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ABSTRACT

This document Dresants tha current stats Of knowladge about the producsion,
usage, ard dissribution of polychlorinaved biphenyls (PCBs) in the United States,
The information presanted is derived fram detailed studies on the producticn ang
firse tier usear irdustries, the past and present cenaration ad distosition of mcCs-
axmﬂnmqwuun.uwunrumd.uuupntamlamdumn]nuh.pxtmulauunr
tives to PCBs usage, inadvertent losses to and potential formetion in the environ-
mant, and current requlatory authorities for PCBS control. These results indicated
that, although PCBa contant of industrial wastes can be reduced through various
approaches (tresatrant, substitution, etc.), there exists & potentially severe future
hazard in the form of large amunts of PCBa currently contained in land disposal
sitas. Further definition of this and othar aspects of the PCBa problem, and
detarmiration of weys to minimize the hazard, are recommanded.
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SECTION I
INTRODUCT TON

1.0 COVERVIEW OF THE PCBs PROBLEM

The term rolychlorinated biphenyls (PCEsS) refers to a family of crganis
chamicals which have been produced and marketsd in this country for 45 vears
as 3 series of relatively complex mixtures under the tracde name Aroclor. Sach
of thess mixtures contains a number of chlorinated biphenyl iscmers out of an
overall range of chlorine content from cne chlorine o ten chlorines per molecu:le.
In gensral, higher chlorine content corresporcds o greater resistance to chemical
‘{and biochemical) degradation.

PCBs are among the stabla organic campounds known, and, in addition, they
exhibit other properties which rendar them extramaly advantageous for use ag
dielectric and heat transfer fluids. These properties include low solubility in
WATAr, low vVapor pressure, low flammability, high heat capacity, low electrical
andctivity, favorabls dislectric constant, and suitable viscosity-tamperaturs
relationships. Because of these propertiss, and also because PCES exhibit little
acute todcity (toxic effects from high level, short tarm exposurs), this family
of materials has besan extensively used in many industrial applications, primarily
in "closed” or "sami-closed” systems such as electrical transformers and capacitors,
heat transfer systams, and hydraulic systems. Most of the PCBs marketed to U.S.
industry are still in sarvice, primarily in electrical equipmant. The remainder
has entared ths genaral envirorment; a significant fraction of this amount is
present in air, water, s0il, and sediment, but most of the PCBs in the environment
are believed to be in landfills and dumpes across the country.

In the late 1960's it becams apparent that, although PCRBs exhibit little
acute toxicity, they are acoumlated in the tissues of many biological species
and do exhibit chrenie (long=-term) toxicity to many species evan when the exposure
is to veary low cnomntrations. The effects of chronic PCB exposure may be con-
sidered as roughly carparable to those of DOT.
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The recoghition of this problem resulted in a major pregram desiqned to
lessan tﬁn envirormantal stress arising from widespread use ard dissemainavion
of PCBs; by mid-1971, the Monsanto Industrial Chemicals Go., the sole U.5. pro-
ducer, 7ad wluntarily terminated sales of Aroclors (PCBs and polychiorinated
triphenyls, or PCTs) for all but closed electrical systems uses. Monsanto also,
in the sam time fram, offered incineracion services for wasts liquid MBs and
terminated production of the most highly chlorinated Arcclors.

During 1972 and 1973, the Food and Drug Administration developed limita~
tions on PCBs concantrations, designed to eliminate interstats transgorc of 23
contaninated foodstuffs, for a number of iLrportant dietary items and packaging
matarials used for foods. Thasa limitations also reinforoed the eliminacion of
PCBs usage in the U.5. excapt for closed electrical systams.

After approximatsely five years of the voluntary industrial restrictions,
and about thres years following the FOA limitations, a Naticnal Conference on
PCBs was hald in (hicago during November, 1975, under the joint sponsership of
EPA and other Goverrrunt ajencies. By that time it had becone agparent that,
although distary intaks of PCBs had declined (apparently as a result of the FDA
actions plus ocoperation of the faod and food packaging industries), improved
aralyvical tschnicues plus rore axtansive monitoring effores had revealad PC3s
comeamination at envirosntally significant lsvels to be more widesprsad than
originally thought.

Rasults esantad at the Qiicago mesting indicatsd PCB levels in the
envirormant, of an overall basis, to have been more Or lass cnstant since 1971,
although thare were local instances of both increases ard decreases in PO
levels. It thus appears that, unliks DT, elimination of PCBs frum dissipative
uses has ot resultad in a significant reduction in envirormental load.

2.0 CAIECTIVE AND SCOPE OF THE REFORT

It vas against the above background that the work upon which this report
is based vas perforned. The cbjective of this report is to prasant the current
state of knowladge about PCBs production, distribution, usage, and lcsses to
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the envirament in the United States. Many, but not all, of the facers of =he
PCBs preblem are addressed: many of the estimates presantad are hasad on
anginearing and scientific Judgement instead of hard data, simply because hard
data in thesa areas are not available. We hope that all assumptions and
judgements in the report are Clearly identified as such, ard thar sufficient
spoorting information, where available, i3 presentad to justify the choices

While this report attempts to shed samne light on the possible reasons why
PCB levels in the environment are not decreasing as rapidly as had been hoped,
its scope also includes a destailed presantation of past and present production
and usage of FCBs in the United States, an analysis of PCB distribution and
envirormental ransport As applied to Lake Michigan, a treatment in detail of
potential substicutes and use altsrmatives, a discussion of the tachnical
aspects of substitution, and discussions of various cthear aspscts of the over-
all problem. Toxicmlogical and hunan haalth aspects are not addressed: nor
are the various current activities of EPA, othar Goverrmant agencies, ard
individual states toward reducing entry of PCBs into the envirorment.

The information and data oontained in the report ware llectsd from
parsoral intarviews and telsphone conversations with representatives of many
of the firme handling or using PCBs, from trade associations, from the open
Litarature, and from local, state, and Fedaral Govertment parsonnel,
ressarchars, ard other partiss having interest in and information concerning
the FCBs problem. Ten visits to plants were mace; these coversd the
catageries of PCBs production, small and large capacitor manufacturing, trans-
formr manufacturing, investnent casting, and waste dispcsal contracting
(waste PCBe). The degres of cooparation. and tharefcre the accuracy of the
data cbtained, varied widaly from industry to industry. Electric utilities
provided key information, as did also other users or distributors of products
containing FCBe .
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SECTION 1I
SUMMARY

1.0 PRODUCTION, USAGE, AND DISTRIBUTION OF PCBs

1.1 OQverview of PCBs Industrial (sage in the United States

Over the past four years the damestic production ard use of Polychlo~
rinated biphenyls (FCBS) have been approximately constant with averages of 40
mitlion pounds par year for production and 313 million pounds per year for demestic
sales. During this paricd Monsanto Industrial Chemicals Corp., the sole domestic
producer, has supplied approcdmately 99 per cent of the damstic market. “onsanto
sslls saveral PCB mixtures undar the generic trade name Aroclor, and purchase has
been limited to intended use in nominally closed electrical systams (transformers
and capacitors) since 1971 undar voluntary restrictions imposed by Monsanto,

T reminder of the domestic usage depands an imported PCBs, most of
which ariginate in Italy and the reminder in France. Decachlorcbiphenyl is
imported frum Italy for use in investmant casting wax, and the matarial imported
from France is used in oooling systems of mining mechinery.

Of the domstic sales of PCBs, 63 to 70 par cent are to manmufactursars of
capacitors, and the remaindar to manufacturers of transformers. Transformars,
which contain 2,000 to 2,500 pounds of FCBs an the average (presant as a 60 w 70
per cent componant of mixtuzes with trichlorchenzens called Askarels) are used
wMymelmmmmmwmmofumim
power. Approximataly five par cmnt of the transformars in service in this country
contain PCBS; most transformers contain minaral oil instesd of FCBs. Capacitors
containing WBs are of two genaral types; amall capacitors which are built into
alectrical appliances such as fluorescent lights, TV sets and swell rmotors, and
large capacitors which are used as separats units in electrical power distribution
systans and with large industrial machinery such as electric motors and welding
machines. PFCBS are used in about 9% par cant of U.S.-produced liquid impregnatad
camcitors (rost smll capacitors in radios and other electronic equipmant are
solid-gtats units).
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PCBs are typically used in transformers whare jrotsction against ‘i-e
is of parsmame importance. Use of PCBs in capacitors is based on a.mumber of
facrars; but fire procaction and sarvice life appear to be tha rost opor-ant.,
Industry codas, such as the Naticral Elactrical Code, specify the use of MCSe
filled transformars and CARRCItors undar a number of conditions. Thase codes
will serve as instirutional barriers to rapid reductions in PCBS usage, but at
prasant thars are also technical DarTiers tO substitution of other mater:als ¢ar
PCBs in elactrical squipment,

The above overvisw of current PCBS usage in the U.S5. is summarized by
Figure 1.0-1, which traces Somestic PCBs production ard inportation through fizst
tiar usage and distribution of PCBs - containing products.

1.2 Qumlative PCBs Production and Usage in the United States

Estimates developed for total FCBs production and utilizacion in the
U.S. sirce their intyoduction o industry in 1929=30 are prasented in Table 1,2-1.
Thase data dafine the estimated proportions of PChe used in various applicaticns,
and an accounting, based on available data plus estirates, of the current distri-
bution of this matarial. Of the roughly 1.25 billion pounds purchased by U.S.
industry, it is estimted that only 58 million pounds, or 4.4 per cent, have been
daseroyed by incineration or by degradation in the envirorrant. About 50 per cent
of the total domstic salas is still in service, almost all in capacCitory and
transformars, e remsinder, about 44 million pounds, are in the envirorment: it
is estimated that 290 million pounds are in landfills or dunps and 130 million
pounds are “fres” in the gemaral enviroomwnt (air, water, soil, sedimants) and
peasunably available to the biota.

Scre of the valuss in Table 1.2-1 are relatively well-established, while
othars are gross sstimstes resulting from a lack of data in the area. The est:-
mated relisbility foxr each velus [resented is shown on the table. For instance.
the PCBs usage in cazbonless copy paper is a firm value cbtained from the only
raducer (NCR) , whare as the amount of PO envirormantally degraded could con-
caivably rangs from a low valus to the total of mro=, di=, and trichlorcbiphenyl
utilized Dok not still in service. The value for U.S. production could not be
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~0.3XI10% LA/YR

20XI0% LB/YEAR
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U0 DECACHLOROMPHENYL I 33x10° LB/YR X0 LB/ YR
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FIGURE 1.0-1. US PRODUCTION AND USAGE OF PCBs
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Table 1.2-1

_ Estimates of Cunulative PCBs Production, Usage
Distribution in the United States Over the

' » ard Gross Enviromental
Period 1930-1975 in Millions of Pounds

. Estunivgd
&—-cu.l. CommadTial Industrial PRe Qurrently | FCOBe Qurently PCRe Fmliabiley
] Salee Axchass of K3 \A_Service in Bwirgeent | oestroved | of Valuss
U.5. MO Prahaction |, 400 L1
- N
Total U.5, PO lugoets 3 2 M
U.5. MO Dommetic Usage 1.5 + 4
« M
Towl V.5, K Dagzwre i t 100
PCH by Une Catagory:
Tetroleus Axiitives ] t S0
Hast Tramfcr » Tl
Mi3C. Lnduserial an T 15t
Cariemless Copy Peper 3 (1]
Hydraul 1o sl Lube 1carnts [_J L ]
Cthar Plasticisar Uses Iis (L]
Camc i tors e 44 T M8
Trana(orues s 0 1 208
Umba Otiws thas £lactrical L} L )
MCE Dagraced of Lncinmracad:
Ewircrmentally Dmgrecksl » : 704
Lt i atacd 13 t10¢
Landfills and XAy in Dusys:
. e Travs. Productiom
C-Pm_ - 110 t 0%
Noenlete Fle. ] N
e Cagie, (lasbic, €E£.) lo8 * dn
Frywt (CBe v tha Dwircrsent
{sosl, weter, air, modumene) 1% .}
Total 1,493 1,403 LI ™ 8 3
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mach over 1.45 billion pourds nor less than 1.1 billion pourds, based on analysis
of othar available or estimated data: wnce, the estimated confidence intgrval
for this valus on Table 1.2-1 of +5 per cent ard -20 par cent.

Cra of the more important conclusions from this work ig the estimation
of about two times the amount of PCBS in lardfills and dumps as campared wo the
aount of PCBs alrexdly frea in the environment. The material in land disposal
sites may be congidered a thrsat to became widaly dispersed over a long pericd of
time. The length of time required can only be gquessed at, but is probably short
in ogmparison to the time required for degradation of the PCBe by natural pro-
cusses. Thus, release of the land disposal matarial through slow vaporization and
leachirg could very well worsan an alrexdly severs envirormantal problem.

1.3 CQurrent Distribution of PCBs Usage and Asscciated wWastes

A material halance for PCBe production, sales, distribution, ard wastss
in 1974 is presentad in Table 1.2-1. Reliability of the valuas ware estimated as
for the previous table. The mounts estimatad to be land disposed, totaling 1.18
million pounds, do not include land disposal of previously used KBe. However, the
amounts listed under scrap FCBs incinerated acoount for all PCBe incineration in
the U.5. during 1374 at the recomandsd temperiture-ctims conditions (> 2000F;
> 1.5 secords residence time). Of the total of 2,61 million pounds incinerated,
the Mmnsanto facility acoonrtad for ovar half. Other companiss currently providing
incineration services include Genaral Electric, Rollins Environmantal Services,
and Che-Trol Pollution Searvices, but the total mybar of such facilities known to
be available in the U.5. is six,

1.4 land Disposal and Envirorsantal Load
The 1,18 million poueds per year of land-destinad wastes estimatad above

is only a stall portion of the total PCHs entaring landfills and durps yearly: the
cuTent estimated ywarly rats of PCBs entaring land disposal sites is about 12
million pounds. Tha largest source of this matarial is capacieors which have failed
or becce cheolets, or which are contained in cbeclets equipmene. Other imporcant
sources are indhurtrial solid wastes from FCBe production and first-tier usage, and
the total of othar (non-elsctrical) mmicipal and industrial solid wastes.
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Table 1.3-1

Estimated Production, Usage, and Losses of FCHS In the United States

during 1974 in Millions of Pounds

Froductaon
or Lmpocra

Canmreisl
Saice

Trchastr sl

By Category

Facvmata
Arount D usaowed Melistiliey
ar loat 2 Valuss

—

CowesTic Prodiuctian 0. 464"
Total Ixeva 9.4%

T 0w
T S0y

. a6
3.395

0. 645

10
T 10y
50%
10%

A
-~
o
-

5§55

o.08llv
9.0021%* 2

e
@
0,0001%* 1
9.01 t 3

1.0

ione in ek Al

MONS 208989



The total current envirormental load of "Fres" FCBs was estimatad o=
be about 150 million pourds. An analysis of envirorment load (Free PCBs) average
chlorine contant per molecule irdicaved that, if mono-, di-, and trichloro iscrers
were disregarded, the average chlorine contant of Frse PCBS would he within seven
per cent of the value for Aroclor 1254.

1.5 Foreign Production of KAs

Known current producers of FCBs besides the United States inclide the
United Kingdam, Czechoslovakia, France, Gaxrmany, Spain, and the U.S.S5.R. Japan
was a producer until 1972. In 1973, total foreign production of FCBs is estimated
at 43 million pounds, correspording to a 50 per cent reduction since 1971, On
this basis, the U.S. production appsars o be about half of the world total .
Usage of PCBs in all countriss is eogected to dacrease further as a result of re=
cant findings on adverse environmental effects and potantial hunan health hazards
fram FCBs, and this usage is expected to be essentially confined to use in capac-
itors and transformars.

2.0 CHARACTERIZATION OF INDUSTRY PRACTICE AND WASTE HANDLING FOR THE PCRs
PRCDUCTR AND MAJOR FIRST-TIER USERS

2.1 Marufacture of PCBs and RCB-Containing Capacitors and Transformars
PCBe are produced dompgtically only by Monsanto at Sauget, Illincis,
The process irmvolves the batch chlorination of biphenyl and subssquent separation
and purification of the desired chicrinated hiphenyl fractions. The degree of
chlorination is detarmined by the contact time in the reactor. Depending on the
distance and size of shipmnt, transport is via tank car, tank truxck, or comon
carrier (drums).

Thers are 17 capecitor plants and 18 transformar plants utilizing PCBs
in the Unitad Statas. Manufacture of both types of units involves initial pre=
paration of internal and extarnal cases, filling with PCBs urdar vacuum, cleaning
and degreasing, and parfotmance tasting. The greatsst FCB wastes occur in the
£illing opaxations, Filling of small capacitcrs (less than 2 pounds of PCBs) and
most large capecitcrs is performed in chambers holding many small capacitors or
famr large cnes. The chambar and the capacitors are evacuatad and then flood-
filled with the FCB liquid. Excess liquid is removed from the chamber, the filled

-10-
MONS 208990



uiits are cleaned ard sealed, and then the sealed units are decreased, painted,
and tested. Transformers and the largest types of capacitors are filled i~d:yid-
unlly- aftar evacuacion; this produces relatively less chance of XBs loss -ran
the flood~-filling process.

Of the 18 plants in the above categories, 10 discharge thair efflyuents
into the water ways while the remainder discharge into the sewage treatment olants.
All plants in thess categories have discharges under heavy rainfall conditions.
Thare are threw types of wasts matarials genarated at these plants that require
treatmant and proper hardling in order & minimize the BCB into the environment.
These are:

(a) Waste waters containing trace quantities of PCEs
{10 to 500 pb PCBS):

(b} Wasts PCBs, scrap oils and small quantities of process
watar highly contaminated with PCBs; and

(¢) Burnable and non=burmable solid materials contaminated
with FCBa.

Quantitative estimatss of thess wastss are given below:

Wasts Loads, Daily Average

FCB Discharge Land=-Destined Scrap Cils

in Watarways B =

oar Sewers Wastes Incineration
PCB Manufacturar 3.06 lbs 301 e 1425 lbs
Capacitor Industries 5.86 lbs 4440 1bs 3368 lbs
Transformer Industriss 0.17 1bs Inknown 1750 lbs

Tha above waste loads represent current industrial practice. It may be
assumed that, prior %o knowledge of the adverse enviromantal affects of FCBs,
mach of the typss of matarial cwrently landfilled or incinerated was rot disposed
of proparly and thus entarsd the enviromant directly.

As yot, vary little is being done at these plants to control air amissicns.
The gemral industry assmurption is that the vapor pressure of FCBs is 80 low that
there wvill be essantially no air oontamination. A few facilities, however, were
reported to be filtering and chilling exhaust air from PCBe impregnaticn areas,
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and plant perscrnel are beginning to realize that evapocration of PCRs may make
a signigicant contribytion to general contamination of the plant area.

Since most water used at these facilities is for ron-contact cooling
PuIToses, at most plants it is possible to significantly reduce the efflusnt
volume by segregation of wastewaters, recycling and proper housekeeping measures,
Most user plants and the PCB producing plants have already undertaksn PCBs ocontain-
ment programs in order to minimize the entry of PCBs into the envirormment. Wwhile
the emissions of PCBs to water are expected to decrease due to improwved pollution
abatement of waterhorne wastes, the release of FCBs to air and land may increase.
Cne potantial source of incrsasing air anissions is the increasa in incineration
cdue to proper handling of wastes which were previously discharged into the water-
ways or sewers. The quantities of lard-destined wastas are expectad to increage
cue to improved housekseping msasures.

Rivers receiving PFCBs discharges for a nurber of years vary grsatly in
PCBs contant with time, apparently deperding upon PCB contant in storm watar nun-
off and the degres to which contaminated bottom sediments are agitated and sus—
pended. Wheresver thars have besn FCB operaticns in the past, there are probably
high concentrations in local watsrways bottom sedimnts,

Over the past 45 years, wastse PCBs fram transformar and capacitor opera-
tions have besn used as local road oiling crpowrds. Sometimes they were discarded
in dumps adjacent to mamnufacturing facilities. These are sources of long temm
leaching of PCBs into watarweys, particularly with stom watar runcff,

2.2 Treatmant ard Disposal of Industrial Wastes Containing PCBS

A study was parformed to detarmine and campare the methods available for
the treatmant of PCB~containing wastss fram the PCBs production, capacitor manu=
facturing, ard transformer mamufacturing industry categories. A full treatmant
of this techrology, including cost estimates for treatmant, may be found in the
Task II Report under Contract 68-01-32%9. Much of the technical porticn of this
wark is reprodoosd herein and sumarized below.
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2.2.1] Ircinaration

The most advanced treatmnt techrology in usae is incinerat:sn,
The PCBs marufacturer ard one user have plant scale facilities capable of destroy-
ing PCBa with very high efficiency. There are at least two commercial services
available, with four incinerator locations in the Eastern and Southerm C.S., for
PCBs incineration.

Incineration is primarily applicable to waste PCBs ard scrap
oils omtaninated with PCBs. Incinarators for PCRs dastructicn have the capaclisy
of "burning" sama contaminated wastewatar but, of course, the proportion of that
watar to the exthemic oil burning must be kept low. Only one commercial incine
eration sarvice (Rollins) can routinely hardle all kinds of PCHs contaminated
trangformmr and capacitor components, sludges, fuller's earth and other solids,
as long as they can be contained in a 47 gallon fiber drum. One FCB user corpany
incinerates transformmr internals for purposes of metal recovery.

Wasts liquid PCBs and scrap oils (contaminated PCBs} are bast
handled, as a quideline, by high temperature (2000~2400°F) and long residance time
{2-3 seconds) incinaration. However, because of incinerator design variables,
the conditions should be chosen in sach case to lead to 99.999% dastruction. Tha
best incinerstor combination for handling wastas fram these industries is a rotary
burner fired by a liguid baxner, and followed by an afterburmar and scrubber system
for HC1 and particulats contzrol. The rotary burmer can be designed to handle a
varisty of solid metarials, and the liquid burner can handle both the oily and
watar type Wastas.

2.2.2 Treatment of PCB=Contaminated Wastswatar

Theare is no comarcial scale wastswatsr treatent for PCBs remocval

baing practiced beyord those of gravity settling of the heavy PCBs layers as a
sludge fram the bottom of Rups or tanks, and skimming of a contaminated oll-layer
fram the watar surfaces.

Maaats methodology is available for those plants wishing to con-
trol the releass of FCBe to the envirormant. CQurzently availabls technologles can
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be applied to the efficient remocval of PCBS frtm wastes, or their destructien
with the cther wastes. Tha PCES content of wastewaters can be lowered to =he 1
b level or below by removal of solids (ard oil layers, where applicable),
followed by adsorption of PCBs onto carbon, macroreticular polymar resins or
Possibly other adsorbents.

Carbon adsorption is curently the best available techrology for
plant scale treatment of PCBS wastewaters. This conclusion is based on laboratory
tests with PCES in water, apd con the long background of plant scale use of carbon
adsorption for reroval of organics from water.

Polymeric resins (AMBERLITES) were fourd in laboratory tests to be
approximately as effective as carbeon in rencving PCBs from water, Further pilot
scale testing is needed with this newar (than carbon) technology to accurataly
assess its potential.

Ultraviolst catalyzed ozcnation was detarmined to be the best
method, demonstratad on & laboratory scale, fur destruction of PCBS in wastewatars
whan the streans occur in large volums, cn a relatively contimxous flow basis and
with PCBs at the prb concentration levels. This technology has the potential for
conversion of PCBs to cnz. Hzo ard HCl, Howwver, significant development and
optimization work would be required before application of the prucess becomes
prectical. In addition, the potantial exists for production of toxic degradation
products by UV—ozonation.

Although still in the labcratory stage, catalytic reduction of
PCBs offers the possibility of reduction to biphenyl and HCl; and catalytic
oxidation is another process which offers a potential for destruction of PCBs to
CDZ, HZO and HCl.

It is believed that wastewatar treatmant systams enploying acti=-
vatsd carbon and possibly W-ozonation could produce effluents which would be at
or below the limits of detsctability for PCBs with current analytical techniques.
However, since no full scale systams for the treatmant of PCBs are in operation at
this time, this poesibility cannot be confirmad.
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Unfortunately, no methodology is presently availanle which zan
guarantes "zerv discharge” of PCBS to the envircrment. "Zero discharge” cbjec-
tives can be best met now by eliminating discharge strware and developing recycle
systams. All streams that are high in pollutants and cannot be treated for reuse,
including rairwater runoffs, could be collscted and incinerated under a "zero
discharqe" chjective,

2.3 Characterization of the Investment Casting Industry

Investmant casting is a lost-wmx process by which metal castings which
are of intricats shapes or which require close dimensional tolerances are mass-
Froduced. Tha pattern wax, sam of which containg FCB filler, is molded and then
used to make a ceramic shell (investmt) wicse intermal dimsnsions are those of
the desired product. The wax is typically malted from the shell, and the shell is
fired (sintared), which removes the last traces of the wax. Then molten metal
is poursd into the mold (shell) and cooled to fomm the castings.

Thare are currently 135 investmant casting foundries and four major
investnant casting wax manufacturing plants in the United States. The Yates
Manufacturing Campany, Chicago, Ill., is the sole known U.S. supplier of dscachloro-
biphenyl (dska) waxes. The deka contsnt is 30 per cant of the total wax by weight.
Yates currently imports deka from Italy and manufactures betwesn 1 and 1.5 million
punds of deka wax anmually. Very little is known about the wax marufacturing
process.  Wax manufacturers are also believed to use polychlorinated tarphenyls
(FCTs) importsd from France.

The major lossas of the virgin and used waxes appsar to ootur during the
dewaxing of the cersmic mold. The mold is fired in a furnace to set the rold ard
raove the wax. Depanding on furnace conditions, the deka ar FCT in the wax is
eithar burnad or relessed to the atrmosphers. The megnitixis of these smissicns is
ot known.

Most foudries recover the drained pattarn wax and reuse it several
times., It is estimacsd that the purchased wax is used an average of 2.5 times,
Little of the wvax is destroyed in the process:; tharefore, it is considered probable
that the investmant casting foundries store or dispose of relatively large amounts
of used PCB= or PCT-containing wax.

-15-

MONS 208995



2.4 Trarsformar Service Industry

Most servicing of transformars is performad by electrical repaiz shops
rather than by the utility or the cwner of the transformar, Thirteen campanies
were identified as offaring transformer sarvice at a total of 131 locarions,
Servicing of askarel-filled transformers may include the filtaring of the askarel
to ramove degradation products and moisture or the replacement of the askarel with
new liquid. PCB wastes include filtar media, scrapped askarel, and miscellanecus
solvents, rags, etc. Tha proper disposal of these wastes is specified by a volune
tary NEMA standard. Liquid PCBs are incinerated in most, but not all, cases, The
total usage of PCBs by the transformer repair industry is about 800,000 lb/year,
Or about seven per cent of the amount used to manufacture new transformers,

3.0 SUBSTITUTES AND USE ALTERMATIVES FCR PCRa

Potantial substituts matarials and use cr process altarnatives which would
sliminats or reduce the current requirements for PCBa ware investigated. Important
points from this stidy are sumarized helow,

3.1 Substitutes for PCBe in Capacitors

PCAs (primarily Aroclor 1016) are currently used in almost all U.S.-made
capacitors for AC saxvice (liquid-filled capacitors) and are uniquely suited for
this application because of thair high dislectric constant, high resistance to
current flow and electrical hreakdown, chenical stability, and non-flammability.
A mmbar of different licuid materials now wder developmant or tasting have been
propoeed as substitutes for PCBe in capacitors, including phthalats esters,
synthetic hydrocarbons, alkylated chlorodiphenyl cxide, alkylatad PCBa, diaryl
sulfones, and silicones.

Since each of these materials is relatively more flammable than Arcclor
1016, it appesars that use of any liguid substituts will probably pose more of a
fire hazard than ves of PCBa. WVulnerability of capacitor mamufacturers to lia-
bility for dsmages from capacitor failure is a mejor factor in industry acceptance
of 2 substituts capacitor fluid, The consarvative code structure now in force
could aleo pose significant barriers to reduction or elimination of FCBs usage in
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capacitors. In addition, data an electrical performance, toxicity o humans, ind
envirorantal effacts of the potential substitutes are nor presantly suffic-a--
to allow meaningfyl camparisons with PCBs.

Dry AC capacitors (film-type) are in the developmant stage. These
capacitors are significantly larger than liquid-filled capacitors and are limised
e a maxirum of 280 volts. Satisfactory dry film capacitors will not be availakle
until there are two separate techrological breakthroughs: 1) the develogrent of
a plastic film that cambines a high dielectric constant with a lew loss-tangent:
ard 2) the development of winding techniques that exclude all air from the windizg
of the capacitor.

Although it is considered probable that satisfactory substitutes for PCos
will be developed within the next 5 years, no such matarial is presently available
and mxch additional research remains to be done. On the other hand, a significape
portion of the large capacitors used by utilities, and same in industry, are situ-
ated out-of-doors., These could be replaced by capacitors containing a rore flame
mable fluid without significantly increasing the risk of fire.

Although direct replacemant of existing PCB-filled capacitors with units
containing substitutas appears possible for many large capacitors, anticipated
size differences will present sevears problems in retrofitting. The new fluids
also cannot be directly substitutad for PCBs in existing capacitors. In addition,
disposal of cbscleta or replaced units will probably be in landfills for many years
to ce. It is probable that the best replacenant schame for capacitors, assuming
cessation of PCBs production and use, would ba use of non=-PCB replacemants as units
became cbeolete or fail.

3.2 Substitutes for FCBs in Transformars

Aroclors 1242 and 1254 are qurrently used in about five per cent of U.S.-
built trangformars; most transformars are cooled with mineral oil. Transformers
filled with askarel (60=-70 par cent PCEs) are often specified for use in buildings
and in hasardous locations whare minimization of the fire hazard is of pararount
importamce. The Naticnal Fire Code requires that oil-filled units, and askarel-
filled units ratsd for service cver 15 kV, be enclosed in fireproof vaults when
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usad in buildings. For units below 35 kV, the higher cost (by 20 to 30 per cent)
of an askarel unit is more than offset oy the savings on vault construction.

Open, air-cooled transformers are limited %o a clean, dry envirorments,
but are being increasingly used in cammercial buildings, Closed, gas-cooled
transformers are rore expensive than askarel ynits. Both of the above types have
voltage limitations and much less cverload capacity than the askarel-filled type,

Severa]l substitute liguids have been suggested for use in transformers
which are less flammable than the currently used mineral oil, but which are more
flammable than askarel. The most promising are a silicone ¢0il and a synthetic
paraffinic hydrocarbon. These liquids are characterized as being self extin-
quishing - i.e., they do not continue to burn after being ignited by a momentary
electrical arc. Proposals have been submitted to the National Electrical Code to
allow the use of these self extinguishing materials under those conditions where
askarels are presently specified. Because of the relative lack of service experi-
ence with these liguids, it is unlikely that these proposals will ba acceptad.
The next Code revision (1978) will probably continue to recognize only askarel
and "oil filled" transfocrmers.

It is likely that the "self extinquishing” liquids will prove to be satis-
factory alternatives to PCBs. Substantial sxperisnce cn the performance of the
liquids will be required befors the code requirements will be changed to allow
their use. The reatrictive Electrical Code, which has been incorporated into the
CSHA standards, may act to inhibit the acoumilation of this data and thereby act
to postpone the general acceptance of these substitutas for KCBs,

The major conclusion fram this portion of the study was that technically
acceptable altsrmatives to the use of FCBs in transformers exist and that their
use should not result in a significant increass in fire hazards from transformer
failure. At present the selection of PFCB (agkarel) transformers appsars to be
based primarily on cost rather than technical considerations.

As with capacitors, direct replacement of PCBs in existing transformers
would present potentially severs problems. These include the extreme difficulty
of rexoving more than 90-95 per cent of the FCBs, even by repsatad flushing with
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a compatible solvent (trichlorchenzens), and the requirements of incineratirg
such large quantities of PCBs ard contaminated solvent.

1.3 Altcrrutivu to Other PCBs Applications

On a preliminary basis, there appear to be nO overriding techrucal (er
institutional) barriers to the use of alternatives to decachlorcbiphenyl “iller
in investment casting waxes. (This also appears to be the case for the poly-
chlorinated terphenyls.) Potential alternatives include use of materials such ag
iscphthalic acid as the filler and use of the new low~shrinkage unfilled waxes.
A oot incTease of about ten par cent is projected for each of the above altern-
atives.

Since the voluntary restriction by Monsanto in 1971 of PCBs sales for
use in closed eslectrical systams only, PCBs have largely been eliminared from
usage in hydraulic and heat transfer systems. 2Adequate substitutes were generally
available at tha time of the Monsanto restriction, and the present usage of PCBs
(believed to be minor) should be replaceable by altarnarives with minimal dis-
advantage.

4.0 SQURCES OF DADVERTENT ENTRY CF FCBs INTO THE ENVIRCHNMENT

4.1 Paper Recycling

Over the pariod 19%7 to 1971, approximataly 45 million pounds of Areclor
1242 was used by a single producer (NCR) in the production of carbonless copy
paper. Some fraction of this macerial has enterwd the papsr recycling stream and
is apparently 2 major source of cheerved PCBe contamination of effluents from the
secondary fiber recovery industry. PCBe were also added to paper in inks and
possibly in othar additives; this material was probsbly Arcclor 1254,

™hus, in its effcrt to comsezrve rescurces profitably, the secondary fiber
recovery (papar recycling) industry is inadvertantly releasing previously used and
“stored” PCBe into the genaral enviromment, primarily to water. Raliable estimates
of the mmants of PCBA 30 relsased are not available, and, although the siqnificance
of this ralease shruld diminish as office files are emptisd, the amounts remaining
to ba releassd are not kndwm.
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Rasults from an analysis of PCBs entaring lake Michigan, discussed later
in Su::.imls.ﬂ, indicate that, although there is a siqnificant concentration of
paper recycling activities in the area of this lake, the sontribution of paper
mills to the total PCBs input to Lake Michigan is small in camparison to atmos-
pheric fallout. Howwver, effluents containing amamts of PCBS which are very
small campared to the total envirurmental load can be extremely important on a
local basis, and further investication of this problem is urged.

It should be notsd that water usage in the paper recycling industry is
high and effluent PCB concentrations are typically 5 to 10 ppb. The cost of PCBs
removal would therefors probably be higher per unit of profit than for the other
industry catsgories described harein.

4.2 effluent Contamination by PCBs in Othar Industries

High concentrations of PCBs ware recantly reported in effluents frum a
mubar of plants engaged in the manufacture of machinary and mechanical products.
These maasuremmnts have not been verified to data, PCBs were, in the past, used
extansively in hydraulic and heat transfar systams, in lubricants, and in paints
and plastics, so that it is mot inconsistent that effluents fram the machinery
manufacturing industry contain PCBs. PCB contanmination of effluants is known to
have ocowrred via slow relsase of old deposits in sswars and elssvhere, although
industrial usage in semi-open applications is believed to be contiming at a low
level.

4.3 Inadvertant Production of KCBs in the Envirormant

Thres ganaral types of reactions were considersd as potantial sources of
inadvertent production of PCEs. Of the thres, the one considered most likely to
occur is chlorination of biphenyl in wastewatar during trsacmant. This refers
spacifically to the discharge of wastswatsr containing biphenyl to a municipal
sewvar and the subsequant chlerination of the matarial in the treatment plant,

Biphanyl is used extansively as a dye carrier for the dyeing of synthet:ic
fibers: in this application, much of the biphanyl leaves the process as waste.
The astimeted U.S. industrial usage of bipherryl is about SO million pounds per year,
of which at least half is used in dyeing operations. Although chlorination of
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biphenyl in ssvage treattant appears likely, the extent of neither the init:al
chlorination nor further chlorination is known., Purther investigation of biphenyl
chlorination as a possible source of PCBs is reccammended.

Chlerinated biphenyls have been produced by the decomposition of ooT,
although this requires recarbination of phenyl radicals from cleavage of two
O0T molecules. Significant production of PCBs in the enviromment by this mecha-
nism is considered unlikely. Formation of PCBs via chlerination of the product
formed from the cambination of two substituted benzenes is also considered of less
potential significance than direct chlorination of biphenyl in wastswater.
5.0 TRANSPORT AND DISTRIBUTICN CF PCHs IN THE ENVIRONMENT

A first order mass balance model was developed and used to study the trans-
mort and distribution of PCBs in the envircrment., The total envirvnmental load
of "free" PCBs wAS ragarded as a "pool” of mixed PCBs. In applying the model,
the pool was assumed to exhibit properties roughly similar to those of Arocler
1254. The model was applied to Lake Michigan; the boundaries of the region studied
ware taken to be the drainage hasin of the lake. Lake Michigan is a nearly closed-
body of water of sufficient size to allow averaging of properties and of sufficient
interest that scme partinent data were available.

The estimated total input of PCBs t© Lake Michigan (1973-1974) was 13,400
1b/yr, of which 1,600 lb/yr came from point sources (summtion of industrial and
minicipal discharges reaching the lake), 6,400 lb/yr represented fallout directly
onto the lake, and 5,400 lb/yr was darived from fallout on the drainage basin
(assumed to be 50 par cent of total fallout on the basin). Thus, it is estimated
that about 88 per cent of the PCBs currently entering Lake Michigan arise from
fallout.

Application of the model produced the following cumulative values for the
pericd 1930 to 1975 (input function assumed proporticnal to danestic sales):

Total input 1.49 x 10°1b
Total in solution 1.0 x 10° 1b
Total in biota . 3.64 x 10° 1b

Total in sediments 1.7 x 10% 1b
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Total in cutflow  9.07 x 19° o
Total evaporated 1.93 x 107 b

Since deqgradacion of PCBs in the lake vas assuned -c be 28ro, “he clesing
of the material balance cepended cpon total evaporation foor -he lake being
1.93 x lO4 founds, or about 13 ser cent of the total input. This value is :n
excellent agreement with valyes derived both from kinetic theory ard fcom co-
distillation theory; this result substantiates both the -vdel form and the mater:al
balance above,

Average water and biota concentrations derived from the analysis (using a

bioconcentration facter over water of § x 101) are, for recent years:

Waear Conc. (pot) Biota Conc. opb)
1960 1.60 64
1965 2.92 117
1970 5.35 214
1978 9.10 364

The above agress well with available data on lake and biotic concentrations since
197¢.

Maan residence timas of PFCBs in air and watar, and the transport mechanisms
which operate at the various phase interfaces, are very impeortant to the under-
standing of anvironmantal transport and distribution, Lifetime valuas are extremely
sensitive to the assurptions required for their calculation (required because of
the lack of adequate exparimental data). Estimates derived frum work by others
range from 20 days to eight years for the average lifetime to fallout of airborne
PCBs. Residence times to evaporation in Lake Michigan appear to be on the order of
ten hours, based on theorstical calculations, whersas residencs times to evapora=
tion fran sea water may be one to two crders of magnituds lowar.

The picturs of gross PCBs transport consistent with all of the above findings
‘2 ‘the one daninatsd by air transport. Terrestial components, including fresh water,
are partial sinks respording primarily to input from fallout. Losses are to
evaporation and to rivers, which entar the cceans where further (possibly rapid)
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evaporation ococurs. Jegracaticn 37 FC3s, WnlCh was assiex to ze zerm - -te
Lake Michigan analysis, appeArs to0 slow 0 ave & sicnificans effect, Infuse-: 2
and municival effluents and air erissicons are sources cf boch old and rnew X 3s:
large amounts enter landfills and a small [raction enters the ovcle througs Lsac--
g and evaporat.on,

If =he above 1S even partially zorrect, then Ore jossible answer o =-a

suestion of why the restriction on uses begirning in 1971 has not caused e
hoped for duminuticn in #C3s distributicn 1S as follows:

(L} The systems which cause concetn with regard to PCBs (fresh-
water systars and associated bicta) serve as sinks for PC3s;
(2) Other possible sinks are not available or are ineffactive
in retaining PCBs; and
(3) The environmental dagradation of PCBs is too slow to be
significant cver a five year pericd.
Further work in mary aspects of PCBs transport and distribution are needed :n
order to sstimndte the real magnitude of the future environmantal rroblem from these

materials. Such work should also assist in identifying potential methods for re-
ducing tie enviromantal load of PCBs.

6.0 REGULATORY ACTIONS ON PCBs

Four goverrmant agencies, the Monsanto Carpany and NEMA comprise the requlatory
forces currently restricting the use and distribution of PCBs. EPA, OSHA, FDA and
USDA have, between them, authority to requlate and monitor food levels, disposal
into wvatanvays, industrial housekeeping, and safety practices in the work place,
Each of thesa available aythorities has a limited focus and is inadequate to pre=-
vent more PCBs from entaring the envircnment.

Thare are currently no regulations to restrict the irportation of PCBs as a
chemical for use in applications banned by the Monsanto Company. As a resule,
FCB is being imported by a few companies for use in several "open—end" or ‘namiralliy-
closed” applications.
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Seversl producing nations have voluntarily limited sales of RCBs. Since
1972, Japan has panned production and importaticn of FCBS. The United Kingdam
has barred sales of PCBs to all applicaticns except usage as cislectric fluid
whil® Germany has lessened this restrictive measure to includs use in heat v
transfer and hydraulic systems. Among non-producing countries, Swedan and
Norway have stringent requlations. In Sweden, only the Envirormsntal Protectl
goard can authorize the use of FCBs or crpounds containing PCBa, while in Vor::
only the Ministry of Sccial Affairs can autharize the use of FChas. h ’
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SECTION III
QONCLUSICNS AND RECCMMENDATIONS

1.0 Conclusions

Conclusions which have resulted directly from the work reported here.n are
presented below. Same of these have been discussed briefly in the preceding
section, but each is believed to be justifisd by information contaired 1n -he cexe
of the report and the aprendices,

{1) It is estimated that approximately 1.25 billion pounds of PCEs
have bean sold for industrial use in the U.5. since initiation
of production arourd 1930.

(2) ©Of this amunt, at least 95 par cant are still in sxistence:
most is in service in capacitors and transformers, but about
290 million pounds are believed to reside in landfills and dumps
arcd about 150 million are believed to be “fres” in the environment.
The magnituds of these valuas indicates that there is a strong
futire threat from PCBe presant in land disposal sites.

(3} In 1974, U.S. usage of PCBs sold by Monsanto, the sole darestic
producer, was distributed between capacitor manufacture (22
million pounds) ard transformar manufacture (12 million pounds),
Importad matsrials amunted to about one per cent of U.5.
industrial purchases of PCBs in 1974; about 400,000 pounds
(of decachlcrcbipheryl) were used in investment casting and
ard an estimated 50,000 pourds of new material were used in
spacialized heat transfer systers.

(4) wWatarborne efflusnts from PCBs production and first-tier use
currently release amaunts to the envirormant which are very
smll in comparison to the amounts entering land disposal sites
from these industries. However, thesa effluents can have
sevare local impacts, as evidenced by the current PCBs pro-
blem in the Hudson River,
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(5} “onsanto and portions of the electrical equipment industry
utilizing PCBs have greatly reduced PCB releases to water
ard land over the past few years, primarily through isprove-
ment of plant housekeeping, improved waste collection and
handling, and disposal of liquid wastes through incineraticn.

{6) There is no plant-scale process usad at present for the specific
purrese of removing PCBs from industrial wastewatsr,

{7) The best available treatment technology for removal of PCBs
from wastewatar is carbon adsorption coupled with sclids and
oil/grease removal, Carbon treatmsnt can produce end-of-pipe
PCBs concentrations of cne ppb or less, Other adsorbents, such
as resins, also appear effective to this extent.

(8) The most promising method, of those water treatment techrologies
under development, for PCBs destruction is ultraviclet-catalyzed
ozonation.

(9) Incineration is an effective method of disposal for liguid
PCBs. landfilling is the only genarally available disposal
method for PCBs-contaminated solid wactes, but incineration of
thess wastes i3 technically feasible.

(10) "Zero discharge" to water of PCBs from production and firse-
tier use is available only through extensive water reuse
plus extensive incineration of lightly contaminated wastewaters,

(11) Significant amxmnts of sclid PCB (decachlorcbiphenyl, or deka)
wastes are stored or disposed of on land by the invesument
casting industry. Air emisgions of deka may also be significant
in amount, but no evidence of potential health hazards from this

{12) The total presant usage of PCBs for open and semi-closed applic-

ations is not known but is believed to be small in camparison
to closed electrical system usages. A few capacitor manufacturing

-2
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plants report recent use of PCBS in Vacuum pams, and a
significant amount of carbonless COpy paper containing PCBs
must still be In inventory and in files,

(13) Chlerination of waste biphenyl in industrial wastswvaters
discharged into minicipal sewers 1s 3 ootential mechapism
for inadvertent production of PCEs.

(14) PCBs are uniquely suited to the requirements of capacitors
for AC service. Although a nurber of potential substitutes
for this application are under development and test, they
are all more flammable than Aroclor 1016 and neither their
performance in service nor their potential toxicity to man
and other species have been evaluated sufficiently to allow
a definitive caonparison with 101§,

(1S} Alternatives to PCBs usage in new transformers are available.
In addition, testing of promising substitute fluids (tarmed
“sglf-extinguishing”) is underway:; thase fluids may gain
industry-wide acceptance within three years as substitutes for
PCB fluids. At present, specification of PCB-filled trang-
formars appesars to be based primarily on cost considerations.

(16) No technical barriers to substitution for PCBs (deka) in
invesgmant casting waxes are apparent. Several potential
alterratives have been previcusly used by this indusery.

(17) Acrespheric fallout is a major source of PCRS input to fresh
watar systans. In lLake Michigan, the PCBs contribution at
present appears to be much larger than the total of PCBs inputs
from point sources such as mmnicipal sswage treatmant and paper
recyeling.

(18) The importance of agmospharic transport of PCBs relative to
cthar potantial inputs to water indicates thet the availability
of envirormantal sinks from PCBs is limited, possibly due to
short residence times to evaporation in Sea watar.
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(19) At present, regulatory authority cver PCBs in the Lnited

" States is insufficient to significantly reduce future PCBs
inputs to the envirvnment, although inputs directly to the
waterwvays from industrial sources can be reduced from their
present level. Current disposal practices, except for in-
cineration, tend to delay instead of prevent the PCRs entry
into the "free" (available to the biota) state, and thess
practices are requlatsd only minimally.

2.0 RECOMMENDATIONS

During Decerber, 1975 and January, 1976, EPA Administrator Russell Train
called for a cooparative effort between Government and industry to eventually
eliminate PCBs from production and usage in the United Statss. The recommandations
listed below wars developed with this cbjective in mind, although each recammenda-
tion also reflects the still existing neads for further definition of the current
and future PCBe problem and for the developrant of methods for reducing the
potantial danage to human health and the envirorment.

(1) The qurent distribution and losses to thw environmant of ICRsg
should be defined more accuratsly. Study is rnesded for the
following aspects of past and presant usage:

(a) Present axtant and distribution of usage in semi-
closed systams such as haat transfar and hydraulic
systams (dissemiration of information concarning PCBs
effects and available substitutes will result in
woluntary reduction of PCBs usage);

(t) Definition of past and present usage in imvestmant
casting, including quantification of air emissions,
disposal an land, and waterbormne contamipation;

(c) Presant distribution and projected futre trerds for
PCBs in the pulp and paper irdustry, especially the
secondary fiber recovery portion; and )
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(21

(3)

(4)

{3)

(6)

(d} Extent of lradvertent PCBS contamiration in
effluents Irom other industries which are currently
not purchasers of 2(8s.

The basic trarnsport groperties of "CBs, particularly those re-
iating 0 evaporation and atmospheric fallout, should be studied
in Zepth. This and cother information should be used to investi-
gate global transport characteristics of PCBS and to predict the
potential magnitude of the global PCBs problem. Potential sinks
and destruction methods for PCBs should be investigatad.

The type of analysis presented herein for Lake Michigan should
be further expanded and refined for application to other
important fresh watar systems. The model should be extended
to a pradiction of future effects and the influence of possible
reductions in PCBs usage.

Transpory of PCBs from landfills should be investigated: in
particular, potential methods for delaying or reducing PFCBs
release from landfills should be studied.

Developmant and testing of potential substitutes for PCBs

in capacitors, transformars, and investment casting waxes

should be encouraged strongly. Technical and instituticnal
barriers to the use of alternatives should be attacked on all
possible fronts as soon as possible. Extensive toxicological
testing of proposed substitute materials should be performad
prior to acceptance.

Methods for treatment of PCBs-contamrinated watsr effluent should
be developed and applied. Research and development activities
on directly destructive treatment methods, such as UV-assistaed
czonation and catalytic oxidation or reduction should be encouraged,
but firther work on adsorptive techniques is also needed.
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(7

(8)

Alternative approaches and schedules for PCBs elimination

fraom 1J.5. conmerce should be evaluated with regard to technijcal
feasibjlity, institutional acceptability, and economic and
envirormental impect. Based on thase considerations, an cptimized
path to PCBS elimination should be developed.

Pessible inadvartent formation of PCBS in the envircmmant should
be studied; in particular, it is recommendad that the chlorina-
tion of hiphenyl in wastswaters be evaluated as a potantial source
of PCBs.
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SECTICN IV
CHEMICAL AND PHYSICAL PROPERTIES OF CHLORDNATED BIPHENYLS

1.0 INTRODUCTION

The pupose of this section is to present a précis ¢f che salient charac-
teristics ol the cammercial preparations of the polychlorinated bichenyls which
have generated concern as envirormental pollutants. The amphasis is directed
to those properties that have led to the relatively widespread use of these
materials. In addition, attention Will alsc be directed to those physical and
chemical properties that contribute to the envirvnmental effects arising from
the general distribution of these materials. The discussion is not meant to e
axhaustive, but rather to offer the basic technical information that is used to
support the othar sections of the total report. The most conplete ocompilation of
the relevant information that has been published to date is that by Hutzinger
et al (0. Hutzinger, 5. Safe, and V. Zitko, "The Chemistry of PCBs", CRC Press,
1974) and the authors express their debt to this publication.

1.1 The Cemistry of the Chlorinated Biphenyls

The polychlorinated hiphenyls (PCBs) constitute a large class of
carpounds produced by the partial (or complete) chlorination of the biphenyl mole—
cule. Since their introduction in 1929 in comarcial quantities, these compounds,
or rather cammarcial mixtures of various mambers of the class, have been applied
in a considarable variety of industrial applications. The unique physical and
chemical proparties of these campounds, including low vapor pressure at arbient
tamparatures; resistance to combustion; remarkable chemical stability; high
dielectric constant and high specific elsctrical resistivity have been utilized
in such applications as electrical insulating fluids; fire resistant heat trans-
fer and hydraulic fluids; lubricants for use at high tamperatures and prassures
in critical applications and as a constituent in a variety of elastorers, adhesives,
paints, lacquars, varnishes, pigrants and waxes.
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PCBs and mixtures of chlorobiphenyls have bean produced in a rurber
of countries and marketed under several trade ramms including Arcclor, Clophen,
Pheroclor, Kanechlor and Fenclor., The essential characteristics of all these
mixeures, which depend in detail con the specific mixtures of chlorcbiphenyls that
maka up the specific preparation, are sufficiently alike that it will suffice to
discuss all in terms of the Aroclors, which is the trads name of the preparaticrs
of onsanto Chemical Capany. In those special cases wherein there is scme
particular proparty peculiar to one of the foreign PCB mixtures, a note will be
mada.

A great deal of confusion has aprsared in the litarature because of
the nomenclature that is used to dascribe the cammarcial preparations and the
individual authenticated chlorcbiphanyls. In order to clarify the nomenclature
to be used herein, it is appropriate to digress briefly as follows. The biphenyl
molecule has a total of ten (10} carbon=hydrogen honds at which chlorine sub-
stitution can be accommodated. A schamatic represantarion of the bhiphenyl mole=
cule with the various positions at which substitution can be accomplished muvbered
in the American Chamical Society standard notation is presanted below:

5t 6 23
Fy / \ 4
2 § 5

ACS Convention for Numerical Assigrmants
of Biphenyl Substitution

In the intarest of a conron usage, the following rules will be
followed in this repore:

a, wWhen refarring to a mixturs of differsnt sSpecies, as
ocours in the comercial products, wa will use the term
polychlorinated biphanyls or the aczomym PCB.
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b. Those species of chlorinated campourds that arise from a
specified nurber of chlorine substituents on t=ha biphenyl
molecule will be referred to as chlorcbiphenyls with a
suitable numerical prefix o define the murber of sub—
stituted chlorines; i.e., dichlorchiphenyl. Thus, there
are a total of ten (l0) chlorobiphenyls that might appear
in the camerical mixtures.

c. Those specific compounds that represent the class of
compourds formed by a specific murber of substituent
chlorine atoms but differ in the locations at which
substitution has taken place are referred to as isamers,

Thus, in terms of the above, the proper mannar of referring to a comercial PCB
mixture is as a "mixture of chlorcbiphenyls containing various proportions of
the iogmars of each”.

To illustrate the utility of the mmbering systam indicated pre-
vicusly, the correct names of the compounds shown below are:

Cl cl

Cl Cl
2,3',5,5'-tatrachlorcbiphenyl

cl cl

3',4,4',5-tatrachloro-2-biphenylamine
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~ The ten chlorchiphenyls and same of the salient chemical data are
listed in Table l.l1-1l; note that tha total of all the iscmers of +he chloro=
Piphenyls are 209 separata campounds.

1.2 Camercial Production and Chemical Makeup of =he Arcclors

The camercial process by which the PCBs ars made irmvolves the
chlorination of biphenyl with anhydrous chlorine in the presenca of a catalyst
which mav ba either iron filinas or ferric chloride. The cride product 1s generally
purified to revove color, traces of hydrogen chloride, and the catalyst by
treatment with alkali and subsequant distillation. The resulting product is then
a more of less complex mixture of the chlorcbhiphenyls, the precise camposition
depending on the conditions under which chlorination wes carried cut. The approxi-
mate camposition of selected Aroclors is given in Table 1.2-1,

By way of explanation, the products made by Monsanto under the trade-
name Aroclor are designated as to the starting matarial, with biphenyl represanted
by the 12 prefix, and with the approximate chlorine parcentage by the secord sat
of digits: i.e., Aroclor 1248 is a chlorinated bipheryl containing approximately
48 parcant chlorine.

From the data presentsd in Table l.1-1 and 1.2-1, it might be inferred
that all of the isomurs of the individual chlorabiphenyls are to ba found in each
of the commercial mixtures. To illustrats the actual situation, Aroclor 1248,
which is made up primarily of the di-, tri-, tetra-, psnta- and hexa— chlorchiphenyls,
could be expectad to contain scmething of the ordar of 140-150 separate isamers.
In point of fact, there are less than 50 identifiable peaks cbserved in the high
rasolution gas chrumatogram of typical spscimens of Aroclor 1248 as is illuatrated
in Table 1.2-2.

The chsarvations relative to the high resolution studies of the
commarcial Aroclor mixtures have besn summarized by Hutzinger, et al (ibid), in
mmdriml.klmmmmmmuotmmngni-
ficant iscmexrs are constructad,
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Table 1.1-1
Irpirical Formulation, plecular Weichess
and Chlorine Percentage in 2C3s

frpirical formula

srlorobighenyls ‘olecular weight* Percent chlorise* NG, 2i oLsarers
CLZHLO 154 Q L
C12H9Cl 188 18.6 3
CLZHBCJ‘Z 222 31.5 12
C12H7Cl3 256 41.0 24
C12H6C14 230 48.3 32
C)HsClg 324 54.Q 46
C12H4C16 3s8 $8.7 42
ClZHBClT 192 62.5 24
CuHZClB 426 65.7 12
Cuk!';l9 460 68.5 3
cucllo 494 79.9 1

*Basad on C135
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Table 1,2-1

Approximate Molecuwlar Composition
of Selectad Aroclors

Aroclor Type or Grade

1221 | 1242 ) 1248 | 1254 | 1260 | 1016
Chlorobiphenyl (parcent camposition)
€120 1 | <.l <0.1 <0.1
€y HgCL sL [ 1 <0.1 1
<) gL, 12 | 16 2 0.5 20
C12H7CJ'3 4 49 18 1 57
¢) ML, 2|25 a0 |22 21
C)oHsCle o.sf 8 | 3 |48 |12 1
¢, HClg o | 1 4 |23 |3 | <01
¢y HCly o | <0.1 6 |4 |w
¢y HCle N | N ND g | w
¢, 4 Clg o | w D 1 |
50 N | N D )
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Table 1,2-2

High Resclution Gas Chromatography of Arcclor 1248

A In fatty tissue

3 In Aroclor 1248

No. of Cl

Peak number*

h = OhFiIn N WO 5585-0134-0- -3045904-7411010391
-------- . - . s . ]

40222104435714405163202030105580.‘1123212-.I
.

01313321108927 754320110532210001000000000

5
- - - W 455 WY WY Uy WY 6 -~

a a & . & & & - a & - . a & -

232333333333333334434‘44444‘44‘556‘655666

N ~

/ >
1231_..5578901345673901234567390123456739“”3455
AAAAAAAMAANTANNCNINNINNNNMMMOMOMM ANy
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Figure 1.2-1
Moieties from Which Principal
Chlorcbiphenyl Isomers are Formed

Ct aer mast Laely sudshitution pottern
Seniqne ring
=]
Q Q Q
2

a a
O O~
a a
5D o
a a a a a
a a
4 -Q—a

Q

comon subgtitution pattarns for the chlorobiphanyls

PCB preparations. Only one phanyl-ring is shown. The
abundant tetrachlorcbiphenyls, for exarple, are those fram
dichlorophenyl-moisties shown. e di- and one trichlorophshyl-
give most apundant penta-chlorobiphenyls, etc.

e
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Several comments are necessary at this oint: The importance of
such detailed determination and idsptificatjon of the isamars characreristic of
the commarcial FCBs lies in the cbservations, to be discussed below, that bio-
accunulatad chlorobiphenyls show what appear to be significant differences in “ha
distributions of the individual isamers fram the source materials. The rost pro-
bable explanation for thase cbservaticns seam to be that ar least sam of the
chlorcbiphenyls are metabolized principally to hydro=chlorebiphenyls. Only
after very complete isOmeric spectra are available can such effects be properly
studied.

Secordly, the detailed study of the PCBs has shown that thaere are
no major conpowrds in these mixtures aside from the chlorobiphenyls. On the
othar hand, products formed by the addition (rather than by substitution) of
chlorine to the biphenyl rolecule in laberatory studies, viald significant cone
centrations of partially saturated structures. Thase structures are apparently
eithar not formed under the conditions of chlorination that prevail during the
industrial processing or alternatively are dastroyed during the purificarion
steps of the process. In contrast to the Aroclors, sam of the forsign products
have shown traces of polychlorinated naphthalenas and polychlorodibenzofurans:

a fact that may have considerable toxicological significance in view of the rather
more toxic nature of these lattar products. However, recent information published
by FOA indicates that impurities of chlerodibenzofurans have besn also detected
in Arceclors.

1.3 Fhysical Properties of the PCB Aroclors

Tha relevant physical proparties of the Aroclor mixtures naturally
SEpArate into two gTOUPS; those proparties that have led to the widespread inm-
dustrial use of these matarials, and those proparties that rssult in the intro-
duction of these matarials into the environmant with what appears to be con-
siderable potantial danger.

1.3.1 Pysical Properties of Industrial and Technical Interest

Tha moet useful coapilation of the physical properties of
the various Arcclors that has so far appearsd in the literature is that given
by Hutzinger, et al (ibid), a portion of which is harein reproduced (with minor
changes) as Table 1,3,.1-1.
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In addition to the chemical stability and resistance -=o
corbustion illustrated in Table 1.3.1-1, the electrical properties of the 3
Arcclors are of extreme significance in the utilization of these materials. =
campilation of the relevant data is presentsd as Table 1.3.1-2, which iliussraras
the nature of the prublem that is encountered when one undertakes a search ‘or
a suitable substitute for these compounds in such seqments of the electrical :n-
dustry as the manufacture of capacitors. Specifically, the dielectric constancs
for most dielectric liquids lie in the range up to perhaps half of that of the
polychlorinated biphenyls.

1.3.2 Physical Properties of Envirormental Interest

The essentially world-wide distripution of the chlorinated
hydrocarbons such as the PCBS suggest that a major routs by which such compounds
are transported is through the aumosphere eithar in the form of vapor or perhaps
sorbed onto dust particles. In addition, it is observed that there isg a wide-
spread accumilation of these compowrkds within the biota ranging from the smallest
on up the food chain until truly enortous loads are found in the highest mambers
of the chain., Since this bicacoumulation also includes the aquatic biocta, the
rossibility of considerable transport via the solubility of these compounds in
water must also be taken into account. Table 1.3.2-1 lists some of the vapor
pressure and solubility data for sevaral of the Arcclors (D. MacKay and A, W.
Wolkoff, Env. Sci. and Tech., 7, 611 ££ {19731},

The analysis of co-evaporation (MacKay, ibid) of dilute solu-
tions of the Arcclors by equilibrium thermodynamics suggests that, because of the
very high activity coefficients of the chlorobiphenyls in water, the potential
for evaporation is quite high encugh that this mechaniam is a major portal by which
such capourds entar the agmosphere. The fourth colym of Table 1,3.2-1 indicates
the theoretical tims for a fifty percent reduction in the concentration of the
Areclor fram a saturated water solution {(pure water plus FCBs), assuming the water
dapth to ba 1 meter thick. Clearly, the results of this analysis need to be ex-
parimentally verified.
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Table 1-3.1-2
Electrical Properties of Scme Aroclors

Volume
Dielecujz.c c:anst:.n: resisti w‘.ty,b o4 . Power factor,®
at 1000 cycles® 8 am at 100°C electric 100°C, 1000 "

Arcclor IS‘E‘——‘:%M'C‘ 500 V, de strength,© kv cycles, %
1232 5.7 4.6 i
1242 5.8 4.9  above 500 x 10° >38 0.1

1248 5.6 4.6 above 500 x 10° »35 <0.1

1254 5.0 4.3 above 500 x 10° »35 <0.1

1260 4.3 3.7 above 500 x 10° »35 0.1

1268 2.5

s442% 3.0 4.9  apove 500 x 10° - -

s460* 2.5 3.7 — - -

2\STM D~150-47T
Brom D-257-46

CASM D-149-44

*Polychlerinated texphanyls
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Table 1.3.2=1

Solubility, Vapor Presure and Halflife for
Vagorization from Water of Selectad Aroclors at 25°C

Theoretical halfli‘fe

Solubility Vapor Pressure for vaporization
PCB Type (mg/1) (mm Hg) from 1 m. water colum
Arcclor 1242 0.24 4.06 x 10°% 5.96 hr.
Arcclor 1248 5.4 x 102 4,94 x 107% 58.3 min.
Areclor 1254 1.2 x 1072 7.7l x 1070 1.2 min.
Aroclor 1260 2.7 x 1070 4.05 x 1077 28.8 min.
-43-
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) As pointed cut above, not only is each of the Arcclers a
mixture of several chlorcbiphenyls, but thare are a number of isamers presene for
each of the chlorchiphenyls. Thus, the solubility of an Arcclor, or the vapor
pressure of an Aroclor, represents an average over the various species that make
up the mixture. To illustrate the effect of the structural camplexity, Table
1.3.2-2 (Hutzinger, ibid) details the measured vaporization rates of the several
Arcclors. On the other hand, the changes in the mixture corresponding to Areclor
1254 on extanded heating are displayed in Table 1.3.2-3 (Hutzinger, ibid).

The possible implications of these data lie in the fact that
much of the Aroclor that is found in typical envirormental samples seams to
demnstrate lessar amounts of the lower chlorine number chlorchiphenyls than is
characteristic of freshly manufactured samples, This cbservation has frequently
bean attributed to possible metabolism of the more lightly chlorinated species
coupled with enhanced fixation of the higher chlorinatad speacies.

A partial listing of the measwed solubility in water of
identified authentic chlorvhiphenyls is shown in Table 1.3.2-4 (Hutzinger, ibid)
ard the effect of the solubility differences of the individual chlorcbiphenyls
on the constitution of Aroclor 1254 solutions is illustrated in Table 1.3.2-5
(Hutzinger, ibid).

A factor that is most probably of considerable importance in
the admission of such compounds as the PCBe into the environmant is a measure of
the partition coefficients between such intarface systans as 0il-air; soil-water;
lipids~watear; and, more generally, watar-sclid particles. At the present time
there seams toO be very little actual data available in dirsct form, although much
should be possible to infar from the effects of various cambinations of stationary
phase and spport in gas chiromatography on the retantion index. An interesting
and probably significant point of datum has been presentad by D. R. Branson of
the Dow Chamical Co., who reports that the distribution of 2,2',5 trichlorobiphenyl

betwesn slidige-watar-air was 924-34-5%, respactively.
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Table 1.3.2-2
Vaporizacion Rates of Arcclors

Vaporization
Aroclor 2 Wt. loss E:FTEEfE ra;e
{Surface area; 12.28 ar”) (g} {hr} {g/am” /)
1221 0.5125 24 0.00174
1232 0.2572 24 0.000874
1242 0.0995 24 0.000338
1248 0.0448 24 0.000152
1254 0.0156 24 ¢.000053
1262 0.0039 24 ¢.000013
1260 0.0026 24 0.000009
1270 (Deca) 0.0015 24 0.000005
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Table 1.3.2-1

Percent Loss in Area of Seven Chromatogram
Peaks of Arcclor After Heating

% Peak Refalrung After Heating

with water without watar
Arocelor 1254 peak 25 min 60 min R UE
1 34 17 13
2 59 26 15
3 78 27 20
4 60 46 20
5 86 49 27
6 100 85 : 28
7 100 67 16
-46~
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Table 1.3.2-4

Solubility of Chlcrobiphenyls in Water

Campound Solubility mg/l (pmm)
Monochlorobichenyls
2- 5.9
3= 3.5
4- 1.19
Dichlorobiphenyls
2,4~ 1.40
2,2'- 1.50
2,4'- 1.88
4,47 0.08
Trichlorobiphenyls
2.4,4'- 0.085
2',3,4- 0.078
Tetrachlorabiphenyls
2,2'15:5.- 0.045
2,2',3,3- 0.034
2-2'1305" 0.170
2-2'14;"‘ 0.065
2:3'1‘1"- 0.058
2,3'.4',5 0.041
3,3.4,4- _ 0.17%
Pantachlorcbiphanyls
2,2',3,4,5'~- 0.022
2,2',4,5,5'- 0.031
Hexachlorobiphenyl
2,2',4,4',5,5'- 0.0088
iphenyl
2,2‘;313"‘;";5,5'- 0-0070
Decachlorcbiphenyl 0.015
4,4'-Dichlaorobiphenyl
+Twaan 80 C.1% 5.9
+Twain 80 1% »10.0
+Hhanic acid extract 0.907
-4 7=

MONS 209027



Table 1.3.2-5

Relative Peak Heights (Peak 5 = 100} in Saturatsd

Aquecus Solutions of Arcelor 1254

Saturatad aquecus

Saturatsd acueous

Peak No, solution (26°C) solution (4°C) Aroelor 1254 stardard
1 172 144 35
2 9l 12 16
3 47 41 a0
4 14 9 1
5 100 100 100
[ 33 28 23
7 57 59 5%
8 5 5 10
9 21 24 25

10 8 13 k) §
11 4 4 6
12 11 24 50
13 6 10 11

48~
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1.4 Chamical Properties of the Chlorobiphenyls

Considerable detail on the rost important chemical reactions that are
known to ccour with the chlorcbiphenyls is presented in Chapter 5 of the treatise
on "The Chemistry of the PCB" by Hutzinger, et al. Suffice it to say hers that
oxidation and hydrolysis can be carried out, but only under conditions which are
cocnsiderably more rigorous than would be cbtained in induserial applications. Thig
relative stability is, of course, one of the most attractive features of these
compounds in techrological practice.

The class of reactions to which the chlorcbiphenyls are susceptihle
and which is of most interest in terms of their possible toxicological significance
are those which result in cyclization. Of particular interest in this context is
2,2' dichlorcbiphenyl, which on cyclization yields the compound dichloredibenzefuran,
The toxicological data on these two campourds indicates the nature of this change:
the I.I:'.'C> for oral doses to rats is of the order of 250 mg/kg for the dibenzofuran
whersas the correspording toxicity for the chlorchbiphenyl is in excess of 4000
mg/kg., {(Data from the "Toxic Substances List", HEW, 1973},

The close prosdimity of the 2 and 2' substitusnts on the biphenyl
molecula facilitates intermolecular cyclization reactions urdsr a variety of con-
ditions. Of spacial intarest is the chservation that alkali fusion of 2-chlorc—

2' -hydroxybiphenyl and the dehydration of 2,2'-dihydroxychlorobiphanyl yield the
correspording chloredibenzofurans; hydroxylation of the chlorcbiphenyls is the
camen initial step in the metabolism of these compowrds. The immediate biological
significance of this is wninown at this time since the chlorcdibenzofurans have
rot bean isolated from animal experiments.

1.5 photochemical Reactions Involving the PCBs

A great deal of effort has been directad t the study of tha effects
of ultraviolet (UV) radiation on tha chlorcbiphenyls since photodestruction is
belisved to be a possible mjor mechanism for the envirormantal decay of chloro-
hydrocasiyn pesticides such as COT. There has bean mxch speculation as to the role
that OV photodisintegration might play in terms of the chlorinated biphenyls.

The earlisr work was carried out using marcury vapor UV sources with the result

-49=

MONS 209029



that, because of the significantly harder radiation (marcury source 250 rm, solar
radiation at surface of the earth with an effective cutoff at 290 mm), cross
section and reaction paths are difficult o extrapolate to envirormental situations.
In more recent times, such irradiation studies have been carried cut using General
Electric "Black Light" sources which mxch more nearly approximate the spectral
digtribution of solar radiation,

A nurber of types of effacts have been cbserved including partial
dechlorination and even, in scme casas, the formation of very viscous sami-solids
that apparently arise from complex polyrarizations., Again, the extension of the
exparimental results to envircrmental conditions is somewhat limited in value
since the majority of the irradiation studies have besn carried out in solvents
cther than water. The very low solubility of even the least chlorinated chloro-
biphanyls in water makes the experimsntal study of aquecus solutions especially
difficult, particularly when the information of concern is the quantitative
evaluation of the reaction products that are formed., It must be said, at this time;
that the probability of W disassociation being a major source for the environ=-
mntal decay of the chlorcbiphenyls seems to be significantly less than that for
the chlorinatad hydrocarbon pesticides.

Since it is assumed that a major portion of the chlorinated biphenyls
are transportad and distrilbuted throughout the world through the medium of ad-
sorption on dust particles or as a vapor, it follows that studies of the stability
of thin sorbad filme or of vapors of the chlorinatsd biphenyls aqainst long term
W irradiation are of importance. The earlier attempts to discover the presence
of reaction products resulting from long tarm exposure of selected chlorcbiphenyls
to solar radiation were subject to the differential evaporation of the less chlor-
inated species; this result sericusly biased the cbesrvations. The recent experi-
ments that have besn conducted within quartz containers seam to cbviate evaporation
problens and, further, seam to indicats that the mono- and dichlorcbiphenyls are
essentially completely destroyed when exgosed to hard (W for times of the order of
weaks or months. - Problems of detection sensitivity continue to plague attempts to
elucidate the detailed mechaniwms and catiways.
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Studiesg of thin films of chlorcbiphenyls sorbed onto appropriate
surfaces have also been carried cut within a quartz enclosure. To date, the
major chjection to such experiments, in terms of extrapolation to envircrmental
onditions, seams to be that the concentration, or rather the absolute density
of the surface layer, is sufficiently high that the activated species remain in
contact for sulficiently Iong times as to allow the formation of products that
might well be very rare events in corressponding envirommental concentrations.

At this time there appsars to be significant research being directed
to the determination of the stabiliry of chlorcbiphenyls against ultraviclet
radiation and that it is to be expectad that the situation which cbtains in
typical envirormental conditions will be grestly illuminated in the near future.

1.6 Matabolic Cheamistry of the Chlorcbichenyls

The very carbination of physical and chemical properties that have
made the chlorcbiphenyls and their technical mixtures of such wide tachnical
intarest also result in these compounds being of significance as envirommental
pollutants, espscially in texms of their irpact on the biota. The very low
chamical activity, coupled with high lipid-watar partition coefficients, ap~
parently contributs to the bicaccuymulation whareby the chlorvbiphenyls,
pecially the more highly chlorinated species, tend to becoms fixed within the
body fats and particularly in higher mambars of the food chain. There is evidence
that this fixad load of refractary chlorinated crganic materials, or the circulating
levels of the same capounds that must accarpany such fixed loads, represents a
sericus hazard to the bearer or progeny. The toodc consequences of body burdens
of chlorchiphenyls is more fully discussed in the section of this report concerned
with toxioology of the chlorcbiphenyls.

The machanismg by which an organism can deal with ingestad refractory
corpounds are naturally ssparated into physical and chemical processes. The
physical processes are primarily associated with the requirements of free energy
across the boundary betwean differing phases such as a watar-lipid boundary, or
a cell wall, etc. Since thare does not exist a significant body of partition
coafficiant dats for various corbinations of intarfaces, little of a quantita-
tive nature can be statad as to the biological significance of such physical
processes.

-51-
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On the other hand, as is pointed cut in Section 2.4, hydroxylation
is a rather easily accamplished process for at least the less chlorinarted chloro-
biphenyls. Thus, it might be assumd that one should cbserve the hydroxylated
chlorcbiphenyls as intarmediate metabolic products in a variety of organisms.
Experimental data is availabls to indicate that such hydroxylation processes are
indeed exhibited by a wide variety of organiams. The principle spscies re-
latad differences seam to be in the rate at which such processes are found to
ocour —— very rapidly in rodents and very slowly in fish. In addition, once
the target chlorcbiphenyl has besn hydroxylated to a more or less degree, there
appear to be available a wide variety of species-specific addition processes
which could make use of the hydroxylated molecule. Interestirgly, there is to
datas no evidence of biologically or metabolically induced cyclization; it thus
appeary likely that the chlorcdibenzofurans are not biologically formmd.

The salient cbservations to dats on the metabolism of chlorcbiphenyls
might best be sunmmarized as follows:

a. when tha challengs to the animal is a tachnical
mixture of chlorchiphenyls, there is a prefersntial
storage of the rore highly chlorinated species, with
the result that the homologue spectrum of stored
PCBs often reprwsents a nore heavily chlorinated
mixture than the original test mixture.

b. Thare is axflicting and oftan speciss—dependent
data as to the mechanism by which the less chlori-
nated spaciss are differentiated; whethmr the pro-
cesses involve metabolism, plysical partitioning,
or sum cembination of such processes has not been
settled. '
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c. Conflicting and confusing evidence exists indicating
marked differences in accamlation and differentiation
betwesn specific isomars especially at the middle levels
of chlorination. These diffsrences alsc seem to be
species-dependent in a number of casas,

d. There is significant evidence that PCB metabolism
proceeds through an intermediate step of hydroxylation
{oftan this appears to be the taminal step whereby
the increased aqueous solubility of the hydroxylated
species accarplishes the end of its ramval).

a, There are several cobservations indicating that isc—
marization can be accomplished during metabolic
reactions. In this context, the results of Bagley
and Cromartie (Bagley, G.E. and E. Crumartie,

J. Chrem. 75, 219226, (1973)), with the elimination
of Aroclor 1254 in the Bobwhite, are rost pertinent,

In conclusion, thwre has been much work directsd to the study of the
mechanisns whareby living organismme are able to eliminate chlorinated bipheanyls
from thair system. In spits of this effort and because of the inherent cam
plaxity of this subject, ths nature of thess mechanisms ramains a mystery.
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SECTION V

DIDUSTRIAL CHARACTERIZATIONS

1.0 INTRODUCTION

This section discusses polychlorinated bighenyls (PCBs) production and
each PCBS user (capacitor, transformer, investment casting, paper recycling
and miscellanecus) manufacturing process. Whan nown, for each cperation
the following information is given:

Name and the location of conpanies in each category;
A description of the procassas at the facilities studied
and pertinent flow diagrams, where appropriate;

Raw waste load data per ton of PCB used and scurces of
these wastss;

. Watar usage data in tarms of gallons per day;

. numéadhmkmingmsprmcdacm
facilitiss and on—going PCH contairment prograns)

. Plant waste efflusnts found and their camposition.

