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ABSTRACT

The 1983 EPRI PCB Seminar was held in Atlanta, Georgia on December
6-6, 1983, It was sponsored by EPRI'S Interdivisional PCB Task

Force. It pregented utility workers with existing and emerging tech-
nologies for lower cost cowmpliance with EPA rules and PCB environ-
mental concerns. The papers in this proceedings are divided into
topics as follows: Background; Detection and Analysis of PCBs: Retro-
£111; Spill Cleanup and Bio-Degradation; PCB Degtruction; PCB Fires
and PCDF; and Decontamination of Mineral Oil.

Technology in some of these areas such as Analysis, PCB Destruction,
and Decontamination of Mineral 011, is maturing. However, other
critical toplcs lacking information, such as polychlorinated dibenzo-
furan [(PCDF) formation, spill clean up, and replacement fluids, have
arisen to replace them. Fully 50% of the seminar attendees suggested
more work on PCDF {n response to a questionnaire filled out at the
meeting.

The seminar must be considered a success since 50% of the more than
four hunfdred attendees congsidered presentations to be top technical
and 50% said "too much sales talk™ and future plans must take thig
'dlchotomy into account, possibly by better separation of the subject
matter and perhapas provision for attendance at specific sessions
rather than the full seminar,
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EPRI PERSPECTIVE -

PROJECT DESCRIPTION

This EPRI PCE seminar was held {n Atlanta, Georgia, December 6-8,
1983, It was the second EPRI seminar on this subject, the first hav-
ing been in Dallas, Texas, in 1981 (EL-2572). The papers presented by
EPRI contractors and independent speakers encompassed a broad range of
PCB management subjects. The subjects covered ranged from commercial
processing of contaminated mineral oil to plans for the possible use
of gens splicing for biocdegradation of PCBs {n spills,

PROJECT OBJECTIVES

The main purpose of the seminar was to inform utility personnel of the
currently avallable means for complying more economically with PCB
cegulations. In addition, research work in diverse areas was pre-
sented to delineate potential sources for future assistance.

PROJECT RESULTS

The progran varied widely from practical answers to esoteric research,
and the avdience varied broadly in background, As a result, comments
varied from "too technical® to "too much sales talk,™ but the overall
audience reaction was overwhelmingly positive, A possible course for
future semninars would ba to better segregate the technical and sales
talks and then provide means for daily registration, if desired by the
individual,

Gil Addis, Project Manager, Electrical Syatems Division
Ralph Komal, Project Manager, Coal Combustion Systems Divisjion

) MONS 214672



Y

PRETACE

Much of the purpose of this preface is covered in tha first two papers
of the proceedings., cCarl Manger of Baltimore Gas and Electric
thoroughly covers the background of the PCB problem in the first
paper. In the second, Gil Addis and Ralph Komai, the editors of this
proceedings, summarize EPRI's efforts in the PCEB area and thair rela-
tionship to other programs in the field,

In the last few months, new plans for EPA rule-making on PCE trans-
former fires have been announced. This has resulted in added pressure
to develop information on PCDFs replacement fluids, and cleanup of
both spills and combustion products. A workshop to encompasa material
of significance to the utility industry and EPA in the rulemaking is
planned for late 1984.
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PCA UPDATE -
H. C. Manger
Baltimore Gas & Electric Company

This is a generalization of the Paper which was given as a slide presenta-
tion. !¢ should be made clear that when [ speak of Askarels, it is a generic term
tncluding both PCB‘s and mixtures of PCB's with tri-/tetrachlorbenzene to reduce
viscosity.

Once upon a time, many years ago, PCB was heralded as a wonder fluid to be
used in electrical equipment because it was:

Chemically stable
Hot soluble in water and
Not volatile

Early in the 1940's, electrical equipment manufacturers, because of its nan-
flanmable property, started to use PCD in applications where personnel and
property protection were paramount.

1t nas acceptable heat transfer characteristics close to mineral oil and is &
reasonably good dielectric.

Chemically, it is developed by starting with a biphenyl ring and substituting
the hydrogen atoms with chorine atoms. There are 209 possible ways to chlorinate
the biphenyl. The askare! we use is made up of only a few of these possibilities.

PCB can vary from crystalline structures to & clear viscous ligquid, which is
the askarel used in electrical equipment.

Refore updating PCB regulations, ! would like to give a 1ittle history of the
regulations. The prodlems should be self evident. 1've Tong since stopped think-
ing there is & cure. Because of growing awareness of hazardous substance storage
ang environmental problems, the Toxic Substance Control Act was passed in 1976,
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(44

Based on anything but firm data, environmental advocates convinced Congress to
amend the Toxic Substance Control Act to specifically cover PCB. You may recall
BCB was the only substance that was singled out by the Congress to be regulated.
They simply outlawed PCB; its use, its manufacturer, and distribution in commerce.

Nevertheless, Congress passes TSCA in 1976 and appointed EPA the watchdog.
Since then, we have been in a continuing dilemma as to how to deal with PCB's,
One must realize that, with the swipe of pen, Congress legisiated a fluid we hazd
used with no obvious 111 effects into & hazardous substance.

However, the Toxic Substance Control Act allows two ways for continued use of
PCB’'s: flﬁiﬁ’ and the most attractive, fs if the use can be considered totally
enclosed. Totally enclosed is defined as presenting insignificant exposure. The
second way 1% use authorization. EPA can authorize a use 1f it can be shown that
such use does nut offer unreasonable risk.

These two terms are pretty important. 1f something is totally enclosed, it
does not fall under T.S.C.A., but you may also continue to use PCB that is not
considered totally enclosed by an authorization, i.e., if EPA deems that it does
not offer an unreasonable risk. (EPA determines both totally enclosed and
authorized use).

Exemptions are applied for by the user, who must show no unreasonable risk,
indicated efforts for improvement, and reapply for the exemption every year.

On May 31, 1979, the First Final Rule was passed. You should remember that
EPA looked at the yse activities of PCB and deemed the capacitors and transformers
as being totally enclosed. EPA felt that with what they knew of the equipment, it
posed an ingignificant exposure to the environment. EPA alsc authorized & number
of uses, some of which were RR transformers, small capacitors, carbon paper, and,
if [ remamber correctly, even servicing other pecple's transformers.

There were a few exemptions applied for under that May 31, 1979 First Final

Rute. Another interesting side light is that electrical equipment seemed to be
the major focus of EPA's interest.

Looking back to the good old days and the first set of 100 questions {by the
way, there is an updated set), May 31, 1979 establ{shed 50 ppm &nd introduced the
under 5D, 50-500, over 500 concept.
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It covered: marking
- record keeping
- restrictions on repairs
- disposal
- basically incineration was the recommended
method
- storage inspectfon

It also covered improper disposal and certainly addressed violations which can
be and has already been hazardous to some people‘s pocketbooks.

The Environment Defense Fund (EDF) challenged the May 31, 1579 Rule on three
grounds (1) They felt that there was no record for EPA to establish a 50 ppm cut-
off: (2) EDF felt that EPA had no data to back up the claim that capacitors and
transformers were totally enclosed, and (1) the authorizations that were allowed
were improper. The court ruled that transformers and capacitors were not totally
enclosed and that EPA lacked substantial evidence to support & regulatory cutoff
of 50 ppm for manufacture, processing, distribution in commerce, or use of PCH.

Had the court's decision gone into effect, EPA said it would have caused a
major economic impact - 1 think we would have had to turn the 1ights out, How-
ever, a stay requested by EPA was granted and the famous Interim Measures were
established.

As & result of this ruling, EPA published what is referred to as Rule #1 on
August 25, 1982. If this infers to you that there will be wore than one rule, you
are right, MNumber [ deals only with electrical eguipment and authorizes certain
uses of PCB in electrical equipment and set 50 ppm as & cutoff for electrical
equipment. Some of the main points of Rule #1 are:

Prohibits the use of PCB transformers and PCB electromagnets posing a risk
after October, 1985.

Authorizes the use of all other PCB transformers for the remainder of their

useful 1ives, with inspections. Take note - 1t says "authorizes", where
May 1979 considered a transformer totally enclosed.
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There are inspection requirements of frequency, retention, and availability cf
records.

These inspections could be reduced if we contained 100% or retrofilled to
60,000 ppm.

Authorizes the use of Targe PCB capacitors located in electrical substations
and indoor installations.

Prohibits the use of all other large PCB capacitors after October 1, 1988,
Here we see a string tied to authorization.

Authorizes the use cof all PCB-containing mineral oi1-filled electrica)
equi pment.

Presumes circuit breakers, reclosers, and cable to be less than 50 ppm.

Expands definftion of electrical equipment posing an exposure risk to food or
feed.

Allows storage of large PCB capacitors and PCB-contaminated equipment outside
of qualified storage facilities.

Requires records of inspection and history be kept for 3 years after disposing
of PCB transformars.

Defines “disposal” as including leaks and spills but does go on to say -
spills, leaks or uncontrolled discharges, resulting from the unauthorized use
{or storige) of electrical equipment shall not constitute a disposal viola-
tfon, provided adquate clednup measures are inititated within 48 hours after
notice of the discharge.

Does not address required extent of cleanup of PCB spills,

Since Rule #! only deals with a certain part of the PCB problem, you must use
a combination of the regulations to totally comply. Again, 50 ppm is the cutoff
Tevel in this electrical equipment rule.
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Since the August 25, 1982 Rule deals with electric equipment, what about the
other {tems and systems that have PCE in them? Since the 50 ppm cutoff was struck
down by court, there are a lot of non-electrical things that now fall in the cate-
gory, containing PCB (even a molecule of PCB). One of the biggest problems 15 the
incidental generation of PCB's, a manufacturing process can rreate as part of the
process. Although 1t took a lot of effort and manufacturing Khow-how to develop
the askarel we use in electrical equipment, EPA has stated, that any time you have
a carbon, chlorine and some heat, the possibility exists that you can create a
polychlorinated biphenyt.

ks | stated eartter, all you have to do is replace one or more of the
hydrogens with a chorine and you have yourself a PCB - 1t 1s not the PCB 1n our
transformers, but 1t 1s a PCB. Now since the possibility exists that you can
incidentally generate a PCB, and the regulations say you can't, chemicatl
manufacturers and processes fell under question by EPA. Since industrial
representatives explained that there are some systems in which PCE may be created,
but no PCB's are released to the environment, EPA set about to write Rule #2
deat ing with closed and controlled processes, and published this #2 PCA Rule on
October 21, 1982,

Late this year (August or September), a number of policy statements were
released by EPA dealing with PCB Separation Methods, Residual PCB and Enforcement
Liabilfty for ¥Yiolattons of Dispusal Deadlines.

1 think this Just about brings us up to date.

What's ahead? -

A proposed Rule 3 which was signed DeCember 1, 1983, addresses by-product
PCB's that are not exclyded from regulation by Rule #2. The final 1s scheduled
for July i, 1964,

The August 25 Rule s in effect now. | have to tel] you that the rule may be
challenged - EUF considered appesl since they thought the regulstion was not
strong snough in the areas of PCB transformers. EEI, USWAG and other interests

have considered appeal because they felt the rule was too strict in certain other
areas.

MONS 214683
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EPA had eariy statsd there was no need for additional electrical rules, but it
appears pressures of PCB problems 1n Binghamton, San Francisco and possible
changes within the EPA organizations have suggested additional rule making, and,
in particular, P(B transformers, They have set a tentative scChedule which should
result in some decision in 1985.

October 1984 1s an important date since any i1nformation regarﬂ;ng PCB trins-
formers which could ease the regulatory burden can be presented at the hesring.
Proponents of stricter rules will certainly be there, It is up to us to gather
information which witl help our cause.

You recall | mentioned eartier in connection with the majJor points of Rule #1
that 1t did not address required extent of cleanup of PCB spiils. This must be
dealt with somehow; probably with a rute - 1 certainly hope with more than a
policy statement.

S0 you see out of the origfnal May 31, 1979 Rule have come many. We're up to
13 already. No one can be sure when we will see the final - Final Rule,

To add to our burden, efforts are, at this time, afpot in Congress through a
RCRA re-authorization b111, to 1ist PCB's as hazardous wasta under that act.
Among other things, this could possibly add more manifesting requirements, fmpact
on burning less than 50 ppm contaminated insylating oil, and fmpose shorter
storage time restrictions.

The Department of Transportation {s proposing to incorporate changes in its
hazardous material regulations which now apply to PrB's transported in one package
or container greater than 10 pounds. Under this proposal, the regulations would
apply to qusntities grester thsn 1 pound.

The object of this seminar, to paraphrase the invitatfion, s to provide us
with accurate data to parmit knowl edgeable decisions. In looking over the pro-
gram, | feel every effort hss been made to do Just that. But this certainly fs
not the end of the regulations; 1t's not the end of our problems, and 1t cartainly
should not be the end of the search for data to somehow resolve this PCE di)emma.
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EPRI Updata ~ Enphasis on PCDF

Gil Addis and Ralph Komai
EPRI

Much of the work included in this EPRI update will be covered in
detail in individual papers presented during this meeting, It is
appropriate, however, to point out the range of this activity,
but since pressure for solutions to PCDF problems is becoming
more intense, we will spend more time on a discussion of new
contracts about to start in this area,

We do not expect to provide immediste solutions, but hopefully in
one case will provide the bases for future analytical gains, and
in snother develop data that may provide decision guidance in the
retrofill or replacement of PCEB equipment.

