'- Prodelec (France) .
. Sa"t%them ; ' Mitsubishi (Japan) .
i . il \
' generic name used for J.nsulati.ng liquids in capacitors and
transfcmers: may contain PCBs.
4 5-7‘2‘. . A
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‘and various chemical intérmediates. The plant .is

.
L)
.

S el =
.

Appendix B
Description of Monsanto Incineration Facility
- Sauget, Illinois

Background

‘The Krummrich Plant is one of Monsanto's large
chemical manufacturing plahts. ‘The product line
includes sulfuric acid, benzene, chlorine,

polychloxinated biphenyls, several rubber compounds,

located immediately south of East St. Louis, Ill.

near the Mississippi River. Since June 1971, Monsanto

_has'operated'a liquid injection incinerator to dispose

".of in-house liquid wastes and contaminated PCBs from

customers,

Waste Characteristics

The large majoriéy of the wastes burned are PCB
derivatives. The sources Sf theée wastps are pkﬁcess
still bottoms, spoiled batches, and qpnfaminated
transformer oi}s. “The heatingAvgl;e of the mate:ials
is aﬁout 9000 BTU/lb. 'Other inéh;use hiéh BIU liquid .
kégtes are also incinergtéd: éhosphorous compounds
cannot be burned due to yhe formation'of,paiyiculates
szos) which foul the injection gystém. Tﬁ;r;ybﬁem
is not equipped to handle suspendgd;sq}idéﬂ Four

- 15
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% 20,000 gallon_tanks are available for storage. The
% ‘ wastes are typically stored for several days before
incineration to allow undissolved Solids to settle.

1 '~ After the ‘settling period, the wastes are pumped

directly from the tanks to the ligquid combustor.

Incinerator Descrxgtion

The incinerator .is a liquid iﬁjection type
" housed in a horizontal -cylinder zd_ft. long and

3 . 9.5 £t. in diameter, Biéh bressure steam is used .

}' . .  to aromize the waste 1§quid'and injedtlit into the
liquid cémbustor; 2ﬁe feed rate measures 2 gal/min.
; An additional gun which burns natural gas is also

% : .-. .positioned.ﬁnside tﬁe plenum. The natural gas serves

as an auxiliary fuel to aupplemant the heating value Of

the waste if necessary. The operating temperature
varies from 2000° to 2200°P. If the ﬁemperature is
too high, water can be sprayed into the chamber to
act as a heat sink. The cylxnder is protected £rom
" the heat by a lining of refractory brick. High
aluminum brick’ is used in the plenum chamber. A.
. blower,supplies 258 excess air forcing the fumes
‘ .' 'from the plenum.and through an oxidizer. ﬂ&ﬁ{%

resiaence timn insxde the oxidizer is 2-3 seconds.

16 .o NPC00026249
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The unit is operated 24 hours/day requiring

2 raen/shift. Initial capital costs were $740,000.

The disposal cost has averaged 10C/Ilb.

Air Pollution Control

The fumes exit the oxidizer
quench®™ column. The main purpose
to reduce the temperature of the

Particulates are removed next 1in

and enter a water
of thé quench 1is
hot fumes.

a high energy

venturi scrubber. Finally, the emissions are cleaned

17
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