2.0 MANUFACTURING PRCCESS - POLYCHIORINATED BIFHENYLS (PCHS)

2.1 Processas mm

Monsanto, the sols domestic menufacturer of PCBS, manufactures
this chamical in their Sauget, Illirois plant. The bagic raw material is
biphanyl which is manufactured from pure benzene in another Monsanto plant.
The PCB manufacturing cparation is cnducted in two steps. First, hiphenyl
is chiorinated with anhydrous chlorine in the presence of farric chloride to
procuce crude PCBs and then the crude PCBs are distilled to dbtain the finished
product. A schematic flow diagram of this process is given ‘n Fiqure 2.1-1A
and B. :
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PIGURE 2.1-1A. PREPARATION OF CRUDE CHLORINATED BIPHENYLS-MONSANTD KRUMMRICH PLANT
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The reaction section consists of 6 reactors (3 batch and 3 cascade).
Currently, Monsanto manufactures four different types of Aroclors (1242, 1816,
1254 and 1221). For the manufacture of any given product, the chlorinator is
charged with proper quantities of biphenyl and catalyst and heatsd abowve the
melting point of biphenyl. The flow of vaporized chlorine is then startad and
the charge is circulated with a putp., Throughout the chlorination, the teampera-
ture is kept above the melting point of the mixture, but below 150°C to avoid
excessive sublimation and plugging of the line discharging the hydrogen chlorine
sroduced by the chlorination. The rsaction pressuze is maintained near atros-
pheric. The degres of chlorination is principally determined by the time of
contact with anhydrous chlorine. The contact tine varies from 12 to 36 hours
for the marufacture of differemt Arcclor types. The degres of chlorination
is measured by the specific gravity of the mixture or the ball and ring soften-
ing point whan the product is viscous.

The vapors fram the chlorinatar (HC1 containing PChs) are scrubbed
with liquid Aroclor and the gassous HCl is sent to another plant at the Sauget
camplex for purification. The crude prodict is held at an elevated temperature
and blown with dry air for several hours, aftar which it is sent to the raw
Aroclor storace tank whare a few tanthe of 1 percent of alkali are stirred with
the material to react with any remaining hydrogen chloride or ferric chloride.
The air from the blower tank is scrubbed with water and ventad to the atmospherw
through a demistar.

The raw Aroclor is subsequantly batch distilled under reduced pres-
sure to remnve the coler, ad the traces of hydrogen chloride and ferric chloride.
The mathods of purification are differwnt for the diffarent types of end pro-
ducts. Raw Aroclor 1254, 1242 and 1221, each are distilled in stills under re-
duced pressure, achisved via stsam jet ejectors; the condensate fram the still
is the finished product while the bottoms are the Montars which are drummed and
smt to incineration.

The distillation section for the 1016 prodict consists of a gas fired
retort and a vacuum distillation tower. The latter is used to allow the separa-
tion of the highar chlorinatad, less biodagradable compounds from the relatively
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lower chlorinated ard more biodegradable cnes. The raw Arcclor (428 chlori-
nated material) is fed intc the reloiler. The vacuum in the tower is maintained
at about 100 mm Hg by stean jet ejectors. The steam is partially condansed ard
tha condensate is discharged into the plant dischargs sump. The first cut from
this tower is recycled back to the retort. At a preset cverhead temperacure
the 1016 product is collected and sent to the product storace. The high boilirg
residue from the tower is sent to a subsaquant chlorination cycle and the re-
sulting raw Arcclor is distilled in a still. The cverhead from this still is
the finished product. The bottaons from this tower are the Montars. The spent
ferric chloride catalyst, used in PCB manufacturing, is sent to incineration
with Montar residues.

For special orders, in order to increase electrical resistivity,
the Aroclors are stirred at an elevatad tamperature with a few tenths of 1%
of well—dried fuller’'s earth and then filtered through paper.

All Aroclors are stored at 150°F. Staam coils are used on tha
storage tanks for heating these tanks.

2.2 Raw Wastas

The raw wastss from the mamufacturing azea ansist of the liquor
from the scrubber, the condensats from the stsam jet ejectors, water used for
showars and eye bathe, miscellanscus floor wash downs, waste oil collectad in
drip pans ard drums, and montars which are the bottom cut from their stills.
The camposition and the quantitiss of the individual wasts stream are rot moni-
tored. All efflusnt stresns gersratsd in the menufacturing area are directed
into the surps in thig area. The wasts oil collected in the drip pans and the
Montars are emptied fnto 55 gallon drums and sent to incinsration.

The raw wastes gummratad in the incinarator conaist of the venturi
scrubber liquor and the water phase from the ssparator sump in the incinerator
area. The compomiticn of the combined stream is monitored, However, the com-
position of the individual stresne is rot own. Non-product PCB discharges
are shown in Pigqure 2.2-1. It har besn estimated that this plant genarates
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FIGURE 2.2~1. NON-PRODUCT PCB DISCHARGES AT MONSANTO'S KRUMMRICH PLANT
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aboyt 25 lba of scrap oil and Montar per ton of PCB produced, Additicrally,
the quantities of material sent to landfjill approximates to 5,4 lbs per ton of
PCB produced. Purther, Monsanto reports that the plant's PCB contribution o
cthe air is under 1 lb/day.

2.3 Plant wWater Usage

On the averags, the PCB plant uses a maximum of 388,800 gallons
of water and a maximun of 360,000 lbs of steam dailv. Water is used for non-
contact cooling purposes in shell and tube condensers, in a water scrubber, for
floor washings, for showers and in eye baths., Steam is used in the steam jet
ejectors and for steam tracing purposes. The plant uses municipal water and
purchased steam,

The process water from this facility consists of the liquor from
thair scrubber and the steam condensates which are discharged in one of the
two surpe in the manufacturing area.

Aditionally, 273,600 gallons of water are used in the incinerator
daily for quenching the hot qases from the fire box. The resulting weak muria=
tic acid in the quench pot is used in the venturi scrubber ard in the packed
towmr, '

The typs and quantities of water used and discharyed at this plant
are summarized below:

Water Balarce
. Mamifacturing Plant

Used Discharyed
Process Watesxr
in watsr scrubber 14,400 14,400
misc. floor wash downs 7,200 7,200
condensats from steam jet ejectors - 14,400
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Water Balancs (Con't)

. Manufacturing Plant

Quantities, GPD

Used Di ad
Non contact cooling water 160,000 160,000
showers, eye bath 7,200 7,200
condensate fTam steam tracers — 28,800
Total 388,800 432,000
. Incinerator

water used for hot gas quenching 273,600 273,600
water chass fram the sunp — 14,400
Total 273,600 288,000

2.4 Hastswater Treatmant and Housekesping

Monsanto reparts significant envirommental controls at their
Krummrich, Sauget plant. Since 1969, they have investsd more than 22 man-years
of work and millions of dollars in this program. The in-house goals have re-
duced the PCE discharges into watar to about three pounds per day.

A Join Zink designed incinsrator was erscted at Sauget in 1970 to
safely disposs of PCls. A schamatic flow diagram of this cperation is given
in Figure 2.4-1. Arcclor is steam atomized arxd fed into the fire box. Natural
gas is used for combustion and the feed is incineratad at temperature above
2200°F at S parcant eomss oxygen with a retantion time of 2-3 ssconds. The
gases are quanched with wetar and the eodwusts from the quanch pot are passad
through a high-enargy venouri scrubber, than through a packed column which is
irrigatad by the weak mxiatic acid originating from the quanch pot. BExhausts
are than ventsd to atwosphsre through a denister. These exhausts as well as
the afflumt from the incinsrator section are monitored.

mmuﬁmm“,manmm
piping which flow into a 10,000 gallen undargrowd concrete basin. The water
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FIGURE 2.4~1. PROCESS FLOW DIAGRAM OF THE JOMN ZINK INCINERATOR
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layer from this basin is purped continucusly, combined with the scrubber ligquor,
metered, monitored and discharged into the sanitary sewers of the Sauget cam
Plex and from there it is sent t2 the East St. Louis mumnicipal sewers. Thea
Organic phase from the sutp is periodically pumped intn waste starage tanks for
incineration.

" The incineration unit has a rated dasign capacity of 10 million
pounds par year. However, since the start of its operation this unit has
achieved a service factor of about 0.60. Monsanto reports that this incinerator
can achieve a maximam of € millicn pounds of capacity anmnually; the unit is
plagued with various mechanical problems.

Monsanto uses their incinerator to process both their own wastes
and as a service to other industries. Tha service charge for incineration is
an average of 5¢ per lb of material, but the cost appears to be increasing,

The incinerator feed is brought into the plant either by truck in
55 gallon sealed drums, by tank trxcks or by rail. The drume are Cpenad,
picked up by a fork lift and emptied into a concrets pit. The tank truck
carrying the waste liquids entars the incinerator area and the liquid wasts is
then purped from the truck into the pit. The material in this pit is periodi-
cally purped via a vertical certrifugal pum into one of the four 20,000 gallon

incinerator waste fesd tanks.

Tw rail car is brought into a designatad area close to the incinera-
tor site. The matarial from the rail car is rormelly purped into a long temm,
500,000 gallon storage tank. The matarial from this tank is pumped into the
incirsrater feed tanks located on the incinerator pad whan required.

Drainage is provided along the rail tracks. Thase drains empty
into the 10,000 gallon smup located under the incinerator pad.

In the menufacturing arsa, Monsanto has taken a number of significant
staps to pravent loss of FChe to the envirornment. Drainage is directed to
trenches ard piping, and then to e of o concrets 3,000-gallon undergrourd
settling basins. This insures PCB contairrmnt in case of accidental spill or
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aquipment failure, Relief valve lines and atmospheric vents are routad through
catch tanks, or are redirectad to settling basins,

Whan small quantities of PCBs are collectad in the settling basine
of the mapufacturing area they are later purped into SS ¢allon drums, and
eventually incinerated. The overflow from these sumps 18 corbined with the ren-
cantact cooling water used at the plant, monitored and then discharged into the
Sauget catplex's sanitary sewar and from thers to the East St, Louis municipal
systam.

PCBs are packed and shipped in galvanized-stael 55 gallon drums,
or in railroad tank cars, All tank cars are top loaded. In the dnum filling
area spills are cleaned via rags or floor dry and these matsrials are drummed
and sent to landfill located in the town of Saugmt,

In the PCB truck or rail car loading area, drainage is directed
into a small concrete pit. The matarial accumulated in this pit is periodically
puarped inte the baginsg locatad in the manufacturing area. '

Nitrogen hlanketing is provided on storage tanks to eliminate any
"breathing” of the tanks and resultant PCB ascape.
Mist eliminators have been installed in vapor lines to eliminate
the possibility of PChe lsaving the mapufacturing area through thess lines,
Finally, undargrowrd sswers have besn replaced with above—grourd
sswers, and repaired or cowbined with others, so that the effluent from the
departmnt can be monitored. In addition, this step will prevent any uniknown
buildyp of PCBe in the sewar systams or any contamination of PFCBe into other
SPWry.
A high housekeeping leval is maintained in the plant itsa]f,
Housekeeping responaibilities which the opsrators have assumsd are as follows:
. ALl purpe are checked for leskage on every shift.
Drip pans that collect leaks are emptied into
scrap PQB drums.
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+ All leaks are reportad and documsntad so that
corrections can be made and settling basing
chserved,

. "Floor Dry” is used to absorb any PCBs that
have spilled or leaked. 1If it becomes necessary
to flush PCEs to the settling basin, a minimm
amaunt of water is used.

. Sampling drums and scrap PCB drums are quickly
palletized, labelled arxi transferred to the in-
cinsration area.

2.4,1 Treatment Facility for the Effluent from Sauget Corplex

The processing and incineration departments' aquecus effluent
entars the plant sewar system, and this system discharges into the Sauget Village
wvasts sewar systam. The combined strears then flow to the village primary treat-
mant plant. The village treatment plant is under axpangion to a sscondary
chamical treatmmnt plant, scheculed for 1976 carplaetion.

Additionally, svaluations are being conducted to inciude the
village plant discharge in a projected regicnal biological treatment plant.

2.5 Plant Efflusnts

This plant has no point source discharge from their cperation.
Thare is a single discharge from the manufacturing operaticn (the cambined
strwam of process and non-contact cooling water) to the main sewar systam of the
Sauget complex and thare is a second discharge from the incinarator area to the
sama sewar systam. The cxposition of these streams as reportsd by Monsanto are
as followe:

Effluant from the Effluent from the
Mamufacturing Incineration
Operation area
flow vate, gpd 432,000 288,000
PCBe, ppm 0.75 0.1%

. (Ba, lbs/day 2.70 0.36
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It has besn reportad that these effluents are clear liquids with
essentially no suspended solids, The incinerator effluent may contain scme
aonts of chloride. However, no information is available on the chlorida
contant.,

3.0 PCB USER INDUSTRIES

3.1  Askare] Capacitor Manufacturing Industry

Presantly 90-35 percant of all impreqnatad capacitors manufactured
in the U.S. are of the PCB type. Two important types of capacitors are phase
correctors on power lines and ballast capacitors for fluorescent lighting,
Aroclor 1016 is the principal PCB used in this application; at some plants
Aroclor 1242 and 1221 are also being used in limitsd quantities, The principal
types of Aroclor impregnated capacitors and their applications are given below.

A. High Voltage Power

Gararally AC capacitors are used to improve the power factor of a circuit.
Powmr factor is the ratio of trus powar in watts to the apparent power as cb-
tained by miltiplying the current flowing to the load by the circuit voltage.
The powar factor correction can be made directly at the load or at utility sub-
statiens. In the lattar case high voltage uvnits will be designed for 4,800 to
13,800 volt service. To the utility enginesr the use of capacitors is purely a
mattar of scoromics. The main benefits that result from the use of capacitors are:

1. Reduction of losses assocciatad with the delivery of electrical
powar to the point of use.

2. FRaduction of the investmant required in equipment for delivering
elactrical powar to the point of use, which mey be bruoken down
into:

a. Raduction of line currant for the sam kilowatt load.

b. Raduction of the kva rating of equipment required to
hardls the same kilowatt load,
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c. Reduction of the tranamission line voltage drop for
a given kilowatt load.

d. Contrel of delivered woltage if the capacitor kxva is varied.
Electric utilities also use capacitor banks in series with distribution
circuits to improve voltage requlation,

B. Low Voltage Power

Capacitors installed in industrial plants at the demand site (typically
large notors and welders) are designed for 230 to S75-wolt service. Capacitors
installed near the loads are the most efficient way to supply the magnetizing
current to produce the flux necessary for the cperation of inductive devices,
Ratas for the sale of power are genarally structured to encourage power factor
correction at the site, eliminating the nead for the electric utility to trans-
mit both powar-producing current and magnetizing current all the way fram the
genarator to the plant sita.

Tha sam considerations apply to induction heating applications, the
principal difference being that capacitors for this application are designed for
operation at 960 to 9600 Hz,

C. Lighting

Capacitors improve the efficiency of lighting systens. A fluorescent or
mErcury vapor lamp can be ballasted without the use of a capacitor, but the power
factor of the lighting systam would then be in the range of 50 to 60%, For cammer-
cial or industrial lighting with either fluorescent or high intensity discharge
larps, the use of a capacitor in the circuit provides part of the lamp ballasting
and brings system powar factor into the range of 90 to 95%.

D. Air Comditioning

As in the lighting applications, the capacitor improves systam efficiency.
Alr conditionsrs could be made to operate without capacitors, as do hame re-
frigévators, but because of the highar capacity required for air conditioners,
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the resultant line current would virtually eliminate hame "plug-ins® and would
still further overburden a seriously threatened national power network. Almost
all air conditioner pump motors are of the split-winding type on which the
capacitor provides phase differential for the sc—called start winding, thus
delivering good starting torque. The proper size capacitor permits high (90%)
power factor after start-up.

E. Industrial Electronics

This market category is a catchall covering many varied applications, two
important ones being motor run and powar supply applications. Motor run appli-
cations are for pamps, fans, and famm feed equipment, and do not differ signifi-
cantly from air conditioning applications. The power supply market uses capacitors
principally to provide high power factor, but through careful design the capacitor
can also provide wave shaping wWhere desired.

3.1.1 Askarel Capacitor Mammufacturing Flants

Thate are seventssn corpanies in the U.5. which manufacture
askarel capacitors at ninetesn plants. The nama and the location of these plants
are given in Table 3.1.1-l1. Som plants manufacture industrial capacitors cnly
and othars memifactixe XWEL Capacitors.

Ten major companiss ware contactsd. Detailed information was
cbtained cn six plants. Four plants ware visitad. The data harein represents
approximataly 50 percant of 1974 PCB usage in capacitor application. The PCB
usage in this category was approximately 22,000,000 lbs. in 1974. The FCB usace
in individual plants is considered by these companies to be confidential infor-
matiom. The range of AP usage at these plants was 64,000 fold in 1974. Plant
ages range from five to thirty-seven years.

Capacitors used in lighting and air conditioning applications
cntain 0.08 to 1.0 lbe. of Aroclor. Tha largest power capacitors contain about
77 1bm. of Moclor. The most popular size contains 36 lbs. A sketch of a
mdium sizs industrial cepacitor im shawn in Pioure 3.1.1-1. “apacitors are not
rebuilt and retizned to service after failure. They are disposed of and replaced
by new units. G.E. reports that high woltage utility capaciters, low voltage
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FIGURE 3.1.1-1. MEDIUM SIZE
INDUSTRIAL CAPACTICR
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Table 3.1.1-1

U.S. Capacitor Mamnufacturing Industry Using PCBS

Comparty Nams
{In crder of PCBs Usage)

General Electric Company

Westinghouse Electric Corp.
Aearovox
Universal Manufacturing Corp.

Cormell Dubilier

P.R. Mallory & Co., Inc.
Sangamo Electric Co.
Spragus Electric Co.
Electric Utility Co.
Capacitor Specialists Inc.
JARD Corp.

York Electzunics
McGras-Edison

RF Intaronics |

Axal Electronic, Inc.
Tobe Deutschmarn Labe.
Cine~Chrame Lab, Inc,

location of the Plant
Hudson Falls, N.Y.

Ft. Edward, N.Y.
Bloomington, Ind.
New Bedford, Mass.

Bridgeport, Conn.
Totowa, N.J.

New Bedford, Mass.
Wayrasboro, Term.
Pickans, S.Carolina
North Adams, Mass.
LaSalle, Ill.
Escondido, Calif.
Bamnington, Vt.
Breokdyn, N.Y.
Gremrwood, S. Carolina
Bayshore, L.I., N.Y.
Jamica, N.Y.
Canton, Mass,

Palo Aleo, Calif.
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powar capacitors, and induction heating capacitors are manufactured at a rate of
200,000 par ysar, aboyt 2 to 3% of which are replacements; the balance are for
naw installations, The current market for capacitors used in lighting appli-
cations i3 about 44,000,000 units anmually of which 10% are estimated to be
replacerant ballasts. The current market for capacitors in air conditioning
application is above 12,000,000 units annually, with S5t of these estimated to
be for replacement usage. The market for capacitors in induserial electronics
applications is estimated at 23,000,000 units per year with no estimats as to
the relative size of the replacemant market.

3.1.1.1 Askarsl Handling

In most plants PCBs are shipped via tank car to a
rail siding several miles from the plant. Individual plants provide a de-
signated tank truck for the transfer cf the PFCBs from the rail yard to the manu-
facturing plant. 7o large plants, PCBs are brought via rail cars into the plant.
site.

In most plants PCBs are unloaded and transferred to
the PCB storage tank without the benefits of any curbe or diles. AL 2 vexy few
plamts, the unloeding oparaticn of the PCRBs from the tank car to tha storage
facility is confined and the receiving area is rcofed and dikad.

PCRs from the raw storage PCB tanks are filtered
through fuller's sarth and stored in finished product storage tanks, PCBs are
next panped from tho storage tanks to the impregantion areas for use. Excess
PFCBs from these areas are recycled back to a designated tank and from there either
filtered and reused o, if defective, sre pumred into the scrap storage tank.

Spent fuller's earth exployed at thesa plants is
aither drumed and stored at the plant site or is sent to a landfill,

-

70 MONS 209050



3.1.1.2 Process Description

Most plants in this category manufacture either large
alpacimrl cor small (including less than 2 lbs, of PCBs) industrial type
umnits. The large capacitors are eithar flood filled or manifold filled. All
small capacitors are flood fillsd eithar in a vacuum tank or in an autcmatic
"carcusel” arrangement where loading and unloading occurs at cne station, and
the capacitors in each cell are progressively dried, evacuated and filled.

A genaralized schematic flow diagram for the manu-
facture of large capacitors and smell industrial capacitors are given in Figures
3.1.1.2-1 and 3.1.1.2-2, respectively. Tha basic manufacturing cperation at these
plants can be divided into two major cperations.

a) Non PCB related operations consist of the following steps:

. Fabrication of capacitor cans, covers and brackets from
shest alunimsn cr stesl. Smallar plants, however, purchase
capacitor casings, capacitor tarminals, connectors and foil,

. Vapor degreasing cr detargent washing of metal ocomponants.
At sans plants, ultrasonic cleaning is used to clesan smaller
conponants.

Roll winding the capacitor papar or polypropylens film with
alunims foil.

. Complete assembly of capacitor componants and sealing the
cowrs. In sane units £ill holes are provided for PCB intro-
duction; in others PCBs are introduced through bushings or
a velve.

. Leak tasting via AasSs spectrumstar and pressure tasting prior to
vacam drying.

b) itlk:-l:u-d oparations
‘Fm different impregnating tachniques are amployed
By this indostry,
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L)

2)

Comvanticnal flood filling of capacitors

-'m.i.ltyptot filling oparation is used for impregnating large

power and small industrial capacitors. Here the capacitors are
arranged in baskets or in large tanks which are subsecuently
transferred intoc vacum chanbers. Vacuum is then drawn and the
capacitors are kept undar vacuum at an elevatad temperature for
a ‘spacific period of time in order to evaporate the roisture from
the capacitor intariors, Tha tamperature of the tank is next
lowered and PCBs are introduced under vacuam., The capacitors are
allowed to soak for some time aftar which they are transferred to
the sealing or crimping station via mobile car, sealed, and excess
FCBs are then drained. The sealed capacitors are raxet seant to
vapor degreasing or detargent washing for clsaning the exterior
cf thesa units. The clean units are heat soaked and heat tested
in an ovan and then sent to 100% electrical tasting.

Subsaquant to electric testing, the capacitors with stsel casings
are retreatad prior to painting. The pretreacment is eithar vapor
deqreasing for painting in an electro-static field or it is
several stages of phosphatizing and rinsing opsrations, prior to
autcmatic spray painting, where watar is used to scrub the vapors
cenarated during painting. Most capacitors with alumimam casings
are marketed unpainted. Howewer, at scme plants a portion of capac=
itors with alumimsm casings are fluoride treated and then spray
printad. The capacitors are naxt aither air dried or dried in an
infrared oven prior to packaging and shipping.

Autcmatic Flood Pilling Operation (Carousel)

In this method of capacitor impregnation, the assembled units are
placed in cvens for the removal of moisture from the capacitor
intericrs. The baskets amtaining these capacitors are next trans-
farred to the carcusel charber which is at the loading position.
The carcusel passes through 13 subsequant cycles consisting of
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varicus dagrees of vacuimn applications and then subsequent PCR

_ filling and scaking positions. The PCEs are next drained out

of the chamber, and the capacitor baskets are remorved from the
vacuum chamber and tilted to drain excess PCBy into a sump locatea
adjacent to the carcusel loading and unloading station. The capac-
itors are naxt transferred to the crimping or sealing stations.
From this point on the remainder of the manufacturing steps are
identical to those employed in conventional flood £illing operatien.
In genaral, vacuam in conventional flood filling cperaticns is
achisved via mechanical pumps, whersas vacuum in each automatic
flood £illing station is achisved via & vacuum pamp and several
stages of stamm jet ejectors.

Rejectad industrial capacitors are disposed of in 55 gallon drums
either directly or after disecting. Rajectad power capacitors
which are flood fillad are retizned to the salvaging oparation.

and the intariors eooenined to find the cxuse of the electrical
ailure. Whare possible the rejectad units are then repaired and
reprocessed. Otherwise, the capacitor intsrior is discarded in a
dasignated solid waste drun, The capacitor casing is sant to vapor
decreasing and it is subsequantly sold to a scrap dealar.

{3) Manifold Filling Opsration

At sama plants, large capacitors are filled by this method. Hare,
the capacitors are oompletaly assembled, ssaled and vacuum tested;
then each it is filled individuaily under vacum through a mani-
fold. Tha capacitor valve is naxt sealed, the extariors spot cleansd
Sgﬂgiagiﬁﬁﬁgiyﬁg
cven whars they are heat socaksd for a given pariod of time prior
to slactrical testing. Thoee capacitors which pass the elsctrical
tasts successfully are vaper degreased, painted, dried, peackaged and
shipped. Tha rejects are returned to the f£illing station where



tha majerity of the PCRs are retrieved through the £ill valve
undler vacum. The rejects are next transferred to the salvage
operation.

Machanical pumps are used throughout the systam to achiegve
vacum.

3.1,1.3 Raw Wastas

The raw wastes originating from these plants consist
of scrap FCBs collectad in sunps, drums and drip pans, contaminated vacuum purp
oils, the fracticnator kottoms frum the trichloroethylene recovery, the caustic
bath used, at same plants, for purposes of peint stripping, spent detergent wash
and rinse watar from capacitor or canponent cleaning oparations, rinse watar used
in the welding and plating oparations, stesm condensate from jet ejectors, the
ssal water used in vacuum pops, watar used in phesphatizing and fluoride baths,
water spray used in the paint booths, boiler blow downs and cooling tower blow downs.

Furtharmore, in at least ona plant in tnis cacegory,
water infiltrating at a subgrade elevatocr shaft creatss an additional waste stream.

Solid wastes from these plants consists of scrap capac-
itors or capacitor intaricrs, floor dry and rage and newspeapars used for cleaning
spills, spant fuller's earth and othar filtering media used for PCBs filtration
and watarless cleanars used at scma plants for hand cleaning purposes.

Non-product PCB discharges, their source and disposition
are given in Table 3.1.1.3-1. Adsquate data to quantify the various wastes generatad
at thess plants is not avajlable. Information on wasts loads reportad by same
plants are given in Table 1.1.1.3-2,

3.1.1.4 Water Use

The watar used at these plants is in the range of
12,500 to 1,260,000 gullons par day. In rost plants, water is used primarily for
cnce~through en-cmtact cooling in vapor deqreasers, in parps and in vacuum tanks.
Plant 101 recyelas thair non-contact cooling watar through a cooling tower.
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TAHLE 3.1.1.31.

NON-PROOUCT BCB  DISCHARCES

Planes
Sourew 100 101 102 104 104 106
Vaouuh puEp ashat ALr Mr N Ar ar ar
Evaporation ¢ wentilacios ar Air Aar Aar Ar AL
Vigmee from last stage of jet ajecway ey Nane None Norwy Asr o
Parzonal Myguens [ S Sepruc tank Incuecataont L Licm’
Lanurxiey ntex ey e Sapric tank fovasiy :-uua 3:'
tprar phase (rom pap ollAGMEr mparasor  Seaar e None Noney e Koo
Senlrary ¢ dosmeric Amas' Swar Sepric tank Samr Septic tank osing
laach fiald
FysLan
CE amtaninatad wmtex River - Traammont plant Rivar L Stnmp
than £iver
Sor-amtact ool Ly weees Slvar acycled Trescment plast  Riwad Ry Sdnamp
thon river
Salnfall ¢ surims rwotf e Stomm smar ﬁm‘-:l.n v owvar Storm Sewar
Kinss wetar from oompcrsst duteryess
oy Ory wall e River?! [ Y Nons
near el in e-FCB electaolytic
e than civer
Groassd watar infiltratios L} Moy Decant than o None None
rivar
Controlled sunk druins’ o Sownr o Mvor Ravar Hone
Rinse water v ia the couscie bath
& walcding L3 s e River -] Nene
Watar el s paint scTubbing L L Mo Cooant thas o et Horw
rivat
Prowpnatiziseg Gk § Timew L] Mo -] L T havmr Nora
Scrag oul 0 drp pane, SO & SRS Inci iom Inci M Lcimgration Inconecatacm Lncinaration Incinoracuon
Spow, fuller’s sardh. clay & Lilter oue- Loinedacion Mo Lncuneration Swored an 08 Stocwd on Bite Lardf(.1]
rudgs
Kines wmtsr from dry-wpll L] Incirarstion Mo L L Hone
Fracuionmms bottomm (sladge) fsom -
truchlorg Incireraties Wovsy i - L 4 1AC LOE AT LON Incumcation
il of
Spank detargunt oRpaciaer ~ .
Spang [luocide sl L Mons L L] Incuneration None
MRjat GRPICLEORS OF GRpacisor istacwals  Landfill Larfil) Landfill Stored an site Seored o site LandfLl)
Meampipar, flooe dxy 6 cagh Lamafil] Larajf411 Seored an site Sored on s Lardfill
Couscie baih —— Mommg L] Stowwd o wite L] L -
woms: 'Sinks st dm ispregeetics arvas are amtalsed; weter fyon the SRS ATS aeEk 8 inCineratiom.
' wear twm soW-ICB, on.
’ are advisad ) ume wetarless hand clasnisy macacial prior w washing thair hands.
N

W a mEicipal lamifill,

fooe Chis GReTRCiOR amk Mgt %9 iocinerstion. Tha sluige {ame ChLS CPAIRRACNE L8 anek
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TARLE 3.1.1.3=2 QUANTITY OF WASTE LOADS
(lbs/ton of PCB used)

Plants
10 1L 102 8 s 108
1 4
Lard Destined Wasts 73'H 129 &S -4 - (3
Wastas to Incineration 100 S& 98 109 127 300
Spant Fuller's Earth to 4.1 Nm.m -3 - - Unknown
Incineration

Notas:

an estimated life of 20 years,
3.:\1.. Tha quantity of spant clay

plants store their solid wastes conaisting of spant fuller's
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Proccess water used at various plants consists of water
used in detargent washing, in ultrascnic washing, condensats fram the steam jet
ejectors, ssal water from the vacuum puarps, watear used in phosphatizing and in
fluoride baths and rinses, and water used in caustic treatment and painting cpera-
rions. Additicnally, watar is used for sanitary purposes and in sama plants it
is also used as boilar fead.

The quantities and types of water used at these plants
are given below:

Plants
130 101 132 104 10% 08
IneaAke /1 7‘0.'000 13.%00 1.000.0001 1,260,000 480,000 336,500
vatar Usage in gallons/day
Noo=centact coaling £%%.000 J.ODU: JIS.WOJ 1.195,000 387,000 326,500
Process water
Rirse watar from hot
solder dip 200 - - - - -
Decergent wmshing & 4
rinairg - 4.000 - 25,000 200 -
Prosphatizing baths - - - - 400 $,000
watar used in cin plating - - - - 12,000 -
Fluoride Lath & Tines - - - - S0 -
Wator used in paintimg 50 -
Prp ssal watar & stsam
corcdensate 44,000 -
Sanitary M543 1,500 52,000 16,000 65,000 5,000
Boilar fesd make—sp 40,000 - - 30.000 15,000 -

totea; (1) 560,000 gallone/dny of this witar is usod 48 procmss Tinse water
in nent B3 mseaciaced, eloctmmlytic capacitor oparation
(2)  Make-gp wOtar
(3) It has besn estivated that only 150,000 gallcns of this watar is
asgociatad with the ph.-:ramf.-,:num “he balance 1a used in
the remuiacture of Mica capacitns
(4) It includes water usad in paint siripping and welding operations.
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3.1.1.5 Wastssatar Trsathent

The major in-plant PCB wastes which reach water
straans originats in the impregnation areas. Due to the nature of watar
requiraments in this industry, at scms plants it is possible to signifjcantly
reduce the quantities of wastss entaring the watar systems by adoption of
proper housekeeping measures. Since thare is no demonstrated technology
available for the tarminal treatment of PCBs in wastswaters, there are no PCB
wastswvater treatmant techniques currently in use at any facility. Details o
wastewatar trsatment tachniques used at various facilities for purposes of oil
recovery Or neutralization and on-going contaiment programs undertaken by
sam plants to prevent the entry of FCEa into the snvirurment are given in
Tagk IT report, "Assesgmant of Wastswater Managemant, Treatment Technoloay, and
Associated (ot for Abatemant of FCES Conoantrations in Industrial Effluante,

February 3, 1976, pages 46 through 52.

3.1.1.6 Efflusnt Composition

Effluant fram plants in this categury range from

2500 to 1,260,000 callons per day. As indicated in the wasts trsatmant section,
thase effluants are sant eithar into receiving wvatarweys or into mmicipal sewers
without any PCB treatment. Available information on efflusnt flow ratas and their
PCB contants, for cost plants in this catsgury, are given in Table 3.1.1.6-1. More
detailed effluant information ware cbtained on four plants and Table 3.1.1.6-2
cxpares the discharges fram these plants. Table 3.1.1.6-3 lists PCB concentra-
tion of the plant intake watsr fram various scurces.

It is of interest to note that ons plant (plant 100)
Teportad large variations in the FCB ontant of the receiving watars even at the
time whan the plant was not in operation. They attributad the variations to
stomm conditions, stirring-up the sedirents from the bottom of the river and
greatly increaging the PCB concentration in the watar phase.
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TARLE 3.1.1.6-1 RANGE OF CLOW RATES & PCB
CONCENTRATION TN ITLUENTS
FROM CAPACTTIOR MANUTACTURDNG

PLANTS
Efflunne Effluent [CB Content
Flow Rate ? lEs/cay Disposition
pant No.  Quifalls  TEIUY  ava/mx  avg/max of effluent
100 001 800,000 17/85  0.1134/0.3870 River
101 Norne 9,000 16l1/161 0.0121/0.012% Sewer
102 001 807,000 9 0.060% River
002 165,000 1.2 0.0044 River
001 36,000 3.4 0.00l0 River
104 Major ourfall 1,060,000 21 0.1856 Rivar
Cooling water
& rcof drains 100,000 7.9 Q.0065 River
Lab & roof
drains 32,000 4.4 0.0011 River
Canpresior cooling
water 72,000 3.7 0.0022 River
Paint strip rinsa 50 4800 0.0002 River
10% Major outfall 650,000 170 2.00%8 Rirer
Fram spray [udnt 1,5000 13,300 . 1664 River
booths
106 Nene 336,500 26.6 0.07% Sewar
107 Nona 150,000 190074000 2.3769/5.7%46 Sewars
108" Cooling watar 48,200 45/108 0.0180/0.0432 Piver
& miler blowiown
Cooling watsr 129,000 338/70% 0.3636/0.7%85 Sowar
foof ottt 2,900 1360/2370 0.32%0/0.0%71 Piver
Storm runorf IO /11 - - Rivar
109 001 100,000 5$7/93 0.0473/0.0692 Rivar
110 Nooa 2,570 321 0.0176 Sewar
111! None 13,000 9.7 0.0013 Sevwar
uz! Norm 10,224 130 0.0110 Sewar
113 0oL 12,000 14.3 0.0014 River
126 Nora 580 6209? 0.03 Sewar
Notas: (1] O - onoe every 4=3 weeks.

{2) Contains 10,000 gpd sanitacy ;cwaq-_ard
800¢ opd of surfacwe watar wnfilrration

B) Trase facilities recycic roit of the ncn-contast aooling
water used at the planz. Thzse effiLnts ansist of a soall
fraction of thwm cooling water plus chelr sarucary discharye.

=§l=

MONS 209061



-za-

TAMLE 3.1.1.6-2
COmparison of Discharges

Plant loo 0z lod 105
Outfall 001 001 002 003 002 003A 0038 006 004
=] 7.3 7.4 7.3 7.2 6.5-12.0 5.59.8 4.0-9.1 6.6~11.6 5.5-8.8
TSS, mg/l 3 16.6 1.54 2.8 5.2 4.7 4.0 kS 9.5
OB, ppb 17 9 1.2 3.4 2 7.8 44 1.7 170
Qil & Grease, mg/l i 3.10 .38 2.18 7.20 14.40° 30.70 2.66 12.8
Alumirss, mg/1 i ND ND ND 0.1% 0.06 2.11 2.0

Laad, s/l <.08 i UK X = = (3 3 ux b
Cocper, mg/l €00 x x .03 0.02 0.04 0.03 k
Chromium, mg/1 <.00% = X ux 0.003 ND ND ND 0.03
Phanols, =g/l <.001 X [ 3 i 3 -4 ux UK [ 1 174
Iron, mg/} <.19 ux i i 2.2 0.30 0.34 1.66 0.52
D, my/1 .37 2.4% 1.7 o ux x ux .3
ND) - Non detactabla

UK = Unknown
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Table 3.L1.6-3

Intaka Water PCE Concentration

Plant 100 Lo lo4 108

Source Municipal Monicipal River Well
Water

FCB, ppb 0.09-2.5 4=7 57.0 40.0

106 1
Municipal Municipal

0.25 1.0
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3. 2 Askarel Transformer Mamufacturing Industzy

" ALl plancs in this category manufacture transformers using muneral oul
s the dislectric fluid. This dielectric fluid is the principal impregrant used
at these facilities. PCB transfoarmer oils (blends of 60 to 70 perceent Aroelor
1254 or 1242 and 40 to 10 percent trichlarcbenzene) are used in only 5-10 percent

of thass plants’ manufacturing volume.

In ganaral, a transformer consists of a e and il immersed in a
dielectric fluid. Thers are two broad classifications of transformers: distri-
bution transfoumers, which are used to step down voltages, and power transformers,
which are used primarily to step yp voltages, The precipitation power supply units
can be actually classified as a third class of askarel transformer. However, the
larger plants in this category have only two manufacturing departments — digtri-
bution and power; and they maufacture the pracipitator transformars in their
distriburion transformar dapartment. The following types of askarel transforimers
are marfactured at these plants:

A, Askarsl Distribution Transformars

l. Network (Receive up to 14,400 volts and daliver 120,
240 and 480 volts)

2. Pad - muntad (Receive up to 14,400 volts and daliver
120, 240 and 480 woOlts)

j. Fole - munted (Receive up to 14,400 wolts and daliver
120, 240 ard 430 wolts) The application of these trans-
formars in power distribution systems places a great
premium upon their reliability and high overload
capsbility.

4. Precipitator power supply (Receive 480 AC volts and
daliver 50~60 kilovolts low ampsrage DC) Thess units
ars gumrally installed close to hot gas stacks in
an atmosphare that would be a fire hazard to oil-insulatad
tranaformars ard a corrosive hazard to opan dcy-cype
tranatoroars. Sealed dry-type transformars are impractical
for high-voltage DC.

-84~
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Voltages listed cover the majority of askarel distribution trans-
formers. Product scope inclides up to 34,500 primary volts and virtually any
‘sscordary voltage, 34,500 and balow.

Quantities of askarel used in this class of trapsformers are in
the range of 500 to 5,000 lbs. in each unit deperding on the rating and the size
of the transformar.

A great majority of distribution type transformers have pro~
vision for venting. Many of these units are equipped with spring loaded venting
devices which vent upon a pressure excursion, and diaphragm rpture discs are
offerwd as a custaomar option.

B. Askarel Powar Transformars

1, Secondary substation
(a) Load centar units
(b) Secondary substation qenaration units
(c) Switchboard units
(d) Intarnal units
(e¢) Motor control units
These 5 cogrise the largest group of askaral-
ingulated transformars and they find widespread
application in tha autrxmbile, paper, chemical,
tmctile, steal, nonferrcus swtal, cemant, mining
and petrolem industries. They are usad in com-
marcial and public huildings, sxch as schools
and hospitals; in defense and nuclear energy
installations; and by privats and public utilities,

2. Mastar unit substation

3. Primary unit substation
4. Limited ampere substaticn
5. Industrial furnace

-§5-
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Furnace transformers used in the hot, dirty atosphere
mwwmgmmlmmmm.mmmwmmg,
low voltage power supplies (Tecaive up t©o 15,000 volts and comtain 2000 e 4000
lbs. of askarel each). DExisting technology does not pammit construction of
sealed dry-type transformers for these powar ratings.

6. FRactifier

Rectifier transformars used for large rolling mills and rC
industrial power sucplies (receive up to 15,000 volts AC and daliver low voltage
high amparage OC. Each unit contains about 19,000 lbs. of askarel). These units
are covered by the some caments given for industrial furnace transformers.

7. Transportation
Failroad transformars used on-board in electric locomotives
or multiple unit electric railroad cars (recaive wp to 23,000 wolts and contain
700 to 2400 lbe. of askaral in each unit depanding on the rating and size of the
tTanaformars) .

(a) Third rail

Thase transformars are used for rapid transit
systand, and are basically serving a rectifiar
fmetion

) Loccootive

Prior to 1932, all on-board transformars were opan
dry type. Because of problems with them, railroads
want to asiaral-insulated transforrmrs. Tha changes
in locomotive design sinoe the 1910's would not row
accoppdate opan dry-type transformars as replacemsnts
for askaral units. A recant trend has besn to replace
askaral by oil units, and this will contime unless
new Degmrtrant of Transportation regulations require
nonflamrebility.

-86=
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fiowever, since a tunel fire in 1940 caused by an oil
filled locomotive transformar, Pemn Central

will rot allos any oil containing transformer
equippad locomotive into New York City.

{¢) Multiple-unit car (M)

These transformers are mounted under the flat-bed
of passenger cars. They ride along in this location,
about 8 inches above the rail, at spesds up to 150
rph. The transformer must be ruggedly built to with-
stand the impact of flying dabris and constant vibra-
tion, Powsar to the cars is bhrought in through an
cverhead catenary ard is fed to the underside of the
car whare the transformar, controls, ard propulsion
equipnent are locatad. '

Space ard weight are critical in this application.
There are only about 33 inches above the rail. The
width of the transformar is limited by the width of
the car.

Only oil- or askarel-insulated units would provide
the required performance levals in the space avail-
able. As with locamotive applications, present
Departzmnt of Transportation requlations do not
restrict the use of flammeble liquids, and the use
of askarel units has besn dictated largely by the
econamic amsiderstions of fire insurance rates,
ard by Penn=Canttral safety reculations.

8. Reactors

Thase nits provids reactance (receive up to 15,000 volts
under normal operating conditions. During ncrmal cperating conditions, they
deliver volts amd axrent as received, During powar surges they choks the voltage
ard daliver the normal output).

9. Grounding,transformars {recsive up to 15,000 volts).

-87=
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3.2,1 Transformar Manufacturing Plants

) Thare are thirtesn companies in the U.S. which manufacture askarel
transformars at eightsen plants. The name and location of these plants are given in
Table 3,2.1-1. Same plants manufacture varicus types of transformers described
above ard others manufacture anly cne specific line of transformsrs.

All plants in this category ware contacted to obtain informa=~
tion on their waste water. Detailed infomtimmmgmmphnu
which ware visited, The largest U.S. transformer plant (based on quantity of KB
use) was not visited because of lack of cooperation. The data base represents
approximately 20 parcent of the 1974 FCB usage for transformer application. The
PCB usage in this catsgory was 12,000,000 lbs. in 1974 (equivalent to 15.0 to 17.0
million 1bs. PB transformer oil). The PCB usage in individual plants is cansidered
by thess oTpaniss to be confidential information. The range of plant PCB usage was
975 fold in 1974. Plant ages rangs from threa to eighty-five years.

The amount of askarel used in individual transformers ranges
fraom 40 to 1500 gals. (516 to 19,350 lbs.) with an average of about 232 gals.
(3,000 1bs.). A skatch of a largs substation transformar is shown in Figure
3.2.1-1. G.E. estimatas that the total askarel-insulated units that have
mmmmmanmmsmnmnszuus,ooo.uuvmuy
all of thase units are still in service. Tha lifetime-before-failure is cften
longer than 30 years, and almost all wnits that do fail are rebuilt and returned
to sarvice. The currwnt production rate of askarel transformers is about 5,000
units per year.

3.2.1.1 Askarel Handling

. Few plants in this catagory purchase PCBe and tri-
chlorchenzens and do their own campounding, Most plants purchase pre-campounded
askarel from Monsanto. Smaller plants purchase their askarel in 55 gallon drums,
filtar the askarel and pap directly into the transformer tanks. To large plants
askarel is shipped via rmil cars. Rail cars entar in a designated area at the
plant sits. Askarel is then pumped from the rail cars into the raw askarel storage
tank., Any spillage in this area is cleansd by rags or floor dry. The raw askarel
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Table 3.2.1-1

U.S. Transformer Manufacturing Industry Using B3s

Campany Name
Westinghouse Electric Corp.

General Electric Campany

Research-Cottrell
Niagara Transformer Corp.
Standard Transformer Co.

Helena Corp.

Hevi-Duty Electric
Kuhlman Electric Co.
Elsctro Enginesring Works
Envirctach Buall

R.E. Uptagraff Mfg. Co.
H.X. Portsr

van Tran Electric Co.

Locacion of +he Plant

Scuth Boston, Va.
Sharon, Pa.

Rame, Ga.
Pittsfield, Mass,

Finderna, N.J.
Buffalo, N.Y.

Warren, Ohio
Madford, Oragon

Helena, Alahbama
Goldskoron, N.C.
Crystal Springs, Miss.
San Leandro, Calif.
Lebancn, Pa.
Scottsdale, Pa.

Belront, Calif,
Lynchburyg, Va.

Vandalia, Ill.
Waco, Texas
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ummmwatmlgiudqormmwummuofmmm
through a plate and frame type filtar for final cleaning and then stored in the
tinished product storage tanks. Spent clay or fuller's earth from this opera-
tion is druomed and stored on site or sent to a landfill.

In sam plants, the entire storage area is located
within dikes and curbs designed to contain at least tha comtents of tha largest
single tank plus sufficient fres board to allow for precipitation.

At moet plants the askarel is distributed from the
tank farm area to the filling station, but at one plant (Plant 103) the finished
askarel is naxt trucked from a cOvered/curbed storage area to & uncovered/
barned tank farm area. Here the truck entars a sheltar area, and the askarel is
then punped from the truck into distribution storage tank.

Racycled askarel fran the mamufacturing operations is
germrally returned through punpe into a storage tank or into 55 gallom drums and
from there it is either filtarad for reuse or is sent to incimeration if it is
proved to be dafective.

3.2.1.2 Proosss Description

Most plants marufactute all the hardware and canpo-
nants necassary for the transfopmr assawbly. The transformer intericrs and the
containers are brought to the agkarewl filling stations where transformers are
asparbled, filled and sealed.

The £illing operation is dore in a designatsd station.
At plants whare small quantities of askarel are handled, spills and drips are
cleanad via floor &ry or rags. At plants where large quantities of askarel are
handled, filling cperation is conductad on gratings located on mrps. All
drainage is directad into thess sunps. The sunps are inspectsad and clsaned
pearicdically. All scrap askarwl from sunps is pamped into drums and sent to
incinaration.

Various tranaformer assevbling and filling procedires

are being practiced throughout this industry. In genaral, all transformar assem-
blhqdﬁuwmmiuofammhrmmmm
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fron the transformer intariors, several stages of askarel filling and askare]
topping, addition of electrical comnections and bushings, electrical testing and
sealing.

At plants where relatively small quantities of askars]l
are used, the asserbly and filling procedure for distribution and power trans-
formers are alike. Scme plants marufacture only a given size of transformers
{single tank size cperations). At larger plants different asserbling and askare]
filling procedures are employed for various transformar subcatsgories. Some of
the askarel transformar assembling and filling procedures practiced within this
industry are described below.

3.2.1.2.1 Assembly and Askarel Fill Procedure for
tha Distr OLTArs

A. Vapor Phase Drying Prior to Filling

This procedure is primarily used in
the filling of metwork and pad-rountad transformers. The drying of the trans-
formar internals {s a vapcr phase treatmant with a kercesns~like petrvleum distill-
ats. A schamtic flow diagram depicting this systam is given in Figqure 3.2.1.2.1-1.
The asserbling steps for thess tranaformars include the following:

First the transformer intariors are placed in large vacuum chambers
heated with steam coils. The petxoOleum liquid is admitted, vacuum
and heat are applied. The petroleum vapors rise t© be cordensed
on the intericrs, exchanging latent heat for sensible heat and
raising the temparature of the intericrs. After a specific time
the liquid is pumped out; vacuam and heat are contirmued to dry the
internals.

™he intsrmals are next removed and placed in their own containers
and flushed with askarel at atmsgheric pressure. The askarel
is kapt in the tank until the liquid temperature is lowered to

a preset level at which time it is pumped out of the tank. The
parposs of askarel flushing is to chill the transformer interiors
prior to final f£illing,

-92~
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. The tank is next placed in a designatad vacinm chamber. Vacuum

ig drawn and then fresh askarel is metersd in slowly to avoid
focaming or flooding,

are maie and the liquid level in the tank is them brought to
the operating level at atrospheric prassure, The transformer
tank is then crane lifted and lowersd anto cnweyors and sent o
spacified test stations for a saries of electrical tests before
the transformer is campletaly sealed.

. If a transformer fails the electrical tasts, it is returned: the

askarel is drained and reprocessed. Otherwise, the transformer is
sant to cover welding ocperations.

. The tank is naxt lifted and sent back via conveyor belts to the

fitted and sesled. Sealing iy accerplished primarily by teflon
tapo. However, Rﬂ-ﬂlgg the ssaling is done by an

B. gﬁ of Transformer Internals
0

This proosdure is used primarily in

the assarbly of pole type o precipitator transformers. Tha drying of internals

for this category of tranaformars is accomplished in a4 convection oven. The
internals are then placed in their own casings and the bushings and electrical
connections are naxt made. Vacuas is then applied via a mechanical purp and tha
tank is filled with askarwl while the transformar internals are still at a pre-
detarmined elsvated tecperature. Exhausts from this oparation are pulled through
4 vanting systam. .



Most transformers in this subcavegory
have gaskated orvers with barrel band type connections. Subsequent to the fil-
lirg operation, the transformers are sealed and pressure tssted for leaks. Tha
large units are liquid pressure tested whils the smaller ones are air pressure
testad. A schematic flow diagram depicting this systsam is shom in Fiqure
J.2.1.2.1-2.

Tha contaminated oil from the vacuum
parp is treated as waste askarwl and is sant to incineration.

C. OQuen Dryi of Assavbled Units Prior

This proosdire is used primarily in
tha assembly of the precipitator transformars. Hers the transformar internals
ars placed in their own casings, the covars are weldad on the casings and the
assenbled tank is placed in the corvection oven all sealsd. At an elevatad
tarparature, vacuam is applisd at predetarminad intsrvals. The tank is than
transferred to tha filling station whare askarel is addad through an upper pipe
opaning under vacam., Both the top piping ad the drain valve are naxt sealed
ad the unit is then pressure tastad. A schamatic flow diagram depicting this
systam is shown in Figure 3.2.1.2.1-3.

D. mtcmw&ml
oETars

e —

The sxw procadurs is used to assemble
all types of askarel filled powsr transformars. The transformar intarmals are
driad in sealsd vacasm tanks, then they are placed in their own containers and
tha covmr is weldsed arxd sealad. Tha unit is then pressurized and checkad for
leaks by a halium detactor. The tank is naxt transferred to the filling station
whare low vacam is dram for a period of 24 hours. The askarel line is then
crmactad and the tank {s filled slowly while under vacam up to the cperating
lavel. The unit is then sealed and sent to electrical tasting. Aftar the tssts
the transformer {8 retumet back to the filling station where it is nitrogen
eamre tastad just xior to shipping. The schematic flow diagrams depicting
this system {s shown in Pigure 3.2.1.2.1-2.
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Pigure 3.2.1.2.1-2
TRANSFORMER FILLING WITH OVEN OR VACUUM CHAMBER PREDRYING OF TRANSFORMER INTERNALS
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Figure 3.2.1.2.1-3

TRANSFORMER FILLING OPERATION WITH OVEN PREDRYING OF ASSEMBLED HARDWARE
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All power trarSfolmers have air space
cnth.t:pmquuppadthhmurmoladcumlaummtm Additicnally,
each unit has a spring loaded relief valve as standard equipment. Thase trans-
formars have a greater potantial for enwircmmantal contamination through the
vent systam, via lsaks on the punp and the valwes,

3.2.1.3 Raw Wastes

In general, the process raw wastas from these plants
consist of waste askarel collscted in sumps or pans at tha filling stations, con-
taminated vacnm punp seal oil, contaminsted ksrosens—1lika petroleum distillats
(used in at least one plant in the vapor phase drying operation), contaminated
askarel used for transformer intericr flushing and contaminants in the plant
effluant.

Additionally, plant 103 has a unique waste stream con-
sisting of contaminatad ground water which is being punped from three caissons at
the plant site. Plant 103 also has a blesdvater discharge from their incineration
system.

Solid wastes from these plants coxwist of rags and
flaor dry used for mizcellansous clesning purposes and spent clay used for
Aroclor filtration. additionally, at plant 103 it includes the sludge from oil/
WAtST SepArators.

Nan=-product BCB discharges are shown in Table
3.2.1.3-1, Estimates on the quantitiss of ra’ wasts generated in two plants
which ware visitad are given balow.

Plants
Quantities of Wasts Loads 103~ 4
Wastas to incineration, lbs/ton of PCB used 115% 98.0
Solid wasts matarial stored cn site in
55 qallon doos 135 units Inknown

3.2.1.4 Water Use

water is not an essantial componant of the transformmar
marufacturing procass. FCB wastss whiich reach watar stresms at thasa plants are
dus to inadvertent cccasional loss during handling ard residuals acoumilatsd
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TABLE 1.2.1.5-1

NN-PROCUCT POB DISCHARCES

Scurca

Plant exhaust
Incinerator exhaust

Parsonal hygiens and sanitary watar
Ground watar parped through caissons

Watar used at plant

Concaminatad oile and waste PCBe

Floor swespings and rags used for cleaning
Rajectad transformar intariors for copper
reccvVery

Contaninatad and defective ewpcy s

Sludoe from the oil ssparator
Clay usad for askars] filtration

[
=]
1™

gggggggnl
F1 Y
i g

decapsulator

To staal furnas
in stesl =il]l

Stored cn site
Stored on site
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around the drainage systems from past operations when no precautions were taken
in handling ard disposal of PCBs.

This category usesg water primarily for non-contact
cooling purposes in vacnum pumps, campressors and at some plants as contact cooling
in their welding and plating operations and in phosphatizing of the steel surfaces
prior to painting. All contact cooling operations listed above are primarily non-
PCR related operations. Only plant 103 has a PCB related process watar which con-
siste of the watsr used in their waste inCineration system for quenching the hot
gases from the reaction saction, Plant 103 is also the major water user in thig
CAtSOrY .

In most smaller plants all cooling is acoamplished by
air. At these plants water is primarily used for hygiens and sanitary purposes and
for occcasional campressor or paop ooling purposes. The only water that comes into
contact with PCBS at these lattar plants is that used for parsonal hygiens. The =
types and quantities of water used at two plants visited are given below.

Plant No.

Water Usage in Gallons/day 103 114
Norecontact ccoling 1,646,000 38,000
Process water
. Contact cooling 183,000 Nene

Datargent washing Z,000 None
. Incinaration quanch 122,000 None
Hygiens Unicnown 300
Boiler maks-up Unknown 200
Sanitary Unknown 9,000
Non PCB relatad
. Watar used in a lab Unknown 500
. Watar used for extarnal clearups None 4,000

*preakiown of the wvater uSAJe was estimated.
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1.2.1.5 Wastmvatar Treatmant

) There are no effluent treatment techniques in practice
at ary plant in this category for the removal of PCBS. However, in 1972, a John
Zink designed thermal cxidation incinerator was erectad at plant 103 wo safely
dispose of PCBs. A schematic flow diagram of this unit is given in Figure
3.2.1.5-1. This unit consists of two steam atanized burmers and a long
cylindrical chamber to provide residence time for thermal degradation. Followe
ing the chamber is a water spray quench pot and a COunter qurrent packed
scTubber colum located at the base of the stack.

Tha waste oils are brought into the incinerator site
in S5 gallon drums or by truck trailers. Thase waste cils are next pumnped fram
tha drums or from the trajlers into the incinerator feed tanks. The steam
atamizing burners inject the conbustible liquid wastes into the combustion
section with air, in such a manner to create a vortex typs twhulence. This
produces high heat relaase and effective canbustion pranoting the tharmal dagra-
dation process. Aftar ambustion, the waste gases procesd through the oxidation
chamber which provides 3 to 12 seconds of residence time at tenparatures 1600
wlmortmdndq:lmﬁmmwg:tomhdm. Tha flues gases
from the charber pass through a quanch pot which contains a series of watsr
sprays to cool the gases, An induowd draft fan then forces the coolad gases
through the packsd bed scrubber colum. Here, acidic ions produced during the
corbustion process are absorbed in the scrubber liquor. The scrukbbar liquor is
than neutralized and disposed into the sewer.

A high terperature decapsulator has besn incorporated

in the thermal cxidizer unit for solid incineration and copper rscocvery., The
exhaugt of this unit is routed to the wper end of the oxdidizer charber.
Details on wastsvatar treatnant technicques utilized
at ae facility (plant 103) for purpeses of oil mecovery and oo-going contain-
ment programs undertaken by two plants (plants 103 and 114) in ordar to prevent
the entry of PCBs into the enviroment are aovered in the Task II repcart,
"Assesmmunit of Wastswater Management Treatment Technology, and Associated Costs
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PROCESS FLOW DIAGRAM FOR THERMAL COIDIZER INCINERATOR AT PLANT 103
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far Moatsmant of PCBs Conamtration in Industrial Effluents™, February 3, 1976,
pages 71 through 75.
3.2.1.6 Efflusnt Composition

Effluant flow rates and PCB contents are available
fran the three plants which discharge into tha rivers and from =wo plants which
discharge primarily into sanitary sewars. Detailed effluant canposision is
available only on Plant 103, This information is given in Tables 3.2.1.6=1 ad
3.2.1.6-2, respectively. '

The remaining plants in this category which discharge
to sanitary sewers report that thair water usage, for reasmns cther than for
sanitary purpcses, is minimal. However, they have no data available on the
quantities and composition of watsr discharged,

3.2.2 Aakarsl Transformer Repair Industry
A total of 13 corpanies repalr transformars amtaining PCBs at
a total of 131 locaticrs. Thae currwnt industry structure has besn identified,
ad ssveral potantial problems wers nctad. No estimates have besn made of the
pollution which occurs from this industry.

3.2.2.1 Transformr Inspection and Maintsnance

Askarel transformers are very reliable and hawve life-
timas that range up %0 40 yexrs. The fallure rate of askarel filled transformers
has besn estimatad by tha manufacturers to be 1.2 paroant par year. Failure
oocurs primarily dus to tha degradation of tha PCR fluid caused by electrical
arcing within the transformer.

Nina elactrical utilitiss wers contactad to determine
their inspection and repalr prooadures. All of thess companies have sam type
of program, usually informal, for the checking of their transformars. In most
cases this consists of a simpls annual inspection which may include a general
clsaning cperation of the facilitiss adjacent to the hardware (s.g., the vaults
may be clesned and vacaswd) . Inspection involves lodking for evidence of
laaks. One utility parforms an anmual power factor test an the windings, and
Uthht-tiﬁim-lp:dalnmtmumfm,ﬂmiudillectrlcﬁm
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TAZLE ).2.1.6=1

FCB OONCENTRATION 1N EFFLLENTS FROM TRANSFORMER
MANUFACTURING  PLANTS

Effluant PCB Contont

. Effluant
Plant Discharge Flow Pats b /day Dispositicn
N, Designation Gal/Day Aw;%;u AVG/ax of 5:1-_-;;,-_
103 008 1,310,000 4.9/120 0.0535/1.311 River
006 550,000 1718 0.0321/0.344 River
114 Nona 50, 000(2) Unjcem Urienown Sememr
Nana 2,000 Unkanown Unkancwn Alver
118 002 36,000 <l/2 <0.0003/0.0006 River
003 24,000 /113 0.0004,0.0226 fiver
004 150,000 <11 0.0013/0.0039 Aver
16" " 252,000 1.4/11 0.0071/0.0231  Rives
2 378,720 2.1/1.8 0.0060,3.0120 Faver
L k] 504,000 $/19.1 0.0336/0.0803 River
117 Batch 13,500 20.6/unknown 0.0032/ unknown Sewax

Notss: (1) This plant has other discharges out of their propertiss. Discharges
listed alove are those associatsd with PCH relaced cparaticons.
{2) Estimaced .

{3 D.tac.huq- designated as 41, 42, ard 4] are the combined effluants
from their power house, and one each from their owo manufacturing
arsas, raspactively. Adcording to cha plants' Corps of Engineacs
permit application Eom. filed in July 1971, this plant has 1)
outfalls.
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TAKLE 3.2.1.6=2
INFLUENT AND EFFLLENT COMPOSITIONS OF PLANT 10)

Incomirg
Mnicipal Ooutfall Ouefall
Hater 205 006
Avarage flow rats millisn qpd 1.3 1.31 0.5%
B yesarly avearage 6.4 7.7 5.5
% min., -max. Y 6.4-3.0 3.1-7.1
Avg/Max  Avg AVg/MEX  Avg
One.  los/day Corc.  lbs/day
Alkalinity, mg/l 14 23/ M 13720 69
3D, $-day, 2/l 2 33 2 27/30 124
Chemical ccygen, 29/l $ 2/ 2% 75/%2 M4
™, 2/l 1] 70770 768 364/497 1671
108, o/l 1] €7/61 7118 3417483 1568
%8, my/l 1 k7 ) il 23730 104
Vs, my/l 34 19722 00 89/96 403
Amrnia, mg/1 0.08 W50 <« 1.373.¢ 13
/]
Kjeldahl Nitrcown, mg/l 0.4% 0.8/1.0 ] 4651 2
Nitoate Aw, =29/l 0.13 0.5%/0.4 ¢ 0.99/1.02 8
Phosphorus Towal, 29/l 0.01 0.04/0.08 <1 S4/124 248
Colar (As P) X 25/ - 30/30 -
Turbidicy, =g/l <25 <25/<28 - <25/425 -
Tocal hardness, mg/l “ /44 MO /44 152
Qrganiz Mitrogen, mg/l 0.3 0.6/0.7 6.6 1./2,0 8
Sulfate, mg/l 3.0 wu 1% 9.0/%.0 41
Sulfide, g/l <0.1 <0.1/<9.l <1.0  <0.1/¢0.1 +0.%
Ghlaride, =3/l ¢ (¥, | (3 123 %
Cysnids, ug/1 <0, 00 0.00/<0.01 0.04 <0.00/<0.00 <0,02
Flucride, =g/l 0.1¢ - - 9.3/12.0 44
Almiam - total, g/l 100 500/53%0 ] 200,200 0,9
Sorom - total, ug/l 10 - - 9/79 0.04
Calaium - wotal, o3/l 6.3 1.0/7.8 T 7.7/8.0 38
Croemdim - toeal, ug/l <10 0/30 0.3 310/3%0 1.4
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TABLE 1.2.1.6-2 (ON'TY

Irerening

Mrdcipal

Watar
Cobalt, total, ug/l <7
Coppar - total, ug/l so¢
Iren - total, ug/l 130
Laad - wotal, ug/l <30
Magnasius - total, wg/l 7
Mangances - total, ug/l 200
Meroury - total, ug/l <l
Molybderusm - total, ug/l <7
Nickal -~ total, wg/l 100
Potasaium ~ total, mg/l 1.1
Silver - total, u <10.0
Soadiim - total, o/l S
™A - total, ug/l <7
Titanium - total, U ]
Ling ~ total, uwg/l 30
ol & Grease, =g/l 1.0
Phanols, M 3
Surfactants, =/l <0.02
Chloringted hyelrocartens, o/l <1.000

(owept pasticidas)

FChe, vy litar -

=106~

Outfall
005
44 0.04
20/500 0.2
150/330 1.6
<10/30 <0.1
i 16
50/200 0.%
<l/<] <0, 004
<10/100 <0.1
0.838/1.10 9.6
6/10 66
/10 0.07
KLt ] 0.76
/10 2l
101110 1.1
0.11/0.1% 1.2
1.000/%.000 11
4.%120 0.08

Ouefall
q06
30/500 0.1]
3200/3500 1S
80/90 0.36
7 16
1204200 0.5%
/2 0.01
90/99% 0.41
10/100 0.04
0.99%/1.1 4.3
2.0/2.0 0.009
25/3¢ 117
/3 0.0l
730/800 1.4
3.0/%.0 137
168/180 0.77
0,22/0.30 1.0
1.000/1.000 4.6
1% 0.03
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is testsd - at lsast this is the theoretical method of cperation since the
company has only two PCB-typs transformers in use arnd reither has ever failed
the power factor test. Ancthar cxpany Measures the cperating tamperature of
the units and makes a visual inspection for leaks: this compary also claims
that transformers located in the generating facility are inspectad daily (visual
inspecticn) and that units locatsd in vaults are checked at least weekly.

While most major inspections are carried out annually, the range of time
intervals batwean inspsctions is € months to 18 months, with one carpany saying
that they inspect at least once every 2 or 3 years, and another saying that
substation transformers are inspectad weekly.

These cxpaniss perform no satpling and analysis work
on their askarel transformars. One canpany has anmal inspection of all trans-
formars, but only the mineral oil-type units have samples withdrawm for
analysis to ses if there is detarioration or contamination. A campany which
used to parfomm powar-factor tasts wncil about 8 years ago has since abandoned
such tests and dows not withdraw askarels for analysis.

Servicing of transfopmers is only rarely performad
in-houss. The response of most cxpaniss was that servicing of askarel-typs
transformary had yet to be requized. Ons campany did its owm servicing up until
8 or 10 years ago, but since then, because of the special handling problems
associaved with askarels, such work has besn farmed cut to G.E. and Westinghouse
sarvice centars. The Jensral trend semms to bs that major servicing is more
likaly to ba dors at special facilities outside the utility canpanies while
miner servicing, such as the mpair of small leaks is tajen care of at the
trans former sits by the utility.

More than half of the companies have not scrapped
transformexs in the pest five years, and most have not scragped any in the pastc
10 years. One utility caompany has had no transformer failures in 20 years
(excapt for a minor leak of less than 1 gallon ten years ago). These carpanies
have no specific disposal methods for such instaces. O crpany said thac
scrap transformers are handled through a local junk oorpany amd that askarel
disposal is the junk company's problem. A cmpany which says it has scrapped
no transfoonirs says thet when the FCB capacitors fail they are shipped back to
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the mamifacturer; presumably, though it was not stated directly, failed erans-
formars would also be returned to their manufacturers, One company which is
proud of its disposal practices has disposed of 200 to 400 gallons of askarel
per year since 1970 (most of it comes frum failed capacitors): until this year
it was all sent to Monsanto for incineration, but starting this year they have
been sending it to Sheaffield, Ill., where it is dumped in a landfill that has
been approved by EPA for the disposal of radicactive wastes. This campany
statad that many utility companies dump their PCB-related wastes in local
landfills,

There has bean littls PCE lost to the enviromment
through the safety releass valve on the transformers. The consangus response
was that if tha valve released there would be askarels "all over ths place".

The spokeasman for ons utility did not know whethar ths transformers they usad
had safety valves. Ona company said that a transfoprmar vented several years ago -
whan a fuse that was supposed to protect the transformar did not protact it.

Vary seldan is a failed transfoumer scrapped. However,
samtimes the repair work needsd in a failed unit oould be rathar extensive and
very costiy. Tha owner of the unit may recpast to scrap his unit. If the repair
shops scrap a transformar, they follow the proosdurs recomended by NEMA. How-
aver, if the ownar of the transformar decides to handle the disposal of the unit
himself, the unit is shippsd back to the cwner. Disposal is then usually mads
through a local junk dealer.

3.2.2.2 PRepair of Failed Tranwformars

In talking with a major transformar manufactiwing
opany which specializes in the servicing of transformars, it was learned that
PCBs used by service shops are primarily for refilling the units which have
failed and have to be repaired. Apparently, very few facilities handle their
own saxvicing. Major service work is almost always hardlsd by repair shops
while minor servios work, such as changing a gasket, to prevent a minor leak,
may be taken care of by the owner of tha transformar. Additionally, the repair
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shops often handle askarel conditioning services. In such 2 case, the service-
man carzies tha filter press to the coatcmer's site and performs this service on
site. Several galions of FCBs are used in this service for toping the unit and
adjusting the leval. The procedire for the repair or disposal of fajled trans-
formers and the handling of the PCB liquid in those transformers is sumarized
in Figures 3,2.2.2-1 and 3.2.2.2-2.

A nurber of potantial sources of envirommental aox-
taminaticon have bean idantified, and are discussed in detail in the following
notes to tha figures.

1) Testing and analysis of PCB transformer fluid has
besn largely discontinued due to the strict re—
quiremants imposed on the disposal of the samples,
This change in proosdure may be expected to in-
crease the probability of major failures of trans-
fourars Qantaining FCBs.

2) Accidental spills of FCBs from transformers can
oocur dus to leaks, venting caused by share
craits, or mechunical danage t6 the transformr
case. In most cases, the trasformer is cone
tained in a vault or is surrcunded by dikas which
will limit the spill to a controlled area. Only
in the case of railroad transformers would the
leskage resulting from an accident be expected to
ba unexmtzolled.

3} Trmsformars which are scrapped by the cwmar/user
may be a serious potential source of pollution.
Those transformers bullt during the past several
years Are wvall marked with the hazards of the PCBs
which they contain. Disposal of junked trans-
formars by elsctrical repair shops is governad by
a datailed specification of the National Electrical
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4

Marufacturers Association (NEMA). However, the

disposal of transformers through small local junk

yards may result in significant pollution because:

a2} The junk yards are not faniliar with PGB
hardling procedures.

b) The older transformers are not marked with

¢} 950 to 95 paroant of the transformers seen by
the junk yards would contain mineral oil. and
the occasicnal transformer cantaining BCB
wauld be noted only as containing non-flam-
mable transformer oil. This would rot result
in any special handling of the PCBs.

d) Disposal of PCBs by opan burning in a trash
incinerator will not campletaly dastroy the
PChe, but will vaporize this material and dis-
parsa it into the atcsphers.

This is only a potential problem at this time, as
uncontrolled scrapping of transformars has not
bsan documantad. However, several responses toO
the questionnaire claimed that uncontrollad
handling of FCB £illed transformers by junk yards
wvas thought o have coturted in the past.

Coreiderable PCB is shigped in 55 gallon drume to
repalr shops ad usars. The residus in each drum
aftar it is emptied may contain up to a pound of
FCB. Eapty drum which are mecycled to dnam re-
claiming facilities or scrap yards would introduce
this relatively small, but significant, amount of
PGB into an uncontrolled enviroomant. ALl douns
presently in use have detailsd hardling instruct=-
ions painted an the drum, and this information
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)

8)

7}

8}

9

should minimize any potenrial problems from chis
source.

Filter residues and losses are in general treatad
as any other waste containing PCBs and are being
placed in drums and held for controlled disposal.

Scrap PCB is packaged in 55 gallon drums. The
NEMA instructions are very specific as to the re-
quired disposal procedures for this material,
Small repair shops which do not have access to
ontrollad digposal sites or sarvices have been
known to mishandle the scrap PCB by disposing into
uncontrolled landfills (note 7) or through oil
recovery services (nota 8).

Landfills are a satisfactory disposal method for
scrx BB transformur oil if the leach watsr is
monitored. In a few cases scra PCB and PCB con-
taminated material is sent to a municipal dump.

At lsast one case is suspectai whare PCB trans-
former coil may have bean sent %6 an oil reclaiming
company which mixed it with other hydrocarbon
wastes and sold it to a powar campany as fusl. It
should be notad that the mineral oil used in %0 to
9% parcant of the transformers gresently in servios.
Problems may result when PCB transfoomr oils are
mived with minaral oils and handled in this manner.

New and conditionsd PCB transformmer oil is
normally stored in large surface o underground
tanks at the repair shop. Leakage may occur fram
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these tanks into ground waters. No standards
have been established for checking for such lcsses.

10} The scrapping of unrepairable transformers is
covered by the NEMA stapdard (ANSI C107.1-1974).
This standard requires that the transformer be
drained and then flushed wizh solvent to ramove
PCH residuss before the metal values are reclaimed,
Possible sources of contamination would be
incomplete flushing and the mixture of used
solvent with hydrocarbon rather than with PGB
residuss. This is considersd unlikely in the
major transformer repair shops.

3,2.2.3 PCB Usage in the Transfoomr Repair Industry

The PCB usaye figures for the transformer marufacturing
and repair industries are symarized helow.

PCBa Use, lbe

lst half-
1971 1972 1973 1974 1975

New PCBS used to rwpair .

trans farmers 590,000 580,000 440,000 780,000 480,000
PCB reclaimed ard reused

in rwpair of tTansfomnars 2,000 654,000 160,000 110,000 78,000
PCB shipped to user to
replace transformar losses 3,000 3,000 4,000 2,000 2,000
PCB disposed in trane~

formar rwpair 570,000«
PCB used in transfcrmer

newfacturing 11,000,000
Total FCB in sexvice in

" trans formars 270,000,000

* This figure mey include PCBs contaminated wastss as well as PCB.

~1l4-
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3.2.2.4 Transformar Service Life

There have been relacively few fajlures of BB #illed
transfogmers, and statistically significant data is not available to support
service life estimates. General estimates by transformer manufacturers irdicate
the following expected servicm life of this ecpiipment:

Service life of substation
transformers 40+ years

Service life of power trans-
formers, including those on
railroad locomotives 30 years

Transformers exhibit a small but significant infant

mortality rate {failure within the first year of service). Overall transformer
failure rate estimates are in the range of 0.2 parcent par year.

1.2.2.5 Usage rate of PCBs in Transformer Fapair

The total PCB used in 1974 in the repair of trans-
formers was approximataly 0.1 parcent of the estimated total PCBs in service in
trapsformrs. This fiqure is consistent with the estimated failure rate of
0.2 parcant par year for in-service transformers.

T™e usaga of PCB in the tramsfopmer repair industry
is approximatsaly 7 parcant of that of the transformer manufacturing industry.

3.3 Investnnt Casting

The irmvestmant casting industry produces precision-cast metal parts
agd shapes for the aircraft and othar machinery mamufacturing industries.
Approximately 25 of the 13% investmant casting fourdries in the Unitad States
carrently use PCB filled waxes in the marufacture of matal castings. The PCB
incorporated in the waxes is decachlorcbipheryl (daka). The remaining foundries
use eithar polychlorinated tarpheryl (PCT) filled waxes or unfilled waxas. This
saction presants a reviaw of the usage of deka fillsd waxes in the industry, in-
cluding svailable information on use history, process technology, and potential

MONS 209095



FCB-bearing waste streams. Currently available information on PCTs usage in
the industry is also included.
3.2.1 Background

There are cwrrently 135 investment casting (IC) fourdries and
five investment casting wax manufacturing plants in the United States. The IC
industry had its start in the United States during world War II when urgent
demards for aoms and aircraft parts required more efficient methods of pro—
Aicing finished, precision parts than standard machining techniques offered.
During the war the waxas used by IC foundries consisted of a blend of carnayba
wax, besswax, paraffin, and rosins. Howewar, cver the last decads wax
formilations have evolved which consist of a variety of polymeric campounds ard
other fillers such as decachlorcbiphenyl and PCTs. By reducing the wax content
through low-shrinkage fillers (such as PCBs and PCTs) volumetric shrinkage of
the ceramic mold is controllad, This allows the production of metal castings
with smaller dimansional tolerances than were available with the ariginal un~-
£illed wasms.

The major wax mapufacturing aompariies are:
1. Yatss Manufacturing Company, Irc.
2. M. Arguaso and Coarpany, Inc.
3. Fresman Manufacturing Company
4. J. P. McOoughlin Campany

Tha Yatss Manufacturing Qompany, Chicago, Ill., is the sole iknown U.S. supplier
of daka waxes. The decachlorcbipheanyl contant is 30 parcant of the total wax
by weight (Sclamon, P., Yates Manufacturing) . Yatss curently imports deka fram
Caffaro S.P.A., Italy, at a rats of 100,000 to 500,000 lbs. par year, which
corrasponds to the manufacture of betwean 1 ad 1.5 million pounds of deka wax,
annually. At a cost of $0.70 par pound, (Lewis, W.H., Signicast Corp.) the
annual volume of sales of daka wax should be in the range of $700,000 to

$1 millien pur year.