EPRI's INVOLVEMENT

EPRI's involvement in PCP problems can be explained readily:.

Why? = Tremendous potentisl cost to the utilities.
- Can we halp lower it?
What? ~ Develop front-end feasibiliy and multiple approach
funding.

- Not competition to others developing processes,

The work at EPRI is coordinated by the PCB Intardivisional Work-
ing Group of which Dr. Narain Hingorani is Chairman. Rsprssented
are thrss divisons, Coal Combustion Systems (CCS), Electrical
Systenms {ES), and Energy Analysis snd Environment {EALE).

The range and scope of EPRI's program is very aimilar to the
breakdown of sessions for ths seminar.

ANALYTICAL INSTRUMENTATION

Rapid and simple anslytical methods are needed for portable use
in ths f£i{eld. The work has been dividsd into two areas, analysis
in mineral o4l and analysis in soil.

For mineral oil, a portabls instrument mads by Horiba was modi-
fied for screening oil samples by determining total chlorine.

The instrument, based on x-ray fluorescence measurement, has been
field tested by a number of utilities for over a year, More
recently, a simple disposable kit for chcliill analysis of mine-
ral oil has been developed. The CLOR-N-OIL kit is currently
being tested in the field. Nearing the field trial stage in a
second generation of instruments is an infrared technique to
directly read PCBa. It is anticipated thst completion of these

pigjoctl will bring to a close EPRI's efforts to determine FCP in
oil. .
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For analysis in soll (askarel spills), where rapid field analysis
is needed during cleanups, several analytical methods are being
investigated. The leading candidate is a dedicated portable
electron-capture gas chromatograph developed by S-Cubed.

A second technigue that appears to be useful for spill samples is
the refinement of infrared spectroscopy work by CS5 Associates;
this work was begun at Oak Ridge National Laboratories.

DESTRUCTION OF ASKAREL FLUIDS AND CAPACITORS

In the past, EPRI had been actively involved in the early test
burns of PCB fluids and capacitors, i.e., the sampling and
analysis for the ENSCO test burns. Incinerstion has been proven
satisfactory, and a number of incinerators, both land based and
at sea, are participating in the PCB destruction business.

The preliminary design phase of a dc arc furnace (Electro-Petro-
leum) for destruction of capacitors has been completed. A con-
tract is presently being negotiated for a large scale demon-
stration unit. Also in a current EPRI project, Chemical Treat-
nent of Capacitors, laboratory tests to destroy PCBs from cut-up
capacitors have been successful in reducing concentrations to
below detectable limits. Details will be discussed in a psper by
Acurex.

RETROFILLING AND REPLACEMENT OPTIORS

Retrofilling is being attempted by some utilities to substitute
suitable non-flammable or low flamability fluids for PCBs.
Replacement fluids considered have been:

RTEmp

Silicones

Perchloroethylene

758 Perchloroethylene, 25% mineral oll mixture
Freom 113

The same fluids pius solid insulation are being considered as
raplacements for PCBs in newly manufactured transformers. The
decision to retrofill rather than replace must be based firat on
economics (in many cases the greater efficiency of nev trans-
formers significantly reduces the relative lifetime cost)
followed by accessibility for replacement, public emotion and
hystsria. In many cases the latter two tranascend economics.

EPRI has had projects with westinghouse to develop transformers
based on perchloroethylene or a nonflammable 75% perchloroethy-
lene, 25% oll mixture. These may bs substituted directly for PCB
transformers. The perchloroethylene issue has been slightly
clouded by a controversy concerning long term toxicity, although
it has been in common use in the dry-cleaning industry for many
years. EPRI also has a project just starting to determine arc and
lgnrk by-products of two eystems, perchloroethylene and the per-
chloroethylene/mineral oil mixture. The objective of this
preject is to determine whether there are harmful by~-product
chemicals to which a utility worker in a maintenance situation
might be exposed, over and above the perchloroethylene, to which
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dry cleaning workers have had relatively high daily exposures. In
a project with General Electric, a two-phase Freon-cooled trans-
former has been developed. However, current economics of this
Freon-cooled transformer make it noncompetitive.

It should be noted that for some time after even the most
effective initial retrofill, there is enough PCB in-the trans-
forme. 80 that it is still legally classified a PCER transformer.
More will be said about this when we diacuss PCDP.

DECONTAMINATION OF MINERAL OIL

A number of commercial processes using a sodium reagent for
removal of PCB from mineral oil are currently operating.
Following an investigation of alternative processes, General
Electric, under EPRI contract, has developed a solvent extraction
process for separating PCB from mineral oll, reducing the dispo-
sal volume of PCB-contaminated oil by a factor of about 100. The
process has been tested at 10 gallons per hour, and scale-up is
being implemented.

SPILL CLEAN-UP

Spill clean-up divides into two categories, In the cage of gmall
ruptures or spills with potential public exposure, inmediate
cleanup is needed. The present procedure is to excavate contami-
nated soil and drum it for landfill disposal. Development of a
poultice to remove PCBa from concrete has been attenpted with
erratic results by Franklin Research.

For long-term widespread clean-up in areas of limited public
exposure, such as service shop areas, manufacturing facilities,
or lsndfills, slovwer methods of PCB destruction can be used. An
Acurex project is attempting to reduce the excavation/transporta-
tion/landfill costs by developing soil washing as an alternative
disposal technique. Instead of burying 99+% dirt, the PCBs will
be removed for disposal, and the so0il can be replaced in the
excavation. A patent is being pursued for this process, which we
believe will have application to many different kinds of chemi-~
cals, such as dioxin.

Attavay and Associates has done a literature survey and inter-
viewed commercial biotechnology firms for EPRI tc evaluate bio~
technological processes for PCE clean-up and disposal problems
and to outline a research plan for pursuing these technologjies.

RISK ASBESEMENT

Risk assessment, along with risk perception is an area of great
importance in relating PCB problems to the interests and fears of
the public. It is enormously difficult because =ach group, such
as businessmen, scientiste, or homeowners, perceives an entirely
different risk for the sacme event. One cobvious example is a
Californian with a home straddling the San Andreas fault,
oblivious to the potential earthquake dangers, but worrying about
the 10 kVA PCB transformer on the pole down the street. )
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EPRI has initiated several projects in the risk assessment area,
described below:

1. A project is in progress to establish a methodology for
exposure assessment of PCBs and PCB partial oxidation pro-~
ducts. Progress to date has been in consuyltation with
utility experts to establish the focus for these models.
Selection of problem areas will then govern the cholce of
models,

2. Work is about to be initiated on risk management
methodologies to estsbligh profiles of risk for PCB spills
and PCB fires.

3. Decision Framework concepts for PCB are presently being
explored with utility experts.

4. An occupational health risk assessment program for PCB and
its oxidation products is in progress. An advisory committee
from utilities has been assembled to evaluate the progress of
the contractors.

PCDF/PCDD

Not covered in the present EPA regulations, but undoubtedly of
highest priority in the future, are polychlorinated dibenzofuran
(PCDF) and polychlorinated dibenzodioxin {PCDD), These are by-
products formed under some conditions of partial oxidation from
PCB and tri-tetrachlorobenzene present in askarels. Animal
toxicology studies have found that certain by-product compounds
are consicderably mors toxic than PCBs. An initial critical
survey of the literature (including fires, chemistry, and
toxicology) has been made for EPRI by SCS Engineers snd reviewed
favorably by international dioxin experts. This document is now
svailable from EPRI's Research Report Center {CS§-3308),

Because of the current intensity of interest in PCB subatitutes
and PCB fire hatard, EPRI has a short-term contract about to
start., It is well known that when a tranaformer is drained for
retrofilling, even under the best conditions, 2 to 5% of the
original liquid in the transformer remains behind, Thus, no
mattsr what the retrofill fluid, the immediate result is still,
by rogulltory definition, a PCB transformer. There are sone
retrofilling processes which further reduce the PCB content and
perait eventual reclassification over a riod of time. In this
new project, laboratory tests will be made to determine the
PYrelysis and combustion products of PCB at two levels of
contamination in each of several potential retrofill fluids such
as perchloroethylene, silicone, RTemp, and mineral oil. Informa-
tion derived here may help acertain relative hazards of fires
involving retrofilled transformers containing some residual PCB
level. This may then be compared with the same event in an
askarel transformer.
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In a second, longer term project, we are trying to determine the
boundsry conditions under which PCDF or PCDD might form in
askarel or contaminated minesral oll equipment. It has been made
obvious to us in several incidents that PCDFs/PCDDs form as a
result of a fire in an askarel transformer. What happens as a
result of long term overlosd or corona discharge in an askarel
trsnsformer? Is there any detectsble PCDF formed in the case of
a contaminated transformer fire? A number of these scenarios
will be investigated. As a preliminary step, an attempt will be
made to improve the present method of PCDF analysis. Several
competent lsboratories will make the preliminary analyses and
assess the methodology before testing the selected figld samples.
Also, 1in the course of this project, ons of the organizations
will simulate a number of sxtreme field conditions using model
transformers in the laboratory.

CCNCLUSIONS

If you recall the seminar in Dallas two yesrs sgo, you will see
some of ths same problems and in some few difficult areas very
little progress. However in general you wlll note that many of
the problens have progressed beyond resesrch and develcopment and
hsve resulted in commercislly avsilable eguipment or techniques.
Msny new problem sregs have asgsumed grester importance along with
those that have so far resisted sstisfactory solution. We
expect you to £ind the next three days to be filled with a
diversity of current and pertinent information on the various
sspects of the PCB problen.
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FIELD OETERMINATION OF PCB
IN TRANSFORMER OIL
-CLOR-N-DIL™ K1t~

0. J. Fisher and T. 0. Rouse T. R. Lynn
Genera! Electric Company Oexs11 Chemical Corporation
Pittsfield. Massachusetts Hamden, Conneticut

Askarel 13 a generic term for a group of non-flammeble synthetic chlorinated
hydrocarbons used as electrical insulating fluids in transformers and capaci-
tors. Most contain poly-chlorinated biphenyls (PCB). PCB have besn judged to
be harmful 1n the environment and their manufacture, yse and disposal have
been subject to Government regulation Since 1978. This regulation sxtends not
only to askarsl filled transformers containing PCB, but also to the much
larger number of minera) oi1-filled transformers which may have been contamin-
ated with PCB during menufacture or service. 011s containing less than 50 ppa
when taken from transformers are defined as non-PCB 1iquids and have no
unusual limitations on their hendling and disposal {(except that oils contamin-
ated with any detectable PCO may not be used in widely dispersed applications
such as dust control). O41s containing 50 to 500 ppm PCB are considered
"contamingted® &nd those containing more than 500 ppm &re considered to be
totally PCB. Handling and disposal of oils in these last categories requires
special technigues.

Yitimately, sach of the 35 million oil1-filled transformers now in service in
utility and industrial applications mey have to be tested for PCH content to
assure proper disposal. Wnile edequate analytical methods exist for determin-
ing the PCB content of oi1s in the laboratory. this process is time-consuming.
Samples must be packed, sent to the lsberatery doing the analyses and the
analysis must be parformed. The aim of the work reported hers has been to
reduce this problem by developing techniques for the measurement of PCB in
trensfermer mineral oils by non-chemists in the field,

A number of instrusental approaches were eveludted and the most promising for
immediate fiald use was X-ray emission ysing the Horibe MESA-200 amalyter
{1). This instrument determines the totel amount of chlorine present in oil
end, hence, gives en  indirect measure of the upper 1imit on the PCS content,
Fiald testing of the MESA-200 instrument firmly esteblished the concept of
using the totel chlorine content in transformer ofl as an indicetion of the
PCB concentration. It appears thet the chlorina screening approach can
eliminate 50-70% of the transformers tested from further concern.
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Initial) cost of the x-ray emission analyzer is relatively high and the instru-
ment 1s best transported by automobile. Recent attention in this program has
focused on developing a smaller disposable means of screening PCB by determin-
ation of chiorine content of transformer oil1. This has led to the

CLOR-N-0IL™ P8 screening kit

The kit developed here 13 based on the quantitative conversion of the chigrine
atoms in PCB in transformer oil1 to chloride ions which in turn are extracted
into an aqueous solution and measured colorimetricatly. The conversion of
chlorine to chloride 1ons 18 done by sodium salts formed by maphthalens
together with the dimathyl ether of diethylene glycol ("diglyme*) as stabiliz-
ing ligand {2). The chloride lons are extracted into &n aqueous buffer solu-
tion and reescted with & carefully controlled amount of dissolved mercuric
nitrate. Oiphenylcarbazone 15 added, [f the marcuric 1on content is greater
than that taken up by the chloride ion in forming slightly dissociated
marcuric chloride, & vividly blue complex 1s formed by the excess mercuric 1on
and the diphenylcarbazone. [f the chloride ion contant exceeds that taken up
by the available mercuric ion, the complex 13 not formed and the reaction
mixture remaing colorless to pale yellow. The reactions are carried out in
soft plastic test tubes containing premeasured redgents in breskable glass
anpules. Proper control of the sample size and of the guantity of mercuric
nitrate allows the blue-colorless response level in the mineral transformer
oil to be set at levels from a few ppm to several thousand ppm.

