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PREFJ'lCE 

'!his report surmarizes the work on Polychlorinated Biphenyls (PCBs) that 

Versar perfonned for the u. s. Emrircnrental Protection Pqency umer Contract 

No. 68-01-3259. Mr. 'Ib::rnas E. Kcpp \\laS the Progrcrn Manager for the EPA 

thrcugOOut. the performance of this work, and his patient support is gratefully 

acJcncwledged • 

PCBs were first manufactured in ccmrercial quantities in the u.s. in 

1930, and during the next 40 years they tNere widely used as solvents, resins, 

and electrical dielectric liquids. Recognition of their enviromlental persis­

tence and toxicity in the late 1960 I S eventually 1m to a ban on the manufac­

ture and use of PCBs in the Toxic Substances Control Act of 1976. '!his report 

suntrari~es the use of PCBs and ITllCh of the early literature on the use2 ani 

toxicity of this rraterial. In addition, the report reviews the regulatory 

actions that have been taken to limit the hazards to health and the envirorment 

resultiilg fran the accurrulation of PCBs in the environment and fran their con­

tinued use in certain electrical equiprent. The report is prinnrily a S'1.Jr!1":lary 

of the rer:orts that Versar has prepared in support of the EPA I S regulatory 

activities involving PCBs. 
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1. 0 INl"RCD.JcrICN 

Q1 June 26, 1975, the u.s. Envu:oIlnental Protection ]lqercy awsrded 

contract no. 68-01-3259 to Versar, Inc. Under this contract, it was antici­

pated that Versar w::JUl.d be assigned a nunber of tasks to assess the micro­

econani.c iIrpacts of regulatory alternatives which the EPA \tOlld CDnSider for 

various toxic substances. The first task assigned lll'rler this contract required 

Versar to review and sumarize the eKisting data on the use of polychlorinated 

biphenyls and to identify the industrial segments that might be impacted by 

regulations limiting the use of PCBs. 

Before this tc:Lsk was CClT'plete:l, PCBs became a major issue within EPA, 

arrl the scc.pe of the tNOrk assigned to Versar was increased as the agency 

required additional support. This report sumnarizes the tNOrk that Versar 

performed Oller the next fcur years for the EPA urxier the subject contract arrl 

a follow-on contract that was closely related to this tNOrk. All of this work 

supported regulatory activit.ies involving PCBs, so the description of the tNOrk 

performed neces~ily incllrles a history of the use of PCBs, a Sl.JI1'IIaIY of 

regulatory developnent, arrl references to related research arrl reports. 

2. 0 POLYCHLORINATED BIPHENYlS 

Polychlorinated biphenyls arc a group of relaterl carp::ruOOs formed by the 

addition of chlorine to the aranatic hydrocarbcn "biphenyl." '!be reactioo 

can be descri.berl by the following equation: 

H H H H x x x x 

H (\ IX, /) H .. a 2 

H H I H H x x x x 
WHERE X • nC!, 10-nH 

2.1 History of PCB Usage: 

PCBs were first synthesized arrl described in 1881 (Sdmidt, 1881). 

c.anrercial producticn of PCBs did not ~ possible until after an ecorxmical 

metl'nl was developed during the 1920s for ':.hf! manufacture of biphenyl fran l:::enzene. 
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Biphenyls were first proouced in carrrercial quantities in the u. s. 
by Swann Research, Inc., of Anniston, Alabama. SOOrtly after they started 

manufacturing biphenyls, swann Research described the manufacturing process 

(Jenkins, 1930) an::i the properties of the PCBs they were marketing umer the 

tradename Aroclor (Penning, 1930). '!he various Arcx::lors 'Nere described as 

mixtures of chlorinated diphenyls with a wide range of properties fran a 

light oil to a hard resin depen:iing on the degree of chlorination. A number of 

carmercial applications were suggested, incltrling use in varnish, as a 

fireproofing agent for thOXl, in electrical equiprent as a liquid dielectric 

an::i as a carp::>nent of electricnl insl1,lation, as an ingredient in adhesives, as 

a replacerent for canada Balsam in microscopy, as a substitute for chicle in 

chewing gum, and in miscellaneous uses including printing inks and textile 

finishing (Penning 1930). A separate technical article described the canpati­

bility of PCBs in nitrocellulose lacquer resins (Jenkins, 1931). The first 

major use of PCBs was apparently as a liquid dielectric in capacitors manu­

factured by General Electric Co. starting in 1930 (Clark, 1962). General 

Electric also developed the use of PCBs in other electrical applications as 

described in articles published during the 1930s (Clark, 1934; Clark, 1937). 

PCBs were manufactured at the Anniston, Alabama, plant by swann Research, 

Inc. an::i its corporate successor, r-bnsanto Chemicals Co., until the plant was 

shut down in 1971. r-bnsanto also manufactured PCBs at its plant at Sauget, 

Il1:irx:>is, until 1977. The only other known U. S. manufacturer of PCBs was 

Geneva Industries of Houston, Texas, which manufactured PCBs for ~Ip.at transfer 

applications fran 1972 throogh 1974. 

~st of the applications of l:U3s that had been suggesterl in 1930 prove:i 

to be successful. PCBs were used as heat transfer liquids in critical appli­

cations such as foed processing (Snith, 1955; Coulson, 1957), in various elec­

trical applications (Clark, 1962), in sealants (Skrentny, 1971), in carbonless 

copy papers (MaStrla, 1972; Lister, 1972), and in paint (Young, 1974). Poly­

chlorinated terphenyls were suggeste:i ad a carrier for insecticides (Tsao, 

1953; Sullivan, 1953). A r-bnsanto marketing guide to PCBs which w:;.s published 

in the late 1960s also described their possible use as expansion media in tempera­

ture sensing bellows devices, as liquid sealants for furnace roofs, as sealers fo:::-
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gaskets, as delusting agents, in insecticides, in casting waxes, in abrasives, 

in lubricants am cutting oils, in adhesives, in p:>lishing waxes am ir(tpI~t­
ing ~s, in coatings, in inks, in mastics, in sealing am caulking can­

pooIXis, in tack coatings, am as plasticizers in plastics, paint, varnish, anj 

lacquer. (r.t:>nsanto, UIXlated). In addition, a number of other uses of PCBs 

had been patented over the years (for a list of patents see: Interdepartmental 

Task Force on PCBs, 1972, pp. 70-74). 

'!be available data on the toxicity of PCBs \>1aS first StmTarized in an 

article ?Jblishe:1 in 1931 (9nyth, 1931). Skin problems attrib.ltoo to PCB 

exposure were later reported to be associated with various irrlustria1 pro-

cesses inc1Lrling PCB manufacturing (Jenes, 1936) J capacitor :nanufacturing 

(Mayers, 1936), irrlustrial painting (BiIrningham, 1942), am electrical cable 

insulating (Gocrl, 1943). Systemic effects of exposure to mixtures of chlorinated 

organic ~s inclLXiing PCBs were also noted during the 1930s (Drinker, 1937) 

am were evaluated by animal exposure studies (Bennett, 1938; von Wedel, 1943; 

Miller, 1944.) In much of this early \oA:)rk, the toxicity stooies used 

ccmrercial mixtures which incltrled chlorinated naphthalenes, am the effects of 

PCBs were not conclusively daronstrated (Drinker, 1939). Animal exp:>sure tests 

eventually defined the toxicity ( Il: PCBs (Treon, 1946; r-tI.aughlin, 1963: American 

Irrlustrial Hygiene Assoc., 1965), arrl rep:>rts of \oA:)rker health problems became 

limited to unusual situations (i.e., ~igs, 1954). Information on the toxicity 

of PCBs led the investigation of PCBs as a possible cause of c:hick edana disease 

(M:::Cune, 1962; Flick, 1965) which was later derronstrated to be caused by con-

tamination of fee:i with chlorinated d:il::enzodioxins. 

Olring the early 1960s interest increased concerning the biological effects 

of environrrental levels of chlorinated pesticide residues such as ror am chlordane. 

Measuranent of low levels of these ccrnpounds in biological samples required the 

developrent of sensitive analytical procedures that could roth separate the 

pesticides fran each ether aT'ld fran similar canpounds and measure the arrount of 

each carpoLlI'ri present. The technique that was developed to perform this 

analysis was gas chranatography. In this met..hc:rl, a Stall arrount of sample is 

introduced into d long heated tube which is pacKe1 with a material that has 
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different adsorption characteristics for tre different canpol.loos in the 

sarTi>le. The tube is then flushed with an inert gas, arrl the different can­

pa.urls are swept out of the tube at different tinY.!s past a detector that is 

sensitive to the presence of chlorinated organic canpol.ll"ds arrl that gives a 

resp:::nse proportional to the annmt of Chlorinated material in the stream of 

inert gas. '!he time required for each canpol.ll"d to ITOVe through the tube deperx1s 

on the t.errt:erature, the type of packing, the rate of flushin<; with inert gas, 

am the characteristics of the particular canpol.ll"d. Therefore, the identifica­

tion of the canpol.ll"ds in the enviranrcental sample depenjs on knowing the reten­

tion time of the canpol.ll"ds and the resp:mse of the detector to each CCIt"p)Ul"rl. 

'Ibis requires that krloIo1n CCIt"p)Ul"rls be run through the co1um am detector, arrl 

as a result, only known canpol.ll"ds can be identified. Gas chranatography prove1 

to be a very useful methcd for determining the concentrations of low levels of 

pesticides in environmental samples, rut the detector usually recorded the 

presence of a number of chemicals that could not be identified by canparison 

with known pesticide chemicals. 

In 1966, Soren Jensen attempted to identify the unknown CCIt"p)Ul"rls that 

were being recorded during routine pesticide analyses. In order to detennine 

when the unknown canpol.ll"ds first a~ed in biological samples, be analyzed 

feathers, fran eagles that had been taken for museum collections. He fOl.ll'rl 

the unknown Il'aterials in feathers collecte:i as early as 1944, before the wide­

spread use of chlorinated pesticides, am so concl1.rled that the unknown rcaterials 

were not pesticides or degradation prcrlucts of pesticides (Jensen, 1972). By 

testing chlorinate:i Il'aterials that \\~e in wide use before 1944, he eventually 

identifie:i ccmrercial PCBs as the source of the 1.IDknown canp::lunds, aIrl published 

this finding in late 1966 (Jensen, 1966). 

A full discussion of the presence of PCBs in pesticide analyses was 

published in 1967 (Widrrark, 1967), aIrl this set off a number of investigations 

to determine the extent of a~virorunental contamination by PCBs. The discovery 

that PCBs were camon in the enviroment in sufficient concentrations to affect 

the reprcrluction of wild birds was published in 1968 (Risebrough, 1968). This 

article was picked up in the press which started the widespread concern atout 

possible human health effects fran PCBs in the envircnrent. 
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~ Yusoo incident that occurred in Japan during the SlmIler of 1968 a1ded 

to the ~l.ic conc:em over the toxicity of PCBs. This waw a case of widespread 

PCB poisaling caused by contaninaticn of cooking oil. 'l1le PCBs were used 

a heat transfer liquid 00 the high ~ature side of a heat exchanger used 

to paBturize the oil. OVer 1000 people were seriously affe::ted !Jy eating con­

taminated oil (KurCitsune, 1971). '!be resulting coocern over PCBs 1E'rl to regula­

tory activity and increased research througl'nlt the 'NOI'ld. In July of 1971, a 

sbnilar incident in the United States contaminataj a considerable quantity of 

chicken feed as the result of leakage of PCB heat transfer fluid. The U.S. 

Food and Drug Jldm:inistratian eventually destroyed tlnlsarrls of chickens and 

eggs that were fed this cont.am.inated feed (Pichirallo, 1971). Starting in 1970, 

~to vo1untc:ri1y limited sales of PCBs to closed electrical equipnent 

applications (~, 1975) am 'ecatilended that existing PCB-filled heat 

transfer systems be drained and refilled with non-PCB fluid (t-b1santo, 1972). 

This voluntary ban was ccmp1eted by t.h"e erxl of 1973. r-bnsanto closed the 

Anniston, Alabama, manufacturing plant at this tirre. 

8'1 1972, a great deal of research had !:een canpleta:1 on PCBs arrl was 

S1..Jt1'llarized in various review articles covering their toxicity (Kirobrough, 1972; 

Kimbrough, 1974), environmental impact (Peakall, 1972; Harrm:a1d, 1972), environ­

mental distr:ib.ltion (Nisbet, 1972), uses (Broadhurst, 1972), presence in food 

(Fries, 1972) and d1Snical analysis (Reynolds, 1971). The basic information 

on PCBs was later canpila:1 in the rronograph "The Chemistry of PCBs" (Hutzjnger, 

1974) . '!be aroount of fAlblished infonnation on PCBs has continua:1 to grcM 

rapidly since the early 1970s arrl is now most accessible through published 

literature surveys (Fuller, 1976; Kornreic.h, 1976) and annotata:1 bibliographies 

(CUinby, 1972; Office of Water Pesources Research, 1973; Office of water 

Research and Technology, 1975; cavagnaro, 1978). 

2.2 PCB Use Restrictions and Governrrent Regulations 

The Yusoo incident create:i considerabl.:: concern in the TJ . S. aver 

possible contamination of food by PCBs. The U. S. Food and Drug Mninistration 

started routine sarrpling of foods for PCBs in 1969, and soon fourrl that PCBs 
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were present in fish fran the Great lakes, that there was PCB contarninaticn of 

milk caused l:1y use of PCBs as . solvent in pesticide sprays ani as a canpo-

nent of sea 1 ants usa:l in fann silos, ani that there was CCIltarnination of 

chicke."'lS resulting fran PCBs intrcduced into the feed as a CUllfOnent of grom:l 

bread cartons ani wra~s. It has since beccrne apparent that the presence of 

PCBs in fish is a probLem that has existed since at least 1964 (Hartsough, 1965), 

altl'olgh PCBs ~e not identified as the cause of thf:' probl~ 1 until 1971 

(Aulerich, 1971; Aulerich, 1973). 

Fr.:rn 1969 through 1971, the FDA established action levcls for PCBs in food 

at 0.2 ~ in milk,S ppn in edible flesh of fis:h, 5 n:m in palltry, am 0.5 

ppn in eggs. In 1970, the FDA prepared a sumnary of the available infonnation 

on the chemistry ani toxicity of PCBs (U. S. Depart:rrent of Health, Education, 

am. ~oJel..fare, 1970). In 1972, t.~ FDA p.1blisherl a notice of prop.::>sed rulemakin; 

(Federal Register, 37FR 5705). 'n1e U. S. Depart:rrent of Agriculture ulso 

prepared a rep.::>rt on ways that it could act to limit PCB contaminaticn of Food 

CU. S. Departrrent of Agriculture Ad PDc Group on PCBs, 1972.) In 1..973, the 

FDA fomally estab1ishErl limits for PCBs in food arrl animal feed (Federal 

Register,' 38FR 18096). '!he FDA proposed a revision of these limits in 

1977 (Federal Register, 42FR 17487), but no o.ctian has yet been taken -:xl 

this proposal. 

During 1970, the O::xmcil on Environmental cuality (<:::EX;!) studiErl regulatory 

approaches to the problem of toxic chemicals in the envir0rment. In its rcp.::>rt 

"Toxic SUbstances" pililisherl in 1971, <:::EX;! identified PCBs as a major problem 

(Cooncil on Enviromental cuality, 1971). The initial resp.::>nse of the re~.'P0n­

sible agencies was t o establish a task force to reviet-l the available infonna­

tian on PCBs ani recarmerrl regulatory alternatives (Interdepart:Irenta1 Tc.sk 

Force on PCBs, 1972). 

Dlring 1973 and 1974, the EPA prop.::>sa:i the establishnent of water quality 

criteria for PCBs in industrial discharges as part of a program for establish­

ing such criteria for a larger group of pesticides. Howevel., PCBs ~e not 

covered in the effluent standards that ~e eventually pranu1gated. 
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The Occupat.ialal. Safety and Health Adm.inis::ration adopted the stamards for 

PCB exposure in imustrial air that had previously been established by the 

, American !ndustrial Hygiene Associatial. '!be Natia1al In.~tute of Cc:cupatialal 

Safety and Haalth CCDiucted a major review of available data and an extensive 

ptogram of industry assessnent in t.he mid 1970&, and the final report reccm­

IIW!IDded that the all.owabl.e CCI1Cer1tratia1 of PCBs in the w~ place be reduced 

• 

(NICSH, 1977). Hcwevar, CSBA has not yet taken actial on this z:a::alitermtial. 

