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¢ presence of PCB-containing
electrical equipment in underground
& mines has been documented during
U.S. Environmental Protection Agency (EPA) mine
inspections conducted over the last 20 yr. PCB-containing
electrical equipment may be found in mines throughout the
world because both electrical systems and mining methods
follow the same general patterns. The abandonment of this
cquipment in underground mines is likely to present world-
wide ground water contamination in mining districts.

Before the mid-1960s, when analytical techniques were
insufficiently refined to detect PCBs, it was not recognized
that large amounts of these chemicals were escaping into the
environment, Unlike DT, a ubiquitous environmental cont-
aminant that had been introduced into the environment on a
large scale for insect control, PCBs had been confined to lim-
ited industrial uses. PCBs were beginning to show up all over
the world. They were found in the fat of Antarctic penguins
and Arctic polar bears, in the Sargasso Sea. in fish in the Great
Lakes, and as a fat and blood serum contaminant of human
populations worldwide. These findings were a major factor in
the passage of the 1976 Toxic Substances Control Act
(TSCA), which regulates industrial chemicals in use; PCBs
are mentioned specifically in the Act.

The major use of PCBs today is in electrical equipment
servicing industries with large electrical power consumption,
which include smelting and mining. PCBs pose potential
threats to the environment in the event of releases. This is
particularly impertant in the minipg industry because mines
generally penetrate the water table. When PCBs are spilled or
PCB equipment is abandoned underground, the PCBs can be
expected to eventually be released into the ground water with
no possibility of source retrieval. This can result in water pol-
lution problems for which there may be no'solutions.
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PCBs are highly concentrated in fatty tissne of animals
even when exposure levels are very low. Stream invertebrates
have been shown to concentrate PCBs by a factor of up 1o
100K, with fish consuming these invertebrates showing con-
centration factors as high as 274K

This process of bioaccumulation has resulted in the closure
of fisheries in the Great Lakes and the ssuance of PCB sport
fisheries advisories regarding fish consumption in the Great
Lakes and the lakes of northeastern Canada. Fish, birds,
amphibians, and even polar bears have been shown to have
birth defects and declines in fertility linked to PCB exposure.
The ocean is the final and largest sink of PCBs, the conse-
quences of which remain unknown. It has been demonstrated
that phytoplankton communities are affected by PCBs, but it
is seldom noted that these communities are the basis of the
ocean food chain and are a major source of atmospheric oxy-
gen.

In addition 1o being classified by the EPA as probable
human carcinogens, PCBs have been demonstrated to be
responsible for liver disorders. chloracne, and reproductive
preblems in humans. PCBs are among a number of chemicals
considered environmental endocrine disruptors, suspected to
be the cause of decreases in humnan sperm counts, increases in
birth defects in reproductive organs. as well as increased inci-
dence in breast, prostate. and testicular cancers.

PCBs are a group of man-made structurally related chemi-
cals. The basic structure consists of two rings of six carbon
atoms. which arc joined, and to which up to 19 chlorine atoms
can attach. There are approximately 200 different PCBs,
because about 200 different chlorination patterns are possible
on the basm PCB structure.

PCBs were manufactured in the United States under the
trade name Aroclor until manufacture was prohibited by the
PCB regulations in 1978, Arpclors are essentiaily different
ehlorine concengrdtion fracuem c)f PCBs that have different
pmp@rues‘ {Twoof the most' conimon are Aroclor 1254 and
Aroemr IQEO These Aroclors were mixed with solvents, for
ﬁ:xampie, mchlqmbcnzﬁm, and gdld under the trade names
ﬂmt d?pfsan(m the ‘ani{deturer r;amepl«;t% of PCB-contain-
ing elsctrical equipmmt Some of the more common PCB
dteleﬁ‘tm. érdde names are Pyranol, Iherteen, Elemex, and
‘(;‘l’llm‘t:mavﬁ,qr There are many others.

P¢Bs have properties that have made them useful in a wide
vaneny ofidpplications, PCBs in the dielectrics of transform-
er% whagé regalators (variable voltage transformers), and
ea;}mm:rg are the major regulated industrial uses today.
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¢ The vapor pressure is very low and PCBs are not consid-
ered volatile a1 ambient temperatures.