The test is performed in two soft sided polyethiyene tubes. The conversion of
PCB to chloride fon 13 done in the first tube by bresking ampules containing
naphthalene-diglyme and then sodium dispersion into the oil. Buffer solution
is added from the second tube, the chloride ion i3 extracted into the agueous
phase and any excess sodium is eliminated. A minor smount of hydrogen is
vented. A measured amount of the aqueous solution is returned to the second
tube containing the mercuric nitrate end the indicator in separate ampulules.
The color development process is dons by breaking these last ampules in turn.
A convenient way of transferring the aqueous phase beck and forth is provided
by & flip top cap on the first tube. The tube 13 capped and allowed to settle
after extraction of the chloride into the buffer. It is gently inverted so
that the heavier aqueous phase moves to the bottom over the cap, the flip top
1s opened and a measured quantity of buffer i3 sguirted back into the second
tubs. When done carefully, virtually @11 of the oi] phase i3 retained in the
first tube above a residual aqueous layer. Only the agueoys phase i3 returned
to the tube where the indicator is finally contacted and the color observed.

The lowest retis of chlorine to PCB found in an askarel i3 0.42. Thersfors,
an of] sanmple containing less than 21 ppm chlorine cannot containm more than 50
ppm PCB. A celer response level set ¢t 21 ppm chlorine for the kit should
assurs that no contaminated oi) gives blue responses. The chlorine to PCO
ratio fer ether askarels is as high as 1.34. 01) samples containing as 1ittle
as 15.7 ppm askare) coatamination can result in colorless responses as can
samples containing other sources of chlorine contemination-but no PCS.

Samples giving colerless responses can be checked by ges chromatography to
determine whether they actually contain more than 50 ppm PCH.
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The standard deviation on kits in prototypical production was found to be <2
ppm chlorine at & response level of 18.5, The kit then can be quite reliable.
Actusl fleld experience is needed to judge the overall performance of the
kit. A fleld test is being conducted by EPRI to provide this experiences.

This work was sponsored by the Electric Power Ressarch Institute as part of
Research Project 1713-1. CLOR-N-OIL 1s a trademark of EPRI.

(1) R. G, Hirst, 1; 4 Ogtermi ;sign Of #CB In Transformer 0V1, Fing! Report -
Emmision. £PRE AP 1713-1 (in
preparation) —atzo J. H. RcGuade, ECD AMALYi)s By X-tay Elioresunce, Proc.
PCB Seminar, EPRI EL-2572 (1982); also A. L. Schwalb and A. Marquez, Salt
fiver Project fxperience with the Horibs Sylfyr/Chlorine-[n-011 Anaivzer.
Proc. PCB Seminar, EPRI EL-2572 (1962).

(2) J. F Brown, M. £. Lynch, J, C. Carnahan, J. 5. Singleton, Chemical
P n Tr r . Detoxification of Hazardous wWastes,
p. 201 €Ed. J. M., Exner, Ann Arbor Sci, Pub. (1982).; &lso T. 0. Rouse.

Removgl Of PCB From transformer 011, Proc. PCB Seminar, EPRI EL-2572
(1982).
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Q4.

Q5.

Discussion

what is the shelf 1ife of the kits?
A, Kits have shown no sign of deterforation in the 6 months now in
use., There 1s no reason to suspect that shelf life will not be

quite long, byt time {s needed to establish the shelf 1ife,

Has a national policy regarding test methods been addressed?
A. EPA does not endorse any method, but there 13 no reason why the

method can not be accepted,

What 1s the effect of moisture on the test resylts?

A. The solybility 1s approximately 60 ppm, There have been no
attempts to dry the ofl and no problems have been experienced to
that level,

what 1s the cost/test?

A, $4 to $6 depending upon quantitites.
Has the method been tried on hydraulic oil?
A. Some, but test results are not available. Additives could

creata & problem.

There was & request for a show of hands regarding intarest in a test

kit at the 500 ppm PCB level., 15 to 20 people indicated {nterest.

. MONS 214694



g

CLOR-N-OIL™ Field Test Program

vasy H. Tahiliand
EPRI
Palo Alto, California

Eighty-seven utilities have participated in the test program, and so far (as of the
end of November 1983) we have received test resuylts back from 40 of them, This
raport presents the summsry of these test results.

A total of 873 oil samples have been tested both with the CLOR-N-OIL test kit as
well as on & gas chromatograph, Whenever a CLOR-N-OIL kit user recognized that he
erred On his test procedure, either through breaking the capsules in the wrong order
or spilling some fluid, the test results were discarded for this summary report.

Of the B79 samples, 424 tested negative (with & blue color at the end of the test)
indicating less than 50 ppm of PCB. The remaining 455 tested pOsitive (turned
clear). However not a1l of these samples were drawn randomly, since many users
wanted to explore this test method in a narrow critical range of PCB contamination,
This led to a larger percentage of 011 samples testing clear.

1f we were t0 choose only randomly picked samples, the test results show 172 (5)%)
blue and 352 (49%) clear. Of the 355 clear samples 161 {22% of the total) did
contain more than 50 ppm of PCB and 194 samples (27% of the total) gave a false
positive test. This 1n comparison to 51% of the samples being eliminated from any
further tests is quite small, Of course one would !ike this percentage to get even
smaller but in order to safeguard against contaminated samples testing negative,
this 1s the best we can do.

A total of 18 tests showed false negatives, i.e., the CLOR-N-OIL test gave a
negative (blue) test, but a subsequent PCB test Indicated & contamination leve!
greater than 50 ppm. While we continue to examine the reasons and retest many of
these samples, we do have an explanation for many of the tests,

A usar who reportad four false negative readings in & batch of 20 tests subsequently
found that the PCB tests carried out by an independent outside lab gave high PCB
resdings. The PCB test reported by tha lab gave readings between 53 and 126 ppm,
whereas the subsequent tests carried out on these same samples &t General Electric
testad between 2 and 11 ppm.

There ware two other problems sarly in the test program that were rectified through
appropriate changes in the instructions. One change was to show through a photo-
graph that if a test sample has a substantial percentage of PCB {above a few
hundred thousand ppm) the test sample being heavier than water will sink below the
water and this test method will not work,

Anothar problem was eliminated throygh the removal of & photo showing & test resylt-
ing from & sample contaminated with 40 ppm of Askarel 1242, Here the photograph
showad & s1ight purple ring &t the top of the water layer which wnuid lnnk cimilar
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to a test sample 1f some 011 was transferred to tube #2 {in step 4 of the instryc-
tions}. Since the instructions were revised only two false negatives have been
reported.

Conclus fons: Through the use of the CLOR-N-OIL screening test one can typically
eliminate half of the o011 samples from any further testing. The genara) experience,
especially since the instructions were revised, has been exceptionally good. This
test method can offer a significant cost savings to the utility industry.

Number of Utilities Participating 87
Number of Utilities that have Reported to Date 40

Total 011 Samples Tested 879
Blue 424 (433)
Clear 455 (52%)

Random Sampling

Blue 72 (51%)

Cleer 355 (49%)
False Positives 194 (27%)
PCB Contaminated 161 (22%)
False Negatives 18 (2.3%)
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INTERPRETATION OF PCB FIELD TESTIMG KITS
E. J. Walsh -

Westinghouse Electric Corporation
Sharon, Pennsylvania 16146

Oue to the increasing number of PCB-in-o0i1 field test kits appearing on the market,

1t may prove beneficial for those concernsd to know the bases upon which these kits
operate.

There are two major categories of test types. They are either instrumental, such
as the Horiba x-ray fluorescence instrument, or a chamical based detection method,
such as the Manleh, Chlor-N-0il, or Centec kits.

Regardless of the category, all these kits are based on the same assumption: that
a means of detecting total chlorine can be useful in determining the presence of
PCB's in oi] It 1s important to recognize that none of thase test methods, neither
fnstrymenta) nor chemical, directly determine the presence of PCB's.

The PC8 molecules are just a very small number of potential organochlorides.
Fortunately, transformer mineral oils contain only very small (less than 1 ppm) of
naturally occuring organochlorides The most probable types of such chlorinated
spacies present in transformer flyids would be the chlorobénzenes used to dilute the

arochlors, !

The Horiba instrument technigque 1s based on using x-rays to excite &11 the chlorine
atoms and to use the resultant emissions from the chiorines as & quantitative
neasurement of the total chlorine content, This method is being demonstrated to be
reliable and useful. However, the equipment necessary to carry out such an analysis
1s costly and while transportable 1n & station wagon, i3 not readily portable.

The chemical methods rely upon a chemical reaction to cleave all carbon-chlorine
bonds and produce either chlorine, Clz. or chloride fon, 1, detectable by some
angl ytical technique less costly and more mobile then x-ray fluorescence.

The chlorine or chloride detection methods most commonly used are colorimetric, a
colored sclution whose appesrance or intensity s dependent on the chlorine concen-
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tration, or & chloride 1on specific electrode systom,

As previously stated, these chemical methods can only be used to "screen" for the
possible presence of PCB's. You cannot use these techniques to either quantitativly
determine exactly how much PCB is present, or can these techniques be used as 2
means to identify which particular PCB's are present.

Also contributing to the confusion on interpreting these techniques, are the pre-
sence of chlorinated benzene solvents and less than satisfactory amaltyical tech-
niques,

These PCB-1n-011 tests are also designad to be most useful in samples containing
only mineral oil. Scrap oil samples or s0i1 samples may be so frequently contami-
nated with “other" chlorine containing materials that a direct gas chromatographic
PCB analysis {s frequently the most economical method for theste matrices.

With this background information, 1t 1s now possible to discuss the possible types
of results and how interferences will affect tha interpretation of these results.

I would first 11ke to discuss chamical methods which utilize & colorimetric method
for chlorine detection. There are two kits now available in this classification,
Chlor-N-oi1l and Manleh. Chlor-N-ofl uses sodium metal &s & reagent, and Manleh
uses & sodium organic salt.

As & first consideration, the Manleh reszgent has & limited shelf 1ife and 15 best
kept a5 a refrigeratsd reagent. Both reagents, when fresh, will compietely and
rapidly dechlorinate 211 PCB's and any other organo chlorides present in transformer
ofls. The Manleh test sequence then usSes an aqueous soluble reagent which develops
an orange-red color, the intensity of which indicates the quantity of chlorine
present. The operator compares the unknown 0f1 sample with two samples of known
PCB content, 10 ppm 1242, and 35 ppm 1242, Because of the small color difference
involved and because the chioring content will differ significantly from 1242 to
1260, the 35 ppm was chosen as a "safe" margin for requiring further analysis.

With the Manleh kit, there are certain interna) checks which shoyld be followed to
assume that neithar the dechlorinating reagent nor the color reagent have lost
their capacity to perform adequately. '

The Chlor-N-011 kit uses & different colorimetric reagent system which 15 again
designed to give a color dependent upon the chloride content of the aqueous extract.
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As long as the sodium reagent is sealed from air and moisture, the reagent should
have a long shelf 1ife, It is possible, but improbable, that excessive molsture
in the of] sample would cause incomplete dechlorination. A visual check of the
sample should be made to assure that the ol] sample does not contain free water
along with the oi1, Again, due to the inherent uncertainties of total chlorine
methods, a safe 1imit of 30 - 40 ppm 1242 1s used to interpret the result from
this test, -

Qur studies have indicated that both these kits are unaffected by aging of the oil,
sludge, or other expected transformer related contaminants. Only the presance of
organic chlorides can cause errors, and these errors will always be on the con-
servative side.

The most serious type of situation which could occur 1s 1f the reagent does not
completely dechlorinate the PCB's, A known PCB concentration should always be run
when using these types of kits to check your resgent strengths. Another caution 1s
to never use tap water to dilute or mix your samples as the chlorine from this
source will radically change your results.

The other type of kit now commercially available 1s sold by Centac. This kit uses

a chloride specific electrode to determine the chloride fon concentration. Because
the dechlorinating reagent {s an organo chloride salt, it too has a limited shelf
11fe. Additionally, the data obtained on the final chloride determination 1s a
mmber, rather than a color. It is important to remember that this number is just.
as fmprecise as the results of the colorimetric tests. In fact, the final mi{lli.
volt reading is subject to interference by many more factors than are the color-
imetric reagents. Electrode conditions, total ioni¢c strength of the solution, and
interferring ions from hand and wipe papers are all factors which were determined

to significantly affect the analytical results.