GoverIm!nt actialS restrictiD; the use of PCBs were not limited to 

the tmited States. Japan banned the mmufacture and use of PCBs in the early 

1970s because of public: pressure following the Yusho :incident. sweden b;.nned 

the use of PCBs at ab:>ut the same time. International. actials ware also taken 

to reduce the risk of faxi contamination by PCBs durin; the early 19708 (ccm, 

1973; OEX:D Council, 1973; The Council of the Em'opean Ccrrm.miti~, 1976). 

3.0 CCN1'RlCI' SUPPORT OF EPA lCl'ICNS CN PCBS 

3.1 SUpport of Office of 'Doxic Substances 

D.Jring 1974 and 1975, the Off ice of Toxic Substances 5p)Tlsored a 

series of review studies to identify r e<JUlatory alternatives for various 

specified toxic substances. Contract 68-01-3259 Wi'\S awarde:! by the EPA to 

Versar on June 26, 1975, to support similar v.ork on additional chemicals. 

The first task on this new contract was assi gned by the EPA Tecrnical 

Project Officer, Mr. David Garrett, on June 27, 1975. This tasJ~ required 

the contractor to study the role of PCBs in the u. S. econany ana prepare 

a draft re[XJrt by CCtober 31 , 1975, identifying and screening alternative 

regulatory an::l non-regulatory control options: Study of Regulatory Alte>.rna­

tives for PCBs: Draft Interiln Rep:?rt - Task I, Cctober 31. (Unpubl i3hed ­

Supercooed by "PCBs in the Unitoo State s .... ") 

As part of tha review of PCBs I the Office of Toxic SUbstances 

sp:?nsored a national cx:mference on PCBs in Chicago on Nov3TIbnr 19 thnl 

21, 1975. 

-7-



The Technical Coordinator of this conference was Mr. 'lh:mas Kopp of the Office 

of Toxic SubstaIiCeS. Several major articles on the environmental effects of 

PCBs that appearerl in the popllar press shortly before the conference (Boyle, 

1975a; Bc:Jle, 1975b) causa::t considerable public interest in the conference an:} 

a number of denmrls that EPA regulate PCBs. Dr. Rebert Durfee of Versar parti­

cipaterl in this conference and presenterl a paper sumarizing the background on 

PCBs as presenterl in the draft report (I:Xlrfee, 1975). 

Because of the increasing importance of PCBs to the activities of the 

Office of Toxic Substances after the conference, the EPA assigned Mr. Kopp 

as Technical Project Officer on the contract and had the contractor expan:i 

the draft interjrn report and prepare four special reports urrler Task I. 

The Versar Program Manager in charge of this ~rk was Dr. Robert Durfee. The 

following reports ' .. ~.xe subni tterl in response to this directive: 

The Handling and Disposal of Electric Transformers: Special Report, 
Task I (December 5, 1975). Non-proprietary sections included in 
"PCBs in the united States .... " 

Results fran Review and AnalyS£s of 308 Letter Responses nn PCB Manu­
facturing, Usage, and Disposal in United States Industry : Special 
Report (December, 1975). 

* Toxicological Studies Conducted UIrler Task I: Special Report (February 
19, 1976). Incorporaterl in "PCBs in the Uniterl States ... " as AJ?perrlix F. 

* Developrent of an Econanic Analysis Methcrlology for Evaluating Regula­
tOry Alternatives for PCBs: Special Report, Task 1 (Harch 9, 1976). 
Un~lished. 

* PCBs in the Uniterl States: Industrial Use and Envirornnental DistriWtion -
Final Re{X?rt, Task I (February 25, 1976). EPA 560/6-76-005. NTIS 
PB 252 012. 

At abc:ut the same tme that Task I ",JaS expanderl, the EPA directe:i the con­

tractor to perfonn ~ additional tasks. Task II was a study of W3.stewater treat­

rrent technology that could be used to reduce the conco-Iltration of PCBs in irrlustrial 

effluents. This work waf 3Upported by Clark, Dietz Associates '·!ho performed the 

irrlustrial econc.mi.c analy~is urrler su.l.:;contract fran Versar as provided by IvWifica­

tion 1 to the contract. Task III was a plal for an assessnent of the use ')f PCEs 

*See sumnary of report in Appendix C. 
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i.n the investment casting imustry am the resulting enviraunental 

iIrpact.s. Ver'sar program manager~ were Mr. DcI1ald Sargent on Task II arxi Dr. 

Robert Dlrfee on Task III. '!he foll~ reports were sul::rritted in resp:mse 

to these \oIOI'k directives: 

* Asses9tle.'1t of Wastewater Management, Treatment Technol~ arrl 
Associated Cost for Abatement of PCBs Concentraticn in ustrial 
Effluents: FInal Report, Task II. (February 3, 1976). EPA 560/6-
76-006. NTIS PB 25l-433/AS. 

* Develoen;nt of a Stu:iy Plan for Definition of PCBs Usage, Wastes, arrl 
Potential substitution in the Investment ca~ IOOustry: Final 
Re{X)rt, Task III. (January, 1976) EPA 5606=76-007. NTIS PB 251-842. 

Based 01: these three tasks arrl on other \oIOI'k perfonned within the Environ­

mental Protection Pqency, the EPA ~lished recalllended 0. ~ sposal procedures for 

PCBs (Federal Register, 41 FR 14134) and propostrl effluent stan:Jards for PCBs 

in the water discharges fran PCB manufacturers and fran capdcitor and transfonne.'" 

manufacturers that used PCBs (Federal Register, 41 FR 30468). 

Senator Gaylord Nelson intrcrluced an arrerrlinent to the Toxic Subst3l1ces Control 

.net (TSCA) on March 26, 1976. 'Ihl.s amendment required the EPA to establish latel­

ing am disposal requiranents for PCBs arrl mandated an eventual ban on the manu­

facture and precessing of PCBs. This cmendrnent was incorporated into TSCA as 

Section 6 (e) and l:ecame a legislated requirement "..men TSCA was signed into law 

on O:tober 11, 1976. The effective date o .. ~ TSCA was JanuaJ:Y 1, 1977. 

en July 15, 1976, EPA rocrlified the cor.tract to support additional stu.1ies 

on several aspects of PCBs. 

responsibility of Mr. Kopp. 

EPA technical supervision of this 'NOrk wa!:l th€. 

Uader this contract rocxlification (r-rd. 4), four 

formal tasks were established arrl t'NO adeli tional reports were "1repared for 

internal EPA use. The Versar program manager for this 'nOrk was Mr. Robert Westin, 

with each report being the responsibility of a Versar Task Manager whJ was as 

the principal auth:>r vf the report. The following reports were sutrnitted in 

reSFOJ1se to the requiranents of this contract rocrlification: 

*See sunmary of rePJrt in Apperrlix c. 
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Task DI. 

* A First Ord& Mass Balance I·bclel for the Sources, Distrihltion f am 
Fate of PCBs in the Environment: Final Rep?rt, Task V. 
EPA 560/6-77-006, NTIS PB 270-220. July, 1977. 

* Assessnent of the Envirorrrental am Ecananic ts of the Ban on 
InJ?orts of PCBs: Final Report, Ta VI. EPA 560 6-77-007, NTIS 
PB 270-225. July 1977. 

* Assessment of the Use of Selected Re lacement Fluids for PCBs in Elec­
tr~c Equipnent: Final Rep?rt, Task VII. EPA 560 6-77-008, NI'IS No. 

PB-296 377. April, 1979 

Environmental Discharges of PCBs Asscciated with the Manufact'lrre am 
Use of PCBs an::1 Pa3-COntain~ Equipnent. (Contains EPA proprietary 
Information, submitted to EPA Enforcement Division. j October 29, 1976. 

Usa e of PCBs in am Sani-C~ose::1 S stens am the Result.Lig Losses 
of PCBs to thP. EnvJIonment. (Contams EPA propr~etary ' orrnat~on, 
subnitted to EPA Enforcement Division). Septanber 30, 1976. 

3.2 SUpport of the Criteria am Standards Dividon 

Versar provided supp?rt to the Criteria and StaOOards Division of 

EPA un::1er three separate contract rocxlifications. All of the \>JOrk involved support 

of the effluent standards for PCBs by f€rforrning additional technical arrl econanic 

analysis of the feasibility am costs of various p?llution abatement technologies. 

The EPA Technical Program Manager on this \>JOrk was Mr. Thatas KoPI? and the EPA 

Task Manager was Hr. Ralph Holtje of the Criteria am Standard::; Division. The 

Versar Program Manager was Mr. Donald Sargent. The contract rrcdificati on require­

ments am the rep?rts sul:mi tted were as f ollO\iS: 

r-tdification 2 (Feb. 27, 1976) : Provided for the analysis of the 
economic impacts of the propose::1 regulation by J ack Faucett 
Asscciates under sul::x:ontract f ran Versar an:i for the revie\-! of 
the Final Task II rep?rt by Versar. 

*See suntnary of report in Appendix C. 
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* PCBs Water El.imination/Reduction Techno1m arxl Asso::iated Costs: 
Manufacturers of Electrical Capacitors an::1 Transfonners: Pdderxhm 
to F:i.nal. Report, Task II. EPA 440/9-76-020. July 2, 1976. 

Points at 

~tx1ification 3 (June 10, 1976): Provided for additional assesgne:>..nt 
of wastewater management and treatment technology an::1 SUW'rt of 
EPA during formal hearings an::1 ru1ana.ki.ng proceErlings. 

* Costs for U. V. - Ozonation Process: Ac1derx:1un to Final Report, 
Task II. Septenber 27, 1976. Unpublished. 

* Detailed Cost Estimates for Alt.en'lative PCBs Trea1::ln:mt Technol­
ogies Applied to Hypothetical Large and Medium Sized PCB Capacitor 
arxl Transfonrer ManufactuT.ing Plants. Addendum to Final Report, 
Task II. OctdJer 15, 1976. Unp,lblished. 

'" :cst for Equalization Basin Based on Bentonite Clay Liner Special 
RP.tx:lrt, cx:=tcber, 1 q 7 fl. Unouhllshed. 

* Irnoactt of Substitutes for r::::Bs on Fire Hazards in Ccrcmercia1 arrl 
ReSidential Buildings: (Draft) Special Report. October, 1 g7 c:. 
UriIiilihShE!d . 

* Recent Advances in PCBs Detoxification in Wastewao;er: SUW1E!'!l""..nt 
to Final Report, Task II. January 18, 1977. UnrAlbli:::hOO. 

* PCB Levels in Non-cc:ntact Cooling Waters arxl Other Effluents fran 
capaC"rtor and Transforrrer Pra:luction Facilities: SUpplement to 
Final Report, Task II. January 18, 1977. Un?ililished. 

'" Refinement of Alternative Technologies arrl Estimated Costs for ~­
duction of PCBs in Irrlustrial Wastewaters fran the capacitor :m:l 
Transfo.rmer Manufacturing categories . January 19 , 1977. Unpublisherl. 

* Costs Asscx::iaterl with Installing Pra:luction Equipnent for Use of 
NOn-PCB Dielectric Fluids in Transformer and Capacitor Manufacture: 
Supplement to Fir~l Report, Task II. January 19, 1977. Unpublished. 

"'See sll!l1TlarY of report in Appe.'1dix C. 
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en February 2, 1977, the EPA pranulgate:l effluent starrlards restricting 

any discharges of PCBs in the wastewaters fran manufacturers of PCBs or fran 

capacitor anj transfonner manufacturing plants that uSErl PCBs after February 2, 

1978 (Federal Register, 42 FR653l). 

3.3 Support of PCB ~rk Groop - Disposal arrl Marking Regulations 

Section 6 (e) (1) of the Toxic Substances Control Act required the EPA 

to regulate the labeling arrl disposal of PCBs by July 1, 1977. en December 8, 

1976, the EPA announced the formation of a PCB Y'klrk Group to write the propoSErl 

rules. The contractor provided staff support to this w:>rk group, providing a 

number of special reports as requested, performing the econanic impact analysis 

of the proposed regulation, am providing test.irrony at the rulanaking hearing. 

The contract was modified on March 25, 1977, (Mod. 6) to authorize this addi­

tional technical am econanic support. The EPA Project Officer for this w::>rk 

was Mr. David Wagner, am Mr. Thanas Kopp remained the Technical Project Officer 

in charge of the total contract. The Versar Program Manager was Hr. Robert 

Westin. The follCMing reports ~e subnitted in support of the developnent of 

the PCB Marking arrl Disposal Regulations: 

Assessrent MethXiology for Iabeling am Education to Assure the 
Proper Disposal of PCBs: Special Report. November, 1976. 

Analysis of the Econanic and Technological Constraints on the Disposal 
of PCBs: Special Report. November 22, 1976. 

PCB Disposal Regulations: Problan Areas am Regulatory Alternatives: 
Special Report. December 10, 1976. 

Estimated Usage of Electrical Equiprent Containing PCBs: Special 
Report. December 23, 1976. 

Reccmrerrled Label Requirements and Suggested label Formats: Special 
Report. January 12, 1977. 

Draft Notice of Public Meeting - PCBs. January 10, 1977. 

Crntrents on PCB Definitions to Sul:ccmnittee on Manufacturing Bans. 
January 14, 1977. 

* See surnnary :L, Appendix C. 
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Draft Notice of Pr~ Rulsnakiry, Preamble, arxl labeling am 
D~ ~lations : Special Report. January 21, 1977; revised 
F 4, 977. 

labeling an::l DiSfOsal Re-,ulations: Revised Draft. ,Tanuary 27, 1977. 

~ 29, 1976: 
4, 1977. 

Econanic Impact - Surrmary arxl Conclusions: Special Report. March 14, 
1977. 

Statanent of Econanic Conseauences of the lm1e: Special Report. 
April 12, 1977. . 

* Microe::onanic Impacts of the Pr~sed Marking arrl Disposal Regulations 
for PCBs. April, 1977. EPA 560(6-77-013, NTIS PB 267-833 . 

EPA fonnally prc::p:)sed the rules for marking arrl disposal of PCBs on 

May 24, 1977 (Federal Register, 42 FR 26564). lm1ernaki.ng hearings were held 

on June 24, 27, 28, and 29. Mr. Westin of Versar presented testi.rioIl'j on the 

econanic :ilrpacts of the proposed regulation at the hearings on June 29. The 

EPA pratUlgated the PCB Disposal and Marking Regulations on February 17, 1978 

(Federal Register, 43 FR 7150) am issued corrections on August 2, 1978 (Federal 

Register, 43 FR 33918). The effective date of the regulations was April 18, 

1978. 

3.4 SUfPOrt of PCB Work Group - PCB Ban Regulations 

Sections 6 (e) (2) and 6 (e) (3) of the Toxic SUbstances Control .~ 

banned the manufacturing, processing, distr:il.J.ltion, and use of PCBs after 

January 1, 1978, except in a totally enclosed marmer; canpletely bannErl the 

manufacture of PCBs after January 1, 1979; arrl canpletely banned the process­

ing and distri1::ution in camerce of PCBs after July 1, 1979. ~ver, the Act 

also autix)rized the EPA to exempt those activities involving PCBs that did not 

present an unreasonable risk of injury to health or the envi.ronrrent provided 

*See smmary in Appendix C. 
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that gcxxi faith efforts were made to develop an adequate substitute for PCBs 

in that use. en June 27, 1977, the EPA announced the formation of a PCB ~rk 

group to develop proposed regulations irrp1ementing these provisions of the act, 

am announced p.lb1ic rreetings on the subject to be held :in Washington, D.C. on 

July 19, 1977 (Faleral Register, 42 FR 32555) . 