The latest PCB regulations were issued in 1998. The regula-
tions dictate strict requirements to prohibit all but authorized
uses, to mark. inspect, and track the disposal of PCBs. The use
of PCBs at concentrations at or above 2 ppm is prohibited with-
out an excpption or use authorization. PCBs at any detectible
concentration may not be used for dust control. Certain uses
have been authorized, including use as a dielectric fluid in
transformers and capacitors. The regulations allow PCB-con-
taining transtormers and capacitors to be introduced into com-
merce for the useful life of the equipment. This means. that
even after more than 20 yr of regulation, PCB-containing trans-
formers and capacitors remain in use and can be bought and
sold.

Depending on the cost effectiveness of removal and sal-
vage. mines may be abandoned without removing any of the
underground mining, hanlage, hoisting, or electrical equip-
ment.

It is believed that substantial quantities of PCB-containing
electrical equipment were abandoned underground before the
advent of the PUB regulations in 1978.

In the following discussion, underground mines are empha-
sized because abandoned PCB-containing eguipment is likely
to cause water pollution for which there may be no solations.
PCBs are most likely to be in transformers as shown in Fig. 1,
drums of used transformer oils, and capacitors as shown in Fig.
2. The regulations require these items to be identified by PCB
marks if they contain 500 ppm or more PCBs. Transtormer oils
have been used for lubrication. dust suppression, or as fuels.
Capacitors occur in similar locations to transformers: n addi-
tion, PCB-containing capacitors have been found in electric
locomotives. In coal mines! capacitors are often in wheel- or
skid-mountzd power centers, as shown in Figy 3,

ulates the generation. handling, and disposal of hazardous
wastes, but not PCBs. The relcase of these solvents can pose
their own threats of ground water contamination. In addition,
refeused solvents such as trichloroethane can mobilize PCRs,
making transport into the water easier. Some mines maintain
their own landfills and scrap yards that have been shown w be
reposiiories of improperly disposed PCBs and RCRA solvents.

It is understandable that management and inspectors ut.fa-
miliar with underground mines may feel at a loss when faced
wi'h conducting PCB compliance inspections. Concerns have
been 2xpressed for the safety of inspectors in underground
mines. This issue will be further discussed below in the sec-
tion on EPA Region 8 experiences with underground mine
inspections.

PCB trade name dielectrics are heavier than water and will
sink. while mineral oil diclectrics containing PCBs will flozt to
the water surface. In either case, surface waters will eventually
be contaminated. Briving shafts, mining operations. and infen-
tional caving in boih coal and hardrock mines typically result
in extensive arcas of highly fractured rock. Fracture produces
additional avenues through which ground waters from dis-
rupted water tables can be expected to percolate throughout
rock within and surrounding the entire mining area.

Seme argue that even if the liquid did escape, the diluion
ratio would be so great there would be basically no impact

Hydrologists cannot predict ground water flow patterns or
PCR dilution rates because of the fracture caused by mining
operations and the unknown groundwater pathways. FCB
weter solubilities are in the ppb range. A bivaccamulation ‘ae-
tor ot 274K in fish tissues, as mentioned above, demonstrates
that minute quantities of POBs dissolved in water can get nto
the tood chain in significan! concentrations. Even at the surface
wuiter standard ol 14 ppt under the Clean Water Act, this bioac-
cumulation factor can resuld in contamination of fish at 3.8 ppm
PCUB, which exceeds FD2A tolerances for human consumpt on.
Consumption of contaminated fish is one of the major routes of
hurian exposure.

From lelt to right: 76-gal tanstormers (sylindrical objoects with cooling fins) with PCB marks; lobking
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with the promulgation of the PCB regulations in
1978. About 75 mines have been inspected dur-
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of transformers by a different party at a nearby
mine site. Upon exhumation by EPA, the
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ing the last 20 yr and 33 government-issued P T:Bs.”“;m rransformers were found to contain no PCBs.
administrative complaints resulting in penalties %‘; e The mine management, fearing an inspection,
for violations of the PCB regulations have been 2 ﬁ%éﬁg had tested the dielectrics for PCBs, but had
issued. This means that 44% of the mines 2884 been unable to understand the field test results
inspected were in vielation of the PCB regula- oinpent and buricd unregulated transformers.
tions. _ _ in Juet aBams In 1984, Rf.fgion 8 conducted an Immedi.ate
Inspec'tlons were con.cer.ltratcd in under- @'\‘5@37"? onme E’@f@ e Removal Action under the Compref_lenswe
ground mines as a {irst priority because of the ot i i ity “**  Environmental Response Compensation and
&J_,i: B

potential for abandonment of PCB-containing

Liability Act (CERCLA), in which the author

electrical equipment and ground water contam-
ination, so the majority of the inspections and administrative
complaints involved underground mines. Underground coal
and hardrock mines were the major targets. However, surface
mines should not be overlooked; EPA issued an administrative
complaint proposing a penalty of more than $1M for viola-
tions of the PCB regulations to an open pit mine in 1994.