All the wex manufacturers listed previocusly are believed to
use imported PCTs as pattarn wax fillars. Sinos the general properties of the
daka and FCTS are similar, it is believed that the wax production and use

-116-
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procEeses amw similar also. Contacts with industry indicats that the volume
cfmmwuupmbwlymmsmuorgnmruunmt of deka PCRs,
Monsanto was the leading (and probably only) U.S. producer of peTs prior =o
their voluntary cessation of production in 1972. Comestic production of PCTs
by Monsanto thiough 1972 was as follavs:

Year Million of Pounds Aroclor 5460
1968 8.87

1969 11.80
1970 17.77

1971 20.21
1972 8.13

It is belisved that a relatively small fraction of this pro-
duction was used in casting waxms, probably on the ordar of a million or ¢
pounds par year. Arcclor 5460 (Monsanto's trade name for their 60-percent-
chlorine PCTS) was used primarily in adhesives, lubricants and paper coatings.

The cxrent scurcs of imported FCTS is believed to be Prodelec
(France) , which markets the matarial as Elsctropherryl T-60 (60 paromt chlorinel,
which, it should alsc bs noted, my omtain PCB contaninants.

In samary, the investment casting process, which is described
more thoroughly in Sections 3.3.2.1 ad 3,3.2.2, is a lost-wax casting procsss
in which the shaps to be cast is moldad from wax and then invested or surrounded
by a slurty of refractory caramic. Aftar the ceramic mold has hardened o an
Zpprepriats strength, the wax is melted or burned cut leaving a molded cavity.
Moltan metal is then poured into the cavity, and ccled to form the casting.

The major losses of the vinyin and used waxss occur during the
devaxing of the caramic mold. As the caramic mold is heated to retrwve the wax,
a small porticn of the wkx diffuses into pores of the mold. Iatar, the mold
with the trapped woms is fired in a firnace to set the mold and remove ths wax.
Depanding an furnace anditions, the decachlorchiphenyl in the wax may be
burned o relsased to the atwephers. At least several percent of that used
is balisved to be exittad via this routs.

=117~
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It is a rooal practiocs by many fondries to recover the
drained pattern wax and reuse it several times in sprues arxd gates. Purchased
wax is apparently used an averxm of 2.5 times. During the dewaxing process
the virgin wax (used to farm the pattern) and the cold wax (used ro form the
gates and sprues) are collected as one mixture. Little of the wax is dastroyed
in the process: therefore, it is ornsidered procable that the investment
casting foundries store or dispose of relatively large amounts of used PCB-
containing wax.

3.3.2 Investment Casting Technologies
3.3.2.1 Principles of Imestmant Casting

The principles of investmnt casting are the same for
both the solid mold and shell procasses, but the method of forming the ceramic
mold differs somswhat batwean the two. Both require a pattern, gating to a
central sprue, ramoval of the pattern by meiting, pouring metal into the cavity
laft by the malted pattern, removal of mold material frgn the cast cluster, and
atting of castings frum the sprus.

The investmant shell prooess is depictsd in Figqure

30302-1-1-

The Pattarn: The process begins with production of
a cna pisce hest-disposable pattern. This pattsm is usually made by injecting
wax of plastic into a matal dig. Dies range from sinple, hand-cperated single-
cavity tools to fully automated milti-cavity davices, deperding on production
quantities and caplaxity of the parts to be cast.

A hast-disposable pattarn is required for each unit
bairsy cast. Each pattsin has the exact geametry of the required finished part,
but they arm oade alightly larger in ordar to compensate for wolumatric shrink-
age during the pattam prodction stage and during solidification of the matal
in the mold.

Tha pattern carries cne o more gates which are
usually locsted at the hsaviest casting section. The gate has three functions:
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Figure 3.3.2.1-1. INVESTMENT SHELL PROCESS
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{1} To attach pattarns to the amntrally-located

Sprus Or runner, thus forming a tres-shaped
cluster:

{2} To provida a passage for the draining of
pattern wax once the mold is sufficiently
hardened ard has been heated: apd

{3) To guide moltan matal entaring the mold

cavity in the pouring operation.

Clustering: Pattarns are fastenad by the gate to one
or more rumners. The nnnwers are attached to a pouring cup. All of these parts
are usyally made of wax. Pattarns, runnars and pouring cup caprises the cluster
or tres upon which the ceramic rold is formad. The numbar of nmners ard their
arrangement on the pouring op may vary crsidarably, depending on alloy type
and the size and configuration of the casting.

Molding: Up to the point of forming the ceramic
mold, all fourdries cperate in essertially the same marner. After assembling
tha pattarn to a tTes, however, they mey form the mold by sither the investtant
flask process or the investmsht shall process.

Solid wl1d o Investnent Flask Proosss: Thers are
two investmant flask technicques, depanding on the typs of alloy to be poured.
Ferrous alloys require highly refractory matarials and binders. The entire
cluster is dipped into a ceramic slurry, drained and stuccoed with fine ceramic
sand. This step is usually repsatad after the first coating has drisd. This
coated clustar is then placed in an cpen-end metal can (the flask) which is
filled with a coarse slurry of asrsnic badop matarial (investmant). The in-
vestmant hardens to amprise a green mold. When the flask with its contents are
placed into an autoclave, the whole clustar (consisting of wax patterns, Tunnars
and spruss) malts and nns cut through the pouring cup. The resulting mono-
lithic mold omtains cavities of the desired casting shape, with passages lead-
ing to tham,

Nonferrous alloys are cast in ceramic molds bonded
with plastar of paris. The entire tree (heat-disposable patterrs, Jatas,
Tuars, and pouring cup) is placed in an cpen-end metal flask without a first
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ceramic coating. Investment slurry is poured into the flask, campletely sur-
rousding the clustar. Before the binder sets up, the flask is placed under
vacuum to remove all air entrapped during mixing of the investment. When the
invescrent becgres hard, patterns are melted out exactly as in ferrous casting,

The Investment Shell Process: This technique, as
dsscribed in Figure 3.3.2.1-1, involves dipping the entire cluster into a
ceramic slurry, draining it, then coating it with fine ceramic sapd. After
drying, the process is repeated several times, using progressively ccarser
graxies of ceramic material, until a self-supporting shell has been formed.
Tha thicaess of the shell is usually between 3/16 and 5/8 inch.

The coated clustar is then placed in a stean auto~
clave where the wax melts apd nms out through the gates, runners, ard pouring
ap. The resulting ceramic shell contains cavitias of the desired casting
shapa, with passages leading to them.

Casting: Monolithic shell molds and solid molds must
be fired to burn cut the last traces of pattarmn matarial and to attain a degres
of parmeability bafore the molds can be filled with metal. In the casa of
s0lid molds, this hwating has to proosed slowly, in a controlled cycle which
stretchas over 12 to 18 hours, to avoid cracking of the mold. The shell molds,
made of ceramic matarial with an extremely low coefficient of expansion, can
ba placed immediataly into a hot furnace. Because the ahell rolds have
relatively thin walls, they can be fired and ready to pour after only a few
hours in the fumaces.

The hot molds may rely on gravity alone to carry the
moltan metal into the intricacies of the mold, as is common in sand casting,

or the prooass may use Vaclam, [essure and/or centrifugal foroe in order to
faithfully mwproduce intricats dstails of the wax patterns,

Malting equipment emploved deperds on the alloy. For
nenferrous alloye, gas fired or electric crucible furmnaces are usually used.
For farrous alloys, high frequency induction furnaces ard indirect arc furhaces
ars common.
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Cleming: After cooling, mold materials are remmved
from thm casting clustsr with vibrating equipment. Individual castings are
usually removed from the cluster by means of cut-off wheels, ard any remaining
protrusicns left by gates or runners are removed by belt-grinding. Gene:.'ally.,
castings are sand blasted for smcoth finish, then they are ready for such

secondary operations as heat treating, straightening and machining.

Reclaiming of Pattern Waxes: The present cost of
virgin pattern wax is approximately $.79/1b. In the future, it may be more
econagmical to reclaim wax for uSe as pattem waxes, in addition to its present
use in gates and runners. Furthermore, through a precipitation method, it is
possible to remove fillers, including PCBs, from used wax in order to prepare
unfilled wax.

Improvenant of Lvestmant Casting Processaes: Several
irprovemants in the investmant casting tachniques ard proosdures have been
suggestad by TRW Metals in Minsrva, Chio, which developed them through a two-
year Alr Forom oontract (APMI~TR=-74=237). The areas of improvemsnt were in wax
pattarm formation, mold production processes and metal pouring.

Wax pattern formation tecdmiques were improved
through simultansous multiple injections of the gates ad nunars. The usual

prooxiire requires separats staps.

Two mxgestions for inprovemants were made for the
rold production process: (1) elimination of the drying cycls betwean slurry
dipping and sand coating, and (2) the use of microwave ovens to melt pattern
wax out of the ceramic mold or shell.

The use of microwave dewaxers would have the ad-
vantage of reducing wax enissions in flus gas and drain condensates of autc-
clave cvens. Howsver, microwave dswaxing may not eliminate wax losses
occurring during mold firing as a resilt of wax trapped in the pores and
cavicies of the ceramic mold..

3.3.2.2 F Process -~ Use of FCT and FCB Filled Waxes

A flow chart which typifies the use of FCBs and PCTs
in iwestment casting is presentsd in Figure 3.3.2.2-1. FCB filled waxes are
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purchased fram wax manufacturers in bulk quantitiss of 10,000 or more powrds,
sealed in plastic bags and contained in boxes for shipment. Tha received
pattern wax is stored in a stockroam at the foundry until meltad far the
production of wax pattams. Once melted, the wax is injected ints a pattam
die where the wax is allowed to solidify. The pattern die is then disassembled
and the wax pattsrn removed, Several wax pattems are produced before forming
the tres. The fommation of the tres entails attaching the irdividual wax
pattunatotrnsmmaxﬂgam,unafta:dmtxmarea.sscrbled,dmsprug
are coated with a dip-seal wax to fill the voids on the rough sprus surfaces,

Tha next step in the process is the formation of the
caranic mold. This is acconwplishad by dip—coating the wax trees in a caramic
slurry and a fluidized bed of silica, ard air d&ryving of the coated trees. This
[rocess is repeated several times before the wax is melted out of the mold,

Dewaxing is accomplished by ons of thres tachniques:
steam astoclawe, micowaws oven, or flagh firing in a mold furnace. Most
fouryiries apparently use the autoclave techmique, which involves subjecting the
osramic coated tress to stasm until the wax within the mold is melted out,
laaving the ceramic shelil. The malted wax is either dispused of or reclaimsd
for use as spruse and gats wax, The new microwave tachnique involves heating
the molds with microwave enargy. Microwave units of S- and 10-kilowatt output
are commrcially aveilabls for this application. The third techniqua of flash
firing combines dewaxing and mold firing in aw step. The caramic coated wax
tress ara placed in a furnace whare all the wax is removed fram the tres by
£lash firing. Most of the wax is vaporized and lsaves the furnace with the
stack gases. It is not nown how many facilitiss use flash firing.

If the foundry dewaes the tress using ajtoclave or
nicrowave techniques, the dewsxad carmnic molds must be firsd in the mold
furmace to strengthen the carmuic and to remcve wax residues. The ceramic
7olds are raised to tameratures of betwean 1900 and 2000°F for approimately
o hours. The vaporized wax residuss leave the furnace with the stack gases.
The foudries claim that cnly 1 to 2 parcent of the wax remains in the rolds
before mold firing., This estimate of trapped o wall abscrbed wax appsars to
be low for two reasons:
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(1) The porvsity of the ceramic mold can be
as high as 30 percent, ard

{2) Trapped waxas in the cavitias of the pattern
vary in amount, deperding on the pattern's
gematric confiquration,

Aftar firing, the ceramics are ready for metal zouring.
The steps involved in pouring, and the subsequent recovery of the castings are
gvident in Figure 3,3.2.2-1, starting with metal pouring.

The high cost of pattamn wax has stimulated foundries
to reclaim usad wax. For example, the KB filled waxss sell for approximacely
70 cants per poud. The average weight ratio between pattern want and wax in
sprues and gates is about 40:60. Therefors, reclaiming of used wax, especially
far use in sprues and gatas, ahs becoms a very important part of the foundry
process.

Reclaiming involves placing the used wax in open
kattlas or tanks ard heating it abovwe the boiling point of water uncil all the
watar (fram the staam autoclave) is eliminated., Aftar dewatering, the re-
claimed wax is reconstituted by adding paraffin and other xiditives until
cartain melting-point specifications are mat, It is claimed that wax fillers
are not added to adjust the filler contant (Wurster, W., Consolidated Casting
Corp.}.

For those foundries which practics waot reclamation an
their used wax, it is estimatad that S5 to 10 parcant of the wax is deliberately
dispossd of, The major source of the discarded wax is probably the dregs from
the dewataring kettles.

3.,3.2,3 WVaste Stresrs

Idealized wasts strears (containing PCBs and KCTs)
lsaving an investmant casting foundry are shown in Figure 3.3.2.3-1. The
broken lines within the proosss box in Figure 3.3.2.3-1 indicate potantial PCB

and FCT escaps routss via air emissions from the foundry unit processes. The
20lid lines betwean the processes indicats the production routes of the waxes.
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The solid lines at the top of the figure indicate the two genaral ambient air
escape routes, ramely the stack gas from the mold firing furmace and the
foundry exhaust air system., The tWo solid lines leaving the foundry (at tha
bottan of the figqure]) represent PCB ard PCT escape routes: solid waste, which
is usually sent to landfills, and raw sewags, which goes to municipal sewage
treatnent in most cases. The broken line cutside the facility (at the top of
the figure) indicates the possibility for inadvervent recycling of escaped PCBEs
or FCTs in stack gas or foudry air exhaust back into the fourdry facility.

PCB-FCT~containing waxes enter the fourdry as pattern
wax packaged in plastic lined boxes which are stored until needed in the
casting procesg. During mold production, when the wax is melted and injected
into metal dies, wax fumes may escape. The type of dewaxing method employed
by the foundries has a direct effect an the amount and mode of PCB cor ECT loss
to the envirorment, not cnly during dewaxing but alsc during process steps that
follow. For example, the use of a staam autoclave, in addition to its cwn
potantial emission of PCBs or OCTs, also imparts moisture to the wax, and this
watar must be removed befors the wax can be reused, Dewataring by evaporation
at high tamperature also likely contributss to air emissions. Flash firing,
which combines mold firing and dewaxing into cne step, mrobably emits high
lavels of PCBs or FCTS, ad so far as is known, emission controls are not used.

Solid wastes can include unreclaimed used wax, excess
reclaimed wax, bottaons fram reclamations, and wastes from spills, equipment
cleanout, etc. Although process watar doas$ not appear to be used, same plants
may use cooling water. The staam autoclave appears to be a source of water
vapor only.

3.3.3 Wex Manufacturing
To dats, very littls is known about the wax manufacturing
process. However, it is known that in tha process PCB or PCT campounds are
xided in powdered fomm to the wax base. Reduction of FCB or PCT particle size
prior to mixing may be desired. Losses of dust to the envirorment by air
routes from both size reduction and mixing operations would be expectad.
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3.3.4 Recammendations

Tha informaticn presentad herein represents the current
nowledos of decachlorchiphenyl and polychlorinatad terphenyls usage as wax
fillers in the investmant casting industry. This knowlsdge should be used as
a basis for the develogment of a acauirate assessmant of the importance of MCB
and PCT wasta from the industry, and of the adequacy of available substitutes.
Significant information gathering efforts would be required to establish a
cgnplets picture of the practices, processes and product of the investment
asting foundries and wax manufacturers, Definition of the waste streams and
emissions from the processes used would require sampling and analysis efforts
in addition to the qathering of available process data ard other information
from the industry. The cbjectives of such a plan would necessarily include
the following:

(1) Verification of the magnitude of PCB and PCT wax

filler production and use;

(2) Developmant of detailed process descriptions,
including wasts streams, lsxling to a camplets
mass balance for the praduction and use processes
(including significant variations);

(3) Definition of quantitiss and concentrations of
wasts streams, including wasts form, abatement
techniques, and ultimate disposal mathods; ard

{4) Evaluation of all resscrable altarmatives to the
use of PCBs and PCTs in casting.

A study plan to acaxplish the above dbjectives was developed for OTS urcler
Task IIT of this rogram (Contract 68-01-3259).
3.4 Seccrdmry Fiber Recovery (Paper Recycling)
The seccxrdaxy fiber recovery industry omverts wastepaper fram
industrial, commrcial, and municipal sources into reusable pulp, which is

subsequently used to prodice paper products, either as is or blended with
virgin palp. In the Unitad Statss, thare are appruximataly 230 paper mills
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which procuce pulp arpletaly darived from wastspapar and 550 mills whose
quraratad pulp cortains secondary fiber (typically 10 o5 15 pezcunt).

Wastspaper stands third bshind puilpeecd and wastas from othar forwse
products as a source Of papar pulp in the United States. In 1574, fibar re=
covary mills revoved almost 1) million tons of wastepager fram the natian's
solid wasta stream.

ha effluent discharges from sgm of the secordary fiber mills has
been documented by Kleinart to contain Arcclor 1242,'l) an apparent incidencal
FCB contaminant ocourring in the pulp production process. Table J.4-1 shows
the PCB (as Arcclor 1242) concmntrations and discharge rates for scme papar
recovary within tha Stata of Wisconsin., These data wers ollected in 1575 by
the Wisconsin Departtent of Natural Fescurces in an effart to muvey PCB dig-
aIges.

Tha follawing subsections present & revisw of the historical usage of
Aroclor 1242 in carbonlass copy papar production and a brief description of a
secorlazy fiber reccvezy procass.

3.4.1 Historical Use of PCBS in tha Paper Industry

Aroelor 1242 {(which appears to be the predaminant PCB fourd in
mill affluants) ‘Y vas used in the merufacture of cazbonless copy paper %0ld by
the Agpleton Papar Divisicn of the NCR Corporation during tha paricd 1957 to
1971. Tablas 3.4.1-1 through 3.4.1-] provide data indicating: (1) Tha magni-
tuda of Aroclar 1242 congumption in the mamufacture of NCR carbonless paper;
{2) Production quanticiss of NCR carbonless pagar; and (3) The weight parosnc
of Axeclor 1242 in cartxmlsss peper.

From these tables, several significat facts are darived con=
aming the magnitudes of PCB use in the muwfacturs of carbonless papar products.
Sam of thess facts axw:

() Mpproximately 44 millicn pounds of Aroclar 1242

ware purchased (fram Monsanto) for the maufactixe
of NCR cxbenless papar;
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TARLE 3.4-1

PCB CQCNCENTRATIONS IN WISONSIN PAPER PLANT EFFLLUENTS

Average BCB PCB
No. of Concentration Discharged Aroclor

Plant Jetemminations (pp) Ls./day Type
Badger Papsr Mills 1 <.l -
Scott Paper

Marinette 1 <.l -

Oconto Falls 1 <.l -
Shawano Paper 1 <1 -
John Strange Paper 1 4.00 .037 1242
Bergstrom Paper 4 28.40 1.25 1242
Kimberly Clark 1 0.28 .010 1242
Thilmsny Paper 2 <1 -
Ffort Howard Paper

Mill Effluant 1 .60 0.158 1242

Deinking 1 6.40 0.586 1242

Deinking & Mill Effluent 3 7.07 1.060 1242
Mmmrican Can

Sulfita Sewar 1 0.10 0.002 1242

Paper Mill Lagoon 1 0.14 .012 1242
Charmin Paper 1 0.14 .019 1242
Greewn Bay Packaging 1 0.45 0.006 1242

Note: Efflusnt flow data for these companies was determined at time of PCB

sapling.
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TAELE 3.4.1-1

HISTORY OF ARDCLOR 1242 CONSUMPTION
IV THE *ANUFACTURE OF NCR CAFBQNLESS, PAPER
FOR THE YEARS 1957 THROUGH 19711

=R (THOUSANDS OF POLNDS)
1957 587
1958 779
1939 1019
1960 1149
1361 1643
1962 1953
1963 2281
1964 2705
1965 3489
1966 4246
1967 4155
1968 5801
1969 6278
1970 6611
1971 1266
TOTAL - 1957 through 1971 44162

rota: U From data compiled and reported by Appletan Papers Division,
NCR Corporation.
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TABLE 3.4.1-2

HISTORY OF NCR CARBONLESS PAPER PRODUCTION
FOR THE YEARS 1957 THROUGH 1971

ESTIMATED NCR CARBONLESS

YEAR PAPER PRODUCTICN - TONS
1957 10010
1958 13264
1959 17434
1960 20703
1961 25504
1962 29708
1963 . 34583
1964 41762
1965 51855
1966 60594
1967 69512
1968 83250
1969 87336
1970 91576
1971 88977
mm,mlss'l through 1970 726068

Note: '““Total excludes 1971 becmuse use of Aroclor 1242 was
discontinued in May, 1971 but sstimatad production
of NCR carbonlass paper is for full year.
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TAELE 3.

4.1-3

RATIO OF AROCIOR 1242 QINSUMPTION FOR CARBONLESS

TQ NCR CARBONLESS ESTIMATED PRODUCTION

A (B) PCB Content
Aroclor 1242 NCR Carboriless (A)
Year Consutption ), Estimatad Production B X 100
Thousarnds of Pounds Thousards of Pourris

1957 587 20020 2.9
1958 779 26528 2.9
1959 1019 14868 2.9
1960 1149 41406 2.8
1961 1643 51008 3.2
1962 1953 59416 3.3
1963 2281 69166 3.3
1964 2708 83524 3.2
1965 3489 103710 1.4
1966 4246 121188 3.5
1967 4358 135024 3.1
1968 5801 166500 1.5
1969 6278 174672 3.6
1970 6611 183152 1.6
1971 1266 177954 -
roran‘? 1957 42896 1274182 Avg. 3.4

thru 1370

Notas ¢1) Prom data campiled and reportad by Applston Papers Division,

NCR Corporation,

(2} Toral excludes 1971 because use of Arcclor 1242 was discontinued
in May, 1971 but estimated production of NCR carbanless paper 1s
for full year.
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(2) The average weight peroent of Aroclor 1242 in
carbanless paper was 1,4 paroent;

(3) Of the total PCBa 30ld in the United States
during 1957-1971, 6.3 percent were scld for the
NCR carbonless paper application;: and

{4) 28 percent of the total Aroclor 1242 sold by
Monsanto for plasticizer applications was
purchased for the manufacture of NCR carbonless
paper.

Although NCR developed and scld tha product, the actual manu-
facturing step whereby Aroclor 1242 was incorporatad into the paper was per-
formad by the 'isad Qorporation of Dayton, Chio, who exclusively supplied
carbonless paper to NCR., NCR, in turn, either used the supplied paper to manu-
facture ledger (businass) forme or sold ad distributed the carbonless paper
to othear form manufacturers. Aroclor 1242 is reportad to be the anly Arocler
type used in the production of carbonless paper. Specifically, Arocler 1242
was used as a sclvent for certain oolor reactants which were encapsulated into
microsphares 10-20 microns in diamter and applisd to one side of the paper
during the ooating process. The walls of the microspheres consistad of a
gealatin-gqum arcbic farmulation which was hardenad by treatment with an
aldshyds (such as formaldehyde). Since 1971, alkyl biphenyl oampounds have Deen
used in place of Arocler 1242 as the dye carriar.

Very little is known about other uses of PCBa in the paper
industry. Past usage of PCBs in paper coatings and adhesives appears likely,
although the quantitiss used could not have bean near the magnitude of PCB
usage in the carbonless copy paper. Almost cartainly FCBs wers used in some
of the inks, and possibly paper colorants, which can also be expected to occur
in wastspaper. Aoccrding to Monsanto, the favored Aroclor type usaed in inks
was 1254, which contains most of the same isomers as 1242 but at different
relative cncentrations.
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In addition, PCBS can enter the pulping proossas through con-
tarination of intake watar and in virgin pulp. Little is known about tha
magnitude of any of these sources, or even how much carbonless copy paper

containing PCBs remains in files, etc. to entar the paper recycling processes
in the future.

3. 4.2 Fibar Recovery Mill Procsss

The following is a genearalized description of the mill process
for recovering paper fiber. Portions of this description was provided by the
Bergstrom Paper Canpany in Neenah, Wisconsin. Figure 3.4.2-1 depicts tha
genaral process, P to the paper making section, in blodk form.

Tha fiber recovery process is a purification process wharein
fibrous matarials are deinked and separatad from non-fibrous materials through
controllad cleaning amd mechanical treatment, followad by waghing and cleanirg.
The color is next remcved from the pulp by a multi-stage bleaching systam
acoxpanied by intaymittant washing and osntrifugal dewataring.

Pulping and Dainking: The fiber regeneraticn process starts
with fesdar crews loading the sorted paper anto a belt comveyor. Tha conveyor
feads a Sydropulper, whare wastepsper is pulped and deinked through the action
of hot water, steam, caustic soda, and deinking chemicals. The breaking down
of the paper stock is accamplished through a cabination of mechanical and
chenical treatment, At this point, larger metallic dbjects and other non-
papar materials mixed with the wastspsper are collectad into traps at the
bottgn of the pulpar. The pulped stock lsaves the hydropulper via extrusion
through parforated plates, and goss to blending chests for additional retenticn
tima and agitation. Prom the blanding chests tha stock passes over a vacam
filtar which is used for heat and chamical recovery. Much of the filtrats is
recyclad to the hydropulper; excess filtrats goss to treatmant., The stock is
than diluted and sent to cmntrifflars whers small metallic particlas such as
pins and staples are remcwed.
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Pulpwashing: Accepted stock fram the centrifflers goes on =g
the washing stage, Stock washing is acaaplished in a four-stage counter-£lgy
washing system. The first stage consists of cylinder washing, the secord and
third stages consist of sidehill washers, ard the fourth stage is another
oylinder washer. The cleanast water is used for dilutiom at the fourth stage,
and the filtrats is fed to the preceding stage, finally rmaching the first
stage fram which the filtrate is discharged for wasts treatment.

Bleaching: Following washirg, the stock goes to a three-stage
bleachery. At the first stage the stock is chlarinated by sodium hypochlorisa
soluticn in a tower. Aftar chlorination, the stock is washed on a vacnm
filter. In the next stage the stock is treated with caustic scda and sodium
hypochlorite. Aftar retantion in a second tower the stock is diluted and again
washed on a vacum filter. It is than treated again with sodium hypochlorite
in a third tower.

Scresning and Clsaning: After retention in the third tower,
the bleachad stock is diluted for the next cleaing procass, which is a three-
stage pressure scresn systam. Acoepted stock from the first stace pressure
screan goes to a five-stage acmntrifugal cleanar system for remcval of small-
sized heavy contaminants. Following this, the pulp is sent to a four-stage
systam of cantrifugal cleanars for removal of lightweight contaminants.

Aftar the cleaning, the stock goes to a final washing stage
ard is then dewatered {thicened) and stored in high deansity towers for paper
making.

Flow Rates axd Compemition of Discharges: At Bergstrom the
ssparate waterborne discharges from the paper and the paper making process are
cambined with othar facility wasts streams ard directad to a central waste
treattant systam. Only the effluent fram the primary clarifier of the waste
treatnant system is discharged to the enviroment. The average efflusnt flow
rats for Berystran during 197¢ was 3.9 million gallons per day. This volume
rate is bhycken down as follows:
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Volum Rate to Waste Treacment
Millicn Gallons/Day

Proomss

Deinking 2.5
Paper Making )
Water Flant .3
Disposal Plant and Miscellansous .2

Table 3.4.2-1 is a tabulation supplied by Bergstram of the
1574 averages for various parametars in their ras water source and waste
clarifier effluant. The average Aroclor 1242 concentration in the effluent was
reported to be less than 8§ ppb.

Recawmandation {Paper Recyclingl: The informmation presented
harein with regard to PCBs in paper recycling procssses is based on a very
limiced sty affort on the secondary fiber recovery industry. It is recom-
manded that a more detailad study be perforred of PCBs invelvement in this
industry. Important aspects which should be adirwsesd include:

(1} Dafinition of papar recycling processes and the
PCBs matarial balance thersin (PCBs input versus
PCBe content in efflusnt ard product) ;

{2 Mmumotmmmmiqummm
into recyclad papar;

{3} Developmant of present distrilution of PCBa
originally used in papex:

{4) Detsrmination of applicable effluent treatment
methodology and asscciated cost estimatas: ard

1$-1] mjaimmmmotmmm
anviroemant from this industry.
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TARLE 3.4.2-1

CMPOSITION OF RAW WATER AD CLAMIY R ECFFLUINT (1374 oATA)

{bargstrom Paper 00.)

Aldrin, ug/l

Jmvonis Nitrogen., mg/l
Arsenic, -3/°

Barium, 43/l
Baryllium, 293

Boran, W5/l

Caduium, w9/1
lorids, my/1
Chlarine. mz/l

Witracs Nitrogen, =g/l
Nitrita Nicogen, mg/l
Kjaldahl Nitzogen, s/l
Qlls, Fats, Greasm, M
Pharol, ug/l

PCES, ug/l

Salanlom, ug/l
Sulfsts, m/1
Sulfide, =g/l
ulfite, mg/l
’wm'-/!-
Thalllus, ug/1

1ne, ve/t

xmy, =1

Raw Watar

<0.1
0.12

<8

14

<0.3

3
<16

Lo

<0.5

<4
<14

<3

«0.00%

<0.93

0.46
<0.07
<42
10
0.7
<)3
0.29
<0.00%
0.82
<l

.11
<0.%
<8
45
<0.03%
<2
<1l
<1
(14

1.1
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<0.4
1.72
<8
140
<%
218
<i§
42
<0.%
6
14
7%
0.12
€0.0)
<l0
0.48
<0.%
"
50
0.5
<))
1.3
0.43
18.0
%.4
%
0.5%7
0-0 (1242)
<q
T®
<0.0%
<2
“3
«25
420
3
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3.5 Industrial Use of PCBs as Hwdraulic and Heat Transfer Fluids

3.5.1 General

The use of PCBs in hydraulic and heat trapsfer systems
ingreased rapidly during the 1950s and 1960s until, in 1970, the maximm sales
by Monsanto for these uses, plus lubricants, were about 11.3 million pounds, or over
15 percent of the total 1970 reportad domestic sales. Since 1971, Monsanto has
not markatad PCBs for these uses, and although it should be notsd that such
usace of PCBS in deep mining equipment is axpressly allowed by the B agree-
mant to which the U.S. is pargy.

Whan PCBS sales for heat transfer and hydraulic uses were
aliminated by Monsanto in 1971, the affectad industries turned to substitutes
or, in a vary few cases, irportad PCBs. Phosphate esters hawe found acoeptance
in many types of hydraulic systans whare PCES were formerly usad., Glycols and
cthar alcohols hawe replaced PCBS in same heat transfer systeams, and there are
a nuber of other substitutsas used for this purpose {(including other chlorinated
hydrocarbons) .

It is surmised that there are industrial concerns still using
PCBS in thess sami-closed systans. Hesse reported at the National Conference
on PCBe in November, 197% that a number of such users had besn found in
Michigan. Later contacts with these sane firms indicated that all had volun-
tarily replaced tha PCBs in thair systems with substituts fluids. Very little
work has been done to ascertain the magnitude of current PCBS usage for
hydraulic and heat transfer purposas. Of tha total reportsd Monsanto damestic
sales of PCBe over the pericd 1957-71 for heat transfer fluids, hydraulic fluids,
and lubricants, 81 million pands, it semms reascnable that at least 95 parcent
have basn replaced by substitutas or were in systams now cbsclets. On this
basis tha maximm amont still in use would ba on tha order of four million
powds. A fiqure of two million powyls still in use is probably mors accurate.
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3.5.2 Use of Imported PCBs by Joy Manufacturing

Until recently, Joy Manufacturing Oo. (Pittsburgh, Pa.) marw-
factured mining equipment which utilized a PCB motor coolant. Joy imports PCRs,
as a mixture similar to Aroclor 1242, from France (Prodslec). Presently, the
PQB type motors am no longer manufactured and have been replaced on new units
by an air-cooled motor. However, PCB coolant fluids purchased from France are
being usad for servicing the old liquid ccolant motors. Qurently, there are
approximataly 1100 of the old motors in the field, each of which contains an
estimated 1 - 4 qallons of PCR type cocolant fluid. The opsrating tima of these
motors bafore campleta overhsul is batwesn 1 and 2 years. The major benefit
derived fram using the PCB type coolant was its fire retardant characteristics.

From the information received by repressntatives of Joy Manu-
facturing Company, and from available physical proparties, it is estimated that
between 40,000 and 60,000 poaunds of the impoarted PCB type cooclant fluid would
be necessary to replace and " top off" the fluids in the old motsxs each year.

3.6 Fecunt Use of PCBs in Product Dewelooment Activities

Since the valuntary limitation on the sale of PCB campowrds in the
United Statas by Morsatc, small quantities of PCB campousxis have bean irported
for new product develogmant by at least oma U.S. campany. Such a use appli-
cation, by E. I. duPont da Nenours ad @., Wilmington, Del., was for develop-
mant work an 4 new polymar which is derived from the resction of decachloro-
biphanyl (daka) ard Bisphancl A.

According to dufont representatives, they have imported small
quantities of dska from Caffarc (Italy) for experimantal purposes with the
intent to develop a new product called NR-140 polymar. Approximstaly 2000
pounds of daka were imporoed in 1974; however, dufont did not import any deka
in 1975. A decision was made not to commarcialize the new product because of
tha unosrtainties asecciated with the requlation of PCBe.

It is estimated by dwPont that, if the new product had been
commercialized, the anmual purchase of daka would be in the range of 5-10
million poags.
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SECTION VI
WASTE TREATMENT TECHNOLOGIES

1.0 INTRODUCTION

This section includes descriptions and discussions of existing and proposed
tachrologies for the treatment of various types of wastes generatad at PChB~
producing and PCBrusing plants. Also included are discussions of the presently
available control technologies amd technologies to be available within three
years, plus technologies that will not be available for five or more years. The
treatment and oontrol costs included here have been develcped and presentsd in
the Task II report "Assessment of Wastewatar Managament, Trsatment Techrology,
and Asscciated Costs for Abatement of PCBa Concentrations in Industrial Efflusnts”,
EPA Contract No. 68-01-3259, issued February 3, 1976.

1.1 Summary of Wasts Manaqemsnt Problem Areas

Based upon detailed plant inspections and eaminations of the processes
in the production of PCBs ard their use in capacitors and transformars, it has
besn detarmined that there are four major cateqories of wastss to be cmsidered:
wagte liquid PCBs, PCBs in wastewmter, PCB contaminated solid wastes, and airkormne
PCB enissions, It has also been dstarmined that the charactaristics of wastas in
PFCBs producing and using cperaticns are similar encugh that the sams kinds of
control ard treatment technologies can be used,

1.1.1 wasts Liquid PCBe and Contaminated Scrap Oil
' The usars of dielectric materials have strict requiremants for
prity. Typical requirweants are:

Ircrganic chlorides 100 ppb meocimum

Acidity, mg KM/g 0.0l masxcimm

ater content 30 to 35 ppm macimam

Resistivity, 100°C, 500 V, 100 to 500 x 10° crmam,
0.1 inch gap minimam

Dislectric strength, 25°C 35 kv minimum
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Mchneoroﬂmmﬂumhmtatdnmg
facility, or by the user during transformer and capacitor filling operaticns,
ard it is found that the properties cannot be restored to askarel specificaticns
by filtering and drying,disposal is required. The types of PCB contaminatsd
liquids requiring disposal are:

l. PCBa contaminated with mineral oil

2. Mineral oil oontaminatsd with PCRs

3. Nonreclaimsble oontaminatsd transformer askarels -

arced askarels, askarels from manufacturing spills
and sup accumulations, and askarels from holding
basins, drip and drain pans, washings, sarple jars
and ocontainers

1.1.2 PCBa in Wastewaters

The rost likely patimays by which PCBa enter wastewater stresams
are cparator wash-up aftar PCB handling and groundspills that mix into rairwatar
runeff. The significance of the first pathway can be illustrated by the realiza-
tion that sixtsen oparators (or 4 oparators 4 times a day) washing 1 ounce per
day of PCB from their hands, acoount far one pound per day of PCB discharge,

Other wasteatar catspories discussed in the industrial charactar-
ization section of this report are:

l. Incinarator scrubber and quench water
2. Stamm jet ejectors in vacuoum distillation

3. Capacitor detsrgent wash scluticns
1.1.3 PCB-Comtaminated Solid Wastes

S0lid wastes can be divided into two categories, burmnable amd nop-

1.1.3.1 Bugmable Solid Wasts Matarials Containing PCBs
Burnable wastes can be disposed of by high-temperature
incinerstion. Such wastes consist of cellulcsic matarials, rags, presatoard, wood,
sawdust, fullar's earth in bulk or in cloth bags, blottar papers, nitrile or cork
gamkets, and similar materials.
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1.1.3.2 Nonburmable Solid Waste Materials Containing, or
Contaminatad with BCEs

Nonibwzmable wastes may consist of capacitor and trans-
former internal components: stesl, coppar and aluminum components; filtsr units
of the steel mesh construction type: and askarel drums ard cans. Wastes of this
type should be drained, with the liquid collected in drip pans, before disposal.

1l.1.4 Air Fmissions of PCBs

Although PCBs have very low vapor pressures they can be emitted
to the attospheare from the following operations and practices:

1. Arcclor scrubbing of air in PCBs marufacture

2. Vapor exhaust from staam jet ejectors

3. Evaporation from accidental spills

4. Evaporation from hot surfaces as part of flood-
filling, inspection or holding operations

5. Vacoum parp exhausts

6. Evaporation from plant wastswater

1.2 Summry of Current PChe Wasts Control Practices
1.2.1 Control of Waste Liquid PCBe and Contaminatad Scrap Oils

Plant visits have shown the major control methods to be inciner-
ation and disposal in sealed druns sent to sanitary landfills. Both incineration
and landfilling mey be carried ocut by the facility gewrating the wasts, cr the
facility may engage a CONtIactor.

Monsanto, the anly U.S. producer of PCBe, has an incineratcr
{designed by John Zinc, Inc.) that vaporizes FCB ligquids and sustains them in a
turbulent burning gas at more than 2200°F for 2 sectnds: One transformar mame-
facturer uses a Jobn Zink designed incineratcr that vaporizes FCBs and burns them
at 1600 to 1800°P for 3 seconds or longer; this facility can also destroy FCBs
soaked into transformar intarnal parts, but cannot routinely handle spant fuller's
earth,
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A marber of PCB users send their solid wastes to the Rollins
Envirormental Services facility at Logan Township, N.J. Rollins uses a specially
designed camplex having a rotary kiln and a liquid turbulent burming chamber,
toth of which exhaust into an afterburner. Liquids can be burned in either the
liquid chamber or the kiln: in the kiln liquid wastes can help to incineratas
solids. The afterburner is 40 feet long, providing good residence time, and it is
followed by a hot duct of about equal length that allows further combustion.
Rollins claims a residence time of 3 to 4 seconds at a minimm temperature of
about 2400°F at the aft end of the hot duct., The gases then go to a venturi
scrubber and a tower scrubber for cooling and neutralization., For non=CB incin-
eration, Follins scmetimas lowers combustion temperature to 2200°F and residence
time to 2 to 3 seconds. Thase residence times and temperatures were chosen experi-
mantally to get 99.999-percent PCB destruction. This facility also handles all
kinds of solids, as will be explained later, and it operates with EPA approval,

Arother facility that incinerates liquid PCBs, with New York
State EPA approval, is the Chemtrol Corp.'s facility at Mcdel City, New York.

Liquids going to landfill are sealed in druns and added to land-
fills that have desp clay bases ard impervious bulkheads to prevent leaching and
sespage. However, incineration is the preferred disposal method for liquids.

1.2.2 Control of PCBs in Wastewaters

Qur plant investigations have revealsd that there are no methods
being practiced wharsby dissolved or otherwise bound FCBs in water streams are
being either extractad from those streams or destroyed in them.

In tha separation of PCBs frum wastewaters, FCBs and sludges are
ramved from the bottom of wetar bodies, while oily phases are removed from the
surfaces. However, nothing as yet is being done to treat the water layer itself:
this is the area of PFCB wastss cntrol and treatmant nost needing development,

In genaral, wasts streams contain between 1 ppb and 500 ppb of
FCBs; most levels range betwwen 10 and S0 ppb. PCB concentration of less than 1
peb are undetsctable.
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Several plants use methcds to xeep the quantity of PCS
contaminated wastewaters as small as possible. A few plants planned adscrp-
tion tests with cartons and cther adsorbents, byt there were no full-scale
cparations,

l.2.3 Control of Solid Wastas Contaminated with PCRs

The two current methcds of disposal of solid or semi-solid
PCBs wastes are incineration and landffill. Since we found conly one bCE-
using manufacturing facility with partial incineration capability, and
Monsanto's incinerator cannot handle solids, all facilities except one must
ship their solid wastes away fram the plant site for either treacment., The
one plant with partial capability can incinerate transformer intsrnals to
racover copper, and alsc can incinerats paper, rags, cardboard and the like.
However, they do not as yet, incinerata fuller's earth, contaminated dire, and
similar materials. These are drummad and stored for later disposition.

Although thers are a number of exparimsntal facilities trrough-
out the U.S. that could unddoutedly incinerats all types of solid materials,
one cammarcial venture has received the hulk of the work. FRollins Envircomental
Services can handle ligquids incirsration. For solids incineration of almost
all types, the tumble burner or rotary kiln is used., When PCB contaminated
materials are to be destroyed, the kiln temperature is Mrought up to 2200°F.
All kinds of solids, packed in 47-gallon lined fiber drums and not posing
umsual safety hazards are accepted. The cuwrrent (lata 1975) fee is about
7-1/2¢/pourd. Additional charges of $3/fibsr—drum handling, plus transporta-
ticn charges, and possibly other charges for unusual probleme, might be made.

Follins will not accept impact sensitive, radicactive
matarials, or heavy metals concentrations of more than 25 pom in the PCBs
wastss., PFor wastas packad in stsal drune, Rolling charges a 510/drum handling
charge. As a gamaral rule, anything packsd according to the latesc ICC tariff
for hasardous materials will be acceptad.

As with the liquids incineration, the gases from the kiln at
2200°F pass to the aftarburner at a tamperature of about 2500°F. Gases exit
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the aftertuzner to a long hot duct that completes combustion and maintairs
the temperature at 2400°F until the gases enter the venturi scrubber, and
thence to the lower scrubber and then the stack, Rollins has experimented
with lower terperatures of 2000 to 2200°F and has not found destruction of
PCBs tO be at the 99.999 percent level desired. The residerce time for gases
at the 2400°F must be 3 to 4 seconds in a turbulent regime.

With regard to landfilling, one cmercial venture has
harciled a large quantity of the PCH solid wastes under supervised conditions.
The Chamtyel Pollution Services Co, of Model City, N.Y., coerates a landfill
located on the shore of lake Ontario, under New York Stats EPA supervision,
in a geologic setting claimed to be ideal for corplete containment,

This "scientific landfill" is located entirely above grownd
on a bed of 40-feet-thick ¢clay. onstructed on this foundation are ceils for
receipt of drummad solid wastes. The cells are lined with 30-mil chlorinated
polyethylene £film, and when loaded, are sealed, or covered with S-feet of clay.
At the bottam of each cell there is a sunp, so that all leachate is collected
and removed. That leachate is pH controlled, settled, filtered, and treatsd
by flow through a carbon bed. The ground and surface watars are checked
rmenthly for chemical content by an outside analytical laboratory. The facility
has besn approved for usage as a PCB disposal site by the New York Stats EFA,
and thousands of drure have been landfilled cover the last five years, An
inventory is kept of the cootants of each cell.

Chemtrol has the capability of converting semisolids and
sludges to solids by using silicate cemant powders and proprietary gelling
agents.

Our revisw and analysis of the irdustrial situation for PCBs
01id wastes control shows there are adequats cptions, at higher prices, for
safe disposal and destruction. Thare is no longer a justification for open
duping to the ground or in lagoons.

1.2.4 Control of Air Snissions of PChe

Most air emissions from ambient terperature PCBR are not oon-
trolled or collectsd for treatmant in any way. PCB emissions generally are
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llected 2s part of the overall plant air exhaust, which frequently is ducted
to roof exhausts without treatment, Several plants used exhaust chilling and/
or fibrous or gramular filtration of air; these methrds offar the potantial
for PCR emission reduction.

The hot flood-filling of capacitors is followed by a cool
down pericd before the filling tank is opened to the plant amosphere. How
ever, the temperature is still between 100 and 150°F:; the area of the cpening
is several square meters, through which tank gases can reach the plant atmos-
here. The tanks have imdividual exhaust ducts, but they lead directly to a
roof exhaust systam, The PCB-coversd capacitors are held in an oven at 100 to
150°F to prevent any moisture condensation before sealing. Vapors from this
storage are ductad to the roof and vented also.

In same cases, wasts scrap oils containing PCBs are burned
togethar with fusl oil in stardard boiler systams. In these instances much of
the PCA content is probably vaporized and exhaustad to the air, rathar than
incirerated,

2.0 CANDIDATE PCBa WASTE TREATMENT TECHNOLOGIES CONSIDERED

Mplrtafth-mummnofthinn:ﬂyofalmﬁw'mﬂnds,we
have contactad a mrber of squipment supplisrs, developers, and researchers,
in both the U.8, and elssuhare.

Key information was cbtained on potantial methods of ECBs removal fram,
and destruction in, wastswatars, by cooperative testing between Versar, Inc.,
and sevaral materials sypliers and process developers. Their assistance is
gratefully acknowladged.

We visited the U.S. producer, Monsanto, and several transformer and capac-
itor mamufacturers to ascertain the nature, charactsristics and quantities of
plant efflusnts that now oortain measureable amounts of PCRBe, or might contain
PCBe following a spill or other incident. This has provided the background for
weighing the advantages and disadvantages of all available tectpology for poten-
tial application to PCBe westswater trwatmmnt. We discussad and evaluatad the
mmlm&pd-rwund,pouibhmm!,ardidmfumcpﬁmized
systams.
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In order to find the new technology and approaches that might be fort-
coming, we made a camputer search of Chemical Abstracts from 1972 to the
presant, and focusad on degradation, decaposition and waste trearment Zara,
Searches were also made of the Lockheed Enginesring Index, Naticnal Technical
Information Service, and Predicasts for informaticn on rew developmants,

The text refarence used as a source of sumarized data prior to 1972 was:
The Chemistry of PCBe, by Hutzinger, Safe and Zitko, published in 1974 by
CRC Press.

Cardidate treatment technologies have been divided into the same four
categories listad in Section 1.1. Also, as we evaluatad techrowlogiss, they
ware placed into categories, as follows, irdicating their level of development:

l. Damronstratad Full-Scale Treatments
2. Pilot-Scale Methods
3. Fesearch Approaches to PCBe Ramoval or Destruction

S treatrunt tethods ware designed for disposal of compounds similar to
the PCBe, e.g., chlorinatsad hydrocarbons and other refractory orwanics.

The full-gcale plant treatments are ready for application to PCB wasta
problems now. Tha pilot-scale mathods ars expected to take ona to five years
to be developed to the point where they will be detsmmined suitable, or un-
suitable, for plant-scale PCBe applications.

Methods currently undar development are expected to taks three years or
more before being ready for plant-scale applications.

Section 2.5 ontains a discussion of the applicability of varicus treat-
mants to the zaro discharge cbjective.
2.1 Treatmant of Waste Licuid PCBe and Contaminatad Scrap Oils
Only two kinds of treatmant or disposal methods are considered suite
able for waste liquid BChe and contaminatad scrap oils, and they are now being

used, However, thare are improvemants and dasion features needed to prevent
PCB transfer into the water, air or lad.
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2.1.1 Incineratian

The standard configuraticn, long cylindrical steel combus-
tion chamber, having a length to diameter ratio of between 4/1 ard 8/1 ard
well insulated with high alumina refractory brick, is suitable as a primary
chamber, Two injectors should be provided: one for a high=BTU gas or fuel
oil, and one for the PCB waste liquid. Primary air or steam is provided <o
vaporize oils, and secondary air is added to complete combustion and provide
excess air. These feeds should be made tangentially, or with adequate baff-
ling to assure turinwlent flow throughout, and to prevent hot or aold spots in
the chamber. It is ocbvious that alroat any residence time may be allowed for
a gas flowing through a cylindrical chamber. However, there is a maximm
Tesidence time above which turbulence is assured throughout the chamber.
Turbulence throughout is assured when wall terperatures are unifomm in all
parts of the chamber. Most fusl flames provide adiabatic combustion tempera-
tures of about 3000°F. When the more endothermic PCBe arw being destroved,
the flare can be rapidly cooled to 2200 to 2500°F; for the very high destruc-
tion efficiences desired, 99.599 percent cr highar, this is the minimm tem=
parature range required, for a residance time of 3 to 4 seconds. After combus-
tion there should be allowance for afteariaoning, which may be acoammodated in
insulated ducts. These can be of sufficient length to assure total residence
time of 3 o { seconds. Following the cambustion phass there must be rapid
oling of the gasss, usually by the injection of oold water fram a peripheral
ring of sprays or jets. Also, the cooling water should be neutTalized so that
hot hydrochlaric acid contact with furthar components is cbviated.

In same systems a high energy venturi scrubber is used to
ontrol particulates, if they are expectad in the gas stzeam. In all system
the gas stremm is than washad comter currvently with water, or water plus
reutralizing agent, in some form of a packed towar. Usually a demister is the
last elemnt contacted by the gas before it is exhaustsd through the stack.

The stack gas amissions and the scrubber effluent liquid
should be monitored pericdically for PCBe levels, and the incinerator should
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have adequate auttmatic controls to prevent PCES £ram being emitted unde—
stooyed. The chief failw-safe control is a pyrometsr chat causes burmer shut-
down if the combustion chambar or duct temperature drops below about 2150°F,
There are other controls that can warn if such an oocurrence might take
place., Thess flow rate controls on the primary and secondary feeds can be
monitored so chat low fuel flow, or high PCRg=to~fusl flow ratic can indi-
Cate a tamperature drop. I[nadsquate air flow can also cause temperature
decreases. All such parameters should be monitored, and adequate cperator
warnings provided. And, of course, to prevent dastruction of the venturi
scribber sections, shutdown should autamatically take place if cold water
flow is evar insufficient.

2.1.2 Sanitary or Scisntific Landfill

Sanitary landfilling is an alternative to incineration for
PCB usars who cannot justify incineration facilities just for PCBs, and who
have no wasts pickesp service organization within reasonable distance. Land-
fills that will adequataly contain PCBe should have all the fsatures described
in Section 1.3.3 above, plus thars must he assurance that the liguid containers
will be sealed and laak proof, and have long life in the landfill,

2.2 Treatmant of Wastewatars Containing PChe

Treatmant of wvastawatars containing PCBe has recaived very little
attantion in practicw thus far. Our survey has found a varisty of methods for
reduction, and even for achieving "zarc discharge”, of PCBe in wastewaters.

2.2.1 Carban Mdsorption
Carben adsorption is a well-known water purification and
industrial product purification tachniqua. The use of carbon adsorption is
vall-guited to removing PCBs fran wWastewetsr since it is most effective in
removing high molecular weight, nor~polar, relatively insoluble compounds from
water. All these requiremants are mat by the PECs.

As will be discussed later, Versar has conducted tests, in co—
optnt.im with carbon suppliers, demonstrating the relative effectivensss of
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varicus activatad cartnn products. PCB concentrations on the order of
1 ppb were taken as a reasorable effluent abjective.

The disadvantage of carbon adsorption is that cnce used,
the carbon may have tr undergo destruction by high temperature incineration
rather than be regenerated, as is the usual practice. The great advaptace of
carbon treatmsnt is that a wide spectrum of other toxic organics can simul=
tanecusly he effactively removed fram water,

Carbon adsorption is caxrently being used in large=scale
mmnicipal water purification systems. Thus capital costs, operating costs
ard reliability factors are well-lnown. At the 68th Anrmal AIChE Meeting in
Noverrbar 1975, G. Strudgeon of Zurn Industries described design Seatures for
a 0-million-gallon-per-day carbon system to be built for mmicipal waste-
water treatment at Garland, Texas., This system will cost $5 million, includ-
ing carbon regeneration. Operating Costs are expected to be $6,0300 per day.

Although carbon adsorption is the only mechanism tins far
froven effective in removing PCBs, three cther carbon-based treatment tech~
niques are urder study: bicdeqradation, whersly bacteria-ccatad carbon
particles break down pollutants in wastewatsr; catalytic action, wherein a
very active swrface holds pollutant molecules while other degradation or
axidation reactions take place; and chemical reaction, in which carbon is
actually depleted as part of a chemical reaction that removes pollutants. The
techniiques were also discussed at the 68th Armual AIChE Meeting.

As an adjunct to this evaluation study, Versar corducted co-
operative laboratory adsorption isotherm tests with Carborundum Coampany and
ICI=-US. These tests have extanded the ranges of carbon adsorption data pub-
lished by Calgon Cbrp. into highar and lower concuntrations. Laboratory
adsorption isotharm testing is a reliable tachnique for determining the feas-
ibility of adsorption treatment for PCBe removal fram wastewaters and specifi-
cally indicatas:

1. Tha efflusnt levels of ECEs concwntraticn

obtainable by adsorption treatment

2. Tha weight of PCBs adsorbed at the
concentraticns being studied
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On the other hand, the laboratory test does not determine
tha necessary contact time for granular carbon beds to effect the desired
recuction. This determination is usually performed in small pilor cartun
beds under hydraulic flow conditions,

Laboratory and pilot plant tests involving PCBS must be
designed to prevent losses of PCBs. The root of the prublem is the very
low, parts per billion, solubility of PCBa in water, Examples of patiways
of experimental loss are:

1. Evaporation to the air
2. Adsorption on a variety of solid surfaces
and sedirents
2.2.1.1 PCBs Adscrption Testing by Carborundum Campany

Versar, Inc., together with Carborundum Co., con-
ducted a preliminary study to determine the ability of an experimental, osal-
based activated carbon in reroving PCBe from water. This study alsc provided
an analytical check in that both campaniss made electron-capture gasg chromato=
graph analyses on the sane samples, and there was close ayregmant on results.

The coal-based activated carbon had a surface area
of 950 to 1050 scuare matars per gram. The iodine mumber was approximately
the same as the surface arwa, indicating that alrost all of the pores had a
diameter greatsr than 10 to 15 Angstroms.

The control and test sanples were filtered before
extraction and gas chramatographic analysis, The removal of PCBe by solids,
surfaces, filter media, and the like, was known and expected prior to these
tests, thus a high PCB concntration in the filtered control and test samples
was the target.

The PCB mixture used was Aroclor 1254. It was solub-
ilized by metharol to give a 1000 ppm stock solution. This was diluted with
diseillad water to prepars 1000-ppb test solutions.

Table 2,2.1.1-1 presents the data. The filtered
control level is considered the actual level the carbon was adsorbing, rather
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TABLE 2.2.1.1-1

CARBORUMDIM CO, TESTS OF PCBs (AROCIOR 1254)
REMOVAL FROM WATER BY AN EXPERIMENTAL ACTIVATED CARBON

PCBs Conc. Effluent PCB

n Before Treatment Conc. After Percent

Prepared PCBs Carbon Nogage [Control Conc. After Carbon Treatment PCBs
Concentration (ppb) (mg/1) Filtering) (ppb) {peb) Removal

Control - 1000 - 160 - -

Test 1000 1.0 160 59 63.1
Test 1000 2.0 160 20.6% 87.1
22,049 £6.2

Test 1000 10.0 160 2.6@ 98. 4
2483 98.5

NOTES : (l)ar.pgrimul matarial, coal-based, 950=1050 square meters/gram.
(2)Versu' Inc.'s analysis,
(3)beor\.|nd|.m (o.'s analysis.
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than the prepared level. The filter removed 84 percent of PCBS 1n -‘mse -age
ouns. -

As shown in Table 2,2.1.1-1, the percent PCBS re-
Toved frtm a concentrated water solution (160 pob) at low carbon dosages was
quite good. During plant surveys we found PCES concentrations in wastewater
destined for river discharge to range from 50 to 500 ppb, so the 160-pph con=
centration treated in this study was an intermsdiate value: it was, however,
alsc the highest value treatad in tha cooperative studies under this program.

Carborundum Co. plans to continue this effore to
detarmine the effects of other carbon dosage levels on various feed PCBs con-
centrations, The data given here are only considered preliminary.

2,2,1.2 PCRBs Adsorption Testing by ICI-US

In a cocperative program with Versar, ICI-US performed
preliminary adsorption tests to determine the ability of powdered carbon in
removing Aroclor 1254 from water. Versar conducted all analytical tests Sor
this program,

The Aroclor was solubilized with methanol so that a
1000-ppm concentration of Aroclor 1254 in water was achieved. Two types of
granular activated carbon wers tested: lignite base, and ccal base. Both
tyres were ground to a fine powdar (90 percent through 325 mesh) before adsorp-
tion testing, Prior to grinding, the lignite-base and coal-base carbons had a
surface area of about 650 square meters per gram and 1000 square metsrs per
gram, respectively.

The test solutions were made up fram distilled, de-
ionized water to a volume of 1 liter, Four levels of Aroclor concentrations
were treatsd: 10 ppb, 100 ppb, 500 ppb and 1000 ppb. Both the control and
treatad solutions were filtered beforw analysis. The great affinity of PCBs
for all solid surfaces was not fully anticipatad, during these tests, The fil-
tration was uniform for all samples through 2.4~cm Resve Angel fibarrgliss
discs (Grads 934AH). As can be seen in Table 2.2.1.2-1, most of the PCis were
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TABLE 2.2.1.2-1

ICI=-US TESTS OF PCBs (AFOCLOR 1254) REMOWAL
FROM WATER BY TWO TYPES OF COMMERCIAL CARBONS

Prepared PCBa
ncentration (ppb)

Qoatrol, 10
Test, 10
Test, 10
Control, 100
Test, 100
Test, 100
Control, 500
Test, 500
Test, 500
Control, 1000
Test, 1000
Test, 1000

romes: (U

PCBS Conc. Effluent
Before Treatment PCBS Conc.
(Control Conc. (After Carbon percent
_ Carbon After Filtaring) Treatment) PCBs
Tpe Cosage (rq/1) (ppio) (peb) Reroval
- - 1.07 — -
Lignite'd ‘ 1.07 0.177 83.5
a1 (2 . 1.07 0.190 82.2
- - 11.15 - -
Lignite 30 11.15 0.213 98.1
al kN 11.15 0.111 99.0
— - 5,32 - -
Lignite 100 5.32 0.09 98.3
Coal 100 5.32 0.114 97.9
— - 37.5 - -
Lignite 100 37.5 0.32 99,2
Coal 100 37.5 0.24 99.4

Larger pore, £50 square meters per gram.

ms'nnncr pore, 1000 sjuare mMeters per gram.
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removed in filtracion. However, by using the filtered "conerol sample" as an
appreodmation of the amount the filtar removes from all feed samples, we can
get a good preliminary estimate of the PCBS removal ability of the swo kirds
of commercial carbons at various wastewatsr pollutant levels, and at varicus
carban desages.

The results of these laboratory tests indicated
that powdered carixon was highly effective in removing PCBs from watar at ‘our
levels fram 1 to 40 ppb. There was not a grmat deal of difference between the
effectivensss of the two carbons, The lignite carbon has relacively larce
pores and smaller surface area than the coal-based carbon. The lignite-based
carbon simulates the activity of the osal-based carbon aftar the latter has a
nurbar of thermal regenerations. Thermal regensration tends to increase the
pore size, and lowsr the surface area Of any given carbon. Thess kinds of
activated carbons, however, tand to stabilize at about 550 square metsrs per
gram, evan aftar many reganarations.

The conclusion from thess results is that carbon-
adscrption can be effective in removing PCBe fram wastewaters, even after many
thermal reqenarations. It is quite significant that in all thess tests, the
treated eoffluent PCBs levels ranged from 90 o 320 parts per trillion, which
are well below the target maximm PCB leval of 1 ppb.

Further testing is needed to get confirmatory isc—
therm data and colum test data., In colum tests, the granular form of carbon
was usad, and, therefore, some of the intarior portions of the carbon were
not as accassible as they would have bean in the powdered form. Thus the
tests with powdered carbon, given on a weight fraction basis {i.e,, pourds
PCBs remcved per pound of carbon), yield the maximum weight fraction of PCBs that
that can be removed in a scalad-up commercial system.

2,2,1.3 PCBs adsorption Testing by Caigon Corp.

-‘Adsorption isotherms wers run on Arcclor 1242 amd
125%4. Stock solutions of each campound were prepared in acetons at 100 mg/l.
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Filerasord'™ 300 (FS-300) activated carbon was used “hroughout. Carbon was
added from a stock suspension 0f 1 g or 2 g of pulverized ¥5-300 per liter of
distilled water.

Isotherms of Aroclor 1242 and 1254 were prepared
by the following method. Exactly 1 ml of PCB solution was added =0 seven
flasks, each containing slightly less than 1 liter of distilled water.
vMeasured volumes of the 2 g/l carbon stock solution was added to each flask
to give carbon concentrations of 0,2,5,10,25,50 ard 100 m3/1. The total
volume of each flask was 1000 ml. After four hours agitation on a wrist
shaker, each solution was filtered through 0.45 micron millipore pads and
stored prior to analysis in a refrigerator in guart amber glass bottles
having Teflon-lines caps.

A nickel-63 electron capture gas chromatograph was
used for analysis; all samples were extracted and concentratad approximacely
100 times before analysis. The method is described in the 1971 EPA repore,
"Methods for Organic Pesticide Analysis in Water and Wastewater."

Table 2.2.1.3~1 shows the PCBS rawoval data, and
gives comparative data for Aldrin, It appears that the Aroclors are removed
as effactively as pesticides. Ramoval from the 50-ppb level to the l-ppb
level seers possible.

Figure 2.2.1.3-1 shows the Calgon data plottsd to
give the weight percent of PCBs that Filtrasorb=300 carbon can adscrb, at
levels down to 1 ppb. As can be seen, the curves take a dowrward break at
about 2 to 3 ppb, indicating that the weight of activated carbon requirad to
remove a it weight of PCBe is rising rapidly, If this kird of data is con-
firmad with larger-scale colum testing, it would mean that ramoval of PCBs
fram water in the parts per trillion range is far morw difficult chan removal
in the parts per billion range.

Also from the figure it can be seen that the
inithlmtnﬁm(co) of the Aroclors were about 100 ppb. However,
filtration before testing removed PCBs so that the starting concentrations for
the tasts were 45 and 49 ppb.
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TABLE 2.2.1.3=1

FESULTS OF CALGON (ORP. LABORATORY ISOTHERM

TESTS FOR CARBON FEMOVAL CF PCBs

Carbon
Tosaqe (ng/1) fesidual (ppb)

Arocler 1242 Aroclor 1254 Aldrin
Control 45 49 48
.0 - - -
2.0 7.3 37 26
2.5 ~- - -
3.0 1.6 1?7 15
10.0 1.1 4.2 12
12.5 -— - -
25.0 - 1.6 6.3
50.0 - 1.2 4.4
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Figure 2.2.1.3-1. EQUILIBRIUM CARBON ADSORPTION OF PCB'S FROM WATER AT
LOW CONCENTRATIONS (CALGON DATA)
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Hager and Rizzo of Calgon Corp. have described e
essential elaments of full-scale adsorption systems in a paper oresentad to
the EPA Techrology Transfer Session on Treatment of Toxic Chemicals held in
Atlanta on March 13, 1974. Each system is camprised of three basic funcrional
camponents:

1. The adsorption treatment of the wastewater
2, The carbon reactivation equipment
. The carbon/water transport arrangement

for PCRs, the practicality of reactivation must be determined,

2.2.1.1.1 Adsorption Treatment of Wastewater

The adscrbers told the qranular activated
carbon beds through which the wastewater flows. They can be designed for
prassure or gravity flow to achieve the desired contact tims of the water with
the carbon. Suspended solids and space limitations also must be considared in
the adworber anfiquration. Flow rates usually fall under 10 Spm per square
foot of carbon bed surface arsa. Contact times for induserial wastewatar
mixtures usually are in excess of 60 minutes, which is about twice the time
aployed for purification of damstic sewage. Vhen susperded solids are present,
they can be filtered cut by tha carbon bed; this dual purpose of carbon beds
can be usefully amploved as long as the adscrbars are designed to accommedate
periodic hackwashing and bad-cleaning procadures such as air scour and surface
wash. For PCRs service, minimm backwashing would be desirable since back-
washing would creats large quantities of concentrated wastswater needing incine
eration or treattant. Some settling and prefiltering would be required for
optimam systam parformance.

A well designad water distribution system
or underdrain systam would insure good backwashing performances, as well as
even distribgtion of water flow, Well establishad filtration design practices
can be effectively smployed in carbon bed systams. Carbon bads must be periodi-
cally rvanved via watar slurry and obstructions to the flow of carbon from tha
adsorter shrxild be avoided in adsorber design.
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_ Carbon beds are mormally in ecess of
i0 feet desp and usually fall into one of four basic configurasions:

1., moving beds

2. beds in series

J. bads in parallel

4. expanded bads
The type of confiquration selected depends cn a nunber of variables; principal
among tham are total water flow, suspended solids, and degres of contaminant
recduction desired.

2,2.1.3.2 TReactivation of the Gramlar Carbon

Thermal oxidation, using either multiple
hearth furnaces or rotary kilns, is genarally employed to reactivate the
exhausted carbon. The size of the thermal reactivation sequipment is based on
the carbon exhsustion rats, i.e., pounds of carbon exhausted per thousand
gallons of wastewatar treated, and the weight of contaminant on the carbon.
Excass capacity is designed into the tharmal reactivation unit to allow for
variances in carbon use rate dus to changes in the wastamter flow and organic
loading.

Tht exhaustad gramilar activatad carbon
is heated to 1600 to 1800°F to effect wolatilization and oxidation of the dis-
solved organic contaminants. Qxygen in the furnace is normally controlled at
less than 1 percant to effect selective cxidation of contaminants over activa=
tad carbon. A 5 paroant loss of activated carbon per rwactivation cycle is an
acceptable banch mark upon which to base gramular carbon system scoramics.
Particularly for the PCBS, which require an incineration tavperature in excess
of about 2200°F plus several seconds residence time, the reactivation equipment
mist include an aftartarner., An air scrubber with HCl neutralization would be
the last elmmnt of the reactivation train. Thus far, the regenezration of car-
bon used for PCBS adsorption has not bean proved.
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2,2.1.3.1 Carbon Transport

Granular spent carbon is usually trans-
po:-t-.-:! betwean the adsorbers and the reactivation equimment by water slurry.
Various pumping designs can be employed including centrifugal and diaphragm
putps as well as hydraulic or pneumatic pressure. The transport piping showld
include flush ports and wide radius bends. Typical loading is between 1 and 13
pournds of carbon per gallon of water, depending uron distarce and alevation '
considerations.

2.2,1.1.4 Materials cf Construction

Special consideration should be given o
the selection of materials of construction with regard o corrosicon and ercsion.

1. Galvanic Onrrwsion - Any tandency
toward galvanic corrosion dus to watar characteristics, such as conductivity
ard pH, will be enhanced in granular carbon beds. Mild steel tanks or adsorpe
ersg tolding granular carbon wunder watar should be lined. Tanks can also be
censtructad of camant or rwinforoed synthatic resins or plastics.

Casharr-in-watar slurry piping, which
epariences only pericdic exgosure, is usually exsmptad from special corresion
considerations.

2. Exosion - Pericdic replacement of the
carton bads can causs lining failures at exit ports in carbon tanks and ad-
sorbars. Special grades of stainless steal are usually employed for such wear
points.

2.2.1.4 Carbon Regeneration Alternatives - Wat Catalytic
3ddation

For small installations, it might prove feasible %
disposs of spant carton by incireration. Carbon supply companies also of fer
spant carton ramoval services and off-sits reganeration.

Howsver, there is a new wastewater treatment tech-
nmmmhappuabhmmmm namely wat catalytic
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oxidation. Several laboratory stidies in wet catalytic axidation are des-
cribed in Appendix C. Lockheed Missiles and Space On. {Waste Treatment Syscess
Section) of Sunmyvals, California, anrounced in January, 1976, that they have
a process ready for pilot plant evaluation and commercial scale=-up.

In a preliminary look at the PCBs destruction poten-
tial of wet catalytic oxidation, a wastewater sarple from an unnamed user of
PCHs was subjected o trmatment, The PCB mixture approximated Aroclor 1221
most closaly, and was very comcsntrated t© S pgm in the wastswater sample,
Since 5 pam is much highar than that Aroclor's solubility in pure water, i- is
believed that solubilizing agents or particulates were carrying most of the
PCBS. Within 20 minutes of treatment time, however, about 90 percent of che
PCBs had bean destzoved, and no large quantities of reaction products wers
datactad, Howevar, this is just cne data point and confirmation is needed,
The tast reactor was A continuously stirred batch system, with air continuously
sparged in. The test conditions used were: rwactor pressure, 1500 psigs
tarperature, S50°F; catalyst conoantzation, 0.5 gram; and reactor volume,
1.5 licers.

Tha proposad use of wat catalytic cddation ig for
carbon regeneration while in spent water slurry form,

Since the capital and operating costs of the catalytic
systam are tisd to the hydraulic load, it might be practical to trap PCRs with
carbon in wastswatar, and then treat the carbon slurry by catalytic cxidation
to destroy the FCBs. In this way, PCBs would be removed from the wastewater by
the highly efficiant carbon adsorption method, while the volume handled by the
catalytic systam would be greatly reduced.

Feasibility testing for regensration of activatad
carbon by catalytic oxidation is needed. The activatsd carton industry has
long sooght altarmatives to thermal regeneration of carbon, because of the lcss
of carbmm by axidation. With solvent regensration, cr acid or base treat-
mant, the first regureration only produces about 40 percent of the active sur-
face, which then usually decTeases t@© 1O percent aftsr several rore treatrents,
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Such deqradation is unacceptable. Thus the questiocns %o be 1iswered are:

a) Can catalytic oxidation destroy adsorbed PCBs on carton, onverting them
w C.'Dz. Hzo and HC1? b) Will the regenerated carton have, say, 50 to 95 per-
cant of its original activity? ¢) Can the process be cperatsd econcmically?
The last question must take into acoount the necessary cperaticn pressuras
(500 to 2000 psi), cperating tarperatures (300 to 650°F), source of oxygen
(air, 0, or ozone), tpe and lifetime of catalyst, residence time, and
materials of construction, among other variables.

2.2.1.5 Further Apnlications Data

ICI-US pruvides an excellent booklet entitled "A
Symposium on Activatad Carbon®, providing considarable detail on applications.
ICI alw provides information on special graphical procedures helpful in the
scale-p from iscthermm to colum testing,

2,2.2 Ultraviclet~Assistad Qzonation

Boch UV radiation, and ozorw, separately, have been used in
water purification for some timw, But only in the last five years or so has
the synergimm of the cambination bean appreciatad in the destruction of organ~
ics in watar.

Two commarcial organizations, Houston Ressarch, Inc,, of

Houston, Texas, and Westgats Research Qorp. of Marina Del Rey, Califernia, are
engaged in develcpmant of We-assistad (or catalyzed) ozorw oxddation of refrac-
tory organics. Both organizations have cooperatad in preliminary tests of PCis
dastruction, and the metind has slown great promise as a large-scale, ecoramic
watar trsattent methed. The corpanies are working mostly with 253.7 nancmeter,
near-¥, radiation, but they plan to investigats far-UV marcury radiation at
184.5 rm. )

It is of particular significaxe that thess methods promise
mdwmmmymcozuﬂmm. Thus they are
likely candidatas for zaro discharge and total recycle systens,

Related to this is the work of Lawrence at Envirorment Canada
(Rarlington, Ontario), who is studying the use of near-UV radiation (about
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365 ™), available from sunlight, in conjunction with titania or alumina
photocatalysts rather than the cambination of UV and ozxne. The ultraviolet
region extends to 380 rm, and then blends into visible violet. Studies usimg
visible light are described further below.

W radiation is generally provided by cummercially available
tubes, which when cperated at low powar (and low pressure in the emitzing
tube) are quite efficient in transferring W radiation to watar. The range
of affsctiveness is quite short, probably of the order of a few inches maximm,
because W transmissibility in weter is poor, and is degraded further by even
smll aounts of particulate matter.

Ozone is sparged into the reactor, and vigorous stirring is
provided until increasing tirbulence or mixing powar input does not further
increasse reacticn rata,

Various kirds of afficisncy valuss are given to rata different
systens, flows, arrangumants, etc, For cverall efficiency, the units of maasure
are total crganic carbon removed par watt-secnd of UV ingut, or par gram off
ozone introduced.

Since ozone genaration is egpensive, work is directed toward
optimm use of the ozone introduced. The cost is alrost completely that of the
alectric powar used in the silent discharge tubs method of making ozone from
air. And, of course, UV ganeration is also an elsctric powar cost factor.

The following subssctions discuss UV radiation and its mole-
cular interactions, the plotodegratation of PCBe, and UW-assistad czonation
operirente with PChs.

2.2.2.1 Molecular Resxnses to Ultraviclet Enargy

: Enerqgy abscrbed in the ultraviclst region (10 to
3304k canses electronic transitions within molecules. The principal charac-
w of an abeorption band are its wavelsngth and intansity., The wave-
lengelt of mexinm abecrption (A max) corresponds to the wavelength of radiation
having enargy equal to that required for an electronic transition. A molar
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absorptivity at maximm absorption (E max) of 10,000 calories per mole or
greater is regarded as high intensity ahsorption. Low intensity absorption
is considered an E max of less than 1,000 calories per mole: biphenyl in
aleohol at 250 mm has an E max of 18,000, and in hexane at 246 mm, an £ max
of 20,000,

This would seam to indicate that the basic structure
of the P(Bs would be reaxdily activatad by a mercury lamp generating 253.7-mm
radiation. However, this absorption will be modifisad by the mumber of chlor-
ine atoms attached to the biphanyl groups. 1If at any point in the destruction
of P(Be, saturated hydrocarbons are formad, they will be unrespotgive to
253.7-rm radiation, Saturatsd hydrocartons contain sigma electrons exclus-
ively. Since the energy required to bring about jionization of the sigma bends
is of the ordar of 185 kcal psr mole it is only availahle in the far ultra-
viclat, balow 200 mm. Single carton-carbon and carbrn-chlorine bonds have
about the sams high borxl enargy, and are similarly resistant to nupture; how-
ever, thare is a mercury emission at about 185 rm, which should be capable of
activating those bonds, thus making them highly reactive in the presance of
xidizers such as ozons.

Thus it appears possible &0 produce the excited
states in PCB rolecules necessary to make them highly receptive to axidation.
Since ozorw is a powerful exidizing agent, and it 00 is eoxited in the samw
regions making it even more effective, the possibilities for a wide range of
oxidations are pressnt. This would sesn to make corpleta destruction of PChs
to @,, watar and HC) fessibla.

2.2.2.2 Protcdegradation of PChs

Sacause of the strength of the C~C1 bord, it has here-
mmﬁnmmnmmmmdmm Further, in the
phomctiisient breakdown of DOT and related campounds, cClasvage of the arcmatic
C~Cl bond is usmamlly not irvelved. Howewar, Safe and Hutzinger reported in -
Nature in 1971, that hexachlorcbiphenyl photolyzad readily in organic sclvents
whan irradiated at 310 nm. The resultant products are foomed by stepwiss loss

- 170 -
MONS 209150



of chlorine, rearrangemant, and cordensation. Other researchers have found
that certain pure chlorcbiphenyls and PCB mixtures can be decamposed by lab-
cratory WV sources and by sunlight, over long time periods.

The wavelength of the UV radiation appears critical
-+] photocinnical decorposition. Low-pressure mercury lamps emitting 254 mm
geam to be several times as effactive as the UV from sunlight, which is gqreater
than 295 mm. Studias have bean carried cut in organic solvents and water, and
in both ligquid and vapor states.

Much of the past work has besn on crganic solvent
solutions of PCBS in ordar to have high working concentrations. Vapor phase
studies have besn rn to simlate treatment of atnospharic amissions in environ-
mantal studies.

Reductive dechlorination, the main photorwaction of _
chlorcbiphenyls, is faster in hydroxylic solvents such as metharol and iso=
proparol. Even chlorchbenzane loses chlarine rapidly on irradiation in iso-
propancl. Camplete dechlorination of a PGB mixture has hesn cbesrved in 1§
mirutes in an alkaline iscpropanol solution, using a marcury lamp (Anon.,
Chemical Marketing Reportar, Nov. 6, 1972, page 22). BRiphenyl and sodium
chlaride were identified in the reaction mixture.

Photosensitizars can increase the dscormposition rates.
Tryptophan, disthylaniline, benzophanone and triphsnylens sensitized the photo-
reaction of dichlorobiphanyl. The reacticn was quenched by n—hexyl marcaptan
and di-n-butyl sulfide. Experiments in wetsr solution have besn hampered by
adsorption of the PCBs on the walls of reaction cmtainars, particularly anes
made of glass.