Additional 1y, the very accyracy of the chloride jon elactrode determination can
cause serious errors unless the proper PCB standards are used to calibrate the
instrument .

An sxample of the type ¢f error which can occur is, 1f oneuses a curve based on Arodar
1260 as a passfail criteria, then the final chloride in concentration, basad on the
Centec dilutions, s calculated to be 14% higher than the corresponding 1242 solu-
tion. The effect that this lower chloride fon concentration has on the meter read-
ing is very significant and could cause the type of interpretation error which
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should be avoided.

In summary, it is important that the users of these kits realize that they are de-
signed only to screen samples. A resuit indicating that chlorine is present does
not necessary mean that PCB'S are present. A negative chlorine result means PCB's
cannot be present.

There are instances where interferences could cause erroneous_ results, and internal
chacks should be done frequently.

The proper use and interpretation of these kits can result in reducing gas chroma-
tographic testing by 50 to 60%. The net savings for such a reduction can be very
significant. Additionally, these kits provide a rapid and portable means of
evaluating potential problems for spills of ofls in the field.

CLOR-N-QIL {s an EPRI Trademark.
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DETECTION OF PCBs BY INFRARED SPECTROSCOPY
Robert J. Nordstrom )

BATTELLE
Columbus Laboratories
505 King Avenue
Columbus, Chio 43201

Polychlorinated biphenyls (PCBs} have been used as cooiing and dielectric fluids
by electric power utilities in the United States since 1929. Recent concerns for
PCBs in the environment have created the need for utilities to measure PCB contami-
nation in transformer 0il1s. Currently, the need exists to determine PC3 content
in the range from 50 ppm to 500 ppm in transformer oils. The standard procedure
for performing these tests is the method of gas chromatography. This method is
costly and relatively slow.

Attempts to reduce the complexity of analysis and to increase the number of sam-
ples which can be analiyzed {n a given time have led to the development of a number
of specialized methods for PCB analysis. Several of these techniques are being
reported in tnis session of the PCB seminar.

The passibility of using infrared spectroscopy for the detection of PCBs 15 sup-
ported by the fact that the commonly used askarels in transformers have very
strong infrared atsorption bands as shown in Figure 1. This makes the infrared
technique an attractive method for PCB detection and analysis.

As a rasult of thase pralim{nary spectra, Battelle-Columbus Division proposed to
construct for EPRI a fisld-usable instrument for detection of PCBs in transformer
of) based on infrared absorption. Operational parameters for the instrument
inciude:

Abtlity to measure PCBs in the range 50 to 500 ppm
Measurement time of 5 to 10 minutes

Rugged, portable operation

Simple operation requiring no special skiils of the operator
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Fiqure 1. Spectra of various
Arochlors: a) 1260, b) 1254,
¢) trichlorobenzene.

Before going into an analysis of these spectra and a discussion of the {instrument
developed, it {5 important to discuss the basic principles of infrared fnstru-
mentation and the methods by which data are collected. A typical infrared instru-
ment {f shown in Figure 2. Radiation from a globar source is focused into a
device which cataloges the radiation intensity at sach wavelength, The device
could be a dispersive instrument such as a prism or qrating monochromator, ar it
could be a Michelson interferometer. For this discussion it is not important to
understand the operating principle of the device. It is only important to know
that the radiation is separatad into 1ts various wavelengths.

The radiation exits the separator device and passes through the sample. Absorp-
tion of the radiation at certain wavelengths occurs in the sample. The radiation
which remains 15 focused on the detector. The energy at each wavelength is
recorded and stored for later processing,

. MONS 214702
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Figure 2. Components of an infrared
spectrometer.

Figure 3 shows a typical spectrum recorded by an infrared spectrometer. The
_ absorption process which occurred in the sample produces a spectral pattern which
can be recognized and used to determine the components which are in the sample.
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Figure 3. Form of data collected with
a transmitting spectrometer.

The rules for absorption are simple., The strength of the absorption is the
product of the pathlength of the radiation through the sample, the concentraticn
of the absorbing material, and & quantity called the absorption coefficient.
That is,

) MONS 214703
2-13



A2k ¢t

where k is the absorptior coefficient, ¢ is the concentration, and t is the path-
length.

Unfortunately, the experimentalist has control of only two of the three variables.
Mother nature dictates the magnitude of the absorption coeffiZient for any given
sample. To detect low concentrations of a given sample, the experimentalist can
increase the pathlength through the sample and hope that the absorption coeffi-
ctent 15 sufficiently strong to produce an adequate absorption to be detected.

For the specific probiem of infrared detection of PCBs in transformer oil, then,
the first step is to determine whether the absorption coefficients for the various
Arochlor mixtures are strong enough to give good detection at iow concentrations,
figure | shows spectra of neat sampies of various Arochlors. In the spectral
region from o » 8 yrt to 12 um there are very strong absorption bands which are
ideal for detection of PCBs. Not only are the absorption features very strong,
but they are also unique from one Arochlor to another. This makes {dentification
of the Arochlor possible by infrared methods. Thus, it appears that the absorp-
tion coefficients are sufficiently strong to support infrared detection of PCBs
even at low concentrations.

Of course, the absorption created by the PCBs is only one part of the totai pro-
biem, The other part 15 the absorption created by the transformer oil itsalf
Figure 4 shows the absorption spectrum of a typical transformer oil. Unfortu-
nately, the same spectral region where PCBs exhibited strong absorption shows
strong absorption by the transformer oils. Thus, the problem of detection of
the PCB absorption must be done in the presence of strong interferences.

Several methods were tried in an attempt to eliminate the probliem of oil inter-
ference. The simplest of this is known as spectral subtraction. In this method,
a spectrum of uncontaminated o1l is used as a reference and 15 subtracted from
the spectrum of contaminated oi). If all goes well, the resultant spectrum
shows the absorption features of the PCBs only, towever, 1t was quickly dis-
covered that variations in transformer oils produced spectral differences which
made the use of spectral subtraction impossible.

Other methods for reducing interferences were tried. They included chromatograph-
ic separation, chemical alteration of the PCBs, and chemical clean-up of the otls,
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Figure 4. Transmittance spectra
through various pathlengths of
transformer oil: a) 100 um path,
b) 200 um path, c¢) 500 um path,
d) 1000 um path.

Of these techniques, the chemical clean-up of the oil samples held the most pro-
mise for several reasons. It was felt that the operational parameters including
simplicity of oparation, rapid analysis, and portability would be better served
by this clean-up method than by the other methods of eliminating the interfer-
ences.

The purpose of the chemical clean-up 1s to eliminate the various components of
the o011 which cause direct interference with the PCBs and which cause the wide
variations in the spectra of the oils. Since the predominant component causing
spectral interference was the aromatic component of the 011, 1t was decided to
attack that component in particular., A sulfonation process was devised which
eiiminated a sufficient amount of the aromatic oil to detect PCB. However, the
process was difficuit and required some hazardous materials. This was judaed to
be less acceptable for field operation than a second method,
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As 8 result, a different chemical method was tried. This method 15 & modifica-
tion of & process developed by Union Carbide for recovery of clean o011 from PCB
contaminated oi1. In this process, dimethylformamide (DMF) is added to the con-
taminated oil to strip the PCBs from the oil. The DMF is hesvier than the o1l
and is easily separated from the ofl. After extraction, the OMF 15 boiled away
leaving & small residue of PCB enriched oi1. This residue is then analyzed for
totasl PCB content by the infrared method. -

This method satisfies all of the operational parameters required for the system.
It 1s fast, simple, and easily transported. Thus, 1t was decided to design an
sutomated system for processing the ¢ils by this method. Figure § shows the
design lay-out for the automated Chemistry Processing Unit (CPU). The umit
sutomatically injects the required amounts of oi]l and OMF, separates the fluids,
evsporates the solvent, and injects the resulting sample into the infrared sample
champer. The entire process is computer controlled.

A commercially available Fourier transform spectrometer manufactured by Nicolet
Instrument Corp. 15 used to collect the spectra. Spectra are collected at 4 cm'1
resolution over the range from 400 to 4000 cm'] (A » 25 um to 2.5 um}, After
the spectrum of the sampie 15 collected, 1t 15 analyzed by & least square method
to determine the concentration of PCB. The data base contains spectral informa-
tion on Arochlor 1242, 1248, 1254, and 1260. Also included are spectra of tri-
chlorobenzene and OMF., The computer associdted with the spectrometer {5 used to
control the Chemistry Processing Unit and to perform the spectral analysis.

At the present time in the program, Battelle is evaluating the efficiency of the
sutomated chemistry and the programs for performing the least square analysis.
Analyses of system operation indicate that the 50 to 500 ppm concentration range
can be achieved with an accuracy of ¥ 10% or better with & 10 minute processing
and analysis time,

Final packaging of the system will take place during the next few months. [t is

expacted that a prototype PCB detector will be delivered to EPRI 1n February of
1984.
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Qz.

Q3.

Oiscussion

How mobile 1s the instrument?
A.  The instrument cannot be moved while treating 3 sample, but when

properly prepared €a. shipping, there is no p;oo1em.

How about the sample thickness?
A. The cell 1s fixed and never dissassembled, therefore sampie

thickness 1s Constant.

How does the cost compare to G.C.?

A. The author did not know the cost of G.C.
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FIELD DETERMINATION OF AROCLORS USING AN AUTOMATED
ELECTRC.: CAPTURE DETECTOR GAS CHROMATOGRAPH

J. E. Picker and B, N. Colby
5-CUBED

Owing to axfsting Govermment regulations concerning PC8 containing materials,
$-CUBED undertook a search for a reliable and portable instrument to {dentify and
measure Aroclors. Several approaches to the problem were evaluated with respect
to four major considerations; namely:

1. The instrument must be transpartable in order to perfom field
analyses.

2. It must require only limited operator experience or training.

3. Expected regulatory procedures for the determination of
Argclors shoyld be involved.

4, The range over whiCh the instrusent can monitor PCB
concentrations should be as wide as possible.

To meet these needs, $-CUBED, with partial funding from EPRI, decided to develop a
field transportable gas chromatograph with an electron capture detactor called the
PCBA-102, Although the concept of a transportable gas chromatograph is not novel,
the PCBA-102 13 unique in that 1t carries an onboard microcomputer to perform the
data interpretation which usually requires a trained analyst. The computer
monitors the output of tha electron capture detector, identifies the Aroclor and
deterwines the concentration in the sample. Littie operator eaperience or know-
l1edge of deta interpretation 1s required. The cperator prepares the sample using
a simple sample preparation procedure and injects 1t into the gas chromatogragh.
A1l other functions are performed by the microcomputer. This report describes the
PCBA-102, how 1t works and how 1t is used, and provides comparison data obtained
using the PCBA-102 and ASTM/EPA procedures to determine PCBs in o1 and soil
samples.
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INSTRUMENT

Figure 1 shows the PCBA.102 front panel. On the left-hand side {5 a
removable oven moduie wnich nouses the injection cort., the GC column
and electron capture detector, as well as the necessary heating
nardware. [n tne center of the front panel are toggle switches for
carrier ¢is siutoff and diversion to a rotometer for flow
measurement. Once flow 1s set, no adjustment 1s necessary, Also
placed on the front panel are five 1ighted pushbuttons and one 1ight
which permit the operater to {1} supply power to the PCBA-10Z, {2)
subply power to the oven heaters, (3] monitor the temperature, {4)
select tie instrument calibration mode, and (5} to begin sample
introduction. Calibration 1s required each time the fnstrument fs
powared up and after every tenth sample has been analyzed. This
provides continuing checks on 1nstrument sensitivity and maintains
accurate reported results. Also provided on the front pansl 1s a
papar tape printer for output of analysis results.

A block diagram of the instrument in shown in Figure 2. The
instrument requires & small cylinder of Argon/Methane carrier gas and
an oxygen trap to remove any trace of oxygen from the carrier stream.
The gas and trap are connected to the rear of the instrument using
standard Swagelock Ouichunnect(m fittings. This provides a very
smooth and secure connaction. Carrier gas enters the rear of the
instrument and flows through the oven assembly for preheating to the
injector port where 3amples are introduced. The flow then proceeds
through the column tnts the detector and finally through the toggle
switch and rotomster. Signal from the detector s fed to the
electrometer wnich 1# connected to the interface bosrd, The interface
bourd directs data coming from and to tie electrometer, the front
panel controls and the output printer, and the microcomputer,

Figure 3 shows sample chromatograms ovtained fn the laboratory using a
gas chromatogreph similar to the PCBA-102. These traces are plots of
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PCBA Front Panel

Figure 1
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CHROMATOGRAMS OF SELECTED AROCLORS

1018 1284

1242 1280

Figure 3. Chromatogram of the Four Target Aroclor Mixtures
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the deteCtor response versus time for common Aroclors (PCB mixtures).
Analog plots can be obtained from the PCBA-102 by connecting the
analog signal output on the back panel to a strip chart recorder. The
PCBA-102, however, “records” chromatograms in 1ts microcomputer.
Subsequent to recording the chrowmatogram, it performs the chromatogram
pattern recognition and quantitation calculations a laboratory anslyst
would normally be required to do. The first of these activities 1s to
locate and 1dentify the peaks in the chromstogram. The PCBA-102
performs this function automatically using Tts peak finding program.