Wherever inspectors entered a district without a previous
EPA enforcement presence they found a lack of awareness of
PCBs and the PCB regulations. They also found a similar lack
of awareness in other government agencies that had authority
over PCBs.

Inspections revealed PCB-containing electrical equipment
in just about every conceivable activity: in drag lines servicing
open-pit coal mines, power shovels servicing open-pit metal
mines, and “bone yards” where transformers and capacitors
were commonly destined for disposal. They were found in
underground substations, pump stations, mine power centers,
and electric locomotives. PCB-~containing electrical equipment
was found in surface facilities, including mills, smelters, metal
refineries, breaker houses, and transfer facilities.

The majority of inspectors are not willing to do under-
ground mine inspections due to perceived hazard. Inspectors
only need minimal training because they are accompanied at all
times by minc personnel. The training may be obtained from
the U.S. Mine Safety and Health Administration (MSHA),
which has jurisdiction over mine safety, and inspectors may be
accompanied by an MSHA inspector if necessary. MSHA con-
ducts annual safety inspections of all working mines in the
country. Region 8 is confident that if MSHA deems niines safe
enough for miners, then inspected mines are certainly safe
enough for EPA inspectors to cnter. Inspections historically

- have included only working mines and mines on standby sta-
- tus to ensure safe entry, These inspections have been conducted
with the intention of maintaining an enforcement presence and
to help prevent abandonment of PCB equipment underground
< by persons unacquainted with the regulations.

Abandoned mines have not been part of the inspection pro-
gram because of inaccessibility, flooding, cave-ins, and very
.real hazards that will not be dealt with in this article. However,
it appears the major water contamination problems involving

PCBs and mines in the future will come from PCB equipment
* abandoned underground. An inspection program could help to
prevent future abandoament.
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participated, in the Eagle Minc at the town of
Gilman, a few miles from Vail, Colo. The mine consisted of a
400-ft vertical shaft from the surface to the main haulage level.
From the haulage there are two inclines both servicing the 20
level. Below the 20 level, the minc was flooded to the bottom
at the 28 level. The mine consisted of about 100 mi of drifts,
most of which were inaccessible due to flooding, bad veniila-
tion, and an active fire encompassing one of the inclines. The
entire mill, with PCB-containing electrical equipment was
underground. The owner had been advised by EPA to remove
the PCRB-containing electrical equipment from areas of the
mine in danger of flooding before insufficient funds were avail-
able to maintain the pump station at the 20 level. No action
had been taken when the electrical service was discontinued.
EPA assumed the electrical bills and removed three 76-gal
Pyranol (PCB) transformers and 27 large Pyranol capacitors
during & 3-d operation. Three previously drained, 76-gal
Pyranol transformers remained underground because of the
hazards and cost of removal from an active fire area. Whether
or not PCB-containing electrical equipment remains in the
accessible portions of the mine and below the 20 level is
unknown. This lack of information is typical of abandoned or
flooded portions of mines. Although this operation may appear
hazardous, the risks were known and controlled, and MSHA
inspectors were present throughout the entire removal. If there
had not been a mine inspection program. this PCB-containing
electrical equipment would have been undetected, and today,
would be under more than 700 ft of water that drains into the
Colorado River.

It is apparent from the extent of large mines that there are
opportunities for disposal of hazardous wastes in mines that are
s0 vast that it is unlikely the wastes could ever be located.
Many mines, regardless of size, present these opportunities,
These possibilities should be guarded against.

The release of PCBs into the environment from end-use
products, uncontrolled disposal, landfills, and underground -
mines where they were disposed of prior to the PCB regulations |
can be expected to add to the PCB environmental bourden with .
unforeseeable consequences. for the future, The s,hamtmment :
of PCB-containing electrical equipment underground s a pre-
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