N Attempts have besn made to use surfactants to keep
the PCRFIn suspension. Adscrption on such solids as calcium carbonate, silica,
ard soils, in wetar suspension, has besn tested as an aid to photolysis. How-
ever, UV radiation will rot penetrate desply into solids, so adsorbed PCB must
be kept close to the surface.
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2.2.2.3 Dyperimental Factors in UV-Assisted Ozore Oxidarisn
of PCEs ~

for several decades the advantages of ultraviolst
radiation in the sterilization of aqueous and dry media have been krown. I.«e-
wise, the powerful sterilizing, oxidizing effects of czone have been krown.
Only with the relatively recent advent of requirements for removing refractory
organics from water, and the ability to detect thmse organics in parts per
trillion and even lower concentrations, has the need for powerful axidizing
capability besn felt, It was quits natural to canbine the two effacts into a
single treatment or staged treatments, with the result being a strong synergism
in many cases.

Enough data has now accumulated to show that UV/czone
wvastewater treatment is a powarful method for removal of refractory organics.
It has the potantial of removing organics to an effective zero discharge level.
However, as the decreass in very small concentrations becomes exponential with
time, the residence time required in W/ozone treattnent equipment becomes a
critical factor. The following variables have been identified ag affecting
residence time:

1. Molecular structurs of the crganic

2. Concentration

3. W tranmmissivity of the wastewater

4. W intensity

5. W wawmlength

6. Ozone concantration

7. Liquid turbulence and gas=liquid contact
{transfer cosfficients)

8. oo
9. Temperaturs
) The following subsecticns present experimental find-
inge about the relative significance of these variables.
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2.2.2.4 Destruction of PCBs and Refractory Organics at
Houston Research, Inc.

2.2.2.4.1 PCB Destruction Data

In preliminary experimentation on the
feasibility of PCBs destructicn, a high pressure 650-watt mercury tube gener-
ating 253.7-rm radiation was used in a 2l-liter reactor. Figure 2.2.2.4.1-1
shows the arrangemant for a smaller rsactor. Oxygen, with an ozone concentra-
tion of 2 percent, was sparged in at 3 liters per minuts. This was felt to be
excess ozons usage, but a good starting point for tests. A 1000-ppm solution
of Aroelor 1254 in methanol was used to get a 5l4-ppb solution of Arcclor 1254
in water, QOtherwise the solubility of Arcclor 1254, which is about 50 percent
pentachlorcbiphenyl, is only 12 ppb in water. It was theorized that signifi-
cant dastruction of this compard would foracast even greater destruction of
the othar Arcclors now produced, which are all less chlorinated and more
soluble in watar.

Figure 2.2.2.4,1-2 is a plot of the rormale-
ized residual concentration of Aroclor versus time of UV-assistsd ozonation.
It can be sesn that in 1 hour about 2/3 of the FCBe had been decomposed; and
in 3 hours, only about 7 percant of the original PCBs remined.

2.2.2.4.2 % Data Cbtained fram Refractory

Hxston Resssarch has been studying ozon=
ation for watar purification for more than four years. OCamparison tests have
shown that the addition of UV radiation snhances the reaction rate by 10 to 100
fold. rmummm,mmmm_wmm
testad prior to the PChe, acstic acid, thare was essantially no reaction without
WV asgistance. However, with UV radiation, the cddation procesds rapidly at

oom LEmparatuze.

Figqure 2.2.2.4.2-1 shows the effects of UV
and tamperature on acetic acid destruction. The ordinate is the fraction of
total organic carbon remining, showing that for the 30°C or 50°C tests, with
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0V, there is nearly complete destruction tw @, and water within 4 to § hours
The fact that the curves are displaced to the right of tha mass transfer limit-
ing line shows that same chemical reaction rate improvement can be sought.,

Figure 2.2.2.4.2-2 shows the oxidation
improvement achieved by doubling the UV rower irput, with near constant tarp-
erature., Further description may be found in: "Ozone/UV Process Effective
Wastswater Treatment", by Premgle, Mauk, Legan and Hewes, in Hydrocarbon
Processing, October, 1975,

These are a sarpling of the kinds of opti-
mization experiments that must be run with the PCB oxidation systam to obtain
good econany of design and efficiency of cperation.

2.2.2.5 Destruction of PCBs and Refractory Organics at
Westgats Ressarch COIp.

2,2.2.5.1 PCBs Destruction Deta

Cocpearative tasting and ressarch between
Versar, Inc., and Westgate Ressarch, Inc., detarmined the effectiveness of
Westgatae's UV-assisted ozonation process in dastroying PCBs. The following
exparimantal corditions were used in the treatmant of synthetic wastewaters
containing Aroclers 1254 and 1016:

Reactor volum = 3 liters

Redction tims = 4 hours (excess time used to give
bast charxe of destruction)

WV Scurce = one 43-watt, low-pressue Hg lamp
oparating at 253.7 m

Reactor type = vertical, cylindrical, 18 inch long,
3 inch diametar (UV path length =
2 inches)

Pressure = atmospheric
Terperaturs = 23°C
pH = 6.2
- MONS 209157
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Ozone feed = 70 milligrams ozone/minute in 3.4

T liters per minute of oxygen; or
about l.4 percent by weight ozone
in oxygen

Reactant preparation = Pure Aroclor 1254 was mixed
with an equal portion of
methanol, which was then
mixed with distilled water
to get an apparent true
soluticn, A Hamilton syringe,
with vernier calibration
giving microliter increments
was used to prepare an
estimated 200-ppb concentra-
tion in a beaker. This solu-
tion was added to the reactor
(3 liters). Then a 200-ml
sample was withdrawn to get
the "before" sample.

when preparing the Aroclor 1016 solution,
a more ooncentrated PCBs solution of about 800 ppb was achieved., The before
and after treatment concentrations ¢f PCBs are shown in Table 2.2.2.5.1-1.

The data show that the destruction was
highly effective in these picneering tests; more than 99 percent of the
original PCBs were destroyed. In addition, the final oconcentration was at the
desired level of about 1 ppb. Such an effluent would be expected to be a
reasonable stream for recycle operations and intermediate term zero discharge
Potential.

Of course the contact time and ozone ex-
penditure were overly large, but the goal of this preliminary testing was to
demonstrate destruction of two key Aroclors in use today.

A more comprehensive study of the UV-
ozonolysis of Aroclor 1016 was run, with samples removed fram the reactor every
15 or 30 minutes for wp to 4 hours. As shown in Table 2.2,2.5.1-2, the initial
PCB concentration was 237 ppb. Within 45 minutes the PCB level had been de-
graded to 1 & 2 ppb, a 99%-percent decamposition. After 2 hours the PCB con-
centration was less than 100 ppt. The last colum in the Table labeled
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Table 2.2.2.5.1-l

W Ozorolysis Destruction of Tvoical Capacitor ard
Transformer PCBS at wWesStgate Sedearch

Aroclor 1016 Aroclor 1254
Initial (influent) Concentration (ppb) 790 200
Final (effluant) Concentration (ppb) 0.5 1.5

Table 2.2.2.5.1-2

Destruction of Aroclor l0l6 by W-0zonation at Westgate Research

Cilorinaced
UV-Czonation Time Aroclor 1016 Conc. Products Conc,

(minutas) {ppb) {ppb)
0 237.0 0.00

is 14.7 33.8

30 7.76 25.86

45 1.73 21.80

60 1.73 18.47

75 0.52 17.63

90 S.2 21.42

120 <0.1 12.64
150 <Q.1 16.91
180 <0.1 9,12
210 <0.1 23.07
240 . <0.l 12.58
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-wu: Products Concentration” is of particular interest., This is the
first tims quantitative data on the residual compounds in the reaction mixrore
have bean compiled. These residual campounds reach a 13, 8-gpb level within
15 minutes fram the start of the test and then erratically and slowly drop o
about 10 =@ 20 ppb over the 4 hour paziod,

) The only statements that can be made about
these residual coampounds is that they are non-PCBa, but chlorinated materials.
Possibly a different UV wavelength, or ozone concentration, or the use of a
catalyst or other agent could degrade these cthar produrts to the non-detectable
Llevel,

2,2,2.5.2 Pilot~Scale Tests of Refractory Crganics

Decarpoe iEion

Zaff has described pilot-scale tests of
(V-assisted ozonarion using 253,7-nm radiacion ("UV=0X (M) Process for the
Effectiva Raroval of Organics in Wasta Watars®, presentad at the 68th Annual
Mesting of the AIChE, November 20, 197%). This work has growm from a patented
invention for a housahvld appliance used to purify tap watar. Tha effactivenass
of the method is demnstratad by the reduction in total organic carbon (TOC) of
500 ml of tap wvater fram 5 mg/l to 1 my/1l in 1 mirute, using 0.07 my of ozone
and 0.1 wvatts of 253.7-nm V., Tha bactaria plata count was also reduced by a
significant amount,

In these studiss, batch reaction condi-
tiuumoptimizdmmelounmmhumcamtimwimleutoz
and (V enargy irput. Then continuous and two-stage oparations were investigated.
As shown in Figure 2.2.2.5.2-1, a 6~inch-path length of UV was compared with a
3=inch path. In a batch test, the longer path condition tock 3 to 4 times as
long as the shortar path to achieve the sam TOC reduction, in approximate
accord with the inverse square law,

The laborarory-scals equipment arrangement
is shom in Pigure 2.2.2.5.2-2. Table 2.2.2.5.2-1 presents TOC reductions for
a S-part orgmnic mixtre under two experimental conditions, showing czone usage

- 181 -
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efficiencies, and energy usage efficiencies, with a simulated two~stage con-
tingous cperaticn. Zeff has calculated the prime energy costs far UV-assisted
ozcnation based on a scale-up of & pilot reactor. The pilot reactsr handled
20 gph, so that 210 of these units in parallel would hardle 100,000 gpd. The
plant area needed for this equimment would be only 18 feet square, with a
height of 3 feet.

Based on pilot tests of this reactor, it
might be assumed that it could convert wastewater of 40 mg/l TOC to less than
5 mg/l, using six 43-watt UV lamps. It is assumed that a UV energy require-
ment of 5 watt-minutes per millgram of carbon axidized will suffice. Also,
the ozone requirement will be 2 moles per gram=atam of carbon oxidized, but
at a 7S-percent efficiency, or 2/.75 = 2.67 moles ozone per gram-atam of
carbon. Assuming a power cost of 1.5¢/KWH; the ozone generating power cost
would be $53.40 and the UV power would be $18.93; or a total of $72,33 per
100,000 qal. of water treatsd.

Zeff points out that the 210 reactor
rodules would requirel260 43-watt lamps (six per reactor). This appears to
be a large nurbar of lamps, but it is actually very practical. Such arrays of
larps are reqularly used for roam illumination in factories and large offices,
and the low-prassure mercury. lamps used hare are nothing but flucrescent lamps
without the phosphor coating. An extendsd array such as this is much more
energy-efficient than fewr high-power high-pressure industrial UV irradiavors;
and maintenance and replacemant of lamps is much simplar. The life of the low-
power lamps is 7500 hours as compared to 1000 hours for the high~power lamps.,

2.2.2.6 laboratory Test Results from AiResearch Corporation

In the laboratory tasts of tha AiResearch (orporation,
high-pressure 450-watt mercury lamps were used. The tsst sclutions were very
dilute mixtures of methanol, ethanol, isoprvpanol, and acetons in water. The
ozme was introduosd into the 4-liter organic mixture in an odygen stream
" bubbled in at 2 liters per minuts; ozone concentration in the cxygen was
33 mg/liter. With the expenditure of 7.3 grams of ozcne, the mixture of aloo-
hols and acetons Was reduced from 115 mg/l OO to 10 mg/l in 2 hours.

- 18% -
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2.2,2.7 Conments on (V/Ozone Tests

These highly encouiraging tests by three djifferent
Campanies in the destruction of some of the Most refractory organics en-
countered in wastewater treatment, give confidence that scaled-up systems can
adequately destroy PCBS in industrial wastewaters. The next step required .s
detailed cost effectiveness tssting in pilot-scale equipment,

2.2.3 MNon=Carton Adsorbents for PCBs

A variety of non-carbon materials, some well-inown for treat-
ing water and some that seem tn be quite specific for PCBs removal, have been
found. Limited cocperative laboratory testing of PCBe ramoval has been con-
ducted in order to gain insight into potential effectiveness.

Materials considered or examined were:

1) rRolm and Haas Arbarlite XAD series resins - These were
Taboratory-tested for PLBS LwoOval

2) Pol%l chloride - Testad by Canadian investigators
I3

3) Clays ard Bumus - Testad by Monsanto for PCB ramoval

4) Pol = Testad by Canadian, Swedish and other
G for PCBs rwroval

5) %&d in commarcial water purification,
trisd with PCBs
§) Pol 1 as flocc t - Not really
o ranewing fimely
divided ad.mbnnu fran treated wvasteswsaters; have
not bean tasted

7) al - Not tasted with PCBs, but being experimentally
used for water treatmant

8) Mlecular Sisves - Not tried with PCBs, since they
were ju3ged t De of improper character; they would
be epectsd to preferentially remve water from PCBs,
rathar than PCBS frum watar

9) Miscsllanecus Sorbants - A number of propristary Cil
Torbants, such as the "JM Brand® series, that were

mtustdmthm,mightm‘mapphuuon

MONS 209166
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2.2.3.1 The Arberlite XD Series of Macroreticular Reasins

2.2.3.1.1 PCBs Adsorption Testing
Cooperative preliminary experimental work
wag carried out between Versar and Rolm and Haas to test the PCB~adsorption
capacity of XAD-4 resins. The tests confirmed the effectivensss of this resin
(see Appendix D).

Since carbon adsorption is the rore estap-
lished tachrology for removal of organics, it was felt that a side-by-side =
parison of a carbon and an Amberlite resin would be useful.

Trese tests sihowed that resin and carbton
are ayparable in PCBs remcrval effectivensss. The resin method includes on=
Site reguneration, with the concentrated waste PCBs treated by incineration.
Details on the apparatus and materials used by Folm and Haas and the results
of their experiments are given in Appandix A.

2.2.3.1.2 Process Concept for Resin Adsorption of

e

Based upon the expuriments described in
Appandix A, the Rolm and Haas exparience has led them to envision the following
plant-scals process, subject to further experimentation.

Tha wastewataer to be treated is passed
through one or more colums, each containing polymeric adsorbent. Once the
resin is loaded to capacity with PCB, it is taksn off lina for regensration.

A watar miscible solvent is usually used for regersration, and is in tum dis-

placed fram the adsorbent by watar. The stream resulting fram this operation

is carefully fractionated to optimize sclvent recovery. Tha final rinse usually
containg a very low level of selvent in water and this must be collected as a

PCBs wastswatar.

The distillation colum permits solvent
recovexy at high purity, leaving water and PCB in the hottoms. 7O minimize

- 187 -
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discillacion costs, A patanted variation of the process, called "suparlcadirg”,
is used to maintain a high PCB concentration in the final toxic material =5 be
disposed, Part of this process inclixies a separator from which the organic
phase is PCB while the aqueous phase is recycled to "mupmrload” the adsorbent.
A copletaly enclosed system can readily be designed to insure minimam Qpera-~
tor exposure t© PCB., A process concept flow sheet of such a PCBg removal
systam is shown in Fiqure 2,2.3.1.2-1.

The experimental work necessary to plant-
scale design is as follows:
L. More extensive lesakage data should be gathered
for XAD-4 and othar Ambarlits rolymaric adsorb-
ents, enCrpassing several influsnt concentra-

tions of PCBS; other Aroclors should also be
tastad.

2. The ability of the Mmberlite polymaric adscrbe
ents to be solvent regenarated should be
demonstrated and the optimum solvent determined

. The capacity of the Ambarlite polymeric adsori-
ents should be detarmined over a muber of
lcading/zrecunaration cycles to see the effect,

if any, of long-term cparation on capacity.
The description of XAD-4 resin and its
camparison with othar Rolm and Haas resins that might also have application
to PCBs repoval ars given in Appandix 8.

Further descriptions of non—carbon adsorb-
eants are presantad in the Appendix C. They contain relevant axperimental work
on PCBs and refractory organics, and ars inclided to give a more carplete pic-
ture of the cptions assessed under this program. Also included in Appendix C
ars sumaries of catalytic reduction, catalytic oxidation, microorganism
studias, ultrafiltration, and reverse osmosis. For the removal of PCBs fram
wastewatar, all ars considered to be in the research stages. Several have
potantial for contributing to zero discharge techmology.
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2.3 Treatment of PCBS - Contaminated Solid Wastes

2.3.1 Incineration

Incineration has been described in Section 1,3.3. For rhe
variety of solids ranging from granular particulate, such as fuller's earth,
o large chunks of solids, such as transformer internals, the best destruction
method is rotary kiln incinerator, followed with adequate afterburning o
prevent PCB vaporization.

2.3.2 Sanitary Landfill

The best tecimology for seqreqation of the PCBs solid wastes
90 that spillage, leakage to watarways, or emissions to the atrmosphere will not
ocour, is described under Sectien 1.3.3.

2.4 Treatent of Alr Bmissions

2.4.1 Condensacion Methods

O survey fourd cne plant that was practicing chilling of
eduaust gases fram PCBs processing areas, With the low vapor pressure of PCBs -
even at roam temperaturs, it might be expectad that they could be effactively
swapt out of chilled air with the condensing water. Undoubtadly this does
ocour tD some extant; rowever, the high activity cosfficients of PCBs terd ©
kesp tham vaporized at levels near their pure liquid vapor pressure at that low
taparature. Previous work by Versar has shown that PCBs in stack emissions
fram sludge incineration are not reeoved by water scrubbing (EPA Contract
68-01-1587) ,

2.4.2 Gramilar Masorption Methods

Although no information was unavered on the collection of
PCBs from air stremms by any form of granular filter, it would be expected that
such treattant should be effective. In fact, it would be expectad that the
same adscrbents discussed under Sections 2.2.1 and 2,2.] above would be the
most effective. Activatad carbon removal of organic vapors has besn practiced
in such widaly divergent circumtances and devices as gas masks, kitchen range
nod systams, and submarine air recycls systems.
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2.4.) Catalytic Oxidation of Organics in Evaporaced Effluencs

Studies of vapor phase oxidation show the potential for PCEs
destruction 1N air exhausts at lower than incineration teMperatures. Catalysts
would have to be resistant to HCl vapors, but fuel savings and insulation
savings would be large. This procedure shoold be amenable to all proportions
of water and organics in such air streams,

Borkowski passed PCB vapors over a catalyst at elevated
terperatures ("The Catalytic Oxidation of Phanols and other Impurities in
Evaporatad Effluents,” Water Research (1l}; 367 (1967))., Copper oxide was the
mest active of a large number of catalysts tested and oxidation to carbon
dicxide and water appearsd to be carplets at tamperatures cver 300°C and at
residence times of about 0.08 seconds., Without the catalyst, 1000 to 1200°C
was required to achieve the same degres of remcval.

Walsh and Katzer studied contaminated air-watsr vapor streams
over supported copper oxida and shewed that the rate was first order in pherol
and relatively rapid between 150 and 270°C ("Catalyeir Oxidation of Phemol in
Diluta Ooncentration in Air®, Ind. Eng. Chem. Process Desi¢n Develop, (12);
417 (1973)). At 150°C and a space velocity of 4100 hr ! the pherol conversion
was 99.6 paroent, and thare was little evidence of any intarmediate organics
in the cordensate.

These methods of air purification are in the research stages,
and actual testing of PCBS in air is required.
2.5 The Potential for Zaro Discharqe

The best metixd of achieving zezo discharge, in the face of the prac-
tical problem of defining what a zero concantration is, is to establish total
recycle. This appesrs feasible for wastswater, but not for solids or air
emissions, Fortnataly, for solids, incinsration technology prrmises very high
efficimncy of destruction simply by setting the tamperature and residence times
high enough.
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For air enissicns, although vapor presasures ars low for pCBs, large
surfaces have the potential for giving off significant quantities of pcas.
Versar research has found powerful adsorption and destruction methods for
organics ir air. If destruction equivalent to that achieved by incineration
can be achisved at lower tamperatures through catalyzed reactions, near zero
enissions are possible.

for wastewater recycls, methods of adsorption and catalytic destruc-
tion promise PCES reduction o levels low erough such that reuse is practical.
Our suwrvey has shown same mmnicipal and frash watars oontain PCB concentra-
tions of L ppb or greater, and many river watsars can contain many times thac,
Thus the recyclad watar at 1 ppb of PCB would be vary suitable for reuss.

3.0 PRATIQNALE AND SELECTIONS OF CURRENTLY RECOMMENLED WASTE TREATMENT METHCOS

Basead upon cur plant surveys of the PC3-using capacitor and transformer
merfacturery, the singls U.S. PCB manufacturer, and wasts tredtment equipment
suppliers, and wpon the analysis and evaluation of all available tectmologies
whather in coomrcial use, pilot plant, or research stages, Varsar has developed
reconmndations for the moet practical treatmant methods available row, Ve
have also made predicrions of methods applicable ¢ver the short- and long=temm
future. Our azrent recomundations are bassd on technology that is either
caurrently in uss and doing an exsllent job of PCB destruction or removal, or
lolds great pranise of doing that job based upon success in similar but no-PCB,
applications.

1.l Incimaration Mecomwnded for Liguid PCBs and Scrap Oils

For liquid PCBs and cntaninatad scrap oils, we detsrmined only two
candidate methods: incingration and sanitary landfill. It is possible that
e chamical degradation methods discussed undar wastewatar treatmnt might
later beccme applicable to concentratad PCB liquids, but the prospect is not
clsar at this time.

Sanitary ladfill is not recomrended for ligquids when inciperation is
available. The potential for liquids eacaping in large quantities from nyptured

S =192 -
MONS 209172



ontainers, caused by any of a mumber of circumstances, and then causing
massive leaching and liguid control problems at the lardfill, is felt o be
o0 great,

Incirmration, on the other hand, offers a straight-forward and
physically simple method of final destruction, Incineration facilisies =hat
have successfully handled PCB liguids are available in Massachusetts, “ew
vork, Delaware, Illinois, Texas and [ouisiana, Pilot or experimental facil-
ities are available in other parts of the country. With the ircreass in
raquirements for disposing of many other liquid organics, it is expected that
new facilities suitable for PCBS destruction will be added,

Versar therefore recaxumerds incineration, particularly if there is a
choice of the kind of disposal facility to be constructed.

3.2 Carbon Adsorpticon and UV-Assisted Ozonation Recamended for PCBs in
Gstewvater

Our survey of wastewater treatmant technology was extensive and excell-
ent potantial for current, near- and long-term methods was found. The longer
term pilot- or resaarch-scale methods hold graat promise for achieving zero
discharge.

For wastewater treatmant, Versar's recoamendacion is carbon adsorp-
ticn, This technology has been well proved in a wide variety of industrial
adsorption problens. It is constantly being successfully applied to the re-
moval of new organics from watar. Our cooparative laboratory work with several
suppliers has confirmed preliminary reports of success in removing PCBs, All
of the aspacts of commercial carton adscrption, fram favorable capital and
operating economics to reascnable operating methods, materials of construction,
ard lack of transport of pollution to air or land, have besn proven for PCB-like
materials. There is every rsason to expect commarcial success with PCB removal
from wvastswmtsr,

Fotential problems with carbon adsorption includes the collection of
baclamsh wvater and spent carben for incineration or other treatment., With these
Uimitations in mind, we studied the various alternatives and have detsrmined
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that the W/ozne method is the best. However, it must he appreciated that
this technology is still samewhere in the pilot-plant and research stage, but
our cooperative testing with two equipment suppliers shows the method to be
effective in deatroying PCHs. It offers the potential of degrading breakdown
products all the way o mz' water and HCl. Any kind of process that generates
ro solids or liquids for later disposal must be considered for application
where nO wastswater treathent facilities now exist, and where facilities for
incineration of carbon system wastes are rot convenient.

The major factors yet to be determined for the UWW/ozore systems are
costs and cperating practicality. Separately, UV and ozxne systems are being
used in commarcial applicaticns, and it is therefors anticipatsd that the
carbination will be practical. Choices of the proper UV-radiation wavelength
ard power levels still need to he made, as wall as methods of improving ozohe-
use afficiency. It appears that cammrcial UV and ozore generators are suit=
able.

3.3 Incimeration and lLandfill Recammerded for Contaminatad Solids

Although incineration is recamanded for M3 contaminatsd solids,
because of its final destruction capability and prevention of any long-term
problems, sanitary or scientifically-controlled landfilling must be considered
a close secornd cdoice. At present, the only incinaration facilities for hand-
ling the full spectrum of PCB-contaminated solids are those of Rollins Environ—
mantal Services in Delsvare, Teas and ILcuisiana., This limitation on locations
for treatment recquires that the alternacs, landfill, be considered,

Landfill, as practicad by Chamtrol Corp., appears perfactly suitable
for containmant of PCB-contmninatad solids, at least over a medium term. Our
reservation with thig method is that it might be relegating a problem to the
furure. Our concern is that some decades in the future, when a landfill might
be closed, no agency will be preparsd to handle the surp amptying and maintenance
nAcasSsArY tO prevent leaching, We anticipate that same tims in the future, many
landfills will have to he mined, and final destruction or recovery carried out
for land use or hazard reascons.,
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3.4 Dxy Carbon Filter Adsorption Recommended for Control of Air Smissions

For mach the same reascns listed in Section 3.2, we recommand that
current emissions of PCBS in plant air be trapped in carbon~-containing filters.
It is recogniized that other and better adsorbents may emarge from research, as
described in Section 2,2.3, byt it is felt that such advances will be readily
applicable to any kind of filter pack, screen or cartridge system already in
Use.

The long reccrd of proven capability of carbon adsorption is the
main factor in its choice. However, since contaminated carbon must be either
incineratad or regeneratsd, cver the longer term we see tha use of low=
temperature catalytic oxidation methods as described in Section 2.4.]. Catalytic
oxidation methods hold promise for near zero discharge, with the generation of
no solid wastes,
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SECITON VII

PRODUCTIQN AND DISTRIBUTION
1.0 PROODUCTION AND CQURRENT USE

1.1 Comesric Production of RCHs and PCTs

Qurrantly there is only cne known camrercial scale PCB preduction
installation in the U.S., tha William G. Krumrich plant of tha Monsanto Chemical
Comparry in Sauget, Illincis, This facility is specifically designed for
chlorcbiphenyls production and hag a desiqn capacity of 48 million pourds per
year,

tUntil 1971 MCBs were also manufactured at Monsanto's Anniston,
Alabama plant which had a desiqn capacity approximately equal o the Sauget
plant., Tha Alabama opmration was disontirmed and the plant dismantled in
1571.

PCBs marufactured by Monsants are marketad undar trade name "Arccler®.
Tables 1.1-1 and 1.1-2 present data from Monsanto related to production and
sales of PCBs from 1957-1974 and production of polychlorinated terphenyls (PCTs)
from 1959-1572. The producticet of PCTs were tarminated in 1972. Until then
in addirion to PCBe (Aroclor series 12) Mnsanto manufactured Arcelors 2565,
4465, 5442 and 5460. Arcclors 2%6% and 4465 were blerds of PCBe and PCTs and
Aroclors 5442 and 5460 were two diffsrent grades of PCTs. Alsc given in thase
Tables are breakdowns of domsstic sales per use categqory and by PCB grade.
Detailed information and breakdown on PCB/PCT blends and PCT grades is not
available. However, Monsanto reports that the predominant material produced
was AMrocler 5460, Whan produced and markatsd these matarials were used in
plasticizer applicarions, Figures 1.1-1 through 1.1-3 are graphical reprasen-
tacions of these data.

As can ba sesn frem Figure l.1-1, tha majority of ths PCEs produced
in the Unitsd States wvas markated damstically. Production and sales of PCEs
in 1974 warw less than half of those for 1970, where producticn and sales of
PCRs ware at thair modmam. The difference betwean production and sales cn
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U.8, PRODUCTION OF PCBe
XMESTIC SALES OF PChs
U.5. EXPORT SALES OF POBs
u.S., PROCUCTION OF FCTs

COMESTIC SALES (F POBs BY CATHIRY
HEeat Transfer

Hydraulics/Tubricants
Misc. Industrial

Transformer
Capacitor

Plasticizer Applications
Petroleum Additives

COMESTIC SALFS BY PCB GRADE

Arcelor
Aroelor
Aroclor
Arcelor
Aroclor
Acoclor
Aroclor
Aroclor
Aroclor

(1) Prahuction figures ard Plasticizer Applications figures unavailabie during year indicatad.
(2) U.5. Dxport Sales figures unavailsble during year indicated,

1221
1232
1242
1248
1254
1260
1262
1268
1016

1957

1)
2299
2)

1612
704
12955
17028
{1)

TANLE 1.1-1

PCB ¢ PCT MANUPACTURE AND PCRB SALES

1957 thru 1964
{Thousands of Pounds)

1958

(1)
26061
2)

755
5719

219

16
ul
10444
259
6691
5982
184
72

1959

1)
3130
2)

254
240
13598
3384
6754
6619
359
102

1960

3Mle

35214
{2)
3850

50

1559
7921
16967
6244

103
155
1819¢
2827
6088
7330
326
189

2322

4110
2114
6281
159335

94
241
19827
4023
6294
6540
&l
158

140
224
20654
3463
6325
6595
432
210

1963

44734
18132
3647
4920

582
1945
1528
7290

918l

361
13
18510
5011
5911
7626
414
284
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1964

50833
4869
4096
5288

929
4374
1652
7997

- 19540

10137

996

23571
S218
6280
8535

446
190
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]
U.5. PRIDUCTION OF PCBm 60480
COMESTIC SALZS OF PCBe  S17%6
U.S. EXPQRT SALES OF PCBe 4234
U.5. PROCKCTION OF PCTs 6470

L]

55849
39078
6852
a0

DOMESTIC SALES OF PCBS BY CXTECORY

Heat Trawisr 1237
Hydraulics/Lubricants 4416
Mise, Industrial 1841
Trans forEer 657
Capacitor 23749
Plasticizer

Agplicaticns 11696
Patoleum

Aditives -

TMESTIC SALES BY PCB GWE

Aroclor 1221 »
Arocior 1212 7
Aroclor 1242 315313
Aroclor l248 5565
Aroclor 1254 ™m?
Arclor 1260 5831
Aroclor 1262 558
Moclor 1268 196
Aroclor 1016 0

1766
4258
e
”lo
M

13481

528

9557
5015
7035
5615

768
M
0

PCB § PCT MANLFACTURE AND PCB SALES
MONSMNTO INDUSTRIAL GEMIOLS (DMPANY

1965 thru 1974
{Theastarcs Of Pourxla)

262
4643
1426
11071
270]

13361

25
43055
4704

6417
840
87

0

TNE 1.1-2

1963

42954
65116
11231

a7

2529
5765
1203
11588
29550

14404

1%

30
4485]
94
el
5252
720

0

1969

76189
67194
10624
11600

3050

1079
12105
25022

16460
1439

507
273
45491

9822
“4X»
72
300
0

1970

85054
73061
13651
17768

1958
7403
1627
13828
26708

19337

1476

48588
4073
12421
4830
1023
10

0
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314994
301

20212

3060
1552
1155
11134
14141

3259

2215
171
21981
213
4661
1725

EER ]

9n

38600
6408
6189
8l

752

25656

171

728
a7
495
s

20902

=
o

l

42178
17742
2346

T2

kL)
6200

1976

8
23531

1974
0466

406
5195

Hi0s

57
6207
0
6185

0
21955



PCBs & PCTs IN MILLION LBS
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IN MILLION LBS

PCBs
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this graph reflacts inventory changes of PCBs., Figure 1.1-1 also indicates
that tha production of PCTs increased steadily through 1971 when their pro-
duction was at the maximumm, The production of PCTS was terminated in 1972,

Table l.1-3 shows production, sales and expart of PCBS for the first
quarter of 1975. Monsanto reports that sales for Aroclar are expectad to
increass at an average annual rate of 6=7 peroent over the next few years,
Mditionally, exports of Aroclor are expected to maintain the same ratio to
the U.S. production as in the past.

Figure 1.1-2 indicates that prior to Monsanto's voluntary restriction
of sales to all arplications with the exseption of "closed electric systems®,
approccimately 13 percent of the PCBs in tha U.S. was used in "nominally closed”
zplications (heat transfer, hydraulic fluids and lubricants) and 26 peroent
was used in "Open Erd" applications (plasticizers, surface coating, ink,
adhesives, pesticide extandars, and microencapsulation of dyes foxr carbonless
duplicating paper) whers entries of PCBe to tha envirarwnt are more prebable
and PCB emissions are uncantrollable. At present, almost all domestic produc-
tion is being used in "closed slectric systems” (transformer and capacitor
applications) where PCB emissions are more controllable.

Betwean 1957 and 1971 thare ware twelve different typas of Aroclor
manufactured by Monsanto with chlorine contants ranging from 21 to 68 parcent.
Aroclor 1242 and grades lower than 42 percent chlorine made about 48 percent of
the total production consumed. U.S. Sals of Aroclor 1242 has dropped drastically
since 1971 and has been replaced by Arocloar 1016. Sales of Aroclor 1254 re-
mained about the same for tha period 1957 - 1374, Curently, tners are four
differant typas of Aroclor mamifactured by the Monsanto Cawpany-Arcclars 1221
and 1016 for capaciter applications and Aroclors 1242 and 1254 for transformer
applications.

Mmmmotmwwmmmrmu
1.1-4. In the years prior to 1971 tha largest "open-end” use of FCBs and ICTS
has besn in plasticizer applicaticns. According to Monsanto, a large percent-
aye of tha production of Aroclor 1242 and lowar chlorine content grades and
tha entire PCT production ware used for this application. Following Monsanto's
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TABLE 1.1-3

PCB MANUFACIURE AND SALES
MONSANTO INDUSTRIAL CHEMICALS COMPANY
First Quarter - 1975

U.5. PRODUCTION
DCMESTIC SALES
U.5. EXPORT SALES

DMESTIC SALES
Transformer and Capacitor

[CMESTIC SALES BY PCB GRALE
Aroclor 1221
Aroclor 1242
Aroclor 1254
Aroclor 1016

PRELCMINANT UTILIZATION OF AROCLCRS
A:oc.lorlZZl’
Amc.l.crlOlG[

Aroclor 1242 }
A:oclatlzs"

~205~

(Thousands of Pourrs)
8532
7986
1538

7986

10
2201
2115
3660

Capacitors

Trams foomars
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End-lss

TABLE L.1-4

END-USES OF PCTS AND PCBa BY TYPE

lolé 1221 1232

Existing Salss
Capacitors xx X

Transformars

Salas Phased-Out

Heat transfar

Hydraul ics/
lubricants

hydrawlic fluids X
vacuum pups

gas-transission

turbines 4

Plasticizars

.

.

nbbers X } 4
synthacic resins
CArbonlass papmr

Miscellanacus Industrial

.

adhasives X } 4
wax axtarders

dedinic ing agents

inks

cutting cils

pesticide extenders

sealants & caulking compounds

Notas: (1)X denctas use of a
{2) ’CTs danote sariss

Source:

Morsanto Indwtrial Chemical .

1242 1248

throagh 1971

1254 1260 1262 1268

through 1971

LR R B

%mmmmm.mnmwmmm
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volmu:y‘ restrictions in 1972, Aroclar sales for plasticizer applications
dropped to small percentage to that of the previcus years. Histarically,
Capacitors have always heen the single largest PCE use cateqory except for the
years 1969~-1971 when Arocler usage for plasticizer applications was higher.
The major uses of FCBS prior to 1969 in ordar of volume of material used is
listed below:

. Capacitors
Plasticizers
. Transfopmrs

Hydraulic fluids and lubricants
. Heat transfer fluids

1.2 Foreign Production and Distribution of FCEs

Known current foreign producers of PCBE are the United Kingdaom,
Czechicslovakia, France, Germany, Italy, Spain and the U.S.S.R. Datailed infer-
mation on total produceion of PCBs cutside tha U.S. is not available. However,
total formign production of PCBs was roughly estimated by the Interdspartmental
Task Foros to be 80-8% million pounds anmually prior to 1971. This value
included 26 million pounds produced by Japm. Foreign production of FCBs has,
however, dacrsased primarily dus to Japanese action on barmming the damestic
production of PCBs. In 1973 forwign production of ICEs was astimated to be 43
million pounds, accounting for a 508 reduction. Production, trade ad use of
PCBs by CEQD mmmbar oountries for the year 1973 is given in Tabls 1.2-1. The
combined PCB output of threa major Eurcpean producers, France, Italy and United
Kingdom was about 36 million pounds in 1973. World canmrce in PCQBs is expectad
to dacrease further, dus to CECD mamber oxmtries’ activities, and to be
essentially confined to capacitor and transformer applications.

1.3 Sunmry of PCls and PCTs Imports
A sumary of estimsted imports of PCBs since 1971 is presented in
Table 1.3=1. Importation of PCBs appears to be staady or increasing, and
currently is in the range of one peroent of the damestic sales reported by
Monsants.
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Tahlg 1,7=1 - Production, Trade and Use of PCOs
CED Marber Coamtries (1971
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Preliminary Summary of PCBs Import Data for

197175 Versus Monsanto Production and Sales Data

Table 1,31

Year or Portion of Year

Estimated DImpores (1b)

Monsanto Conestic Sales (1b)

Irporta as Percentage of Doowstic Sales
Monsanto Exports (1b)

Fatio of Exports to Imports

171

£50,000

34,301,000
1.6

1972

700,000

26,408,000
2.7

6,388,000
9.1

1973

480,000

37,742,000
1.3

8, 346,000
12.3

1974
450,000
34,406,000
1.3
5,395,000
13.5

1975
450,000 16 mom)

7,986,000 (3 mos)

1,538,000 (3 mos)
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During 1971 and 1972 most of the PCBS imported into the United
Statas originated in Japan, ostensibly corresponding to sales of stocks une
salable in Japan cdus to pending or establishad regulatory action. Theras
apparently has been little or no U.S. irportation of PCBs from Japan since
1972. The major importer was Marubeni America Corp., West Caldwell, ¥.J.

Since 1972, most of the imported PCBs originated in Italy, with a
anall anount imported fram France (manufactured by Prodelec). This French
matarial is similar to Aroclor 1242 and is used (40,000-60,000 lb. per year)
as a coolant in mining machinery by Joy Mfg. Co., Franklin, Pa. Decachloro~
biphenyl (Fenclor DK) is importad from Italy by Yates Mfg. Co., Chicago, ILl.,
for use in the marufacture of investmant casting waxes. Estimated current
usage is about 400,000 lb/year.

Polychlorotriphenyls, also used in pattarn wax formilations, appear
to be imported at an increasing rate. Estimated smounts are:

1973 1974 1975 {6 mos.)
160,000 1b. 330,000 1b. 200,000 1b.

Major importars of PCTs are Progil, Inc. (formerly Prochimie) and
Intsel Co., both located in the New York Clty area. Most of the imported PCTs
originate in France (Prodalec).

Use of FChg arxl PCTe in casting waoms appears to be ganerally stable

o increasing slewly, and under cemditions of lack of regulatory control in the
future, such uss would be exgwctad to cntinue at least at the current rate,
cn the other hand, Joy Mfg. (0. no longar mamufacturws mining equipment using
PCBs a8 cxolamt; the amounts imported by Joy are used to service existing
equipmant. Howsver, since Joy imports only 10 to 20 parcsnt of the total, the
cverall inmports will not be affectsd greatly by future decreases in imports by
Jov.
2.0 FIFTEEN YEAR EXTRARCZATIONS FOR PCB PRIDUCTION AND USE IN ELECTRICAL

Egnhmr

The subject data base was assembled fram domestic sales figures for
Arcclors reportad by Morsanto - capacitor and transformer sales being summed
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to cbtain totals. For certain years (1972-1973), sales data were reported in
aggregate, and in such cases, tha reported figures were taken as totals, and
usage breakdown was acoamplished by assigning total amamnts of Aroclor 1221
ard 1016 to capacirors and total amamts of Aroclor 1242, 1248, 1254, and 1260
to trangformers. All 1975 totals were cbtained by quadrupling the reported
first—quarter sales figures - a process which very likely yields an approximate
lower-bound to the actual yearly totals - and, ultimatsly, Table 2-1 was
anstructad.

Manifeatly, the available data base is far too limited to foarm the basis
for any rational statistical analysis. The strong peartubational decrement in
the 1971-1972 intarval precludss the application of incremental reqression —
even if a fiftasn-year extrapolation were not required. In short, then, trend
analysis becomes a generally risky proposition, and the cptimm analytical
approach sesms to be limited to unbiased extrapolations of leagt-square linear
fits to groupsd subeets of the available data points.

Given this, threa data base subesats appear pramising:

(i.) the full base — using all reported ard 1975-estimated data,
wmmightsed and unbiased;
(ii.) a singly-daletsd base — using all reported data, but

eliminating the 1975 estimates, This tends to waight
the extrapolations (however weakly) with regard to recent
{last-dacads) parformance only, but the resulting curves
can then bs inspected without the biag of the estimated
1975 totals; and

(i44.) triply-dalated base — formed by extracting the depressed
1971 and 1972 totals from the singly-dsletsd bass. This
onetzuction eliminatad the bias of the 1975 estimates, and
disoomts the effects of the intsrval decrements cCaused by
megqulatory effects. (A perhaps more realistic picture might
be obtained by placing a decremantal weight on 1975 totals —
mﬁtﬂnmﬂmﬂutmof&nmu-mumm:(
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Table 2-1
Total PCB Breakdow.m by Use

1966 = 1975
Total Capaci tor's Transforrers
Year (10* lbs.} {10 ¢ 1bs.) (10* bs.)
1966 37.794 28.884 8.910
1967 40.774 29.703 11.071
1968 41.135 29.550 11.585
1969 37.127 25.022 12.105
1970 40.536 26.708 13.828
1971 _ 25.275 14.141 11.134
1972 25.656 20.321 5.335
1973 37.742 23.566 14.176
1974 34,406 22,000 12.000
1975 (est.) IL.944 20.644 11.300
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induced by the strung depression in the 1971-1972 totals.

This would result, however, in externally biased extrapolations,
and justifying a long-temm lag of such effecrs with the avail-
able data appears difficult.)

Thesa data bases, and the unbiased, lasast-square linear extrapolaticns
darived from them, are graphed in Figure 2-1. Inspection of the curves shows
that the 1975 estimate has littls effect on the aggregats total; an event
rexdily accamnted for by noting that the singly-dslstsd base has the effact of
depressing the capaciter total only slightly more than it elavates ths trans-
formar total. The triply-daleted base, howver, provides almost no perturbation
to the transformar total derived from the full base. Inspéction of the curves
for tha aggregata total and the capacitor total indicate that this arises fram
the fact that the ratio of their time-darivatives (slopes) for the triply-
daleted base is almost egqual to its value with the full base,

Genarally, the developed exiTapolations disagres with mid-1975 industry
estimatas for the near-tem future. Apparently, Monsanto and capacitor mame=
facturers tend to expect 1975 totals to resambls 1974 totals, followed by a
five to tan percent incrwase in 1976, and a general four to five percent increase
over tha phreceding year for 1977 on. Qwiocusly, increases by a fixad percentage
ovar recading years yvislds eponantially increasing totals — an event umn-
doubtedly strangly desired, but probably wholly utcpian, Transfozmer marne-
facturars appear to tand toward a more anservative view: Gemsral Electric for
exarple, expacting the demand for power tranefoxmars to rise and the demand for
diseribution transformars to fall — probably yielding a gensaral saturation of
the sales figqures whan integrated over all types.

Taking the available infcrmation into considaration, the impression
remains that the triply-daletad data bases frubably provide the nost likely
picture of shat might ba expectsd over a 25-year temn. Naturally, such
somnarios assune the extarnal stctus quo as constant; tachnological, ecnamic,
and regqulatory facters being capsble of producing strong (and unassessable)
variations in usage pattarns. As a mattar of fact, very recently, Monsanto
has publicly announced that they would suppoert a cessation of the PG produc-
tion when suitable altamative meterials becams availablse.
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3.0 OVERALL MATERIAL SALANCE

Threa separate approaches have been taken to cbtaining overall data an
total P(Bs production, historical usage, and current distribution in the
environment. Mogt of the uncertainty lies in the period 19130-1960, for which
Mnsanto data are lacking. CUse of PCBs in transformers, particularly in
electrical distribution systems, apparently beqan almost simuiltanecusly with
axmmercial production, Extensive use in capacitors can be traced to the
intensive development and uss of electrical hame appliances, starting in the
mid to late 1940's. Usa in adhesives, paper, lubricants, etc., probably began
in the early 1950's, and use of P(Bs as a heat transfer fluid began early but
increased rapidly between 1950 and 1970.

Using the Monsanto production data for 1960 to 1975, and assuming a
linsar increasa in total PCBs production betwean 1930 and 1960, we cbtain:

Production 1960 - 75 850 x 10° 1b
Production 1930 - 60 (30 yr x 19 x 10°lb/yr ave) 570 = 10* 1b
Total 1,420 = 10* 1b

Estimatss of total P(Bs usage by U.S. industries for the period 1930 -
1975 are given below:

FCBs by use category

Capacitor & trarsformers 965 * 10° b
Heat tranafer 20 x 10* b
Rydraulics/lubricants 80 x 10° b
Misc. industrial 27 x 10° b
Cartonless copying paper 45 < 10° b
Other plasticizer uses 115 x 10° b
Petzolem additives 1x10° b
Total from Monsanto 1,253 = 10° b
Estimmted total U.S. imports of FCBs 3x10° b
Grant total PCBs usage 1,256 < 10* 1b
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Altematively, we have fitted laast square correlations to each of the
sets of Monsanto sales data for various uses, and to the domestic sales data
set frum 1957 to 1974, projectad each plot back to 1930, and intagrated.
These operations, plus the addicion of several other well established data
points, produce tha following results:

Total Domestic Salss, 1930 - 1970 767 = 10* 1b
Domestic Sales, 1971 - 197% 168 x 10* 1b
Total Exports, 1963 - 1974 82 x 10* 1b
Estimated Exports, 1930 - 1963; 1975 70 x 10* 1b
Monsanto In-House Use (inrsportad ag sales) 2% x 10° 1b
Total 1,112 = 10* b

As a camparison with the abcve, the 197] Fostar D. Snell study of PCBs
concluded that the upper bound of U.S. usage of PCBs over 1934-72 was
1.175 x 10 1b. Adding usage figures for 1973-75 (about 108 x 10* 1b), plus
150 x 10° estimated total exports, cna cbtains:

Estimatad Total U.S. Production to Date 1L.43x1¢ b

Estimatad Total U.S. Usage to Date 1.28 = 1¢ 1»

Thus, it appears that the approaches taken to cbtaining overall pro-
duction and use quantities from various types of estimates yislls:

U.5. Production

Maxdimzn 1.4x1 b
Minimam 1.1 x1f b
U.S. Usage
Maximas 1.25x1? b
Minimam 1.0x1d b
216~
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Sufficient data have been generated to allow an aperoach to the usage
quantity through estimated quantities now in use or in the enviroment:
Trawformers - 135,000 in service x 2,250 lb/unit
average contant 300 x10° 1b
Power Capacitors - § x 10° in service x 36 lb/unit 180 x10° 1b
averaoe conteant
Industrial Capacitors - 790 X 10%* in sarvice x

[
0.35 lb/unit average contant 270 x 10" 1b
Total in Elactrical Service 750 = 10 1b
Total Other Than Electrical 8 x 10¢ 1b
Grand Total 758 x 10% 1b

Estimated "fres" PCBs in
the enviroment (sea Section IX) 150 x 10* to 175 x 10* 1b

Estimated amount degraded or incinerated
(20 = 10* 1b. by contract incineration;
5 x 10* b incinerated with sewage sludge
and cthar solid wastea; and 30 x 10* lb
degraded mono and dichlorc hamologs) - s5x 10° b

Estimatad anounts to landfill ar dump:

Ten parcent of capacitor and transformer
usage as production wastes - 1.06 x 16'x 0.10 = 110 x 10* 1b

beolets elactrical equipmnt

{capacitors mainly) - 80 x 10* b
Other sources (paper, plastics, etc.) - 100 x 10° b
Estimated total 290 x 10° 1b

In sammary!:

Amxe in use 7%8x 10 1b
Ameant in landfills 200 « 10* b
Amoant " frea” in sail,

watay, air, sediment 150 x 10* b
Feount degraded or

incineratsd ss x 1¢* b
Total 1,253x 10 b
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Thus, using estimates, we can acoount for the maximum usage of
1.25 = 10'1b. calculatsd previcusly. Wa believe that the ranges of production
and usage are well-defined by the maximm and minimum values presentad above,
ard that the accuracy of the maximm values are sufficient for use in gross

calculations pertaining to the PCBs problem,
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SECTIGN VIII

SUBSTITUTES FOR PCBs
1.0 INTRODUCTION

In 1970, the Monsanto Campany amnounced a voluntary restriction on sales
of P(Bs for all but closed electrical xplications. As a result of this
action, sinoa 1372 the use of damestically produced PCBs has been limited tg
the mamufacture of electrical capacitars and the marufacture and maintenance
of electrical transformers.

Satisfactiry substitutas have hesan developed for all of the othar previ-
ocus uses of FCEs axcept in the manufacture of investment casting wax.
Imported P(Bs have bean the sole source of material for this application.
Thare are no conplets data available on imports; however current agqregats
information indicates that PCB imports are about one percent of dameseic
production.

A maber of matarials are curently being developed as substitutes for
FEs. The replacerant of PCBe by any of thess materials will depend on tha
specific technological, ecoramic, and institutional requiremsnts which govern
anch specific application. The svaluatin of the substitutss must be based
on carwful consideration of all of thase factors as they apply to each
spacific spplication whare FCBs are currently being used.

2.0 EIECTRICAL CAPACTIORS

An elsctrical capacitor is a device which stores electrical snargy when
a voltage differential is applied across the device. This stcred energy
reappears in the clrouit as the voltage is decreased. The capacitor therefcre
parforms an electrical function equivalent to that of a spring in a mechanical
systam. The moumnt of slectric charge {q) which a specific capacitor can store
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is a function of its size, or capacitance (c}, and the wltage (V)

q=cv (1)
ard the energy stored in the capacitor (w) is a function of the capacitance
ard the square of the voltage:

waiswz (2)

This energy is stored in the capacitor in the form of an electric field
ad in the dielectric material which is expcsed to that field.

2.1 Punction of the Dielactric Matarial

When a material is placed within an elsctric field there is a ten-
dency for the charges asscciated with the cmstituent molecules of the
material o move in the direction of the field (the positive charges move in -he
direction of the applied field, the negative charges in the cpposite direc-
tion) . If the material is a conductor, the mobils charges, usually electrons,
will move fresly undar the influence of the field axd a current is said to i
flow. However, if the matarial is a non-conductor, the applied elsctric field
will cause a spatial displacement of the charge omnters of tha constitusnt
molecules, with the result that surface charges will be indumed on the material.
The charge cn opposite faces of the matarial will he cpposits in sign
ard will gunarate an elactric fiald within the material cpposing the applied
fisld. Such a matarial is known as a dislectric and is characterized by a
paranetsr defined as the ratio of the electric field that would exist in that
space if the madium were replaced by vacam to that actually found within the
dislectric - this parametar is referred to as the dislectric cnstant. The
dislectric constant of most materials, at least at low frequancies, is greater
than unity.

Since tha effect of an appliad elsctric field on a dielsctric medium
is the generaticn of a surface charge, it is clear that wark must be dme in
the separation of these charges. Clearly, the larger the applied elactric
field, the laxger the surface charge, ard conversely, whan the electric field
is remved, the sxrface charge is zero. The energy that is required to es-
tablish the necessary surface charge is stored within the dislectric and can
in most cases be recovered without loss by removing the extemmal electric
field.
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In practice, the extamal electric fisld is established by aplying
elactrical charges to a pair of metal plates placed on the opposite surfaces
of the dielsctric. Although the geametry of the conductor-dielectric sand-
wich can taks a wide variety of foons, the specific geanetry thar is of most
interest is that in which conductors are parallel plates separated by thae
cielectric. In this case the capacitance of the devics is given as

Ce % (3)
where & is the dielectric castant, A the area of sach plate and d the spacing
{the thickness of the dielectric).

As is stated above, the magnitude of the surface charges that are
formad on the dislectric increases as the applisd electric fiald increases.
Eventually, the extemal electric fiald may bectrma sufficiantly strong to nup-
ture the bonds that hold together the charges on the individual cnstitusnt
molscules with the result that the dlelectric breaks down: i.e., conducts cur«
rent, The critical voltam (Vc) for a specific capacitor is

v.=Ed (4)
whare E, is the dislectric strength, i.e. the mmdman potential gradient

(voltage) that the dislectric can sustain without rupture. Clearly, the
dislactric constant and the critical woltage, or dislectric s , are
essentially unrelatsd.

The critical voltage of the dislectric material can impose severe
Limitations on the maximm voltage at which a capacitor can oparate. The
electric fisld strength in a cmpacitor is strongest at sharp edges and points
caised by surface rougihness and the edges of the conductive plates.

If the slectric fiald at these points axcesds the critical woltage of the
dislactric, a corona discharge can ocax which results in current leakage amd
heating of the capacitor and causes chemical degradation of the dislectric
matarial. This critical voltage for corona discharge deperds on both the
gecmetry of tha capacitrr and the operties of the dislectric, and is known
a8 the corona inception voltage. Air has a rather low dielectric strength; the
mdai:hbbluinthdhhctricwiﬂrmltinmdhdu:guit
the capacitor is oparated at applied voltages above sbout 270 volts.
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when several capacitors, say ¢ andcz, ares connected in parallel,
than 'the voltage across each is the same, V, while the charge on the capaci-
tors is Q = ¢V and Q, = GV; hencs the capacitance of the parallel combira-
tion is given as
R (5)
On the other hand, if the two capacitors were connected in series, then the
charge, Q, would be the same for each. In this case, the respective poten-
tials would be givmasvlaqjclandvzaq/cz,withtharesult that the

toral capacitance is given as
1/C, = l/C1 + l/C2 (6)

Fron the above considerations it can be seen that the effact of a
small hole through the dielectric will be to produce a very small reduction
in the cverall capacitance, since the resulting structure may be considsred
as two capacitors, ana with the normal dielectric, the other with air
dislectric, in parallel. On the other hard, the breakdown strength of air
is considerably less than that of most practical dislectric materials, so
that the sffect of such a discontimiity in the dislectric will primarily be in
reducing the critical voltage of the resulting structure.

On the other hand, the effect of a gap betwesn the dielectric and
the plates is morw serious since the resulting structure will act as if it
ware made up of several capacitors in series. From Eg. (6), it can be seen
that the smallest capacitor in a series circuit will deatemine the total
Capacitance of the structure. Thus, a gap hetween tha plates and the dielectric
will have the sffect of reducing the capacitance without a reduction in the
dielectric strungth.

In nost actical devices, the assumption that tha sole affect of
the dislactric iy the reduction of the internal electric fiald by the
induction of surface charges is not entirely correct. In all such practical
cases, thare is a leakage Cirrent that flows through the dielectric. This
laakage current produces heat within the dislectric. This leakage is very
small in useful dielectrics, but the heating effect is not always
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negligible. An additicnal dissipative process results when the dipola moment
induced within the molecules of the dielectric is not exa~tly in phase with
the inducing electric field. In those cases whare in the constituent molscules
have a permarsnt dipole roment, i.e. water, the inability of the orientation
processes to follow the changes in the applied fisld becames the daminant
energy dissipation process: this is the basis of dielectric heating.

The carbination of the mechanism by which energy is dissipated within
the dielectric is called the loss-tangent; the smaller the loss-tangent,
the smaller the energy loss within the dielectric and hence the better the
capacitor.

2,2 Practical Capacitors

In its simplest form, a capacitor is a pair of metal platas separatad
by a dislectric material. Depending on the aspplication, a great variety of
structures have bean used ranging from parallel plate mica or glass dislectrics
for very small capacitors, through tantalun-tantalum cxide~tantalum structures
which have very large capacitances with very low cperating voltage ratings.
The capacitors which use PCBe as the dislectric matsrial have capacitance
valuss in the range of a few tanths to tens of microfarads and are usually
spiral wound of two thin alumimm foils and two paper spacers. To illustrate
the utility of spiral winding, a 0.5 mfd capacitor made of two layers of alu-
minum foil 2.5 inches wide by 0.0005 inches thick and altarnate layers of
papar (dislactrTic constant = 2) 0.001 inches thick, would have a diameter of
anly 0.9 inches, whareas, in the plane parallel configuraticn, the structure
would be 2.5 inches by 220 inches. Incidentally, taking tha dielectric
strungth of the paper to bs of the order of 500 kv/am, the voltage rating of
the above example capacitor would be about 1250 volts.

The manufactumar of spiral would metal/paper capacitors must avoid
the presence of small irperfecticns in the paper dislectric and must insure
complete and relisble matching of the metal foils to the surfaces of the paper.
As an alteenative to the requirwment of very high quality control of the
paper and of the forming process, it has besn found to be cost effactive
o evacats the spaces within the wound capacitor and to subsequently f£ill

-224~-

MONS 209204



the voids with a suitable liquid dielectric material prior wo sealing tha
cmpleted urat. This liquid displaces any air which may be left in the
Capacitor, thersby raising both the dielectric constant and the writical asrona
inception voltage.

2.3 Reguired Properties of Dielectric Liquid

The properties that are essential for the liquid dielectric can be
described in terms of the functions that the liquid must Flfill:

Electrical Proparties -« Should have a dielectric constant
at least as large as that of the solid dielectric spacer,
and a dielectric strength at least as high as that of the
solid dielsctric. The liquid must have a low loss factor
%o agmure slectrical afficiency and a high resistance to
the formation of corena discharges.

. Physical Propertiss « Must be ligquid at a suitable
tarparacure to allow processing of the capacitor. PRurther,
it should be liquid over the operating temparature range
of the resulting capacitor with a sufficiently small
cosfficient of thermal expansion 30 as to fulfill ics
function over the entire tamperature range. Must have a
boiling point sufficiently elevatad to enme that the
vaper pressure at the madmam operating remoarature of
the capacitor doss not causs rupowrs of the container,

. Chemical Proparties - Must be chemically compatible with
tha solid dislactric material and with the metal plates,
Specifically, tha dislectric liquid must wet both the plates
ard the solid dislectric without altering either material
chamically or physically over the entire operating tempar-
ature range. The dislectric liquid must also be chemically
stable at elsvated tarperatures and in the presence of
intanse elactric fislds so that its properties do not change
over time.
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' Flamability - Should be non-flammable and produce no
flammable breakdsn products if elsctrical arcing occurs
within the capacitor.

Cost and Availability - Should be inexpensive and readily
available with well dafined and standardized properties.

' Toxicity - Should be non-toxic and its possible break-
down products should be non-toxde.

' Envirormantal Persistence - Should be envirormentally
degradable and ncn-bicacarmulating.

' legislative Acceptability - Must be acceptable under the
lawm of the U.S. and of all other countrias to which

capacitors are exported. Should be acceptable under the
relevant elactrical mdas which govern the use of capacitars.,

2.4 The Use of PCBs in Capacitcxs

PCBs have besn the standard dielectric liquid used in almoet all
Liquid-filled capacitors since 1929. Prior o 1952 the liguid used in
capacitors was Arocloar 1254 (54 peraant chlorine); it was then replaoed by
Aroclar 1242 (42 parcent chlorine), which has bettsr electrical properties.
In Septamber 1971, Monsanto introduced a new capacitor limuid, Arcclor MCS-
1016, which is a modified Aroclar 1242. This matarial is the standard against
which the proparties of any cther propossd capacitor dielectric fluid must be
compared . :

2.4.1 Propertiss of PCB Capacitor Dielactric Liquid!
Tha relevant Froperties of Aroclar 1016 are as follows:
. Electrical P s
dislectric constant (ASTM D-150-47T)  5.85 (25°%C)

dielectric strangth (ASTM D-149-44) >35 KV

resistivity (ASTM D-257-46) >500 x 10°
loss~tangent (Dissipation
factor-AS™M D-150-47T) 0.0025
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Phywical Proparties

melting point (pour point) -19%
viscosity at 100%F 71-81 SUS
boiling point 125-166C
spacific gravity (25°C) 1.362
coefficient of thermal axpansion .00068 ce/cc C

Chamical Properties
corrosivensess: liquid - noncorrosive
breakdown products - corrosive

solvency: high, but satisfactory materials have
bean developsd

stability (max. service tamp.) 95°%¢

Flammability
liquid (Cleveland cpen cp flash point): 1415

breskdown products: nonflammable (primarily
HCl ard carbon)

Cost and Availability
st $5.14/gallon
availability - no prcblem
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Persistance
envircrmental - very persistant

% bicdagradation (48 hour activatad slidge) 33 & 1332
bicacoumulating - very

Tegislative Acceprability

banned in Japan, essentially banned in Swedan

2.4.2 Advantages ard Disadvantages of PCBs in Capacitors

Aroclor 1016 has a relatively high dielsctric constant of
5.85 which is well matched to the dielactric amnstant of 6.10 of the paper
used in capaciters. This mixture of PCBs is chemically very stabls, even in
the presancs cf high temperatures and intense electrical fields. It is prob-
able that some slight dechlorination of the MB occurs during the lang temm
oparation of capacitors. The resulting HCL would lower the dielectric strength
of tha P, However, the Arcclor 1016 used in capacitors usually containg a
faw tenths of one percant of a chemical scavenger (usually an organic epcdde)
which reacts with any HCl which is formad, and thereby exterds the life of the
capacitar.

The only major prcblems associazted with tha use of PCBs are
thair extrems envircomental persistence and chronic todc properties which are
made more severs by tha high degres of bicacamilation which ocours in the
envirorment. The reomnt restrictions imposed by the goverrments of Japan and
Swedsn on tha use of PCBS in those countries will require that a suitable sub—
stance be developed for use in elactrical equipmant which will be exported.

2.4.3 Usage of PCES in Capacitors

Tha Gerwral Electric (o. reports that approximately 100
million PCB typs campacitors are produced anrually in the U.5. with a valus of
140 million dollars, mowt of them for first-time uss.’3) Total anmual rcs
requiremnt for capscitor mamfacturing is 21 million pounds, about 50 percant
of which is used in large power factor correction capacitors.
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- Capacitors used in lighting and air corditioning applicatiens
contain 0.005 to 0.09 gals. (0.05 to 1.0 lbs.) of PCAs, The largest power
capacitors contain about 6.7 gals, (77 lbs.) of ECBs. The most popular size
containg about 3.1 (36 lba.). The National Electrical Code requires that any
installation of capacitors in which anmy singls unit contains more than 3
gallons of cambustible lieuid shall be in a vault like that required for
(4)

The life epectancy of capacitors exceeds 10 years for
lighting applications and more than 20 years in electrig utility powver trans-
mission application. Although capacitors are ansiderwd long-lived products,
they could fail due to poor process control, materials quality and mis-
application. According to G.E., existing MB capacitors have been developed
to the point that failures are considered essantially negligibla. In each
application, the first—year failure rates are leag than 0.2 percent., This
level of life and reliability had not been achieved pricr to the introcduction
of PCBs. FPFurtharmcre, the relative non-flamability of askarels significantly
reduces the fire hazard that might otherwise accaompany thoee failures that
result in rupture of the case. Capacitars are not rebuilt and returmad to
sarvice aftar failure. Thay arw disposed of and replaced by new capacitors.

2.5 Altarmatives to tha Use of PCBs in Capacitors

Thare are two main approaches that might be adcoptad in the develop-
mant of substitutas for the FCBs in capacitor applicaations, (a) a strajight-
forwvard replacemant of PCBs that would require minimal altemation of the
present production techniques; and (b) the introduction of new production
tachniquas degigned to eliminate the nesd for a liquid dialectric. In eithar
case, the alternative solution must be significantly less envirormentally dis-
trassing than the cizrrently used PCBs.

2.5.1 Substitutes for PCBs

tranaformars.

50 long as the present mathod of amstzuction of capacitors
is used, tha dislectric ligquid is required and must necessarily satisfy the
physical, chemical, and tadcity requirements at least as well ag do PCBs.
These requirmmants can be relaxed only in conjunction with a more or less
sevars restriction an the madmm cperating temperature of the capacitor. Cn
the other hand, som sacrifice in the dielsctric constant ard dielectric
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strength would be possible by Increasing the dimensions of the capacitars, In
many agplications this increased gize would be troublesame, but not so sericus
as to be impractical. Further, there are same applications in which the nan-
flammability of tha dielectric liquid and of its possible breakdown products
uld be sanewhat sacrificed. Finally, tha cost factor could be considerably
relaesd,

A rumbar of cavpounds are baing developad as replacemants
for PCBs in capacitors. The following list of compouryds must all be on-
sidered as poasibles substitutes for FCBs in at least limited applications.

2.5,1.1 Phthalate Esters:

2.5.1.1.1 Dicceyl phthalate: (COP)

Qurrent status:

Used in capacitors in Japan. Used by Genaral
Electric Co. under the trade name "Ecorol" in ca-
pacitors manufactured for expart to Japan.

advantazes:

Price: one-half that of PCB.

Availability: Widely used as a plasticizer for FVC.
Dielectric Constant: 5.3; similar to PCB.

Disadvantaces:
Chamical stability: capacitors are limited to 85°C

max. ve 95°C max. for PCB.

Corona incepticn voltage: loser than pcB. (3
Flamebility: Flash point is relatively high (220°C)
bt more flammable than PCBS.

Toxdcity: Suspected carcinogen. Extensive addi-
ticnal testing is requirwd.(®

2.5.1.1.2 Diisonanyl Phthlate:

Qurrant status:
Currently being testsd by Exceon Chemical .nder the
trade name "Enjay 2065",(€)
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2.5.1.2

Advantages:
Dielectric Constant: Similar to DCOP.

Availability: Can be made by a modification of the
@ mamufacturing proosss.

Chemical stability: Battar than IXP.
Disadvantages:

Availability: Not cuirrently available in large
quantities.

Flamability: Better than 0P, but more flawmable
than BCB,

Toxicity: Should be similar to DP.

Alkylated PCB

2.5.1.2.1 Iscoropyl Dichlorcbhiphenyl
Qurent status:

Being test mariated in Burops by Prodelec undar
tha trade name "Chloralkylene”.(”)

Advantages:

Electrical propertises: Can be used as a direct
substituts for PCBS.

Biocmosntration: Less concentrated in food chain
than pCH,

Biodegradation: More dagradable than PCB.
Disadvantages:

Cost: Twice that of PCB, resulting in a 5% to 10%
increase in the cost of capacitors.

Flawability: More flawmable than FCB.

Texdoity: Acute toxdeity by that of trichlaro-
biphenyl, chronic tadoity has not yet besn fully
investigated.
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2.5.1.3 Alkvlated hlorodiphenyl Oxide
2.5.1.3.1 Monobutyl Monochlorodiphenyl Cxide

Qurrent status:
Being markated by Dow Chemical Co. under the trade

name “xFs-4169L", (%) Undargoing lang term service
tests in capacitors by MoGrav-Edison Co.

Advantages:

Electrical Properties: Loss-tangent lower than PCB, (%)
Corana inception voltage higher than pca. (%)
Biodegradation: Thres times as degradable as PCB.
Bicconcent-ation: Less than one-tenth that of PCEs.
One—twanty second that of PCB in 50-day rat feeding
tast.

Acute tadicitys WDgq = 10 gwkyg vs 1.6 gnvky for

PCB. Doms not irritate rabbit skin ar cause chlor-
acne.

Disadvantages :

ElectTical propartias: Dlalectric constant is scme-
what lower than that of PCB (4.5 vs 5.85) which will
reaqiire a larger plate area for a given capacitance.
Availability: Currently not available in large
quantitiss. Twe to thres years would be required
to build sufficient mamufacturing cspacity to suoply
the capacitor {ndustry.

Cost: Likely to ba higher than PCB.

Flamability: Somwhat more flamable than PCE2)
flash point = 104°%, %}

Clronde toodcity: Reported to be not mutagenic in
the ams test. Long term tasts of the toxicity of
bicdegradation products have not hesn reported. It
is suspactad that highly tumic dicxins may be formed
as a degradation prcd.\ct,(n sp extramsly carsful lang
tarm testing will be required to prove the environ-
mantal safaty of this campound.
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2.5.1.4 Siliconas

Current status: CDevelopmental work is being done in the
U.S. by Dow Corning Co. No information jis Qurently avail-
able, but Dow Corning has indicated that a formal arpaamce-
ment will be mads late in 197, ‘10

2,5.1,5 Diaryl Sulfoms

Qurrent status: The Mnsanto Canpany has been

conducting extengive tests with a progrietary dielectric
liquid trade named "MS-1238". %" Detailed chemical
information is not Currently available on this material;
however, an example cited in Germman and U.S. patent dis-
closures is a mixture of tolylxylyl sulform, iscpropyl
biphanyl, and minor ingredients which may be anticxidants,
Carplets informaticn has been pramised by Monsanto far the
late first quarter of 1976.

Advantages: (MS-1238)
Dielectric constant: 6.0

Corona inception wltage: similar to PCB,
Biodegradation (48 hour activated sludge): 70% + 0%,
Bioaccumilation: doss not concentrats in food chain.
Todcity: Rat cral LDgy = 3.8 9/kg. PRabbit dermal
LDgy = 5 8 g/%g.

Disadvantages: (MCS-1238)

Flammability: more flammable tha PCBa.

Chrenic todetity: lack of data.

2.5.2 Elimination of Dislactric Liguids in Capacitces

Becues of the cmplax and strongly intsracting requiremsnts
on a liguid dialectric matarial, thare is considerable intarest in the
dewlcpment of capacitor designs which do not require a liquid dielsctric.
The rather advnced technology involwed in the production of very thin
plastic filme of very high physical integrity, such as is required in many
food packaging spplications, has opaned the way for the prahuction of plastic
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films of suitable dislactric constant and dielectric strergth far capacitor
applications. The parallel development of methods for the deposition of thin,
carefully controlled metallic films on non-conducting surfaces, such as is
widely practiced in the semiconductor industry, suggests that the uge of a
liquid dielectric material could be circumventad Dy metallic films deposited
onto suitablae plastic substrates. The resulting metallized film can be
spirally wound into useful capacitors. The essential problems associated with
this approach, aside frum the develormant of suitable high spesd processing
equipment, lie in the selection of a plastic substrate that is tractable but
also stable at sufficisntly high operating temperatures, and in the oomplete
elimination of zir frum the capacitor. An additional problem with this approach
lies in the nature of the polymars that have besn studied; nearly all of the
suitable materials are thamsslves flammable and soO are their probable breakdown
products.

A mmber of different plastic films are used in low voltage
DC capacitors. Most of thass matarials exhibit a relatively high loss-tangent
(dissipation factor) which results in over-hsating when subjectsd to an alter-
nating electric fisld. Only polypropylene has a loss-tangent sufficiently low
s0 that it can be used in AC capacitors, and the ddelectric constant of this
matarial is about 2.2 (vs 5.85 for BCB).

The polyrxopylens film that is used in capacitors is con-
siderably thinner than that used for packaging and decorative applications.
Thers is no crrent sourcw of satisfactory capacitor grade polyrzopylens film
in tha U.5. The taechrology for metallized polypropylens film capacitors
cxms fran Pye TMC of England which is partially owred by Philips. Represen-
tatives of this company have approached most major U.S5. mamufacturers.
Currently, this technology has heen purchased by one U.S. mamfacturer at a
ot of foxr peromnt of their cmpacitar sales for tha life of the technology
usage. The failure rate of the dry film capacitcrs is reportad to be-20 times
that of FCB filled capacitors, primarily dus to corona discharges into air that
is trapped in tha dislectric layers. Present efforts on dry film type
mmmmwmmmdammmiumi@.
Polypropylens capacitors are widely used in Euxrcpe at voltages up to 250 volts,
Capacitors suitable far U.S. applications are not axpmcted for 3 to 5 years.
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2.6 Tha Use of PCB Capacitors in Electrical Egquipment

Each of the specific uses of PCB capacitors imposes special
requiremants on the parformance of the capacitor and on the properties of <he
dielectric liquid. The evaluation of the various substitute ligquid dielectricg
and of the dry capacitor designs must be based on the suitability of the
resulting capacitars for each of these uses.

2.6.1 Power Factor Correction

The largest use of PCB filled capacitors is to increase the
efficiency of elactrical powar distribution by correcting for the power factor
of inductive machinery such as industrial motors, induction furnaces, and
fluorescent light transformars. In general, the load imposed on a powar line
by these electrical devices is not purely resistive, but is also partly
inductive. The voltage drop (Vp) amus@mi:m:tnrupzuponimalmm
rate of change of current through the device; hence

- di
VL ~-L i3 n

whare the neqative sigh exgresses the reaction of tha inductarxe (L) to a
change in current (1) through the inductance. If the current is expressed in
tha fomm

Jwt
i = .‘I.ol (8)

w!'-njEﬂr,cm-(mlwt-jsmwt),u-hf,fltm.
Than
vn-jur.i.-zni {9)

mzhhthmniwmﬁmby
By, = Ju . {10)
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On the other hand, for a capacitanos (), the potsntial

differencs f
Q .dicee | 1
Ve = 2 7% = * (11}
whars Q is the elactric charge cn the plates of the capacitor. Hence, the
capacidve meactancs zc is given by
- 1
Zc = -.]—hz . (12}

If a series circuit containing inductive (L), capacitive (cl,
and resistive (R) elaments has a potential difference v = v e% across i, the
relation batwesn current and applied potential difference is given by

f ide = voej‘“‘ (13)

Q-

. di
M o+ LaE+
A solution of this equation is in the fom
i = io'j (wt + 8) (14)
whare 8 is the phase diffarence betwean the applied potantial difference and
tha resulting series circuit current. On substitution of the assumad soluticn
into tha differential eguation (13), one finds

(kb +R=-=k) iV (15)

which is, in the gmeral (Chm's Law) form,

Zi = v (16)
whare -
tmeir - L) = j¢ (16 )
Z IR+ k- =2) |z| e
whare
- _ 1.2 (16”)
lz] = R+ (L =
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bl

Hom can™t (
ard, in order to satisfy Eg. (16)

§=- . (L

The powar dissipated in a series R, L, ¢ circuit is given by

T
P = L
4 vI e (18)
Q

whare T is the pericd E]!'-

which, on intsgration, yialds

PalIv,es (19}

vhare ¢ is the phase angls given by By, (16''').

The importance of the phase angle is best dascribed by noting
that elsactrical power is guwratad in such a mawwr that the voltage and cur-
rent are in phase, i.e. (cos ¥ cenaraticn =0

Hanvcm

Pomar geearsted - power arsumd = Pomr losses
in transmission

volo-votoue-volo (1 - cos &) = power loss dum
to unfaverables phase angle  (20)

Since the voitage is fixed and com & ¢ 1, the transmission
line crrent must be increased in ocrdar to supply the load when thare is a
lagging chase =wls. fawver, the resistive losses in the tranmrission lines
are propertional to the square of the curent transmittsd. Tharefore,
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efficient trangnission of electrical energy requires that the nat thase amle,
ar powar factor, of the load be as close to unity as possible. This power
factor correction is achieved by the introduction of a capacitor in series
with the irductive load at the load erd of the line,

Tha function of a capacitor in such a circuit can perhass be
bettar understood by examining the interchange of electrical energy among the
various components of the circuit. In an inductive device, such as a motor or
a flucrescent light, which is subjectad to an altemating current, a cornsider-
able amwunt of energy is stored in the form of a magnetic field and then
returnad to the circuit in the form of current when the woltage decreases. In
a purely inductive circuit, this current is transmitted back to the generator
ad is lost in tha form of heat in the transnission lines. The energy required
to form the magretic fisld during the next cycls must then be supplied by the
gensratcr. If a capacitor is placed in the circuit near the inductive load,
the anergy from the collapse of the magnetic fisld is stored in the capacitor
in the form of an electric fisld when the voltage dscreases, ard then is
transferred back from the capacitor to the inductive device to reform the
megretic fisld dxring the naxt cycls. Since the energy to form the magnetic
fisld is transferred between the capacitor and the inductive device, it does
not appear in the tranmmission lines. This decreases both the heat losses i
the transmission lines and the amxmt of energy required from the generator.