Once an analyst has found the peaks and has detemined their retention
times and areas, he would decide whether or not the "pattern”
represents an Aroclor. The PCBA-102 performs this function using a
pattern recognition algorithm. The algorithm uses the peaks in the
chromatogram and compares their retention timas and areas to those of
standard Aroclor patterns which are stored in microcomputer memory,
The algori thm then determines a "MATCH" value similar to the (05 o
function encountered in multivariant statistics. The function is a
measure of how closely the sample pattern matches that of an each
Aroclor stored 1n computer memory. For convenience this “MATCH"
number 1s based upon 1000 representing a perfect comparison. “MATCH”
values above 800 are nigh and indicate good correlation between the
sample and the reference Aroclor 1n memory. A comparison of "MATCH®
values for tne AroClors Ts shown in Figure 4. The low values attained
for most of the comparisons 1ngdicate tiiat this calculation can be used
reliably to differentiate among the Aroclors.

Once the Aroclor has been identified the progras then proceeds to
determing how much of that Aroclor 1s present. The program calculates
concentration based on 1ndividual peaks by comparing thea to
corresponding peaks 1n the stored standard. A statistical evalyation
13 then carried out to reject peaks which are outliers presumably
resulting from interfersnces. The remaining pesxs are used to report
concentration on the printer.
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DETECTED MATCH

AROCLOR
101¢ 1242 1284 1260
1016 999 740 <1 <1
1242 770 222 8 <1
1254 <1 2 999 12 i
1260 <1 <1 18 999

Figure 4. Calculated "MATCH™ Yalues for Standard Aroclor Mixtures
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The PCBA-102 can pe readily transported into the field in & van or
statiuvmwagon, lts power requirements are such that it can be operated
e¢ither from 11ne voltage or through an invertor connected to a
venicles electrical system. [t consumes about 300 watts when heating
from a cold start but requires only about 20 watts once 1t reaches
operdting temperature. The PCBA-102 measures 10 x 19 x 20 inches and
weighs approximately 55 pounds. The unit requires a carrier ges
cylTnder but can operate for severas! days a on small cylinder. The
required gas Ts conprised of 5 percent methane 1n argon and should be
of the hichest quality available. A two-stage pressure regulator 1s
used to reduce pressure from the cylinder to the unit, The second
stage of the regulator should be regulated from zero to 100 psi and 1s
used to adjust fluw through the instrument. In addition to the gas
requirement, an oxygen trap should be connectad between the gas
cylinder and the PCBA-102. One trap is provided with the instrument
and 1t should last for several montas 17 gas quality 13 good. The
PCBA-102 and the trap are providad with Swagelock Oulcl:-CGnnnctm)
fittings for easy instellation.

APPLICAT IONS

The PCBA-102 1s designed to measure four Aroclor mixtures in
transformer fluid and/or soils sample extracts. Sample preparation is
required prior to analysis to ¢lean the sample and adjust
concentration to the range required by the instrument. A kit is
available in order to help perform these simple manipulations, Sample
preparation 13 based on EPA and ASTM methods which involve
partitioning wita hexane and concentrated sulfuric acid.

Whan power 13 supplied to the instruament, the printer responds with
the message that the power has been turned on and that the instrument
ovens are heating, whan the ovens have reached temperature, & sacond
messiqge aopears {ndicating that the PCBA-102 13 ready and that
calibration is required. The front panel calibration button 1s
11ghted to remind the operator of this. At this point the operator
presses the calibration button and sample button, and injects one
micreliter of the calibration stendard. The calibration standard 1s a
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salution containing | ppm of Aroclor 1254. The fnstrument checks to
make sure that this Aroclor is found Tn the calibration mixture,
Aroclor concentration is calculated and placed in memory. This value
15 used to calculate & response factor for the instrument at the
present time. This factor is used in quantitation of the next ten
samples. In addition, the retention times of peeks 1n the
chromatogram are checked against stored values to make surs that the
instrument is cperating properly. If retention times are not correct,
then a message appears asking for flow corrections. If the {nstrument
is unable to calibrate due to improper operating conditions, no sample
aralyses can be performed. If the instrument was able to calibrate
proparly the necessary "READY" will be printed and & sample can be
introduced 1nto the PCBA.

For transformer fluids o 100 ul aliquot 13 introduced into a vial
containing 10 mL of hexane and 10 sl concentrated sulfuric acid using
o repeating pipette., The vial 1s then closed and shaken vigorously.
The PCBs remain in the upper hexane layer while interferences go intec
the acid layer. When the two 1ayers have separated, ons microliter of
the hexane 1s injectad into the PCBA-102 using a 10 ul syringe. The
emount injected 1s a constant and does not hive to be adjusted by the
operator.

To analyze sofls, an optional balance 1s provided 1n the samplas
preparation kit, The operator places a vial containing ¢ premeasured
quantity of methanc] on tne balance and tares the balance to zerc by
pressing a button, The operator then adds 1.0 # 0.1 grams of soll to
the vial. The vial 1s shaken and the sofl allowed to settle. One sl
of the methans] solution 1s then introduced 1nto & viel containing
hexane and sulfuric acid using a pipete. This viel 1s then sheken and
a 1-ml aliquot introduced into the PCBA as previously described for
the 011 analysis procedure. The PCBA-102 automatically acquires the
resulting chramatogram, {dentifies the Aroclor from the peak pattern
and performs quantitation based upon peak areas. This all requires
approximately eleven minutes from start to finish,

MONS
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The output of the PCBA-102 is a paper tape from the printer. This
taps output i{ncludes the recognized Aroclor, the "MATCH® value
indicating relfability of the identification measurement, the
concentration of Aroclor found in parts per million and an associatad
error with the analysis, An example of the output tape 1s shown in
Figure 5. -

PERFORMANCE TESTS

The PCEA-102 was tested for performance in several areas. The first
wis o check of measurement 1inearity. A constant current electron
capture detector snould be 1inear over a very wide range,
approximately five orders of magnitude, however, owing to software
considerations and a need to 1imit the amount of material injected on
the column, the practical range of the instrument 1s thres orders of
magnitude. Triplicate 1nrjections of Aroclor 1254 at a level
equivalent to 1,000 ppm in & sample yielded an average reported
concentration of 921 ppm with g stendard deviation of 39 ppm.
Triplicate injections at 100 ppm yielded an average reported value of
104 ppm with a standard deviation of 3 ppm. Triplicate injections at
10 ppm yiel ded an average reported value of 10 ppm with standard
deviativn of | ppm. Figure & graphically depicts thess tests and
shows that the instrument is 1inear over the range of 10 to 1000 ppm.
Based on this 1t is clear that nonlinearity errors are small compared
to errors associatad witn sample preparation and possible
interferences in the chromatograa.

The ultimita test of any 1nstrument s how 1t performs 1n comparison
with others. 7o tast this several oi1l and soil samples were prepared
and analyzed using EPA/ASTH procedures and the results compared with
those obtained using the PCBA-102. The results of these analyses are
depicted in Table | for various transformer fluids. In each case the
PCBA-102 correctly {dentified the Aroclor and quantitation was very
close for all samples.
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PCBA-102 LINEARITY
Triplicate injections at 10, 100, 1000 ppm

1000 -

Reported Concentration (ppm)

10 100 800 1000
Actusal Concentration (ppm)

Figure 6. PCBA-102 Linearity
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TARLE 1

ANALYSIS OF TRANSFORMER OIL CONTAINING PCB COMPARISON
OF EPA/ASTH PROCEQURE YERSUS PCBA-102
(valuas 1n parts per mill1on}

IDENTIFICATION QUANTITATION
ASTM/EPA PCRA-102 ASTM/EPA PCBA-102
1260 1280 242 27
1260 1260 35 34
1254 1254 5 0
1254 1254 473 364
1242 1242 55 3
1242 1242 400 470
1260 1260 242 244
1260 1260 ki ks
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The instrument was also tested using PCB contaminated soils in
conjunction wita a tworstep dilution, HMetmanol is first used to
extract PCBs from tne samples. This extraction is followed oy the
hexane-sulfuric acid partition cleanup used for ofls. The method was
compared to a procedure using exnaustive hexene extraction ina
soxhlat apparatus followed by exntustive acetone extraction with the
combinetion of the two extracts being measured. Table 2 lists the
results from these tests. In all but two cases the PCBA-10Z Methanol
procedure correctly identified the Aroclor and gquentitation agresd
well. In one case the PCBA did not detect any Aroclor bacause the
actual concentration was below the instrument's 10 ppm detection
1imit. The second disagesment resulted for a sample which seemed to
contain both Aroclors 1242 and 1016 in a combination. The PCBA-102
chose 1016 as the closest matcn Aroclor and quantitated accordingly.
Quantitation for this suaple was very ¢lose by both methods.

Alsy provided in on Table 2 are results from two EPA performance
evaluation samples consisting of PCB contaminated sediments. The
"true value” 1s that provided by EPA who indicated that these samples
contained Interfering materials and that quentitation and
1dentification would not be straightforward. The PCBA-102 was not
abie to recognize Aroclor 1242 1n the first sample. Rather it
selectad Aroclor 1016 whicn has a very similar pattern. The
quantitation was very close. In the second case the Aroclor was
correctly {dentified and again the quantitetion was reasonably close.
1t should be pointed out that the standard deviation provided by EPA
for the 24 ppm sasple was 11 ppm based on their analyses.
Consequently the J ppm difference between the PLBA-102 and the “true
value® 1s axcellent.

SUMMARY

The PCBA-102 computeri zed gas chromatograph 1s able to accurately and
reliably Sdentify and quantify Aroclors in transformer fluids and
solls. The instrument performs analytical chemistry functions in the

f181d which usually require a treined anelyst and complex
instrumentation.
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TABLE 2

ANALYSIS OF PCB CUNTAMINATED SOILS
BY PCBA-102/METHANOL PROCEDURE VERSUS
EXHAUSTIYE HEXANE SOXHLET EXTRACTION

FOLLOWED BY ACETONE EXTRACTION

IDENTIFICATION QUANT LTAT ION
SOXHLET EXTRACTION PCBA-102 SOUILET EXTRACTION PCBA-102
1242 ND 5 ND
1016 1016 9 5
1016 1016 kY 4
1242 * 1006 1018 12 13
1016 1016 4 62
1016 1016 1o 176
1016 1016 215 23
"true value® PCBA-102
1242 1016 24> 21
1242 1242 LE 36

ND = Not Detected.

*EPA performence evaluation samples.
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Discussion

QL. How dry must the sample be?
A. Field samples taken after a heavy rain have coms out well.
Spiked, wet samples have also compared very well with dry

samples.
Qe. How ebout 1dentification of various Aroclors?

A. The instrument is designed for utility spi)l analysis, not for

combinations of Arocliors.
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THE SEMIQUANTITATIVE DETECTION OF FOLYCHLORINATED BIPHENYLS (PChs)
[N CONTAMINATED SOILS BY THIN=-LAYER CRAROMATOGRAPHY

Bernsard Plechalak
Commonwesith Edisen Company
Maywood, Illimois 60133

Section |

TNTRODUCTION

A3 a consaquance of thair parsaistsnce, their gbiliry to sccusulate, and their
dietribution throughout the environment, polychlorinated biphanyls (PCBa) hava
becoms & wll koown eaviroomental pollutsnt. Bipgd and snimal studies have shown
that PCBa can isduca various toxic disorders (], ). PCls have slisc bacoms &
sajor concarn to man bacsuse of hia realdence at the top of most fo0d chains vhers
he cen concantrats subsatantial smounts of PCBa.

PCR-filled capacitors ars potancial scurces for PCB ralesse to tha anviroceent-
If & pole=top capacitor tupkurss, PCB relesssd to the ares beoseth the pole must
bs ¢nllacted and contaminsted ground removed. Howevar, at the prasant time
samples muat be sent to a laboratory snd anslysed before ths excent of
coutaminstion or tha amount of PCB remaining sftar s cleas-up oparstion can be
datarmined. Off-site amalyses sre tims consuming and can delsy sits rsetorstion
for meny days. Mors imporzant during thase time dslays, contaminsted ground may
ba laft sxposed ko tha open environment whare it could bs washed or carrisd away.

Thin-Layer Chromatography (TIL) methods have previcusly besn descrided (3, &).
vhich are capsble of deteraining trace levais of PCls in biological matricee. The
main goale of this work ware to invaetigete the detection of PCBe in contaminatad
aoile using thin-layar chromatography snd to evaluste its use as an aid during
clsas~up operativos. Posaible TLC iocstfersnces Irom chlorinated peaticides or
high conceatrations of wineral oil wers slse investigated.
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Ssction 2

EXPERIMENTAL -

AFPARATUS

Bakar-flax R TLC platas, typs "Silicon Gel iB", were used. Plates ware 20cm x 20em
with @ coating thickneas of 200 microns, end were activatad at 150°C for 15 minutes.