EPA m::difie:1 the contract on June 26, 1977, (M::d. 7) to provide for 

support during the deve10prent of the pro{X)sed ban regulations. EPA Project 

Officers continued to be Mr. Wagner am Mr. Kopp. Versar I s \aoOrk was superviSErl 

by Mr. Westin. Versar prepare! briefing papers for the y,ork group prior to 

the p.lb1ic meetings and sul::mitted them to the work group as the special rep:>rt: 

Potential Inpacts of the Bans on PCB r1anufacturing, Proces~ing, and Use: 

PCB Activity Analysis Papers (July 11, 1977).* Followin~ the pub lic r:;8etinqs, 

the y,ork group prepared a draft of the f'ro?Osed regulations (August 30, 1977), 

and the c0ntractor subnitterl a formal report on the econanic impacts of these regula­
tions: Microeconanic Irtpicts of the Draft "PCB Ban Regulations": Draft 

Rep:>rt (September 18, 1977). Formal prop:>sa1 of the ban regulations was 

de1aye:i while the W:Jrk Group prepared the final version of the DiSp:>sa1 and 

Marking Regulations, am on December 30, 1977, EPA announcec1 that it t,-0,11d oot 

enforce the January 1, 1978 ban on open system activities involving PCBs until 

after formal ban regulations were prcmulgated (Federal Register, 112 FR 65264) . 

The y,ork group continued to revise the draft prep:>sed regulation, 

am Versar subnitted a IPajor revision of the econanic irrpact analysis reflect­

ing the changes in the prop:>sed regulation am including appendices character­

izing the U. S. waste oil industry and presenting a forrna.1 rnicroeconanic analysis 

of the supply and dana.11d effects of the PCB Ban on the electric equipnent irrlus­

try: Microeconanic Impacts of the Draft "PCB Ban Regulations": Revised Draft 

ReEOrt (March 8, 1978). * 

3.5 Support of EPA Office of Planning and Managenent - PCB Ban Regulations 

In early 1978, the EPA transferral resp:>nsibility for the analysis of 

the econanic impacts of the PCB ban regulations f ran the PCB W:Jrk Group tc the 

*See sUI1ltlarY in Appendix C. 
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Office of Planning arx1 Managanent. On .April 19, 1978, the EPA at.erded ccntract 

nunber 68-01-4771 to Versar for additional eccncmic analysis, ?reparation of a 

revision of the previoosly subnitted draft econanic iIrpact report, ani support 

during the public hearings on the proposed regulations. '!he EPA Technical Pr0-

ject Officer was t-1r. Steven B. Malkensen, Office of Planning am ~·1anagenent. 

The Versar Program Manager was Mr. R)l::ert Westin. In May, 1978, the contractor 

sul::rnitted the revisErl report: Microecananic Impacts of the ProposErl "PCB Ban 

Regulaticns" * that was issuErl in sup{x)rt of the propOsed regulations a5 EPA 

Report No. EPA-560/6-77-035. 

The EPA formally propJsa:i tl~ ::'CP. Ban Regulations on June 7, 1:)78 

(Federal P~ister, 43 FR 24801). Public ~learings were held in ~vaS'1in<:: -ton, 

D. C., fran August 21 thr~h Septan}:er 1, 1978. Mr. Westin of VersClr ~e­

sented test:i.rrony on the econanic imp.:3.ct::; of the proposed regulation" on Sep­

tember 26, 1978. 

Following the hearings, EPA continua:i to revise the bal1 regulat.ions. 

On Novanl:er 1, 1978, EPA publishai interim ?roca:iural rules for filing am 
processing petitions for exanptions frc:rn th3 January 1, 1979 bans on manufactur­

ing of PCBs (Fa:ieral Register, 43 FR 50905,. On Januarv 2, 1979, ~" .::.nnntnOf?d 

that it wculd not enforce the prohibitions on PCB manufacturing. processing, 

distrib.ltion in ccmnerce, and use until after formal pranulgation of the PCB 

Ban ~ations (Fa:ieral Register, 44 FR 108) . 

On November 15, 1978, Versar suhnitted a draft report on the econanic 

~ of tile draft ban regulations: PCB Manufacturing, Processing, Distrib.l­

tien in came.cce, and Use Ban Regulation: Econanic:r.rrpact Analysis: Draft 

Final Report. A major revision of this report was suhnittErl on December 22, 

1978. On Decanber 27, 1978, EPA m:::x:lif:Led contract 68-01-4771 to exterrl the 

duration of the contract and 1..0 furd furth=>-r revisions of the econanic impact 

analyses as requira:i by additional changes to the draft regulation. .rr. 
Stepren Weil was assignErl to be the EPA Technical Project Officer for this 

contract m:::x:lification. The contractor sul::mittoo the final revision of this 

* . l'I.......,...,~;v C See S\..~11!la-"Y 1 Tl r>t;;t-= ~ • 
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report on March 30, 1979. * EPA issuei the final regulations on April 19, 1979. 

'Ihe r~tions were prarulgated in the Federal Register on May 31, 1979. (44FR31S14) . 

*See sunmary in Appendix c. 
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APPENDIX A 

FEDERAL REGISTER NOl'ICES REGAru)m:; PCBs 



A-I 

Environrrental Protection Agency 

Effluent L~nitations (§ 307a Clean Water Act) 

Date Vol. Pages Subject 

July 6, 1973 38 18044- 5 Proposed Lis t of Toxic Pollutants, 
Including PCBs. 

Sept 7, 1973 38 24342-4 Pranulgated List of Toxic Pollutants , 
Including PCBs . 

Dec 27 , 1973 38 35388- 95 Proposed Water Effluent Standards, 
Including PCBs . 

Mar 5, 1974 39 8325- 6 Public Hearings on Effluent Standards . 

lv1ar 21 , 1974 39 10603- 4 Correction - Effluent StaOOards . 

Jul 23 , 1976 41 30468- 77 Proposed Effluent Standards. 

Feb 2, 1977 42 6531- 55 Effluent Standard Regulations . 

Spill Reporting Requirerrents (§ 311, Clean Water Act) 

Date Vol. ~ Subject 

Feb 16 , 1979 44 10266 Definition of "Discharge" under Clean 
Water Act. 

Feb 16, 1979 44 10271- 84 Defines Reportable CPantities of PCBs 
Spilled into ivaterways, Reporting 
Requirerrents and Fines. 



• 

• 
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Disposal ani Marking Regulations (§ 6el) Toxic Substances Control Act 

Date Vol. 

Apr 1, 1976 41 

Dec 8, 1976 41 

Jan 5, 1977 42 

Jan 19, 1977 42 

Apr 21, 1977 42 

May 24, 1977 42 

Jul 15, 1977 42 

Feb 17, 1978 43 

Jul 18, 1978 43 

Aug 2, 1978 43 

Aug 25, 1978 43 

Cct 26, 1978 43 

Dec 20, 1978 43 

Mar 12, 1979 44 

Pages 

14134-36 

53692 

1067 

3701-2 

20640-44 

26564-77 

36484-85 

7150-64 

30882-3 

33918-20 

38087-88 

50041 

59432-3 

13575 

Subject 

Reccmnended Disposal Procedures. 

Panel Discussion/Fonnation of PCB Work 
Group • 

Rescheduling of Meeting. 

Notice of Jan. 24, 1977 Public t-1eeting. 

Proposed Procedures for Rule-Making urrler 
Sect. 6 of TSCA. 

Proposed Marking and Disposal Regulations. 

Deadline for Reply Ccxtmant Period. 

Pranulgated Marking ani Disposal Regulations. 

List of Approved PCB Disposal Facili~ies. 

Corrections to Marking & Disposal Regulations. 

List of Approved PCB Disposal Facilities. 

List of Approved PCB Disposal Facilities. 

List of Approved PCB Disposal Facilities. 

Request for Comments on Citizens' Petition to 
Give Regional Administrators Authority to 
Approve Alternate Disposal Methods . 
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Ban Regulations (§ 6e2, 6e3, etc.) Toxic Substances Control Act 

Date Vol. Paqes Subject ----
Jun .... -... I , 1977 42 32555 Notice of July 19 Qti.cago Hearing. 
Dec 30, 1977 42 65264 Notice that EPA Ybuld Not Enforce Ban on 

Uses in "Other Than a Totally Enclosed 
Manner. " 

Jun 7, 1978 43 24802-17 Proposed Ban Regulations. 
Jun 7, 1978 43 24818 Requires Notification of Intent to Export. 
Aug 25, 1978 43 38057 Inoorporates Hearing Record of Effluent 

Standard Regulations into Hearing Record 
for Ban Regulations. 

Sept 22, 1978 43 43048 Notice of Cross-Examination of Versar. 
Nov 1, 1978 43 50905-1)7 Inter irn Rules: Applications for Ex~?tion 

fran PCB manufacturing ban. 
Jan 2, 1979 <1.1 108-109 Notice that enforcement ~s pOstpened until 

regulations are pranulgated. 

May3!, 1979 44 31514-58 Promulgated Ban Regulations 

May 31, 1979 44 31558-63 Procedures for exenption petitions fran PCB 
processing and distr:ib.1tion in ccmrerce bans. 

May 31, 1979 44 31564-7 Proposal rule on PCB manufacturing ban exemption 
petitions; request for comments; schedule f or 
hearing. 



Food and Drug J\dmi.nistration 

Date Vol. Pages 

1972 37 5705-5707 

Jul 6, 1973 38 18096-103 

1975 40 11563-66 

Apr 1, 1977 42 17487-94 

National Cancer Institute 

• 
Date Vol. Pages 

Apr 21, 1978 43 17060 

A-4 

Subject 

Notice of Proposed Rule-Haking. 

Limits of PCBs in Foods, etc., Aug. 8 
Corrections . 

PCBs in Paper/Food Packaging Material. 

PCBs in Food - Proposed Changes. 

Subject 

Carcirx:>genicity of Aroclor 1254. 
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Cootract 68-01-3259 - EPA: Mr. Thanas KoW, EPA Technical Project Officer 

Office of Toxic SUbstances 

rurfee, R. L.: Ccntos, G. Y.: anj Whit:m::>re, F. C. 
tives for PCBs," Draft Interim Report, Task I. 
(Supersa:le1 by PCBs in the Unite1 States •.. ") 

"Study of Regulatory Alterna­
Cctober 31, 1975. Unpublished. 

Westin, R. A. "The Han:ili.n;J an:i Disposal of Electric Transformers," Spe:ial Report, 
Task I, EPA Proprietary Data. Decenber 5, 1975. Un!Xlblished. (Non-proprietary 
parts inc11.xie1 in "PCBs in the unitOO States ... ") 

*Pallotta, A. J. "Taxicolo;ica1 Stu:iies Corrlucte::1 Uooer Task I: Special Report." 
washington, D. C.: Office of Toxic SUbstances, U. S. Envirormental Protec­
tion h:jercy, February 19, 1976. (IncltrlOO in "PCBs ir, the UnitOO States ..• " 
as Appenjix F) • 

*Durfee, R. L.: Contos, G. Y.: Whitnore, F. C.: Barden, J. D.: Hackman, E. E.: 
anj Westin, R. A. "PCBs in the UnitOO States: Irrlustrial Use anj Environ­
mental Distrib..ltion," Final Report, Task I (EPA 560/6-76-005). Springfield, 
Va. : National Technical Infonnat':on Service (Nl'IS PB 252-012), February 25, 
1976. 

*M:>sbaek, E. (Jack Faucett Associates), "Developrent of an Econanic Analysis 
Metho:iolo;y for Evaluating Regulatory Alternatives for PCBs," Special Report, 
Task I. March 9, 1976. Un!Xlblished. 

Contos, G. Y. and Durfee, R. L. "Results fran Review an:i Analysis of 308 Letter 
Respcnses on PCB Manufacturing, Usage, and Disposal in Uni too States Irrlustry." 
(EPA Proprietary Infomlation, subnittOO to EPA Enforcement Division) N:1JE!Tlber, 
1975. Un!Xlblished. 

*Contos, G.; IXlrfee, R. L.; Hackman, E. E. (Versar, Inc.), anj Price, K. (Clark, 
Dietz and Associates). "Assessrent of wastewater Management, Treatrrent 
Technolo;y, anj Associa-ce::1 Cost for Abatement of PCBs Concentration in 
Irrll.lstrial Effluents , " Final Report, Task II (EPA 560/ 6-76-006). Springfield, 
Virginia: National Technical Information Service (Nl'IS PB 251-433/AS), 
February 3, 1976. 

*Barden, J. D. Durfee, R. L. "Developnent of a Study Plan f or Definition of 
PCBs Usage, ~vastes, arrl Potential Substitution in the Investrrent Casting 
Irrlustry," Final Report, Task III (EPA 560/6-76-007). January, 1976. 
Springfield, Va.: National 'l'ech.'1ical Information Service (Nl'IS PB 251-842 ) . 

*Carr, R. A.: Cantos, G. Y.; Durfee, R. L.: Fong, C. C.; arrl McKay, E. G. "PCBs 
Involvement in the Pulp and Paper Irrlustry" Final Report, Task IV 
(EPA 560/6-77-005). Springfield, Virginia: National Technical Information 
Service (NTIS PB 271-071/ 6WP), February 25, 1977. 

*SllIlYTla.ry include::1 in Appendix C . 
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*Whitm::>re, F. C. "A First Order Mass Balance M:del for the Sources, DistriJ::ution, 
am. Fate of PCBs in the Environment," Final Report, Task V. (Report~. 
EPA 560/6-77-006), Springfield, Va.: Naticnal Technical Informatioo Service 
(NTIS PB 270-220), July, 1977. 

*Burruss, R. P. "Assessment of the EnvirOl'li":lental and Ecor.anic Impacts of the 
Ban on Irrq;x:>rts of PCBs," Final Report, Task VI. (Report No. EPA 560/6-77-007) , 
Sprin;rfield, Va.: National Techni-::al Information Service (NTIS PB 270-225), 
July, 1977. 

~Testin, R. A. "Assessment of the Use of Selecterl Replacarent Fluids for PCBs 
in Electrical Equipnent," Final Report, Task VII. (EPA 560/6-77-008) . 
Springfield, Va.: National Technical Info:rmation Service (NTIS No. PB-296 377) • 

carr ,R. A.; DeFries, R.; and Fensterheim, R. "Environmental Discharges of PCBs 
Associated with the Manufacture and Use of PCBs am. PCB-containing Equipnent." 
(Contains EPA Proprietary Infonnation, sul:mitterl to EPA Enforcanent Division) 
CCtober 29, 1976. Unp.Jblishe:3.. 

Dentel, S., and Kuniansky, S. "Usage of PCBs in <:pen and Sari -Closed Systems 
and the ~sulting Losses of PCBs to the Environment," Draft Final Report. 
(Contains EPA Proprietary Information, sul:mitterl to EPA Enforcanent Divi­
sion) • Septanber 30, 1976. Unpublisherl. 

Office of Water Planning and Starrlards: ML Ralph Holtje, Criteria 
and Starrlards Division 

Sargent, D. L. "An Approach to Zero Water Usage and Runoff Control for First 
Tier PCB User Irrlustries," Extension to Task II, June, 1976. Unpublisherl. 

*Sargent, D. L. and Contos , G. Y. "PCBs ~'Jater Elimination/Reduction Technolcgy 
arrl Associa'terl Costs: Manufacturers of Electrical capacitors and Trans­
fonners," lrldendum to Final Report, Task II. (EPA 440/9-76-020) Washington, 
D. C.: Criteria and Standards Division, U. s . .=:nvironrcental Protection Agency, 
July 2, 1£.76. 

Contos, G. Y. "ReccmTerrlations as to PCB Sarrpling Sales and Sampling Points at 
Irrlustrial Sources," S~ial Report. August 17, 1976. UnpublishErl. 

*V.osbaek, E. (Jack Faucett Associates, Inc.) "Econanic Analysis of Proposed 
Toxic Pollutant Effluent Standards for Polychlorinate:3. Biphenyls: Trans­
fonner, capacitor, and PCB Manufacturing." W.:lshington, D. C.: U. S. 
Environmental Protection Agency (Report No. EPF. 230/1-76-068), Cctober 1976. 