The capacitor used for power factor correction functions as a
tamporary storage davics for elsctrical enargy. It is important that the
enargy losses be minimized, implying a low lossa-tangent for the capacitor ard
a minimm distance betwesn the capacitor and the inductive device. The other
physical and elactrical pxopsrties of the capacitor are a function of the
particular application. Thare are thres general types of power factor cor-
rection capacitors: high voltage power, low voltage power, and lighting ballast

capecitors.
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2.6.1.1 High “oltage Pocwer Factor Capacitors

Power factor correction can be furmished by +the
elactric utility by installing capacitors at substarion locations, These
capacitors are dasigned to operats at high voltages of 4800 to 13800 volts,
and are manufactured in a size range fram 15 kvar to 200 kvar. Each capacitor
contains about 2 to 2% gallons of P(Bs, most of which is trapped in the
porosity of tha paper dielectric. These capacitors are generally installed in
banks in a substaticn or mountad in groups on utility poles.

The failure rate of high voltage power factor
capacitors is approximately .3t per year. These capacitors are usually
protacted by fuses so that the failumm of cne capacitor in a bank will not
causse failure of other capacitors. Rpturing of these capacitors on failure
is relatively unusual, and even when the Casa doeas nypture, loss of ICB is
genarally less than l-gallon as most of the liquid is abscrbed by the paper
in the capacitor.

The high woltage power factor capacitors are usually
installed outdoors in non-hazardous locaticons, Fire resistanos is therefore
of minor importance. The dielectric must have a high dislectric axnstant and
a high resistance to corona formation in order to operata succmssfully at high
voltages.

2.6.1.2 Llow Voltage Powar Factor Capacitors:

Elactrical utilities structure their rates so that
there is an econcnic advantage to the industrial user to supply the pover
factor oorrection for major inductive loads such as motors, induction furnaces,
and walding machines. The capacitors for these applications are designed to
oparate at 250 to 575 volts.

The PCB/paper cambination used as the dielectric in
spiral wound capacitors oparatas most efficiently at a voltage of 400 volts
Per mi], Technological limits on paper mamufacturing limit this dielectric
crbination to a minimm thicdness of about cie mil, so the full efficiency
of thase capacitors is not achisved at voltages below 400 volts. However,
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capacitors of this type are usad far power factor correction far wltage
applications down to 220 volts with the motors in heavy duty whole-house ai-
corditicners.

Low voltage capacitors are usually built into the
equipment or located close to tha inductive machinery in mamifacturing plantcs.
Important requirements of the dislectric and low flammabilicy, low toxiciey of
the liguid and its dagradation products, are chemical stability to achieve
long service life of the capacitors. Dry film capacitors could find consider-
able use in 220 volt applications whers space is not a severe limiting factor,
as in air corditioners.

2.6.1.3 Lighting Ballast Capacitors

Nermal fluorescent light fixtures are designed to
operats on 110 volt povser circuits. The flucrescent bulbs, however, require
about 300 volts to oparats. This high voltage is supplied by a transformer
which is built into the fixture. A small percentage of fluorescent lights ars
bhuilt with a coil-arxd-core tranaformer and no powar factor correction. Thess
units are sold for housahold use on the basis of low initial prioe. The power
factor of these lights is about 0.7.

The fluorescent lights which are mamufactured for
cammarcial and industrial applications all have the high voltage supplied by a
ballase. This ballast cnsists of an ato transformer connected in series
with a 4uf capacitor. The capacitor is of foil-PCB-paper construction and is
sealad into an alunimum can. The transformar and capacitor are packaged in a
steal can which is filled with & mixture of asphalt and sand as & potting
capound. This finished ballast is about 1" x 24" x 12°, and has a life
expactancy of 10 to 15 years in normal service. The lighting fixtures using
this arrangemsnt have a power factor of about 0.9. The capacitor in a
fluwesoant light ballast is usually installed very close to the bulbs, and
depmxding cn the design of the fixtures, the ballast opmrates at tmrperatures
ot 83 to 90°¢C.
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High efficiency mercury arc and sodium arc lishes
are widaly used for highway lighting and other high~-intensity applicatiors.
The ballast units which supply the high veltage for these lights are similar
to those used in fluorescent lighting, except they supply more power ac a
higher voltage,

It should be rememberxed that the amount of energy
thatcmhstoradinacapacitorisproportimaltotlmsqmottmmltage,
so that a 110 volt capacitor would require 8 times the plate area of a
capacitor operating at 300 wvolts.

The major requiremants for ballast capacitors are:
amall size, implying a high dielectric constant;
ability to operats at 3100 volts, which implies a campleta
axclusion of air so as to avoid corona discharge problems;

chemical stability when exposed to 90°c for lang pericds
of time; and

non~flamability tecause of the use of the ballasts
in houses and other flammabls, hazardous locations.

Mrovox reports that they are daveloping a dry type
matallized polypropylens capacitor which could be used in fluorescent ballast
aplications and that this design would be good for industrial applications
up to 370 volts. ' popiicacion of thase units up to 440 volts is axsidersd a
rossibility. This substitute, when available, would be suitable for 50 percent
of the current capacitor agplications. It would incresase thae cost of low
voltage power factor capacitors by 20 percant as conpared to a PGB
wit but would doubls the cost of ballasts (ssparate units would be required
for purposes of start and storage). The f£ilm and matallizing equipment used
in thess capacitors are manufactured in Europs and currently must be imported.
The use of this tadmology will require major redesign of the parent products,
particilarly when used in fluorescent light ballasts and room size air
conditiongrs. Becmise of space and temperaturs Limitatione, the dry film
capacitors could not gensrally be used to replace failed capacitors in existing
electrical equipment.
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It should be noted that the gensral use of dry film
capacitors in Eurcpsan flucrescent lights is not camparable with U.S. practice.
The Eurvpsan line voltage is normally 230 volts, which is below the corcna
discharge voltage into air, but which allows a decreass in size of tha capacitor
by a factor of 6 compared to 110 vole applications. In xddition, the Eurcpean
fixtures are usually single bulb, rather than the dual bulb fixrtures used in
the U.5., and the auto transfoomer is much less reactive as it needs anly to
increase the voltage fram 250 wo 300 volts. As & result, much less capacitance
is required for power factor correction in Burcpean fixtures, and the capacitor,
can oparats efficiently at normmai line voltages. Finally, the capacitors in
European flucresosnt fixtures are installed as discrete caomponents to allow for
their replacement; this is necessary becamse of the higher failure rate of dry
film capacitors compared to U.S. capacitors.

In spita of the relative severity of the technical
requirenents for U.5. ballast capacitors, industry sources indicate that there
is probably & 50 pezroent chance that a usable dry film capacitor will be
arailable in the U.S. by the end of 1976,

2.6.2 Motor Starting Clrcuits

Elactric motors for residential use are designed to oparate
on singls phase current. A number of differmnt methods arw used to develep
the rotating mamnetic fisld that is required to start the motor, and these
machods differ in the amoumt of torque that is developed ac low spesds.
Certain applications, particularly camgressors in air conditioning units,
mecuire a very high starting torque, This is achisved in a singls phase motor
through the use of a capacitive starting circuit.

In a capacitor run moter, stator windings are connected as

/-—pmum WINDING
ROTOR

SECONDARY WINDING

shewm baloy

”-.—-c — |
&

o
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'm.sumungfundLscummxsiuaﬁl;nnrsqpu'
1mnm¢llcqauur the result is a starting winding current which lsads the
appliad voltage. mna,atsunhtul.ﬂn:nursusfuhh:umﬂygo apart
in time as well as 90° apart in space. The resulting, effectively rotating,
field results in high starting torque and a high power factor (important
during the pericd whan the back emf due to roter motion is low so that the
starting current is significantly higher than the mmning current). Because
of the inductive effect of the starting winding, the capacitor is subjected to
a voltage substantially higher than the line voltage. Most 110 volt appliance
motors are designed so that the capacitor cpsrates at an effective voltage of
370 volts, thus making optiman use of the characteristics of foil-PCB-paper
Capacitors.

The capacitor not anly performs the necessary
function of generating the starting fisld, but also provides significant power
factor correction. In larger motors — primarily 220 volt air conditioner
motors - the PCB motor nn capacitor is sized for optimm power factor
correction and additional capacitance is provided during the first few seccrds
of start-up by an elsctrolytic capacitor in parallel with the FCB capacitor.
The elactrolytic capacitors provide very high capacitance in a smll package,
but they have a dissipation factor of about 7 percamnt which causes rapid
temperature increases. The electrolytic capacitor is disconnected by a
cantrifugal switch whan the motor reaches nmning speed. This prevents failure
from cverheating and results in a configuration with good oparating character-
istices and satisfactory power factor.

The motor rn capacitar is narmally built into the
motor. This results in a requirsmant for smll size, long life, and fire
safety for the capacitor. It is possibla that dry film capacitors could be
used in this agplication. Howsver, the high voltages suggest that a liquid
dislectric capacitor would be more suitable if a satisfactory substitute were
developad for FCBs.
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In sane applications, DC motors can be used in place
of single phase »C motors. Such DC motors are used in same Furcpean elect=jcal
appliances where the electronic speed antrol that can be achieved with tha
OC moter results in a savings oorpared to the more camplex speed control
mechaniams required with an AC motor. In these Eurcpean appliances, the DC
power is supplied by a silicon rectifier. However, the ocutput from the
rectifisr must be filtered to eliminats the AC components, and this filter
cirouit normally uses a liquid filled capacitor. In addition, the IC speed
ontrol circuit requires an additional capacitor. While these circuits could
be redasigned to eliminats the use of capacitors, the resulting DC motor would
not appear to be econanically canpetitive with tha capacitor run motor except
in a limitsd mmber of spacial applications,

2.6.1 Electronic Filtar Capacitors

Ractifier circuits are used to suply DC current to electronic -
amponents. For instance, the circuitry of most U.S. television sets cperates ac
300 volts DC. The output of the rectifier must be filtered to achieve a stable
DC current. Most talevision sats usa a PCB capacitor operating at 300 volts
to pass the AC camponents of the cuzent. This achieves the required 300 volt
DC power required Ly the other carponants.

Fecuiremanty for this capacitor are long life at 300 volts,
small size, and good fire resistance. Eithar a dry film capacitor or a suitable
Liquid dislectric capacitor could be substituted for the PCB capacitor in this
application, although the larger size of the dry film capacitor may limit its
use in repairing existing talevision sats.

2.7 Institutional Barriers to Substitutes for PCBs in Capacitors

The final choice of an acomptabla substitute for PCBs will be mads
by the capacitor maufacturers based on the performance charactsristics ard fire
safaty of altarats dislectric materials. This choioe will be affectad by
parformance warmntiss that are cormon in this industry and by evaluations of
safaty as reflactsd in the codes and requlations which govern the use of
capacitors. The traditional industry practices and the formal regulations both
impose instituticnal barriers to the acosptance of a substitute for PCBs.
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Thase barriers are a major factor in the rapid replacmment of XCBs, and should
ba carefully considered in the fommlation of goverrment requlations and in
the industrial marketing of altemate dislectric materials.

2.7.1 pPerformance Acceptability

Capacitors are sold with stringent performance warantees which
cover both the capacitance ard the expectad life or maximm failure rate of the
Capacitors. These warantses are based on varicus capaciter stapdards which are
established by industry groups. The wide usage of a particular type of
capacitor will depand on the existanca of relevant standards which allows the
user to choose squivalent capaciters from diffsrent mapufacturers,

Currently, no industry standard exists for d&ry film capacitors
for AC applications. However, such a standard is being developad by a
camittee of the E.I.A. and should be formalized Ly the end of 1376, This
standard will establish minimm parformance criteria for any dry film AC
capacitors which may be manufactured.

Sales of capacitors to psrformance specifications implies the
acosptarce of considerabla liability by the capacitor manufacturer. Because
of the expanse of repairs to lighting fixtures and appliances which have been
sold to consumers, the lishility dus to early failures could eagily excesd the
et of the capacitcrs. Asinhtimoftm.ltyplmmth.l%ws
whan many flucrescant light ballast capacitors failsed prematurely. This group of
failures ocourrad whan the voltage stress on the PCBs was increased, resulting
in a slightly increased rate of degradation by dachlorination caused by ccrona
discharges. The increased failure rate was rot apparent on short temm tests;
the replacemsnt of the failed ballasts was very expsnsive to the capacitor
marsifacturer. This problem was solved by the addition of a chemical scavenger
to the PCB.

Because of the cocurrence of past performince® failures and the
high potantial cost of future fallures, =% capacitor industry can be e&xpectad to
be very cmservative in the introduction of substitutas for PCBs. Substitutes
will be acospted only after the accumulation of substantial long tem (3 to S
yeary) service testing data. Since the greater biocdsqradability of the

- -245-

MONS 209225



substitutes implies that they will exhibit lower chemical stability than p(Rs,
considerable testing at service conditions will be required to suppore the
general use of any of these materials. This requirement of extsnsive service
testing would be expected to delay the gensral acoeptance of PCB substitutes
by 3 to 5 years,

2.7.2 Fire Safety

The use of capaciters is governed by several industry
standards which anbody the general service experience and risk factors as
parceived by industry representatives and fire insurace underwriters. These
codes and requlations are specific for various applications of capacitors. The
major applications must therefore be cnsidered separately.

2.7.2.1 Utility Uss of Power Factor Correction Capacitors

Most of these capacitors are installed in substations
or are mantsd on poles. In genaral, the locations of these capacitors are non-
hazardous, and thare is lictle rigk that fire damage or parscnal injury will
result from the failure of a utility capacitor.

The failure of existing utility capacitors may
mesult in uncontrolled loss of PCBs into the envircrmant. The frequency of
capacitor rpture is reportedly quite low (estimated to be .02%/year) amd the
amount of PCB lost to the envirommnt probably doss not exowed 2 @ 3 pounds
per capacitor rupture. Howsver, bscausa of the large number of capacitors in
sarvice and the lack of means for containing any leskage, the total environ-
mantal load from this scurce may total several thousand pouxds per year.

Qurrent stardards for the disposal of fajled
capacitors containing more tham 2 pounds of PCB requires that they be buried
in supervised dry lmd £ills that mest state requirwmnts.(l) 1, atdieion, the
standards require that these capacitcrs be labeled with a warning as to their
eovircrmental hazards. This label rust also contain detailed disposal pro-
cedurey. The major apparwnt lack in thess standards is in the area of control
ard disposal of leskage frum failed capacitors. The necmssity for such control
may offsat the econcmic penaltiss associated with the replacemant of FCB
capacitors by units which are envircrmentally less cbjectianable.
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2.7.2.2 Industrial Use of Puwer Factor Correction Capacitor

The use of power factor capacitors in induserial
plants is governed by state fire regulations and by the National Electrical
Coda (4) which has been formally incarporatad into OSHA requlaticns.

The National Electrical Code requires that capacitors
that contain more than thres gallons of flamable liguid be enclosed in a
vault or installed in a outdoors fenosd enclcsura. The definirion of flamable
Liquid is not explicit, but the effect of the Oode is to give large pcp
capacitors a significant econamic advantage comparsd to those containing other
liquids. Proposals are currently being considared to define a class of
transformer and capacitor liquids which are sslf extinguishing, This may
eventually lead to a change in the code so that vaults will not be required
far large capacitors in industrial applications. This cods change is unlikely
to be made priar to issuance of the 198l oode.

2.7.2.3 Lighting and Appliance Capacitors

These small capacitors are usually built into the
ballast or appliance. Failure of the capacitor prior to the chsolascence of
the light or appliance is infrequent, and the capacitor is scrapped as part
of the entire assarbly. Qurently, most of this material ends in municipal
land#ills. With growing popularity of raclaiming metal valuss from mumicipal
wasta, thares will be an increasing anount of FCB which appsars as contaminants
of scrap steal and is vaporized ar burned off in the stesl furnace.

The major drawback to the use of substitute materials
is the fire safety of the agpliance. Carmpletad ballasts or appliances must
meet minimam safety standards as specifisd by tests amducted by Undarwriters
Laboratcriss. Because the mount of liquid amtained in these capacitors is
small, thara is probably little increase in fire hazard if a flammable liquid
is used, especially if the capacitor is fused to prevent rupture of the case.
Howevmr, accaptance of flamable liquids in cadacitors will have to await
action by Underwriters Laboratrriss, and recent convarsations indicats that
they have not yet established eithar specifications or tast procsdures for
elactrical equipment containing flamable liquid capacitars. )
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3.0 .ELECTRICAL TRANSFORMERS

Polychlorinated biphenyls are used as liquid coolants in electrical trans-
formers which are located in enclosed or hazardous locations. ©CEg have an
advantage cver the other major liquid transformer coolant (mineral oil) in that
they are nonflanmable. Gasecus ccolants are also ronflammable, but gas cooled
transformers have disadvantages which are considered below. Alternative liquid
colanty are probably available, but to data nona have besn found which have
all the advantages of FCBs. The following analysis includes a sumary of the
purposes of transformers in electrical circuits, heat generation in trans-
formars, currently-used cooling techniques, materials being investigated as
substitutes for PCBs, and institutional barriers to the use of substitutas
materials in place of PCBs.

3.1 Heat Generation in Electrical Clrcuits

In direct current elsctrical circuits, the powar, P, deliverad at a
load consisting of purm resistance (e.g., a light bulb) is the product of the
electrical cuwrent, i, mwing through the load and the voltage, v, across the
load,

p= (V) (i) (21)

But sinos aurent is proportional to voltage for a given resistancs,
va (i) (R (22

whara R, the resistance, is the congtant of proportionality. It follows that
power deliversd to the load resistance is the produce of voltage, Vv, ard the
square of the curent

pein (22)

Sinos the wires that carry elactrical powar from tha site of
gersraticn (be it a battery or an electrical generator) to the load resistance
also offer resistance to the flow of slsctrical current, a portion of the power
- gqenecatad is lost through heating of the wires conmecting the load to the
elactric power source. For a given wire diamstar, elsctrical resistance is
proporticnal to the length of the wire. In many circuits (e.g., an autanchile
electrical syytam), the powar lost in the transmitting wires is small in
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caparison to the power delivered at the load (such as the headlights). Howe
ever, in transmitting electrical power over long distarces, the resistance of
the wires could cause the dissipatian of a significant portion of the ensrgy
intended for the load.

In alternating current circuits, the power dissipated in a resistance
{eithar in the load or in the wires carrying the power to the load) is also
given by P = i’R. (The relation, P = () (i), always applies to pover
dissipated in OC circuits, but in AC circuits the expression only applies when
the voltage and current arw in phase with each other, which isn't always the
case. In most practical instances inwlving purely resistive loads it is a
fairly accurata means by which to calculate the pover dissipated.)

'I?uupmnim,?-izn, is not influenced by the phase relation
batween voltage anxd current ard thus appliss to both altamating and direct
current circuits. It is apparent fran this expression that the energy
dissipated in a transmission wire having resistance R is propartional to the
secornd power of the current; thus, if the current being dalivered to the load
ware to bs doubled, the anargy losses in the trasmission wire would be
quadrupled.

Cammarcial electrical powar is oftan genarated many miles fram where
it is to be used. Thare are hudreds of thousands of miles of power trans-
mission lines in this coamtry, and it is not urusual for the elsctrical pover
genarated in ons place to be used hundreds of milss away, which means that a
ansidarahle amunt of elactrical resistance must be overcrs in transmitting
elactrical anergy to the user.

The mathod used to minimize enargy losses in tranmmission lines is
to reduce the aurent, i, and thus minirdize the i’R losses (also known as
Joule heating losses) in the trasmission wire. In order to deliver maximm
pover to the load, the tranmuission voltage, V, must be increased since the
powar daliversd is (as with IC circuits) effectively given by P = (V) (i),
Thus, if the tranmmitted current, i, is reduoed by a factor of 2 - which
reduces the Joule haating losses of the transmission line by a factor of 4 -
the voltage of the tranmmitted power must be increased by a factor of 2.
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In practice, the electricity which is used in homes at 110 volts is
trmitud at voltages ranging up to more than 700,000 volts - roughly 63500
times greatar than common wall-socket voltage. As a result, the Joule heating
lossas are (6500)%, or more than 40 million, times less than if the pover were
transmitted at 110 volts,

3.2 The Nature and Purpose of Transformers

The popose of a transformar in an electrical circuit is to trans-
form electrical power from its high-current low-voitage characteristics at “he
genmrating facility to the low-current high-voltage characteristics needed Sor
efficient transmission:; and then, at or near ths site of use, transformers
perform the opposite function, bringing the powar back into its low-voltage
(typically ll0v or 220v} high-current form.

A transformer onsists of two windings which are joined by a magnecic
ycka. An altsmating current applied to aw winding (the primary winding)
creatas an altarmating tagnetic fisld in the yoks. This magnetic fisld
induces an electric current in the other, or sacondary, winding. In a simple
transformar,- as shown in the following skatch, the ratio of voltages in the
primary and secondary windings is egual to the ratio of turns in the windings,

or
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Thare are two typss of transformars used in the elsctrical power
industry: power trmnsformars (used for “stepping up” the voltage at the plant)
and distriburion trmeformars (used for "stapping down” the voltage at or near
the site of powmr use). Power ard distribution transformars oparate on the
same principle - they differ only in whathey the primary or secondary winding
has tha greatar numbar of turms. If the transformar is being used for
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soapping W voltage, then the primary side is the one having fower twms; ‘or
stapping down, the primary side is tha one having most turns,

The lengths of wire in the windings offer resistance to the flow of
electricity, the result being the production of heat in the windings. Heat is
also produced by electrical currents induced in the transformer core by same
mechanism that induces currents in the secondary windings. Since the
electrical resistance of rost conducting materials increases with temperati.re,
the efficiency of the transformar (i.e., the ratic of the cutput power o tha
input power) is maximized if the transformer is kept at a low operating
temperature, Therefore, all transformars used in the elactrical industry have
provision for ccoling, based on either gasecus or liquid woolant.

The coolants in common use today are:

mineral oil'
PCBs ‘ liquid cooled transformars
qas ‘ «dry typs transfarmers

3.3 Desired Properties for Transformer Heat Transfer Fluids

The purpcse of the heat transfer fluid in a transfoomer is to absorb
the heat produced in the windings and comm, to transfer the heat to oxoling
fins, ard to provide elsctrical insulation within the transformer. The ideal
fluid should have the following properties:

Heat transfer: Be a liquid with a low viscosity, high heat

capacity, and high boiling point. (The use of low boiling

point liquids or qases would recuire that the transformer be

anclcsed in a pressure vesssl.)

Chamical stability: Not degraded by prolonged exposure to

high temperaturas. Non-flammable in the svent of an elactric

are within the transformar and subsequent case npture. No-

corrosive, with non=corrosive products resulting from

ogrsury to an electrical are. ILow solvency towsrd other

matarialy used to construct the transformer.
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Electrical properties: High dielectric strength. Low
loss-tangent (minimized dielectric heating of the f£luid),
High resistance to corona formation,

Toxicity: Non-toxic and biodegradable. By-praducts from
exposure to are should also be non~-toxic,

Cost: Low cost.
Availabiligx: Readily available with reliable properties.
3.4 Use of PCBs in Electrical Transformers

PCB coolad transformars account for about 5 percent of all trans-
formars inservien.(3'12) The PCB coolant in these transformers is a mixture
of 60 to 70 percent PCBs and 40 to 30 percent trichlorcbenzena. The PCBs
currently used in these mixtures are sold by Monsanto under the trade names of
Aroclor 1242 and Aroclor 1254.

The mixtures of PCBe and trichlarcbenzens are cammnly known by tha
ganaric taxm Askarel. Askarel is defined by the National Elsctrical Code as
"a generic tem for a group of non-flammeble synthetic chlorinated hydro-
carbons used as alsctrical insulating media. Askarels of various campositicral
typss are used. Under arcing anditions the gases produced, while consisting
predaminantly of non-combustible hydrogen chloride, can include varying
amounts of canbustible gases depending on the askarel type”. The most camonly
used askaral compositions are Inertesn (Westinghouse trade name for 60 percent
BPCE mixture) and Pyrancl (Ganeral Electric trade name for 70 pesrcent mixture).
The axact canposition of both Pyranol and Inertesn have besn changed from time
to time, but they have almost always besn mixtures of PCBs and trichiorcbenzene.

Pricr to the mid-1950's, the insulating liquid used in many trans-
formars (Gaaral Elsctric formilation) was a S50-50 mixture of Aroclor 1260
{60 paramnt chlorine) ard trichlorcbenzens. In the lata fifties the benzene
corponant: wvas changad to a mixture of tri- and tatrachlorcbenzanes. In
Septarber, 1971, at Mnsarto's suggestion, the Aroclor camponent was changed
to Aroclor 1254 (54 peraant chlorine). The current Westinghouse foarmulation
(Inertesan) utilizes Arcclor 1242,
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) The volume of askarel used in various tramsformers ranges from 40 oo
1500 gallons (440 to 16,500 lbs), with an average of about 230 gallons (2500 lbs) .
Cne transformar marufacturer, General Electric, estimatss the tstal number of
askarel filled transformers put in service in the U.5, since 1932 to be 135,000;
virtually all are still in service. Typical lifetime of a transfarmer is often
greater than 30 years, and units that do fail are usually rebuilt and retuirmed
to servioe. The current production rats for askarel filled units is about
5,000 per year, requiring same 10-15 million pourds of PCBs.

Liquid coclants in transforfmrs have better heat transfer and heat
capacity charactsristics than gaseous coolants. Askarel has the further
advantage of being non-flammable. Tha cthar advantages of askarsly are their
high dislectric strength, their cutstanding chamical stability, and their
raelatively low viscosity. Disadvantages , in addition to the emvirormental
threat, are the highly corrosive HCl they produce when arcing takes place and
their cost, which is about eight timms as much as mineral oil on a volume
basis.

Mogt askarel-filled distribution transformers are locatad inside
public, canmercial, or industrial buildings, or on the of tops of such
buildings. No special snclogures or vallts are required except as are neces-
sary to pravent accidental electrical or mechanical contact of persons with the
equipmant., However, the Naticnal Elsctrical C(ode does specify vaults for the
irdoor installation of FCB=filled transformars rated more than 35,000 volts,
Askarel~-filled transfopmars are limited by the dielectric strength of the
liquid to ratings below 69,000 volts.

Most power transformars are situated in remote locations where fire
or explosions are not a threat to moperty. Mineral oils are comonly used in
power transformars in these safe locations. However, sgm utilities use
askaral-fillsed power transfonmars at geterating stations.

Step up transformars used to supply the high voltage electricity to
alectrostatic precipitators are usually mountad on or very near the stack.
This minimizes the procblems associated with the in-plant distribution of high
voltage povar, Thess transformers are usually askarel filled units to minimize
fire hazard in the usually crowded area of the stack.
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Railrcad lecomotives which cperate on high woltage AC power from
ovarhead catenaries are used in the U.5. Northeast Corridor. Askarel-filled
transformers are mounted in the engines or under the self-rowered passerger
cars, and reduce tha catsnary voltage to that required by the traction rotors.
Thase electric locomotives are mostly limited to passenger service on the
Northeast AMIRAK routes and on the cowmuter lines around Philadelphia and New
York. Large askarel-fillad transfcrmers are used in the old GG-~I locamtives,
under the Metroliner cars, in various cownutar cars, and in the new E-60
locanotives. (Twanty-six E-60 locamotives are currently being daliversd to
AMTRAK by General Electric; each locomotive contains 710 gallons of askarel) .
Penn=Cantral Railroad operating rules require the use of askarels in all
locanctives using the tunmels and stations in New York., This rule has been
in foroe as a fire safety measure ever since an early G-I locomotive cone
taining a mineral oil-filled transformer was involved in a fire inside a tunnel
early in the 1940's.

3.5 Present Alternates to the Use of PCBs in Transfcrmers

Askarel-fillad tranaformars are anly used where corsiderations of
fire safety, reliability, availability, ard cost make such a unit preferable
to an oil-filled transformer or to a dzy type transformer, These altermative
types of transformers are currently used in 95 percent of all applications,
and could, with propar engimsering design, be used to replace most of the
remainirg askarel-fillad units. Consideration would have to be given to the
spacific limitations of thase designs that presently make askarel-filled
trans fooars preferable for certain applications,

3.5.1 Mineral 0il-Fillad Transformrs

If safety ware not a ansideration, there is no reascn why
oil-filled transformers could not be used in all applications. Askarel-filled
trarsfocrars cost about 1.) timas as much as oil fillad units of the same
capacity, and thus most users [efer the cil-typs where possible. The oil~
fillad transformars are the sam size as the askarel units, and are considerably
lightar in waight. In addition, mineral cil has somewhat better heat transfer
charactaristics than does askarel, and an slectrical arc in rineral oil results
in breakdown products that are non-corrosive.
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) The major disadvantage to mineral oil is its flammability.
Transtormer mineral oil has a flash point of 145°C, and if an arc cocurs wich:n
the tramsformer, the breakdown products will be hydrogen ard methane which are
also flamwnable. Detailed records of such failures are maintained by the
electrical industry. (13} Fire Underwriters do not approve of the use of ogils
ard other f{lamable liquids for indoor applications; where oil-filled trans-
formers are not spacifically prohibited as on-site replacements for askarel-
filled units, tha National Electrical Code imposes certain restrictions upon
their mode of installation.

Oil-filled transformers are used in almost all pover trans-
farmer applications and for most substation distribution applicationg where
the high voltage fraom the trangmission lines is reduced to 12.8 kv for local
distribution. Most rural pole mounted transformers which reduce tha voltage
to 220 volts are also oil-filled. The issue of flamability anly becomes
important where the distribution transformar must be burisd, as in many whban .

applications, or located close to, within or on the roof of the building which
it sarves. Askarel-filled transformers are usad for most of these hazardous
areas.

Oil~filled transformers can ba usad in these applications
only if they are suitably isolated from flamnable structures or if these
structures are suitably safequardsd against fires. When transformers are
locatad cutside of the building they serviom, however, the low-voltage power
must be brought into the building via cables or insulated buses, incurring
additicnal energy losses dus to Joule heating in the additional low voltage
transmission lines.

3.5.2 Opsn Alr Cooled Transformers

Transformers can be built without the use of a liquid cooling
madium. One type of &y transfoamer which is quits successful under limited
caditions is the open air coolad trarsformar. In this design, the required
aooling is provided by air which passes through the transformer cue either to
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thermal cowection or forced fan circulation. In those sizes wheprs air sooled
transformers are available, they are about equal in price to askarel-fillaed
transformers of the same kva rating. However, the following limitations govern
the sucomssful use of open air cooled transformers, ard prevent them from being
cansidered for many applications using askarel-filled transformars.

Heat capacity: The power drawn from a transformer usually varies
over a fairly wide range. The rating of a transformer is basically
govermed by the power which it can handle continucusly without over-
heating. If a liquid filled transformer is operated at cverlcad
corditions for a short period of time, the liquid will act as a heat
sink, absorbing the axcess heat produced in the transformer without
a rapid incyease in temperature. The result of this themmal inertia
is that ligquid-filled transformers can cperate at cutputs of up to
200 parcant of rated capacity for a paricd of one to two hours withe
out being damaged.

An air cooled dry type transformar does not have this heat sink
available, and is limited to operating at a madimum servics rating
naar its contimuous rating., Whers the current drawn on the trans-
former doss not vary greatly during the day, this limitation is no
problem. However, in rost casss the variation in load would require
that a dry transfoarmer be sizad 20 peroant to 30 parcent greater in
capacity than a liquid-filled transformer for the sam application.

Dislactric strength: The liquid coolant in a liquid-filled trans-
former also provides a significant level of electrical insulation

batwean the various current carryirg conporsnts within the trans-
formar. Alr has a much lower dislectric strength, and open air
coolad transformars are limited to a macimm voltace of 25 to 40 kv.

Tha problam of electrical insulation is even more severs if the open
air cooled transformer cnly operatas intermittently. When the trans-
formar is cperating, the heat generatsd within the windings keeps
their insulation dry, and maintains a high dislectric strength of
this salid insulating matsrial, However, when the trarsformer is
not cparating, the coils cool to arbient temperatures and the
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insylacion can abscrb moisture Srom the air which recuces irzs
dielectric strength. Therefore, an open air coled transformer —ust

" be carefully dried befors being put into servics after sach tims i
has been allowed to cool.

One final prcblem with dry air cooled transiormers is due to the
tendency of dust to be attracted fram the air wo the coils by electro-
static attraction. This dust can build up in the coils which

blocks the flow of air and causes cverheating, or the dust can form
conductive paths which short circuit the transformer.

Dry opsn air cooled transformars are gensrally limited to dry, clean locations
whera the load requiremsnts are fairly even and <onstant, and where the maximm
voltage does not excesd 30 kv. This type of transformer is being successfully
used in large office buildings, particularly tall buildings where the trans=-
formars are locatad every few floors. Even in this application, there are
situations which are beyond the capabilities of the open air cooled transformer;
foer instance, in the Sears Building in (hicago, which is cver 1400 feet tall,
the elactric power is brought into the building and wp to the distribution
transformars at 128 kv, which is beyond the voltage limitations of open air
oled transformnars.

3.5.3 Closed Gas Tilled Transformers

Transformars can be built which use a dry inart gas (usually
at an alevatsd pressure) as a heat transfer medium, Thess transformars avoid
the maintenance problems caused by moisture and dust in cpen air cooled trans-
formars, However, they are similarly limited in cverload capacity because of
their reducad thermal inertia compared to liquid filled transformers.

Closed gas filled transformers must be installed in pressure
tight containers dus to the changes in gas pressure caused by changes in
tarperaturs. Howsver, the maximm voltage ratings of these gas filled trans-
formars can be equal to thet of liquid-filled units.
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_ A nunber of different gasas have been succassfylly used as
heat transfer media in closed cas filled transfarmers. The most common =S
used in the U.S. in this application is ths fluorocarbon hexaflucroethare
ECZE‘S} , Nitrogen and sulfur hexafluoride have also bean used successfully

in cer+ain applications. Helium has not been found to be a satisfactary gas
for this application because its low dislectric strength results in corona
discharges within the transformar. Hydrogen gas is unsatisfactory as any leak
in the transformar would result in a severe fire hazard.

Because of the nacessity for the pressure vessel container,
gas cooled transformers are 30 to 40 percent heavier than askarel-filled trans-
formers, and cost two-thirds morw than askarel transformers (and twice as much
as oil-filled transformers). In addition, the gas filled transformers must
often be specified in a larger size than the liquid-filled transformers to
allow for ths expectad heavy load peaks of power consumption,

3.6 Qurrent Altarnatives to the Use of PCB Ouolad Transformers

The National Electrical Code has detailed specifications for trans-
formars which assure that transformer installations meet both fire and shock
safety reuiremants. These safety requiremsnts are achieved by the use of
either non-flammable transformars (askarel or drzy type) or vaults, or both.
The final choice of the type of transformar to be used in ‘each application
will be a function of the code requiremants and their econamic consequences.

3.,6.1 Vault Usage Requiremsnts for Transforners

The National Electrical Code 19754 considers threa types
of transformers in cormection with indoor vaults: dry type, askarel insulated,
ard oil insulated.

Askarel insulated transformers installed indeors and ratad
at mors than 3%,000 volts must be enclosed in vaults, acoording to Section 450-
23, This ssoe section spacified that askarel transformars installed indeors
and ratad over 25 kva rmust have pressure-relief vents which must either be
vantad to the cutside of the building, or sam other [rovision must be made
for "absorbing any gases generatsd by arcing inaide the case”,
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Tha 35,000~volt criterion also applies to dry type trans-
formars; they must ba containad in vaults when in indoor installations, The
Coda also specifies that dry-type transformers rated at more than 112% kva must
"be installed in a transformer room of fire-resistant construction"™. Thus, if
space is not a amsideration, dry-type transformers - which gensrally ocowpy
a larger volute than equivalent-capacity askarel insulated units - can directly
replace askarel-insulated transformers.

In casas wherw space is not available for the larger-volured
dry-type transformers to replace the askarel-insulated units, or where the dry-
type units might emit too much noise for a given location within a building,
cil=insulatad transformers would be required as replacements for askarel units,
Section 450-24 specifies that oil-insulatsd units must be installed in vaults,
but the following exceptions are made:

1, If tha total capacity of tha transformer does not

excead 112k kva, vault wvalls nead only be 4 inches
thick instsad of 6§ inches as specified in Section
450-42.

2. Vviare voltage doss rot excesd 600, a vault shall
not be required if suitabls arrangenents are made
to prwvent a transformar oil fire from igniting
othar matarials.
3.6.2 Vault Oonstruction Fequirements for Transformars
Section 450-42 of tha 1975 Naticnal Electrical Code specifies
the anstruction requirements of vault walls, rocof, and floor. "The walls and
roofs of vaults shall b constructed of metarials which have adaquate structural
strength for the conditions with a minimas fire resistance of 3 hours." (Six=
inch thick reinforosd concrete is statsd in the Code as being typical 3-hour
axnstruction.) "Iim floors of vaults in contact with the earth shall be of
concrete not lass than 4 inches thick, but when the vault is constructed with
4 VacERt space or othar storiag below it, the floor shall have adequats
structural strength for the load imposed tharean and a minimam fire resistance
of 3-hours,”
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Vault docrs are specified in Section 450-43. "Each docrway
leading into a vault from the building interior shall be provided with a tight=-
fitting door having a minimm fira rating of 3-hours" (as defined by the NFFA) .
"A door sill ar curb of sufficient height to confine within the vaylt the cjil
from the largest transfarmer shall be provided, and in no case shall the height
be less than 4 inches.” Locks ars required for vault doors, and "doors shall
be kept locked, access being allowed only to qualified persons”. The locks
shall be arranged so that vault doors can be easily opened from inside the
vault.

With regard to ventilation openings, Section 450-45 specifies
the follawing:

Location: ™"Ventilation openings shall be located as far away
as possible fraom doors, windows, fire escapes, and combustible matsrials.”

Arrangement: "A vault ventilated by natwral circulation of
air shall be permittad to have roughly half of the total area of openings
required for ventilation in one or more openings near the floor and the
remaindar in one or more openings in the roof or in the sidevaills near the roof;
cr all of the area required for ventilation shall be permitted in one or mocre
opanings in or near the roof.®

Size: "For a vault ventilated by natural circulation of air
to an cutdcor arsa, the carbined net arsa of all ventilating opsnings after
deducting the area sccupied by screens, gratings, or louvers shall not be less
than 3 square inches per kva of transformer capacity in service, and in no case
shall the net area be lass than ons square foot for any capacity under S0 kva.”

Oovering: "Ventilation opsnings shall be covered with
durable gratings, scresns, or louvers, according to the treatment required in
order 0 awoid unsafe conditions.”

Dmpars : "all ventilation cpanings to the indcors shall be
provided with aromatic closing dampers of not less than No. 10 MSG steel that
cpa-ate in resgonse to a vault fire.”

Ducts: ™Ventilating ducts shall be constructed of fire-
resistant matarial.”
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Section 450-46 specifies the drainage requirements for vaults:
"Whare practicable, vaults containing more than 120-kva transformer capacity
shall be provided with a drain or other means that will carry off any accumu-
lation of oil or water in the vault unless local conditions make this
impracticable. The floor shall be pitched to the drain where provided."

Section 450-47 requires that pipes or duct systems "foreign
to the electrical installation shall not enter or pass through a transformer
vault". Piping or other facilities provided for fire protection or for water
oxoled transformers shall not be amsidered foreign to the electrical
installation,

3.6.3 Transformer Vault Canstructian Costs

In an effort to determine the cost factars in the construction
of transformer vaults, various construction camp-nies in the Washington, D. C.
area were contactad, It was disowered that the incidence of vault canstruction
in existing buildings is virtually zero; apparently all vaults existing in
buildings built in tha last twenty-five years were constructed as inteqral parts
of the buildings the same as any other room or enclosure in the building. Thus
the cost of constructing a vault canmot be easily broken out fram the oost of
the entire building structure, especially since the prime contractors in the
cnstruction industry often subomtract the various facets of the construction
work (e.g., corcrets forms, concrets pouring, plumbing, ventilation duct work)
and the partion of the work required by the vault is included in the cost of
cnstruction of the entire building. The construction canpanies were reluctant
to make cost estimates for installing vaults in exdsting buildings unless
detailed drawings were submitted as a basis for estimation, and of the half
dozen largest contractors cmtactad, none had any readily available data fram
previous such installations, and all claimed such installations were extremely
rare,

The National Electrical Code allows the installation of oil-
inguwlated transfamers in cutdoor locations adjacent to the site of power use.
In the Washington area, as in many urban areas, "manholes® are used to house
transformers in outdcor locaticns,
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Useful cost information on manhole installationg was cbtainsd
through the Potamac Electric Power Campany of Washington, D, C. Marholes are
precast concreta structures which are camonly inetalled in public space
directly adjacent to the building receiving elsctric sarvice., (The stesl
gratings seen in the sidewalks of downtown areas frequently cover manholes
containing transformers. )

Manholes are supplied usually by precast concreta prodct
manufacturers. Costs Quotsd by one manufacturer range from $875 for a
6' x 6' x 6' (inside dimensions) model to $1700 for an 8" x 10' x 7' modal.
These coats include delivery to the job site and installation into the excavation,

Acoording to Pepco, manholes are usually installed flush
aqainst the propexty lina of the building being served. In some cities, the
local govermment pays for the manhols and its installation, but in Pepco's
custaer service ares, the Customar pays ths cost. (Pepco custaners also pay
the cost for vault constructicn whan transfommars must be installed on privats
proparty.) Pepco used to install more than one transformer per manhole, but
axperience with fires has lad them to put only one wnit in each hola.

Acording to Pepco, thare are no specific oxiss relating to
manhole cmstruction, but it is likely that local codes influsnce specific
installations. Pepco providas the final 18 or so inches of each manhole
installation in order to blend the entire installation into the surface grade;
in such cases, and whan Pepco has occasion to cast its own manholes, the local
building code must be followed.

Tha average cost of installing a S54' x 17' manhole is $10,000;
no cost-range data ware available from Pepco. The labor requiremsnt is
typimﬂyﬁ&&?%mm-.mwtuﬁmum“w-k. Cost factors
includes

1. Working day restrictions - for warple, rush hours

in same parts of the city restrict work howrs to
9:30 to 3:30, but the laborers must be paid for a
full days work.
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2. Rain time - the labcrers do not work in the rain,
but they must be paid.

3. Rocky soil - hand digging (i.e., with pneumatic
drills and hammers) may be required in lieu of
pover shovels. In such cases labor costs - which
acoamt for 70 to 75 percent of installed mst -
can mors than double.

The only cthar cost for manhole installation is the “public
space parmit fes"”, a one-time fee to the local goverrment which (s about $20
in the Washington, D. C, arsa regardless of size of the manhole.

Because they arm lighter and easier to handle, doy~type trans-
formars are used very oftan by Pepco, espacially in roof-top xpplicaticns where
noise is rot a considerstion and ventilation is not a problem. This lightness
ard ease of hardling, in conjunction with the lack of vault requirements for
dry-typs transformers of less than 35,000 volts, might make mof-mounted dry-
type transformars the most cost effective replacement for askazel-insulated
units in areas where the alr is relatively fres of corrcsive gases and dusts
which could affect the transformer.

3.7 Substitutes for PCBs in Transformars

Becaise of the evidance that PCBs are damaging the enviroroent, oon-
siderable work is being conductsd to find a satisfactory substitute for PCBs
in askarel-filled transformers. These effcrts by variocus marufacturers arw
attracting considerable interest in the business and tacmical press.(l4:13)
The goals of thase efforts is the dsvelopmant Of a heat transfer liquid which
will have satisfactory heat transfer proparties, be envirommentally acceptabls,
and ba non~flawmabls. These rejuirensnts are basically contradictory! the
chamical stablilty required for camplets ron-flammability implies that the
liquid mey be non-biodegradable and may accorulate in the ernvirorment. There—
forw, each of the liquids that have besn developed sacrifices a certain degree
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of fire resistance to achieve erviramental acomptabilicty. The following
liguids have bean proposed as substitutes for PCBs in transformers installed
pop

Tt
t 3.7.1 Fluorocarbons

Certain fluorocarbon compounds have properties similar to the
PCBs, and same study is being carried ocut in this area, 4% However, flucre-
carbans are highly volatile in camparison to PCBs, and they are about six
timss as expensive at this time - though, of course, higher production volures
would lower their cost.

3.7.2 Silicorms

Low viscosity silicons fluids {(on the order of S0 centistokes)
are alsoc possible replacements for PCBs. Silicones are currently produced by
four catpanias: General Electric, Dow Oorning, Union Carbide amd Stauffer.
The silicore fluid recamended by cne producer >’ i3 polydimethyl siloxane,
which has this molscular structure:

TP 1
HiC — S O(— 8L =0 =, & —
s & .

Hest Trarsfer: Silicone fluids have the special advantage of
a relatively tanparsture-indsperdent viscosity. The siliocone fluids have scre-
what poorar haat transfar characteristics than askarel, but can be substituted
directly for askarel in existing transformars, resulting in only a small
dacrease in tha trasformer rating.

Elactrical Properties: (18

Dislectric Corstant 2.72
Dislectric Strength 400 volt/mil

Reaistivity 7.1 x 10* cheecmn
vissipation Factor 1,8 x 107 ae 100 hz, 23°%€
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_. Flammability: Polydimethyl siloxans has a higher flash point
tha comventicnal, non—#CB transformar colants: 280°C versus 146°C for mineral
ail (FCSe have no trus flash point). The heat of combustion of 50-cantistcka
polydimethyl silocare is lower than that of mineral oil — 7.57 kcal/gm versus
11.0 keal/gm — and since the silocnes burn more slawly, they are considersd
ooor fual, (18)

On the Undarwriters Laboratories fire-hazard classification
(in which water is rated as 0 and ether as 100) polydimethyl siloxans is
claggifiad aa 4 to 5§, which is slightly highar than the 2 to ) rating given to
FCBS, but is considerably less than the mineral oil rating of 10 to 20, 1%

Ecological Persistence: These ampounds do not biodegrade,
ummutdbywslu&;.brukmmmz. Howver, thare is evidencs that
they partly depolymmrize to low molecular waight compounds upon contact with
socil and watar. Since ultra-violet light decrposes methyl silicones, sunlight
exposure may be the mechanism for enviromental degradation.

Sioacouxulation: No tendency for hicacammlation or bio—
anomtration has ourtwd in experimants. In the manmals the compound is not
adsorbed through the gastrointsstinal tract or the skin.

Todcity: The PC3 substituts developed by Dow Corning for
transformrs is callad 02-1090. This is a mixture of polydimathyl siloxanes
of variow chain lengths which have a viscosity of 50 CS. The literature on
anviromertal and health characteristics of li].iaan-{m) refers to at least
six fluids, most of which are probably similar to the 02-1090 but some of
which could be other mixtures with cartain additives. By necessity, the
usafalrees of published taxicological data depends on the validity of tiw
assumption that all of thase cxpouxis have idantical persistance, bic-
accamlation, and toxicity propartiss.
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o A review of toxicological studies of silicones reported the
fallowing ruult::(m)
% Distary Toxdcity:
LDSO (rats) >28 gm/ky

Extanded Feading Tests:
Guinea pigs - 47 gn/kg/day for extendsd pericd -~
no todc effect.
Mallard ducklings and bobwhite quail - 5000 ppem
for 5 daywm - no affect.

Rats - 20 gm/ky/day for 28 days - no effect,
Rats - 190 mg/kg/day for 90 days = no effect level,

Beagle doys - 300 my/kg/day for 120 days - no
effect.

Mice - 34 in dist for 80 weaks - no effect.

Man - FOA allows silioones as food additives at
' to 10 prn.

The major deficdaency in our inowledge of tha siliocones
appears to be in thair fate in the enviroment and the toxdcity of their break-
downy preducts.

Oat: Thw silicors tTasfomer fluids arrently cost @ to
twice as mxh as PCBS on a volum basis.

Availability: Dow Comning is currntly completing evaluation
of polydimethyl silocans as a high voltage insulating fluid. They repore,

thoogh, that a nesr tawm 100 paycent replacemant of PCBs in transformers by
this fluid is not possible. If a tzwsformer market wers to develcp for
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» lm,wwmmwmaﬂyhdquau
to- ply new trarsformers. The tims lag for a 100 paromnt replacermnt of pChs
in tzansformars by polydimethyl siloxans would be on the ordar of § to 10
years.

J.7.2 High Flash Point Minaral Oils

The flash point of mineral cil is a function of its molecular
waight, Crixie petroleum can be refined to have any required molacular weight
over a wide range. This makes it possible to specify any particular flash
point that is desired for the mineral oil transformer liquid. This approach
has besn taken by RIE Corporation in the davelopment of their proprietary
transformer liguid which has the trada nare RIEMP. ‘2V)

RIEMP is a highly refined paraffinic mineral oil which has
a flash point of 296°C, agprosimataly the same as the S0CS silicone liquid
proposed by Dow Corning. To achieve this higher flash point, the oil is
refined to have a higher molecular weight and consequantly a higher viscosity
which reduces its effectivensss in comvective cooling. It may be possible to
achisve a lower viscosity without sacrificing the fire resistance of the
liquid, but this modification has not yet besn demonstratad.

The major ourrent advantage of the high flash point mineral
oils is Sair low price relative to siliome and askarel, and thair inherent
bicdegradability and low tadeity.

3.7.4 High Flash Point Synthetic Hyirocarbons

Cartain mixtures of synthetic hydiocarhans may resalt in a
liquid having the high flash point charactaristics of RTD® ox silicons
combinad with a relatively low viscogity and satisfactory heat transfer
charactaristics. Ths Mmsanto O®. is reportedly tasting such a mixture
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Mbnﬁntndnnm__nms-lsss. No technical details are available on the
Yo excupe that ic is claimed to have fLamability and heat trasfer
m.quimmttosiumnatammnrcmt,uﬂmummmly
acosptable. Mnsanto has stated that the tachnical details will be made public
early in 1976.

1.8 Institutional Barrisrs to the Use of Substitutes for PCRs

The National Electrical (ods recognizes only thres classes of
transformers: askarsl, mineral oil, and dry. The Code raquirements for
askarel and minaral oil transformers differ only in the vaultr requirements:
for tranaformars located inside buildings or in hazardous locations, vailts are
required for all minaral cil transformers, but anly for those askarel trans-
fopmrs rated at over 35,000 volts. Askarsl transfarmers are econamically
attractive for mary applications because the savings in vault costs more than
offset their higher price relative to mineral oil transformers, and their
reliability is better than that of cpen air cooled transformars. In all cases,
tacnically acosptable altsrnatives are available to replace askarel trars-
formars; the only limitations are econamic.

All of the substituts liquids that have been develcped are more
flawsble than asksrels, but lsss flamable than mineral ail, These liquids
do rot axm within the definition of askarel in the National Electrical Code,
and their use is governed by the rules that aply to oil filled transformers.
Thus, thare is no econamic ar technological incentive to use thase altsrnata
liquids under pressnt Cods regqulations.

If the Code is to be changed to cffsr m econamic incentive to the
use of thess liquids, the relative safety of each liguid must be assessed, and
a decision must be meie as to "how safe is safe encugh®. In particular, test
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””«mﬂiéongggu nditiong which may be expacted in

= Limited testing of the relative fire safety of the varicus trang-
former liquids has been conductad by RIE Corperation. The properties of the
four liquids that were testad are summarized in Table 1.8-1 which is reporduced
fran the tast rasults report prepared by Mr. D.A. Duckett of RIE Corporation. (21)

The RIE tast cnsistad of the follawing procecure for esach liquids

Four gallons of liquid was heated to 150°C in a
clesed containar. An elsctrical arc was than
initiatad balow the surface of the liguid. Arc

corditions ware 4800 amperes at 4800 volts. The
resulting explosion and fire was recorded photo-
graphically.

The results of this tast ware as follows: Hbz.u.noﬁ.ﬂl the lid

nwlnluﬂulnnuigﬂp %EEF?E%&.
o bumn aftar the fire ball dssipated (as would be opeactad, a8 the liquid was
heatad to its flash point prior to the initiation of the arc). The other three
lquids self extinguished within several secirds. Because the fire performance

thase test corditicrw, both RIE Corporation and Dow Qorning submitted proposals
to the traeformar ocommittes of the National Electrical Code to allow the use
of "salf extinquishing” liquids whare present Code ragulations require the use
of askarel. If thess proposals wvere to ba acosptad, the use of these liquids
wexild be allowed by the 1978 (ode.

ﬂ!ﬂunﬂlﬁﬂiﬂiaﬁggiguﬁhnﬁﬂupx

in‘%ﬂﬂuﬁﬁ relatively Enlﬁpgoannﬁinoﬂlu
fallure, s} that a oore fregquent cavse is prolonged minor arcing which creates
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TABLE J.8-1

PROPERTIES OF TRANSFORMER LIQUIDS

% TESTED BY RTE CCRPORATION®
b A8
TRANSFORMER
FLUIO PROPERTIES: oI RTene ‘;é’.iﬁ:‘ ASKAREL
OIELECTAIC
Qielactric Strength (ASTM 0-877) kV
{259C-fluigs as receives from vandor]) by 37 34 “o
Dielectric Conszant -2.5 2.2 2.74 a3
Powar Factor SO:C <.0t 0.6 0.6 -
1a0°c 1.0 2.2 6.9 -
150%¢ 2.5 10.5 1.5 --
Olssipation Fagter (ASTM D-150) L0004 <. 0% .@o02 .03
Volume Resintivity (ASTM 3-1169) 1ox 107 1 w10 5.6 « 10" 5.0 102
Ohm-cm
THERMAL
Flash Paint °¢ 150 296 104 -
Fire Poine ¢ 162 2t 180 -
Pour Point ¢ <57 -2 -55 -37
Tharme! Conductiyity  25% .000318 | .ogo297 .000160 .000262
cal/{sac-cm®-9C) /em
Specific neat (cal/gas9t) 25%¢ 393 .450 L340 264
Cosfficiant of Expansioniec/ec-2C) . 06043 .0008 0010k .00067
PHYS | CAL
specific Gravity (ASTM D-1810) 25°C .883 .883 . 961 1.568
Intarfacial Teansion {dyne/cm) [T} 5.5 0.8 50.0
Neutrallzation Number (mgKON/gram) <.02 .on <.0 <.01
Viscoslcy {centiscokes)
(-]
25 € 16 800 50 18
50°c 8 150 10 10
100°%¢ 3 2 16 b
150% - 8 12 <3

* Reproduced from report:

*Envirarmantally Acceptable Insulating Fluids May Replace
Askarels”, by D.A. Duckett, RTE Corporation; May 8, 1975.
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a i ty prublem due to the breakdown products of the transformer oil.
1f i ware the case, neither silicone oil nor high flash peint mineral oil
would be significantly better than the presant transformer oils.

Secause of the limited tast data that is available, it appears
unlikely that the proposals will be approved for inclusion into the 1978 Code.
Since the deadline for submission of proposals for this Code revision has

passed, the most likely date for any Code revisions is the 1981 Code,

The general acceptance of alternate liquids in place of askarels will
only occur aftar the parfamance of these liquids has been demonstrated by
prolonged service tests under realistic conditions. The effect of the Code is
to prevent the testing of altarmate liquids in transformers which, uder the
rules, must be filled with askarels., The inclusiocn of the Code into the
raqulations of the Occupation Safety and Health Adminjstration is an additional
instituticnal barrier to the acosmilation of xdequats performance expearisnce.

3.9 Felative Marits of Altarnatives to New Askarel Transfcxmers

The relative marits of the various altsrnatives that have bean
propened are sumnarized in Table 3.9-1. Special consideration must be given
to the suitability of each of the alternatives to the major types of trans-
farmars which curvently use askarels.

3.9.1 Distribution Trarsformers

Vary few distribution transformsrs presently use askarels.
These transformars are generally installed at the site of major generating
plants, and thare would be little difficulty in desicning these plants so that
minaral oil cooled transformers could be used safely.

3.9.2 Powsr Transformmrs

Askazel cooled transformars are usad in buildings and
industrial plants without vaults where the macdimm voltage is less than 35,000
volts. cn':-i:tly available altermates in new omstruction are:
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TABIE 3.9=1

Ralative Marits of Altarmatives to the
Use of Askarel Transformars in New Applicatiors

by
O . = 2
b - -
> ¥ THEE i3t
- = 82338 3 nLy2
R yiids (48 | L
i |f AP N
3 85898 |20 1353
Mineral oil A
transformer in vault excal. axosl. $5000 to gocd | usually |
$50,000 no :
|
Mineral oil ,
transformar installed | excel. excel. $5000 to goed | usually
in non-hazardous $50,000 no
location more
Dry transfcomar axoal. axcel, 1.5x poor | usually |
o
Silicons heat
transfay oil omoal. fair/good | l.3x good | probably*i
yes i
High flash point* |
hydrocarben ail axcal, fair/gcod | 1x good nuou.uuri
yes ﬁ

* Use dapands on Coda requlations being changed to allow self extinguishing
as direct equivalants of askarels.

E
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. & Mnaral oil transformer installed in a vault

e Opmn air cooled transformers - limited to clean dry
environments with even pover requiremants, Satisfactory
for most of fice buildings and stopping centers.

¢ Mineral oil transfcrmers at a site awvay from the
building., This will be satisfactory for most trailer
parks ard industrial plants except for those locations
where space is extremely scaroe.

A possible, future, altamative may be to use a "salf extin-
gquishing” transformar fluid in those applications whers askarels are now
required. This alternative requires that major changes be made to the Natiocnal
Electrical Code.

3.9.3 Precipitator Transformrs

These are high voltage step-up transformers which are mountad
on or neay industrial stacks. It should be possible to use minaral oil colsd
transformars in all such applieations.

3.9.4 Failroad Transformars

Thase transformers use askarel due to Penn=Central Railrmad
ragulations. However, foreign experience indicates that there is no significant
fire risk from the use of mre flamable liquids in thess transformers:
Europsan practice has traditionally besn to use mineral oil in locowotive
transformars. About tan years ago an exparimantal trarsformar was built in
France which used an enclosed gas cooled (sulfur hexafluoride coolant) transe
formar. ‘22 Althaugh semewhat limitsd in peak power output (ovarload conditions)
compared to oil-filled transafopmers, it perfopmd satisfacterily during
extensive tests. However, this type of transformar did not gain wide acosptarce
bacaise it wvas mxe expansive than oil-filled transformars, and thare was not
felt to be any significant safety problem associated with the use of the cil-
filled units. ’

Genaral Motexs Corporation recently supplisd a demcnstraticn
slectric freight locomotive to the Penn—Central Railroad for test. This
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_'whhiguudatyp.c‘n-s. The transformars in this locamtive
3 by a Swedish manufacturer, ard are filled with mineral cil as
Heh requlations would not allow the use of PCBs even for test purposes.
As a result of this material choioe, this demonstrator locamotive is not
allowed into the nmnals into New York.

Japanese practice over the past four years has been to use
silicona oils in new railrcad transformers. No service problems have been
recortad,

AMIRAK is presently negotiating the lease of several new
electric locomotives fyam France. Preliminary specifications call for the
traneformers to be able to cparate satisfactorily with mineral oil, askarel,
or silicona oil as the coolant.,

3.10 Replacemant of Askarmls in Existing Transformars

There are currently about 135,000 askarel-filled transformers in
sarviocs in the United States. Thase tranaformars amtain an average of
2000 to 2500 wounde of ECEs each, for a total in-service inventory of about
300 million pourxds of PCBe. Accidental lcsses of askarel may ocoour dus to
failure of thass transformers and accidental spills during servicing., It has
bean sujgestad that these lcsses may be a significant sowrce of FCBs into tha

anvirorment, and that this souroe of pollution could be minimized by refilling

these transformars with an approved "self extinguishing* transformer liquid.
3.1¢.1 FCB lLosses Dus To Trasformer Failures

™e incidence of failure of askarel-filled trarsformers has

bean estimstad o be 0.2 paromt par year. No mors thah 1 percent of these
failures result in a rupture of the transformer case and spillage of liquid.

The usual failure involves only a venting of gases from the trarsformer safety

valve, followed by immediats cparation of the circuit breaksrs to remove tha
powar. from the transformar. Thus the expectsd incidence of spillage is

mcbably on the ardar of 3 transformars per year containing perhaps 6000 1b of
FCD. Fowmver, nowt askarel transformers are installed in buildings or in

vailts whare thare is & provision fox ontaining any leakage. It is probably
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Wh to assume that the cleanup activities following a transformer
A'—'m 90 to 99 parcent effective in recovering the spilled askarel, which

qa”'!:h. total uncontrollad loss of askarels from transformer muptures

total of 60 to 600 lb par year. If it is assumed that tha venting of vapors

during a transformer failure resulcs in the loss of an average of two lb of

PCB due to evaporation, the total losses from this source will be about 540 1b

per year. Thus, the total anmual entry of PCB into the envirorment dus to

transformer losses is on the order of 4 1b per million 1b of BCB in service.

3.10.2 Awviromental Effects of pn Askarel feplacement Program

The proposal to drain the existing askarel transformers and
refill them with an envircrmentally acosptable heat transfer liquid pre-
supposes the availability of sufficient quantities of a liquid having satis-
factory fire resistant properties and heat transfer properties equal to askarel.
No such material is currently available. The uvse of either silicone 0il ar a
high f£lash point hydrocarbon material would require a changs in the Naticnal
Electrical Coda requlaticns which govern the installation of transformers. In
addition, all of thess materials have pocrer heat transfer characteristics than
askarals, which may require the derating of all the transformers.

Asgumirg that a satisfactory substitute liquid were available,
the retrofitting of the existing transformars still faces a number of practical
problams. The nost difficult problem is the achievemant of thorough draining
of askarmls from the existing transformars. Much of the liquid is held in the
insulation of the transformars by capillary action; simple draining of a trans-
former only remrves 90 parcent to 90 paramnt of the liquid. Therefore, it will
be necessary to flush each trarsformer 2 cr 3 times with a liguid which will
dissclve the remaining askaral, and which is conmpatible with the liquid used
to refill the transformer. This requiremsnt of compatibility could be a major
problem; for instance, askarels are immiscible in silicone foils.

It can reascnably ba expected that the draining and flushing
of each askarel-filled trmsformer will result in an sverage of 800 gallmns of
askaral and PCB contaminated liquid. This liquid must be shipped to an
incinerator and burned undar omtrolled conditions. Disposal of the liquid
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to cost $700 plus the coet of the shipping containers ard

The result of this draining, flushing, ard refilling oro-
cedure will be a transformer which is filled with 300 gallens of an environ-
mentally acceptable liquid that is concaminated with 10 to 20 lb of BCB. This
reducticn in the amount of FCBs in service will reduce the severity of
potential transformer failures, but will not eliminate the need for carefil
handling or eventual disposal of the contaminated licquid.

A more sericus cowxem would be the anount of accidental
spillage which would cccur when the scrap askarel and flushing liquid is
shipped to the incinerator for disposal. The current lack of sufficient
incineration facilities would require that much of this liquid be stored in
drums or tanks for an extanded period of time. In addition, the accide-tal
leakage from broksan drums and other accidents which can be expected %o occur
during transportation can be expectad to release DCBs and flushing sclvent
to the envirormment.

3.10.3 Effect of Leaving Askarel Transformers in Service

The altarnative of laaving the askarel in the transformers
until they becane cbeolets or fail is probably to be prefarred to retrofitting
thase transformars with a less toxic liquid, The existing askare]l should last
the life of the tyansformars: only infrequently is it necessary to filter the
liquid to remove the degradation products of mincr interhal arcing, and askarel
logses during this filter cycle should not excesd 1 psrcent of the total
Liquid in the transformar. Askarel for makeup of these losses will not be
available onoe it i3 no longer used in new transformers; Aonsanto has amnounced
its intsntion of closing the only U.S. PCB marufacturing plant as soon as
satisfactory substitutes are available for FCBs in electrical squipment. This
should not prove to be a majer pxoblem in the maintenancs of askarel trans-
formars, as minor loeses of liquid can be replaced with pure trichlorcbenzene.
mmmm%uhsuitd_:hulmuth.mtﬂumottm
PCBs is above 50 parcent; below this concentration of PCBs, solvent attack on
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the solid insulation may occomxr. (omplate replacemwnt of the transfcrmar
X by lack of askarel should be infrequant and should not impose a
ificant econanic burden on the elsctrical indugtry.

The decision to leave existing askarel tyansfocrmers in
service also gains time for the solution of the problem of scrapping failed
or cheolete transformers. Current specifications require that transformers
be drained ad flushed before being scrapped. This, however, camot be
expacted to remove more than 95 to 98 parcent of tha PCBs from the trans-
former internals.

It is currently very uusual for transformers to be
scrapped , but whan they are scrapped the value of the metal is sufficient
to meke recycling attractive. Thare is currently no acceptable facility for
the reccvary of metal from failed transformers. Special proomdures would
have to be used to prevent PCB residues frem being carried through into the
scrap fumaces. This will eventually be a significant problem. Bettar
solutions to the problem can be expactad if the problem is delayed by leaving
axisting transformers in servics.

4,0 INVESTMENT CASTING

Tha investmant casting procoess is a lost-wax caasting proocsss in which a
pattemn is molded from wax and then investsd or surroumnded by a slurry oon-
taining a refractory carmmic. Aftar the carmmic mold i3 drisd to an appropriate
strength, the wax pattarn is meltad or bumed out leaving a molded cavity.
Molten metal is then poured into the cavity, ad selidifisd by cooling to fam
a clustar of metal castings. Maintsnance of close dimensicnal tolerances
requires that the shrinkage of the wax be carefully controlled during the
initial psttern stap. This oontrol requires either slow oling of the pattern
while the wax is solidifying or the use of a wax matarial which shrirks very
littls upon solidificatim,

4,1 PFnction of the Fillar Matarial

One mathod of modifying the wax to achieve minimal shrinkage is to
£411 the wax with a finaly powdared matsrial that is insoluble in the wax and

ramaing solid at the tarparature at which the wax is cast into the molds.
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e this filler does not change stata (from a liquid to a solid) on cooling,
bits very low shrinkage, and the resulting slurry of wax and filler will
more dimensionally stable than will be the pure wax.

Tha second step in the casting process is to burn tha wax residues
out of the ceramic mold so that the mold will be cawpletely ampty when metal
is cast into it. This requires that the filler bs volatile at the temperatuires
used to fire tha molds, and that the vapors be non-toxic.

4.2 Use of FCBs in Investment Casting

Sone of the pettemn waxes, especially those used in the casting of
metal parts requiring tight dimensicnal tolerances, contain decachlorobiphenyl
(deka) as the wax filler. Decachlorcbiphenyl waxes contain approximately 10
percent (perhaps up to 40 percent) of the decachlorcbiphenyl filler, '2%
Pattarn waxes are recovered ard reused several times to form the sprues amd
gates of the patterns. Wax is apparently used an average of 2.5 times.
During the dewaxing process the virgin wax (used to form the pattern) and the
old wax (used to form the gatss arxd sprues) are collected as one mixture.
Littls of the wax is destroved in the process; therefore, it is probable that
the investment casting foundries store or disposa of relatively large amounts
of used PCB~containing wax.

It is estimatad that approximatsly ons to 1.5 million pourds of deca-
chlorabiphenyl-filled wax is purchased yearly by U.S. investment casters. The
cost of the PCB-filled wax is in the range of $0.70 per pcund.(z‘) Importad
polychlorinated tarphanyls, which exhibit properties very similar to deca-
chlarchiphenyl, is also used as a pattarn wax fillar. There is only oma U.S.
producer of deka-filled wax, and this campany also produces PCT-fillad
pattarn wax.

4.3 Advantages and Disadvantages of the Use of Deka FCBs in Investment
Gasting
Tha daka PCBs have nearly ideal propsrties for fillers in investment
casting wioas. Thase matarials are only slightly soluble in the wax, remain
salid at the wax casting temperatures, and volitilize completely at the firing
tamparatures without charring or burning.

~278-
MONS 209258



. ‘The anly disadvantage to the use of deka PCB is its suspected
e enviramantal persistence and, by analogy to the othar PCBa, its
Fby. ' 1o direct evidence of envircrmental damage fram this compeund

fomrxd to date,

4.4 Altsrmatives to tha Use of Deka PChs

Potantially acosptable proomss altsrmatives for the deka FCBs aould
utilize either a replacerent filler material or an wnfilled wax.

4.4.1 Replacement Fillay Materials

Proparties required for a filler are: high melving poim
(over 300°C) , high heat transfer coefficient, low thermal coefficient of
linear expansion, and minimem (“zero”) ash. The following matarials have
besn suggested as possible replacements for deka PCH.

4.4.1.1 Tssohthalic Acid

Iscphthalic acid has been used as a fillsr matarial
to a limited extant, but the grade of matsrial that was previously available
left an ash residue on firing. *®) A new grade of iscphthalic acid, enly
recently commarcialized by AMXO Chemicals Corp., exhibits much lower ash and
metal contants. The varicus grades of material available from AMOCD are as
follm=(26}

Grade Cost in Bulk Camments

IPA 85 $0.24/1b High ash

IPA 99 $0.27/1b Previous use history
IPA 110 $0.31/1b Being phased ocut
IPA 220 $0.135/1b New -~ low ash

Although there is a considarable body of litarature on phthalic acids and
phthalats estars, thair envircmental fatas are not known, Degradation routes
fropartias of degradation products, ete., which are of great importances to an
assesmmartt of envirormmental acomptability have not besn studisd in depth. It
can be suomised that this will be the case for most fillar substitutes.
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4.4.1.2 Polystyrens

PolystyTens plastic is available from a mmber of
suppliers including Cow Chemical Co., Monsanta, and Foster-Grant. If this
plastic were recuced to a sufficiently fine powder, it would have physical
propertiss equivalent to deka PCB and should perform satisfactorily as a wax
filler. The bulk cost of polystyrens pellets {3 5.40/1b, and the size
reduction should cost an additional $.08/1b of filler.

Upen firing, the polystyrens could be expected to
depolymerize to styrens which would be volitilized. Styrens vapor has mown
toxic properties. This potential problem may limit the serious consideration
of polystyrena as a wax filler,

4.4.2 Unfillad Waxes

Fricr to the use of PCBs or PCTs as fillers, unfillad waxss
ware used. Industry scurces claim that reverting to the use of umnfilled waes
would increase producticn costs by about 10 parcent. However, new typss of
nfilled waes have recently besn introduced to the market, and it is claimed
that their properties are equivalent to the fillad wax and thair cost is
slightly lower ($0.60 to $0.65/1b) (27} Although the exact formilstion of
thase wioas is not known, they reportadly oontain no chlorinated aglitives.

4.5 Conclusions ~ Substitutes for PCB in Investment Casting
Technically adequats substitutes for decachlorcbiphenyl filler in
pattern waxes Xpear to be available. Mmdimm increases in costs would be
about 10 percent. The only producer of wax omntaining PCBs aould probably
chance to othar types with very littls tachnical difficulty or econamic
impact.
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SUBSTTTUTES EFOR PCBs
Capacitors

B3 are used as the dielectric liquid in almost all AC capacitors used
by the electrical utilities for power factor correction and in various
industrial applications including appliance motors, fluorescent light ballasts,
and power supply circuits in television receivers. >®Bs are wniquely suited
for capacitor xpplicarions because of their high dielectric censtant, chemical
stability, and non~-flammability.

A nurber of different chemicals are being developed as replacements for
FCB capacitor fluid. There is not yet sufficient data available on the
electrical parfommnce, chironic toxicity, or enviramental effects of ay of
thase liquids. :

Dry film AC capacitors are also baing develcped. These capacitors are
significantly larger than liquid-filled capacitors and are limited to a
maximm of 280 volts. Satisfactary dry film capacitars will not be available
until there are two separats techrological breakthroughs: 1) the development
of a plastic film that corbines a high dislectric constant with a low loss~
tangent; 2} the developmnt of winding technicues that exclude all air fram
the wirding of the capacitor.

Althengh it is probable that satisfactory substitutes for FCBs will be
developed within the next 5 years, no such material is presently available and
mach additional ressarch renains to be dons.

Transformars :

FCBs are used as a major capxenent of the non-flawmmable transformer
liquid known as askarel. Only about 5 percant of all transformars are cooled
with askarml. Thess are the transformars which are located in buildings and
othar hagardous locations whare fire resistance is of great importance.

Most trarsformers are ccoled with mineral oil. This liquid is flammable
and the National Elsctrical Coda requires that oil-fillsd transformers be

~-281-

MONS 209261



installed in fire proof vaults when they are used in buildings. Vaults
are not required for askarel-filled transforrmrs that are rarad at less
chan 35,000 volts. Although the askarel-filled transformers aire 20 percent
to 10 percent more expensive than oil cooled units, tha savings on vault '
construction costs more than of fsets tha differences.

Other currently available substitutes for askarel-filled transformers
are opsn air cooled transformers, which are limitad to lower voltage
applicationy in clean, dry envirorments, and closed gas cooled transformers
which are more expensive than askarel units. Both of these dry transformers
have loser cverload capacity than do askarsl ard cil-filled units.

Technically satisfactory altermatives are available toc the use of trans-
formers containing PCBs. The present choice of RCB units is based on tha
relative costs of the alternatives.

Sevearal substitute licquids have heen sugcested which are lesa flammable
than the crently used mineral cil, but which are more flammable than askaral.
Thass liquids are charactarized as bsing self extinguishing — i.e., thay do
not continua to burn after being ignited by a mamentary electrical are.
Proposals have besn submittad to the National Elsctrical Code to allow the
use of these self axtinguighing materials urder thoss amnditions where
agkazels are presently specifisd, Becauss of the relative lack of sarvice
axpariance with these liquids, it is unlikely that these proposals will be
accepted. The naxt (ode revision (1978) will probably conmtimue to recognize
only askarsl and "oil £illad" transformars.

Tt is likely that the "self extinguishing” liquids will prove to be
satisfactory altarnatives to KX3s. Substantial experience on the performance
of the liquids will be required bafore the Code requiremsnts will be changed
to allow thelr use. The restrictive Electrical Coda, which has besn incorpor-
ated into the OSHA Regulations, may act to inhibit the accumlation of this
data and thareby act to postpone the general acosptance of these substitutas
foxr PCBA.

It has also been suggestsad that XBe be drained from existing Tans-
formars and replaced with a lass tocc material. Analysis of this alternative
suggests that it may have a warsa effect on the envirament than wouild the
contined use of PCE in the transformers.
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SMMARY
INVESTMENT CASTING

Dduduoanmswlisnm:!mfmnrmmmumuer21Un formulation of
investment casting waxes. The deka PCB acts as an inert filler which reduces
the shrirkage which occurs whan the wax sclidifies. Cther mamifactursrs use
polychlorinated terphenyls (PCTs) for the sam purpose. All of the deka 2B
and PCTs used in investmant casting waxes are imported,

&wuﬁlm&nﬂhnulunawﬂmﬁhl&uchmlmmtumu. These include the
replacamant of the PCB with isophthalic acid, or the use of new low shrirkage
non=fillad waxes. Canplets elimination of deka PCBs from this application
should be possible without causing significant problams.
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SECTION IX
RCBs TELEASE AND CUMITATIVE INVIRONMENTAL LOADS
1.0 ESTDMAIES CF FREE PCBs IN THE ENVIRCNMENT

l.1 PCBs losses to the Environment Since 1930, by Use and by Chlerine
Cmntent of Moleails

This section includes an analysis of the estimated amounts of PChs
which have escaped to the enviroment, by molecular chlorine content. The
approach and results ars sutmarized below.

Loss factory, which include spillage losses during manufacture or
use of the end products and lesses dus to inadequate disposal methods, are
estimated on the following basis:

% of Yearly PCB Use
Usa _Category Lost to Enviromment

Closad electrical systamns
(trarsformers and capacitors ) 5%

Hydraulic and heat exchange fluids 60%
Plasticizers 25%
Misocsllarsous industrial applications 90%

Each of the assigned loss percentage factors can be the subject of
considerable controversy. Suffios it to say that the choices made appear to
be reascnable based on the widely varying infarmation considered.

The follawing data have besn computad on the basis of the production
and sales data ruleased by Mrsanto on the PCBe. Since by far the largest
production has bean in the form of Aroclors 1242, 1248, 1254, and 1260, these
data are bassd cnly on those four mixtures.

*Proparticnal Use Pactors for PCRe” wers aamputed from the Monsanto
PCB marmfactizing and sales data utilizing the domestic sales by category
informetion. Since the detailed hreakdown for the pericd 19301957 was not
available, it was assumd that the pattarn for this paricd followsl the averace
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for the period 1957-1959. Estimates were then preparsd of the actual produc-
tion and use of the irdividual Arcclors listad ahove. Tabla 1.1-1 is a
tabulation of tha estimated amounts of Aroclors that have escaped into the
envirament, assuming that 5t of the PCBS used in capacitars and transformers
escaped; 60% of that used for hyaraulic media, and heat exchange media
escaped; 25% Of that usen IOr plasticizers escaped: and, finally that 90% of
that used in miscellaneous industrial uses has escaped.