Carmicidal lamp, capable of smitting strongly in the desp ultraviolet region.

Chromist ™ indicator sclution spray unit.

A Perkin~Elmer Model 3920B gas chromstograph equipped with a N163 eleactron capture
detector was used. A glaass column (1.8 sm x 4 om 1.d.)} was packed with 3T OV-10i
on 100-120 mesh “Gas Chrom Q". The column and detector wers meintsined st 200°C

and 325°%¢C raapactively. Tha carriar gss was 5% mathane in argon, and the flov was
maintained ot B0 cc/minute.

REAGENTS

“Silvar Nitrsts Indicator Solutfon.” ACS Resgent Grade ailver nitrste (2.0 grams)
wara dissolved in 223 als of denstured alcohcl snd 25 als of distilled water. Ths
solution ia atored in an amber bottle.

All sacatone, scetonitrile, haxane, and mathylens chloride used wara Burdick &
Jeckson's "Distilled in Glase" grede.

Aroclor 1242, Monsanto Lot #194 wes used to prapars tha 25,50,100,250 and 1000 ppm
(ug/ml) standarde in haxane that wars used to obtain tha datsa shown in Figura 3-i.
All othar specifit aroclors and peaticida atanderds wara diluted in hexana from

100 ug/g sroclor end pasticids standardas obtainsd from the Polysciencas Corp.,
Kit #590A,
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PROCEDURE

Soil Extrsctions

Individusl samplea of contaminated sofl (25 grams} sre placad into sepsrata 500 ml
glass jsra aguipped with sluminum linad caps. (If tha soil is vary wet, ona can
add 10-20 grams of anhydrous sodium sulfste to sabsorb tha moisturs.) Approximataly
25 mls of hexene ara added to tha jsr to astursts the sampla. An additional 20 mls
of haxana era then added, and the scil/hexsna nmixtute is shaken for twe minutas.
The extrsct is than decantsd and suction filtered through a gless fiber filtasr.
Tha eane sampls of soil is then extracted s second tima with anothar 20 mls of
haxene. This extract is slso dacanted and filtered, and then cowbined with the
firat excract. Ths finel volums is adjustad to 50 ml in s gradusted cylindar.

Thia finsl solution represents 25 grams of soil in 50 al of hexsna.

TLC Detarmination

An ectivated TLC plats is marked with a pencil line 3 ¢m from tha bottom. Each
soil extract (40 miecroliters of sample) ia plecad on this lins, saperatad by e
minimun of i-1/2 ca. Each extract ia apotted, applying only a 2-4 microlitar
porticn of tha sample st s time and sllowing tha epot to complataly dry batwesn
applications. To each plats 20 microlitars of a 350 PPM sroclor 1242 standsrd is
also spotted to ensurs complets plate devalopment.

Tha plats is developad in & chromatogrephy jar in (1:4) scetona/hexsns, sllowing
tha aolvent front to eacend 3/4 the length of the plats. Ths plate is removed, air
dried, and spreyed with the ailver nitrata indicator solution. It is then exposed
for ten (10) minutee to the ultraviolet light of ths garmicidal lamp at & diatance
of approximately 5 ca. sbova the bylb. Any PCB present will devalop as & derk spot
with an R! value of roughly 0.50. If the 50 PPM standerd is not rasdily viaible,
the plets should bs axposed to ssmonie vepor, which lightens the background in

prefarsnce to the TLC apots; it ia than rea-exposaed to the ultraviolet light for
ten (10) minutes.
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The relative darkness snd size of a developed spot is relsted to its PCR concen-
tration. By using twice the volume of sample extract a3 stsndard solution, one can
compate the sample spote directly to the 50 PFM standard spot. If the sample spot
size (length in ma} 1is less than the 50 PPM spot size, or not detectabls, tha
sample contsing less than 50 PPM of PCB (on an as received basis). If the sample
spot size is larzer than the 50 PPM stendard, c¢han one sstimates sample concentra-
tion from a standsrd working curve. The standard working curve can be prepared by
spotting snd running 20 microliters of e 25,50,100,250,500 and 1000 PPN atandards.
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RESULTS -

TLC PROCEDURE - FLELD RESULTS

A standard working curve for PCBa in tha concentrstion tangs of 20 to 1000 PPM for
the TLC metbod wes constructad as s semilog plot of PCB concentration (PPM) va.
apot size (length in mm). This semilog plot was found to be approximately linesr
over this range (see Figure J=l},

Basad upon the working curve snd an exparimental uncartsinty of +1 ma for ths spot
aize, the PCB concentrations for ten posaibly contaminated acils from two sites
wers estimated in the field following & capacitor spill. Theas results wsre then
competed to the ECD-gas chromstography results ebtained in the laboratory (aes
Tablee 3-1 and 3-2). The PCB ctoncentrations were correctly estimated for all soil
samplea. Furthermore, the in-field soil extracte of samplee D and E from site #|
were elso analysed ueing the ECD-gas chromstograph to determine the recovery
cfficinhcy of the field extraction vs. the scxhlet extraction, Field extrsction
racoveries for samples D and E were 91X end 101X respectively, indicating
scceptable recoveries,

MONS 214729

2-39



1000
800

600
500

400
300

Q
o

@
Qo

)]
Q

Parts Per Million -PCB
W o
o o

w b
O O

n
&)

A
s
STANDARD WORKING CURVE -
/
A
Y 4
V4
VL
/
¢
20l of Aroclor 1242 Standards
—f

2 3 4 5 6 7 8 9 10 |

Spot Size - length in m.m.

Figure 3-i. PPM PCB (9/mi) vs. Spot Size

MONS 214730

i2



-

TABLE 3-1

PCB CONTENT OF CONTAMINATED SOIL - SITE /1
(TLC va. ECD - GAS CHROMATOGRAPHY RESULTS)

Sample Thin - Layer Chromatography ECD - Gas Chromatography
Spot Size PPM P(B m !cll
(L)) {ae rec') (s rec’)
A 9+ 1 200 - 600 375
B 15 + 1 = 1000 7390
c 16 + 1 Y 1000 7280
b 15 + 1 > 1000 1990(2010)°
E 8+1 100 - 350 101(92)2
50 ¥PM 6+ 1 - -
Standard

1R.porud as arcelor 1242. Resulte are based upon soxhlet extTactiona of sub=
eanples from the originally contamineted eoils.

zrho values in parentheeie were obteined from the soil extrecte performed in the
field. Thay reprasent ¢ 101X and 91X recovery for samples D and E respectivaly
when comparad to soxhiat extraction rasulte.
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TABLE 3-2

PCB CONTENT OF CONTAMINATED SOIL - SITE #2
(TLC ve, ECD - GAS CHROMATOGRAPHY RESULTS)

Sample Thin - Layer Chromatography

Spot Site FPM PCB

[C )] (a9 rac'})
A KD < 25
B KD ¢ 25
c ND < 25
D ND ¢ 25
E ND « 25
50 PPM 6+ 1 -

Standerd

ND = Not Detscted.

TLC PROCEDURE = INTERFERENCES

ECD - Gaes Chromatogrephy

PPM PCB
(ee rec')

<10
< 10
23

Chlorinated pseticides have besn known to interfere with che TLC determinations for
PCBe (5, 6). Standerde of DOT, DDE, and Haptaclor and Aroclore 1242, 1248, and
1254 (50 PPM concentrations) werse run separately uaing the TLC method. The
developing eolvents ware veried in aun effort to reduce the interferences from tha
pasticides. Tha solvente chossn ware haxane, (l:4) acetons/hexans, methylens

chloride, and ecetonitrila (hexane ssturated) which resulted in a wide range of

Ilf veluse for the

PCBe. Based upon the Rt

values listed in Table 3-3 for DDT, DDE.

Heptaclor, and Aroclore 1242, 1248, and 1254, two conclusions were drawn: (1)
Incomplece separetion of the chlorinated pseticides from PCBa can be expacted for

all solvents testad.

This overlep will reauit in positive resulte when testing for

PCBs. However, the pressmca of chlorineted peeticides in soile at concentrations

nesar 50 PPM 1is highly unlikely.

(2) Incomplete ssparstion of the individual

eroclors indicates thet the TLC method 1s a non-specific ceet procedurs.

2-42
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Interferencs from high concentrations of minsral oil wee elso investigatsd in the
solvants listed previously using mixtures of 1000, 10,000, and 100,000 PPH
minarel oil and 50 PPM PCB in hexana. Table 3-4 lists the Rf valuee for verious
concentrations of oil end of PCBe et & 50 PFM level using different developing
solvents. For mixtures containing 10,000 PPH o1l tha detection of the PCBs was
inhibkited when msthylene thloride or scatonitrils wee used ss ths developing
solveant. Howevar, sven wvhen 100,000 PPM of oil wars present which regulted in

extansive tailing, 50 PPM of PCBs were still detectable when the develeping
solvant was hexans.

TABLE 3-3
SEPARATION OF PCBs AND VARIOUS CHLORINATED
PESTICIDES BY THIN-LAYER CHROMATOGRAPHY

R, Vllugl:

Solvent Systam 3 T
PCR Posticide
Aroclor  Aroelor Aroclor DDT DDE  Hsptaclor
1242 1248 1254 —
Hexane 0,29 0.29 Q.28 e,186 0.26 0.25
{114} Acetone: 0.50 0.50 0.48 0.453 0.48 0.51
Hexane
Msthylens Chloride 0.64 0,64 0.64 0.68 Q.68 0.68
Acetonicrile 0.89 0,87 0.8% 0.89 0.87 0.85

{Haxene Saturated)

l‘ronl weight of eech compound used was | microgram (20 sicrolitars of a

50 PPM solution).

zm thras aroclors tested showsd approximstely esqual intsnsities at the
50 PPM leval.

3'l'ln {o,p) and (p,p’') isomes of DDT and DDE ware not separated.
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TABLE )-4

SEPARATION OF PCBe AND MINERAL OIL BY THIN-LAYER
CHROMATOGRAPHY

Sample Mixeurs R, Velues for Differsnt Solvent Systams

Hexane {l:4)Acetona: Mathylenas Acetonitrile
Haxsns Chloride Rexane Set.
PCB-50 PPM! + 0.30 0.49 0.64 0.85
Minerel 011-1000 PPH ND ND ND ND
PCB=50 PPM + 0.29 3 0.50 0.66 =4
Mineral 0{1-10,000 PPM 0.59+.08 0.63+.08 0.71+.06 .
PCB=50 PPM + 0.30 0.49 - -
Minersl 011-100,000 PPM  0.50+.16 0.56+.16 * *

1A-.:m';lm' 1242.
2NI) « Not Detectable.

thm developesd the minersl oil appears es sn off-white spot on s brown background,

The "+" value is the renge of R! valuss with which the mineral oil overleps,

N Extensive tailing.
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SUMMARY

Ths thin-layer chromatogrephy msthod investigated was found to ba sensitiva at the
50 PPM level and yielded results that are at lesst a good sstimate of the PCB con-~
centration of eontaminaced soil, The method cen be saeily executed in the fisld by
s trainad tschnician and is fairly rapid {5 samples/TLC plate/hour), Therefores,
the TLC method could serva ae an aild during clean-up operstiona of goils contamin-
ated with PCBe following s capacitor rupture. As an aid it can be used to expedits
the ¢lsan-up operations, helping to minimits the amount and length of time con-
taminatad scil ias left sxposed to the environmental. Furthermors, it csn help to
‘sliminate second and third coatly clasn-up sfforts. However, it ia not intended

to be used as & final clesn—-up confirmation. The final confirmatory samplea should
be analyzed uesing the ECD-gaa chromatograph procedure which is wore accurats and
sansitiva.
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Ql.

Q2.

Discussion

Wny is Hexane ussd in view of it's toxicity?

A- Other solvsnts probably could bs usmad.