*Contos, G. Y. "Costs for U. v. -OZonation Process," Addendum to Final Report, 
Task II. Septanber 27, 1976. Unp..lblisherl. 

*Sargent, D. L. am. Contos, G. Y., "Detailerl Cost Estimates for Alternative PCBs 
Treatment Technologies Applie:3. to Hypothetical large am Merlium SizErl PCB 
capacitor and Transformer Manufacturing Plants," Addendum to Final Report, 
Task II. Cctober 15, 1976. UnpublishErl. 

* Surtnary include:3. in Apperrlix C. 
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*Contos, G. Y. "Cost for Equalization Bas in Based on Bentonite Clay Liner," 
Special Report. Cctober, 1976. Unp.lblishe::i. 

*Westin, R. A. "Ircpacts of Substitutes for PCBs on Fire Hazards in Ccmnercial 
and Residential Buildinqs," Draft Special Per:ort. t'lashington, D. C.: Criteria 
arxi Starrlards Division, u. S. Envi.rorJrental Protection ~ercy, October, 1976. 
UnpJblished • 

*Durfee, R. L. and Hackman, E. E. "Recent Advances in PCBs Detoxification in 
wastewater," Supplement to Final Retx)rt, Task II. washington, D. C.: 
Criteria and St.ardards Division, U. S. Environmental Protection ~ency, 
January 18, 1977. Unpublishe:L 

*Durfee, R. L. and Carr, R. A. "PCB Levels in Non-Contact Cooling waters and 
Other Effluents frcm capacitor and Transfonrer Production Facilities," 
Supplement to Final Report, Task II. t'lashington, D. C.: Criteria and 
Standards Division, U. S. Envirorrnental Protection Agercy, January 19, 1977. 
Unp.lblished . 

*Durfee, R. L.; Sargent, D. H. and Contos, G. Y. "Refinenent of Alternative 
Tec~logies and Estlinatec1 Costs for !eduction of PCBs in Irrlustrial Waste­
waters frcm the capacitor and Transfonrer Manufacturing categories." 
Washington, D. C.: Criteria and Starrlards Division, U. S. Environmental 
Protection ~ercy, January 19, 1977. Unpublisha:L 

*Durfee, R. L. and Westin, R. A. "Costs Associated with Installing Production 
Equipment for Use of Non-PCB Dielectric Fluids in Transformer and capacitor 
Manufacture," Supplem::mt to Final Retx)rt, Task II. Washington, D. C.: 
Cri teria and Starrlards Division, U. S. Environrre..'1tal Protection Agency, 
January 19, 1977. Unpublished.. 

PCB Disposal and ~1arking ~brk Group: Mr. David Wagner, EPA Project Officer 

"Assessrrent Meth::xioloqy for Labelinq and Education to Assure t.b: Prot:er Disposal 
of PCBs." (0.ltline of the technical assessment that WJUld be require::i to 
support the regulations for the labeling of PCBs) November 19715. Unpublishe::i . 

"Analysis of the Economic and Technological Constraints on the Disposal of PCBs," 
Special Retx)rt, November 22, 1976. Unpublished . 

"PCB Disposal Regulations: Problem Areas and Regulatory Alternatives." 
Decanber 10, 1976. Unpublished . 

"Estimated Usage of Electrical Equiprent Containing PCBs." December 23, 1976. 
Unpublished. 

"Reccmrended Label Requirements and Suggested Label Formats." January 12, 
1977. Unpublished. 

"Draft Notice of Public Meeting - PCBs." January 10, 1977. Unp.lblish2d. 

* Sumnary included in Appendix C. 
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"Coments on PCB Definitions to Subcannittee on Manuf3Cturing Buns." 
January 14, 1977. Unpublished. 

"Draft tbtice of Prcp::lrse RulemaJdng, Prearnt-le, am labeling am Disposal 
Regulations" (Revised 2-4-77). January 21, 1977. Unpmlished. 

"labeling ani Disposal Regulations" Revised Draft. January 27, 1977. 
Unpublishai • 

"Draft Preamble to PCB Disposal Regulation." December 29, 1976, (Revised 
January 12, 1977, Febnw:y 21, 1977). Unpublished. 

"Econanic Impact - &.mmary ani Conclusions," (Early Draft of Marking ani Dis­
posal Econanic Impact Repjrt). March 14, 1977. Unpublished . 

"Statarent of Econanic Consequences of the Rule" (Draft Section for Preamble 
to l-1arking and Disposal Regulation). April 12, 1977. Unpmlished. 

*Westin, R.A.; Fa.u:t, L.; Drabkin, M.; Guinan, D.; Berkey, D.; Frankel, I.; 
an:i Sood, D. "Microeconanic Irtp:icts of the Proposej Markin:; an:i Disposal 
Regulations for PCBs," (EPA 560/6-77-013). Springfield, Va.: National 
Technical Infomation Service (Nl'IS PB-267-833), April 1977. 

*"Potential Impacts of the Bans on PCB Manufacturing, Precessing, and Use: PCB 
Activity Analysis Papers," Special Report. July 11, 1977. Unpmlished. 

Westin, R.A.; Fa.u:t, L.; Drabkin, M.; Berkey, D.; Wcx:x:1cock, B.; curl Sood, D. 
"Microeconanic Impacts of the Draft PCB Ban Regulations," Draft Repjrt, 
(based on August 30, 19"17 draft of regulations). September 28, 1977. 
Unp..lblishecl. 

*Westin, R.A.; Fourt, L.; Berkey, D.; and Wcx:x:1cock, B., "Microeconanic Impacts 
of the Draft PCB Ban Regulations," (Includes Appendices C: "Characterization 
of U.S. waste Oil Industry," and D: "Supply and Demarrl Effects of PCB Ban on 
the Electric Equipnent Industry."). March 8, 1978. Unplblished. 

Contract 68-01-4771 

Office of Planning and Management: Mr. Steven Malkenson, Mr. Stephen Wei!, 
EPA Technical Project Officers 

*Westin, R.A.; Fourt, L.; Berkey, D.; and Wcx:rlcock, B. "Microeconanic Impacts 
of the Proposed PCB Ban Regulations" (EPA 560/6-77-035) Springfield, 
Virginia: National Technical Infonnation Service (Nl'IS PB-28l 88l/3WP), 
May, 1978. 

~tlestin, R.A.; Wcx:x:1cock, B., "PCB Manufacturing, Processing, Distribution in 
Ccmnerce, arxi Use Ban Regulation: Econanic Impact Analysis," (EPA 230-
03/79-00l). washington, D.C.: Office of Planning and Management, U.S. 
Envirormental Protection ~ency. 

*SLlITItIarY inclu::ied in Appendix C. 
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Other cattract.s 

WhitItOre, F .C. "Destruction of Polychlorinated Biphenyls in Sewage Sluige 
Dlrin; Incineration" Final Report (EPA Cootract 68-01-1587) Sprin;field, 
Virignia: National Teclmical Information Sel:vice (Nl'IS PB-258 162), 1975. 

Sargent, D.H.; carr, R.A.; ani Vogel, G.A. "PCBs Rs1cval in Publicly-<M'led 
Treatment ~rks," Final Report, Task 13. EPA Caltract 68-01-3273, washin;­
tal, D.C.: Criteria ani Standards Division, Office of water Plannin; arxl 
Starxlards, U. S. Envirorrnental Protection Pqency, DecE!l'n!::lc-r 15, 1976. 

Versar I Inc. I "Gross Annual Discharge to the waters in 1976 - Polychlorinated 
Bi{Xlenyls," Revised Report No. 16, Task II. (EPA Contract 68-01-3852) 
washingtcn, D.C.: M:>nitoring am Data Support Division, Office of water 
Plannin; arxl Standards, u.s. Environmental Protection Pqency r 1978. 
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TOXICOLCGlCAL S'lUDIES CCNXJCl'ED UNDER TASK I 

Special Report February 19, 1976 
(Include:! in "PCBs in the Unite:! States ••• " as Appendix F) 

This study presents the results of two general areas of effort concerne:i 

with PCBs: the toxicology of PCBs and the testing of potential substitutes for 

PCBs. 

'!be toxicological aspects of PCBs are sunrnarized, with errq;>hasis placed on 

potential human health hazards caused by widespread use of PCBs in the United 

States. Tests have been CCI'lduct.ed on the toxicity and carcinogenicity of PCBs 

• in a variety of animals including rats, dogs, rabbits, and rronkeys. In addi­

tion, there was an incident in Japan where awroximately 1,000 people conSLJred 

rice oil that was contaminated with PCBs. 

• 

• 

• 

• 

• 

Reviewing the results of these studies 100 to several important conclusions. 

PCBs terrl to localize in certain tissues and do not bre.ak down easily in the 

body, leading to cumulative or chronic toxicity. Early toxicological evidence 

concerning the chronic adverse health effects of PCBs fran experimental animals 

such as mice and rats and fran observational data in humans has rrore recently 

been supplem:mtOO by addi tianal experimental firrlings in rronkeys. A close 

correlation exists for PCBs between the symptars notOO in hurtan.s and trose 

noted in rronkeys, suggesting that the dose/respon-c::e relationships and rreta­

belic and excretion phenanena in humans are similar to :.oose in rronkeys. 

According to sane pathologists, PCB exposure can cause cancerous liver lesions. 

Evidence fran smrt-tel..'nt (several rronths) exposure and ~hronic expoS'...lre in 

animals and humans deronstrates that PCBs are a significant health hazard. 

Following the review of the toxicological potential of PCBs, a stooy was 

made of the procOOures necessary for evaluating the potential hazards fran 

possible PCB substitutes. Prel~U1rY information nece8sary for a thorou~h 

investigation of a substance inclooes: 

1 ) Physical and chemical properties 

2) Manufacturing processes and possible losses 

3) Cherro:iynamics, environmental alteration, and bioaccumulation. 

.J 
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'Ibis report Slmllarizes the production, use, am distributioo of poly­

chlorinate1 biphenyls (PCBs) in the Unite1 States. The information was obt:.ainsi 

by detailed stOOies of the productioo of PCBs, the use of PCBs by first tier 

user industries, the past am present generatioo and dispositioo of PCB-contain­

in; wastes, envirarnelltal t.ransport am cunulative loads, potential alternatives 

to PCB usage, inadvertent losses to and potential formation of PCBs in the 

enviroment, am current regulatory aut.lDrities for PCBs control. 

It is estimated that aRlroxirrately 1. 5 billion pc::mrls of PCBs have been 

sold for industrial use in the u. s. since initiation of production arourrl 1930. 

Of this aroount, at least 95 ?="-I cent is still in existence; rrost is in service 

in capacitors am transfomers, rut about 290 million pc::mrls are believed to 

reside in la.'1dfills am dumps am ab:>ut 150 million pc::mrls are believed to be 

"free" in the enviroITnent. 'nle magnitude of these values Wicates that there 

is a strong future threat fran PCBs in larxl disposal sites. 

In 1974, u. s. use of PCBs sold by MJnsanto, the sole danestic prcxlucer, 

was distribute1 between capacitor manufacture (22 million po1..lI'rls) am transformer 

manufacture (12 million pcwds). !np)rted materials anounted to about one per 

cent of U. S. L""":'...strial purchases of PCBs jn 1974; about 400,000 pourrls (of 

decachlorobiphenyl) were USErl in invest:rrent casting, am an estirrated 50,000 

pourrls of new material were used in specialized heat transfer systens. 

Altl'nlgh PCB content in Wustrial wastes can be rerlucerl through various 

awroaches (treatment, substitution, etc.), the large anounts of PCBs already 

contained in lam. disposal sites present a severe haza~ .. d for the future. 

Further study of this am other aspects of the PCBs problen, am determination 

of ways to minimize the hazard, are reccmren:ierl. 

r-Dnsanto am portions of the electrical equiprent industry which use PCBs 

have greatly rerlucerl PCB releases to water am lam over the past few years, 

primarily through :in;>rovement of plant housekeeping, improved waste collection 

am han::lling, arxi disposal of liquid wastes through incineration. waterborne 

effluents fl.'Ot\ PCBs prcx:1uction arxi first-tier use currently release aIOOUnts to 

the envircment which are very small in ccmparison to the arrounts entering larxi 
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disposal sites fl.-an these i.rx:1ustries. fiJrNeVer, these effluents can have severe 

local iJrq?acts, as evj..deoced by the current PCB problem in the Hudson River. 

There is no plant-scale process used at present for the specific purpose 

uf rE!tOving PCBs fran industrial wastewater. The best available treatment tech­

nology for raroval of PCBs fran waster.eter is carbon adsorption after rerroval of 

solids, oil, and grease. carbon treatment can proouce en::i-of-pipe PCBs 

concentrations of one ppb or less. other adsorbents, such as resins, also 

appear effecti~ tu tins extent. The rrost pranising metlni of th::>se water 

treatment technolcx;ies urrler developrent for PCBs destruction is ultraviolet­

catalyzed ozor.ation. "Zero discharge" to water of PCBs fran proouction arxl 

first-tier use is available only through extensive water r~use plus extensive 

inci.r.eratioo of lightly contaminated wastewaters. 

Incineration is an effective metb::rl of disposal for liquid PCBs. Lan:i­

filling is the only generally available disposal method for PCBs-contaminated 

solid wastes, rut incineration of these: wastes is tecmically feasible. 

Significant arrounts of solid PCB (decachlorobiphenyl, or deka) wastes are 

stored or disposed of on larrl by the investment casting' industry. Air enissions 

of deka may also be significant in artD1mt, rut no evidence of potential health 

hazards fran this rraterial has been rep:>rted. 

The total present ~se of PCBs for open and serni-closed applications is 

not known rut is belieVEri to be small in canparison to closed eleGtrical system 

use. i\ few capacitor rranufacturing' plants report recent use of PCBs in vacuum 

pumps, and a significant arrount of carbonless copy p&per containing PCBs must 

still be in inventory and in files. 

PCBs are uniquely suited to the resuirements of capacitors for A. C. service. 

Although a number of potential subs~itues for this application are under devel­

opnent and test, they are all rrore flarrrnahle than Aroclor 1016 and neither their 

performance Ll1 service nor their potential toxici ty to man and other species 

have been evaluated sufficiently to allow a definitive canparison witr 1016. 



c-s 

Alternatives to PCB; use in new transfonners are available. In addition, 

testing of pranisin; substitute fluids (tenned Iself-exti..n;1uishing") is un:ier 

way; these fluids may gain irdustry-wide acceptance within three years as sub­

stitutes for PCB fluids. At present, .;;hoice of PCB-filled transfcmners 

~s to be based primarily an cost consideratioos. 

No technical barriers to substitution for PCBs (deka) in investment cast­

ing waxes are aJ;,Parent. Several potential alternatives have been previously 

~ by this irdustry. 

AtIrospheric fallout is a major source of PCB inoot to freshwater SYStems. 

In Lake Michigan, the PCB: contrih.ltion at present appears to be rruch larger 

than the tC'tal PCB intluts frar. point sources such as minicipal sewage treat­

nent arxi paper recycling. 

The iJTp)rtance of atrrospheric transport of PCBs relative to other potential 

inputs to water indicates that the availability of envirormental sinks fran 

PCBs is limited, possibly due to short residence t:imes tv evaporation in sea 

water. 

Chlorination of waste biphenyl in irrlustrial wastewaters discharged into 

municipal sewers is a potential mechanism for inadvertent prcx:1uction of PCBs. 

At present, regulatory authority over PCBs in "he united States is not 

sufficient to significantly reduce future PCB i.np.lts to the enviroranent, although 

inp.lts directly to the waterways fran irrlustrial sources can be reduced fran 

their present level. Current di::."PJsal practices, except for incineration, tend 

to delay instead of prevent the PCB' entry into the "free" (available to the 

biota) state, arxi these practices are regulated only minimally. 
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(Prepared by Jack Faucett Associates under SUbcootract to Versar) 
Unp..tblisherl 

This report presents factors to be taken into account when evaluatinq 

alternatives to PCBs to arrive at fair and re-asooable tjme restrictions 

on the use of PCBs. Also inclooe:i are a critique of previous estimates 

of the cost of regulating PCBs, suggestions for improvinq such estimates. 

and a survey of the technological aspects of ?CB controls. 

