CHAPTER V

POLYCHLORINATED BIPHENYLS
PRODUCTION AND USE
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V. Production and Use
Polychlorinated Biphenyls
Introduction

Polychlorinated biphenyls (PCBs) constitute a large group of com-
- pounds which are characterized by the partial or complete chlorination
of the biphenyl molecule.

This report covers the production and use of four groups of poly-
chlorinated biphenyls with the trade neme Aroclor. Each group contains
a certain percentage of chlorine along with the biphenyl molecule.

Their designations are Aroclor 1242, 1016, 1254 and 1221 containing 42%,
A%, 54%, and 21% chlorine respectively.

Sunmary .
An overall material balance for PCBs with estimates of reliability
of data provided by EPA is shown in Figure 1 for 1974(5).

The total amount of land destined wastes from manufacturers and
producers, 536 Kkg, represents a small fraction of the total PCBs
entering landfills and dumps yearly (5). The estimated yecarly rate of
PCBs entering land disposal sites is 5,454 kkg primarily due to the
disposal of capacitors (5).

The data on industrial discharges to water and sewers is based on
information supplied by industry.

Very little has been done to control air emissions of PCBs in U.S.
indusirial facilities.(2) It has been assumed by industry that the low
vapor pressure of PCBs will result in very 1ittle air contamination.
Therefore, data is not available for the entire industry on volumes and
concentrations of &ir pollution resulting from manufacturing processes.
It is known, however, that considerable air pollution may result from
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paper incineration, foundaries where imported casting waxes are heated
to high temperatures, and in some manufacturing processes (2).

The distribution of PCB wastes in water, incineration, and land are
shown in Table 1 for 1974 (5). There is no collective data for the
industry on air emissions. Incincration data as mentioned before is
included instead of air emissions data,

Media distribution of wastewater volumes is shown in Figure 2.
Average wastewater flow data was collected fvom five transformer in-
dusiries. (b) The average of these waste flows was taken to be be the
average flow for the rest of the industry. This value may be quite over
estimated (4 40%) since two of the industries are considered to be the
largest.

For the capacitor industry, wastewater data from 14 companies was
available. (5) The average daily wastewater dischufge for the entire
imlustiry was estimated the same as in the transformer industry (i.e.,
the averayce daily flow for 14 plants was extrapolated to 19 plants).

The Yocation of producers and users of PCBs are shown in Figure 3 (3).

Production .

Anhual production of polychlorinated biphenyls from 1930 to 1975 in
the U.S. has been estimated to be 636,316 Kkg (5). In 1974, the pro-
duction in the U.S. was 18,393 Kkg (5). Figure 4 lists the quantity of
PCis sold, cxported, imported, and kept in stock during 1974,
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Yable 1. Media Distribution of Waste in 1974 in kkg With Estimates of
_.Reliability of Values

Estimated
Amgunt Disposcd Reliabitlity
or lost of Values
PCRs Disposal to Land
(assume PCBs to be 304
of total solid wastes)
From PCBs manufacture 13.6 ¥ 503
From capacitor industry 218 1 50%
From transformer industry 123 1 509
From investment casting 182 1 30%
Incineration of Scrap PCBs ‘ ’ v
From PCBs manufacture 236 S0 o lg + qgy
From capacitor industry 659 + 20%
From transformer industry 291 + 209

Industrial Discharges to
Water and Sewers (as PCBs)

Y . 4
From PCBs manufacturc B 33 /&“ 2{ pa 1174 ‘f"'{"“;' a"/'\
From capacitor industry .95* 1 60% ",“" ke "'."
dri Yardonp:
Urom transformer industr .045* 1 60% .
Y * Qang 40y ot
o o ")_"
Spills during Transport 4.54 * 507 >