What is the sffsct of othsr chlorides - particularly TCA?
A. Host of ths solvanta would be quits volatile and would
svaporste. Unlass concentration was sxtremely high, thers

should not be a problem.
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PORTABLE INFRARED FIELD MONITOR FOR PCBs; PHASE II_

M. S, Depton, Ph.D, and M. H, Walker
R and D Department, C/S Associates, Inc.,
101 Midway Lane, Oak Ridge, Tennesses 37830

ABSTRACT

Since the Daltas, Texas EPRI Seminar of Decembar, 1981, a great deal of effort
has been expended on developing and commercializing PCB destruction and cleanup
from askarels and transformer oils. PCB~contaminated 011 1s sti11 being stock-
piled at an alarming rate and PCB spi11s continue to occur. These problems have
proven to be extremely challenging ones with no widely accepted, definitive and
sconomically feasfble answers, Unfortunately, regulations have become more
stringent and are more widely affecting personne) throughout the electric power

industry,

It 1s hoped that this Phase II* study on refining and field proving an infrared
(IR) portable monitor, preliminarily developsd 1in Phase ["* for PCBs 1n §pi11
conditions, will be of assistance 1n each of the aforementioned problem arsas.
The largest PCB problems occur in the form of PCB-contaminated o171 in fleld
transformers and storage contafners, and pure askare]l in transformers and
capacitors. The most ismediate nesd for a portable fleld fnstrument 1s stil]
for use under PCB sp!11 conditions. A simple, rugged, reproducibie, and PCB=
specific Infrared analyzer and sampling protocol has besn developed and field

tested to f117 this vold,
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Phase 11 has served to verify and refine significant findings of the preliminary
study. AJ1 IR wavelengths have been optimtzed by digitization and subsequent
absorbance maximization, The selection of extraction solvents has been
final1zed based on the application and physical properties such ;s volatility,
toxicity, migcibility and PCB extraction efficiency. The latter two
characteristics have been extensively studied utilizing a 30 x 30 miscib{lity
matrix and distribution coefficients measured by shake out extractions and
subsequent electron capture GC or radfolabeled PCB counting technigues. The
emphasis has been on the development of a soTvent/soil extractioh procedure
followed by a fixed=-fi1m application on a Hor!izental Multiple Interna)
Reflectance (HMIR) stage coupled with a Foxboro Miran 980 IR analyzer, The
refined protocol of fixed-f11m application using volatile, PCE-Tadened solvents
requires & single shake out extraction in a standard scintillation vial using
relatively small amounts of sample (e.g., soil or oll} and solvent. Using such
volat! 'I‘o extraction solvents, results in an actual preconcentration step prior
to analysis and allows us to see 25-50 ug PCB/g Sofl routinely, and down to 5 ug
PCB/g So11 using additional sample and solvent, This technique has besn afded
by the development of 4 stainless stee] "sample containment we!r™ which is
placed over the HMIR window. Further studies have been made to minimize the
effects of sotl moisture on PCB extraction and potential {nterferences by
pesticides and herdicides possibly present at spfll sites, A brief instrument
comparison study has been carried out with the Miran 980/HMIR (microprocessor
controlled, baseline subtract, matrix calibration, etc.) and the simpler and

1ess axpensive Miran 1A/HMIR (meter read out and manual wavelength selection,
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calibration, and baseline subtract}. A final IR {instrument selection and
protocol will be made. The final stage of the study involves the analysis of
actual fleld samples and field testing to estab]ish the ut{l{ty-of the unit and

sample protocel for portable or mobile use.

*Present research offort sponsored by EPRI Agreement RP1263~-10 with C/S
Associates, Inc. of Oak Ridge, Tennessee.

*%Prg]{minery ressarch sponsored by EPRI under Interagency Agresment RP12630-5;
DOE No. ERD-80-061 under Union Carbide Corp. contract W=7405~eng=26 with the
U.5. Department of Energy of Oak Ridge National Laboratory. EPR] CS5-2828,
Project 1263+5 Final Report. January 1983, "Development of a Portable Monitor
for PCBs” with W.D. Bostick and S.R. Dinsmore.
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EORIABLE INFRARED FIELD MONITOR h
EQR PCBar PHASE II

JNTRODUCTION
Bhaas I Summary

The tnitial phase of this study essentially Tayed the ground work for the
current instrument and protocol refinement project (1}. The matrix 1solation
techniques currently used wers preliminarily developed in this phase. These
included the use of radiolabeled {14C) PCB, batch adsorption studies, and
extraction of PCBs from ofl and sofl, The feasibility studies for determining
the uttlity of Infrared spectroscopy (IR} were carrfed out using the technigques
of Fourier Transform Infrared (FTIR) spectroscopy (Digflabs FT$=20C). A1
{nttial IR flow cel] work was carried out using the Miran 1A (2, 1) vhile 211
Horizontal Multiple Internal Reflectance (HMIR) studies wers parformed on the

Miran 980 (4) (both instruments from Foxboro Analytical).

With the initial feasibility of IR proven as a monitor for PCBs, a series of
experimants was undertaken to measure PC8s and askarel {n o011 and soll samples.
Figure 1 depicts the direct reading of pyranol in 10=C 011 (mineral ol7) using a
0.2 mm pathl ength Bal'z flow cel ! mounted on the Miran LA, As canbe sean from
the very small absorbance readings, measuring PC8s in of1 or 011 spilis at this
very critical concentration range 1s very difficult at best. This is due
primarily to the inherently low intensity of typical IR sources and the
preponderance of of1. Figure 2 again shows Pyranol 1n 10~C 011, However, ¢n

this case, the 0171 was used to extract the askarel out of soi] samples, Mineral
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ofi1 18, in fact, an {deatl IR solvent for PCBs since 1t 18 IR transparent from
approximately 7.5 to 123 microns. The extracted of]1 samples were again run on
the Miran 1A, but using a 0.2 mm pathlength ZnSe flow cell. The calfbration

curves obtained in this manner were quite 1ihear for concentrated samples,

The simplest form of PCB/Sci1 measurament was also attampted in Phess I. This
involved the direct application of contaminated soil to the HMIR window of the
Miran $80. Figure 3 !1lustrates the applfcation of varying amounts of Pyranol
(0 tol g) to 5=g sotl samples, The top scan represents a soil blank, The
corresponding calibrstion curves were again surprisingly linedr. This dtrect
application technique proved useful for concentrated askarel spills and would be
useful for an tnitial screening of a suspected spt1 site. For the lower PCH
concentrations that might te present in a PCB/01) spt11 or after partial digging
up an askarel spill, this technigue had several Yimitations. These I!ncluded
inconsistent readings resulting from the soil type, sofl moisture and amount Of

ofl present.

Rathar than "dijuting™ the PCBs with of1 (or of} miscible soivent) in an
extraction or dealing with the inconsistencies of direct sofl application, (¢t
was decided thst a preconcantration step would 1nstng be nesded, This would
ospecially be necessary to seasure contaminated (50-500 ppm} and land=fillable
(S50 ppm) samples. For this purpose, s fixed=film HMIR technigque was developed
which deposited the PCB onto the horizontal stage window as a volatile
extraction solvent evaporated. Using this technique, which is the basis of the

Phase 1I study, one can ses tens of micrograms of PCE from so1}. Furthermore,
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the method 1s quite reproducible and, as can be seen in Figure 4, very linear.
Bhase Il Ovarview

As mentioned previously, the goals of the current phase of this project are to
refine the necessary instrumentation and sampiing protocol, as well as apply
them to spfll type samples. While a great deal of work has been carried out in
of1 matrices, the primary thrust of thia second phase is to develop a rugged,
portable and easy to operate instrument for use in askarel spills on landg-based
substances. Since the inftfal studies were carried out: we have had the
"enefit" of further PCB information, 1{tigation, spills and, most importantly,
fesdback from many potential uti{lity users concerning actual spill conditions
and possible interfersnces. Several excellent and extensive reviews are also
availsble covering the general PCB situation (5, §)» PCBs fn the environment
(1), and portable instrumentatfon (f).

The scope of work for Phase II included the following tssks:
. Yor{fication and selection of the proper wavelength(s).
. Selection of the proper solvent(s),
. Refinament of the MMIR technique and development of a protocol.
. Measurements of PCB~contaminated soil,
Evaluation of interferencea,
. Instrument selectfon and completion of protocol,
. Field testing of the instrument and technique.
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INSTRUMENTATION
Miean™ 1A

The simplest and most rugged of the Mtunm

series of {nstruments from Foxboro
Analytical 1s the stingle beam IR photometer called the Miram lA, This
instrument shown in Figure 5 can be equipped with either a flow ¢ell or HMIR
stage. Its portability and ruggedness for field work has been attested to in a
NIOSH portable instrument evaluation (A}, Wavelength selection is made with a
ctrecular interference-vedge filter, which does not give as much spectral

resclution as a grating instrument but does provide higher sensitivity (dua to

Tess 1ight loss). Figure & schematfcally 11lustrates the optical path of the
IAI

Miran™ 980

The nfjor‘lty of our work has bean carried out on the Wiran 980 programmable IR
on loan to us from Foxboro Analytical for this study (see Figure 7}, This
spectrometer was equally rugged, had similar optics (and thue similar resolution
and sensitivity, see Figure & for the 980 optical system), and could be fitted
vith either a flow cell or HMIR stage 1ike the Mirsn 1A, What sets this
tnstrument apart, howsver, 18 the fact that {t {s microcomputer controlled and
fs capable of on~the~fly background-corrected spectral scanning., Thus, the
black body curve, 10-C 011 matrix, soil matrix, etc, can be subtractsd, This
feature has proven invalusble in method development. The Miran 980 alsoc
provides automatic analysfs of mixtures with complete data reduction. As can bs

sesn from Figure 7, the 980 provides (1} a keyboard for operating and data
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reduction functions, (2} a printer for "peak ptcking™ and absorbance,
transmittance or concentration readout, and (3) a cassette for parameter and

baseline storage.

#yltiols Intarnal Beflsction Speciroscooy

As mantioned previously, both the Miran 1A and 980 can be edapted to a multiple
fnternal reflection (MIR) cell, Two common configurations of‘ MIR colls are
t1lustrated in Figures 9=A and 9~-B, The former depicts a vertical multiple
internal reflection (YMIR) cel1 whila the latter {1lustrates a horizontal
multiple internal reflection (HMIR) window., While the sample does ses twice as
many reflsctions in a VMIR cell than {n a HMIR cel), the latter configuration
was used for all our MIR studies due to fts convenience and simplicity {n
handl fng spili=condition samples (e.g., askarel, PCB/011, or PCB/Soil). It is
very simple for a sample to be applied, scanned and wiped off (with an organic
solvent) with no carry-over contamination or flow=Cel1l blockage. Oue to its
availab{lfty, fnertness (especially to water), durabflity and vide spectral
range, a ZnSe-window HMIR was used throughout Phase I and II. Figure 9C
111lustrates the 11ght path, typical angle of incidence, and typical dimensions
of auch a crystal. The development of a BaFfy HMIR cryaf:n woii1d greatly enhance
the 1ight throughput and 1nstrument sensitivity.

“The principle of operation of MIR, al1so referred to as attenuated total
reflection (ATR), 1¢ based on the fact that iInfrared snergy being totally,
internelly reflected within a high refractive index optical material {(e.g. ZnSe
or Ban) will ectyally penetrate a short distance into the applied sample, If
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the sample absorbs energy from specific wavelengths, this attenvation of the
beam, usually sxpressed as an absorbance, fs related to concentration. Such MIR
spectra closely resemble absorption spectra using a transmission cell. Figure
10 scematically represents a MIR optical diagram from source to detector. The
adventages of MIR, and in particular HMIR, for field analysis are elucidated In
Table 1.

Eiald Sampls Precaration Kit

Barring any exotic interferences from herbicides, insecticides, pesticides,
stc., the routine preparation of land=based material for analysis by HMIR s
quite simple and rapid, Like the method, the ancillary equipment needed for
sample prep. is simple, A single small case contatns the follewing:

* Ohaus portable digital balance for soil waighing. Precision {s good

to ons decimal place. Powered by an AC adapter or 9Y battery.

. Spatula for transferring sofl to vials.
Empty scintillation-type vials for soil (or ofl1} extractions.
¥ials containing the appropriate organic extraction solvent(s).
Pipette (0-1 m1) with disposable tips for transferring solvents from
vials onto the soil and extraction 1iquor from the extraction vtal
to the HMIR window.
A stainless stee! “sample containment weir™ which fits down over the
HMIR window. While it i{s open at the top to allow sample {ntroduction
and volatile carrier solvent evaporation, it corals the solvent over

the window during fixed f1im application.
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Digposable silica gel minicolumns for the separatfon of
interferences such as pesticides from PCBs, Additional scinttllation
vials of eluting solvent can alse be included, The separation/
purification of PCBs {s a simple and rapid procedure described in
the 1tterature (9, 10, 11).

RESULTS AND DISCUSSION
¥Mavelangth Selection

The first task to be undertaken was that of verification and final selection of
analytical and reference wavelengths, NWavelengths were roughly determtned t{n

Phase I which would minimize the effects of Interferences (e.g9., TCB end 10-C

011) while saximizing the absorbance contributions of PCBs (l). See Figure 11,

Selactivity and sensitivity was thus built in. These initial wavelengths wers

optimized by digitization and subsequent absorbance maximization, Table 2

outlines the final selsction of wavelengths.