The follc:Jwin:J regulatory alrernatives are considere:i: 

1) .Regulation base:l primarily on chlorine content of Aroclor 

2) Regulation basa:i primarily an type of use 

3) Regulation base:i on responsibility of user 

4) Regulation of new PCBs 

5) Regulation of phase-out for PCBs currently in use 

6) Regulation orienta:i toward cr:>ntrol of waste 

7) Regulation oriente:i toward protection of population fran 

extX>frure to PCBs 

After possible regulatory options ~e identified, a study was made of the 

infonration required to evaluate the various alternatives. It was decide:i that 

canprehensive infonration in each of the following areas was needed: 

1) Present manufacturing and use 

2) Future substitutions and proouct changes 

3) r1eth::rls of release to the envirc:rJIrent am transport and fate in the 
environrrent 

4) 'Ibxicity, including exposure levels am results of past incidents 

5) Effect, legality, and options for regulation 

CoveJ:e:i under the study of technological aspects of PCB controls are: 

1) Cul.--rent and suggested regulations for reducing exposure to PCBs 
currently in the environrrent 
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2) waste disposal control 

3) Effects of phas:i.n;J out PCB use 

4 ) Limitations on the use of new PCBs in investment cast:i.n;J wax, snall 
capacitors, large power factor capacitors, ar.d electrical transfOl:mers 

Factors that were analyzej for each of the products abJve are: 

1) Risks fran continued use 

2) Present alternatives 

.;) Effect tt.at timing of a ban TNOUl.d have en cost am availability of 
alternatives 

4) Benefits fran use of alternatives 

5) Cost of ban of PCBs 

This report reaches the followin:J conclusions: 

1) A total ban on PCBs will have only a miIxn" effect on the current 
envirormental proble:n rut will be necessary in the long run. 

2) The soooth transition to PCB alternatives is unlikely because of 
t:nCertainty al::out the rationale for and probability of a PCB ban. 

3) Many of the opinions an::l cost estimates uncoverej in this research 
irxUcate that there has been roore preparation for debate than for 
orderly changeover 

4) Estimates of costs and benefits shculd be clearly explai.nerl to provide 
incentive for every accurate data supply. 
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This report presents the fimings of a st\Xly of available wastewater 

managerrent am treatment technology for the ~ of determining toKic pollu­

tant effluent coocentrations am daily load achievable in three industrial 

categories: polychlorinate:i biphenyl~ (PCBs) manufacturing~ capacitor manu­

facturing~ and transfonrer manufacturi.rg. All plants in these categories have 

PCB discharges to either waten.ays or sewage treatment plants, urrler normal. 

operating ccn:liticns. All plants have discharges +-.0 sto:r:rn sewers or direct.ly 

to waterways under heavy rainfall ccn:litions. 

Extensive survey of wastewater treatment technologies and cooperative 

laboratory work with several suppliers of treatment equiprent am research 

facilities c:a1finned that carOOn adsorption technology is the best current can­

didate for successful rerova.l of PCBs fran the wastewaters. tN-ozCI1ation was 

oonsidere:i as an alternative. This technology is still in the research stage~ 

l'x:JINever, it offers potential of catplete destruction of PCBs all the way to CO
2

, 

water, am HCl. 

Another adsorbent technology now in the developnent stage, N-1BERLITE 

polymeric adsorbents, has derronstrated a PCBs reroval efficiency that was roughly 

equi valent to carbon during laboratory tests. Further testing is nee:le:i with 

this adsorbent to accurately assess its potential . 

For scrap oils am. bJrnable solid wastes generate:i at these plants, high 

t.at;lerature, controlle:i incineration offers a straightforward met.l'x:x:1 of destruc­

tion, whereas scientific larrlfilling appears to re the rest suite:i rocde of 

disposal for nonbtlD'lable contaminate:l solids. 

Zero discharge obja"tives can be best achieve:i by eljminating discharge 

streams an:'i developbg recycle systems. All non-contact cooling water would 

be pretreate:i. Tt'.e r:ortion of the pretreate:i water which 't.Duld re use:: in the 

plant VOlld ~ treate:i with carbon, while the excess water would re incinerate:l 

in a specially designe:i systan which would allow for energy recovery. 

Supporting data, raticnale for the selection of abovf~ reculiteIrled treatment 

technologies and associate:i costs are containe:i in this relXlrt. 
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'Ibis report SUIT,m..·rizes the use of decachlorobiphenyl (deka) arrl poly­

chlorinated terphenyls (PCTs) as wax fillers in the investment casting In:lUS­

try arrl develops a detaila:i study plan o~: the industry. Significant infcmnation 

gathering efforts tNOUld be requira:i to establish a canplete picture of the 

practices, processes, and products of this industry, which in this instance, is 

taken to include casting wax manufacture as well as wax usage in foun:iries. 

Definition of the waste streams arrl emissions fran the processes USErl will 

require sarrpling and analysis and gathering available process data fran the 

irrlustry . 

An approach to detennining the rrost suitable alternatives to decachloro­

biphenyl arrl PCTs is presented. Filler substitutes and the use of unfilla:i 

waxes are the t\>JO general alternatives to be sttrlied. At present ther.e appear 

to be no technical barriers to discontinuation of deka arrl PCTs as fi]_lers, 

alt.lnJ.gh use of alternatives may increase prcduct cost on the orcier of 10 per­

cent. In detennining the rrost pranising alternatives, product arrl process 

orienta:i technical factors must be evaluated, but p:>tential environmental and 

human health effects may prove to be the rrost irrp:Jrtant factors in selection. 

An approach to canparison of alternatives based on technical factors and toxi­

cology data is presented. fb..ever, it is anticipated that toxicological data 

on rrost alternatives, and also on the currently used materials, will be sparse. 

The success of inf0rma.tion gathering and in-plant sampling efforts is 

expected to depend heavily on use of Section 308 (EWPCA) aut}'x)rity. Air 

emission sampling \\Ould be very irrp:Jrtant to the e£.tablislTnent of an overall 

process material balance and definition of process losses to the environment. 
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PCBS rnvoLVEMENl' IN 'mE PUIP AND PAPER INOOSTRY 

FINAL REPORT, ~K IV February 25, 1977 EPA 560/6-77-005 

~~IS PB-27l 017/6WP 

'!his paper discusses in detail the sources, distribltion, am losses of 

PCBs in the u. S. pulp arrl paper irrlustry. 'l11e major use of PCBs in the irrlus­

try was as an ink solvent in carJ:xmless copy paper that was rranufactured by 

various paper mills for NCR fran 1957 to 1971. Sirx::e 1977, PCB levels in 

recycled paper have diminished rapidly rut PCBs are still present in the 

effluent water fran canpanies that recycle waste paper. 

Aroclor 1242, a PCB mixture containing 42% chlorine, was used as a solvent 

for color reactants which ~ then ~nicroencapsu1ated arrl applied to 000 side of 

the carbonless copy paper. 'l11e microspheres rupturoo arrl released the dye under 

high pressure, such as would be applied by a pen or pencil. 44,162,000 pourxis 

of Aroclor 1242 were used for this purpose during the period 1957-1971. The 

average content of PCBs in the paper was 3.4%. A minor use of PCBs in the 

paper industry" w:ls ' in inks,' Which ~~ appraXinately 50,000 pourxis of PCBs 

fran 1968 to 1971. 

Recycling of wastepaper is a large part of the paper irrlustry. wastepaper 

is the third rrost :iIrp=,rtant source of pulp behind pul~ arrl forest product 

wastes. 19% of the annual ootp.lt of finished paper is recycled each ~ ~~. There 

are 230 paper mills that produce pulp canpletely derive:i fran wastepaper arrl 

550 other facilities that use 10-15% secoooary fiber in their pulp production. 

PCB concentrations in paper products, paper mill effluents, arrl sludges 

have declinoo sharply since the use of PCBs in caroonless copy paper was ter­

minated in 1971. Concentrations in paper products are now in the 0-1 pt:m ranqe. 

Slooges have been iTl the , 1 to 24 ppn range which is ccmron for municipal 

se\¥age treatIrent plants. The; major reasons behind this sharp reduction in PCB 

concentrations are the elirnination of PCB use and the disposal each year of 

81% of the annual, paper production via incineration or larrlfillincr : toqether 

r.bese rerroved approximately 80% of the PCBs fran the paper cYcle each vear. 

A small arrount of PCBs is added to paper products each year because of the 
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presence of PCBs in plant influent water, rut this contribltion does not appear 

to be significan~ at present. 

Pre1ictian of PCBs in paper mill effluent and prc:ducts by using a mathemati­

cal roodel of the industry indicates that PCB concentration reached its peak 

during 1970-71 and is declinin3' to pre-1957 levels because arrounts of PCBs in the 

recyc':led WiStepaper stream are also declining. 

en-site measurements and lal:oratory experiments have s}x)wn that PCBs are 

attracte1 to the fibers rather than to the water in which they are carrie1. Dis­

charge of PCBs fran a paper mill appears to be by ~ray of su~-perrl€d solids and 

rercoval. of these susperrle1 solids should substantially reduce PCB effluents. 

The paper industry as a wh::>le is continuing to develop and install water 

recycling technology in order to minimize waste treatment costs and recover 

chsnicals, heat, and raw materials. New treatment systens also offer the pr0-

mise of re1uce1 PCB discharges. ScIre data irrlicate. ~"!: PCBs _~e being re-

rrove:l fran influent streams and are becaning fixe1 in the paper prc:ducts, there­

by producing a net ra:1uction in PCBs which are free in the envirOl'1llel'1t. Ibwever , 

these PCBs coold be re-release1 when the paper prc:ducts are disposed of. 

It is believa:1 that essentially all of the PCBs used in the production of 

carlx>nless copy paper have been released to the envircrunent. Half are believei 

to reside in landfills and the remainder have been diss~pata:1. 

• 
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The TNOrk presente::i here, an extension of that rep:>rte::i in clle Task I 

rep:>rt, is an atterpt to answer the question, "lbN did it cane about that 

a CCIT'p)l1l1d, such as t.he PCBs, is so widespread an enviromental contaminant?" 

The TNOrk involves the construction of several descriptive mathematical m:xiels 

mJde necessary by the lack of historical data arxJ the absence of a large base 

of reliable contenporary rreasurerents. The TNOrk is necessary since the n-easure­

ments that do exist strongly suggest that the PCBs are a persistent menace to the 

biosphere arxJ hence that actions to control than cannot be delayed while a truly 

adequate data base is obtained. 

The basic m:::xiel is constructed on a mass balance principle ~ that is, all 

the PCB inp.lt to a restricted region of the litb::>~'Phere may be accountei for by 

solution, by uptake on suspended solids, arrl by uptake within the bio'-....:l, with the 

rernain:ler of the inp.lt PCBs being carried off by the "loss" processes consisting 

of surface co-distillation, carryoff- by outflCMi~ streams, an:i entrapnent within 

the sediments. 

The rrooel is sanewhat canplicated by the necessity of an analytic e.xpres­

sian for the PCB input rate as a function of time~ Le., the driving function. 

In the absence of a sufficient arrount of data, a rrcdel has been constructed to 

account for the losses to the envirorrrent, for the free or "wild" PCB lcad, arxJ 

for the atItospheric reservoir of PCBs. The actual relationship of the various 

parts of the rrcdel are sl'nvn in Figure I. 

Envirormental Load r-tdel 

Apperx:1ix C an:i Apperrlix 0 attempt. to determine the magnitude of the total 

environrrental load, the free environmental load, and the atrrospheric reservoir 

of PeEs, all as functions of time. 

.J 
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The results of this analysis are: 

a. In 1975, the total envi.rorrnental PCB load is estimate:i to be 3.76 X 

108 lbs. within the cootinenta1 Unite:i States. 

b. In 1975, the total free or rcobile PCB load in the continental 

Unite:i States is estimate:i to be 8.31 X 10 7 lbs. The ranaiOOer 

of the total enviramental l~ is tl'nlght to be encapsulOlt3d in 

one fom or an:>ther (in larrlfills, for exaI'I1[Jle) . 

c. As of 1970, the curtu.l.ative atIrospheric reservoir containe:i sane 

d. 

e . 

f. 

6 x 10 7 l.bs. of PCB indicatin1 a rather rapid exchange between the 

total rcobile PCBs am the atIrospheric reser-JOir. 

As of 1975 , ..he PCB concentration in the air near Lake lvtichigan 

was of the order of 10 ).lg/m 3 
• 

The estimaterl half life for fallout fran the atIrospheric reservoir 

is 0.9 years. 

The average chlorine numl:er for enviromlental PCBs is of the order 

of 4.32. 

Pesul.ts of Mass Balance M:xlel AWlied to Lake Michigan 

The results of this analysis are: 

a. A plausible scenario- Wicates a preSent~y PCB concentration (water 

plu£ suspen:ierl solids) of t.he order of 7-10 ~. 

b. Atrrospheric fallout constitutes the major inp..lt of PCBs to lake 

t1ichigan. 

c. Surface evaporation or co-distillation (the exact nanenclature 

is not known because the process is incanpletely urrierstocrl) 

ccnstitutes a significant PCB loss mechanism. 

d. The presence of suspenderl solids within the water colUlU1 can be 

expected to have a daninant effect on the actual (filtererl) 

aqueous concentration. 
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e. The se:liments sb::Iul.d act as a significant sink for the rem:wal of 

PCBs fran the water colurlU'l. 

f. Even though there is considerable uncertainty as to the proper value 

for sane of the iIrp:>rtant parameters, the sheer b.llk of the water 

mass makes the aqueous concentration essentially independent of these 

parameters over wide ran:Jes. 

g. 70 years WOlld be requiroo to roouce the Present PCB COJ'lCFmt.ration by 

one-half in the abseoce of all external sources. 

Results of Mass Balance r.bdel Applioo to the Entire Great I.akes System 

a. A plausible scenario leads to an estimate of aqueous PCB concentrations 

~thin the range of measured values, i.e., less than 40 DDt. 

b. The estimate:l averaqe PCB concentration in the ss:1:i.ments of I.ake 

Erie am I.ake <iltario fall within an order of magnittxle of other 

estimates. 

c. The estimatoo fallouts in 1974 onto I.ake Erie and I.ake <iltario both 

fall within a few percent of other estimates. 

d. Point source inp.lts, when intrcdUCOO into lake Erie am lake cntario, 

100 to PCB coocenfrations in the aqueous phase as t.o.-e:ll as within the 

sooircPnts which are within a factor of 2 or 3 of direct observation. 

e. The lifetime of the present PCB loads in the absence of all sources 

can be estimate:l. 

other Results 

other results obtained scnewhat incidentally to the main effort include: 

a. An estimate of the bioconcentration rates of PCBs for a trout 

(about 4 x 106). 

b. An estimate that, for the trout, the uptake of PCBs fran contaminated 

fcx:x:l is 50 times greater than fran respiration. 
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c. The MacKay am \<i:)lkoff roodel far ~istillat.i.oo is ~tly not. 

appl.icable in the situat.i.oo where infalling PCB CXII'plicates the situa­

tial. 

d. The significant differerx:e in act..ivity of PCBs in t:ul.Jc solutioo 

canpared to that in the surface layer is prol:ably the drivi.n; force 

far the creation of a surface cax:entration gradient. 

e. A fonrulatioo is develqJed that suggests the possibility of an analy­

sis of the continental PCB at:rcospheric reservoir. 
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'lhis report sutmari2.es an investigatioo into the uses of iIrp:>rted PCBs 

in the united States and a deteJ:mination of the econcmic irrpacts which may 

occur as a result of the ilrpending ban on inportin:} PCBs. Imported PCBs are 

currently usro only for the maintenance of two types of mi;ri.ng machinery 

producoo in the past by Joy Manufacturing Co. K:Bs may also be a significant 

cootarninant in polyc.l-}lorinated terphenyls (PCI's) which wax manufacturers 

iJtt:xJrt for use in toolin:} c:at;x)unds and inves't:Itblt castin:} waxes. Ha.;evet', 

the sole U.S. distributor of PCI's is currently guaranteein; that such con­

tamination is less than 0.05%. 