* Developed from data supplied by industry. Most analyses for PCBs concentrations
in industrial wastewaters are probably not more accurate that t 50 per cent.
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Figure 2. Media Distribution Wastewater Volumes
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Figure 3 Location of Producers and Users of PC3s
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The solc producer of PCBs in the U.S. is Monsanto, located in
Sauget, I11inois. At the end of this year, PCBs will no longer be

produced in the United States by this company. \ .
) ' .
Monsanto, however, cxpects a small steady growth of usage of ( W
PCRs over the next few years (3). \h\ [
AN Lp .
. 1) 3
Production Processes n
"
There are two main steps used in the production of PCBs; (3) ’j

1. Biphenyl is chlorinated with anhydrous chlorine in the
presence of ferric chloride to produce crude PCB.

2. The crude PCB is distilled to obtain the finished product.
figure 5 shows the steps involved in the production of PCBs (3).

There are four PCB products manufactured called Aroclors 1242, 1016,
1254, and 1221. Their manufacture is dependent on the amount of
chlorine, biphenyl and catalyst.

In order to produce PCBs, a chlorinator is first charged with the
proper quantity of biphenyl and catalyst and is then heated bcyond
the melting point of biphenyl. Vaporized chlorine is then circulated
Lthirough the chamber by means of a pump. The contact time in this
chamber varies from 12-36 hours depending on the intended chlorine
content of the finished product.

The crude product is held at elevated temperatures and blown
with dry air for several hours, after which it is sent to a raw
Aroclor storage tank wheve a few tenths of 1% alkali is stirred
with the material to rcact with any remaining hydrogen chloride or
ferric chloride. The raw Aroclor is then batch distilled under re-
duced pressure by steam jet ejectors to remove color, and traces of
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Figure 5. Process for Production of PCBs (3)
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hiydrogen chloride and ferric chloride. The condensate from the distil-
lation process is the final product. The "bottoms" are called montars
which are drumucs and sent Lo incineration.

The vapors that arisc in the cliorination are scrubbed with
tiquid Aroclor and the gascous HCl is sent to a purification process.
The air from the blowers used to dry the crude product is scrubbed
with water and vented to the atmosphere.

The aforamentioned process is used to produce Aroclor 1254,
1242 and 1221.

In the production of Aroclor 1016, the distillation process is
carried out in a gas fired retort and vacuum distillation tower.
The first cut from the tower is recycled back to the retort. The
overhead from the tower is the finished product. The bottons are
the montars which are sent to incineration.

Production Process Wastes

Those wastes gencrafed in the manufacturing process include
Yiquid from the scrubbers, condensate from steam jet ejectors, water
used in drip pans and drums, and the montars (bottom cut from stills).
In the incincration process, the sources of wastewaters are the
venturi scrubber liquid and the water phase from the separator
sump i the incineration area.

Typical quantities of water used and discharged from the
plant are shown in Figure 6 (3).

Both the process wastes and incinerator wasies are dirccted to

the sewer, The total wastewater volumes and concentration of PCBs
from these sources are shown in Table 2 (3).
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‘ Table 2 (3)
r Discharge from Monsanto Plant

Manufacturing Process Incineration
fow, 1pd 1,663,000 gy 15080 ooo QJJW
I'CBs, ppn . W) 3 /J‘)AJ ,ﬂ
PCOs, Ko/day v ns .23 =/~ i
.J\'\' ot W
Total discharge = 2,722,000 1pd ‘ J:,‘”“ /
The discharge of all wastes to the air, scwers, incineration, ,
B 7
and landfills are enumerated in Figure 7 (5). Figure 8 lists the R
various sources of wastes and their destination in the environment (3).
) Rl
WATER WASTES —¥ TRCINLRATION
2.42 WASTES
ijah‘/a AQ 1144
[
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,fll}l/J WJ, “ / I\IR WASTE .~
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/ Figure 7. 1974 Wedia Distribution of Wastes for Producer in kkg
Uses,
The major uses of PCBs are in the manufacture of capacitors and
transformers. Imported PCBs are used in the investment casting indus-
try and for heat transfer fluids. The end usage of PClhs in 1974 is
shown in Figure 9.
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Figure 8. Non-Product PCB Discharges at Monsanto's Krummrich Plant
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Figure 9. End Use of PCBs (5) in Kkg
The total industrial usage of PCBs in 1974 was 15,659 Kkg. (5).