These data may be expressad in terms of chlorine aontent, based on
published Monsanto data on the isamers typically present, by chlorine content,
in each Arcclor type. The results from such an exmrcisa are pressnted in
Table l.1-2. The totals in the right-hand colum represent the cunulative
totals of all escaped PC(Bs by the year listed at the lefe.

The computed spectrum of chlorina cmtents based on the cunulative
data on Tabla 1.1-2 is presentad, for selected years, on Table 1.1-1.

Tha avwrage chlorine content for the set tammd "average values” is
4.38 chlarine atome per moleculs, aampared to:

Aroclar Gilorine Content (atoms/molecula)

1242 3.67
1248 4.22
1254 5.3%

Thus, the distriburion as is comes closest to Aroclor 1248, How-
evar, if it is assuned that all mno= and di-chloro biphenyl were biodegraded
ar otharwise destroyed, than the sverage chlorine contant of the "wild" KBs
would be 4.67, intarmediate betvesn 1248 and 1254, If the trichloro isamers
ware also subtracted out, than the caposits average chlorine amtant would
ba 5.0, which begins to compare favorsbly with 1254,

1.2 Total FCBa Acamulation and Current Rates

A a Tough estizate of the total Pis currenmtly available to the
biota (in actiwe transport, in biological systems, etc.) in the United States,
the total of 172,800,000 1b. from Table 1.1-1 may be reduced by a factor

-287-
MONS 209267



TARLE 1.1-1

FCB ENVIRONMENTAL LOAD BY AROCIOR TYPE
[In Thousands of Pourxds)

Aroclor Type
1242 1248 1254 1260 1016 Total
PCha
1930-56 18709 5395 5003 3559 - 32466
1957 1991 704 676 932 - 4303
1958 1431 1065 917 783 - 4196
1959 2298 1597 1142 1118 - 6155
1960 2955 1226 989 1191 - 6361
1961 4082 1745 1295 1M1 - 8469
1962 3992 1452 1222 1258 - 7924
1963 3648 2062 1166 1503 - 8379
1964 4597 2160 1224 1664 - 2645
1965 5928 2260 1456 1096 - 10740
1965 7010 1932 1247 1041 - 11230
1967 7442 1794 1158 uun - 11505
1968 7789 1881 1615 954 .- 12239
1969 9182 2190 2172 997 - 14541
1970 10072 1536 2575 1044 - 15227
1971 3232 112 7z 266 167 4494
1972 48 - 229 20 1045 1342
1973 310 - %9 - 1177 1886
1974 310 - 309 - 1098 1717
Grand Total - 172.8 = 10%1bs.
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1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

L)

561
621
664
733
822
944
lo64
1173
1311
1489
1699
1922
2156
2431
2733
2837
2881
29138
2992

S5

2540
2813
3020
3351
3760
4326
4874
5389
€030
6946
1796
8799
9850
11088
12428
12880
13073
13324
13561

TARLE 1.1-2

CMULATIVE ENVIROMMENTAL PCB LOAD

BY CHIORINE CONTENT

Cl

6210

6394

7487

8417

9465
10922
12301
13693
15369
17436
19747
22154
24674
27639
30735
E)rrxi
32131
32663
33165

[In Thousands of Pounds]

Ql4
8221
9174

10130
11534
13070
15135
17048
13095
21473
24315
27329
30406
33673
37543
41462
42624
43086
43700
44272

2

8936
10070
11311
13086
14805
17128
19279

21575
34160
27123
30097
33080
36376
40368
44523
45657
45792
46046
46265
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4017
4709
5419
6388
1344
8529
9640
10835
12153
13391
14568
15754
17053
18625
20362
20840
20928
21076
21193

<L,

1759
2182
2558
3085
3632
4162
4751
437
6192
6728
7230
7155
8243
8782
9365
9517
9539
9563
9582

134
145
155
166
176
186
196
199
199
199
199
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Total

32,565
36,368
41,064
47,219
53,580
62,049
69,973
718,352
87,997
98,735
109,966
121,471
133,710
148,251
163,478
167,972
169,314
171,204
172,821



1956
1960
1965
1370
1974

Average
Valuss

Weight Percentace of Iscmers Containing Cl

TARLE 1.1-2

QMPUTED SPECTRIM OF CHLORINE CONTENT
FOR WILD PCBa

{In Parcent]

1.7
1.5
L.5
1.7
1.7

1.6

S

7.8
7.0
6.9
7.6
7.8

=1

19.1
17.7
17.7
18.8
19.2

18.5

L,

25.2
4.4
24.6

25.4
25.6

25.0
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27.4
27.6
27.5
27.2
26.8

27.3

127

U~
12.3 S.4
13.7 6.8
13.6 6.8
12.5 5.7
12.3 5.5
12.9 6.0
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acoomting for envirormental degradation of less chlorinated isamers and
other destruction processes, Basad on Table 1.1-2, this should be about 20
to 30 million pounds, resulting in a total of fres PCBs of about 150 million
pourds.

Estimates by Nisbet and Sarofim'l) in 1972 for total PBs available
through air and water dissipation amount to 180,000,000 lb. since 1932, This
valus is within four parcent of the above estimats of about 17imillion pounds
based on the loss factors specified,

Application of the five parcent loss factor to the 1974 Monsanto
danastic sales yields an estimatas of 1,720,000 lb. lost to the envircrment
during 1974, to which should be added a maximm of 50,000 lb. lost from
imported materials. The 1974 total of 1,770,000 lb. entaring the envircrment
in available farms represents about 1.5 percent of the total amount estimated
abovwe to be available to the biota in the U.S.

The 1,770,000 lb. per year anount may be compared with estimates for
1974 by Peakall(?) as foliows:

Industrial leaks and disposal ~ £80,000 to 1,100,000 lb.
Disposal in danps and landfills - 15,000,000 1b,
Total - 16,000,000 1b.

The figure of about 10 peraant loss fram the above required to match
the 1,770,000 lb. par yoar lces rate doss not appear unreascnable. However, it
should be pointed out that the 16,000,000 1b. par yvear figure for lesaks and
disposal fran Peakall represents almost half of Monsanto's reportad 1974
damstic sales, and must be questionad.

1.3 Qurrent PCBe Dispowal in Landfills and Durps
™he mewt imgextant carrent sources of land-disposed PCBs are:
{1) Solid wastss from the mamufacture of PCBs and electrical

squipment (including reject capacitors and transformsr
internals) ;
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(2) Failed capacitors:
{3) Capacitors in cbsolets equipment; ard

(4] Mumicipal solid wastss other than electrical (cbsclets
equipment, sewage sludge, paper, plastics, etc.)
One relatively minor source is the transformer service industry.
This industry handles about 2 x 10° 1b. of PCBs annually (roughly half new cms).
Assuming that 5 percent of the PCBs handled ends up as solid wastes (fram
filtration, etc.) results in 0.1 x 10° Ib./yr. of solid raterial enterino the
lardfills.

The major scurces are trsated below. Land-destined solid wastes
from production of FCBe, capacitors, amd transformers are estimated to con-
tain about 1.2 x 10% 1b./vr. of FCBS. Reject capacitors and transformer
internals add about 0.7 x 108 1b./Ayr. to landfills. Since most PCEs used in
investment casting are eventually land disposed, this adds 0.4 x 10° Ib. fyr.
Mdding in 0.1 x 10° 1b./yr. for transport and other losses brings the total
of land disposed PCBS fram production and first tiar use to 2.4 x 10° 1b.yr.

The failure rate for PCB~irmpregnated capacitors is estimatad at one
parcent par year. On this basis, and assuming that the failed equipment
entars a landfill or dump, than about cne percent of the approximatsly
450 x 10% 1b. of PCBs estimated to be in service in capaciters, or 4.5 x 10°

1b.AT., can be eogectad to ba laxdfilled.

Capacitors which have not failed but are contained in cbsolete
equipmant (IV sets, light fixtures, etc.) also end up in land disposal sites.
This applies to small capacitors only, and it is estimated that cns percent
of the total are discarded in this manner sach year. The amount of PCEs in-
volved is (7.0l x 270 x 105, ar 2.7 x 10% 1b. vr.

T™he ot of PCBs currently contained in land-disposed municipal
and industrial wastas cther than that assignabla to tranafoomers and capacitors
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is difficult to estimate. Approxcimately 160 million pourds of PCBS have been
used in plasticizer and other "open end" applications or in "sami-closed”
applications such as hydraulic or heat transfer systems. Most of this usage
occurred betwean 1960 and 1972, and it is likely that u¢p to 80 peroent of the
total is either fres in the envirorment or already in land disposal sites,
The rest of this material, estirmated to be on the order of 30 million Dounds
can be thought of as being literally "in service" or used and awaiting dis-
posal. A prime example of the lattar is used carbonless copy paper currently
residing in files and aaiting disposal or recycling. It is estimated that
about seven parcant of this 30 million pourd reservoir, or 2.1 millim pounds,
entars land disposal sites each year.

In addition, it is estimated that 0.3 million pounds of free FCEs
in the enviromant are added to land disposal sites each year from a variety
of sources {sewage sludge, dirt, garbage, etc.). This brings the total for
mnicipal and non-electrical wastes to 2.4 x 10° 1b. .

PCBa Addmd to Landfills

Souras and Durps, 1b./yr.
Wastes fram Production and First Tiac Use 2.4 x 10°
Failed or Cbeolsts Capacitors 4.5 x 105
Capacitors in Cteclsts Electrical Equipment 2.7 x 108
Other Mmicipal and Industrial Wastes 2.4 x 105
Wastes fram Trarsfommer Sexrvice Industry 0.1 x 108
Toeal 12.1 x 108

Peskall's‘?) egrimats of 16 x 105 1b. of PCBa for leaks and disposal in 1974 is
about 30 perownt highar than the above total. Peakall‘?) also estimated a
total of 50 x 105 1b. for leaks and disposal during 1970, which is over
two-thirds of Mrsanto's 1970 reportsd domestic sales of about 73 x 10° b,
In the sbssnce of o other coparable data, wa sstimate a current land disposal

ratm of betvean 10 x 105 and 15 x 10% 1b. A,
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7 It should be noted that several large first-tier users of FCBs are
not currently land-filling their solid wastes, but are storing the drnrmed
wastes cn-site in anticipation of potential regulations on disposal of such
wastes. The wastes being stcred are estimated to contain at least 0.5 x 10°
lb. per year of PCBs; this is included in the above analysis as being finally
disposed of in lardfills.

l.4 PReleass of PCBs via Industrial Effluants (Watarborne)

Based on data cbtained fram industry, the following zrerage PCRs
wasta loads for watar effluants were estimated:

FCBe Production 1117 1b, Ayr.
Capacitars 2139 1b. /fyx.
Transformers 62 1b./yr.

Total 3318 1b, Ay,

mmummmmm&nmwmxm‘m~

uxlosm.p-:ymctmmtolmﬂlh.

The above valuss for industrial discharges do not include PCBa dis~
charged to mmicipal systems for those plats having discharges to rivers (tan
plants). In the production category, all discharge is to a mmnicipal system.

It should be notad that tha sbhove wasts loads represant current
industrial practice. It may be assurad that, pricr to knowlaedge of the adverse
emviramental effects of PCBs, much of the types of material currently land~
#illed was not disposed of preparly and thus entared the eviromment directly.

1.5 Spills of PCBe During Transport

The most camplets set of trasportation spill data for PCBe avail-
able to us are for the paricd 6/74 to 6/75. The spills during transport and
the quantitise involved are as follows:
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Location Gallons Spilled

1rin, Ga. 117
Lasrance, Ala. 600
Eris, Pa. 120
Uninown ;I'_.Q_O_:
Total 937 (10,213 lb.)

In addition, during this paricd, threm railroad capacitors failed
in the New York City area, spilling on the ordar of 50 lb. each, or a total of
150 b, Since this ocourred during trasit, we chose to add this amwount to
the above total, for a grand total of 10,363 1b. spilled in the transportation-
relatad incidents. This probably represents a minimm figure, since transport
of defective product units {capacitors and transformars) and of PCBs cantaining
wastas can be expectad to relsase PCBs.

On the basis of the above, a tantative mmber of 10,000 lb. per year of
transportation-related spills of FCBa is advanced. )

*Capacitor shipswnt via truck cverturmad: lamding units and sosked dirt
- rumoved from site for subseqant incimsration.

Al
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DADVERTENT AMBIENT REACTICNS AS ROUTES OF ENTRY
1.0 INTRODUCTION
This is a report of a preliminary irmvestigarion into the ways that PCBa
could enter the envirarment evan if they were o longer mamufactured, importad,
used or disposed of in the U, S. The work focused on the reactions of aromatic

campourdds, particularly tho biphanyls, and how the conditions found in ambient
surrounxdings in the envirorment could lead to the inadvertent and undesirable
synthesis of PCBs. Specifically the major quastion addressed was whether

chlorination watar treatmants could convert biphanyl contamination into BCha.

Beyond that, thare are questions of the likelilnod of the breakdown of
caponds such as 00T, followed by recambination to produce a PCB;  the Dreak~

the inadvertent synthasis of PChs,

whan a candidate routs is identified, one needs then to detarmine the
mrobability of that reaction procesding, and the reaction rate. Also, the
datarmination of what relevant polliution loads and concentrations ocouwr in
WAStOWAtET Or clean watar systams is an obviously important factor. For this
study, the cbjective was primerily the identification of PCB formation routss
which could be significant. Studies to detarmine kinetics of these reactions
have not, to our knowledge, besn performed.

2.0 COMVERCIAL BACRGROIND, PRODUCTION AND PROPERTIES OF BIPHENYL

2.1 Origins and Commarcial Usage Backoround

Riphwnyl (previously doown as diphanyl and pheryl-benzens) was first
tgsﬂnﬁh In 1867 Berthelot idantified it as the main proeduct
igggmﬁig a hot tube, oﬁ.rd 925-19286,
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Federal Phosplorus 0. was asied o supply biphanyl in commereial quantities
for use as a heat transfer fluid in the refining of lube ocils, He set uwp a
Pilot plant for this purpose.

Soen after, the Swann Corp. developed the "Aroclor® series of BCRs.
Early in the 1330's, Monsanto tock over this production. About that time Dow
also entared into the E.E. developing "Dowtherm A", a eutactic of 73.5%
diphenylaxide amd 2 biphenyl. Dowtherm has bean a popular heat transfer
fluid since that time,

During the 1 » the advantages of using biphenyl as a mild fungi-
nﬁnggﬁgﬂﬁ %ggﬂn Later, biphenyl was usad
as a kraft papar and boxboard iLmpregnant and as a coating in closed fruit
m.-nx-m-a In the 1960's, the usage as a carriar for disparsed dyws began. ALl

f these bipherryl aﬂgggﬂiﬁggﬁgﬁ pPresent,
Ennﬂaogﬁ are also used as pressrvatives, and amincbiphenyls are used
as dye intarmediates. ‘

2.2 Production Mathods and Rates for Biphenyl
The two principal producers in the U. S., Dow and Monsanto, both synthe-
size biphanyl by the theoma) delywirogenation of benzene,

At tmparatures of 700=-830°C, benzens reacts by a hamgenecus gas-
phase reaction (in which a benzens molacule joins with anothar benzans molecule
or with a polyphenyl moleculs, libersting hydrogen and fomming diphenyl or
highar palyphenyls), or by a hetarogensous gas-solid resction giving carbton and

Tydrogun. Most process dsvelopnant work has bsen directsd to repressing the
second resction, which is lgown to be catalysed by metals, particularly nickal,
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one of the tottans from the benzene plant, has a fuel value of 1 to 2¢/pourd.
However, a 37 mol § pure biphenyl can sell for about 6¢ per oound. Bv-
product streams of this type are rich in biphenyl (typically 15-20% by

waight). It can be seen that wastewaters from a process like this could be e
source of methyl biphenyls found in water supplies.

Coal tar amounts to about 3% by weight of coal processed. Biphenyl
is part of the heavy oil fraction, along with substituted naphthalenes,
acoounting for about 10% of the tar. Thus biphenyl generation could amount <o
one pound for every ton of coal processed for liquid fuels., As more enphasis
is placed on coal conversion, the potential contribution to the envirormental
load of biphenyl may increass.

Cna degradation routs to biphenyl was found. It is possibly of
importance since it indicates a patimmy frum chlorinatad terphwayls to PCBES.
When vapors of tarphanyls are mbmd with hydrogen and heated to §50-850°C.,
benzens and biphanyl are formed. Best results are obtained when 4 to § rols of
hydrogen per mol of terpimnyl are used (based on a Monsanto Patent). Typical
tarpheanyls are Dow's "Tarophen® and Monsanto's "Santowax".

The above indicates that PCBs could be produced by the incamplete
incineration of chlorinated terphenyls, or possibly from terphenyls themselves
in the pressnce of decawosing PV or other source of chlorine.

There is no recordsd production data for biphanyl for any period of
tims. Oata for bipheryl is included in the "other renm-fuel® uses of benzene,
which includes BHC, anthraquincne, and several other campourds, in addition to
biphartyl., This whole catagory has amountad to betwean 50 and 100 million
gallons of benzers squivalent par year cver the last 30 years.

Cra industry source estimats for the early 1970's was 5 million gallons
of banzens squivalent going to biphenyl. Allowing for the recent burgeoning
intarest in dye carrisrs by doubling that value, there could be as much as 80
million pourds of biphanyl sold amnually in the U.S. 7This does not seem tco
unreasxable since one localized area of Ceorgia acoounts for 22 million pourds

MT YGAT,
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On balance, a "best estimate” of 50 millicn pounds per year currenmt
biphenyl use would seen appropriate.

2.3 Properties and Characteristics of Biphanyl

Biphenyl is a rather stable organic ocxpound, and it is resistant <o
thermal and radiation degradation. Some of its properties are given in Table
2.3=1.

TARLE 2.3~1 PHYSICAL CONSTANTS OF BIPHENYL

Solubility in water at 20°C,, my/l 7.5
Malting point, *C 69.2
Freszing or congealing point of comercial product,
. 68.5-69.4
Soiling point at 700 ma, °C 255.2% 0.2
Flash point, *C 113
Fire point, °C 123
Ignition temperaturs of dust cload, *C 650
Teperature, °C

100 200 300 350
Vapor preasure, ata 0.251 2.436 5.509
Liquid denaity, g/cmd 0.970 0.889 0.801 0.751
Heat capacity, cal/g 0.427 0.509 0.580 0.631
Seat of vaporization, cal/q 9% 82 68 60
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3.0 PROVEN BIPHENYL REACTIONS YIEIDING PCRs

Tha two categories of biphenyl reactions examined in this section are
the direct chlorination of biphenyl and the joining of two chlorinated
phenyl groups intw the biphenyl configuration.

3.1 hleorination of Biphenyl

Although conflicting statements can be fourd in the literature, it
is accepted that biphanyl is nore eagily chlorinated than benzens due to less
resonance stability in the biphenyl., The bshavior of biphenyl is camplicated
by the non-coplanarity of the two rings. Because of repulsion between the
2 apd 2' hydrogen atoms, the rings of biphenyl itself have an angle of about 45°
between their planes. This non-coplanarity greatly diminishes the resonance
interaction between the rings, and is believed to make biphanyl rmore prone o
reaction than benzens.

Since benzene can be brominated with bramine at 0°C in the presercs
of iron, and also chlorinated with chlorine in the presence of iron at 50°C,
we can expect significant reaction of biphenyl with chlorine in the preserce
of jron balow.S0°C, Also, solid bipherryl reacts with numine vaper o give
first 4-brambiphenyl, and then 4, 4'-diramobiphenyl. Biphenyl malts ac
about 70°C. The cammrcial production of PCBs by chlorination of biphenyl in
the preserce of an iron catalyst is conductsd above 70°C in order o obtain
ard maintain the molten state for sease of transport and for better mising with
the added chlorine, Tha higher tamperature conditions may also be important
in tha formtion of the higher chlorinatad hamologs, but this is also dependent
on contact time. The chlorination is excthermic.

The sass with which biphanyl may be chlorinated to two isomeric mono-
chlorcbiphenyls is best illustrated by an early description of a pilot plant
syntheais by Jenkins, McCullough and Booth, of the Federal Phosphorus Company,
in 1920.Y They used a tamperaturs just high encugh to melt the biphenyl, and
achisved iron catalysis by using iron filings. Schmidt and Schultz and Kramers

ummmmmmaammmmmn.”' 3
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The method used by Jenkins ard cowcrkers led to the fomation of
2~chlarcbiphenyl ard 4—chlorcbiphenmyl. In this reaction some dichloro-
biphenyl is always produced, with the arount deparding on the tamperature of
chlorination and on the quantity of chlorine added. Higher terperatures
during the chlorination produce higher percentages of dichlorchbiphenyl. When
the theorstical amount of chlerine for monochlorcbiphenyl is added, consider-
able dichlorchiphenyl is formed.

The general conclusion derived from this synthesis evaluation is
that it is quite reaconable to expect that chlorine contact with biphenyl at
arbient temperatures will yield PCBe at a mmasurable rate, The effects of
tarperature, dilution by air or water, lack of iron catalyst, presence of
other catalytic coampourxds, presence of (V radiation, ard other reaction con=
ditions present in the envirarnt are not known.

3.2 Reactions Combining Phenyls to Produce Bipherwyls

Two arcmatic mxclei can be joined to form a biphenyl by interaction
of a diazonium salt and a hydrocarbon (benzens) under the catalytic influence
of metallic copper or zinc (Gattarman procedure). In the mathod develcopsd by -
Ullnann, many bipherryl devivatives are made by the treatment of aryl halides
with copper powdar. The halogen atom must be reactive. NO, is an exarple of
an activating group. Thess Hwo procecures are of special intervest because
reactants similar to the above reactants, or their progenitors, have been
found in public water supplies., Bxamples are monc=, di-, and trichlorobenzene
and chlcrinated nitrobsnzene.

Hutzinger, Safe and Zitko synthesized tGwenty-thrws chlorobiphenyls
using a nurber of different routes.'? The compounds ranged fram mono- to
decachlorcbiphanyl. The guneral procsdure used involved the use of diazo
coapourds. The specific chloraniline, selectsd to give the desirad PCB, is
haatad in concentrated hydrochloric acid to about 50°C, then oooled to -5°C
and diazotized with a solution of sodium nitrite in water. The mixrure is
stored for 30 minutes at this low terperature, then filtered. The filtrate is
aiied to old, vigorously stirred benzens, and a solution of scdium acetate (or
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scdium hydroxide) in water. The mixture is stirred for 12 hours at 25°C., and
then the PCB is recoversd from the benzene layer. As an example, by this
method, starting with 2, 3, 4, 5 - tetrachlorcaniline, they synthesized 2, 3,
4, S tetrachlorobiphenyl,

They also prepared decachlorcbiphenyl by the exhaustive chlorination
of Aroclor 1268. The Aroclor was mixed with twice its weight of antitony
pentachloride, and heated for four hours at 150°C,

Wolf and Kharasch showed that irradiation of orthoiodophencl in
benzene gave 2-hydroxybiphanyl with a 654 yield, (%)

The conclusion drawn fram this review of tha reactions of a nunber
of aryls is that therw are a number of low tamperature reactions (0-50°C.)
that are capable of yislding biphanyls. In addition, same of the reactants
have alreacy been identified as present in water supplies.

4.0 BIPMENYL USAGE IN HEAT TRANSFER FLUIDS, DYES AND PACKAGING

Although the prime usage for biphenyl is the production of PCBs, it also
has important use in heat transfar fluids, as a dye carriar, ard as a paper cr
paperboard impregnant.

4.1 Heat Transfer Fluids

In heat transfer fluids, for the tamperature range 250=360°C, biphenyl
is used alone, or in ccmbination with other campourds. Dowtherm "A", or Diphyl
in Burope, i3 the combination of biphenyl with diphenyloxide. A mixture of bi-
ard terphanyls was used as a coolant-moderator in the AEC prototype organic-
liquid cooled maclear reactor at Piqua, Ohio.

4.2 Dye Carrisrs for Polyesters and Polyolefins
Disparse dyes (dye ard carrier combinations) are the most widely used
dye type for unmodified polyestars. Dye uptake is rathar slow, and frequently
ressure-dyaing above 100°C is used. Also, carriars or accelerants like
biphanyl are used o cause the fibar to swall and allow more rapid penetration
of the dye into the fiber.

-303-

MONS 209283



Folynlefin fibers are also difficult to dye. Their ronepolar
nature and impermeability are the oroblem properties, However, dye carriers
such as biphenyl penetrate these fibers and leave the insoluble dye resicdue
within the fiber. Of course, most of the carrier would be expected to leave
the fabric in dye-setting and washing processes. Disperse—dyed polypropylens
fibers generally lack the bright colors sought in apparel, but they are used
in tufted carpets and upholstery fabrics.

4.3 Biphervl as a Mold Preventative in Packaging

Biphenyl itself has been used for many years as a mild fungicide in
citrus fruit wrappers and packaging. The 2«hydroxybiphenyl scdium salt has
also been used as a pressrvative, germicide and fungicide.

The use of bipharyl as one ingredient in irpreamated tissue for
wrapping citrus fruit began in t'w Middle Zagt, then grew in the U.S. An odor
control agent was added since biphenyl has such a pronocunced odor.

Practically all of tha biphenyl containing coating is now applied to
the inside of the corrugated cardboard cartons used for shipping citrus fruit;
or the bipheryl is applisd to a pad of sheets placed inside the carton.

It would be impossible to ship citrus fruit across the U.S. in
cartons, without a blue mold preventative like biphenyl. Years ago, "crange
crates” of open lattice wood ware used to let air circulate through and reduce
mold formation. However, this eposed the fruit to the drying effects of air,
extarnal molds, water, dirt, etc. The new saaled cartons prevent all these
Problems, but absolutely require a mold retardant. The coating on cardboard
or in tissue cnsists of a petroleum jelly or similar base with about 15-20%
of biphenyl.

During the mid-1950's, the FDA investigated the tradicity of biphenyl,
and somm of the results of this investigation emcged as a threat to the future
of the $40 million/yr. segrwnt of the loraft paper industry devoted to making
the cardboard cartons, liners, wrappers ete. for citrus fruit shipping, The
Institute of Paper Chamistry (IFC) was chosen to determine methods of analysis,
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and to referee an investigation of the potential problem. 23 a result gf -'w
work by IPC, biphenyl was given a clean "bill-of-health” by the FTA ard has
continued in use.

4.4 General Biphenyl Octurrence in the Envirorment

The above descriptions of biphenyl usage irdicate a potsntial ‘or
its widespread occurrence, Of particular intsrest here is the sccurrence of
biphenyl in industrial usages where water treatment by chlorination is
practiced, as in paper recycling and dyeing operations.

5.0 PCBs GENERATION AND WASTBEMATER EXPERIMENTS IN A MAJOR U.S. BIPHENYL

USAGE [OCALITY

For the past three years, Dr. Petar Gaffney of the Biology Department of
Georgia State University hag been investigating the problems of bighenyl and
PCBs contamination of a watershad in northwest Georgia, He has also conducted
experiments an the conversion of biphenyl to PCBs. Support was provided by
the Georgia Envirormantal Protection Division, He estimates that this locality
usas about 22 million courdds per year of biphenyl as a dye carrier in carpet
dyeing., This relatively small geographical area acoamodates 250 to 300 mills
representing 65% of the world's carpet and rug industry.

Also, W, C. Tincher of the Environmantal Rescurces Center of Georgia
Institute of Technology has besn studying the preblem of biphenyl effluents
frem polyestsr carpet mamufacturing in Georgia, Othar workers have been
wncerned with the residual odor of biphenyl in carpets.

In New England, R, A. Hites of MIT has bean analyzing river water for
biphenyl wastes from dyeing processes.

Or. Gaffney originally becams interestad in ths prchlems of biphenyl and
PCBs in water whan he was called to investigats a BCD problem at a municipal
wasts treatmant plant. Two-thirds of the flow to that plant (4 million gpd
out of a total of 6§ million gpd) cama from a carpet dyeing mill. When looking
for agents that might affect tha biarass in the activated sludge portion of
the plant, two questions arcse:
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1. Oould the biphenyl (used as a dye carrier) discharged from the
mill be affecting the biota, since biphenyl is a known mold
suppressant?

2. Could the piphenyl be converted to PCBS during waste treatment
chlorination, and could the PCBS exert a harmful affect on the biota,
as well as contribute toaxic organics to downstream watsar supplies?

Although these studies are still underway, praliminary data indicate
that PCBS can bs formed in the suspected manner.

The original report of Gaffney's work told of finding 18 ppm of PCRBs in
the scrapings from the surfaces of trickling filter rocks in the mmicipal
treatmant pla.m:.m At the time, no PCBs ware detected in the influent.

This sesmad a strong indication of PCBs formation within a mmicipal
treatment plant. The plant was using about 330 pounds per day of chlorine
for influent odor control and effluent disinfection,

When it was later disccvered that thers was an upstream transformar plant -
using PCBs, further tasting indicated there ware detectable PCBs in the intake
water to the mill and the town.

Cr. Caffney continmed his previous work on chlorination of crganics as
they pass through mmicipal treatment plants.''' The tests and data are oansid-
ered preliminary at this time, and further reaction and analytical data are
highly desirable,

In laforatory tests, dstactable levels of PCBs ware fommed when 10 mg/l
of biphenyl wers added to deionized water, held at 20°C, and then 1 mg/l of
chlorine was adied ardd the reactants kept in contact for cne hour. Fifteen
peaks ware formed in the slectron capture chramtogram (a hevans in water
contrvl qave four peaks with the sane treacment). Whan iron wvas included in
the reaction mix, four more peaks were formad (total of 19). It is believed
that thess peaks are largely chlorvbiphenyls. Addition of an Aroclor to the
pure watar resultsd in the growth, by S0 fold, of the peak height for dichloro-
biphenyl due to chlorination, )
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When mmicipal wastswater was analyzed before and after laboratory
chlorination, as described above, the dichlorabiphenyl peaks increased in
haight by ten=fold,

Although the tentative conclusion from this work was that PCBs can be
formed through chlorination of biphenyl in wastewater under laboratory con=
ditions, extrapolation of the resylts to actual wastewaters from industr:ial
sources i{s probably premature. Even more tempous, but of equal interest, is
the possibility of further chlorination of PCB molecules via chlorinaticn.

However, it should be roted again that the uss of biphanyl as a dye
carrier leads less to its dissipation in products than to its eventual des-
tmxction or discharge as waste. Assuming that half of the biphenyl so used
appears as waste, a biphenyl to PCB corversion of even 0,01 percent during
chlorination treatmant for the 22 million pourds per year of biphenyl in
rortheast Georgia corresporxds to the genevation of over 1,000 lbh/year of
chlorinated biphenyls in that area.

6.0 POTENTIAL DEGRADATION AND SUBSEQUENT REACTION OF [OT AND RELATED

COMPONDE IN THE ENVIFONMENT TO FORM PCBs

It appears possible that there are a mumber of capounds in the environ-
ment that could be partially decarposed ard then reacted with their own de-
camposition products, or with other reactants, to produce PCBS.

As sarly as 1969, Plimmar and Klingebiel reperted that DOMU, dichloro-
benzopharone, and dichlorcbiphenyl, wers all products of the photolysis of DOT
or DOE in mathanol at 260 mm ultraviolet radiation.'®) This conversion may be
sensitive to reaction conditions, In the sane vear, Mosier, Guanzi and Miller
did not cbserve formation of PCBS or DOMU when they subjected solid COT or OCT

in hexane to WV irradiation at 254 mm, %

Since that time, most researchers publishing on this topic have suggested
the possibility of comversion of [OT to PCBs. Peakall and Lincer statsd that
the posaibility that FCBs could be derived fram DOT should be considered.'!?
They did not balisve this could occur in metabolic processes in tissues, How-
emr, they felt that W catalyzed free radical reactions to form dichlorcbiphenyl
fram 0OT could be expected in the atmosphers.
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Altrnx;h they could envision tautameric shifts leading to various isamers
of dichlorcbiphenyl, they could not theorize a route to more highly chlorine
ated biphenyls ny these DOT reactions, They also pointad cut that B(Hs extract=
ed fran biological macarials matched well with the PCBs found in Aroclors like
1234 {ore-hall pentachlorobiphenyl, and about one=quarter each of the tetrachlzr
and hexachlore harologs). Thus, if DOT degradation to dichlorobiphenyl were
taking place, firther chlorination would also have to take place, by same other
reaction, to lead to the material fourd in biological specimens, Peakall and
Lincer also point out that the ethang camponent between the twO rings in 0OT
is the weakest part of the structure and is the site at which most transforma-
tions of DOT take place, The PCAs, not having that weak point between the .o
benzens rings, tihug are expected to be more stable than DDT, which is the case.
Maugh again reported an the DOT conversion potential, apparently unaware of
the Plimmar and Kiingebiel report, and showed the potential for vapor phase
pl-nt.olylis.(ll)

Peakall, in his recent corprahensive review, "PCBs and Their Envirormental
Etfmzidoamtcimothcnfmforothcmimofwrm-
sicns.( )h‘wevur, Kothny, in a lettar to the editor of Chemical and Engineering
News, states a casa for the formation of qaseous chlorine from particulate
chlorides under the influsnces of ozone and solar radiation.'ld he states wnac
the chloride loss frum particulates, formed by the evaporation of water from
sea spray, "has besn known for sane time". Kothny then goes on to attribute
PCBs formacion to the reaction betwesn a wide range of aramtics that could be
present in the atmosphare, and chlorine, formed as described above. He also
suggests potantial PCBs formation froam all mannar of waterborne arcmatics by
action of mmicipal and industrial chlorination of pure and wastswater.

7.0 COMPARTSCN OF POTENTIAL INADVERTENT AMBIENT REACTIONS

Of the types of reactions citad in this section as holding potential for
inadvertant ambisnt production of PCBs, the possible chlorination of biphenyl
during industrial and mmncipal water anyd waste treatment appears to the authors
o have the mogt significance. In general, the other reactions cited would
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require two steps {chlorination plus condensation of aryls or decamposition
of DOT followed by recambination of selectad fragments); they also would be
expectad to involve corpounds present in relatively low concentrations oam-
gared With potential biphenyl concentrations in some industrial waste streams.

For all of these reactions, however, mono= and dichlorobiphenyls would
be the expected products. Although these are believed by many researchers to
be significant (especially in an aquatic enviromment}, it is generally
accepted that they are more easily biodsgraded and less bicaccumulative in
canparison to the more highly chlorinated PCB hamlogs. The possible forma-
tion of mors highly chlorinatad PCBe from mono- and dichlorcbiphenyls is thus
also of intsrest to the envirommental PCBs problem,
8.0 PCBs FOUND IN THE EFFLUENTS OF THE MACHINERY AND MECHANICAL PRODUCTS

MANUTACTURING DNDUSTRY

For same time it has besn suspected that PCBs could be fourd in the
effluants of other industrial categories which are rot recognized as being
sources of PCBs entry into the environment. A review of data presentad in the
draft Develoomant Document For Effluent Limitations Guidelines for the Machin-
ery and Machanical Products Mamifacturing Point Source Category (EPA Contract
No. 68-01-2914, Volum 3, June, 1975) indicates high concentrations of PCEs,
in the order of 2 t 28 mg/l, in the effluent of the plants grouped in this
cateqgory.

This group of industrias encompasses 171 diffarent procuct group segments
manufacturing over 4000 different products in over 100,000 separats plants,
Thesa products include such varied gocds as wire, tractors, x-ray equipment,
sporting goods, autambiles, television picture tubes, and jewmlry.

Because of the variations in mamufacturing cperations frum plant o plant,
catsgorizacion of this industry was based on the mumfacturing procasses
utilized, whereby a specific plant was definad by the applicable process sub-
catagoxies which dascribe its overall oparation. Rationale used in subcate-
garizing this group of industrias was that the manufacturing processes, not the
product, generata the effluant discharve.

=3
03 MONS 209289



Based on the above, this group of industries was divided into
the following twelve general manufacturing subcategories:

Subcategory 1 Casting and Mplding - Metals
Subcategary 2 Mechanical Material Removal
Subcategory 3 Material Forming - All Materials Pxcept Plastics
Subcategory 4 Physical Property Modification
Subcategory 5 Assembly Operations

Subcategory 6 Chemical-Electrochemical Operations
Subcategory 7 Matarial Coating

Subca tegory 9 Molding and Forming - Plastics
Subcategory 10 Film Sensitizing

Subcategory 11 Dockside Ship Building Activities
Subcategory 12 Lead Acid Battery Manufacture

The PCBs concantrations in the raw wasts frum the overall machinery and
machanical products mamufacturing point source subcatagories, as abstracted
fran the abovermantioned draft Effluent Guidelines Document, are presanted
in Table 8-1. This table shows the minimum, maximsm and mean PCBs
ancentrations as found from sapling and analysis work conducted by the con-
tractor an 240 raw wasts streams in the point sougce catsory. As reported in
this documant, all samples ware taken downstream of the mamifacturing processes,
but prior to any trsatmant.

It can be sesn from Table 8~1 that PCBS concentrations in the effluent from
this group of industriss are much higheyr than those reported for the major PCBs
user industries (capecitor and transformar industries). Within the machinery
and menufacturing industries PCBs could be used in paints, inks and plastics,
as wax fillers in casting cparations, as hydraulic and heat transfer fluids,
and in lubricants.

It should be mntioned, however, that thers are quastions as to the valid-
ity of the apalytical techniques used during this study. Subsequent studies
conducted by Varsar Inc. on Subcategory 12 (lead acid battary manufactixe) under
EFA Contract §8-01=1273 have indicated no detectabls levels of PCBs in the

MONS 209290
=310~



TABLE 8-1

PCBs Concentration in the Efflusnts of the

vachinery & Vechanical Products vanufactring
Subcategory Marufacturing Cperations PCBs (oncentration
o, mg/l (L}
Min, Max, Ava.
1 Casting & Molding of Nonferrcus
Matals 0.2 5.1 2,1
2 Mgchanical Material Reroval 0.2 63,3 6.997
k) Material Forming - All
Materials Except Plastics 0.2 63.13 9,867
4 Physical Property Modification 0.2  100.0 12.842
5 Assembly Operations 0.2 104.4 15.553
6 Chamical-Electrochemical
" Cparations 0.5 2.8 1.65
7 Material Coating 0.2 224.8 18,241
8 Smclting and Refining of Non~
ferrous Metals 0.2 18.0 9.1
9 Molding and Fomming - Plastics - None -
10 Film Sensitizing 0.3 123.9 28,136
11 Dockside Ship Building
Activities (2) - Nona -
12 lead Acid Battary Marufacture 1.5 30.0 18.75

Note: (1) Informacion cbtained from the Developmant Cocunant for Effluent
Products

Limitations Guidelines for the Machinery & Machanical

(2) No watar effluant; all solid wastes.
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effluents; however, evidence of the presence of chlarinatsd hydrocarbons
vas found, Effluent Guidelines study on Subcategory 10, Film Sensitizing
Indusery, is currently underway. According to the information sresented in
Table 8-1, this subcategory was deronstrated as having the highest levels
of PCBs concentration in the outfalls, Verificaticn sampling work to be
carducted on these effluents will provide a further test of the validity of
the data in Table 8-1,

It is considered quite likely that effluents fram industries other cthan
those directly involved with the production and process usage of PCAs may
exhibit significant anoaunts of PCB contamination., Much of this contamination,
if fourd, could be attributad to past usage of PCBs and products containing
PCBs, altlough, as statad elsewhare in this report, current usage must also
be considersd a possibility. TO our krowledge, no significant efforr to
detesrmine the extent of PCBs contamination from such sources has been made.
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SECTION XTI

MOVEMENT OF PCBs TN THE ENWVIRNMENT —
GENERAL DISTRIBUTION MDOEL

1.0 INTRODUCTION

Thus far in this report, the history and current status of PCRs
production and usage, treatmsnt and disposal aspects, and gross estimates
of current envircnmental distribution have been presented and discussed.
Transport of PCBs within the enviromnt is extremely important in the
assessmant of futire environmental distribution of PCBs. In turn, knowledge
of future PCBa distribution will allow the assessmant of potential requlaticn
of PCBs production and usage. FProjection of future biological effscts also
depends upon tha distribution of the substance of intarest.

Transport of PCBs betwean soil, watsr, sediments, the biota, and
the atroscherw is of cbvicus lcal environmental importaics. Measurable
anounts of PCBe have been found in Antarctic ice, showing that atmospheric
transport over long distances doss occur. Transport phencmena at the various
phase interfaces are of cbhvicus importance to the mobility of any environ-
mental contaminant, but in rost cases, and this is particularly trues of PCBs,
such transpegt properties are not known and have not bean treated sucoeas-
fully in a thecretical manner: On the other hand, analysis of the transpor:
and distribution of a given contaminant requires sufficient knowledge of basic
transport processas on which to base reascnable estimates; the estimates can
ther; be evaluated using an internally consistent modal and available experi-
mental data.

A simple, first-cerdar mass balance model has been constructed to
treat the overall PCBs ecoromy of an artificially bounded region of the
lithospherw. In ordar to test the validity of the model, it was applied to
Lake Michigan and the associated drajnage basin., Lake Michigan was selected
for thig application because of the existence of a cnsiderable body of
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recnt data on PCBe concentrations, because of the envircmantal and cormer-
cial significance of PCB contamination in Lake Michigan, and because this
laka, in spite of its size, represents a relatively closed systam (estimated
water retention time of 950 years).

The total snvircomantal load of PCBS, and its variation with time,
refresents a very impartant input to the mass balance model. An analysis of
available data was parformed to provide this input, ons important result of
which was an estimate of the variation of atmespheric fallout rate with time,

Atmospheric fallout appears to be the most important source of DChs
entering Lake Michigan, although this may not be the case for other areas (the
lowar Huxdson River is one possible exception). For exmrples, in 1974, atms-
pharic fallout onto the lake and its drainage basin accounted for approximatsly
85 paromnt of the PCBs input to the laka.

The rationale for the mode)l is descyibed in Section 2.0 below. Sub~
sequant sections dascribe the application to Lake Michigan and the results and
arxlusions tharefram. The developmant of the model is presented, in full, in
Apperiix D to this report, and the supporting data used are tabulated in Appen—
dix E.

2.0 FATTIOMALE FOR MCDEL DEVEICPMENT

The first crder mxisl darives basically frem the assartion that the
total of BCRe entaring a bounded regicn of the lithospherw must be fully ac-
ountad far by: (1) Incorparation into specific phases of the bounded regian;
(2) lLoss from the region via mass transport; and (1) Decradation by processes
operating within the region.

In application, the region under study is selectsd to be sufficiently
large and wall defined that adequate averaging can be accomplished. The Lake
Michigm ares, which mests the above critericn, was selectad as 2 suitable
regicn for study. The region included the nominal drainage basin of the laka
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lno;:hrtcpzwidamestimatnof&ummtgringthelak.fmmff.

Aftar suitable boundaries were dafined, an overall mass balance
was constructad. The source function was constructed Sc as to account
for all point and non-point sources. The distribution ocver the various
internal phases of the system (aqueous solution, bicta, and sediment) was
then estimatad. Additional terms were introduced to account for PCBs loss
from the region due to mass outflow and surface evaporation. There was ap-
parently no need to introduce a term to account for degradation since such
Processes are thought to be of small importance for PCBs. The form of the
mass balance was then as follows:

B{t) 4t = A.% et AMB * Aa‘{s + AMO * G.ME (2-1)

whare:

B{t} is the sowrce or driving function which describes the
input rate for PCBe;

&M, is the change in the mass of PCBe dissolved in the aquscus
phase of the regiomn;

AMB is the change in the mass of PCBe contained within the biota
of the region;

M is the change in the mass of PCBs contained within the sedi-
mant of the reqion

AM  is the mass of PCBs carrisd cut of the region by (water)
masg transport: and

AHE is the muss of PCBs carried out of the region by evaporation
(codistillation}.

2.1 Time of the PCB Rate ([B(t)

Tha distrilution of PCBs between phases within the regicn is governed
by processes which are assumed to act independently of the actual concentraticns
inolved. Tha time dependence of equation 2-1 is therefors contained in the
driving function, [B(t)].
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Sensitive analytical methods for PCBe have been available only ‘or
a few years; consequently a sufficiently reliable and detailed data hase to
allow the direct determination of B(t) is not available. In view of this,
it was necessary to camstruct a model which could be fitted to a direct esti-
mate of B(t) for a specific time, in order to approximate the appropriate
time dependence of B(t). The datails of the computation by which B(t) was
determined are contained in Appendix D (Section 2). Ffor the purposes of this
summary, it is sufficient to state that the major input of PCBs to the region
selectad (Lake Michigan) was from atmospheric fallout; thus the time dependence
of B{t) was estimatad from knowledge of the time dependence of the fallout.

Table 2.1-1 is a sumary of tha input PCB from all sources during the
pariod 1973-1974 and is a summary of the detailed data which are presentad,
along with suitable citations to the sourcves of these data, in Appendix E of
this report.

Table 2.1-1
Summary of PCB Input Sources (1973-1974) to
Lake “Michigan
Point Sources l.6 x 103 lbs/yr
Lake fallout 6.4 x 10° lbs/yr
Basin fallout* 5.4 x 10° lbs/yr

Then B(t) = B(1973-1974) =~ 13.4 x 107 lbs/yr

* It is assumed that 50 percent of the basin
fallout actually enters the lake as input(l)

3.0 APPLICATION OF THE MODEL 10 LAKE MICHIGAN

The results of an malysis of PCBe distribution within Lake Michigan
are sumarized in Table 3.0-1 (The details of the computation are given in
Section 3 of Appendix D).
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Table 3.0-1

Overall PCBs Balance for Lake Michigan Area
buring the Period 1930-197%

Total Input 1.49 x 10° lbs.
Total in Solution (Water) 1 x 10° 1bs.

Total in Biota 3.64 x 107 1bs.
Total in Sediment 1.7 x 104 1bs.
Total in Qutflow 9.07 x 10°. Ibs.
Total Evaporatad 1.93 x 104 Ibs.

Tha last entry in Table 3.0=1 indicatss that sana 13 percent of the
total input to tha lake has been lost by evaporation (codistillation) from
the surface.

The corcentration of PCBe in the aquecus phase and the {average)
concentration in the biota ware calculatad; the results are displayed in
Table 3.0-2.

Date Cratar Sointas
{ppt) (ppt)

1930 0 0

1938 4.9 x10¢ 1.97

1940 1.34 x 1072 5.36 x 10°
1948 7.12 x 1072 2.84 x 10°
19%0 0.28 1.12 x 104
1958 0.68 2.72 x 104
1960 1.60 6.4 x 104
1968 2.92 1.17 x 10°
1970 5.35 2.14 x 10°
1975 9.10 3.64 x 10°

mmmbioucmﬁmuukmqulo‘E“m.
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The values presentad in Table 3.0-2 are lake-wide averages so that
mi.dnnbhva:iauaufmdmovalms are to be expectad from point to
peint within the lake; for instance between the northern porticns and the
heavily contaminated reqions on tha soutitwestern shore. In addition, because
of the considerable spreaxd in species-specific concentration factors {and
the wide variation in intra-species concentration factors) it can be surmised
that PCB concentraticns in higher predatcrs could easily have exceedad the pm
level by 1960,

4.0 TRESULTS AND CONCLUSIONS
4.1 FResults

Even though the model used is only first order, it is apparently able
to describe the relative significance of the natural processes which control
the distribution of PCBs. The stzong focus on fallout as the primary input
source of PCB to Laks Michigan suggests the nesd for firther study of the nature
of the processes by which PCBe become airborne and thus become part of the
available atmspheric resarvoir.

The attampt to model the atmospheric reservoir of PCBe, discussed in
Appardix D (Section 2), yialds results that indicate significantly greatar cum-
lative atmospheric loads than the preliminary estimats, made by Nisbet and
Samﬁ.m,m of a cumlative atwepharic resarwoir of 3x10"'mm to 1970,
The astimate of Nisbet and Sarofim leads to a half-life, from the model, for
PCBs in the atrospharic reservoir on the order of eight years. This value is
considarably in excess of the repcrtad lifetime measuremants, on the ordsr of
20 to 40 days, for atmospharic PcBe. (3 However, the cbeervation that signifi-
cant levels of PCBs are fourd in present snowfalls and in packsd snow in the
Antarctic V) suggest that the applicable half-life may indesd be considerably
longer than 20 o 40 days.

It is suggested that furthar refinement of the snvircarmantal distri-
bution model presentsd in Apperdix D {Section 2) will lsad t5 a resolution of
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this spparent discrepancy. This refinement will focus attention an the
nature of the physical processes involved in atmospheric transport of PCBs
and may suggest methods of reducing PCB fallout in the future.

The observation that evaporation and/or codistillation Seams to be
a significant prooess by which PCBS are retfurned to the atmosphere is of ime
portance. It should be notad that the magnitude of the evaporation rats con~
stant necessary to achieve mass balance in lake Michigan is in excellent agree-
ment with that camputed from the simple kinetic theory of gases and also with
that corputed from the theory of codistillation discussed by Mackay and
wolkoff(®) (see Section 4 of Appendix D for a detailed treatment of this
subject) .

The cbeervation that the PCB input to Lake Michigan from point
sources seams to be a rather small part of the total input sugyests that re—
duction of point sourcs PCB effluents may only slowly correct the presant
problem.

4.2 Cxelusions

The first order mase balance rcdel describsd harein seemg useful in
describing the historical situation as it axplicitly addressas the questicn,
"How did we get here?” The model requires refinement before it can be used to
allow a reascnabls estimate of future conditions. Significantly more detailed
data are required as to the temoral variation of inputs and concentrations as
wall as on the internmal transport processes by which localized concantrations
are stoothed and distributed cver the whole body., Whils the present model
seams 0 deal very well with the situation that cbtains duwring an interval of
rising aquecus concentrations, there seams o be littls experimental or
theomatical guidance as to what will happen if, in the future, aqueous con=
omtrationg begin o fall. It is not known whether the biota and the sediments
will act as reservoirs o retwrn their PCB loads to the system, The processes,
if any exist, which will eventually remove or inactivats the PCBs already in
the lithoggheare are not known,
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The application of this model to the situation in Lake Michigan
seams sucoessful. It will be of interest to apply it to regions which are
more complex or of larger scale.
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SECTION XTI

REGULATORY ACTIONS (N PCRs

1.0 INTRODUCTION

The risk of increased accumulation of PCBS in the environment as well as
appreciation of the difficulties involved in imposing workable ervironmental
controls in most end-use manufacturing operations have led some manufacturers
and a number of govermment agencies to take stepsg to requlate PCEs or
to restrict some uses of PCBs where emission risks are cbvicusly quits uncon-
trollable.

1.1 Measoes Takan by the Manufacturers

In 1971, Monsanto Campany, the mejor producer of PCBS, instituted a
program which led to voluntary restriction on sales by the Monsants of PCRs for
all uses except the mamufacture of saaled slectrical equipment (transformer and
capacitor applications). Sales for heat tzansfer applications were phased out
in 1972 whiles sales for other mon—electric applications ware discontinued in
1971. As a result, curent production related o point source discharges of
PCBs are morw controllabhle than in years pricr to 1971 whan PCBs were widely
used in thousands of "Opan-Emi® and "naminally closed” operations.

Furthermore, by 1971, at Monsanto's muggestion, the capacitor and
transformer industries formed a standards comnittee. The mambers of the
committes includs repressntatives from the three affected irdustries, EPA,
Departmant of the Anmy, Departommt of Agriculture, the Ternssses Valley Author-
ity, the National Buresu of Standards, and the Germral Services Administration.
Also rwpresentsd ware the Cartified Ballasts Mamifacturers Asscciation, the
Elactronic Industrias Association, the Institute of Electrical and Elsctronic
Engireers, axl the Matioral Plectrical Mamufacturers Association. In the fall
of 1972, undar the suspices of the Amarican Naticnal Standards, this committes
published PCS handling and disposal guidelines (ANSI-C107-1-1974). This docu=
mant establishes proosdures for labelling, shipping, general handling and
xoper disposal of liquid and solid materials containing PCBs. This standard
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has besn proposed alsc by NBMA and is currently being used voluntarily by the
transformer and capacitor industries,

The above measures taken by the manufacturers could be effective in

PCB contzol if they were supportad, implementad and enforced by the Federal
Goverment.

1.2 Measures Taken by the U.S. Goverrment

The Goverrmant of the United States has taken a number of steps with
the cbjective to rechxe the PCBs content in foodstuffs and reduce amissions
frum all sources. The following Federal laws are relevant for the requlaticon
of PCEs.

1,2,1 Food, Drug and Commetic Act {21 U.5.C. 301 et seg.)

Tha Food and Orug Administration has set tolerances for PCRs
cntamination of animal feeds, foods, and food packaging in its final rulee
making documant published on July §, 1973 {(Fedaral Registar, Vol. 38, No. 129),
These tolerances, ogressed as parts per million are as follows:

{1} Milk {(fat basis) 2.5
{2) Dairy products {fat basis) 2.5%
{3} Poultry (fat basis) 5.0
{4) Eggs 0.5
{5) Camplets and finighed animal feeds

for food producing animals 0.2
{6) Animal fecd coponents 2.0
{7) Fish and shellfish (edible portion) 5.0
{8) Infant and Junior food 0.2

{9) Papar food - packaging matsrial 10.0

The Food and Dy Administration provides, upcn request, the
analytical methods used for enforeing these tolerances.

The FOA enforces the FIXC Act by varicus means, including
inspections of food establishmnts o determine whether the provisions of the
Act are baing violated. These inspections include the collection and analysis
of food samples. Sama of the samples are takan by FDA on a routine surveillance
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basismmthnpmofspociﬂcmmimu. However, the actual
nurber of FDA conductad routine sample and analyses is few and this agency
reliss heavily on information on the known or suspectad existence of specific
instances of food contamination,

1.2.2 The Egg, Meat and Poultry Acts

The Consumer and Marketing Service of the U.S. Department of
Agriculture {USDA) administers thres acts relevant to the PCB problem: the Egg
Proxdducts Inspection Act (P.L. 91-597); the Wholescms Poultry Products Act
(P.L. 90-492); ard Wholescms Msat Act (P.L. 20=201).

These authorities apply to meat, egg or poultry products from
the time they reach the processing plant until they are purchased by the
consuner. Once they leave the plant, they are also under the FDC Act.

The Department of Agriculture uses FDA guidelines for its Egg,
Maat and Poultry Acts.

1,2, The Clean Air Act (42 U.S.C. 1857 et seg.)

Mr. David Young of the Southarn California Coastal Water
Research Project in a report prepared as part of an ORD (Envirorsmntal Research
Canter - Corvallis) contract acknowledges that the air contributes about one-
third of the total PCB losling of the coman. His conclusion that air is a sig-
nificant routa of PCB transport is based on effluent and aerial fallout measure-
ments made in the coastal areas of Southern California.

The arrent understanding is that air transport of PCBe is a
contributor o the PCB loading of other media. Howsver, the conclusion reachsd
by tha pollutant stratagies board of the Strategies and Air Standard Divisicn is
that the air act of 1970 is not an effective legislative msamme for control of
PCBs; Iut that monitoring for PCBS should ba ansidered for cntxol. The
recamendation made at that tima was to control PCBs by requlating the produc~
tion, use and disposal of PB=containing products. )

™e gmneral authoritiss contained in the clean air act are not
applicable to the mjority of PCB discharges since PCBe from most PCB applications,
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such as for closed electric systams, are not emitted into the air by the cpera-
tion of industrial and mmicipal facilities, In thesa applicaticns, PCB
emissions are associated with accidental losses and waste disposal in lardfills.
Additionally, PCBs enter the air via the burning of refuse containing PCB waste
products. These types of air emissions can be controlled anly by preventing
PCB products fram being incorporated into the refuse. Control of emissions
from landfills may require specifications on how waste is coverwd and, in some
cases, the application of plastic matsarials to prevent sublimation. However, in
the case of PCB applications for the immstmant casting catagory, PCRs can
entar directly into the enviramymnt from the oparation of furnmaces which are
used for poposes of setting the mld and reroving the wax from the mold. In
this lattar application, the air act can be used as an important tool for the
requlation of PCB entry into the environment.

1.2.4 Fedaral Watar Pollution Control Act (33 U.S,.C. 466 et sag,)
Section 304 (a) of FWPCA

Sacticn 304(a) of the Federal Water Pollution Control Act
(FWPCA) autlorizes the Administrator of EFA to anforce stats water quality
stardards established by the States and approved by the Federal Goverrment, if
the State is not adsquataly enforcing the standards.

In 1973, water quality critaria were proposed to limit PCBe to
2 ppt in ambient watars. The 1373 proposed lsvel has besn more recently rechiced
to 1 ppr due to evergrowing conomm on the health and ecological effect of PChs
and on the basis of furthar review of available data.

saction 307 (a) FWECA

A national efflusnt starndard for PCBs has been proposed under
Section 307{(a) of FWPCQA.

Section 111 of FWECA

In 1974, the Office of Air and Watar Programs acted to minimize
acciderrcal spilla of PCB through the enforcemant of Hazardcus Substances Section
of the Water Pollytion Control Act. Qurrently, pursuant to Section 311 of this
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act, propused guidelines on the levels of harmful quantitiss of PCBs accident—
ally released intn navigable waters and rates of penalties for such spills are
being developed.

Section J04(d) of FWPCA

Secticn 104(d) of the effluent guidelines prom:lgated for
several industrial catsgories contain limitations on PCBS. For example,
effluent quidelines pramilgatad for the steam electric power genarating cate-
gory contain limitations of "No Discharge” for PCES. Furthermore, EPA reports
that NPOES parmits limiting PCB discharges have already besn issued for several
facilities.

1,2.5 The Refuse Act of 1899 (33 U.S. C.407)

Section 13 of the 1899 Refuse Act forbids the discharge of any
wastas, cthar than municipal wastes, into navigable watars without a parmit.
This act would be an effective tool in the control of PCB discharges into the
watarways if the pemmit program required the repxrting of PCBs as a saporate
item. Pressntly this is not a requiremant.

1.2.6_The Occupational Safety and Health Act (29 U.S.C. 651-678)

Chamical hazards in the workplace are ragulated under the
Cooupational Safety and Bealth Act (OSHA). The Secrwtary of Labor, in coopera-
tion with the Secretary of Health, Blucation and Welfare, is authorized to set
and enforce ooxpational safety and hsalth standards applicable to businesses
affecting intarstate cammarcs.

In Titlas 29, Section 1910.93, the limits set for chlerocdiphenyl
campounds as an air contaminant are 1 mg per cubic meter for Arocler 1242 and
0.5 my par cublc meter for Aroclar 1254, based on 8 hours average exposure.
The Departent of lLabor could enforvs these limits on PChe.

1.2.7 mmWM%@ﬁMﬁmmm
Dangerous Articles (18 U.5.C. 831-835)

The Department of Transportation (DOT) regulates the transport
of hazardous substances under the Act to regulate transportation of explosives
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and othar dargarcus articles. Undar (FR Title 49, Subpart ¢ amnded February
27, 1973, DOT clagsifies poliscnous substances into three categories:

Class A - highly poisonous material
Clags B -~ moderataly poiscorous matsrial
Clasg C - irritating matarial
The responaibility for insuring that this standard is met
remains with the marufacturer and the shippar.
1,2,8 Fedaral Insecticids, Fungicide, and Fodenticide Act (FIFRA)

n October 29, 1970, the Pesticides Requlation Division, admin-
istered then by the Departnnt of Agriculture, issued a notice (PR Notice 70-25)
toallpsticidem:fachrmmddimih:banmgliﬂmtnﬂnuaofpoly-
chlorinated biphanyls and polychlorinated terphenyls from their formulation and
products. FPresently, thare should be no pesticides on the market cr in use

Undar the FIFRA act, all pesticides shipped in interstate
commarcs Must be registared with the EPA. Fresently, EPA can refuse to register
a product if it will cause injury to hanans or the enwvircrment if used as direc-
ted. A product alresdy registared with FPA can be cancelled if it is found that
it o longer reets the criteria of registration.

Congress is cgrwntly considaring bills to rensw the FIFRA act.
More than 20 anendmants to FIFRA are pending in the House and Senate. Cne of
thess amandmants, if adoptad, will give the Secretaty of Agriculture the power
cof vets over EPA by requiring USDA concuwrrence in prooedures lesading to pesti-
cide cancellation or changes in classification or regulation. This snendment
will loosan FPA's omtrols on danjercus pesticides,

1.2.9 Nesds for Fedaral dontzol

It can be srmarized that currwntly four goverrrmant agencies,
the Musants Oxgany and NEMA camprise the regqulatory forces restriceing the use
and digtribution of PCBs. EPA, OSHA, FDA and USDA have authorities to regulate
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practices in the work place. EPA forbids the use of PCBS in pesticides and
requlates their discharges into the waterway, OSHA can requlate PCB hazards
in the work place. FDA forbids PCB use in food processing machinery and limits
PCB levels in food, feeds and paper foocd-packaging material. USDA follows FDA
quidelines in egg, meat and poultry products. Monsanto mamfacturss rors
degradable PCBs and sells them anly for selective uses, and NEMA recrmends
standards and gquidelines for handling and disposal of PCB containing materials.
Each of these availahle authorities has a limited focus and is inadequate to
prevent more PCBe from entering tha envirorment.

Both Monsantn's and NEMA's actions are voluntary and have no
law behind them for enforcemant. The goverrment has no powar to control and
restrict imports of PCBe and if it desires to restrict the use of PCBs in
salsctad applications, it has no aythority to impcee this restriction on any
mafacturer.

e above actions can only be inmplementad through the proposed
Texic Substances Conmtrol Act (TYCA). TSCA would give EPA the nesded authority
for formal baming of cartain PCB uses and sanctioning National Standards and

Auidelires for handling and disposal of PCB containing products. Thus EPA could
deal with the PCB problems in a far more orderly and effective manner. Addition-
ally, thes TSCA would enable EFA to require testing for health and ecovlogical
effects of new chamicals which are being proposed as substitutes for PCHs,
Thus, this measpe could prevent new chamicals from creating health and ecologi-
czl prebleme similar to thoee from PCBs. This preventive approach of controlling
chanicals is & more reascnable and cost effective method than the current approach
of corrective maasures after the damge has besn done. Therefore, the passage of
tha Toxic Substances Act by Congress is an important step in desaling with problems
such as PChs.

1.3 International Decisions and Agreemant
Thare are currently no regulations to restrict the importaticn of PCBs
as a chamical for use in applications banned by the Monsanto Qompany. As a
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result, P8 i3 being imported by a few companies for use in several "open—end”
or "reminally-closed” applications.

In 1972, with hopes to bring about a rulti-national urderstarding on
PCB uses, the United States asked the Crganization for Econamic Cooperation
and Development (OECD) through its Envircrment Committee to review national
policies on P(Bs and also identify products moving in international trade
which contained PCBs. In Cctober, 1972, OECD, whose members inclide all major
western industrialized countries plus Japan and Australia, met to discuss the
U.S. proposal to control marufacturing and trade of PCBs.

In the October meeting the CECD Council decided that for adequate
protaction of health and envirawment, PCBs should be controlled by the actions
of individual member countries., It was agread that in ordar to insure that
home production was not substituted by imports, control action by goverrments
through licensing or other means s essantial, It wvas further recognized
that ™eans to insure proper collection of used materials, safety in transport
of raw PCBs and assessmnt of substitutas for PCBe were of utrost importance.

Details on the comncil's decisions were issued on February 14, 1973.
he major thrust of the decision was:

A. PCBs ahould be used for industrial or commercial puposes in
the following applications:
= Ag dislectric fluids in transformers and capacitors
- In heat transfer applications (other than that for
applications in foods, drugs, feeds and vetarinary
prodixts)
- As hydrpulic fluid in mining eguipment
With respect to the above uses, the CECD Council recommerded that PCBa
should cnly be used if adecuate envircnmantal controls were exarcised and when
the requiremsnt for mon-inflammability outweighed the needs.

B. Marufacture, use, recovery, disposal, import and export of
PCRa should be controlled and regqulatsd. Special labelling
for bulk PCBs and PCB-containing products should be instituted
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and safety specifications on containers and transport
’ showld be establishad,

C. Manufacrure, import, and export of PCB~omtaining produces
should be controlled and afforts should he directed o
elimirate the use of PCHa in "open erd", *"rominally-
closed”, and small capacitor applications.

0. Amount of matarial mnufactured, exportsd, imported,
incineratsd and consumed by PCB typs should be reported
and any substitute used for PCB abould be identified,
charactarized and defined.

The decision of CECD leaves it to the mamber countries to go bevond
the council's agresements and it Hrther encourages the goverTmmnts to phase
out PCB uses wharevar fossible. OB council's decision o even more stringent
measures Are corently being earciset in all merber camntries.

1.4 Measures Takan by Moreigh Goverrmants

The Measures taken by foreign govezTsants are, in scrw ingvances,
quits sevare; especially ih Japen, whare a large scale poiscning episcds,
resulting in the diseass syndrome "YUSHO”, occourred in 1968 (aftsr a heat
nn!-nﬂﬂﬁnwl_ﬂy igﬂﬁgg In othar countries,

and those required by the legislative process.
l.4.1 Maasres Takes Manufactizers - Limitations of Salas

Several nations have voluntarily limitsd sales of PCBa. The
spacerun of limitacion ranges from restrictions to specific flslds of marmface

Sincm™1972, Japan has barned production and irportation of
PCle; the Unitsd Kingdem has restrictsd sales of PCBs to all applications with
the aowpeion of their usage as a dislectric fluid, while Geztwrty has lessansd



this restrictive measure to include the heat-transfer and hydraulic-flyids
industries.

1.4.2 Measyres Taken by Same Goverrments

1.4.2.1 P Producing Countries

Actions taken by goverrmments differ widely, ranging
from acceptance Of the measures taken by the manufacturers to a more strict
requlation.

France

The goverrment has taken no active legislative
action and has accepted the local marufacturers decisiona. These inclide:

- Carplete ceasation of sales for heat transfec
purposes, in pharmaceutical and food irdustries,
papar production of carbonless copying paper,
marine paints and cutting oils,

- Providing information to manufacturers about the
dangers of PCB, with a view to cancelling their
use in or on products in oontact with foodstuffs,

Gazmany

The government is taking the approach of supporting
the manufacturers’ decision to stop selling PQB and is pursuing the voluntary
signing of bilateral agreements to restrict the amount of imports. Additionally,
tolarances of PCB in foodstuffs are being established.

Japan

PCBs have bean urder goverrmantal contrel since 1572,
Thers have bsan practically no production, import or export of PCBs in this
cnntry sinoe 1972. The two crpanies, Kaneqafuchi Chemical and Mitsubishi=-
Monsantn, which had besn producing P(Bs in Japan ceased their cperation and sus-
panded their salss in 1972. One exception has been the production of PCBs for
railroad transformers which was discontimed in Septamber, 1971, The use of
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existing stocks in railroad transformers is permittad, subject to the cerdi-
tions that there be no discharge to the enviromment. Begisning in 1976, paper
plants will be pronhibitad fram accepting PCB contaminated paper for recycling
purposes and they will be required to huild treatment facilities to mest the
general discharge standards,

Irports of equipment using PCBs have been decreased
drastically since 1972. For thess products importers must cooperate with the
users to ensure that the components containing PCBS are properly disposed.

Mamufacturing of PCBs are rigidly controlled by the
Ministry of Intsrnaticnal Trade and Industry (MITI). Any campany who desires
to manufacturs PCBs must apply to MITI for a permit. The Japanese goverrment
anticipates a2 total ban on PCBs in 6 to 10 years.

These efforts have had remarkable results, and the
enviromental levels of PCB in Japan have subsided ard are expectad @ contimue
Jiminishing.

United Kingdom
The goverrynt is taking no official action and is
accepting the decisions of the manufacturers, Additionally, there is a high
duty on imported PCBs (about 23%).
1.4.2.2 Non-Producing Countries

canada

Initial activities are under way to collect necessary
data for restricting PCBs pursusnt t© a new Envirormental Oontaminants Act
which should be enacted by 1976.

Finland

. The use of cartonless copying paper is totally banned
and legislation is being propoesd to raquire prior authorization for the use of
PCBe by the Ministry of Social Affairs and Health. Furthermore, cargulscry
labelling and disposal instructions are being introduced.
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Netharlards
_ A gentlaman's agreemant is in effect that PCBS will
no longer be used in the mamufacture of paints, inks, lacquers, adhesives,
resing, wire and cable coatings, lubricating oils, hydraulic fluids and copy=-
ing paper.

Norway
) Since October 1971, only the Ministry of Social
Affairs can authorize the use of PCBs.

Swedlen

Since June 1, 1972, only the envirormental protection
board can authorize the usae of PCBs or corpounds containing PCBs. Purthermore,
capulsory labelling and identification of PCB contant on the wrappings have
bean introduced.

Swirzerland

Since October 1972, PCBs or products containing PCBs
may not be sold to the public or to light industry. Heavy indstrial use is
subject to prior authorization.

1.5 0.S. Custome Recqulations

Pursuant to Customs Bureau Directive CIE 36-72, July 4, 1975, the
fiald offices of the Custaoms Pureau have bean specifically monitoring the inflow
of PCBs and this information is forwarded to EPA. The information is not public.
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APPENDIX A
PCB ADSCRPTION TESTING BY XAD-4 RESIN

Experiments and Results

The apparatus and rmaterials used by Rolm and Haas were:

Two glass colums - 1/2 inch in diameter
Adsorbant volume - 50 ml in sach colum
Adscrbent bed height
XAD~4 Arberlite polymeric adsorbent - 16.5 inches
Activatad carton {Filtrasord 300) - 15 inches
PCB matarial used - Arcclor 1254 (manufactured by Monsanto)

A fesd soluticn representing a PCB contaminatad waste sStream was prepared
containing approximataly 160 ppb of PCB. DBecause Aroclor 1254 is very visoous,
it was solubilized in methanol prior to disparsion in watar. Metharol increases
the solubility of PCB8 in water. In order to maintain a constant flow through-
out the eperimntal run, two batches of fesd soluticon had t© be prepared. The
camposition of each solution is presentad in Table A-l.

Table A~l
Mﬂm of Fesd Solutions

Pesd Solution A - 13.25 litars

0.0022 gm of PCB or 166 ppb
2 ml of methanol or 119 ppm

Fesd Solution B - 13.25 liters
0.0029 gm of PCH or 218 ppb
2 ml of mecharol or 119 pem
The influmt solirtion was passed similtanecusly through the colum of
Arberlite polymric adsorbent and the colum of activatad carbon at a flow rate
of 2 bed=wolumes per hour (0.25 gp/ft’ resin). Samples were collected from
each calusn daily, so that each sample nominally representsd 48 bed volumes of
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effluent. Liquid passed through both colums for five days, or wntil 240 bed
volutms of effluant {12 liter total volume) were collectsd from each colum.

Prior t© analysis, the PCB in each effluent sample was extracted into a
volume of hexane equal to cne—zenth the volume of the original sample. The
influent material, which was sampled four times during the run, was likewise
extracted into the same proportion of hexane. This single stage extraction
raoved more than 95 percent of the PCBS present in the aqueous samples, The
extractad effluent samples weare than evaporated to 5 mls, further concentrat-
ing the PCBs present. Thess evaporated samples ware than sent to Versar Inc.,
for analysis. The results are given in Table A-2.

Table A-2

Raductions of PCB {Aroclor 1254) Concentrations Through Use Of

Amperlite ymeric ts AcCtiva
Noninal Influent Effluent Qoncentration {ppb)

Day Throughput (BV) Concentration (ppb) Anberlits Adsorbent Carban

1 1-48 25 (Fead A) 0.246 0.050

2 49-96 o detectad 0.031 0.08%

3 97=144 21.1 {Fesd B) 0.023 0.02%

4 1485=192 0.69 rone detected rnone detected

5

193-240 0.589 3.478 0.045%

A significant amamnt of PCB was adsorbed onto the walls of the influent
~ container, as can e sean with Fead A, which originally was prepared with 166
ppb of PCBs. This loss by adsorption on equipment surfaces also has been
detectad in othar tasts, and must be taken into acocaunt.

Both the Ambarlite polymaric adsorbant and the activated carbon reduced
the concentration of PCBs in watsar to lass than 0.05 ppb. The highar concen—
tration of PCBS for the firye day's passage of effluent through the resin beds
could ba dus to an incomplete conditioning of the beds, resulting in some
matarial leaching ot of the resin. The high concentraticon of PCBe in the
last sample from the polymeric adsorbent must be viewed with scme suspicion,
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particularly since it indicates an effluant having a concentration higher
then that in the influent.

Amberlite polymeric adsorbants can usually be solvent regeneratsd,
becayse the energy of adsorption is much lower for resing than it is for
carton., Hence, adscrbed soluts can be removed simply by passing an appro-
priats solvent through the resin, Work performed by Musty and Nickles
(J. Ciromat., 89:185 (1974)) with PCBs and a solution of 10 percent diethyl
ethar in hexana as a regunerant indicates that 76 parcent of the PCBs adscrbed
on an Amberlits polymaric adscrbant can be recoverwd using this mixed solvent.
In aklition, Folm and Haas have found that simple aloohols or ketones are
effective solvents for these resins. Undoubtadly, a more efficient solvent
could be found that would quantitatively remove PCBs fram polymeric adsorbents.

Activatad carbon, which has a mach higher energy of adsorption than do
these resins, requires a more enargy intansive process of regursration, such
as thazmal rejuvenation.

Tha ability to solvent regenerats Ambarlits polymaric adsorbents in sity
would provide the advantage of generating only the move-readily-handled-by
incinaration liquid phase PCBs wastes.
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AFPENDIX B

MACRORETTICULAR RESINS FROM ROHM AND HAAS 0.

Description

Ioh exchange resins have the capacity to selectively recover ionic
constituents, both inorganic and organic, from water through an ion exchange
mechanism. Organic campounds are often exchanged or adsorbed irTeversibly
onto an ion exchange resin. This may cause a decrsase in capacity so that
the operating life of the resin is diminished. The mors recently developed
macoreticular type of ion exhange resins are polymeric adsorbents used
spacifically for adsorbing aromatic and aliphatic compourds from water,

Structures

The macroreticular structures are characterized by having unusually large
surface areas as capared with those of conventional gel structures.

Using the newer macroreticular polymerization tecimique, it is possible
to widely vary the particle pore size, pore size distribution, and surface
area. Folymars with very small pores (5 ™m or less) and high surface areas (in
the range of 800 square meters per gram) can be prepared.- At the othar end of
the spectrum, pore sizes on the order of 30 micramters, visible under modest
magnification, are possible.

Tha macroreticular polymerization technique is applicable to a wide variety
of moncers. It is possible to introduce functicnal groups onto the surface of
the preformad macroreticular polymers. This, a great range of surface types is
pessible, limited only by the availabiliry of monamars or the applicability of
reactions to introduce functionality. The full line of macroreticular adsorbent:
constitutes a spectrum of surfaces from the least polar to the most polar, Feor
PCBs rumval, the ronpolar and intearmediate polarity adsorbents should be used.
The chamical structure of Amberlits XAD-2 and Arberlits XAD-4 {see Figure B-1)
is representative of the nonpolar adsorbent saries. Fiqure B-2 shows the
acrylic-estar cagosition of Aubarlite XAD~7 and Amberlite XAD-8, the inter-
madiate polarity adsorbents, The physical properties of these Amberlite XAD
adscrbents are sumrarized in Table B-l
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Table B-1

Typical Properties Of Amberlite Polymeric Adsorbents

. Skelatal | Nominal
Hellum Porosity | Surface Avea | Average Pore Dia.| Density Mesh

Chemical Nature { Volume v | cc/gram m’ /gram Angstroms grams/cc|  Sizes

Nonpolar
XAD-1 | Polystyrene 37 0.69 100 200 1.06 | 20 to 50
XAD-2 | Polystyrene 42 0.69 130 90 1.08 20 to 50
XAD~4 | Polystyrene 51 0.99 750 50 1.09 | 20 to 50
Intarmediate Polarity

XAD-7 | AcTylic Eater 55 1.08 450 80 1.25 20 o S0
XAD-8 [ Aczylic Ester 52 0.82 140 250 1.26 25 to 50
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Macyoreticular Adsorption Phencmena

An important aspect of the Amberlite adsorbents is the nature of the
different surfaces, The phenamencn of adsorption on solids involves van der
Waalg' forces which bind the xdiscrbate on to the solid smurface. Many types
of interactiong, such as hydrophobic bonding, dipole—dipole interaction and
hydrogen tonding, are important. It is not possible to predict accuratsly
which materials will be adsorbed well by a given adscrbent; however, from a
practical point of view, a useful concept is that hydrophobic or nonpolar mole—
cules or portions of such molecules are attractad to hydrophobic surfaces,
while Indrophilic or polar materials are attracted to hydrophilic or polar
Surfaces., Examples of these interactions are presented in Figure B=3. If each
organic molecule is thought of as having both a hydvophobic and a hydrophilic
end, then the hydrophobic end will be attracted to hydropltobic adsorbents such
as Amberlite XAD-2 and Amberlite XAD-4, while the hydrophilic end will be
attractad to hydrophilic adsorbents, This type of reaction is particularly
true when the adscrption takes place from aquecus solution.