PCE fluids were used as coolants in rninin:r machinery because of their 

lCM carbustability I lCM electrical conductivity, and ine.-tness which mini­

!Tl.iZE.!S system oorrosion even at continoous high ot;:et"ating temperatures. '!be 

~ types 'Jf mi.ning machinery manufactured by Joy which .lSe PCBs are loaders, 

of which there are approximately 350 and whi.::h \.oIere last p:roduceCi in 1973, 

and -~.)ntiruous miners, .Jf which there are approximately 50 and which were 

last produced in 1970. Converting the rrotors .i.n the loaders to air cooling 

would cost about $6,200 per loader. Converting the continuous miners tNOUld 

require replacement of the cutting heads and wculd cost about $65,000 per 

mirer. As a result of the Toxic Substances Control Act, ~s of the 

machinery which use PCB fluids have three options: 

1) Petition for an f~erption to the Act. 

2) Bear the cost ex oonverting the machinery rrotcrs to air-coolin:}. 

3) Scrap the machinery. 

PCTs are used in wax formulations kno.-m as tooling cc:rrpounds, which 

are used to provide support to thin walled objects so that they may be 

.J 
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I!BChined without being damaged. After machinirq, the tooling ~ is 

rE!llDVed either by ~ltin;J or by using an ~ acid solution. The sole 

producer of tool.in; ~ which contain PCTs is M. Argueso S. Co. of 

Mamaroneck, N. Y. 

InvestJrent casting is a rretl'xxi of prOOucing rretal castings which may 

have carplex sha~s and which ha'le a surface finish and clirrensiooal toler­

ance which cannot be matched by other casting processes. It involves first 

making a pattern out of wax; the patt--;:rn is then covered, or "invested," 

with a refractory coating which hardens at rocm terrperature. '!he wax is 

then rrelted and/or burned out of the nold. '!he rretal is then poured in am 
alloweCl. to harde."1. Invest:rrent casti..nt;r is best sui ted to the production of 

a lar~' VQlurre of small, intricate pans made of rretals which are difficult 

or impossible to machine. 

PCTs are used in investment castir:g waxes for several reasons. '!hey 

make the wax harder at all tenperatures below the rreltir:g point; they cau.s;e 

the wax to harden faster by irrproving thennal conductivity: and they reduce 

the coefficient of thernal. expansion of the wax, resulting in improved di­

nensiooal accuracy in the finished castir:g. Detailed data on PCT loss to 

the environment is not available, but possible sources of loss include nold 

production, nold dewaxing, nold tiring and preheating, and wax reclarMtioo. 

'!here are eleven manufacturers of invest:rrent casting waxes in the United 

States; three currently use PCI's in their fo:rnulations, and three others 

did in the past but no longer do so. All three current users cf PCBs receive 

them fran the same distributor. 

'!he following points with respect to PCT use in tooling a:J1l1?OUI1ds and 

investrrent casting WCi}(ES are noted: 

1) PCT containing casting waxes cost l5¢ to 25¢ per tound rrore than 

non-PCI' containing waxes. and comprise less than half of the total 

sales of manufacturers 10 sell them. 

2.) Of the three manufacturers of PCT containing waxes who ceased using 

Fcrs in their waxes within tile past decade, none seems to r~ve been 

placed in an unfavorable competitive position. 
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3) Cl1e investrcent casting foundry, General Electric, has ceased using 

PCT waxes. '!bey have apparently found adequate substitutes for use 

in casting turbine blades, an application which is critically de­

peDjent upa1 high dimensimal accuracy and extrenely fine surface 

finish. 

4) Fran 2 and 3 above, it appears that acceptable substitutes for PC'!'­

containing waxes are available. 

5) If ilrp::>rted PCTs are found to oontain P03s in excess of 0.05%, the 

EPA can take action to ensurf~ adequate quality control. 

6) If PCTs are found to '·preser..t an unreasonable risk of injury to 

h~lth or the envirorunent," t..'1ey may be banned. 



• 
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ASSESSMENl' OF 'lEE USE OF SELEC'lED REPIACEMENl' FWIOO FOR 
PCBs IN EI..ECI'RICAL ~PMENI' 

Final Report, Task VII, April 1979 EPA 560/6-77-008 

NTIS PB-296 377). 
'this report discusses the use of PCBs ~ dielectric liquids in trans-

foD'lSrS, ItDtors, electranagnets, and capacitors. '!he perfonnance criteria 

for replacertent liquids are sumarized and al temati ve technologies are 

reviewed. 

n,e major alternatives to the use of PCBs in tranfonters are: 

• Dry type transfonrers, includin;; gas-filled arxl .cast coil construc­

tion 

• Oil-filled transfonrers located in safe locations or installed in 

a vault 

• High fire r;:oint liquid dielectric-filled transfonrers, inclu:ting 

silicone, paraffinic hydrocarl:x:m, and synrlletic hydrocarbcrl liquids 

• Non-PCB askarel liquids based on chlorinated benzenes 

PCB filled electranagnets nay be replaced with available oil-filled, 

high-fire point liquid-filled, or dry type units. Dry air~led rrotors are 

also available for rost of the previous applications using Pm-filled elec­

tric rotors. 

Al ternati ve capacitor liquids are: 

Phthalate esters 

Alkylated ronochlorodiphenyl oxide 

Isopropyl biphenyl 

Other possible capacitor dielectric liquids are also discussed, arrl 

the status of dry film capacitors is reviev.ed. 
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The general potential for reduction of water use in the electrical 

eqtlltmmt manufacturing industry is favorable, since water has to be carefully 

excluded fran the internals of both transformers am capacitors for the units 

to meet product and perfonnance specifications. Newer plants in these 

categories, particularly those of smaller size, use much less water per unit 

of PCB use than the older plants. HGlever, the existing plants lNOuld require 

a carbination of process and plant m::xlifications arrl wastewater treatment am 
recycle to achieve a goal of no discharge of PCB-contaminated waters. 'lllis 

addendum to the Task II report sumnarizes. the quanti ties an:1 sources of the 

wastewaters; describes the available alternative techrologies for reducing 

or eliminating the discharges on a source-by-source basis; an:1 tabulates the 

estimated costs for achieving such reduction or elimination. 

Section 2.0 of this report addresses the point sources fran the capaci­

tor and transfonrer manufacturing industry with the absolute goal (wi th a 

single exception fran one plant) of no point-source disd1arges of any waters. 

Extensive applications of process changes (fran wet to dry tmi t processes or 

unit operations), of water segregation practices, of water treat:rrent and re­

cycle practices, and of water~ti ty reduction practices \>JIere investigated. 

'llle residual contaminated wastewaters not eliminated by these practices were 

then hypothesized to be "incinerated," e.g., heated to a sufficiently high 

temperature for a sufficiEntly long tine to ensure destruction of PCB con­

taminants. 

Section 3.0 presents the technologies and costs for eliminating PCB 

contamination of rainwater runc::f from rranufacturing plants in this industry. 

Section 4.0 presents the technical basis and estimated costs for three 

. J 

\ 
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alternative approaches to PCBs reduction in the direct discharges fran this 

industry to waterways. '!he technology and costs presented are based on 

those of Reference 1 and Sections 2.0 and 3.0 of this Addendun. '!he ap­

proaches were selected to offer a range of PCBs control at various levels 
of costs. 

'!he estimated costs are as accurate as was possible wi thin the s<Xlpe of 

v.ork. Based on previous experience in this area, we feel that the least re­

liable costs tabulated are tl'x:>se for waste stream segregatioo. Costs for 

segregation are highly variable from plant to plant, and a<xurate estimatioo 

is only possible as a result of detailed study of plant layoot, piping, etc., 
which was beyood the scope of this study. 



EXXINCMIC ANALYSIS OF proPOSED 'roxIC POLWTANl' EFFIlJENl' 
srANDARDS FOR POLYCHWRINATED BIPHENYLS; 

TlWISFOR-1ER, CAPACrroR, AN) PCB MANUFl>CTURERS 

Oct.c:i>er 1976 EPA 230/1-76-068 
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(Prepared by Jack Faucett Associates Urrler Subcontract fran Versar) 

This report presents an assessm:nt of econanic i.rtt>acts fran PCB effluent 

controls. Because of the cost of required effluent controls, it is estimated 

that a min.:i.mum of nine arrl maxi.m.Jm of all eleven direct discharging plants 

will stop using PCBs deperrling on the particular regulation issued. Accord­

in:] to industry opinion, the estimated mini.mJm is very unlikely because 

additional PCB controls would encourage stopping use of PCBs. Decisions 

against investment in control equiprent does not mean, l'1o.vever, that the i.Itp!cts 

of these regulations are zero. Canpany decisions to cease PCB use will have 

irftlacts, particularly with regards to the timing of the decision to step 

using PCBs. The earlier the switch to substitutes the IlDre likely that pro­

duct prices and perfonnance will change in the transition. 

There is evidence that sare irrlustries will cease PCB use prior to imple­

mentation of Section 307 (a) controls. That evidence is based on investment 

analysis of prcbable effects on COI'Ipany profits, announced decisions such as 

those by General Electric am Monsanto, am capacitor/transformer users I 

preparations for PCB substitutes. These decisions are significant in light 

of the range of gov~.nt alternatives that were considered. A major force 

in governrrent controls affecting PCB use is the Toxic Substances Control Act, 

which will prdribi t the use of PCBs in capaci tors and transformers by 1980. 

The EPA proposed toxic pollutant effluent standards for PCBs in July 1976, 

arrl EPA is scheduled to pranulgate regulations in January 1977. Depending on 

the final standard, the affected plants which continue PCB use are likely to 

install one of the treat:nent technologies presented belaY. Circumstances at 
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each plant could cause deviations in technology costs fran the following 

sumnari~ : 

Covemment 
legulatory 

Options Potential Technology 

A Process Change & carlx:n Trea:brent 

B Maxim.Jm carlxn TreatIrent 

C Mini.num carbon TreatIrent 

zero 
Discharge Process Change and Recycle 

Average Investment 
Cost(Plant 

$ 527,000 

$1,207,000 

$ 392,000 

$ 555,000 

'!he cost of each of tlY! technologies varies considerably arrong plants, but 

the above costs are an average of invest:Irent costs for rrodel plants that 

were considered. 

Since few if any plants will actually install effluent control equiprent 

in respcnse to Section 307 (a) directly, econanic iIrpacts can be viewed as 

emanating fran timing of decisions. ~nsanto' s voluntary ban on PCB produc­

tion and the new Toxic Substances Control Act will effectively tenninate PCB 

use by 1980 independent of Section 307 (a) provisions. 

Total investment costs and total annual costs for each of the four 

treatIrent technologies are given in the table below. OUr analysis focuses 

on the 11 direct discharging plants of the 37 plants that manufacture PCB 

transfonrers and capacitors. 

'!be following surnnaries are based on analysis of investIrent, i. e., in­

vestIrent to rccet only federal effluent controls under Section 307 (a), for 

m::x3el plants. Conclusions on whether carpanies with plants similar to each 

nodel would actually install the st:eCified treatIrent are based on a can­

parison of present costs of the equipnent . 



..... 

INVES'IMEN.I' AND ANNUN. cnlTS FUR DIREX:T DI~I~ 'I'RAUSFUIH:R 
AND CAPACI'lOR PLANTS 

Number of Plants thl1t ",auld 

Insta II 'L'rea tmen t : 

Trall:ifonner 

Capacitor 

Totul InvestlDent: a 

Transfor:-lUer 

Capacitor 

Total Annual Cost: 

Transformer:-

Capacitor 

(Millions of lX>llars) 

A 

0 

1 

0.0 

.26 

0.0 

.14 

Re9uired 

B 

0 

0 

0.0 

0.0 

0.0 

0.0 

Treatment 

C 

0 

2 

0.0 

.23 

0 . 0 

.10 

a) Invesbrent analysis indicates an acceptable retUIn on invesb1ent . 

Zero DiHcharse 

0 

1 

0.0 

.31 

0.0 

.19 
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Alternative A Treat:Irent Costs 

EPA standards which would lead firms to invest in Alternative A wculd 

cause 5 direct discharge capacitor plants and all 5 direct discharge trans­

fonner plants to stop using PCBs in January 1978 rather than by 1980 as 

would othel:wi.se occur. '!be one remaining direct disc:hargin; capacitor man­

ufacturer could canply with the regulation by installing the necessary treat­

rrent equipnent. 'Ihese early curtaiLrents in production would reduce in:iustxy­

wide productioo capacity of PCB capacitors by about 35 percent am. of PCB 

transfonters by about 50 percent. Industxy-wide investment for control equip­

ment would be S .26 million with annual costs of S .14 million. 

Alternative B Treat:Irent Costs 

EPA standards which would lead firms to invest in Alternative B wculd 

cause all capacitor and transfonter plants ancng the direct discharges to 

stop usiD3' PCBs in January 1978 rather than by 1980 as would otherwise occur. 

'Ihese early curtailments in produ::tioo woold reduce imustxy-wide producticn 

capacity of PCB capacitors by about 45 percent and of PCB transfonters by 

about 50 percent. 

Alternative C Treat:rrent Costs 

EPA standards which wculd lead finns to invest in Alternative C wculd 

cause 4 direct discharge capacitor plants am. all 5 direct discharge trans­

fonter plants to stop using PCBs in January 1978 rather than by 1980 as would 

ot.'1erwise occur. '!he two remaining direct discharging capacitor manufactur­

ers could canply with the regulation by installing the necessary treat:rtent 

equipnent. 'Ihese early curtailments in production would reduce industxy­

wide production capacity of PCB capacitors by about 30 percent and of PCB 

transfonters by about 50 percent. Industry-wide investrrent for control 

equiprent would be :; .23 million with annual costs of S .10 million. 
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zero Discharge Treat:rrP~t Costs 

EPA standards which would lead finns to invest in zero discharge t,.,Olld 

cause all but 1 direct disdlarge capacitor plant and all 5 direct discharge 

transformer plants to stop using PCBs in January 1978 rather than by 1980 as 

\otOUl.d otherwise occur. '!he one remainiD;J direct discharging capacitor manu­

facturer could canply with the regulation by installing the necessary treat­

rrent equiprent. '!hese early curtailrcents in production would reduce in:i'.lstry­

wide production capacity of PCB capacitors by about 35 percent and of ~ 

transfomers by about 50 percent. Industry-wide investment for control 

equiprent would be $ .31 million with an annual cost of $ .19 million. 

'!he following econanic impacts for the eleven direct discharge plants 

are based on in:iustry trends as well as data collected fran transfomer 

and capacitor users and producers directly. 

Average transfoDTel.' price iocreases due solely to PCB efflue.'1t controls 

will be minimal because (1) PC:Bs used by direct discharge plants represent 

less than 10 and possibly only 5 percent of total transforrrers and (2) 

other expected controls and voluntary bans will already have caused a 

further shift to non-PCB units. '!he price adjustment for the less effective 

non-PCB transforrrers could be significant, but little of this increase can 

objectively be attributed to Section 307 (a) controls. 

'!be dollar value of all transforrrP.r sales is likely to increase rrore 

because of higher costs with PCB substitutes than they decrease because of 

demand response to higher prices. However, recent data irrlicate that an 

increase in .i.rrp)rts could easily offset any increase fran higher prices, 

leaving domestic producers with slightly lower dollar salps. 

Industry-wide capacitor price increases due solely to changes resulting 

fran PCB effluent controls are likely to be less than 5 percer.t in 1977 and to 

decrease to less than 2 percent as PCB substitute technology improves by 

1980. All environrrental controls combired can generate up to a 20 percent 

in::rease in avp.rage capacitor prices. However, only part of that increase 
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can be attrihlted to Section 307 (a) effluent controls which will affect 

ooly six specific plants in the entire 19 plant capacitor industry. '!he 

remaini.1'X) plants will be covered by a future regulation, hc:w:!ver. 