A suminary of the production and uses of PCBs over 1972-1975 is
given in Figure 10 (5).

There are 37 user plants in the United States - 19 capacitor plants
and 18 transformer plants. Their locations arc listed in Tables 3
and 1 (3).

Capacitor Industry

In the capacitor industry, the usage of PCBs is split roughly
evenly between the production of large and small capacitors. Approxi-
mately 95% of the capacitors manufacturcd in the U.S. contain
PCBs (7). Generalized flow diagrams for the manufacture of large and
small capacitors are shown in Figures 11 and 12 (3). The processes
involved in the manufacture of capacitors include: filling (under
vacuum), scaling, deoiling, and testing.
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Comprany Hame
Lin order of PCRs usage)

General Electric Company

Westinghouse Electiric Corp.

Acrovox

Cornell Dubilier

P.R. Mallory & Co., Inc.

Sangamo [lectric Co.
Spraguc Llectric Co.
Electric Utility Co.
Capacitor Specialists Inc.
JARD Corp.

York Clectronics
McGraw-idison

R Interonics

Axel Llectronic, Inc.

Tobe Deutschmann Labs.

Cine-Chrome Lab, Inc.

Table

U.S. Capacitor Manufacturir

Universal Manufacturing Covp.

3

Location of the Plant
lludson l'aits, N.Y.
Ft. Edward, N.Y.
Bloomington, Ind.

New Bedford, Mass.

Bridgeport, Conn
Totowa, N.J.

New Bedford, Mass.
Waynesboro, Tenn.
Pickens, S. Carolina
North Adams, Mass.
LaSalle, I11.
Escondido, Calif.
Bennington, Vt.
Brooklyn, N.Y.
Greenwood, S. Carolina
Bayshore, L.1., N.Y.
Jamaica, N.Y.
Canton, Mass.

Palo Alto, Calif.
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U.S. Transformer Manuf

Company, Name

Westinghouse Electric Corp.

General (lectric Company

Research-Cotirell
tiagava Transformer Covp.

Standard Transformer Co.

Helena Corp.

Hevi-Duty Clectric
Kuhtman Llectric Co.
Elettro Cngineering VWorks
Envirotech Buell

R.E. Uptegrafi Mfg. Co.
H.K. Porter

van Tran [lcctric Co.

ng_Industry Using PChs

Location of the Plant

South Boston, Va.
Sharon, Pa.

Rome, Ga.
Pittsfield, Mass.

Finderne, N.J.
Buffalo, N.Y.

Warren, Ohio
Medford, Oregon

Helena, Alabama
Goldsboro, N.C.
Crystal Springs, Miss.
San Leandro, Calif.
Lebanon, Pa.
Scoftsdale, Pa.

Belmont, Calif,
Lynchburg, Va.

Vandalia, 171,
Waco, Texas
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Sources of wastewater in the manufacturing process consist of
scrap P'CBs collected in pumps, drums and drip pans, contaminated
vacuun pump 0ils, fractionator Lottoms from trichloroethylene recovery,
caustic bath (some plants), spent detergent wash and rinse water from
capacitor or component cleaning operations, steam condensate from jet
cjectors, seal watew used in vacuum pumps, water used in phosphatizing
and fluoride baths, water spray used in the paint booths, boiler blow
downs and cooling tower blow down.

Solid wastes consist of scrap capacitors or capacitor interfors,
floor dry and rags and ncwspapers used for cleecning spills, spent
fuller's carth and other filtering media used for PCBs filtration and
waterless cleancrs used at some plants for hand cleaning purposes.

The effluent from these plants range from 9,450 - 4,762,800 1pd (3).
The PCB content ranges from .0005 - 1.08 Kg/day on the average (3).