For PCBS, it would be expected that the bipheryl portion would be typically
arcmatic and hydrophobic, and thus attractad to an arometic resin. Increasing
the chlorination of a biphenyl would reduce its watar solubility and thus reduce
what little polar charactar the PCB might have. Thus, the PCB would not havwe a
"polar end” and would be strongly repelled by the water phase and strongly
attracted by the resin.

A rscent study by James Pritz, ot al, of Iowa State University, reported a
macroreticular resin method for extracting trace organic contaminants from
water. He also damnstratsd the feasihility of selective descrption of these
contaminants, using aggropriats eluants, so that the contaminants oould be
identified. He also established the performance ar retantion efficiency of the
resin in isolating thess compounds. A summazy of these results is given here:
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Adsorbent : _ Amberlite YAD=2 unless ctherwise indicated
Particle Size: 100 to 150 mmsh

Flow Rate; 10 BV/hr. (1.25 gpm/ft’ of adsorbent)

Ratention

Test Compounds Influent Effluent Efficiency $%
Benzene 100 0 100
Benzene sulfonic acid 3.0 2.1 il
Phenol 0.4 0.22 45
Phenol (Amberlite XAD-7) 0.4 0.06 86
Aniline (Amberlite XAD=T) 4.0 0 100
0.05 0 100

Naphthalene

It can be seen that Amberlite XAD-2 and Amberlite XAD=7 were 100 percent
efficient in recovering the nonionic crganic campounds. These results predict
good success with PCB adsorption. n the cthar hand, icnic solutes as well as
strongly ionized compounds, such as benzene sulfonic acids and p-toluene sul-
fonic acids, ware ot retained with the same high efficiency. It was notad
that retention efficiency of a contaminant increases with increasing molecular
weight in a hamologous series, indicating that the higher chlorinated FCRs
would be the best adsorbed.
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APFENDIX C

NON=CARBON ADSORBTION AND OTHER RESEARCH STAGE
PCB TREATMENT TECHNOLOGIES

1.0 POLYVINYL CHLORIDE (PVC) AND POLYURETHANE FOAMS

John Lawrence and co-workers of Environment Canada have reported prelim-
inary tests using PVC, polyurethane foams, carbon, and the XAD resins for
remcval of F(Bs from both synthetic wastewater solutions and actual raw sewage.

H. D. Gesser {in Analytical Letters 12:883 (1971)), reported that a poly-
urethane foam colum quantitatively adsorbed PCBs from water. Lawrence fourd
that cartons, polyurethane foams and XAD~2 strongly adsorbed PCEs from aquecus
solutions, but ware much less effective with raw sewage. He found that PV,
however, was very effective in removing PCBs from raw sewage,

Dr. Lawrence is the only investigator known to have worked with PVC for
adsorhing PCBs. Following is a summary of his test procadures and results,

1.1 Experimental Method for PCBs Adscrption Tests, by Enwironmant Canada

Two stock solutions of Aroclor 1242 and 1254 were preparsd by vigor-
ously mixing an excess of sach Aroclor with water for 8 hours, allowing the
solutions to stand overnight ard carefully decanting off the trus aquecus phase,
The water used was double distilled, the sacond distillation being from an all-
glass systam, The concentration of thess solutions, detarmined by gas chroma=-
tography, was 45 T 10 ppb, which is consistent with the published solubility
for Aroclor 1254 of 56 ppb.

All sclvents used were glass distilled pesticide grade (Caledon
lakoratories, Inc.). The activated carbons employed ware lignite-basad Mydro—
darco 400 (ICT=Inited States) and anthracite-based Filtrasorb 400 (Calgon
Corporation). Thase ware pretreatsd by heating to 300°C for 12 hours, cooling,
and twice extracting sach 500 ge with 2 litars of hexane. The extracted carbon
was then filtared and air dried. The polyursthans foams used ware DiSFo plugs
(Canlab Swpplies Ltd.) and Foams 111% and 2328 (B.F. Goodrich Ltd.). (The first
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two digits in the Goodrich products relate to the density, i.e,, 1.1 and 2.3
1b/ft> and the second two digits to the hardness). The foams were shreddad
ard successively washed with n-hexane (several times}, acetone and distilled
water. They were then air dried. This pretreatment was developed to ramve
trace organic contaminants frem the surface of the foams. The macroreticular
polystyrene resins Amberlite XAD-2 and XAD=4 (Rohm and Haas Company) were
pretreatad by successively washing each 500 gm of resin with l=liter batches
of water, methanol, and water. The cleaned resins wers storad in sealed glass
containers under methanol to prevent them from &rying. Polyvinyl chloride
chips (Monsanto Company) ware washad several times with n-hesane and air dried.

To determine the adsorpticn characteristics, L00-ml aliquots of stock
Arcclor solutions were stirred rapidly for 30 minutes with weighed amounts of
adscrbent ard than the adsorhent was removed by filtration through a Millipore
prefilter pad., Five millilitars of n-~hexans ware then vigerously stirred with
tha filtrate for 45 mimtes and the organic extract withdrawn., These extracts
ware analyzed with a gas cliraomatogragh (Varian series) equipped with an
alactron capturs Jdetactcr (Nisa). The gas colum (l.8m x 1.5 mm i.4.) was
packed with 4 peromnt OV-101 and 6 percent ov-zlomcammrbwpm“/loo mesh,
Nitrogen was used as a carrier gas at 50 ml/min. The injection port, colum and
detector tamparatures ware 250°C, 200°C, and 300°C, respectively. Extraction
ard analysis of water sarmples spiked with known amounts of Aroclor indicated
that graater than 98 percent of the PCBs ware detscted by this method.

Wastewatar was collectad from the Hamilton Sewage Treatment plant at
the raw sewage inlet pipe. Sampling was carried out using all-glass containers
0 insure against adsorption of PCBS onto container walls. The samples were
stored at a constant tarperature of 3°C and in all cases were treated and/or
extractad within 24 'ours of oollaction. In the evaluation of PCB adscrption
from sewege, the procedure described above for pure Aroclor sclutions was
followed, except that 100-ml samples of raw sewage ware stirred vigorously with
the adsorbant for 1 hour, and then the adscrbent was separated by filtration
through a 60 mesh, stainless-steel screen. After washing, tha screen did not
retain any raw sewage and, with the exception of activated carbon, 100 percent
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separation of adsorbent was achieved. The filtrates were then Twice extracted
with 50 ml of n=hexane in 500-ml separatory Sunnels., The aqueous Dorsion was
discharged and the organic phase, after being dried through 15 g of ¥a,50,, was
reduced in a rotary evaporator to approximately 3 ml. The sample was purified
by liquid-solid chramatography on a florisil support colum using petroleum
ether to elute the PCB fraction and then the eluate was evaporated to 3 mi.
Prior to injecting the sample into the gas chromatograph, it was shaken with
0.2 ml of mercury to remove residual sulfir compounds.

The PCBs in the samples were identified by camparison of their
chranatograms with chromatograms of standard Aroclors. The total ooncentratiors
of PCB in raw sewage usually averaged 9.8 £ 4 prb,

1.2 Bxperimental Results of P(Bs Adsorption from Sewage and Synthetic
Wastawn tgr

Adsorption data for Aroclor 1254 and 1242 on PV, activated lignite
carbon, anthracite carbon, two polyurethans foams, and Amberlite XAD=2 and
XAD=-4 resina are shown in log-log form in Figure C-1. The weight of PR
adsorbed per unit weight of adsorbent is epressed as a function of the equil-
ibrium concentration of PCB remaining in solution, The sets of data do not
follow any of the common isotherm expressions (e.g., langmuir, Freurdlich, BET},
ard consecquently a theoretical interpretation of the results has not been
attempted. It is evident that the two carbons and XAD=2 have the greatest
adsorptive capacities; however, a residual concentration of less than 3 ppb
could not be cbtained with lignite carbon. Both polyursthane foams appear <o
be good adsorbers, with relatively high adsorptive capacities and low residual
levals. DiSPo polyuwrethane foam plugs are also evaluated but these have identi-
cal adscrptive proparties to the Goodrich Foam 1115. The lower efficiency of
XAD~4 is swrprising in view of the similarity between it and XAD=2 (they differ
anly in pore diametars: 9 mm for XAD-2 and 5 mn for XAD-4). The lower efficiercy
of PVC, which has no macroreticular structure, can be explained by its lower
surface area. The surface area per unit weight is reported as 500 to 2000 m’/gm
for carton, 750 0/gn for XAD=4, and 330 m/gm for XAD-2, but only 2 x 107> m’/qm
for PC chips - there being no macroreticular structure in PWC. This gives an
area ratio for XAD-2/PVC of approximatsly 10°.
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Thare are two caplicating conditions asscciated with adsorhi ng
FCBS from raw sewage rather than from synthetic aquecus solution: (a) sewage
ccntains other hydropitebic organic matter which ocampetes for the active sites
on the adsorbent, and (b) much of the PCB has already adsorbed onto the sus-
perciad solids by the time the sewage reaches the tresatment plant. Condition
{b} can be deamonstrated easily by filtering raw sewage and Monitoring the
change in PCB ¢concentration, With typical raw sewage containing 10 ppb PCB,
vacuuan filtration through a Millipore prefilter pad results in the remval of
about 75 percent of the PCBs., It is therefure necessary to find an adsorbent
which is not only relatively specific to PCBs, but which also has sufficient
affinity for the PCBs to reverse the PCB~susperded-solid equilikrium,

Table C-1 shows the percentage of PCB (including both Arcclor 1254
and 1260) adsorbed from raw sewage by five different madia. With the exception
of the PVC, approncimataly 1 gm of each madia was stirred with 200 ml of raw
sewvage for 4% minutes; approximately 10 gm of PVC ware used to compensate for
its lower surface area. To minimize the inconsistency of raw sswage, the data
have besn averaged over ssveral determinationg on different days and with
differsent sewace sarples, The data indicate that PVC and XAD=4 are rcre
effective than carbon or polyurethans foams in terms of percentage of PCB
reaoved from raw sewace. This is surprising since the graphs for PCB adsorp-
tion for pure Avoclar solutions (Figure C-1) predict the opposite. Lawrence
believes the reasons for this apparent anamaly are: (a) the active sites cn
carbon are preferentially occoupied by hydrophobic species cther than PCBe in
the sewage, and (b) suspended solids adhere to the surface of carbon and foam
acting as a barriar to further adsorpticn. These results indicate that PC is
suparior to the other media for removing PCBe from sewage.

lawrence's wark is contimiing, with stxdies of methods of scale-up
and contimous or miltistage oparations with PVC. Optimum retention time, and
methods for contimous addition of fresh PVC and removal of spent PWC are uder
study, ’

The strcng campetiticn between organic sclids and non-organic media
is enphasized further in the following discussion.
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Table C-1. Adsorpticn of PCBS from Raw Sewage

ADSORBENT )
ALSCREED®
Lignite Carion 46
Polyurethans Foam 35
Arbarlite XAD=2 23
Arbearlite XAD=4 60
nc 73

* Includes both Aroclors 1254 and 1260, Data are averaged cver several
detarminstions to minimize the variations in raw sewage.
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1.3 PCBs Adsorption on Clays and Qrganics in the Soil

E. 5. Tuckar and co=workers at Monsanes reportad on studies of
migration of PCBe (Aroclor 1016) through variocus soils as induced by perco-
lating water {(Bulletin of Envirormental Contamination and Toxicology
13 (1):86 (1975)). The results wers to be usal for estimating PCBs leached
fraom landfills, Their tests first led them to believe that the higher the
clay content of a soil, the better its retention of PCEs.

The eperimental procedure employed consisted of peroolating water
through a column packad with soil coatad with Aroclor 1016 and then monitoring
the effluent water for PCBs. Thw s0il colums employed were approximatsly
3 inches in diametsr by 12 inches high, and were dry packad in layers. Each
soil layer was 3 inches thick, with the first layer being wiccatad scil,
followad by a layer coated with 2.5 pervent (w/w) of Aroclor 1016, and then
ancther layer of uncoated soil. An acetons solution of Arcclar 1016 was used
to coat the air-dried soil, followed by remwval of the acetzne in a rotary
SAPCTALOr.

Thres different types of soils were used in this study. The charac-
teristics of each are shown in Table C-2. The intant was to simulate the
varicus soil types which could be encountsred at different landfiil sites,
The 30il typas ard the procedize smployed have besn used previcusly to evaluate
the soil mobhility of agricultural chemicals.

Distilled water wvas fed from a resarvoir at a cnstant pressure to
each soil colum. The effluent flow rates were cbserved to increase the first
few days, then dectease, and finally level out. Apparwntly, after the wetting
phase sane chamneling coours until the scil becomes cangressed in the colum,
This effect was most promounced with the silty soils. Thw average flow rates
for Norfolk Sandy loam, Ray Silty Loam and Drummar Silty Clay Loam were 0.26,
0.53 and 0.32 litars per day, respectively. The efflusnts than were quantita-
uwlydmhdmpolm-ﬂmmlm,tMMuﬂMyzdbyehm
capture gas clramtography.
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Table

C=2

MPOSTITICN CF SOILS USED IN THE MINSANTO STUDY

Soil

% Sand
% Silt
% Clay
% Organic Carbon

Norfolk

Sandy Loam
82.5
11.0

5.5
1.0

Ray Drummer
Silty Loam Silty Clay Loam
6.2 2.8
83.2 55.4
9.6 35.8
1.0 6.0
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l.3.1 PCBs Adsorption Results

PCBs adsorption results are given in Table C-3, These results
indicate that clay was a strong adsorbent for PCBs. This would be in agree-
ment with the work of R. Hague and co-workers (Prvirormental Science Techrology,
8:129 (1974), in which clay was found to have a high affinity for PCBs. How=
ever, in later work with pure clays, the retention was found not to be as good
as expectad. Attention was then directad to the organic portion of the soils,
and Tucker, et al, have tentatively decided that the organic fraction is more
important to the adsorption of PCBE; it can be seen from the data that the
high-clay-content soil was also the high-organicecontent soil,

Further irvestigation of same clays might be warranted.
S, Pearson of Hercules, Inc., in a personal communication, stated that bentonite
clay was very effective in ramving other pesticide wastes frum water. The
firely divided clay was then rapidly removed from the water with "Hercoflec”.
1.4 Spahgnum Peat (Lignin=Cellulose) as an Adsorbent )
The abtove work by Tucker, and the general finding that in sewage sludge
the solid phase contains many times the amount of FCBs the water phase contains,

leads to the conclusion that natural organic matarials from the earth might make
god adsorbents for FCBs.

Although it has not yet besn tastad for remcving PCBs, there is a
cammrcial method of continuous wastswater treatmant, called the Hussang/Couplan
Watar Treatmant Systam, thet uses sphagmum peat. The peat is formed into a
contimuous mat on a meah belt through which wastswater is sprayed, The system
has shown high effectivensss in reroving certain crganics and metals from waste-
waturs.,

Capital costs for this systan average about 60¢ per gallon of daily
capacity. Opsrating costs, when tTeating a dye houss sffluent, were 7¢ to l4¢
per 1000 qallons.

2.0 CAIALYTIC REDUCTION

In the litaratize review, two approaches wers found for rodifying the chem-
ical structure of PCBS in order to aid in wasts control. One approach was the
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Table C-3

PCBs FOUND IN PERCCLATING WATER

‘orfolk Ray Cruromer
Sandy Loam Silty Loam Silty Clay loam
Total Total Total
Effluant ppb Effluent ppb Effluent peb
Volume (1) PCBa Volume (1) PCRs Volum (1) PCBs
1.3-8.1 ND 2.7=16.4 ND 1.6=9.9 ND
10.1 ND 20,7 65 12,5 D
13.5 23 27.6 92 16.6 ND
25.5 63 51.9% 153 3l.4 ND
48.1 63 98,1 136 59.2 ND

ND = None detectad, < 1 ppb

c-10
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caplets chlorination of PCES, @ give decachlorobiphenyl, the rationale being
that the completely chlorinated biphenyl would have the least solubility in
water of any PCB, and thus would be mxh easier to adsorb and remve. However,
decachlorobiphenyls are also the rost refractory PCEs,

A becter approach is the dechlorination of PCBS to give biphenyl or bi-
cyclohexyl. B3Serg, et al (in the Bulletin of Envirommental Contamination
Toxicology 7:338 (1972) staes that PCBs can be dechlorinated quantitatively
with hydrogen over platimgm or palladium catalysts to give bicyclohsxyl.

T. Sawai of Japan (in Genshiryohu Kogyo 18(12):43-7 (1372)) reported the
degradation of PCBe using the cchalt 60 isotope., Gama irradiatiom at a level
of 10*? ev/gram produced chain dechlerination in an alkaline propancl solution
saturatad with nitrogen, Alkaline concentrations of 0.0] molar gave about 40
tirms the dechlorination that a neutral solution gave.

A process of reductive dechlorination, more amenable = low=-cost cperation
and commarcial scaleyp, is being developed by Sweeny, Saltonstall and co-workers -
at Envirogenics Systemg (9. of El Monte, California.

2.1 PReductive Dechlorination of PCBe at Envirogenics Systems Corp.

Envirogenics, originally working in chlorinatad pesticides, hag devel-
oped catalyzed reduction process mathods for the following compounds:

oot aldrin Arocler 1221
oo Chlordane Aroclor 1242
Kalthans . dieldrin Arcclor 1254
Perthane endrin Arcelor 1232
Methoucychlar raptachlor Arcclor 1248
Lindane toaphans Arcelor 1260

™e reductive dachlorination reaction has besan run at ambient tempera-
ture and pressoe, by flowing the liquid chlorinated hydrocarhon through a colum
containing metallic iron gramiles coated with a metallic copper and blended with
sand. The copper omrts a4 catalytic action. pH is maintained at nearly neutral,
since with low pd, say 2.0, the iron conversion rate to ferrvus chloride
increases 10 times, bot the dechlarination reaction is not much faster. The
chlorinated hMdrocarbon is converted to a hydrocarkon. PCEa, in this process,
nmbudﬂgrimm,lmmidmdﬁdﬂmm.
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Envirogenics is now under FPA contract (68-03-2364) to develop and
demcnistrata an effective ench~scale (1-3 gmm) low=cost process for the treat-
ment of dilute {ppb to 1 ppm) aqueous manufacturing and processing wastes
containing PCBs. Specific objectives and quidelines inclixde:

1. Reduction of PCBS to0 5 ppb or less, with levels of < 1 pob

desiraple

r Su.fficigntly low projectad treatment cost to be sconomically

attractive

3. Low expected toxicity of all effluent products, including both

degraded PCBx and any added reagents

4, Usa of readily available materials, Moth in construction and as

reagents

The process entails simply pumping the liquid to be treatsd through
the catalytic colum. Process characteristics that might be proposed for the
scaled-up PCB cperaticn, based on what has besan learned about the other pesti- -
cides thus far, are:

‘catalm: 100-mash metallic iron qranules coated with 0.1 milli-

squivalents of coppar psr gram of iron

suppart: 60 to 100 mesh (approx.) sand

nurber of bads: 4, cparabls in series or parallel

bed composition: :toos?ﬂm of iron catalyst, plus 3500 pounds

flow ratess 2 to 10 gpm /f¢2

pressure drop: about 10 pai

pH: kept neutral, through caustic addition

piping: 304 ss, with teflon tape seals

tanks: Stsel with epoxy ooating inside

pretreatmant: Wastes are assumad to be free of undissolved sclids

and oils and are fabric filterwd before entering process

The ‘expectations for wastewater PCB reductions with suen a pilot plant
arw based on sall I- to 2-inch-diamatar colum .ab tests that gave reductions
of PCBe fram 50 ppb t .ass than 0.1 ppb.
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The capital cost of the equipmnt to process 100 gpm is estimpead
at 565,000, plus tank storage and construction coets. Operating costs,
incliding swreization of capital, is astimated at 72¢ per 1000 gallons of
efflusnt,

1.0 CATALYTIC (MODATION AND MISCETIANEXKES REACTIONS

™e catalytic ccidation of PCBs includes oxidarion by: air, axygen, ozone,
fydrogen paroxide and chlorine dicsdde. The reaction is usually assisted by
catalysts or reaction sensitizers.

7 hs are vary resistant to chamical attack. Monsanto statss that they
are not affected by boiling sodium hytdhrexide, or by long contact, say 10 days,
with concntrated sulfuric acid at avbient terperature. There is mo apparent
reaction in a bomb of cxygen at 250 pei and 140°C.

3.1 Strong Acids

Russisn worimrs have reportsd nitric acid deconposition of PCBs.
They used nitric acid at a specific gravity of 1.4, and refliomd two FCBe, 2
pantachlore and a haptachloro hamolog, for periods ranging up to 100 hours.
They found di- and trichlorobensoic acids frox the fommar, and tri- and tetra
chlorobanzoic acids from the latter. Less concantrated nitric acid would not
aidize thess czpounds, nor would potassium parmancanats or chromic acid.
However, soroe, di- and trichlorobiphanyls can be cxidized to the correspording
chlorobenzoic acids with chramic anhydride and acetic acid. The lsss rigorous
crditions can also prodos & largs mixture of nitratad chlozobiphemyls.

3.2 Eaectrochamical Gddstion

Notwithstanding these examples of cdidative resistance, J. D. Stuart
ad co-woriprs st the Dapt. of Chemistzy of Mniversity of Conmecticut have com-
ducted laloratixy elsctrochamical cxidations of PCBs at ambient terperature and
preamre. They cdddized PCBs having ome to ten chlorine atoms, using very high
amdic potantials in a &y methylcyanide solvent. They hypothwmsize a saries of
reactions staxrting with hpdrolysis from traces of water presant and ending with
<addaticn.

c-13
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A number of other catalytic axidation irvestigations of refractory
organics are being corducted in the U.S., with scme being sponsared by EPA,
Althowugh PCBS have yet to be tested in these investigations, the methods have
sufficient powar and flexibility to indicate PCBs could be destroved. In
addition, thess met’ods have the potential for zero discharge of pollucants
simtmmmtﬁmfmyorganicsmmzarﬂmtu.

3.3 Catalytic Czenation and Ultrasound Jecamposition of Jrganics

Garard Smith and J. W. Chen of Southern Illirnois University have
presantad results (68th anmual AIChE Mesting in November, 197S) of catalytic
czenations of non-PCB organics in aqueous systems. They have tested catalysis
with oxygen, and ozonation without catalyst, and neither method had the
effoctivenass of catalytic czonation. An Fe,0, catalyst was used, and phercl
ard ethyl acetocacetats ware used ag model compourds in water. The liquid re-
tantion tima in their flow reactor systam was 25 mirutas, and the gas flow
(using 30 mg/liter concentration of ozone) was 0.1 liter per miruts. Under
thees corditions, TOC was dacreased 35 percent for an initial TOC of 100 my/l,
ard 85 percant for an initial TOC of 400 my/l. The packed resctox had the
aqueous solytion flowing down, and the czone flowing .

In experiments axparing the effectivensss against refractory organics
of orone plus Raney nickel and ozone plus ultraswmnd, Smith found that the
reactions ware similar. Also, he found that ultzasound and oxygen gave similar
reactions. Ultrann!mq:pudt:SOOm,uﬂ4to5ntupcm2. It
appesared, however, that these effects wara not addicive: for example, adding
ultrasoud to an o2one catalytic reaction did not materially change tha re-
activity of the ozone and catalyst alone. He also found that at these ambient
tatperatures and pressmues, phenol disappeared rapidly, but other organics,
incliding exygenatsd aromtics, resulted rather than compounds expectsd from
nptoe of the aroeetic ring.

3.4 Wat Catalytic (xidation of PCBS

L. W. Foes at Derver Research Institute has studisd the wet catalytic
addation of strong wastswatars having 0D valuss of 3,000 to 15,000. Tests
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showed that reacting Fe, (904)3, Cu 50, and Hzoz at a pH of 5,0, and Fenton
catalyst at a pH of 2.5 reduced OO0 concentrations by 95,4 and 96.0 percent
respectively aftar 2 hours at 400°F, Platimm oxide as a solid catalyst also
gave good results, Mcst of the organics were cellubiosics.

3.5 wWet Catalytic Oxidation and Catalyst Durability

J. F. Katzer and co-workers at University of Delaware have been
studying elevatad pressure and temperature catalytic air-oxidation of refrace
tory organics. They are cwrrently being supportad by EPA in a study of the
durability of catalysts in wastewater envircnments. In a paper soon to be
published in the Jouwrnal of the Water Pollution Control Federation, Katzer
repnmmstnﬂigaofthmlmoxidnumofptunltomzmdmm in an
aquecus mediun using a supported copper oxide catalyst, Rapid degradation rates
ware found, and the rata data ware used to nm praliminary design and costs for
cammmrcial-scale waste treatment plants. His conclusion is that catalytic oxi-
dation of wastswatars {3 cost chpetitive with othar physical chamical treatmant -
tachnicues.

Katzer found that pressures of 10 to 20 atrosphares, and terperatures
of 100 to 200°C, were requirkd t© get adaquate reaction rates vislding wp to
99 percent conversion of crzanics tocozuﬂwam. It was found that ambient
tarparature and pressure generally caused more adsorption on a varisty of
catalysts than did any reaction.

3.6 Dye-Sensitized Visible Light Photo=Oxidation of Organics

R. L. Sanks and co-workers at the Civil Enginesring Dept. of Montana
State University are working on the dye-sensitized, asrcbic, photo-oxidation of
refractory organics. They wars able to rapidly break apart the benzens ring of
cruscl using such dyes as methylens blue and bergal rose. The key to the process
umtmmmdwlightamm.nnhylm'blmmpmnmlet
axygen from the O, in air. Thare are two forms of this singlet oxygen, with a
mun&dmyamum,mamu-abmtymmuymmm
rings. Sanks visualizes a process whersby a lagoon containing wastewatar with
mm,mmmdmelmﬂuammalommukyl
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or a-floc of same kind to keep them at the surface. The sun would provide the
photolysis, and little dye would be consumed as it is a catalyst in the reaction.
Such a process, if it can be developed, suggests a route to a very low-cost
methcd of obtaining zero discharge, ard water recycls Systams.

1.7 (lorine Dioxide Oxidation

Internaticnal Dioxide, Inc., of New York City is offering a stabilized
chlorine dioxide, which is being used by mmicipalitiss for tasts and cdor con-
trol of water. It {3 used as an adjunct o chlorination and can decopose
chloramines. It oxidizes and destroys phenol and doss not chlorinate, Un-
stabilized Qo, is a dangercus explosive, thus stabjlization offers a very
powarful oxidizing agent for potantial degradation of organics.

4,0 CESTRXCTION OF PCBs BY MICROCRGANISMS

mmwofmwmuwmwymmmmofmm
crganisms showing metabolic activity on individual chlorcbiphenyls. One
culture, Mwmym the mono= or dichlorobiphenyls to
chlorohydroxyhiphenyls or possibly multi-hydrcaybiphaenyls.

More pramising results were chbtained with two species of achromobacter,
isclated from seage efflumnt. Urder asrchic corditions, 4=-chlorcbiphenyl was
cavearted to é-chlorobenmoic acid. The arganisn was apparently able to attack
the nenchlorinated benzens ring. Most of these degradations take a mumber of
hours to ocxur. More recomtly, chlorinated biphenyls @p through pentachloro-
biphanyl have besn coddized by achramchacter. Monsanto Was able to demnstrate
a significant reduction in the mono=-, 44, and trichlorubiphenyls of Aroclor 1242
aftar 72 hours of trwatment with activated sludge. The higher chlorinated
hamologs did not semm to be affectad.

The degradation of PCBs by microbial action from sliiges ard from pure
cultures of bactaria sesmad to give results similar to animal mwtakbolism studies.
The lower chicrinated species, again up through the trichlorc hamlog, were de=
oposed to phanoly, catechols and related compamds.
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The importance of oxidative corditions was demonstrated in tasts with
silage containing PCBE. After several ronths of storage of Aroclor 1242 with
silage that had undergona [ermentation reacticns under anerchic conditions, no
change in any of the PCBa had taken place.

The use of DOT degqradation as a rodel for PCH degradation corditions ray
not be helpful. Results of a study by Johnsen (PCB Newsletter, January, 1973)
showed that when di- to hexachlorocbiphenyls were incubated for one month with
a0il and with soil containing cattle manure, no irdication of PCB metabclism
was found. Under these corditions, p,p' COT degrades almost corpletely.

It has also been found that biphenyl itself is more easily degraded or
hydroxylated than any of the chlorinated biphenyls.

5.0 REVERSE CGMISIS AND ULTRAFILTRATION

No tests for PCBe removal by reverse ommsis or ultrafiltration wers found
in ocur literacure survey. Generally, thase msthods have found most success in
ramoving dissolved salts from water. However, E.I. DuPont repcrts, in a
private cammmicaticn, that they have achieved 90 parcent ramoval (rejection)
or organics in watar at the 1000 to 2000 ppm level. They acoomplished this
through the development and use of a hollow=fiber permsator system having
fibers of aramtic polyamides. Tha systam is reportad to work well on organics
having molecular weights greatar than 100. This would indicate probable success
with the PCBa, all of which have molecular weights in the range of 200 to 400,

Based on their experimental work with wound polyamide membranes operating
on chlerinated hydrocarbons in water, U.0.P.'s Fluid System Division predicts a
95 to 97 pervent removal of aquecus PCBe at 50 ppb concentrations. They point
out however, that the raject water styeam of concentrated PCBe would contain 10
to 20 parcent of the original volume of wastswater so that a cextain amount of
recycls would have to be built into the system tO recuce the genaration of con-
centratad wvastewater. Reverse ososis systems cannot tolerate suspencded solids
in the fesd wastswvatar:; under cptimm conditions they can operate for six month
to one year bafore any maintenance or cleaning is required.
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W. L. Short of the Chemical Engineering Dept. of the University of Mass.
reports that with ultrafileration, 50 percent rejections of pherols ard
chlorinated pherols has been achieved. He bslieves that rejection of a given
campourd can ba inproved by attaching same of that compourd, or a similar
material, to the mambrans to act as an electronic barrier,
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APPENDIX D
MASS BALANCE MOCEL FOR PCB DISTRIBUTION

1.0 INTRODOCTTION AND MASS BALANCE ECUATTON

In order to discover the effect of various possible requlatory efforts on
the distribution of refractory organics in the general emvirorment, an atterpt
has been made to determine the manner by which a specific group of such com-
pouwrxds, PCRs, has becre 30 widely disparsed, to detsrmine the dynamics of the
distribution process and to detarmine the changes in specific distribution that
may be expectad to result from several regulatory altarmatives. Specifically,
the effect of the voluntary ban introduced by Monsanto in 1970-71 can be
damnstratad,

It would be most useful to construct a mathematical represantation of a
suitable segmant of the envirommant based an the existencs of large quantities
of valid analytical data taken over a sufficiently long tims interval =0 as to
allow the reliable extrapalation of the important time effects. Unfortumately,
the necessary data are not available. The recognition that PCBs were an environ=
mantal hazard cam aftsr thair prolonged and widespresd use in industry. In
addition, the ability to analyze envirommantal samples for very low levels of
PCBs is also a reont developmant., There has been too littls time since the
develcomant of thess scphisticatsd and excesadingly sengitive analytical techniques
to have allowed anything like a conplets spatial and terporal study of the lsvels
of PCBS in any given region.

In view of the serious lack of a truly adaquats data base, and because of
the nesd to have at laast a first crder uderstanding of the physical processes
involved in the transport and distribution of PCBs, an attampt has been made to
constrct a mathematical wedel which should amntain at least a gam of the true
situation. Specifically, the modal serves to indicate something of the nature
of the problem, and of the types of measmurwements that will be required to con-
struct a truly satisfactory model to guide futie regulatery activities.

mmmmmwﬂc.anmmmlqumdmamnyoe
Lake Michigan wihwre a considerable body of infozmation, of late origin, is
available,

D=1
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1.1 ° Mass Balance Model

In order tO construct a mass balance model to be applied = a body
of water such as Lake Michigan, it is appropriate to dec2mmine the manner in
which an incremental increase in PC3 content is distributed within the various
processes available. In what follows, it is explicitly assumed that:

{a) There are no effective mechanisms for the degradation
of PFCBs which are opsrative over the time scale
invelved.

(b} Tha PCBs that remain in the body of water are
distributad between that portion in solution
in the aqueous phase, that in “sclution" in the
biota and that containad within the sediments,

(¢} The essential loss mechanisms are evaporation
from the lake surface and carry off dum to the
outflowing waters (in this case - through the
Strait of Mackinac).

In terms of these assuptions, a differential equation can be develcped that
describes the tims rate of changs of the concentration in the various phases in
terme of the imput rats of PCBs. This ejquation may be inteqrated under various
aggpuptions as to the time dspendence of the input rate to yield altesrnate expres-
sions for the corcentration of PCB within the separats phases as a function of
tima,

1.1.1 Model Develogment

Lat B{t) ba tha rate of injection (lb/yT) of the PCBs from
all socurces at a refarence time t (where t (years) = 0 in 1930]. Then, within
the intarval € to € + At, an incremantal amount of PCBe equal to B{t)At will be
injectad into the systsm. This quantity of PCBs will be partially partiticned
inen the wrious phases, with the balance remcved by evaparaticon and/or outflow.

If Q(lbe) is taken to represent the total water mass in the
mtmmdtob.m:mt)aﬂcwtt) the concentration of PCBs in the water

D=2
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at time t, then
:C,,
C le + 88) = C (8) + == 1

1

which, in temms of the definition of concentration, causes an increase in solutad
PCB of magnitude
&
M, Qo At (1-1)

In a wida variety of environmental situ.ar_ionsm there appears

to exist a rather dafinite relationship between the concentration of BCBs within
the sediment and/or the "average” Member of the biota and that of the water in
which they are immersed. These relationships are herein dafined as

. Cond

" Qatar

nEiLm.
Seatar

andmmmdtobninhn@tofcnmuﬂo!tin.

Using the relationships expressed by By. (1-2), the incremsntal
increase in the mass of PCB stored in the biota is given as

8
%-mﬁ- At, {1-3)
whare it is assuned that the concentration of PCB within the biota was in equilib-
riwun with that in the water at time t and that G(lbe), the total mass of the
exposed biota, is constant ovar the period of intarest.

Similarily, if the rate of deposition of sediments is taken
to be D(lbs/m’/yr) and the area of the lake to bs A(m?), then, assuming that the
principal exchangs processes between water and sediswnt oocur within the aguacus
phass during the ssttling out process, the incremantal POB pickap by the sediments
is glvem ase )

(1-2)

OB o ™ ADcC (t)at (1-4)

D3
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{whare the additicnal term (1/2) £Atiscmsiduadsmll. especially as At - o].

If the rate of cutflow from the lake (through the Strait of
!'hc:k:.mc) is taken as S(lbs/yr), then the loss of PCB dua to this outflow may be
taken as:

Mot flow T S5, (8) ot (1-5}

Finally, the mass of PCB carried out of the systam by evapora-
tien is given as:
fm = KC, (t)4t {1-6)
where K is the evaporation rate constant which will be discussed below.
Now, the principla of conservation of mass requires that all

the injectad PCB be accountsd for, (note that no effective degradation processes
are considered to be opsrative) from which it follows that

B(t)bt-m'+%+mﬂ+ mea- MGW

Introducing the dafinitions of sach of the incremmtal mass loads, and proceeding
to the limit it + o and dropping the subscript w since the only concentraticn
appearing is that of the FCB in water, the oparative differential equation beccmes

Q@ + Gn) g§+ (S + K +.AD0)C = B(t) (1-7)
which, for comvenisnce in what follows, may be rewritten using the substitutions,
1
Y =
v & (1-8)
S+K+
Xz"g+ on
Ll £+ XC= (8. (1-8")
i D4
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The general solution of Equation (1-8') takes the form
-Xt, e
Clty) = e [ YB(t)e" dt (1-9)
o

where C(tf) is the concentration of PCB in watar at the reference time t
(t:f = 0, 1930).

£

To solve Equation (1-9), it is necessary to evaluate the
various constants [Equation (1-8)] and to discover an appropriate form for the
driving finction B(t).

2.0 PCB PRCDUCTTION, SALES AND ENVIRCNMENTAL LOAD

In the following section, an attarpt is made to evaluats the production
and sales of FCBs during the period 1930-1975. Data published by Monsanto'?)
have besn presented elsswhers in this report. From the derived empirical expres-
sion for the total sales as & function of tims, as well as from the enpirical =~
oprassions for transformer, capacitor and other use catsgoriss, it will be poasi-
ble to estimate the total envircommantal load of PCBs as & function of time. From
this analysis, it will bs possible to estimate that portion of the total environ-
mental load that is, in fact, free and which therefore is responsible for the
widespread distribution of thase refractory ocompourdds. As a final step, it will
be possihle to estimete tha time depandence of the fres (wild) PCB brput to a
closed systam such as Lake Michigan,

2.1 wﬁm of PCB Sales, Geansxal and in Specific

2.1.1 Pericd 1930-1970

Irom the Mmsanto sales data for PCBe, it is possible to fit
expression for each catagory which, to a satisfactory degree, rep-
m time depandence of that parasmeter. In sach case, it is asmuned that
is of the qeneral foom:

InQ(t) ma+nlnt (2-1)
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(a) Total Prodetion

A The derived empirical expression for the yearly pro-
duction takes the form, for the period 1930-1970,

med(:) = 2.94 x 10%t7°° 1pg Ay (2-2)

The appropriate ampirical expression for the yearly sales, for the period
1930=1970, takes the form

Ogalee(t) = 31 t'"7 lbasyr (2-3)

The corresponding expressicns for capacitor sales and for transfonmer sales are
(for the period 1930=1970)

Capacitor sales: Op'® = 2.03 x 10° £} ' lbgAr (2-4)
Transfocmar sales: Qtrm(t) = 2.02 x 10! ¢2-?7 1haAr (241

In the above eogressions, it should be noted that it is
oplicitly assuned that

(a) the wvan Monsanto data are accurats and
represant the gqreat prepondarance of PC3
prodxction and sales within the U.S.

(b) the trends notad in the interval 1554-1970
are sizpls amtinuations of earlier trends,
so that the curves which fit the pariod
1954-1970 can, in fact, be used to cover
the entire intarwal, 1930-1970.

Informetion reported elsswhars in this report suggests that

the segmlf aseption above might result in low estimates for total U.S. salss;

5w, the results derived from this analysis mut be considared as a lower
boundren the actual situstion. '
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. In any case, numerical evaluation of expressicns (2-1) and
{2—4). suggest that a weighted average for the proporticn of PCB sales that were
employed in electrical applications is of the order of

d = 0.62 (i.e., 62%) (2-5)

The remainder of the sales during the period 1930-1970 was
for non-electrical applications.

2.1.2 Pericd 1971-1975

In 1970, ¥Monsanto instituted a voluntary ban on the sales
of PCEs restricting their use to electrical applications. As a result of this
ban, the enpirical relationship appropriate for sales in the post 1970 pericd is

Q' gp10g(t) = 3-31 x 107 lbafyr {2-6)
In addition, during this period essentially 100 percent of
PCB prouction was used for electrical applications: i.e, ’

B = 1.00 (1970-1975) (2-7}

To detsymine the total sales and total electrical system
usage for the pariod 1930-1975, Equation (2-3) may be combined with Equation (2-6).
Intaqration over the appropriate time frame yields

1 1
9.33 x 10" 1be
,t:,ouln = x

and for total electricel system usage, Equations (2-4) and (2-6) with (2-7) may
be combined and, on integration, yield,

1218
- N
lt:nq“:u :”(t) 7.12 x 10° lbs

The balsnoe, 2,21 x 10° 1be, were used in non-elactrical applications.

D=7
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2.2 Envirtrmental Load of PCBs

2.2.1 TIntreduction

PCBs, or for that matter any other refractory chemical com
pourd, may exist in the envirormment in two distinct states: (a) that macerial
which is in a form such as to remain localized and thus is not actually availakle
to enter the sensitive portion of the ervironment, i.e., the bicta; amd (b) that
material which is mot so constrained and is thus free to entsr the sensitive
pertion of the environment. This latter portien of the envirormental load will
be referred to as "fres" or "wild” PCBs. The significance of the first category
lies in the fact that the contaimxent is ot of infinite Life and thus material
in catsgory (a) can and will eventually becoms a camponent of category (b). For
those ocepourds for which there exists reiatively high rates of degradation with-
in the emvizorment, the category (a)isofsamututle_snrinpommethanfor
those refractory coepounds for which the only inactivation mechanism is the en-
trapment with non-available forms, for example, in desp ocean sediments.

In order to estimats the rats of accimulation of PCBs in
catagery (B), it is first necessary to detarmina the rate of entry of PCBe into
the categery (a). This will be followed by an analysis of the processes by
which this total envirammtal load eventually bhecames wild PCBs.

2.2.2 Total Envirommantal PCB Load, Hw(t)

It is assuned that, in any time interval t to t + At, a
fraction a < 1 of the total sales during that inmtarval was directly lost to the
enviromment. It is furthar assuned that a fraction 8 < 1 of the total sales
was used in the menufacture of long lived electrical camponants. If the average
lifatime of thess elactrical capomnts (time of service prior to their being
discarded as checlsts) is v, years, then during the time interval t to t + At,
an amouae

B Qqlty) &t (2-8)

D=8

MONS 209350



will enter the ervircrment as part of category (a)., In addition, the direct
entry -is given as

3 Qgit) 4t (2=
‘ The remaining sales (l-a-3) Q{t) was used in the production
of relatively short-lived products, such as carbonless paper, hydraulic fluids,

etc., which are assumd to have an average lifetime v, years. Thus, the enery
of this material into the total environmental pool is given by

(1=a=8) Q (t=y,) st (2-10)

If the thres comporsnty of the total environmental load,
L (t) are summed, the resulting differential equation for Hev(t) becomes, in
the limit as At - 0

dM_ (t)

—%:_ = a Q (t) + (l-a-8) Q (t-v,) + B Qq(t-v,) (2-11)
Qar t t t
M, (®) =af a(t)de + (1-a-s>f Qq(t-y,)dt + a[ Qg (t=v,)dt {2-11Y)

o o
In order to cbtain a numerical evaluation of Equation {(2-11'})
it is appropriats to nota that 8, the fraction of initial sales utilized for
alectrical applications, is given by Bquation (4-5) for the period 1930-15970,
and by Bquation (2-7) for the post 1970 paricd.
An estimets of the factor a, the fraction of direct losses,
can be cbhtained by noting that
{a) approximetely l0% of the electrical matarial
was lost during transport, production and
pm.(s)
{b) approximatsly 30% of the non-electrical
matarial wvas lost during transport, pro-
duction, processing, andu.n.m

D=9
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a = (0.1)(0.62) + (0.30)(.38)
a = 0.17 (2-12)

It is further assumad that

¥, =20 yu.rs(s’

)

7, = 4 years's {2-12%)

If the expressicn of Q’(t) given by Bquation (2-3), cowpled with the estimated
valuss of a, 3, v,, and v,, is introduced in Bquation (2-11), the total environ-
mental load M, (t} may be coaputad. The intagrated form of Equation (2-11) is:

M, (t) = 71.07 [o.ut“’“ + (0.20) (&4} & (0.62) (:—20)"'"] (2=13)

The numrical results are sumarized in Table 2.2.2-1. It should be notad that,
in contradistincrion to equations such as Equation (2-3), which represent the
yearly sales, Equation (2-13) repressnts the cumlative load in pourds.

2.2.3 Effect of Monsanto's Voluntary Ban an PCB Sales

In the actual situation, as a result of the voluntary
Monsanto ban on PCB sales, the expression M (t) glven by Bquation (2-13) must
be modified to acoount for post 1970 levels. Thus, for the period 1971 and
later,

t=s t-“‘H"Yz
M.v(t) = M.vMO) + 0.1[ Q' (t)de + (1-a=8)] Qlt-v,)dt
o L1 ]
t t
+ (1—0—5)[ Q' {t=y,ldt + Bf Qlt=v,}de {2=14)
oy, 0
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TAELE 2.2.2-1
Hev(t) = Environmental PCB Load

Withoue Partial Ban With Partial Ban
(From Equation (2-13)]  ([From Equation (2-13/2-15)]

Dats tiyrs) M, (8 (k%) M, (8 (1bs)
1930 0 0 0
1935 5 1.42 x 104 1.42 x 104
1540 10 3.35 x 10° 3.35 x 105
1945 15 2.32 x 10° 2.32 x 10%
1950 20 9.1 x 10° 9.1 x 108
1955 25 2.62 x 107 2.62 % 107
1960 30 6.23 x 107 6.23 x 10
1965 35 1.31 x 108 1.31 x 108
1370 40 2.54 x 10° 2.54 x 108
1975* as a.58 x 108 3.7 x 108
1980+ 50 7.79 x 10 a.56 x 10°

*Hquation (2-13) is not actually valid for the post 1970 period, but if the
wlmmmmmmw,mumuw(wmumummﬂ
recordad in Table 2.2.2=1.
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St.t-titutinp of the appropriate forms of Qs(t) and Qs‘ (t) and integration
results in

L} L1

JPYCREY (l=a=-3) 4 {&=y,) " **
Hevft>44) - V) + 35 {(e-40) + T
Q
£ Q
Bé (k=y 3 M
T (2-14%
o

which, on introduction of the appropriats numerical values [mote o' = 0.1, i.e.,
afcar 1970, the only use of PFCBs was in the manufacture of electrical egquimment
from which some 10 percent of the material used is discarded as scrap): becomes

My, (E244) = 2.99 x 10° + 3.31 x 10° (t~40). + 44.1 (£-20)°"%  (2-15)

This lattsr Bquation (2-15) has besn used to computs the 1975, 1980 entries in

the fourth colum of Table 2.2.2-1. By comparisan of the last two entries in
Table 2.2.2=1, ttm direct effect of the voluntary ban in 1570 becomes cbvicus.

2.3 Mdbile or Fres Envirummnrtal PCHs, m.v(t)

2.3.1 Genaral Considerations on Mobile PChe

To considar the processes by which the ganeral envirormental
Mot?@l(ﬂw(t))m free, i.0., thmbymichmeuttl is
gararated, it is necessary to congider that some fraction of the direct losses
are in a form such that the lost matarial immediately beccmes mobile: i.e.,
spills and/or evaparaticon losses. FPurther, the non-tobile material is usually
encased or enclosed in sam sort of container which will eventually be degraded
thus allowing the subsequnt escape of the componsnt PCB.

The fraction of the total sales that is wasts occuring in all
p:ndnummdpcanilao’(t) of which same fraction ¢ is directly mobile.

o-12
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Tuis, -in the time interval ¢ &0 t + 4t, this comporent introduces an amount
EJQs(tli.t (2=16)

intn the free envircnmental pool. The remainder (l-s)cos(t) which enters the
environmental reservoir is contained in a state such that the PCB content is
gracdually released with a tirme constant v, = 1/',. Thus, within the reference
intarval t to t + At, an amount

}, (a1 (t)at (2-17)

enters the robile pool.

Purther, a fraction § of the yearly sales was used %o manu-
facture long lived electrical camponants, assumed to have a useful life of v,
years, aftar which the components are scrapped. Tihms, the contribution of this
source to the general envirorrental pool is

B Qg(t=v, )t (2-18)

The electrical containers in which the PCB is enclosed will eventually decay,
with a half life r, = 1/A,. The additional component entering the mobile res-
ervoir will be

38 Qg (t=y )et (2-19)

Finally, the remainder (1-0—6)0’(1:) was ussed in the construction of products
amﬁndmhm.mmuhotvzm,afmmid&ﬂ-ymdm:&d,tms
contributing a cormponant to the general envirorrmntal pocl:

(l=a=8} Q’(t—vz) At (2-20}

If it is further assumsd that thess products have a lifetime v, = 1/}, against
dacay, than the contribution to the mobile envirormental pool will ba

A, (1~e-8) Q (t=y,)at (2-21)
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On ctbining Equations (2-16), (2-17), (2-15) and {2=21), =
the limit 4t +~ o, the differential equation for mev(t) becomes

dm,,, (£}

e T 30t} + A (l-elaQ,(t} + )\li’.\Qs(t-Yl)

A, (l=a=3)Q (=) (2-22)

= [ea + Az(l-e)cx] Q&) + A, (la=3)Q  (t=y,) + A 3Qg(t=y,)
but, from Equation (2-3), Qg = 311t’"'% = §ei°7°

iIf tha paramtric values given in Table 2.3.1-1 are substitutad
into Equation (2-22), the equatian becomes

t

t t
M, (t) = 24.32[ £}t e - s.ssf (t-4)2* 3e + 1.93[ (=20} 13" de
o [=] o

BB s S51 gy L L33 (g

m,,(t) = 5,546 & 1.49(t-4)""3* + 0.44(e-20)"""? (2-23)

The resuits computed from Equation (2-23) are tabulatad in
Table 2.3.1+2

2.3.2 Effiect of 1970 Ban on Mobile PCBs

It is now appropriate to discover the effect that the partial
mmmummumﬁmmmmmnw.%vm.
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¥

TARLE 2.3.1-1

Paramerer Values for Iguation (2-22) and Squation /2-24}

»o= 0,17 = 0,43 o= 0,1
I = 0,62 1-2 = 0.00 o= 311
1-3-3 = 0.21 = 3,30 x 107
Y, 0l Tl = 6,9 years
Ay = 0.0k Tl = 69 years
Y, = 4 years Y, = 20 years
D-1%
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The cperative change occurs as a result of the substitution of Equation (2-6)

for Equation {2-3) in the time interval after 1970. The resulting expression

for m, (£2z40) is given as (recalling that the ban also stopped sales for rop-
electrical applications}:

“0 o u 0
m, (t > 40) = acéf £’ de » ea'a'f at + \.Z(l—elaéf CRRRAL1S

o o]

t tshb
+ 3)\16/ (=y 37" at - (l-c-a)f\zdf (t=v,)de (2-24)
o o]

which, on integration and evaluation of the coefficients, becomes, using che
parametric values listed in Table 2.3.1-1,

Mg, (£ 245) = 7.59 x 107 + (0.44) (£=20)°"°" + 1,32 x 10* (t-40). (2=-24Y

Numerical values derived fram Bguation (2-24!) are listed in colum 4 of Table
2.3.2-1. Again, the effect of tihw voluntary partial ban of 1970-71 is apparent,

It will be useful in what follows tO express the numerical
relationahip given by Equation (2-24%) in the approximate empirical form

et
m.v(ti 40} = 4.83¢

m (€ > 40) = 1.69 x 108¢t02 (2-25)

2.4 Atepheric Feservoir of PCBe, m, (t)

Suppose that some fraction 8 of the instantansous addition to the
mebile envircymntal metsrial is vaporized. Than within the interval t o t + it

dm_(t) da  (t)
a aV
~F— |0 —F
a
0-16
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TABLE 2.3.2~1

Estimatad Total Envirommental PCB Load [Mev(t)l
and Mobile Envirommental PCB Load [m“(:)]

(1

}

{2)

t meu(t) mev(t) corre Me\,(t) corr
Date (years) (lbs) (1bs) {1bs)
1930 0 0 0 5
1935 5 §.49 x 10° 1.42 x 107
1340 10 1.40 x 10° 1.35 x 10°
1945 15 8.62 x 10° 2,32 x 10°
1950 20 3.14 x 10° 9.1 x 10°
1955 25 8.54 x 10° 2.62 x 107
1960 30 1.89 x 107 6.23 x 107
1965 35 3.86 x 107 1.31 x 10%
1970 40 7.01 x 107 7,01 x 10' 2.54 x 10°
1978 45 1.19 x 10° 8.31 x 107 3.7 x 108
1980 50 1.90 x 108 9.04 x 107 4.66 x 108
1990 60 4.30 x 10° 1.07 x 108 8.41 x 108

Notes: (1) From Equation (2-23)
(2) From Equation (2-24%)
{3) From Equation (2-15)
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Further, suppose that the material contained within the mobile pool is .apor:zed

with a time congtant v, = 1/}, then the additional component of the aTrospheric
reservoir is given by

dma(t) -
dt ey
b
Finally, suppose that the lifetima, t, = 1/\ , of the atmospheric reservoir
results in a decay of ma(t) given as

()

dx'r!a (£}
x| T AT
c
The total change in ma(t) with time is then given as

dm_ (t) dm (r.)] [dm () am_(t)
a a a a
at [ T R 3 l* [ at l (2-26)
which on substitution of the appropriate expressions yields the differential
equation for L (t) as follows:

dna(t) dnw(t)
3 + A m, (£} = ] — * A mev(t) 2=27)

for which the ganeral solution is
t dm ()
-it av Ak -
ma(t) .e -.[ [S —_— mev(t)] e de (2-28)

After siubstitution from Equation (2-25a) and integrating by parts, the interim

regult is
A 2@l
4.83 |, o3 ses L 35
ml(t) - 3 At - 4.5 ("‘. a) [t .

€t
L (3:50(2.5) 1.5 _ (3.5)(2.5) (1.5) .-kkt[ Lo sg At dt] (2-29)

2 2
AIo "b

o
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It now becomes important to evaluate the paramatars, Ape rer and 3
which sppear in (2-29). First, it is rotad that the cumilative total of material
entering the envirormment fraom 1930 to some time t is given by tha sum

dm_ (£}
T om () = 8 =L+, . m (t)} dt 2-
a ot 1 Yay (2=-30)

since tha two tarms in the integral are sirply source terms. On substitution for
“Ev(t) fram Equation (2-25) and carrying cut the inteqracion, Equation (2-30)
becanes, after simplificarion,

:lrena(t)-LBJt"" [8 +'~\5%5-t] (lbs) {2=31)

It is important at this point to indicats the essential difference
betwesn Equation (2-29) and (2-31). The latter, Equation (2-31), represents
the csmulative PCB load to the atmosphere in the time from 1930 to the time
t > 1930. On the cthar hand, BEguation (2-29), which contains the time constamt
for decay of the atmospharic PGB load, represants the instantarsous PCB load in
the atmosphers at time ¢,

To return to Bquation (2-30), Nisbet and Sarcfim’”) have estimatad
that the cumlative load of vaporizad PCBR in the paricd 1930 through 1970 was
3 x 104 tons or 6 x 107 1be. If it is assumd that 9, the fraction of free &CB
directly vaporized, is 0.1, then Equation (2-31) msy be used to evaluate ,, as
followe:

1970 403,
Tom (t) = 6x 107 = 4.83(40)""° [o.:. + .5_5.]

1930

A, = 0.0918 yrs™'

- 1
and ('rl)t/z = 7.55 yrs, (2-31°)
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In view of the results displayed in Equation (2-31') and with the
additional assurptions that A >> b, A > 1, Equation (2-29) may be approxi-
mated as
4.83 3-’
-t

3

m, (e} = 3)\1!: + 4.SSE (2-32)

By definition of g(t), the fallout,
J(E)A = A.m (£) = 4.83¢c’"° ;Ajt + 4.se£

whare A = 8.66 +10'’ ft? as the area of continental Unitad States. Solving for
alt),

4.83t%"¢

git) = A

1»‘\,1: + 4.58( {2=133)

whare wpan, in 1974, a(t) = 1.06 x 10~ lbe/fti/sec, (2-31) yialds a valus of
“alt = 1974) = 1.3 x 10 lbe/ftiAr.,

a result clearly not ocongistant with the known valus, The chvious suggestion o
account for this discrepency is that the Nishet!”) value of the amulacive at-
mosphare load from 1930 through 1970 is incorrect. Howewar, no conclusion as o
the reason for this can be reached at present,

2.4.1 Time Dependernce of s(t) and of B(t)

From Equation (2-13) and the known value of og(t) in 1974
(1.06 x 10”' lbe/ft?/yr), it is apparent that Equation (2-33) yields the correct
valus if the tem ) t << 4.58, so that, it is appropriate to take, where 8 = 0.1

a{t) = g, (E)e?"% Lhe/fei/yx (2-34)

ard, sincs fallout constitutss the predominant PCB input source to Lake Michigan
(mms).mmma(e)mum_mmoszm

B(t) = at’"} (2-35)
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The cosfficient o will be evaluated in terms of the specific application for
which Eq\nt.i.m (2=-35) is the driving function,

3.0 DERIVATION CF PHYSICAL CONSTANTS FOR LAKE MICHIGAN

3.1 General Prcparﬂu(a)

From various atlas ard other sources, for Lake Michigan

2

A = 2.24 x 10° ni® = 6.24 x 10 ££2 = area of lake.

§ = 1.2 x 10* 1hasyr 16 x 10° £3/s8c in average flow
through Straits of Mackinac)

Q@ = 1.1 x 1016 11g = toral water mass in lake.
A =5 x 10% m® = 1,29 x 1012 £? (average drainage ares)

3.2 Proportioning Constants

In order to determine the most appropriate valuss for the propor-
tionality constants, o*and n, in the absence of a wall-fourded theoretical ex-
planation of the physical processes which detarmine tham, it is necessary to
rely an in-situ measuremants of concentration cvar wide regions of the target
water body to establish reascmable statistical reliability. Actually, such a
body of data doas not exist for Lake Michigan at this tims. On the other hand,
such data do exist for Lake Ontario which should allow at least a rmasonable
estimate of the appropriate values for Lake Michigan.

31,2.1 Concantration Ratio of Biota toD Watar, n

Sampling of Lake Ontario, conductad in 1372 at several near-
shore and mid-lake sitss, indicatsd the follovings'

a. PCB in fish (alswives, smelt, slimy sculpin)

2.35 - 5.13 x 105 e

b. PCB in water (toral conc. dissolved + particulats) = 55 ppt

c. Averags PCB in sedimarts -l.2xlosppt
d. Avazaga FCB in wet planktmn -7.2x106m
e. FCB in the banthos - 4.7 x 10° pot

. D=21
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In view of these data, it appears that a realistic value “or
the constant -, considering the nature of the food chain, is

(n - 4 x 10°]

for Lake Ontario which, by infsrence, should also apply to Lake Michigan. It
should be notad that rn is taken as an average concentration ratio over all meme
bars of the biota; thus, there will be specific species showing considerable
variation from the assured value.

Since the basic physical processes that account for this
partitioning of PCB-like matarials should be indspendent of the actual concen-
tracicn <f PCBs in the agquesous phase (30 long as the aquecus solution is less
than saturatad), it is reascnable to assume that n is independent of time.

3.2.2 Concentration Ratic of Sediment to Water, o

From a mmber of measuremnts of sediment levels within Lake
Michigan (24 sites),’?) an average PCB concentration of 38.2 ppb was calculatad;
this is the presencs of a average water concentration of 20 ppt. Sirce these
spacific points were taken from the southem part of the lake, wheare the con-
tanmination is own %o bs higher, a average valus of ¢ has besn taken to be:

o= 2x 10!
The deposition rats for the lakas, D, h(ll)

D=5,7 x 10* lhe/mi/yr

3.3 giota Mass, G, for Lake Michigan
A repressntative valus for the bicmass in Lake Michigan, recognizing
the relatively limited data that are available on specific species and the ab~
sence of a detailed ecological pyramid, may be cbtained from the estimates oon-
tained in Table 3.3-1.

In addition, the relatively pollutsd nature of the southerrmost por=
tion of the Lake results in large masses of benthic species, such as tubifex
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TARIE 3.3-1

aunuusofannnuua&nlﬂurﬁﬂumm

Estimates for the Fish Mass'®2!
Lake trout (fram Michigan watars of the Lake) - 1.2 x 10° v 1972
whitefish (in Northarn Laka Michigan) - 55 % 10% b (1972
Chube (those availahle to bottan trawls) - 15 x 10° b (1970
(nota: decline in chubs from 139 x 10° 1b
in 1963-58)

Alswives (thoee available to bottom trawls +
estimate of the midweter irdividuals) - 2x10% b 1y

7.6 x 10° 1b (197

Coho Salmon (estimats based o the Aunbar stocked)
Total

2.1 x 10° b (1972-73)

Estizetes for the Plankton Bicmmss:
a. Asmme 300 kg plankton/hectare of laks
B. Ares of Laks = 22,400 mi? = 5.8 x 108 hectares

. Plankton bicemss = (5.8 x 10%) (300 ky) = 1.74 x 1023 = 1.8 x 10% b

0=23
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worms. In view of this, it is assyned that the benthic biomass is of the order
of 4 x 10% lbs.

Finally, in texns of the above, a representative value for the =oeal
bictic mass, G, appears to be of the order of 10'° 1bs which, in view of its

approximate value, is taken to have besn constant cver the tims interval of
interest.

3.4 Input Rate [Bit)] for the Period 1973-13974

The PCB inputs to Lake Michigan consist of three parts:
a, that dus to fallout on the lake;

b. that dus to fallout on the drainage area and subse-
quent extraction by ground waters; and

c. that dus to point sources, industrial and sewage
treacment plants.

3.4.1 Point Source Irputs

Data cn PCB concentrations are available only for eight of
the tributary streams in Michigan. In addirion, historical data collections
saldom extand back beyond 1970-1972. Thess data, for the St. Joseph, Kalamazoo,
Grand, Muskegon, Marristes, Broadman, Elk and Partage R.i.varsu"') indicate that,
during the recent paricd, the yearly load of PCEBs frum these rivers was about
1000 1b/yr. Using these limited data on stream conoentration due to industrial
ardsa;t)n treatrant plants, the following astimates of yearly load can be
rnam:(

Michigan - 217.2 lb/yr (1974, STPs)
Wisconsin - 1,150.0 1b/yr (1974-75, papar plant effluents)
Wisconsin -  130.3 IbAT (1974-75, STPs)
wisconain - 20.1 lb/yr (1974, misc. industry)
Indlana - 123.3 lb/yr 1872, STPs)
Hlinsis - 3.1 1b/yr (1971, STPs)
1,644.0 1b/yr = 1.6 x 107 IDAT

O=24
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3.4.2 Fallout on Lake Michigan
A variety of fallout rats measurements have been reportad‘l”
indicating rates as high as 0.5 lba/mi’/yT = 87 ug/m’/yT in the heavily indus-
trialized porvion of Sweden'l®) to the other extreme of 17.5 ug/m?/yr cheerved
in Teeland. 1) In view of the rather heavy concentration of industry in the
Lake Michigan area, it will be assumed that the average fallout in tha 1974 era
was 50 ug/m’/yT.

Thus, taking the area of the lake to be 5.8 x 10'° m?, the
apnual fallout should be of the order of

- ] i
Beallout direct 6.4 x 10'1bs/yr in 1974.

3.4.3 Fallout onto Drainace Basin
In ordar to computa the amtribution of PCB input to the lake
dus to fallout on the drainage basin, the separats ontributions fram each of
the adjourning states is computad in Table 3.4.3-1.

3.4.4_Total Irput to Lake (1974)
From Table 3.4.31 and tha data in Sections 3.4.1 and 3.4.2,
the contributions to the PCB input are taken to be:
Point sources 1.6 x 10° e/
Lake fallout 6.4 x 107 Lbafyr

Sasin fallout 5.4 x 107 lba/yr (vhere it is assumed
that 50 peroent of
basin fallout actually
anters the lake) (12

B(1973~74) = 13.4 x 10° lba/yr

From Bquation (2-35),

B{t) =at’*?

D=-25
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TABILE 3.4.3-1
PCBs Inputs to Lake Michican - 19734

For the Michigan portion of the drainage basin: (19

PCB load = (50 ug/m’/yr) (6.0 x 10°° m?) = 3 x 1012 g pcm/yr
= 6.6 x 10° Ib PCB/yr

For the Wisconsin portion of the drainage basin: (19

PCB load = (50 ug/me/yr) (3.7 x 1020 md) = 1.9 x 102 g PB/yE

= 4.1 x 107 1b PCB/yT
For the mjsuispattimofﬂndraimgubasim(zo)

PCB load = (S0 ug/m’/yz) (8.0 x 10° m®) = 4.0 x 2010 g reRAT
= 88.1 1b PCR/YT

For the Indiana portion of the drainace bu.imm'}

PCB load = (S0 ug/miAvr) (1.85 x 108 2 = 9.3 x 10° g PCRAYT
= 20.4 1b PCRAT

Total annual fallout from all four sectars of *he basin:
= 1.08 x 184 1b PCR/YT

D=26
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which for the referance year, 1974, was estimatad to be

13.4 x 107 = 2(44)%"¢
2 = ,0237

so that, in what follows,

B(t) = 0.0237¢"° {3=1)

4.0 APPLICATION OF THE MASS BALANCE EQUATION TO LAKE MICHIGAN

4.1 Physical and Eydrologic Constants for Lake Michigan

The valuss used for the various physical and hydrologic constancs
for Lake Michican are listed below: (23)

A -m!acla.mofthnlakn-é.uxlouftz

= outflow through Strait of Mackinac = 1.2 x 10 1b/yr

= watar mass in lake = 1.1 x 10%° 1be

= sedimant deposition rate = 0.204 lbe/ftiyr

= hiotamter concentration ratio = 4 x 10

= sediment/wetar concentration ratio = 2 x 10

(1974) = PCB input rate in 1974 = 1.34 x 10* Ibe

-mmm-z.zxm“lu/yr

{this assumption will be discussed below]

Then, from the data abowm, the various factors appearing in Equation (1-9') may
ba evaluated as followw:

3

MmO 3000

Ao = 2,25 x 10'* lba/yr
Q+Gn=1.14 x 10'* (1bs), (@ +Gn) ' = 8.77x 10 ' (lbe)
S+K+Mpo=57x10'" lbs

-1

x.L*.é‘T"GmA - 0.05

1 -17
Y-m = 8,77 x 10
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4.2 Integration of the Mass Balance Equation

In teoms of the parameters for the lakes and the assumed form for
B(t) from Equation (3-1), the differential equation for C(t), Equatien (1-9)
becares

-ls P00, £ 1.9 3.0
Clt,) = 2,08x10° o £t &t ae (4=1)
Q

mﬂ'nhcamtratimi:takmtob.minmm, i.e., at t = 0,

Equation (4-1) cannot be directly integratad in terms of simple
algebraic functions so that recourse must be had to numerical integration o
yield the results tabulated in Table 4.2-1,

For convenience in what follows, ﬂnmhﬁmhipmcw(t
mdtfwi].lb-nnn-dtnbnofd'nfnmz

e

n

Cyitg) = bt
where b, and n are detarmined by a least squares fit to the data in Table 4.2-1.
The results of this analysis mey be summarized in the equation

-19_ u_al8
C,lty) = 4.56 x 10 t, (4=2)

From Equation (4-2), d'ndmincu(t) over a4 ce~year period is fomnd to be

d:"(t) _l.t,..l.
ac

= 2,01 x 10 (4=24

Thwus, for the refersnce year, 1374, the average water conosntration was about
8 x 107" and the change in concentzation during the referance year was
0.80 x 10”'?. Prom these data, it is possible to detarmine the material balance
during 1974 as is shown below:
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Total input 1.34 x 10% 1ng

IncTeass in solution 8.8l x 103 lbg
Increase in biota 0.32 x 10° 1be
Increase in sediment l.9 x l()3 1lbs
Increase in outflow 0.96 x 10° lbs

Net loss due to evaporatian 1.52 x ].03 lbg

Fram Equation {1-6), it is now possible to estimats the evaporation
rata constant K,

Am )
K= _ovap _1.52 x-.]l.g - 2 x 101" lbajyr
& 8 x 10

To discover the material balance ower the entire pericd, 1930
through 1975, the total PCB input to the Lake is given by

[ 3] L} ]
Q -f Bit)dt = o.oza'lf £l de
. Q

= 1.49 x 10° lbs {4-3)

m:wmﬂmqi(t)-wdtnhrmpumdn

~19
- 1:56 x 10 wewl8 g,
t’-"'T'Tw R -/: t at (44}

-12
= 1.68 x 10

e cumlative loads in Laks Michigan in the various phases are
sumarized balow:

Total input (1930-1978) = 1.49 x 10° lbe
Total in water -1 x10° lbs

Total in bicta « 3.64 x 10° 1be
Total in sediments «1.7 x 10* 1ne
Total in cutflow = 9.07 x 10° 1bs

Net loss dum to evaporation -1.93x10‘lh-
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TARLE 4.2-1
Concentration of PCB in Solution in Lake Michigan*

Date 'cf Cw('cf) cw(tf) (PRt}

1930 0 0 0

1935 5 4.94 x 10716 4.9¢ x 10718
1940 10 1.34 x 10714 1.3¢ x 1072

1950 20 2.79 x 10713 0.28

1960 30 1.60 x 107 1.60

1965 18 2.92 x 1072 2.92

1970 40 5.35 x 107+ 5.35

1975 45 9.10 x 10”2 9.10

Mpaguremants in 1970 indicata a range of aqumous ooncentration of 1 e 7.5 pptm’
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Fram the net loss of PCB dus to evaporation frum the above data,
ard the defining equation for the evaporation lcsses, Equation (1-5), the evap-
coration rates omstant K may be evaluated,

L]
K=o _ _ 1.93x10 = 2.56 x 10'* lbs/yr (4-5)
Cal®8t ) g x 107" x a5

The sevoral values of K, fram Equation (4-5) and the earlier value
detarmined from the 1974 situation, are averaged o yield a useful value

K=2,2x10'" lbe/yr (4-~6)

4.3 Temporal Variation of Concentration of PCB in the Various Phases
of the Laka

Ithrmmmnmmimﬂunhﬂaﬂupwby
Equation {4-2) with the dafinition of the biotic conoertration factor n from

Equation {1-2), t© detarmine the variation of bictic concentration with timm,
The data enumrated in Table 4.3l indicate the trwnxds. when it is noted that
the concentration data in Table 4.3-1 are given in parts-par-trillion, it is
clear that the average biota concentration neared the one part-per-million level
on as early as 1965. It is also evident, because of the considerable spread in
specific biotic concentration factors for specific species, that the higher
predictors could sasily have excesdsed the one pom level as early as 1960.
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TAELE 4.3-1

Temporal Variation of Biotic Concentration

qﬁ %nma

Data \Ppt) (ppt)
1930 0 0

1935 49 x 1074 1.97

1940 1.34 x 1072 5.3 x 10°
1945 7.12 x 1072 2.84 x 10°
1950 0.28 1.12 x 0%
1955 0.68 2.72 x 104
1960 1.60 6.4 x 10
1965 2.92 1.17 x 10°
1970 5.35 2.14 x 10°
1978 9.10 3.64 x 10°
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4.4 ical tion of K, the Maas ation Constant

4.4.1 Kinetic Theory

Exparimental data on the evaporation rate of Aroclor 1254
indicates that, at 100°C (373°K), the evaparation rate is 1.47 x 10”° gn/am?/sec
and the vapor pressurs is S x 10" mn Hg, From elementary kinetic theory of
gases, (25) the relationship between evaporation rate and Vapor pressure is given

(24)

m(gm/an’/sec) = Glﬁ-ﬂl /2 p (4=T7)

where ¢ = the measure of the probability that a collision with the
surface does not result in the moleculs sticking to the
surface

R = the gas constant per mole (8.3 x 107 erg (*K) L]
T = the absoluts temperature [°K]

m = the molscular weight {gms) )
P = the vapor presmure ([dynes/cm”]
Fram Equation (4=7) an® the known evaporation nﬂ,{u) the mmarical value of
§ may be computad as follows: y
1/2
-1
147x10°" = 8 325 3 ’;sé" x 0%
27 x 8.31 x 107 x 373
o §=5.47 x 10" (4~8)

If it is asmaed that § is not tenperature dependent at
taperatures cnsiderably rumcved from the rormal boiling temperature, and that
Bquation (4-7) may be applied to a solution as wall as % the pure Liquid, then
at amhient campsratize {298°K) vwhare the vapor pressurs of Aroclor 1254 is

~3 ()
7.7 x 10°° ma Hg, s
-3

-4 2% 7.7 x 11 )

m{gm/cm®/sec) = 5.47 x 10 x 10
(s [211 x 8.3 x 107 x 298] 760
or m=2.53 x 107" gn/sec/cm?
D-33
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Now the area of the laka is 5.8 x 10'“ cm!, herce

m(lbs/year) = 2.08 x 10'* (lbe/yr) (4-9)

The value of m frum Equation (4-9) is in excellent agresment with the value of K
empirically determined to be 2.2 x 10'" lbs/yr.

4.4.2 Agplication of the Theory of MacKsy and Wolkoff (26!
(26)

Following MacKay and Wolkoff, the rate of material loss
for a slightly solubla sclute from a water-air interface is given, for a system
whgrein the sclute cuncentration is less than the saturation concentration, oy:

& L B
i m < {4-10)

whare: A = area of the lake surface (6.24 x 10°° £d)

E = mass evaporation rate of watar (1.38 x 1072 lb/yr) (1L)

P g = equilibrium vapor pressure of pure solute (7.7x10'5m!ig
Hi = mlecular waight of solute (325-Aroclor 1254)

G' = mass of watar from which evapocration ocurs

M, - molecular waight of water (18)

Cu-aumimmﬁmofsoluu (6 x 10

P, = equilibrium vapcr pressure watar (23.7 mm Hg)
C, = conoentration of solute in the évaporation layer
p = dansity of watar (62.5 lb-/fta)

y (27

-8) 2N

i

Ecqation (4-10) must be modified for the presant situation to take into account
the effact of fallout <n tha solute concentration. Thus, for the case in point,

L own T (4-11)
1

T TR
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. The expression 7(t) which ooCurs in Equation (4-11) is taken
to ba of the form (from Equation (2-34))

gie) = 1.67 x 10°"°

eles (4-12)
Further substitution of G' -AoE,Mﬁisﬂnthidvauofﬂnlayufrm
which evapcration is occuring, and E = Aol', whare 1 is the evaporation rate in
ft/year, reduces Equation (4-12) to the form

1P, M

il xw e Pt (4-12"
ae & AL !

-1k

which is now applicable to a unit arsa of the laks,

The solution of Equation (4=12') is complicated by the fact
that £, the layer thickness, is wknown. To cbtain sam idaa of the magnitude
of {, it is reasonable to assum that

Ci €) = \C“(t) (4=13)

whare vy may be a function of tims. Substitution of Equation (4-13) and the
appropriate numarical valuss with Bquation (4-12) and evaluating for t = 44
vears (1974), yields (aftar using Equation (4-2) foer(t)]

822220 " y+2.66x 1070 § o 230210 (4-14)

1P, M
K, Tisi :
Nowr, = mv&mtﬁdﬂﬂﬂiﬁmofl. Hence, from this last relation,

evaluated at t » 44 yesrs,

%- 10.92 (4=1%)

Substitution of (4=18) into (4=14) yislds

Y = 0.57 (4-16)

£ = 0.052 £ ¥
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It is apparent, from Equations (4-16) and (4-13), that this analysis suggests
thatﬂuaw:a;nmmtiminﬂulwisleuﬂnnﬂutinﬂnbulkwam.

i.e., vy <1, The reason for miswmlycznbesmbymm@izmq
that Equation (4-12) is in the form

=
s A (4=17)

1p,
whare A, = _.i
= %chis

is the effactive decay constant for the surface layer concentration. In terms
of the half-life

= 617 yra~'

- 171
(‘ri) {2 10 hours (4-17%)

Equation (4-17) may be intagrated from a time = to € + 1/) to
yisld, whare the interval is sufficiently short that g(t) may be assuned to be
constant ;

C, =»0.37¢C,_ + 3Luxlo? (4-18)

i io

rzmwmwpmciaﬂc', given by Equation (4-13) is
mum“(cm-mammumattMt)

T
C =Y, + ) - XS,
- .am - 10T
S,

Yy = 0.74 {4-19)

This shows good agresmant with the results equessed in Dquation (4-16).
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5.0 FRESULTS AND CINCLUSIONS

5.1 Results

Even though the model used is only first-order, it is apparently
able to describe the relative siqnificance of the natural processes which conerol
the distribution of PCBs. The strong focus on fallout as the primary irpue
source of PCBs to Lake Michigan suggests the need for further study of the nature
of the processes by which PCBs becume airborne and thus becrane part of the
available atmospheric resarvoir.