'nlere are no significant effects on energy consunption, balance of 

payrrents, or ercployrrent. '!he announced and apparent shifts to non-PCB units 

and the expected demand for capacitors and transfoz:rcers are likely to increase 

rather than decrease sales and industry-wi.de E!r!Ploynent. HCMeVer, to pre­

vent losses to foreign cntpeti tion I datestic producers might have to absorb 

sate cost increases in lower profits. Since all of the affected plants 

are either part of a much larger ccrrpany or have a reasonably good PCB al­

ternative, reduced profits will not necessarily lead to significant reduc­

tions in ent:>loynelt. '!here will be no reductions if sales in fact do in­

crease and if similar nurrbers of people are needed to manufacture I'lCI'l-PCB 

units. 
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COSTS FOR fN - OZONATION PROCESS 

september 27, 1976 

'!he costs presen .. ..ed in the Task II Final leport ~:re reevaluated based 

an new tests that detennined that canplete rem:wal of the organi= oontent 

in wastewaters is not required prior to reroval cf the PCBs. 

Cclrparison of the tenninal tr.eatnent capital costs of mr-ozonation 

systems with carbon adsorbtion systems for reducin] the oonoentration of 

PCBs in effluent '.'laters to below 1 ppb indJ.cated a greater than 50% higher 

cost for "zone system over the carbon system. However, carbining the pre­

treatrrent costs with the terminal treatnent costs results in fN-ozonation 

system costs a:'X)ut 5 to 10 percent higher than ti'"a carbon system costs. 

, 
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IETAILED CCST ESTIMA'lES FUR AL'IERNATIVE ~5 
TREA'J.MENI' 'IECFml:OOIEs APPLIED 'm HYPalHETICAL LARGE AND !€D1UM S1 ZED ~ 

C.~ACI'IDR AND TRANSroRMER MANUFACnJRIN; PLANTS 

Ac'.Idendun to Final Report, Task II October 15, 1976 

'!he three treatment al ternati ves for which costs TNere estimated are: 

A) Process and plant m:xlifications and pretreatment of process water. 

B) Ma.x.imJm use of carbcrl adsorption. 

C) Minirrun treatment. 

'lbe estimates for these three alternatives are: 

Lar~ Plant Medil.lll Plant 
2,5()0, -0 lbs. PCB 500, Mo lbs. PCB 

use/yr. use/yr. 

Al ternati ve A capital Investment $1,997,900 $647,000 
Annual Cost 528,900 164,700 

Alternative B capi tal Investment 3,811,400 935,500 
Annual Cost 922,900 222,300 

Alternative C capital Investment 1,588,400 575,500 
Annual Cost 374,000 138,200 



125 VEASAR. INC. 
POlYc:HORINATED ~NYLS 1929-1979 
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cniT FOR muALIZATION B.1.\SIN BA$D CN BEmY:NI'lE CI.AY LINER 

Specia.".. Report October 1976 

'l1'le '2pital cost for the equalization basin with a bentonite ~lay lining 

is 3hown below. '!his cost was estimated ~ sed on a basin vollll'lE of three 

tines the design flow, 24 hour residence tine, and $5. 00 per cubic yard of 

exc-..avation cost consistent with the Task II ~part basis for the reinforoed 

ccncrete equalization basin. '!he report also SUI'II'I84.: odS total installed 

costs, maintenance costs, and operating costs, and canpa.res these costs to 

tlx>se estimatP.d for concrete storage basins described in the Task II Final 

Report. 

Bases: 1. 24 hour retention 

2. 3 tUnes nonnal flow 

3. Bentoni t-.e lining at- 80 tons/acre and lining cover @ $0. 3/yd2 

4 • 12 ft depth 

5. 10 ft water depth 

6. L/W - 2.0 

Fl~JW (gpn) 20 40 80 160 320 640 1700 

Liquid Vol. (1000 gal) 86 176 345 690 1380 2760 7340 

Width (ft) 24 34 48 68 96 136 222 

!.enqth (ft) 48 69 96 136 192 272 444 

Excavation COst 2.6 5.1 10.2 20.5 41 82 218 
(SlOOO) 

Lining & COver Cost 0.5 0.7 1.3 2.3 4.1 7.6 18.4 
(S1000) 

Total Basin Cost 3.1 :: '. ~ li.s 22.8 45.1 89.6 236.4 
(S1000) 

Pumps & SUmp (S1000) 20 20 21 22 27 32 42 

Total Basin & PI..~ Cost 23.1 25.8 32.5 44.8 72.1 121.6 278.4 
(S1000) 
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IMPACrS OF SUBSTI'lUl'ES roR PCBs 00 FIRE HAZARIl:) IN cx:M£OCIAL 
AND RESlIEm'IAIJ Bt.JILDING) 

(Draft) Special a!port October, 1976 

'!his report reviews the tecl'lrlo1ogies that were being developed for the 

replaoe!rent of PCBs as dielectric liquids in transfo:crers and capacitors. All 

of the potential substitute liquids ara rore f1amnable than PCBs, and this 

f1armabi.lity presents a potential fire hazard. '!he report reviews the changes 

in design and the effects of changing fire cx::xleS and insurance undel:writer ' s 

requirerrents on limiting the ?-,hmt ial hazard resulting fran the use of sub­

sti tutes for PCBs in e1ectriCC'~ _quipteI1t. 

'!he report CXIlc1Wes that there is no basis to assurce that properly 

engineered and tested equitmmt woul6 result in an increase in risk. Any 

safety problem; that occur nay be the result of i.nad:!quate testing and evalua­

tion prior to oormercial intrcxi~.tion of the e 1ectri ca.' ':ransforners and 

capaci tors that use the substi tutc rraterials • 



REC?:Nl' ~ IN PCBs IE'lUXIFICATIOO IN WASTEWA'lER 
SU[:p1errent to Final R:!port, Task II 

January 8, 1977 
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'Ihi.s re:;x:>rt stmra.rizes a brief study macE to update infonnation on net:h:x3s 

(other than adsorption) for rertDVinq or cEtoxifying PCBs present in industrial 

wastewater. Infornation was obtained fran Westgate R:!search and Houston R:!search 

on tN-catalyzed ozonation, frccn Envirogenics Systerrs Corrpany on catalyzed re­

&.x::tioo, and fran Envirorurent canada and others on biodegradation. 

In the area of W-ozonation, both Westga..:e Ieseardl and Houston ~seardl 

have run tests in whidl the level of PCBs has been reduced a1 trost to the cErec­

tion lirni t of 0.1 pt;t>. Both c::mpanies have stated that they can provide an 

operational operating costs for a 640 gpm system at $1,750,or0 and $120,800/yr., 

resFeCti ve1y • '!he ~i tion products of tN-ozonation of PCBs are not 

krown at this tine. T.le catalyzed reductive dec1orination process being 

cEve10ped by Envirogenics has been tested on PCBs. A 75 PFb conoentration of 

the PCB isarer 4,4; -dichlorobiP'1eny 1 was redu:-ed to about 1.0 PFb. '!he Enviro­

genies process is currently being used at the Velsical Cl1emical CorIX'ration 

plant in Men'Plis where it was put into serviCE in mid-May. It is expected that 

a contamination level of 1000-15000 fPll of heptachlor and 500-700 t=-PTl of endrin 

will te reduced to less than 1 Ffb of total contaminants. Envirogenics is 

expecting a grant to ~t up a plant-sca1e system to handle PCBs at one of the 

GE plants. ~ition products of this process are being investigated. 

'!he work teing oondlJCted on biodegradatioo by Environrrent canada has pro­

dUCEd a bacterili strain whidl subsists solely on P03s. However, this process 

is not yet ready for a:mrercial scale denonstration because the J.o..lest PCB 

concentration reached (as of August, 1976) is 19 pfb. 
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PCB IEVEIS IN NCN~J\Cl' (l))LJN:; 

WATEl5 AND 0lHER EFF'Lt.1m1'S FIQ1 CAP~ 
AND TRANSFOIf£R PRXXJC'TICN Fx::ILITlES 

Supplerrent to Final Feport, Task II 
January 19, 1977 
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'!his won provides a tabulation and analysis of the current status of 

noo-cxxltact oooling water waste stream; fran the capacitor and transfonrer 

prod~..ioo facilities whidl use PCBs. 

Data 00 PCB levels in 1974-75 am 1976 scmples fran o::x:>ling water effluents 

fran PCB capacitor and transfonter manufacturers were obtained for ten sUeartB 

at six different facilities. All but one of the 1976 levels were below 10 RD 
total PCBs, and five were at 2 ~ or lcw:!r. 'Ihese levels are cx:mpared to 

c:ari:' " .led plant effluents and rainfall runoff scmples at four plants. '!he 

highest and nest variable PCB levels occurred in runoff saI'l'ples, and the 

lcwest ani lea=Jt variable occurred in the oooling water effluents. In general, 

ooe to two ~ appears to be a typical PCBs level for non-oonta.ct c:xxJling 

water in this industry for plants whid1 practio: cp:xl plant ,housekeeping and 

segregate their cooling water. 



~ c£ ALT£mATIVE 'I'ECliNQIDGIES AND ESTIMA'IED 
CDSTS FOR REDXl'IOO OF PCBs IN INDUSTRIAL 

WAS'lE'lATER FJOot '!HE CAPACITOR AN[; TRANSro~ 
~ CATEQ)RIES 

Supplenent to Final Eeport, Task II 
December 16, 1976 
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'!his report augrtents and refines the available infoITIBtion on technology 

and estimated costs f()r abaterrent of PCB disdlarges fran the capacitor and 

transforrrer nanufacturers who use PCBs in their products. It includes: 

1) A description of rrodifications bein; perfonred at 

two GE plants to redu::e Pm effluents; 

2) An updated cost estimate for tN-ozooatioo; 

3) A cost estimate for t~ use of bentonite-lined equalizatioo 

basins; 

4) A general review of the current indu.:.-try trends towards abat.eIrent 

of PCB discharges. 

As of SepteJTber, 1976, GE had reduced PCB discharges frcm 8 to 9 poun:ls per 

day to one pound per day at their Fort Edward and Hl.X1son Falls manufacturing 

plants. '!his was aCCC'l"C1?lished by: 

1) Segregating wastewater: 

2) Preventing spills and leaks fran contaminating clean water: 

3) Decreasing wastewater volume; 

4) Eliminating batch dumping: 

5) ': -~eating sanitary wastewater at Fort Edward. 

Additiooal proj ects intended to reduce PCB discharge to less than 1 gram 

fer day were underway and were scheduled for inplerrentation by April or May, 1977. 

'D1ese ire 1 uCe : 

1) Recirculating non-contact cooling water; 

2) Consolidating discharges and inp:)urx:lment basins: 

3) Treating irrpourrled water at Fort Edward. 
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'!he oost of OXlStructing and operating an equalizatioo. basin based 00 the 

use of a bentonite clay lining was calculated and conpared with figures which 

had been previously derived for a CXlI'lCrete lined basin. It was detennined 

that the annual operating oost for a bentonite lined basin was approximately 

half that for a concrete basin the same size. In actual practice, l'rMever, 

the bentonite lined lX>nd would be ItIlCh larger than a cuncrete lined basin in 

order to reduce the frequency of pend dredging and chaning. '!hus, the costs 

for the t\«) alternatives will be nore nearly equal. 

Westgate Research Corporatioo.' s continuing tN-ozonation deveJ.oI:rrent pro­

gram has produced sate system siJrplifications which made it necessary to re­

estimate the cost of renovirx} PCBs in a tN-ozonaticn treatnent plant. 'nle new 

treatment costs ranged from $16.00/1000 gal. for a 20 gpm plant to $1.50/1000 

gal. for a 1,700 gpm plant. Typical oosts for PCB rerroval using activated 

carbon range from $4.47/1000 gal. for 20 gpm capacity to $1.18/1000 gal. for 

1,700 gpm. 

An examination of current industry trends towards abaterrent and disposal 

of PCBs revealed several things. calgon is furnishing GE wi th camon adsorptioo 

tedmology and generally agreed with the teduUcal oonclusioos and cost estiroates 

determined by Versar. '!here are at least three Pm users which have no disdlarge 

of process water or non-oontact cooling water to Yia,terways or POIWs. Segrega-

tion of cooling water stream; a~ars to be well in hand vr un:3.erway in five plants. 

'Ihree potential suppliers of incinerators for waste PCB-containing liquids in­

dicated that they could supply incinerators within 6 to 18 rronths of receiving 

an order . 



cosrs ASSCCIATED WlTH msrALLm:; ~ION 
EY.:UIl?Mf.Nl' FOR USE OF N:N-PCB D~C 

FWIDS m TRANSFORMER AN) CAPACITOR MANUFAC'IURE 
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Su;>pl.enent to Final Report, Task II January 19, 1977 

This report sumnarizes the costs associated with the expected ~eover 

fran polychlorinated biphenyls (PCBs) am PCB-containir¥3" askarels to substitute 

(non-ta3) dielectric fluids in the manufacture of transfonre.rs arrl capacitors. 

The approach taken was to contact iooustry representatives at the various 

meetings of iOOustry ccmnittees dealin; with disposal of cbsolete PCB-contam­

L'lated ~iptent arrl waste oils. In addition, discussions were held with other 

industry personnel fran whan infonnation on similar rratters had beP..n cbtained 

in the past. 

The results irYllcated that no significant process changes tNOuld be 

required of any producer to convert to a PCB substitute. HcMever, minor to 

extensive retoolin; will be required for IiDSt capacitor producers that produce 

their own containers an:l/or utilize their product capacitors in assercblies 

(ballast asserrblies, for exaITt'le). Design, testing, and other activities r~ 

quired by the product changes will also result in costs associated with the 

changeover but not with process changes. In addition, clean-up am disposal 

costs will be borne by all firms. 
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MICROECCNCMIC IMPACrS OF 1HE PIDPOOED MARKING ~ 
DISPCSAL REX;UIATICNS FOR PCBs 

FINAL TASK REPORl' 

April 1977 

EPA 560/6-77-013 

NTIS PB 267-833/3WP 
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'!his stu::ly evaluates the eo:manic inpact of the draft regulatioos for the 

marking and disposal of PCBs. '!he report incluaas estimates of the quantities 

of PCBs and equiptent oontaining PCBs that will be affected, present and future 

required availability of PCBs, PCB disposal facilities, seoondary costs (in­

cluding storage), rec::x:>rdkeeping, transportatial, and the cost of the actual 

marking. '!he econani.c analysis inclucEs estimates of additional oosts by 

year and econanic sector, effects en price, investnent requirements, and 

errploynent. Finally, the effects of carpliance on energy requirerrents and on 

the availability of strategic materials are estimated. 

'!he basic disposal requirr->..rrent for all PCBs is controlled use and storage 

foll~ by hicil ~rature incineration. '!he proposed regulations are very 

sp:!cific on what is to be Cbne and how it is to be d:me. Consideration of the 

present lack of incineration facilities and the hicil costs which would be 

incun:ed by requiring rerroval and st:ecial handling of flooresoent light ballasts 

and small capacitors have resulted in the following exenptions fran the basic 

requirenents of irx:ireratien: 

1) Until July 1, 1979, non-liquid PCB mixtures, PCB capacitors, and PCB 

floorescent light ballasts may be disposed of in chemical waste 

landfills. 

2) PCB oontainers may be decontaminated by triple rinsing. 

3) PCB transforrrer may be rinsed 3J'ld disposed of in d1emical waste 

landfills. 

4) Small PCB capacitors in electrical equiprent cb not have to be 

rerroved before disposal of the equiprent. 

5) Small capacitors and floorescent light ballasts used in private 

hares may be disp:JSeCl of as municipal solid waste. 

6) Material or equiprent oontaining less than 500 ppn of PCBs will 

not require sp:!cial handling or disposal. 
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M:>st storage areas required by the regulations will be established by 

office and a:mrercial buildings, electrical repair shops, and snell industrial 

buildings for the storage of small capacitors and fluorescent light ballasts 

rerroved during nonnal maintenance. Q:)St of establishing a snaU storage area 

is estirrated at $145 with an annual operating oost of $95/year. It is suggested 

that these oosts my be reduced by using mused space and establishing the area 

during a tiIre of slack labor demand. A larger area, sudl as required by utilities 

and transforrrer repa'..r shops is est.iIrated to cost $1,000-$5 , 000 to establish 

~d $2,125 to operate annually. 