_ The guantities and characteristics of the individual process wastcs
for the industry are not available. Their nature is highly variable due
to the variety of housckeeping practices provided in each plant. In
many cascs, process wastes are seyregated, recycled or treated, and
discharged to rivers or sewers. Typical treatment processes include
oil/watler separation, lagooning, aeration, filtration and carbon ad-
sorption, and incineration (5).

Typical flow rates and PCB concentrations from capacitor plants are
given in Table 5 (3). Figure 13 shows the distribution of wastes in the
environment for 1974 (5).

MONS 008994
20



Table 5

_Rates & PCB Concentration in Effluents

Range

From Capacitor Manufacturing Plants

Lf{Juent
Flos kite
Plant Mo, Qutialls T aw/ioy
100 00l 800,000 17/5% 0.1134/0.23670
Jol hone: 9,000 101/1GL 0.0121/0.0121
Jo2 001 807,000 9 0.060% River
002 165,000 3.2 0.0044 Wver
003 36,000 3.4 0.0010 River
104 Major ontfall 1,060,000 21 0.1856 Wiver
Cooling watny
£ yeof drains 100,080 7.8 0.0065 Kiver
L & roof
drai 32,000 4.4 0.0011 River
Cayneseor onoling
water 72,000 3.7 0,0022 River
Painl siyip rinse 50 4800 0.0002 River
104 Major outfall 650,000 370 20008 Rives
From spray paint 1,500" 13,300 0.1664 River
Iroths .
)06 Now 336,500 26.6 0.075 Sesvr
107 Now: 150,000 1900/4000  2,3769/5.7546 Stwurs
log” Cooding water 48,009 45/108 0.0180/0.0432 River
& boiler hirslown
Coaling water 129,000 338/70% 0.3636/0.758% Seveor
Pool rwewif 2,900 )360/23/0 0.3290/0.0573 River
Storm yanolt RLIHES AN 3/11 - - River
109 on) 300,000 57/83 0.0475/0.0G92 River
110 Nosa 2,570 021 0.0376 Sever
3 None 18,000 8.7 | 0.0013 Sewer
n2 Nonc 30,224 130 0.0110 Scwer
n an 12,000 1403 0.0014 River
126 Nonc 500 6200° 0.03 Siewer

Notes: (1) Dischoraed oneo cvery 4-5 wiek
' (2) Contains 10,000 i< sanitary <

il of
6) i

of tie wn~contact cooling
ot the plint, o effiventy eonsist of a small
Doction of e cooling water plus their sand tary discharge,

facililies recy
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Transformer Industry

In the transformer industyy, PCBs are used in the manufacturec of now
transformers and in the repair of old transformers. Flow diagrams for
the manufacture of transformers are shown in Figures 14, 15, and 16 (3).
Only 5% of the transformers manufactlure in the U.S. contain PCBs (7).
Typical manufacluring operations include a predrying step for removal
of moisture from the transformer interiors, several stages of askarel
filling and topping, addition of electrical connections and bushings,
elecirical testing and sealing.

Hater is not an cssential component of the transformer manufacturing
process (3). It is primarily used for non-contact cooling purposes.
PCBs, consequently, reach water streams by occasional losses during
handling and residuals accumulated around drainage systems from past
operations where no precautions were taken in the handling and disposal
of Cls (3).

Wastewaler sources include waste askarel collected in sumps or
pans at filling stations, contaminated vacuum pump seal oil and con-
taminated keroscne Tike petroleum distillate (3). Solid wastes in-
clude rags and floor dry used for cleaning purposes and spent clay
from Aroclor filtration operations (3).
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Onc plani does have a PCB related process where water is used in
the waste incineration system for quenching hot gases.

No wastewaler treatment methods are used in the transformer
indusiry for the removal of PCBs.

Most planis report that their water usage is minimal (3). Data
from a few plants is given in Table 6 (3). Figure 17 shows the
distribution of wastes in the enviromment (5).