The attanpt o mdel the attoepharic resarvoir of PCBs, discussed
in Section 2, yialds results that indicates significantly greatar cumilative at=-
rospharic loads than the preliminary estimate, made by Nisbet and Sarofim, ) of
a cunulative atwospharic reservoir of 3 x 10* tons up &0 1970, The estimats of
Nishet and Sarofim lsads to a half-iife, from the mdel, for PCBs in the atmo-
spharic resarvoir on the order of eight ysars. This value is considerably in
excess of the reportad lifstime mesasuremants, on the order of 20 to 40 days, for
amicm.(zs) Bomver, the chesrvation that significant levals of PChBe
are ﬁun!hipm-lm:mad£UJamd1npu#.1:uwinhmanxﬂnC”)su;pﬂ: that
the applicable half-life may indesd be considerably longer than 20 to 40 days.

It is suggestad that further refinement of the envirommntal distri-
brticn mdel presantad in Section 2 will lead to a resolution of this apparent
discreparcy. This refinsment will focus a..antion on the natize of the physical
processes imvolved in atmospheric transport of FCBe and may suggest methods of
reducing PCB fallout in the future.

The cbearvation that evaporation and/or co~distillation sesms to be
a significant prooess by which PCBe are retwzrad to the atmosphere is of impor-
tance. It should be noted that the magnitude of the evaporation rate constant
nacessary to achisve mass balance in Lake Michigan is in excellant agresmant
with that camputed from the simple kinstic theory of gases and also with that
ccmputed from the thaory of co-distillaticon discussed by MacKay and wolkogs. (28
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mmﬁmt}uttrn?mimmmmduganfmnpomt
sourcas semrs to be a rathear small part of the total irput suggests that reduce
tion of point source PCB effluents may only slowly correct the present problem.

5.2 Conclusions

The first-ordar mass balance model described herein seems useful
in describing the historical situation as it eplicitly addresses the question
"How did we gut here?”. The mdel requires refinsmnt before it can be used o
allow a reasonable estimate of futwre conditiong. Significantly more detailed
data are required as to the tarporal variation of imputs and concantrations as
wall as on the intarval transport processes by which localized concentrations
are soothed and distributed over the whole body. While the present model seems
to deal very wall with the situstion that cbtains during an interval of rising
aqueous conoentrations, therw semms to be little experimental or thecretical
Wummmmu.mmm.mmmmm'
to fall. It is not kown whether the hiota apd the sediments will act as
resarvoirs to retizn thair PCB loads to the systam, The procssses, if any
axist, which will eventually remcve or inactivate the PCBe already in the
lithosphare are not known. :

The application of this mxisl to the situstion in Lake Michigan
semms successful. It will be of intsrest to apply it o regiors which are more

coplax or of larger scals.

5.3 Discussion of Rasults

With regurd to Lake Michigan, the mmss balance indicates that this
fresh wvater systam (watsr, sediment, bicta) serves as a significant sink for
PCBe; this mwt also apply to many othar fresh watar systams. In the case of
toodie matals, the cosans are generally recognized as an important ultimate sink,
but this sy not be the case for PCBs.

The theory devaloped by MacKay and Wolkaff, 2®) ag applied to Lake
Michigen conditions, yislds a lifetime acainst (until) evaporation of about
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ten howrs. For seawater, this lifetime is greatly reduced by lower solubility
of PCBs and higher evaporation rate, so that the caleulated lifetima of BPChs
in seawater against evaporation may be as low as ten minutes,

Although attachment to organic and living matarial may well be a
factor, the above result indicates that PCBs terd to evaporate from salt water
much more quickly than from fresh water, Then, on this basis, the terrestrial
systams, such as fresh water lakes, forests, etc,, must be reqarded as partial
sinks for PCBs in fallout; the PCBs lost from thess systams resnter the atmos-
phere via direct evaporation or transport by rivers to salt water from which
further evaporation occurs. New PCBs are addad to the atmospheric load by direct
evaporation, through inadecuate incinaration procasses, or via watar from runoff,

industrial discharges, landfill leachate, etc.
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6.0 GLOSSARY OF SYMBOLS USED

A
B(t)

Cw(t)

Surface area of reference hody of watar (ft?)

PGB injection rats with reference body of water (lbs/yr)
Aquaous PCB concentraticn

Sediment rate in reference body of water (lb/ftl/yr)
Mass of biota in refereme body of water (lbs)

PCB evaporation rata constant (lbe/yr)

Cumilative enviroomental PCB load (lbe)

Cumulative free envirormental PCB load (lbe)
Instantansous atmospharic resarvoir of PCBe (lbe)

Mass of vatar in reference body of watar (lbs)
Curulative PCB sales for capacitor application (lbe)
Cunulative PCB sales for slactrical application (lbe)
Cumlative PCB sales for production application (lbe)
Cumlativo PCB sales for all applications (lbe)
Cumulative PCB sales for transformar application (lbe)
Watar outflow rata from refarence body of watar (lbs/yr)
Time (yrs), (t = 0 in 1930)

Fraction of PCB sales dirwctly lost to the envircomant
Fraction of PCB sales devotad to electrical applications
Awmragm in-sarvice lifs of elsctrical components (yrs)
Avwragm in-servios lifs of romrelectrical products (yrs)
Fraction of production waste initially frwe

Fraction of initially free PCBe that are vaporized
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Decay constant for discarded PCB—containing electrical
comporents (yxr™')

Decay constant for discarded PCB-containing non-elsctrical
products (yr™')

Decay constant for vaporization of free PCBs (yr™!)

Decay constant for fallout of atmospheric PCBs (yr~')

Ratio of bicta PCB concentration to aquacous PCB concentration
Ratio of sediment PCB concentration toO AJusous PCEB concentration
Fallout rate par unit area (lbs/ftl/yx)

Half-life of contairment of discarded PCB-cortaining electrical
cponants  (yT)

Half~-life of contairment of discarded PCB—comtaining non-
electrical componants (yT)

Half-life of fres PCBe for vaporizaeion (yr)
Half~lifis of atwepharic PCBe against evaporation (yr)
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AFPENDIX E

BACKGFOUND DATA USED TO CINSTRCT
THE MODEL FOR PCBs IN LAKE MICHIGAN

Tabla E-1

Concentration of PCBs in Sediments ‘1)
Along the Scuthwestarn Shore of Lake Michigan (1970-1571)

Sawple loaations 2 Bs (ppb)

Along SW shore of laka: 13.09 A 15.24 B
sampling 1-3 mi. off-shore* 6.73 A 16.09 ?
{ses Figure E-1). il.81 ? 12.69 ?
26.07 A 23.53 A
87.89 A 17,53 A
130.27 2 36.7 7
26.61 B 58.81L A
€4.32 A 41.06 A
.72 A 132.61 A
.87 A 80.63 ?
35,8 A 29.29 A
8.31a 13.34 A

Total = 896,01

Ave, [PCB| = 37.1

NOTE: Estimated location of sampling sites with respect to
tharmocline: A -~ above themecline
B ~ balow themmoclire
? - quastionable
* Sampling sites are locstad in an area with several known STP discharges.
Data ware not available on KB concentrations in these STP effluents: how-
ever, judying from PCB data for other area STPs, it is probable that these
plants discharge PCBs, thereby praducing higher concantrations in the
adjacent sedirunts.
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Stream

St, Joseph

Kal amazoo
Grand
Muskegon
Manistee
Boardman
Elk
Fortage
TOTAL

Table E=2

onoentration of PCES in Michi Streama
rributary to Lake Hid\igan{;'j'zs

butapgy tc
Stream

PCE Discharge (1974) PCBs
(oob; mean 1971-72) (CFS) (M3D) b/day

0.013 4,204 2,716 0.29

0.065 2,162 1,397 0.75

0.041 5,814 3,756 l1.28

0.010 2,489 1,608 0.13

0.014 2,047 1,322 0.15

0.017 187 121 0.02

0.012 575 7l 0.04

0.47* 18 12 0.045

17,478 11,291

*Ona~+ire measuremant taksan in 1972,

275,

un
F -
PO . -
W h W @ WU WO

=
o =
v

|

[Yed
w
o«
[ 5]
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Table E-1

PCBs Entering Laka M..i.duﬂ From
Kpown Industrial and STP Discharces®

State BB Load (b/yr) Sourca
Michigan 217.2 STes
Wisoonsin 1170.1 Indmtnes
wisconsin 130.23 STPs
Indiana 122.3 STPs
Illinois 3.1 STPs

Total 1643

*See Tablas E-4 - E-9 for tabulations of the individial wasts discharges.

E-4
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TABLE E-4

i s ggzmzqmmm.mg (1,2,3,4)
Design Flow (PCE)

§TP_locarion 26D, 1974) lpeh, 1971-72)
Albion 4,0 0.44
Battle Creak 22,0 0.39
Benton Harbon,

St, Joseph Plant 13.0 0.65
Marcminee l.2 0,15
Muskegon 10.0 0.28
Niles 1n.9 0.68
Fortage 3.6 L.§

East Lansing 8.5 0.5

Eacanaba 2.2 0.29

Holland 4.5 0.6

Jackson 20.0 <0.1

Kalamazoo 34.0 0.66

Lansing 340 0.18
Total 147.0*

P load = 00595 qu - 217.2 l-b/yr-

* Total does not include flows with [PCB) <0.1 ppb.

E=5
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TARLE E-5

noentration of PCBS in Re: ed Wisconsin

Paper Plant Effluents Discharging to Green Say (1374-75) O

PCE Load
Blant Flow (rmexd) [PCB) (pob) {1b/day)

Jadger Paper Mills 4,78 <1 -
scott Paper

Marinette 5,91 <l “

Oconto Falls 1,03 <1 -
Shavano Paper 2.43 <1 -
John Stranges Paper 1.1 4.00 0.037
Bergstram Papaer 5.22 28,40 1.26
Rimberly Clark 4,30 0.28 0.010
Thilmany Paper 25.1 <l -
Fort Howard Papar ‘

Mill Effluent 7.3 2.60 0.1%8

Dainking 11.04 6,40 0.586

Dainking & Mill Effluant 18.1 7.07 1.06
American Can

Sulfite Sewer 2.23 0.1 0.002

Paper Mill Lagoon 10.35 0.14 0,012
Charmin Paper 16.3 0.14 0.019
Green Bay Packaging Ain 0.45 0.006

Total* 77.65% 3,18

PO load = 3,15 lb/day - 1,150 lb/yr.

* Total does not include flows with [PCB] <0.1 pgb.

E-6
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TABLE E-6

Concentration of PCBS in Reparted Wisconsin (5)

ia] Effluents Dis o Lake Michigan
P Lload
Elant Flow (mgd) (ECB] (ppb) ib/dayy
Motor Casting o. 0.22 <0.1
Grey Lron Foundry, Inc. 0.339 <0.2
Hownett, Oorp. - Crucible Steel 0.796 <0.1
Maynard Stesl Casting OQorp. 0.133 <0.1
Milwveukes Solvey oke Qo 4.3 <0,1
Eriggs & Stratton 1.523 <0.2
Wahe Steal Co. 0.228 <0.1
EST Co. 0.063 T 2,95 0.001
Milwaukes Die Casting Oo. 0.012+ 32.2 0.003
Meta-Mpld Daton Mallesble Inc. 0.033* 170.3 0.047 -
Babcock & Wileox Co.
Tubular Products Tiv. 0.6 0.9 0.004
Total™ 0.714 0.035

PCB load - 0,055 lb/day = 20.1 lb/yr.

*  Average of two readings.
* Total doas not inclids flows with [PCB]<0.1 peb.
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Aesatiaton o ' Hiscorain (o)
D ed t0 G 1374=75
PGB loas

STP location Flow (mgd) [PCB| (ppb) (1b/day)
Marinetts 2.5 <0.1
Portage 0.736 5.0 2.011
Oshiosh 8,49 0.1 0.907
Neenak-vanash 12.75 0.16 0.017
Appleton 11.05 0.12 0.011
Kaukauna 1.25 <0.1
DePere 23.45 0.5 0.01
Green Bay 30.64 <0,1
Kewaunee 0,315 0.18 0.001
Two Rivers _ 2.28 0.2 0.004
Manitowod 9.3 <0.1
Sheboygan 11.04 1.1 0.11
Part Washington 1.59 0.2 0.003
Milwaukes (South Shore) 66.7 0.29 0.160
Milwavies (5. Milwakee) 2.42 0.12 0.003
Racine 16,92 <.l
Kenosha 18.88 <0,1 —

Total 119.3+ 0.357¢

B load = 0,357 lb/day = 130.3 Lh/yr,

* Total does rot include flows with [PCB1<0.1 ppb.
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STP location
Michigan City
Valparaiso
Hobart
Hammend

East Chicayo
Chestertowm
Gary
South Bend
Mishamaka
Elkhart
Goshan
Nappanes
Kerndallville
La Grarge
Ligonier
Angola
Syracuse

Total®*

TABLE E-8

centration of PCBS in

Qonentration of PCBs in Revorted Indiana
STP Efflusnts Tributary to Lake Michigan O

Flow (mgd)

12.2
4.0
2.9

42.6

18.7
1.6

50.5

35.8

10.39

17.5
4.8
0.9
1.2
0.185
0.434
0.784
0.30%

99.8

PCB load = 0.335 1b/day = 122.3 lb/yr.

* Total doss not include flows with (PCB) <0.1 ppb.

E=-3

ed Indiana

(PCE] (ppb)

1.32
0.24
0.23
<0.1
0.1
<0.1
0.38
<0.1
0.13
<0.1
<0.1
<0.1
<0.1"
<.l
<0.1
6.17
0.13

PCE Load
(b )

0.134
0.008
0.006
0.0lé

0.159

0.011

0.001
0.0003

0.335
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TAHLE E=-9

traticn of PCBs in °

Illinois STP Effluents Discharging to Lake Wichigan'®’

STP_Location

N.S.5.D., Waukegan
N.S.8.D., North Chicago Plant

Total

Flow (mdg)*

0.002
1.2

1.202

BCB Load = 8.34 x 107> 1b/day = 3.04 lbAr.

* pata for 1975
** Data for 1971

E-10

(PCE] (ppb) ** {lb/day)
2.635 .00004
0.831 .0083

0.00834
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TABIE E-10
: L . ol {7,8,9,10,11)

Total mean river discharge (1374) of the 4 states (Michigan. Illinais,
Wisconsin, and Indiana) into Lake Michigan = 34,308 cfs

= 1.1 x 10%2 ct/yr
Total flow of watar in the basin = 9.4 billion gpd
Flow diverted from Lake to Chicago = 2 billion gpd
Flow diverted through Straits of Mackinac =°67,000 cfs
Other withdrawl's from the Laks = 11.7 mgd
Volume of STP effluents entering Lake:
from Illincis = 27.6 myd
from Indiana = 110.5 mgd
from Michigan = 161.6 mgd
from Wisconsin =

183.4 myd

E-11
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TAELE E-ll

Estimates of Fish Sigmass in Lake Michigan (1972-73) ‘12

Michigan wWaters of Laka Michigan = 11.2 x 106 b, of laks trout

(aye group II § older): 1972

55 x 10° 1b. of whitefish

(age groups I=-VI); 1972
220 x 10° 1b. of alewife

{(age groups I & over); 1973
15 x 105 1b. of ctube
(age groups I & over); 1973

Northern Lake Michicgan

From bottom trawls of the Lake

Total (1972-73) - 3x 10% In,

If midvater alewives are included, the total could be in the range of 2.3 x 10° 1b,
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Ba Calaulations Used to
Construct the ! or in Mchigan

ﬁmgmmmmmmwtdmmmmmigmat the present
was calcilatad on the basis of PGB input to the laks from the following sources:
1) atmospheric fallout directly on the laks, 2) atmospheric fallout over the
drainage basin of tha lake, ard 3) documantad paint souros discharges fram
tributary industries and sevage treattant plants (STPs). The derived cncen-
tration in the watar of 0.078 ppb PGB (or 8.4 x 10° lh.) represents the expected
maximan srount of the chamical in the watar, assuming a constant anrual input
PCBs over tha past 40 years, and no loss of PCB from tha laks.

A. Estimation of PCBS in the Lake Water Phase.

1. PR load from atrospharic fallout directly on the lake surface:
area of lake ® 22,400 mi? e 5.8 x 10°0 x? (1
Asyane that the atrospheric falleat of FCBs has a constant anmal
rata of 50 my/mlAr., that PCBe are evenly distribuved across the
lake surface, and that tha total accumlation cver the past 40 years
represents the present load;
then the ammual PGS fallcut on the lake = (50 mg/m/yr)
(5.8 x 10%0 m
= 2.9 x 107 Lg/yr.
-G.lxlo:" 1b/yT of PCB
The total fallout on the laka aftar
40 yrs = 2.6 x 10° b, of PCB.

2. PCB loat from atmospharic fallout on the lake drainage basin:

Asmura that fallost (at a copstant awual rats of SOBQPG/m/yr)
over tha basin contributas the majority of the FCBs to the lake via
rmoff, and that all of the PChe falling on the drainage basin
evantually entar the laka,

ﬂmthumnlod-(sow/h/yﬂ(unotgfmmm)

Yor the Michigan portion of the drainage basin 12
Lod-tsouq/n/rrmoxmmmz)-axm ugpca/y:
- 6.6 x 10° lb KB/yx

E-13
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4.

5.

For the Wisconsin pr rtion of the drainage basin -8
PR oad = (50 ug/mP/ym) (3.7 x 1010 0?) = 1.9 x 101 g amAr
= 4.1 x 10° b PCR/yr
For the Illincis portion of the drainage basin -'°)
PCB load = (50 ug/mi/yr) (8 x 10° m%) = 4 x 1010 g Bm/yr
= 88.1 b PCB/yr

For the Indiana portion of the drainage basin -1o

PCB load = (50 ug/mo/yr) (1.85 x 10° m?) » 9.3 x 10% ug PCB/YE
= 20.4 lb PCB/YT

9

Total anmial PCB fallout from all four sectors of the basin =
1.08 x 10% 1b/yr and total fallout on the basin after 40 yrs =
(1.08 x 10% 1n/yr) (40) = 4.3 x 10° 1b PCB.

Total amual PCB load in the lake dus to fallout = PCB load fram
drainage basin + PCB load frun lake surface
= 1.08 x 10 Ib/yr + 0.64 x 10% 1o/yr
- 1.7 x 10* 1b PO/

Total fallout load of PCB after 40 years = (1.7 x 10% Insm) (40 yrs) =
6.9 x 10° 1b pCB

PCB loxd entering the lake via tributazy stream dischargem

Asgune that the concantration of PCBe in the streams has remained
nstant ovar the past 40 years, with an annual PCB load aquivalent to
that in the most recantly recordsd data.

Data an PCB conoentrations are available only for eight tributary
streans from the state of Michigan (see Table 2). FPCB measurements
alorgy the St. Joseph, Kalamazoo, Grand, Muskagon, Manistes, Boardman,
Elk, and Portage Rivers indicate a total of 988.2 lb PCB/yr, (2/3+4)

E-14
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7.

PCB load entering the lake from reported indugerial and STP discharges:

Assune that the concentration of P(Bs in the industrial and STP
effluents has remained constant over the past 40 years, with an anrmal
P load equivalant to that in the most reamntly recorded data, and
that all tha PCBs in the discharges eventually entar the lakas.

The anrual PCB load from the four tributary states is as follows:
(ses Tablas 4-9): (2+3+4
Michigan - 217.2 lb PCBAT (fram STPs)
Wisconsin - 1150.0 1b PCBAYY (from paper plant effluents)
- 130.0 1b PCB/yr (from STPs)
- 20.1 b PA/yr (from misc. industry)
Indiana - 123.3 1b PCB/Yr (fram STPs)
Indiang - 3.1 1b PCB/yr (frum STPs)
TOTAL - 1644.0 1b PCB/yr = 1.6 x 10° lbAyr

The total PCB load in the watar phase fram all the above souroes

(f.¢., fallout, industry, STPe, Michigan streams) = 1.98x10‘ IbAT.
-1.9xm5mpﬂdmwmofmtmtmhtimatthis
anrual rate.

Ooncwntration of PCBs in the lake water phase:
Ccalculation based on the laks watar voluma = 4.91 x 10
Annual concentration of PCBE =

(1.98 x 10% 1b POB/yr) (454 x 10° ug/lg) = 0.002 pob/yr.
49 x 1001

Tetal madmm corcentration of PCBe at presant (after 40 years of

cnstant accumulation) = <
(7.9 x 10° 1b PCB) (454 x 10. ug/lb) = 0.073 ppb PCB

4.91 x 10— 1

15,

E-15
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9. The above calculations estimate PCB fallout over the drainage basin
based on the size of the drainage areas as carputed from USGS stream
flow data, and totaling 9.8 x 10°9 n?. These daca were cbtained fram
flow gqaging staticms, which were not all locaead at the mouths of the
tributary streams; therefors, the calculatad size of the drainage basin
may be underestimated.

As an alternative to the above, the same calculations were cer-
formed, but using a value of 1.76 x 10' m? for the ares of the
drainage basin (this area was estimstad by the Lake Michigan Federation' -3’

Then, the annual PCB fallout over the basin =

(50 ug PCB/me/yr) (1.76 x 10%T mé)

454 x 10°

= 1.9 x 10 b poBAYT.

Aftar 40 yemars of constant accumulation at t.h.t.s rate, PCR load =
7.6 x 10° 1b PCB (from fallout)

Far this larger basin, the total PCBs in the water phase (i.e.
fallout + industrial & STP discharges)

= 1.9 x 10% 1b/yr + 0.16 x 104 Ib/yr

= 2.1 x 10* b/yr of P8

Aftar 40 years of conetant accoumilation at this rate, the PCB
load would ba 8.4 x 10° b,

Tha PCB concntration in the watsar phase is:

on an muual basis = (2.1 x 104 (454 x 105) = 0.002 oo
4.91 x 107 1

Aftar 40 years of constant accunilation at this rata =

(8.4 x 10%) (454 x 105) = 0.078 b
491 x 107 1

N E-16
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B. Estimatss of PCB Transport in Lake Ontario, with Application to Lake

Michigan.
Sufficient data were not available for Lake Michigan to determine the
relationship of PCS concentrations between the water, sediment, and biotie

phases,

Adequate data were available to derermine this relaticnship for Lake

Ontario, and dues to the similari-ies between the two lakes, the calculaticns
were then used to estimate the present situation in Lake Michigan,

1.

3.

Sampling of Lake Ontario, conducted in 1972 at several near-shore and
mid-lake sitss, indicated the following: (t4+1%)

PCB in fish (alewives, smalt, slimy sculpin) = 2.35 - 5.13 x 10% ppt.

PCB in water (total concentration dissolved + particulats) = 55 pprt,
Average PCB in sediments -l.2x105 Ppt.
Averagu?@inmtplarﬂctm-?.lxloswt.
Average PCB in benthos - 4.71x105 Pot.
It was assumed that these axncsntrations are tha result of PCB accumr-
lations at a constant rate for the past 40 years.
Datarmination of the rate of PCB depogition in the sedimants:

The averajp@ sedimentation rate of Lake Ontario is 1.2 mm/yr (as
compared to a rats of 1.0 mn/yr for Lake Michigan,

Tharsfore, the thickness of sedimant tocday in Lake Ontario, after
40 years of deposition = 48 mm,

At this constant rate of depositicon, PCBe accumulata in the
sdimruata:m-1.2xlosmt?g;/wm-2.5xlo3ppt%of

48 mm secdimant/40 yTrs sadiment
= 3 x 10° ppt PCBAYY.
Annual accumilation of PCBs in the biota =
PBsian * PPoranktan * Fbenths
YIS

» (5.13 x 105 got) + (7.2 x 105 o) + (L4701 x 10° v
(3} (40 yrs} Sl B

= 0.11 x 10° pprave.
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4. Anmual accurulation of PCES in the watar = 55 pot = 1,38 ppt/yr.
yTs
5. Concentration ratics of PCBs in the three phases are:
tP(B

o 3x10% poesr 2.2 x 10°

[ ate.r] 1,38 pprAyT

(PByiora) » 2:1L X 10 ppt/YT
[EE'] 3.0 x 10° Fet/yT

(PByirale 211 10% ot/ _ 8 x 10
(P8 o] 138 pot/r

4

0
Tharefore, 2.2 x lO

(PR ] 2, T,

2.8 x 10

6. Applying these ratics to Lake Michigan:

4
[(PRuicta] = [PBrarer])(® x 107
= {.078 ppb) (8 x 104

= 6,24 pon

[PPgea] " [FPoater] 2.2 x 109
- (.078 pgb) (2.2 x 10%)
= 0.172 g

C. Estimates of Plankton Biomass in Lake Michigan:

1. Assum a density of 300 kg. plankton/hectare of laka ‘16!
Arsa of laka = 22,400 mi.? = 5.8 x 10° hectare
Tharefors, plankton bianass = (5.8 x 105 (300 kg) = 1.74 x 10%%.
«-3.8x10° b

E-18
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D. Estimate of Flow of PCBE Through the Straits of Mackinae:

1. Watar flows out of the lake via Straits at a rate = §7,000 cfs.
= 1.3 x 10" 1b of
water/yr,

Using the concentration of PGB in the water as 0.013@,(17} the loss
of PCBS through the Straits is: = (1.3 x 107 b/ (0,013 pgb)
= 1.7 x 10° 1b PCB/yr.

Assuming a constant loss over the past 40 years, 6.8:&104 b af e
would have been lost through the Straits,

MONS 209407
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AFPPENDIX F

TOXICOLOGICAL ASPECTS

1.0 TOXICILOGICAL ASPECTS OF POLYCHIORINATED BIPHENYLS (PCBs)
1.1 Introduction

A critical biclogical effect of polychlorinated biphenyls (PC3s) is
the induction of tumors in mice and rats, which implies potential human activity,
Cancer is typically progressive and irreversible, in the absence of medical inter-
vention, Virtually all chemicals known 0O cause cancer in man have been shown to
cause turors in animals, including mice and rats. The use of experimental animals
to test chemicals is generally accepted as a reliable basis for estimating potential
carcinogencity to humans. Pathological develomment of chamically induced tumors
in experimental animals and in humans is very similar, and most of the major types
of human cancer can be reproduced in animals by chemical induction. Mice and
rats are generally the preferred exparimental animals because their relatively
short lifespan permits lifetims testing within two to three years, whersas chem=
ical carcinogenesis in humans is usually manifestad by a latent period of 30 to
40 years betWesn e©gqosure ard the appsarance of symptoms. This long latency period
caupled with the lack of adecats human data, and the lack of identifiable con-
trol groups for widespread agents such as PCBs, make it difficult to identify PCBs
as a "humn” carcinogan by comventional epidemiological studies, However, most
exparts in chemical carcinogenesis, including researchers at the National Cancer
Institute of NIH and the World Health Organization, accept animal data as pre-
dictive of potantial muman activity.

To date, no minimm effective dose or maximm safe dose has besan estab-
lished for carcirnogenic chemicals in man or animals; therefore in approaching the
problen of formulating requlatory action all mwomelian systens are considered
sengitive and man must be considered the target systam.

Although in at least one positive study on PCBs the dosage level used
would be cormidered low, high levels are generally used in animal tests because
the limited mmber of animals mey rencer the tasts relatively inconclusive. In
addition, the strain or spscies used may also render the tests comparatively
insensitive. Failure o dsmonstrate response at low doses of an oncogen is rot
an adecquate basis to establish a "ro-effect” level.
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'virtullymcrmw that has been adequately studied is known wo
cause only benign turors. Furthermore, oncogens may cause tirors at differsnt
sites in different animals spacies or strains depending upon factors such as
routes of metabolism and excreticon.

In considering the current status of medical knowledge, a lack of
understanding of the carcinogenic mechanism within cellular bicchemistry is
evident. Cne issus that Must be resclved in order to establish effactive control
legislation is whether or not there is a leval of carcinogenic exposure below
which there are no effects.

The two points of view arm Jown as the "threshold" and the "no-threshold”
concepts. The threshold concept is based on the theory that there is a dose level
below which no effect will ccur regardless of the nurber of tast animals exposed;
since this no-effect dose level would be higher than any resultant legally-estanlished
exposurs limit, humns would not be harmed by doses at or below the limit, The
assurprion is mada that the nunber of animals affectad will decredse at a greater
rate than the rate of decTease in the dose until a zarc-point is reached. This
assuption is unverifised. Proponents of the threshold concept beligve that for
every toxic chemical there is an exposure level balow which no effect can ocour
in a given organism, and that no effect, or possibly sven beneficial effects at
subrthreshold doses, gives way to udesirable effects as the dose is raisad. to
valid data have been developed to support the concept of safe levels of exposure
to carcinogens since the ectremaly large numbers of animals nesded for such ex-
perimants preclude such tasting, and extrapolation of animml data to man is tenuous.

The no-threshold proponents insist that any substance which is carcince-
genjic at any level must be reqarded as such at all levels. They further insist
that it is not poasible to predict safe levels of carcinogens based on an arbitrary
fracticn of the lowest effective animal dose, regardless of how many test animals are
used. For those chemicals which have been shown to be carcinogens in experimental
anirals, no thresholds have been demonstratad. Thus neither the no-threshold theory
(cr zerc-dose concept) nor the thrashold concept can be dercnstratad or disproved
at the present tims.
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In the development of a standard for a carcinogen, the following
recormandations, taken fram the April 22, 1970 recart to the Surgmon Ceneral iw
the Ad Hoc Committes on the Evaluaticn of Low Levels of Envirormental Chemical
Carcircogens, National Institutes of Health, should be considered:

1. No level of exposure to a chemical carcinogen siculd be
considered toxioologically insignificant for man. For
carcinogenic agents, a 'safe level for man' cannot be
established by application of owr present knowledge.

The concept of 'socially acceptable risk' represents a

2. The principle of a zero tolerancs for carcinogenic exposures
should be retained in all areas of legislation presently
coversd by it and should be extanded to covear otlar exposures
as wall. Only in the cases whers contamination of an
envirormantal source by a carcinogen has been proven
to be wavoidable should excepticon be made to the principle
of zero tolerarkw. BEceptions should be made only aftar
the most extracrdinary justification, including extansive
docummntation of chemical and biclogical analyses and a
spacific statemant of the estimated risk for man, are pre-
sentad. Al]l efforts should be made to reduce the lavel of
contamination to the minimm. Periodic review of tiw degres
of contamination and the estimated risk should be made

mandatory.

3. A basic distinction should be made betwean intantional and
unintanticnal ogosures.

{a) No smuibstance dsveloped primarily for uses involving
opoaxe to mn should be allowed for wide-spread human
intake without having been properly testad for carcino-
ganicity and found negative.
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_ (b} Any substance developed for use not primarily
inolving exposure in man but neverthaless re-
sulting in such exposure, if found o be carcinc-
genic, should be either preventad fram entering
the envirorment or, if it already exists in the
envirorment, progresgively eliminatad.

Tha same report states:

The production of specific carcinogenic chemicals for uses

that do not primarily involve an intentional exposure of

man, but which result in such envirormental contamination

that extensive human exposure becomes inevitable, must also

be controlled. The most effective prevention of exposure

in man is the elimination of carcinogen p ion, or

contrel of entry into the environmnt.

More recently, the Suboormittes on Estimation of Risks of Irreversible,
Dalayed Toxicity to the Departmant of Health, Education and Welfars Committes to
Cocrdinate Toxicology and Related Programs published their report (Hoel et al,
J. Toxicol. Environ. Health 1, 133, 1579).

The Subcomuittes suggusts (on an interim basis only) a
conptational procedure to assist in setting levels of
qualitatively unavoidable chemicals (both natural ard
marmacde) in the envircnmant compatible with a socially
acceptable level of risk. It includes a simple aritimetic
procedure to computs an exposurs dose of a chemical for
hurmang so that thare will be a high probability that this
doss will give a risk equal o or below the specified level.
Data from eogarimnts designad to detect irreversible salf-
replicating changes (carcinogenesis) in experimental animals
will be used. Through this arithmetic, the results will be
translatad to appropriately low levels for humans. In
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addition, human exposure data need to be considered, all
the inowledge necessary to evaluate these factors does

ot yet exist., We suggest here an interim procedure to
be used until research points to better procedures such as
methods for abtaining direct or best estimates of risk at
2 given dose with their correspording confidence limics.
Same of this research is now under way. These suggestions
must be reviewed as new research is availaple, but not
longer than within two years.

Specifically, the so—called linear straight-line arithmetic
method cambined with a 99% confidence level for extrapola-
tion to very low levels works this way:*

1. Say an experiment at a doss, 4, using 100 animals has
shown o induced turors, for example, in the animals,
that is, 0/100=0%.,

2. The uppar 99% confidence limit on this result (which
can be found in standard statistical tables) is 0.045,
that is, 4.5%.

3. For a dose, d', that will procixw, as an upper limit,
fewur than 1 in 1,000,000 tumors, divide 1/1,000,000 by
.045. This gives (in standard notation) 2.22 X 107°d
as the appropriate dose. If one weare to aim for fewer

* For cartain compounds, same lnowledge of the carcinogenicity process may be
available, such as with renal concretions resulting in bladder turors. In these
instances, models othar than the linear model may be more appropriate,

For illustration we consider only the case of one experimental dose. In practice,
however, it is expsctad that several dose levels will be available and their treac-
mant can be found in the litarature (Gross et al., 1970; Mantal ard Bryan, 1961:
Mantel et al., 197%).
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than 1 in 100,000,000, {i.a., 1 X 10°%), the appro-
priata dose would be 2.22 X 107 'd; for fewer than !
in a hundred thousand (1 X 107°), the appropriata dose
is 2.22 X 10744, etc. If 10 of the 100 animals showed
a response (i.e,, 10/100 = 10%}, then the 99% confidence
limit is 0.19, that is, 19%. The appropriate dose for
1 in a million is then 5.3 X 10”87 and for 1 in 100,000,000,
the dose would be 5.3 x 10784,
For corrections to a 'natural’ incidencs, the normal distri-
bution is used to approximata a 99% confidence interval on
the difference betwesn the response at dose d and the back-
qroud. Suppese at dose d 60 of 200 (30%) animals were
affectad while the natural incidence gave 20 of 200 animals
(108). The uppar 99% confidence limit is then approximatsly

3= .1+ 2.3270.30.7)/200 + .1{.9)/200] %% « 0.29

whare 2.327 is the 99% point of the standard normal distribo-
tion., For a dose, d'. that will producs as an upper limit of
fewar than 1 in a million changes in excess of the natural
ineidence, 1/1,000,000 is divided by 0.29. This gives

3.4 X 10754 as the dose, and for 1 in 100,000,000 excess changes
the dose is 3.4 X 10754,

Two questions need to be answared in comverting results in
animls to man:

1. In what units should the dose conversion be mads (i.e.,
waight basis, surface basis, etc.)? At present it
appesrs that the appropriate dose mit is the 'surface’
unit, that is, use the 2/3 powar of the weight of the
o spacies (test animal-man) as the surface area con-
version factor. For exarple, if a 25-g mouse recsives
a dose stated on a milligram basis, then the corres-
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pording dose (mg) for a 70-kg man would be (70
kg/ZSq)2/3 = 200 times the mouse dose. Thus, on a
ogj/kg basis, the use of surface units would require
that the correspording relative dose beccma

(70 kg/25 g)l‘/3 = 14 times the mouse dose. [Dose
expressad in concentration (pom) should lead to
aprroximately the same levels as dose expressed in
surface area units,

2. Should any additional safety factor be added in
guing from animals to man? Yes, but not the same
factor for all substances. This species comversion
factor should be detarmined substance-by-substance
using appropriate biclogical considerations (amd
allowing for any safety factors inplicit in other
parts of the calculation).

A statutory provision exists, however, which provides same sanction to the no-
threshold concept. This is, of course, the "lCelansy clause”, Section 409(c) (3)
(A) of the Fedaral Food, Drug, and Commetic Act (21 U.S.C. 321 et sag.), which
became law in 1958. This clause provides "... that no additive shall be deemed
to be safe if it is found to induce cancer when ingested by man or animal, or
if it is fourd, aftar tests which are appropriate for the evaulation of the safety
of food ard additives, to induce cancer in man or animal...”

In spite of all of the furcr concerning this clause, it is interesting
to note that since its introduction in 1958, it has bsen invoked only twice to
ban food additives and both of thesa ware trivial components of food packaging.

The Food and Drug Administration, in addition to its responsibility
for requlating food additives, is also supposed to protect the public from carcino-
gens which appear naturally or incidentally in our food. These substances are not
covered by the Delaney clause. Aflatoxins, DOT, aldrin, nitrosamines, and vinyl
chioride are eaplas. Presently, these problems are handled on the basis of
practicality and not on any assessment of risk. That FCBe presantly exist in our
diet has besn amply dercnstrated. But the pressure to eliminate such carcinogens
from entaring ocur food must fall upon other regqulator agencies such as EPA.
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In summary, there is no gensrally accepted toxicological basis cpon
which to establish a no-effect level for any carcinogenic material, Methods whice
arrive at estimates of acceptable exposure levels for carcinogens in man are, -here-
fore, based on the concept of a "socially acceptable level of risk." In general,
the methods employ statistical extrapolation of laboratory animal test data to
man, whereypon a colitical decision as to the socially acceptable incidence of
tumors is made. Such estimates of socially acceptable level of risk to determine
human exposure tolerances to ionizing radiation have been amwployed by the Atomic
Energy Camnission and adopted by the Envircmmantal Protaction Agercy. Estimates
based on acveptable level of risk are only conceptual and must not be taken as
calculated no-effact levels.

1.2 Mammalian Texdcity

The current kowledge of the intaraction of PCBs with life forms will
not be reviewsd in detail in this report; an exhaustive review will be submitted
in the final report ¢n Task I. This report will highlight only those data re-
lating turor induction. This review, however, is corplets in the sense that major
adverse effects are mnticnad including those within the major target organs.

PCBs have low acute toxicity. But because of their near camplete ab-
sorption, high lipid (fat) solubility, low water solubility, and relative chemical
inertness, FCBs tend to concentrate in the food chain, accumulate in body fat,
persist in biological tissue, and show persistent toxicity. Consequently, short-
temm studies are not adequate indicators of the long-tarm effects of PCB exposure.
Latent effacts, thosa effects that oocur some time after exposure has ceased, and
cumalative effects, those effects that coour only aftar a threahold level of PCB
or tissue damage has besn reached, may be easily miseed over the short term, Since
most toxicity studies with PCBs have besn short-term, there is limited scientific
evidence establishing or pradicting the chrunic effects.

1.2,] Subscute and Chronic Toxicity

. "No~effect” levals of PCBs in rats and dogs fed three Arcclors

for ©WO years ware repartsd by Mopsanto in 1971, A samary of their results is
presentsd hare.
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Rats - Method

A two-year chronic toxicity study was conducted using rats
fed diets containing Aroclors 1242, 1254 and 1260. The znimals employed in =wa
test were Charles River strain albino rats. Four iamdred rats (200 male and 200
famale) were selected for each of the experiments.

OQutline of Each Experiment

Nurber of Animals Dietary Level
Group Male Female {pom)
Control 50 50 None Administered
™I 50 50 1
™~II 50 50 10
T=III 50 50 100

Rat Results - Aroclor 1242

At sacrifice aftar 3, § ar 12 months on test, organ weights,
organ to hody weight and organ to brain weight ratios disclosed several randamly
cocurring intergroup differences. The lack of any consistent dose-related res-
ponse and the absance of any daleterious tissus changes confirm that these
differances ware not relatad to the ingestion of Aroclor 1242.

At the final sacrifice aftar 24 months on test, the liver weights
and liver to body weight or brain weight ratios weare significantly elevated in
fammles from the T-III group. Histologic examination of the livers from the T-III
group reveslsd several animals with vacwlar changes indicative of fatty degenera-
tion. Specific fat stains confirmed the presence of fat in these vacuoles. rFocal
hypertrophy and focal hyparplasia were 2lso fourd in the livers from animals fed
Aroclor 1242.

Hyperplasia of the urinary bladder was fourd in animals from
the contyol group and from each of the tast groups. This hyperplasia was usually
associatad with cystitis.
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. The incidences and types of all tumors were about the same in
all groups, including the control group, and are considered normal for rass of
this age,

Rat Results - Aroclor 1254

At sacrifice after 3, 6, or 12 months on test, organ weights,
organ to body weight and organ to brain weight ratios disclosed several rardemly
coourTing intergroup differences. The lack of any consistent dose related res-
ponse and the absencs of any daletericus tissue changes confirm that these
differerces ware not related to the ingestion of Aroclor 1254.

At the final sacrifice after 24 months on test, the absolute
liver waight and liver to body weight or brain weight ratios were significantly
elevatad in both T-III males and famales. Histologic examinaticns of the livers
from the T-III qroup revesled several animals with vacuolar changes indicative
of fatry degeneration. Specific fat stains confirmad the presence of fat in these
vacuwles. Focal hypertrophy and focal hyperplasia were also fourd in the livers
from animals fed Arocler 1254,

Hyparplasia of the urinary bladder was fourd in animals from
the control group and from each of the test groups. This hyperplasia was usually
associated with cystitis. '

None of the turors fourd could be related to the ingestion of
Aroclor 1254 ard are considersd normal for a randam population of rats this age.

Rat Results - Aroeclor 1260

At sacrifice aftar 3, 6, or 12 months on test organ weights,
oxgan to body waight and crgan to brain weight ratios disclosed several randemly
ocourring intargroup differences. The lack of any consistent dose related res-
ponse and the absence of any deleterious tissue change confirm that thess differences
wvare not related to the ingestion of Aroclor 1260.

At the final sacrifice aftar 24 months on test, the liver weights

and liver to body weight or brain weight ratics were significantly elevated in the
rats from the T-IIT qroup. Histologic examination of the livers from the T-III
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group revesled several animals also with vacuolar changes indicative of fatty
degeneration. Specific fat stains confirmed the presence of fat in these vacuwoles.
Focal hypertrophy and focal hyperplasia were also found in the livers from animals
fed Aroelor 1260. '

Hyperplasia of the urinary bladder was found in an animal from
the control group but not in any of the test animals,

. The incidences and types of all turors were apout the same in
all groups, including the control group, and are considered normal for ravs of
this age.

Dogs -~ Method

The two-year toxicity study utilized an untreated control group
ard three tast groups, sach consisting of eight purebred beagle dogs (four males
ard four famales). The beagles ware all eligible for A.K.C. registration and
had been previously immmized.

The matarial to be tested, Aroclors 1242, 1254,aand 1260 wers
incormorated into a stock diet and fed to the dogs seven days a week in three
graded dietary levels. The levels were 1, 10 and 100 ppm.

An outline of the test crganization is pressnted here:
Cutline of Each Expariment

o Nmber OL ADIDOLE | Dietary Level
Group Males Famles (pem)
uc

I

Nena
1

10
100

I1
III

F O
F O

Dog Results - Aroclor 1242, 1254 and 1260
No significant abnormalities ware cbserved in the following
parameterss
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Bedy Weight
Food Consumption
Behavioral FReactions
Hematology
Crine
Arumals receiving 100 prm of Aroclor 1260 exhibitad increases
in serum alkaline phosphatase activity at the conclusion of the imvestigation.

A feamale receiving 100 pam of Aroclor 1242 was sacrificed in
extranis after 60 weeks of testing; gross and histologic examinations revealed
severe chronic peritonitis. A male receiving 10 ppm died after 32 weeks of testing;
death was attributed to chronic pneumnia. Histologic examination revealed o
abrormalities related to the test matarial ingestion.

Two fatalities occowred during the Aroclor 1254 stidy: a 100
o famale aftar 33 weeks of testing and a 10 ppm farale aftar 37 weeks. The
famle receiving 100 pom died from injuries received in a fight. Grosa and
histologic examinationsg of the 10 ppm famle revealed chronic peritonitis,

Two fatalities cocurred during the Arcclor 1260 study: a 100
e fammle after 29 weeks and a 100 ppm male after 32 weeks. Gross and histologic
examinations revesled severe chronic peritonitis in the femle and acuta pneuronia
in the male.

All animels receiving 100 ppm of Arcclor 1260 exhibitad elevations
in liver o body weight ratios.

Gross and histologic eamination of all remaining animals re-
vealed ro significant abnormalities.

Work by Dr. James Allan {U. of Wisconsin) on simians is dis-
cussad in the following paragraphs.

simians - Method

Tha hazards to simians of low level FCB exposure have been
demongtrated only very recently. Allen in 1974 reported the results of fesding
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six adult famle rhesus monkeys a diet containing 25 ppm of Aroclor 1248 fer —.o
months. The average total intake of PCBs for five animals fed for two months
was approximately 250 mg, or 0.78 mg/kg body weight per day. The sixth Torkey
consumed a total of 450 mg at 1.34 mg/kg/cday: this animal died 68 days after
feeding was stopped.

The effects in all six animals included facial swelling, severe
hyperplastic qastritis and liver necrosis. All but one of the surviving were un-
able to conceive. The one live birth was a smaller than averace infant.

The suviving monkeys continued to have high adipese tissue
levels, acne, tissue swalling and hair loss two years after this short term, low
level exposure. As will be sesn, these signs were similar to those encountered
in humans during the "Yusho" intoxication in Japan (described later in this report).

1,2.2 Reproduction

PCBs have been shown to affect reproduction in several different
spacies. Egg production, egg hatchability, and shell thickness were decreased by
feading low levels of varicus PCB formulationg to chickans. Famle rats fed 20
pem of Areclor 1254 (1.5 mg/kg/day) had a decrease in the number of litters and
in littar size. In a two-gunaration study, 5 ppm was the ro effect level for rat
reproduction. Higher dietary levels caused decreased rat offspring survival and
decreasad mting parformance. Even at 1 ppm, mals rats were born with enlarged
livers. In a rore recent study, Allen has reported that levels in the diet as
low as 2.5 ppm resultad in a marked decrease in the ability of monkeys to conceive.

1.2,3 Pathology

One of tha most studied toodic effects of PCBs has been in liver
pathology in rats and rabbits. FCBs cause similar damace when administered by
injectiom, inhalation, or by mouth. In cases of FCB poisoning, early liver damage
has bsen notsd., Many researchars have described the now classical pathological
changes in the liver of animels exposed to PCBs. These include infiltration by
fat, increased cell and liver size, degeneration of callular contents, and ulti-
mataly cell death. The latent nature of thess effects is damonstratad by the fact
the most ssvere histopathology known occwrred 5 to 13 weeks after PCB ingestion
had ceased.
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Additional pathological changes have recently been noted.
These wera classified as adercfibrosis and are often seen in association with
liver carcinoma. Abrormal growth and development of the gastric rucosa has
also been reported and is further evidence of the carcinogenic potential of =Cms.

For reasons completely indeperdent of any possible association
with cancer, the significance of fibrosis, aderncfibrosis, and liver necrosis are
very grave. Thess lesions may be associated with carcinamas in rodent liver.

1.2.4 Carcinogenicity

Unfortunately, statistically sound dose—carcinogenic respense
studies necessary to treat many environmental problems, including PCBs, are
currently not available. A review of the world scientific literature reveal
only six stulies pertinent to carcinogenesis. These are listed and discussed
balow,

1., Kimbrough, R.D., Linder, R.E., and Gaines, T.B.,
"Morphological Changes in Livers of Rats Fed Poly-
chlorinated Biphanyls”, Arch. Erson. Health 25,
354 (1972).

An axtansive chronic study of sherman rats, using
Aroclors 1260 and 1254, with dietary levels of g,
20, 100, 500 and 1000 prm, documantad a variety of
histcpathological effects after § months of ex-
posure. Degunarative liver changes cbserved in
both mals and fawle test animals at all dosages
of both PCBs included hypartroghy of indivicual
liver cells, hyperchramtic pleamorphic nuclei,
cytoplasmic lipid vacuoles, and porphyria, all
characteristics of chlorinated hydrocarbon (DOT,
dieldrin) intoxication. In soms cases, adenofibrosis
(wxartain significance) was cbserved. All of the
mortalities that ccowrred during exposure to the
Arcclor 1260 were female. In nearly all gross
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pathological examinations, males demonstratad
enlarged livers, while feamales did not; liver
effacts of Aroclor 1254 were adjudged more pro-
nounced than those of Aroclor 12640,

The short duration of this study is a drawback
for its inclusion in evaluation of carcinogenic
effmo

2. Kimura, N.T. and Baba, T,, "Neoplastic Changes in
the Rat Liver Induced by Polychlorinatsd Biphenyl",
Gann 64, 105 (1973).

Following the chservaticn, by electron micrascooy,

of specific morphological alterations (previocusly
chserved with other carcinogens) in liver cell
mcleoli of animels ingesting PCBe, a preliminary
study on FCB carcirogenic activity was institutsd.
Using rats of the Dorxy strain, Kanechlor 400 mismd
in oil was fad at dietary levels ranging pwards
from 38.5 ppm. Ten male and ten female rats ware

in the eperimental group with five of each sex in
the control qroup. Using body weight gains (cam-
pared to antrols) the concentration of the Xanechlor
was increased or decreased according to the following

schedule.
Concentration of
Pariod of Kanechlazr=400
F { ) {
R
57 77
a 154
21 308
56 616
39 462
29 0
98 462
28 0
_!a 462
Toeal 400

F~-15
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Multiple adengmatous nodules were cbserved in

all livers of the famale experimental group
ingesting more than 1200 mgs of Kanechlor 409.

In sharp contrast, however, the liver specimens

of the male experimental rats revealed no such
chances even in animals receiving comparable or
highar amounts of Kanachlor 400 than famales,
Although these authors refer to this lesion as
benign in nature, further discussion of this
lesion is presentsd later in this report.

The variable dosage schedule and the small nurbers
of animals used present dravwbacks for its inclusicn
in svaluation of carcinogenic effacts.

Ito, N., ot al. "Histopathologic Studies on Liver
Tuarriqenesis Induced in Mice by Technical Foly-
chlorinatad Biphenyls and its Pramoting Effect on
Liver T\rors Incuced by Benzens Heachloride®, J.
Natl. Cancer Inst., 51, 1637 {1971).

This papar reports the histopathologic and ultra-
structural cbservations of livers of dd mice fed

PCBs in their diet for a pericd of 12 weeks. Twelve
male mice ware used at sach of three dosage levels.
Thres PCBg ware investigatad, Kanechlor 300, 400,

and 300. Tha results indicats hepatocslilular carcinamas
and nodular hyperplasia were inducsd by Kanechlor

500 but not by tha two other FCBs, as sesn below:
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Diet {pom)

Kanachlor
Kanachlor

00
500
500

400
400
400

390
300
300

4,

Cellular Nodular Hepatocellular

Hypetrophy Hyperplasia  Carcincma
{500) —+ 7/12
{250) + 0/12 Zﬁg
{200 : 0/12 0/12
{250) - 0/12 0/12
{100) : 0/12 0/12
{500) = 0/12 0/12
{250) = 0/12 0/12
{100) - 1/12 0/12

- 0/6 0/6

The effect of PCBs on neoplastic changes induced

by isamars of benzens heachloride {(ax, 8 and v in
the livers of mice fed a diet ocontaining BHC with
and without PCBe for 24 wesks was also studied. The
authors concluded that in addition to the carcinogenic
activicy of FCBs, these Matarials, also pramts tarors
induced by a BHC and 8 BHC,

Kimbrough, R.D., and Linder, R.E., "Induction of
AManofibrosis and Hepatams of the Liver in BALR/cj
Mice by Felychiorinated Biphenyls (Aroclor 1254)7,

J. Natl. Cancer Inst., 53, 547 (1974).

Two groups of 50 BALB/ci inbred male mice were fed

300 ppm of Arcclor 1254 in the diet for 1l and 6 rmonths.
Tha six-months qroup was given a recovery period of

5 mmths., The results are presentsd below:

Distary Reosure Total
Lavel (pom) Time (Mo.) Suxrvivors Hepatoma
0 0- k! ] o
0 Q 24 0
300 11 22 9
300 6 24 1
F=-17
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5.

In addition, all 22 mice in the group receiving
Aroclor 1254 demonstratad adencfibrosis which uas
not chserved in any other group,

Maxiura, 5., et al, "Inhibitory Effect of Poly-
chleorinatad Biphenyls on Liver T\norigenesis in
Ratg Treatad with 3'-Mathyl-4-Dimetlylamincazo-
benzena, N-2-Fluorenylacetamide, and Diethyl-
nitrosamine”, J. Natl. Cancer Inst., 53, 1253
(1974) .

Tha effect of PCBs (Kanachlor 500} on liver carcinoe
genesis incuced by J-methyl-4 dimethylamincazobenzens
{3' Me=DAB), N-2-fluorenylacetamide (2-FAA) and/or
disthylnitrosaming (DEN) was studied in male Sprague-
Dawley rats. Duration of exposures were 20 weaks.
Liver tumcrs developed with the thres krnown liver
carcinogens, i.e., 3' Me=OAB, 2 FAA, ard DEN. No
turcrs developed in the animals fed PCBs alone and
whan fed with the above mantioned carcinogens a marked
reduction in turor incidence was chesrved. The lack
of tumors in the PCBe fed rats may have been the result
of low dose (500 ppm) and/or the short pericd of ad-
ministration since thess sams authcrs had induced
tumrs in rats treatad with Kanachlor 500 at 1000 ppm
for 72 weeks. Histopathology findings of the livers
ware similar as previcusly reportad; i.e., fatty
changes and cell hypertroghy.

Kimbrough, R.D.; Squire, R.A.; Linder, R.E.; Strandberg,
J.D.; Mntall, R.J. and Burse, V.W., "Inhxtion of
Liver Taors in Rats by Folychlorinated Biphanyl Arcclor ‘M
1260", J. Natl. Cancer Inst. (in press, 1975).

F-18
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Two hundred Sherman Strain female rats were fed 100
pem of polychlorinatad biphenyl (Aroclor 1260) for
approximately 21 rmonths, and 200 female rats were
kept as controls. The rats were sacrificed when 23
months old. Twenty-six of 184 suwrviving experimental
rats ard 1 of 173 swviving control rats examined had
hepatocellular carcincimas. None of the controls, but
146 of the 134 experimental rats, had necplastic
nodules in their liver. Areas of hepatocellular
alteration ware notad in 28 of the 173 controls and
182 of the 184 experimental rats. It was conclided
that Aroclor 1260 had a hepatocarcinogenic effect in
famle Sherman Strain rats. The incidence of tumors
in othar crgans did not differ appreciably between tha
experimantal and control groups.

1.2.5 tel and One Hit Modal Calculations of Animal Data
tion to Humns

As indicated previously, statistical handling of experimental
data halps resolve questions of experimantal design and the problems of threshold
in setting safe doses. We have appliad the Bryan-Mantel and One Hit Model calculats
to two studies. The results of these analyses are presentad in Tables I and II.

Therefcre, using the recommandations set forth previcusly, we
conclude that the use of the Bryan-Mantel Probit Model should be used to calculate
tha "safe” lasvel of PCBs using a theoretical maximm acceptable lifetime risk of
17105 of develogmant of hepatamas (necplastic nodules). This dose is 167 ppt at the
99-parcent confidence limits if the latest data in rats (Kimbrough 1975} is used.
In the case of develogmant of hepatocarcincomas, the level would be 11,887 ppt.

The rather low "safe” doss relative to the hepatomas reflects
that the dosade level used in the experimant (i.e., 100 ppm) was too high for that
resporwe (146 hepatomas in 184 rats). Thase nacplasms are rostly benign tumors

F=-19
MONS 209428



Table I

Analysis of Carcinogenic Risk to Humans from Ingested
PCBs Based on Kirbrough 1975 Study (Rats)

Intake lLave] in for Specified
Levels of Fisk ‘or Hepatocarcinomas

Analytical Cenfidencs

vathod Limits (W 120%" 11077 1108t 110t
Aryan-Mantel 95 1963 5080 14,187 43,640
Bryan-tiantel 99 1645 4257 36,366
One Hit 95 4 45 447 4,472
One Hit 99 4 39 391 3,906
Intaks Level for for ified
Analvtical confid Ievels of R or Neoplastic Nodules
Method Limits ()  1/10* 17107  1/10% 1/10°
Bryan-Mantel 95 27 70 97 605
Bryan-Mantal 99 23 60 1367 ] 512
One Hit 98 0 2 21 205
Cne Hit 99 0 2 18 180
Intaks ILavel for ppt for Specified
Analytical Confidence Leveals of Riak for Foci
Mathod _Limits (V) 1/10° 10’ 1/10¢ 1/10¢
Bryan-Mantel 95 0 1 3 10
Bryan-Mantal 99 0 1 2 6
Cne Hit 95 0 0 0 3
Cne Hit 99 0 0 0 1

*Risk leval of one turor per 10°,107,10%, or 10° population
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Table II

Analysis of Carcinogenic Risk to Humans from Ingested
PCBs based on Kirbrough=1974 Study (Mics)

Intake Level in ppt
for Specified lLevel of Risk
for Hepatama (Neoplastic Modules)

Analytical Method  Confidence Limits (%) 110%° 1107 1/10%" 1/103"

Bryan-Mantal 95 451 1167 3258 10022
99 297 768 (18] 6597
ne Hit 95 2 21 214 2140
99 2 16 160 1596

*Risk level of one tumor per .LOB. 107, 106, or 105 population.
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ccowrring late in life. There is little time left for them to became malignant
in the remining life-time of the rat. Until further data became available or
cthar means are used to handle existing data, one should assume the "safe” dose
in lifetime humn diet to be between 0.2 ppb and 12 prb.

It is interesting to nots that if the simian reproduction data
is used and the classical 1/100 safety factor is applied to the lowest dose
studied (2.5 ppm), a "safe” dose of 25 ppb is cbtained. This dose (2.5 pom), how=

ever, appsars to be a minimal effective dose, whereas normally the highest ro—
effect level is used., Use of minimun effect levels and even other safety factors
have bean used:; e.g., /10 to 1/5000. These would result in dosage levels ranging
from 250 ppb to as low as 0.5 ppb.

These calculations must be considered preliminary since time
has not permitted consideration of cther factors, such as:

1) Body surface area instsad of body weight in detarmining

daily intaks

2) Comparison with most likely imsman daily intake
3) Further calculations of existing data
4) Combination of all existing animal data
5) Consideration of metabolism, storage and excretion data
anong animels species as campared to man
1.3 bearvations in Humens

In addition to data provided by comtinuing studies of the various effects
of PCBs on laboratory animals, some information is available on the subacute cor
chironic effects of PCBs on humns.

Ruan inteecication with Kanechlor 400, a FCB manufactured in Japan
{48~parcant chlorine) was cbsarved after a heat exchanger leakad fluid into rice
oil which was then consuned by Japanese families in 1968. Aporoocimatsly 1,000
parsons ware affectad, and typical clinical findings included:
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1.

e 00 -~ o
» * & ® » u

10.
11.
12.

Increased eye discharge
Ae-lika eruptions

Dark brown pigmentation of nails
Pigmentation of skin
Transient visuval disturbarce
Fealing of weakness

Nubness in limbs

Headacha

Weight loss

Vemiting

Diarrhea

Fetal toxicity

Items 5 through 8 represent symptoms of damage to the nervous system
sean in "Yusho" patients. PCBs ars known to santar the brain, but they do mot
have a predaminant central neurctoxic effect like the relatad hexachlorophene.

Lahoratory findings in the severs cases included:

1.
2.
3.
4.

Rt blood cells and hamoglobin decreased; leukocytss increasad
Total serum lipids, triglycerides, alpha 2-globuling increassd
Slight increase in alaline phosphatase

Liver biopsy-reduction of rough endoplasmic reticulum; hypertrophy
of smooth endoplasmic reticulum; glant mitochondria were fre-
quantly spoountered

Whan 159 "Yusho™ patiants were eamined in 1969 and 1970, it was found
that 50 parcent showed no clinical improverant and 10 pexcant were worse, another
indication of the parsistance of PCBs in the human body. The chemical was found
to be stored primarily in the adipcee tissus but also passed into the placenta and

fetus.

A very early and comon symptam in these patients was chicracns.
Chloracre is an occupational skin diseass caused by many chamicals., Chloracns
resssbles adolescent ache in scre weys, but is gensrally more severe. Its symptoms
consist of comadones with or without cysts and pustules. The cpenings of the hair
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fallicles are filled with oil and protein matsrial. Darkening of the skin and
secondary inflammation may also occur. Ouring the 1930s and 19408 several large
ourbrganoccu:redinmrkA:smgaqedinﬂumufacﬁmcfP@.uﬂcloaly
related chemicals,

The disease can be produced by both direct skin exposure and by oral
intake of PCBs. The ability of oral consurption of PCBS to cause persistent
chloracne was coxvincingly demonstratad in the "Yushe" incident, where chloracne
was still present in several pecple three years aftar oral comsumption of PCBs
had ceasad.

The same stidy showed no significant difference among sexes, but a
significant difference in clinical severity by age was cbserved, with the 13- to
29-year-old group being the most sensitive. Of the 11 babies born to affected
rothers, 2 ware stillborn, 9 had dark-hrown stained skin, and increased eye dis-
charge was noticesble in most. Growth ratss of affectsd childven, as measured by
both height and weight qains, were mmitored and compared with wnaffected class-
mates; a significant dacresase in growth rate was detacted in the males who ware
poisoned, but no definitive change was cbearved in the famales.

Rice oil sxposurs levels were calculatsd at approximately 15,000 mg/day
{average): the oil itself was reported to be contaminated at about 2,000 pem
Kanachlor 400 (derived from the known organic chlorine content of rice cil in
relation to the known organic chlorine contant of the FCB). The average total dose
of PCBs causing an effect in these victims was reportad as 2,000 mg, The lowest
FCB leval that produced lnman effects (S0 kg man) was 500 mgy consumed cver a pericd
of 50 days at a rata of approximataly 200 ug/kg/day. The effect level was based,
however, on overt symptons, rathear than on sensitive biochemical indicators that
might have demnstrated effects at even lowsr levels. Since PCBS prubably have a
long biological half-life in hamns, a toxdicological analysis of the human data
must be based on the assumption that ingestad PCBs would continue to accumulate in
tissues for a long pariod of timm.

The apparent lnxan health threat from chronic ingestion of PCBs prompted
mu.s.mmmm&mﬁmwh“pmwsdmuﬁmmmlmls
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of FCBS in foods, animal feeds, and food packaging materials. on July &, 1973,
final regulations were pramulgated that establishad tamporary tolerances for
FCB residues arising from unavoidable contamination. Thess tolerances are:

l.
2.
3.
4.
5.

8.
9.

2.5 pom in milk (fat basis)

2.5 pmm in manufactured dairy products (fat basis)

S pam in poultry (fat basis)

0.5 pmm in eggs

0.2 pom in finished animal feed for food-producing animals
{woept: the following finished animal feads: feed concentratss,
fead mupplerwnts, and feed premixes)

2 p in animal feed camponents of animal origin, including
fishyeal and other by-products of marine origin amd in fish
animal fexd concentratss, mpplennts, and cremixes intended
for food-producing animals

S ppe in edible portions of fish and shellfish (the eadible

prtion of fish exludes head, scales, viscera, and inedible
bones)

0.2 ppm in infant and junior foods

10 pom in paper food-packaging material intended for or used
with humn food, finished animal fesd and any componants in-
tandad for animal fexds (the tolerance doss not apply to paper
food=packaging matarial separated fram the food by a barrier
irparmesble t© migration of PCRs)

l.4 Conclusicns

PCBa localize in certain tissues and do not break down easily in the
body. This parsistence leads to cumulative toxicity. Early toxioological evidence
concarning the chronic advarse health effacts of FCEs from exparimental animals
such as mice and rats and from cbeervational data in humns has besn more recently
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supplenantad by additicral experimental findings in monkeys. A close correlation
exists betwesn the symptams notad in humans and those noted in the ronkeys,
suggesting that the dose response relationships and metarolic and excretion pheno-
mena of PCBg aye similar in both hunans and monkeys. According to some pathologists,
FCB exposurs can cause cancearcus liver lesions.

Evidence from relatively short-term exposure (several months) and
chronic exposurs in animals or humans demonstrates that PCBg are a significant
health hazard,
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. EVALIATICN OF RISK FOR FOTENTIAL SUBSTITUTES FOR PCRs

2.0 INTRODUCTICN

Altncugh urattainable, absolute safety (i.e., absolute control) is tha goal
society would like to achieve with regard to all chaemicals introduced by industry,
Safety as practiced, however, always entails some deqree of risk. But experiencs
has shown that maximization of chemical, physical, and towicological informarion
will minimize risk. For example, if a given compound is known to end up in man's
food suyply, information on its chemistry and potential chronic toxicity would be
essantial to minimizing the public health hazard.

The experience with PCBs illustrates the encrmous range of complexity of risk
evaluation that many new compourds may require for modmum public safety, We
belisve o one could have foresesn ths present situation with PCRs. Thus we
strongly fesl all substances should not be subjected to a single rigid routine of
stidy, as such action would be self defaating.

Instsad, we proposs that an ardarly step-wise apprcach be made. Information
gathared on specific chemicals should show the direction for the acquisition of
additicnal information. The contimmus use and especially the increasing use of
naw chemicals should be parallsled by additional testing of the chemicals. Such
a hierarchy or saquantial testing will: (1) result in avoidance of urnecessary
test procsdures and (2) answar thosa questions which will in the long run reveal
the most productive information.

2,1 Estimation of Dose to the Tarcet System

Mass production of chemicals invariably results in soms degree of
environmantal contamination, but the route by which a given contaminant affects
hurans variss according to the type of compound. Vinyl chloride, for instance,
fresents a hazard almost entirely on the occupational lsvel - that is, among
workars dealing with vinyl chlorids, For PCBs, on the othar hand, exposurs through
direct omntact is not the issue; bicaccumlaticn through the food chain is the
expogure Touts of intarest.
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The pattarn of use is cne of tha most significant factors in detsr-
mining the exposxe of the target system. The use of PCBs in carbonless paper
prior to tha voluntary ban on this use in 1371 has proven to be an excellent
exarple of the devicus routes by which pollutants find thair way into our food —
carboniess papar is recycled to paparboard for focod packaging, and, in addition
to PCB release to tha watarways during the recycling process, the paperboard itseif
leaches PCBS to food it contains.

The method of disposal of wasts also prasents problems, especially with
such highly stable compounds as PCBs. Ease of disposability and rapid decomposition
to inert compownds after disposal are characteristics which arm hichlv desirable in
substitutes for PCBs.

For some PCB substitutes an slaborats examination of their movement
through the environment, their transformation by chemical, physical or biological
intaractions and the dissemination and transport of the resultant corpounds may
be essantial.

The nature of injury must be considered. A reversible functional effect,
though wdesirable, would be of vastly less consaquence than irreversible and
fatal effects. Mitagenasis and teratogenesis are more subtle forme of injury, bue
the tasting methods for thess grave threats genarally are elaborats and involved.
This field, however, is advancing rapidly.

With respect to wildlife, considerations are substantially different
than with man. Because of the impoesibility of pretesting all species with all new
chamicals, conoern must of necessity be on the endangexmant of a species or of a
local animal population. This type of information freaquently can only be obtained
by constant surveillance of the snvironment within which a compound is released.

2.2 Nature of Tests Nesded to Evaluate Human Health Effects

The major detarminants of the affects of chemicals upon the hsalth and
wall-baing of the individual and society are:

1. The nature of the chemical par sa
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2. 'I‘rudxmﬂm of axgosure
3. The quantity of the cheamical

If a relatively large amount of a toxic chemical acts for a short
pericd of time, the effects are acute, while relatively small ameunts acting over
long periods tend to produce chironic effacts. Other more subtle effacts have
been notad, and cancer, modification of behavior, genetic effects, potentiation
of the toxicity of othar environmantal compourds may alsc have to be investigated.

Clearly there is no cna protocol by which to evaluate toxicity of every
chemical. The following protocols are presentad as guidelines only.

2.3 Physical and Chemical Properties

Basic information on physical and chemical properties are, of course,

essantial. Thase data are nesded not only for analysis and momitoring, but to

aspess stability and detarmine whethar and whare a chamical is likely to be found
in the environmant. The following data can be essily gathared in a laboratoryi

1. Chamical camposition
2. Comon name, if established
3. Chamical name (Chemical Abstracts, Wiswesser nanenclatiure)

4. Trade name

5. Structural foomila

6. Malting point
Boiling point

8. Vapor preasxe

9. Density or specific gravity

10. Solubility in water and in selected crganic solvents and cils
11, Disscciation constants (pKa or pkb)

12. Physical stata

13, ol

14, O

15. @

16§. Flashpoint

17. Viscosity
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Reactions and othar characteristics of a chemical in relation to other
corpounds such as, water, air, and soil should inclide the followiryy:
xidizing properties
Raducing properties
Corrcsive hazard
Bxplosive characteristics
Hydrolysis rats
Photochemistry
2.3.1 Structure and Raactions

h W AW
s e ® v 8 .

Elemantal cmposition, structuwre, and formula weight may suffice
to suggest varicus reaction a campowrxd is capable of, but the chemistry of new
corpounds may be highly specialized, and predictive characteristics may not be
appareant. In addition to the oxidative, reductive and hydrolysis reactions,
reactions of biological importance should also be considerwd; for exarple,
alkylation, dealkylation, esterification, isomerization, and conjugation with
animal and plant constituants mey aid in the choice of future testing procedures.
Ratas and degres of completion of resctions also are useful; for example, the rate
of dehydrchalogenation of organochlorine compourds at high pH could provide leads
to relative parsistence.

2.3.2 Physical Pruperties
Kowledge of physical properties assists not only in detarmina-
tion of purity, but more importantly, aids in assessmant of the potantial behavior
in and flow through the environmant. Fhysical properties are also useful to the
toxicologist in the design of his studies.

2.3.3 ties

Dpuritiss such as residuss of reactants, residual solvent and
congenecs, and the products of side reactions must be identified. Many final
conmercial products are daliberats mixtures, The toxicologist must recognize the
problems of impurities and mixtures. The recant expariencs of 2,4,5T having dioxin
contamination is an eample. Mxmxityl:tuwuﬂmtohammmsof
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guines pigs of 1 ug/¥g. Chlorchenzofuran appears o be not only a likely impurity
of the parent FCBs, but may also be procuced in the intended use of the ACms;
indeed it may even be a metabolic transformation product.

2.4 Information on Manufacturing Process and Possible [Osses

.m following data on mamufacture will be useful in the assessment of
PFCB subgtitutes:

1. Description of the basic manufacruring process

2, Purity of starting and intermsdiate matarials

3. Description of quality controls

4. Composition of the tachnical product including the names and

amunts of impurities

5. Anmual production regorts

§. Prasent and anticipated uses

7. Means of transportation to site of use

8, Disposal of wasta of production

9. Disposal of "spent” material that mey contain the chemical
10. Accidental losses likaly to occcur

2.4.1 Production, Use, Disposal

Fnowledge of the production, use and disposal of a chemical will
be extremaly halpful, along with physical and chamical proparties, to estimats
oposure levels to spacific target systans, These estimates then can bHe used to
identify the control systams that might ba instituted to minimize release to the
avironment. In genaral, relssses associated with production are amsnable to
controla on mamifacturers; releases associatad with use are amsnable controls on
usars. Voluntary omtrol over relsases during use {aquivalent to the voluntary
controls oarcised by Monsanto with regard to production) warrant further investi-
gation, bacwss the use of a chamical is intimately related to its potential re-
lease t the atvircrrwnt. Raleases associated with disposal are also related t
production and use, but are zoet easily controlled at the mmicipal level,
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2.4.2 Production Specifics

Production is the first level at which a chemical is likely o
be introduced to the envirorment (i.e., through emissions); it is also at this
stage that human toxicological data may be first cbtained, through oocupationat
exposure. FRecords of health and exposure levels of erployees as now required by
the Occupational Health and Safety Administration will be of inestimable value
in assessing health effects; the discovery of hamangiosarcoma in workers exposad
to vinyl chloride is an example.

Data on production and production losses must be cbtained from
manufacturers. Inventory statistics and data on methods of transport to major
clients will be essential in quantifying losses. All data should be expressed on
the final product, i.e., cammercial grade, since impurities may prove more harmful
than the product itself. Data on the losses from production and transport pro=
cesses are of critical importance. Much of these data are company confidantial and
allowances will ba necessary o protect confidentialitcy,

2.4.3 Uses

By far the most important information nesdad to estimate the
exposure of a target population is a knowledow of the uses of a chemical. The
first step in understanding how chemicals get to the environmant would be to
classify the uses into two categories: {1) ommtained uses, and (2) disparsive uses,

In ganaral those uses designatsd as contained will not introduce
laros quantitiss of chamicals to the anviromment. However, egearience with PCBs
has shown that accidents, when they ocour, fregquantly result in massive spills.
Information on posaible methods and amounts of release Awring nommal contained
usage should be carefully considered. The ultimate air routa of dispersal of PCBs
was never cnsidered a sericus threat, though it now appears this may be the major
route of digparsal.

Tha use of consurar products containing toxic matarials can result
in significant direct exgosure as well as affect the disposal pattern of these
matarials.
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2.4.4 Disposal

. The disposal of chaemicals in contained uses is, of ~irse, a
major concetn, especially with parsigtent matarials such as FCRg. Labelling and
refund incentives mey be necessary in ordar to get "spant® matarials into the
harxis of parsons knowledgeable in proper disposal techniques. The flow of dis-
cardad consumer products, however, presants a much more serious threat. Lack of
ability w0 control this type disposal is cbvious.

Far products having a short life, disposal rates are approximately
ecpaal to production rates. For products with a longer life and rapidly qrowing
consunpeion rate, the rate of disposal will be smellar than the rate of production
arnd mey be estimated fram the sarvics life of the preduct ard from production
reccrds.

2.5 Envirormmental Rate - Chamodvnamics, Envircrmantal Altaration, and

2.5.] Outline

Tha following outline lists the typs of information needed to
investigats adequataly the toxicological consequance of introduction of a new
chemical such as a PCB substituts. It is not meant ¢ ba conclieive but is only
intanded as a guideline. These data will assist the toxicologist in relating the
adverse effact levels in animals to appropriate egosure levels for humans.

I. Movenant and fata in water
A) Dissipation rate in distilled watar
1. hydrolysis rate at acid, basic, and neutral pH
2. photodagradation

B) Degradation in watar containing suspended solids
C) Degradation in bottom sedimerts

D) Rata snd extant of movenmnt in flowing watar — chemical
analysis of watar downstream

?i E) Bicaccumlation in aquatic microorganisms
.

F-133

MONS 209442



IIT.

V.

Moverant ard fata in soil
A) Soil mwtabolimn studies — aercbic and anaerchic

B) Soil persistance stidiss

C) Leaching studies

Moversnt into and fate in air

a) volatilization from water, soil and normal use
B) Photodegradation

Fish ytake — in flowing water until plateau is
reached and clearing in clean watar

Bicdagradability undar sewage traatmant conditions

2.5.2 Behavior in tic Envirorzaant

The major factors contributing to the partivion of a chemical

into the aguatic envirorment are its solubility and latent hest of solution. Bes -
cause so many organic capounds are hydrophobic, mdact solubilities are Aifficul$
to cbtain. Many of thess cpounds tend to accumilats at the air/fwmter interface
ad to form clusters of varying particle size. Tempsrature, pH, salt content, and
othar variables affact solubility.

Microbial, photochemical and chamical transformations in aquatic

systams play an important rola in the ultimats fats of chamicals. Bicaccurulation

ccrurs through:

1.)

i.)

1)
4.)

Direct, active ("intanded") transprt into an crganism's
systam

Active transport, whase the orpornd is mistaken for
one with similar propecties (e.g., arsic being taken
up in place of phosphorus)

Passive coeplex formation, with ligands in the organism
Solubility equilibriun betwesn fat (in the organism)
and weter
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Tha importance of itam #4 can be appreciated by chservation of
the PCBs data showing that bisaccumilations excesding 100,000 times the ambient
level ars reached in some microorganisms that are the primary food source of
fish,

2.5.]1 Behavior in Soil

The major procasses affecting the behavior of chemicals in scils
ars adsorption and lasaching-diffusion, both of which are influenced by temperature
ard moisture. Another process that affects transport of a chemical in s0il is the
chamical's movemant with water. Although dowrsard moverant is most comon, lateral
and even upwvard movemant are sometimes significant. The upward movement, which
oftsn is the result of evaporation at the surface, is effective in removing chemicals
fram the root zone, thus preventing possible novemant into the food chain.
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