'!he draft regulations require that dlernical waste landfills used for the 

disposal of PCBs be ~oved by the EPA Administrator for that purp:>Se. At 

present there are sixteen chemical waste landfills in the U.S., but none have 

been approved for PCB disposal. ;"veraga oost for disposing of mterials in 

these landfills, inc1Wing freight and state fees, is estimated at $3.00 per 

cubic foot of rraterial. 

'Ihere are currently nire oomrercial incinerators with the capacity to 

cEstroy liquid PCB waste. In addition, three of these facilities have the 

capacity to destroy PCBs contained in solid wastes. Charges at these facilities 

are 7-14¢/lb. for liquid waste and $40/drum for solid waste. Estimated operat,ing 

cost of a unit capable of shredding and disposing of capaci tors is 52 ¢/lb. It 

rray also be possible to dispose of PCB liquids in cene .... lt kilns and power boilers. 

S"ipping charges for liquid PQ3 wastes in 55 gallon drums range fran $1.14 to 

$6.24 per hmdred pounds depeOOing upon the nurrber of drurrs and the shipping 

distance. In addition, there mat be a charge of $2.85 per platfcnn handling 

for each drum. '!here will also be addi tiona! recordkeeping charges of $2 to 

$5 per item. 

For est.iIrating the total mst to industry which will be incurred in 

oont>lying with the draft disposal regulations, three options were icEntified. 

Option 1 assurres that all PCB capacitors are renowd from equir;rrent before it 

is scrapped. Option 2 asSUll"eS that 2/3 of all srrall applianCE capacitors, HID 

capa.ci tors, and fluorescent light ballast capacitors are not renoved fran the 
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~pnent but are disposed of as I1'llni.cipal solid waste while the remainirg 

1/3 are incinerated. Option 3 allows the disposal of fluorescent light ballasts 

in chemical waste landfills. 

Associated with each of these regulatory options are aggregate, industry­

wide <X)Sts for deCX>1'ltaminatial, storage, landfill and incineration oosts, 

transportatial oosts, and recordkeeping oosts. '!he maxim.rn expected oost for 

decaltami.naticn of askarel fillea transforrrers is $365,000 per year. '!he oost 

fer storing Pa3s prior to disposal is estimated to be $8.2 million the first 

year (inc1u::ting oost for setting up storage areas) and $4.2 millien per year 

in subsequent years. '!he nax:i.rru.m expected cost for disposal in d1emical land­

fills is expected to be $5.5 milli.cll. The estill'ated incineratien oosts range 

fran $134 millien per year for Option 1 to $39 million per year for Opti.cll 3. 

Estimated transport::.ti.an costs for incinerating PCBs vary from $7.4 mil1ien 

to $13.2 _million per year, de~ on ~~_~ in:;nerators are assune:l Wl.th 

the various disposal options. Recordkeeping costs ar~ ~tiI,rate([.· to be $8 million 

initial.~ plus $4.0 ~llion per year ~reaf~. 

In addi tierl to the eCXl1'nT1ic irrpacts which will l:esul t fran the disposal 

regulations, there will also be substantial oosts incurred dte to the marking 

regulatioos. Manufacturers will be faced with major retooling oosts, en the 

order of $25,000 each, in order to a::mply with the prop::>sed regulatiens. 'l11e 

majority of the marking oost, however, will be borne by the present users of 

PCB ele:ctrical ~ptent who need to mark existing equiptent. !'he total cost is 

est..inated to be $33.2 million. 

'!he aggregate effects whidl the proposed marking and disJ;OSal reS 'laticns 

will h.ave on the electrical pricing, energy a::ll1surrption, and strategic materials 

are slight. '!he price of electricity will increase by an average of 0.06%. 

'!he upper bound estirrate for increased energy consUtption is 17,700 Bbl/day. 

lEclcmation of copper windings fran transforrrers may be inhibited but the 

total arrount affected would be less than 1% of the total <X>FP=r reclaiJred every 

year in the U. s. and is an insignificant portion of the copper consurred each 

year. 
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POl'ENl'IAL lMP.ACI'S OF THE BANS ON ?:B MANUFACl'URING, PRCO='~SING, AN) USE 
Special Report, PCB Activity Analysis Papers 

July 11, 1977 

This report describes the current uses of PCBs in the United States am 
draws particular attention to those uses which present enviromenta.l hazards 

or problems of a regulatory or econanic nature. 

At the present time the only uses of PCBs in the United States are in 

capacitors, transfonrers, and the rraintenance of a nurrber of minin:J machines 

fcnnerly manufactured by Joy Manufacturing, Inc. capacitor am transformer 

manufacturers and transfonrer rraintenance shops currently receive their PCBs 

fran Monsanto, the sole U. S. producer of PCBs. Monsanto b .teOOs to stop 

manufacturing PCBs by August 1977 ( arrl will cease shi~t fran inventory as 

of October 19 77, even though the Toxic Substances Control Act penni. ts the 

manufacture of PCBs for use in a totally enclosed manner through January 1979. 

Small cusron chemical canpanies may be attracted t.:) this market, requiring 

defini tion of allCMable manufacturing processes ar%r air and water emission 

regulations. Another PJssible source of Pl."'B "manufacture" which may arise 

is the reclamation of used askarels fran transformers. This may create sane 

regulatory difficulties. 

It appears that either presently or in the near future, GE and Westinghouse 

will be the only canpan.ies who will se:\:vice PCB transformers. With the sole 

danes-tic producer of PCBs about to cease prcduction, GE and Westinghouse will 

be forced to decide whether to import PCBs bef ore January 1, 1977, in order to 

meet an anticipated ' rard trend in PCB use by the transformer se:Lvice imusuy. 

GE has irrlicated that in no event will they stockpile rrore than a 1 01: 2 year 

supply. 

In any event, the transformer repair industry will remain a potential 

source of PCB emissions for the i.mnediate future. PCB air emissions fr.an the 

repair shops may need to be rroni tored and regulated. The majority of docurrented 

PCB releases attributable to the transfonrer repair irrlustry have occurred 

.-
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while transp::>rting filled transforrrers by truck. Drainin; of transfornY.'rs 

before they are shipped would alleviate this prcblem. 

Retrofilling of all PCB transform!rS with silicone based oil is possible 

but is not justified on either eooranic or envirormental grourrls. The cost 

would be $45,000-$50,000 each for the largest units, and tile increased risk of 

spills makes this enviromentally unattractive. Generally, when a tra.'1Sfonner 

is retrofilled, sane of the PCBs remain trapped in the wirrlings. HcWever, it 

may be possible to rerrove nearly all the remaining PCBs by periodically 

filteri.lg the reN transfonner fluid through activated carbon W1til the PCBs 

are reduced to an acceptable level. 

The users of PCB ~pnent may be categorized as utility, ccmnercial­

irrlustrial, and residential. It appears W1likely that PCBs used in residences 

(lOli voltage capacitors) present a:trj great danger because only small atOOUnts 

of PCBs are present in a:trj residence and there is little dlance that one of 

these capacitors will rupture upon failure. There is a I!UlCh great.er danc.:er 

fran utilities am ccmrercial-industrial users. Spills or : '.)sses are Jcrn.m 

to occur fran dartaged equipnent and through ~roper han:1ling of PCB liquids. 

It is estimated that 78,295 pounds of PCBs will be released into the environ­

rrent each year fran utility transfonners am capaci tors. 

It may be possibl~ for PCBs to entp..r the environment as a contaminant 

in another chemical or as a ;)y-product of sane dlerniCal proces~;. PCB has been 

reported as a lOli-level contaminant in sane cases ,,mere water containiIlg 

bi"9henyl is chlori nated. PCBs already free in the enviroment may becane rrore 

of a hazard if contaminated sewage sludge is used as a soil corrli tioner. 

Unless carefully worded, regulations to enforce the ban on "distribution 

in catmerce" could have ac.'verse effects on inventories, equipnent resale, am 
maintenance. Strict enforcement could result in the scrawing of large inven­

tories of capaci tors wi thout any decrease in the potential for envirorrrental 

damage. Another question to be conzidered is that raised by the disposal of 

PCB wastes in a larrlfill. That is, when the title to the material passes fran 

the original a.vner to the landfill operator, does this constitute "distribution 

in CXI!llIIerce"? 



C-44 

MIClOEXXNCMIC IMPACl'S OF THE DRAFT "pCB BAN REGUIATICNS" 

(Draft :e~rt) March e, 1978 

'!his re~rt analyzed the ecx::nanic inpacts of an early draft of the pro­

posed PCB ban regulatic:ns. '!he draft report was used by EPA in preparing the 

final proposed regulatic:ns. '!he material in this report was superseded by 

the report of the St3£'Te title published in May, 1978, except that this draft 

report included boJo appendiCES that did rot appear in the published versioo. 

Appendix C of the draft re~rt, "Olaracterization of u.s. waste Oil 

Industry," described in detail the uses of v.TClSte oil aOO. characterized the 

stru:ture of the waste ;:)il collecting and re-refining industry. 

Appendix D of the draft repJrt, "Supply and remand Effects of PCB Ban," 

presented a foz:mal microecorx::mic analysis of ~ supply, deInarrl, ani price 

effects of the increased demand expected for substitutes for PCBs. '!he purpose 

of this exposition was to correct an error in a similar analysis previollsly 

published by Ashford and Murry of MIT (1) . 

(1 - Ashford, Nicholas A., Murry, Albert E. (1976) '!he In'pact of Govenmental 
:estrictions en the Prodoctian and Use of Olemicals: A case st on 
Poly ormated Bi?'lenyls (~port No. CPA-76-3 ). Canbridge, MA: Center 
for Policy Alternatives, Massachusetts Institute of Technology, April 30, 
1976. 
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'!he purpose of this stuiy was to evaluate the econanic inpacts of the 

proposed "PCS Ban Iegu.latioos." '!hese regulations were prepared by the Office 

of 'Ibxic Substanoes of the u.s. Environrrental Protection Agency with the 

ted'U'lical suwort of the Interagency PCB Work Group. '!hese regulations inl>l.enent 

the bans on various PCB activities which were established by Coogress in Sectial 

6 (e) of the 'Ibxic Substances Cbntrol Act - Public Law 94-469. 

'!he econani.c costs reported are dlose directly and indirectly attributable 

to those changes in future PCB activities which would be caused by inplenenta­

tien of the proposed regulaticns. Fran the wording of Sectien 6 (e), it is clear 

that the.-intp.nt of . Congress was to ban' the rnanufac~e of PCB§ . after ._Decerber 

31, 1978, and to ban the distribution of polydllo:cinated biFhenyls (PCBs) after 

June 30, 1979. '!herefcre, the leng-tenn costs of using substitutes for PCBs 

will be a ccnsequence of this legislated ban on the It'aIlufacture of PCBs ami 

not a CCl'lSeqlEI1ce of discretionary regulatory actims taken by the Environnental 

Protection Agency. 

'!his analysis of the proposed regulations ccnsidered both the direct costs 

of c:arplying with the requirerrents and the indirect effects of thef.e requ.ireITents 

en price levels, capital needs, errployrrent, energy consmptien, and the avail­

ability of st~.:ategic materials . '!he calculated econcmic ilTpacts were the 

iocrenental irrpacts of the proposed regulations on a base of 1976 practices 

as rrodified by the previously promulgated PCB efflue.'1t standards and the marking 

and disposal regulaticns. '!he costs of these other PCB regulati'Jl1S were 0011-

sirered during their reveloF'fl'e!lt and are not considered to be a result of these 

proposed ban regulations. 

'!he exp-:.:ted t:ransitional and long term oosts resulting fran the pro~sed 

.': egulations are sumnarized in the follCMing tables. The report dlso estimated 

enploynent ef £ects and other econanic consequences. 
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Table 1 

Transitional Cost ~cts of p~ PCB Ban a::gulation (Continued) 
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Table 2 

Ialg Term Cost Inpacts of Proposed PCB Ban Pegulations 

Transfonters; (Olapter 16) 

Increased <DSt of rnl-'PCB transfont'ers 
InC1:'eased fire losses 

capaci tors: (Olapter 15) : 

Ia:reased oost of lX)n-PCB POWer factor 
capacitors 

Increased cost of lX)n-PCB capacitors 

Increased fire losses 
I::ecreased service li fe 

Oairylide Yellow Pigrcant (Olapter 14) 

Increased cost of substitute pignents 

$0 to 10 million/year 
rata not available 

$5.5 to 10.9 million/year 
$ 7 .8 to 10. 3 million/year 

(+ 50%j 
ra ta not-available 
rata not available 

$10 to 25 millioo/ year 

$23 to 56 million/year 

Present vallE of long term cost Utpacts asSuming 10% 
discount rate = $230 to 560 million 
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This report is a revision of the report "Microeconanic Impacts of the 

proposed PCB Ban Regulations." '!be report StI'II'l'Iarizes the ecorx:mic :impacts 

of the pratUllgated ban regulations an::1 incarcorates the informaticn made 

available during the rul~ hearings on the proposed regulatioo. The 

total econanic costs an::1 estimated pounds of PCBs di verterl fran the envirorrnent 

by the regulation are surrmarizerl the follo.oJi.ng Table. 



Ecx>ocmic Costs of the PCB Ban Regulation 

Chapter 
Nmber Item 

3 

3 

4 

5 

5 

6 

7 

8 

9 

Scrap Spare PCB 
Capacitors 

Renove PCB Capaci tors 
fran Equiprent in 
Inventory 

Ban Rebui lding 
Askarel 'l'ransfonrers 

Retrofill Railroad 
Transformers to 6% 

Retrofill Railroad 
Transformers fran 
6% to .1% 

I~equire Incineration of 
Transfonrer Oil 

Special Storage Areas 
at Transfo.rmer Service 
Stops 

Retrofill/Ban PCB Miner 
f.btors 

Ban Rebuilding Electro.­
magnets 

'.rotal Cost 
$ Million 

1 

Potn:ls PCBs Oi vert.ed 
fran the Enviroment 

500 

Cost per Pound 
of PCBs 

$ 2,000 

1,000 5,360 $187,000 
'Ihese costs will be significantly reduced or eliminated if EPA 
grants exenptioos fran the "distribution in ccmrerce" ban. 

397 to 771 (30 yrs) 

6.7 

5.15 

47,000 to 925,000 

**(3.76 Rdllion lb) 
total 

**(80,24u lb. total) 

96 to 510 (30 yrs) 200,000 

* * 

2.6 to 4.3 ? (27,500 lb total) 

.96 200 to 2,000 

$429 to $16,400 

1rIr (>$1. 75) 

** (>$68) 

$480 to $2,550 

* 

? (>$94 to $155) 

$480 to $4,800 

*Information not available in record to make estimate. 

**Figure represents total aJrount of PCBs in this use. Information rot available in reoJrd to 
nake an estinate of aJrolU1t diverted fran the environrent. 
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EXXN:MIC cx:srs CF 'llIE PCB BAN REllJIATICN (Cbntinued ) 

Chapter Total Cost Powlds PCBs D1 verted 
Nmber Item $ Million fran the Environrrent 

10 Decontaminate Hydraulic 21.4 to 25 470 to 2,390 
Systems 

11 Decontaminate Heat 12.8 to 17.2 1,872 to 2,496 
Transfer SystP.mS 

12 Decon taminate CoIlpressors .2 * 
13 Ban Use ')f Waste oil on o to 31. 7/year 8,073/year 

PDads 

14 Phthalocyanine BlUE: pigrents . 425/year 544/year 

14 Diarylide Yellow Pigments . 478/year 441/year 

15 Spill Materials (50- 500JPll)-
to Chemical Waste Landfill * * 

16 Ban New large PCB Capaci tors 5. 5 to ll/year 14,200 

16 Ban New Small PCB Capacitors 6.6 to 18.9/year 6,930/year 

17 Ban New PCB Transfo:r:ners o to 10/year 12,000/year 

*Information rot available in the record to make estimate. 

L 
.... 

Cost per PoUI"ld 
of PCBS 

$6,000 to $53,000 

$6,870 

* 

$0 to $3,925 

$781 

$1,084 

$182 

$387 to $775 

$950 to $2,730 

$0 to $833 
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