In the repair of transformers, sources of wastcewater include
accidental spills, junked transformers, cleaning drums used to
transport PCBs, and scrap PCBs disposed of in landfill. It was esti-
mated that the repair industry used 7% of the total usage of PCRs
by the transforier manufacturing industry in 1974 (5).

Processes used in maintaining and repairing transformers are
shown in Figures 18 and 19 (5).

Investment Casting Industry

The sole supplier of PCB blended waxes is Yates Manufactluripg
Cu. in Chicago, INlinois. PCBs are imported by this company in the
form decachlorobiphenyl (deka) at the rate of 136 - 227 Kkg/year (6).

A Lypical manufacturing process used by this industry is shown
in Figure 20 (5). Waste streams are shown in Figure 21 (5).

In the manufacturing process, a wax pattern is made and a ceramic
mold is formed on the wax., The wax is melted out, and the mold,
after baking in a furnace is ready for use. PCB loss to the atmo-
sphere could be significant during the melting out process and in
the furnace.
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Table 6

PCR_Concentration in Effluents from Transformer

Manufacturing Plants

LA fluent IXp Coment

Ef{Juent
Plant Flow Rate mdh Uy /day Disposition
No. _Gal/Day Mol AVa/itx of Effluent
103*" 1,310,000 4.9/120 0.0535/1.311 River
550,000 /75 0.0321/0.344 River
134 50,000 o) Unknown Unlaxevm Sower
2,000" Unknosn Unknown River
3iS 36,000 <1/2 <0.0003/0.0006 River
24,000 2/113 0,0004/0.0226 River
150,000 <}/3 0.0013/0.0339 River
16 252,000 (g1 3.4 .0.0071/0.023) River
378,720 §2 2.3/3.8 0.,0065/0.0120 River
504,000 9 8/319.1 0.0336/0.0603 River
1n? 13,500 ) 20.6/winown  0.0032/unknowm Sewer
wotes: (1) This pl.u;l has other discharges oul of their propertics.  bischacyces

Listed alove are those associatad with PCB related operations.
(2) Estimated .

(3) Lischauges ocsignated as 21, 12, amd #3 we the cawined ¢ffluents
frum thelr poser house, and one cach fram their two ivnmafacturing
arcas, respectively. Acearding to the plants® Corps of Engincet:
pormit application Lo, filad in July 1971, this piant has 13
oLfalls, .
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Solid wastes include unreclaimed used wax, bottoms from reclama-
tion, waste spills, and cquipment cleanout. These wastes are sent to
landfills and were estimated to be 182 Kkg in 1974 (5).

Process water does not appear to be used except possibly for
cooling purposcs.

Non-Industrial Waste Sources and Quantities
There are no  natural sources of PCBs in the environment. Those
PCBs found in the environment are a result of previous discharges of

the material.

Jt is believed that much of the PCBs measured in streams and
rivers are a result of fallout from the air (2).

Over the past few years studies have been done on various drainage
basins in the U.S. Water data indicates PCB levels of .2-3.0, .1-.3,
-1.6, and .1-.8 Ppm over the years 1971-1674 respectively (1). PCBs
measured in bottom sediments over that period of time ranged from 1.2-
64.5, 2-30, 5-50, and 2-1G0 g/Ky respectively (1).

Inadverteni discharges of PCBs into the environment have been
recognized from the following sources: paper recycling facilities
where ef Muent recycle streams were contaminated with PCBs, effluents
from plants which were engaged in the manufacture of machinery and
mechanical products, chlorination of biphenyls in wastewater treat-
ment plants, discharges from paper mills and aluminum foundaries,
and runoff from sewage sludges on the land.

It has been estimated that over the period 1930-1975, only 25,000
Kkg (¥ 707) or 4.4% of the total quantity of PCBs purchascd have been
destroyed (5). It is belicved thai 60% of the total purchase or
4,545 Kkg (1 20%) are still in service and 250,000 Kkg (! 40%) arc
currently in the enviromment (5).
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