Table 2 Qptimized Wavelengths for Monitoring PCHs (in microns)

Ehasa 1 Ehaas 11
7.2 7,169
1.5 7.447
8.5 8.551*
9.2 9.153%

12.3 12,254

“Thess sre the wavelengths of choice for selectivity and sensitivity.
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Solvent Sslection

The sacond task of the study was the final selection of soclvents for the
sxtraction of PCBs from sof) and o011, Attractive alternatives to the solvents
chosen in the preliminary study are presented for use in both matrices. Solvent
selection was based on toxfcity, volatility, miscibility, and extrsction
efficiency, The toxicity and/or hazardous propertiee of each solvent were
evaluated using a varfety of sources (12, 11, 14 15 16). Volatitities (vspor
pressure) as well as densities snd molecular weights sre given in Table 3 which
was compiled from a wide varfety of sources (), 12, 13, 14, 11, 18, 13).
Knowledge of the specific grsvity of a solvent i{s necessary in the extraction
procedyre, while that of the vapor pressure is useful in designing fixed=film
experiments, Solvent miscibilities were determined by ths development through
Phase T and II of the 30 x 30 miscib{1ity matrix shown in Table 4, Although
thase are primarily common chromatographic solvents. this data is not available
in any handbook to date, Tsble 5 below lists several additional solvent

miscibil{tiea found useful in solvent extraction development studies,

Table 5 Additiona) Solvent Miscibilitias

——CS,  TEP_ Acatons
DMF M M M
01} M SR M
Hy0 s M M

Finslly, sxtraction efficiencies were determined by measuring solvent/ol]

distribution coefficients and percent PCB removal frowm soil and sofl/ot)
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matrices, A uniformly labeled (14c) PCB  {someric mixture, containing
approximately 54% chlorine by weight (New England Nuclear, No, NEC-630) was used
to spike samples. Such radiclabeled PCB work has also been done by Seld) and
Balischmiter (20)., Counting was accomplished on a4 Paciard Tri=-Cart
Spectrometer, courtesy of the ORNL Analytical Chemistry Division, A computer
progrsm was developed by W. D. Bostick in Phase I (1) which took this
spectrometer data and computed counting efficiencies and net disintegrations per
minute (OPM)}, Distribution coefficients (D) were thus determined and are
summarized in Table 3 along with selected values from the work of Napier ot a)
(11). Once such distribution coefficients are determined, PCB extraction
efficiencies can be readily determined for any combination of solvents and shake

out volumes and 1terations ss shown below:

Eatcuiation of PCR Extractian Efficisncy

5 PCB —_— "
= 100 1 +D /(v
Remaining 1n 011 ('%
where,
0 = Distribution Cosfficient

Genc.. of fxt. Phase
(Conc. of 011 Phuo)
Yolume of Extractant

-
»
[ ]

Va = ¥olume of 011

Iterstions
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Sample Calculations:

1. Four axtractions with acetonitrile (CHSCN)

where, avg. D = 0,29 Ya a2
C

nel 63% (remaining in o1} 37% (PCB extracted)
2 408 608
3 25% 75%
4 16% 84x

2. Four extractions with dimethylformamide (DMF)

5

where, D = 1,43

nal 26% (remaining in oi1} 748 (PCH extracted)
2 7% 938
3 . | 908
4 0.5% 99.5%

Based on the four criteria presented above, thres solvents were selected for PCB
axtraction from sofl snd other land-based substences, These solvents in order
of utility were carbon tetrachlaride (CC1,), methylene chloride (MC),
trichlerotrifluorcethsne (Freon 113} and haxane. Each of these solvents has two
sdvantages over the previously selected solvent (1), acetonitrile (AN). These
are higher volatility for rapid fixed=film vapor deposition and, very
importantly, immiscibility with water, The distribution coefficient of AN in
o111 of 0.28 drops to 0.11 when AN 1s contacted with so11, The meisture 1n the
3011 mixes with the solvent and subsequently repels the PCBs rather than

extracting them. Ospsnding on the moisture content of the so11, the absordancs

MONS 214750



measured for PCBs varies. O[n the other hand, PCB extraction from of1 eor
s011/011, N,N-dimethy] formamide (DMF)} and acetonitrile (AN} are the only
solvents which have proven effective and are sti1) prectical, We have not,
unfortunstely, found an organic solvent which 1s both totally 11;1u1b10 with
o011 and water, While DMF must be handled with considerably more cars then the
other solvents, 1t does exhibit g distribution coefficient soma five times that

of AN,

Rafinemant of HMIR Ischhigue and Samoling Protecol Davelopment

The modest anci{lliary equipment reguired for sample preparation has been
described previously 1n the Instrumentation: Fleld Sampling Kit section, A set
of calibration scans, as shown {in Figure 12 can be run at the laboratory, From
these scsns (Miran 980} or sbsorbance values (Miran lA), s calibration matrix
can be stored in ssmory for data reduction (980} or plotted on graph psper (lA)
for use in the fleld., The 980 1s further capable of storing any number of
background curves on cassstte tape for subsequent baseline subtract. It will be
necessary with the 1A to run backgrounds in the f1e1d, The scans in figure 12
ware produced by making up PCB standard in & volatile organic (CC1,), depositing
the aixture on the HMIR window: allowing the solvent to evaporate, and scanning.
An air baseline has been sutomatically subtracted for each. The sctus!
Absorbsnce y§ Micrograms of 1260 cslibration plots are quite linsar, but there
are three distinct regions, low (0-100 ppm! middle (100-500 ppm} and high (>500

ppm} concentration ranges.
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Upeh arriving at the site, {f the spi1] {s anobvious one or 1f & rapid screen
{s desired: one can scan the potentially contaminated soll directly on the HMIR
window, Instrument noise and air backgrounds can be subtracted out to produce a
PCB or askarel scan, Cleaning of the window between scans s exceptionally easy
using a cotton swab or tissue with an organic solvent such as I:mno. No carry-
over contamination has ever besn observed regardless of the sample matrix,
Preconcentration by multiple f11m depositions as proposed in Phase I proved
infeasille, As subsequent layers were deposited, the initial layer would
redissolve and flow, An example of the final sampling protoco] developed which
allowed us to see samples » 50 ppm, 25-50 ppm and 5-25 ppm in 1260 wi11 be

given,

Actually, three slightly different sample prep, procedures were developed for
soil 2 S50 ppm, 25-50 ppm and 5-25 ppm in 1260, The first successful extraction
ond IR measursment of 50 ppm 1250 from soil was accomplished by adding 4 ml1 of
CCl, to 5 g of soi]l containing 250 ug 1260 (1.0 50 ug/g). Extraction 1s quite
effectively carrisd out in a sealed scintillation vial with § minutes ina
vortex mixer, One (1) m) of the 4 m1 {3 then placed on the HMIR window, When
the solvent {s completely evaporated, the fixed film is scanned and a similarly
extracted 3ol blank subtracted, It was found that a nearly identicalcurve
(shown in Figure 13A) could be ocbtained by oxtrlcti;tg the same amount of soil
withonly 1 m1 of CC1, and pipetting 0.2 m1 of the 0.8 m1 recovered from the
extracted soi) onto the window. This greatly reduced the fi{1m deposition time.
As mantioned, extraction of 25 ppm 1260 so1) requirea the former procedure of

extracting with 4 m1 and pipetting 1 m1 of the ~3.8 m1 recovered sol vent onto
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the window. This procedurs is volume dependent (as one would axpect) as shown
in Figure 13B. The upper scan s a 1 ml out of 4 m1 f{Im deposited as described
above. The lower scan represents 2 m) of this same solution, The absorbance
doubles, again as one would expect. Finally, Figure 13C {1lustrates a S ppm
scan, the lowest concentration of PCB successfully extracted from sofl by this
technique. A few changes are required to reach this 1iait, however. Five (5}
ml of CCl, were used to extract 10 grams of soil and 211 of the 4.05 m)
recovered after vortexing was applied to the window. It was necessary here to
have a small lecture bottle of nitrogen gas to help blow down the solvent, This

was carried out in the vial prior to application on the window,
Msaguramanta of PCB-Contaminated Soil

The next step in the study was to measure actual askarel in soil samples. the
interactiona of and problems with PCBs or askarels in soi1 have besn reportad on
numerous occasions (20, 21, 22}, Some basis for the composition of askerel must
be assumed since the make vp 1n electrical equipment has purposely been varied
or mixed over the years (see Table & (23) ). A1) of our askare) sgtudies were

carried out on Pyranol (458 1260}.

Figure 14A reprssents the scah of a 50 ppa Pyranol (as 1260} in 68E Collegedale-
Rock Outcrop so11. The routine method of 1 al CC1, extraction of 5 g of sof]l
(1.0.0 250 yug total), 5 min, vortex, 0.2 m) applied by fixed-f{la to the HMIR
was followed, The upper scan of Figure l4A 1s the soi) blank, the middle scan
1s the 50 ppa f11ms and the Tower scan for comparison 1s a 125 ug fixed=fi1m

standard deposited from CC1, without any extraction. Figure 148, C and O show
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this same 50 ppm Pyranol (as 1260) soil sample extracted with methylene chloride
(MC); Freon 113 and hexane, respectively, Methylene chleride seems to be the
most efficient oxtractant, while Freon and hexane produce nearly fdentical
scans. While MC, Freon and hexane are &411 mere volatile than CCl,  hexane
1s not as good an extractant from sofl1 and MC and Freon underge very rapid

evaporation which {s difficult to control.

Figures 15A and B 11lustrate 25 ppm and 5 ppm Pyranol (as 1260) in sofl,
raspectively, to show that the CCY, extraction and fixed-fi1mprocedure can reach
these levels with askarels as well as PC8s. The twc scans were the results of

the specia) procedures developed for soils at these low levels.

lnsarfarances

The deteils of our evaluvation of possible interferences to this method will be
given in the Final EPRI Report on this project. Howsver, it should suffice teo
say that there 13 a very real potential for interferences from herbicides,
pesticides and insecticides et spill sites. Even pole preservatives such as
pentachloropheno) could be & problem. PCBs were actually added to some
herbicides to extend the ki1l 1ife., If these were sprayed around powsr poles
the problem of background {s further confounded. We have run scans on 00T; 2,
4=0} 2,4, 5~T; dieldrin; 2,4~dinitrophencl, pentachlorophenol; 11indane, aldrin.
and heptachlor, A HMIR fixed=f{1m scan of a mixture of the 1atter three is

shown in Figure 16,

We have eliminated the original {nterference of soil moisture with the current

samp1ing protocol, however, the chlorinated, polar interfersnces will have to be
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eliminated (or minimized) by one of two ways, Careful wavelength selection
using the Miran 980 or a cleanup step using a si1ica gel sample prep. column

will be necessary (ses Flald Sampling Kit section).

Einal lnatrument Salection

The Miran 980 with fts automatic background subtract and data reduction
capabilities was an absolute necessity for the methods development portion of
this study. Once the protoco) was developed and spacific wavelengths chosen, 1t
became clear that the much lass expensive Miran lA with a HMIR stage would
possibly suffice. It 1s recommended that a Ban HMIR crystal replace the
existing InSe for enhanced 11ght throughput and that the 980 be used in cases
where 3011 might contain axtreme interfersnce by 011, herbicides, #tc. A field
corparison of the 980 and 1A wil11 be presented in the Final Project Report, We
have done,» however, a simulated comparison by first scanning a 50 ppm 1260 in
8011 extractant using the 980 with a Dlank 8011 sxtractant background subtract.
The same sample was then scanned versus air as would be the case with the 1A,
The 8011 extrectant reference was also scanned versus air and the absorbance for
8011 (0.0095 AU} was subtracted from that of PCB (0.0310 AU) to give 0.0215 AU,
This valuye corresponds to 47 micrograms/gram on our low range PCB calibration
curve. Since the value 18 very close to the sxpected .SO ppm and that obtained
with the 980, 1t Tooks promising to use the portable Miran LA for f1e1d work.

CONCLUSTON
Inherently, IR snalysis 18 a highly selective technigue. Absorbance

messurements ot ofther 8551 or 9.153 microns are selective for Aroclor 1260 in
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the presence of cil {an askarel substitute) or trichlorobenzene (the selvent in
askarel fluids), The chief limitation of conventional IR analysis 1s the modest
sensitivity afforded by the source. We have successfully overcome this
1imitation by the development of & fixed-fi{im deposition of PCBs from a volatile

organic extractant coupled with an HMIR instrument,

It has often been tempting durinp the study to go back to a flow cell IR
technique (e.9.. Ban) to ehhance sensitivity, However, any such flow=cel 1 work
would invariably have to be carried out in of1, or perhaps CS;. the only good
windows avatilable in this region. S5ince this would actuslly be a d1f lutten
rather than cur proposed preconcentration it {8 not as highly recommsnded as the
use of a volatile solvent and fixed film application. 5011¢ particles in ofl or
solvent from 5011 would also cause 11ight scattering problems not present in

HMIR, A BaFp HMIR crystal 1s further recommended for sensitivity enhancement,

While smazingly simple and convenient, the direct spplication of contaminated
8011 on the HMIR stage 18 recommended for screening purposes or for obvious
sskare! spil1ls only, The method gives inconsistent results and 1s frought with
variables (e.9.,» uniform contact with the window, sofl moisture. and ofl
content). The sensitivity is also Vimited here and those samples below 200 ppm,

or certainly below 100 ppm, would be extremely difficult,

The most promising sxtraction sclvents for PCBs in 8011 wers found to be carbon
tetrachloride, methylene chloride, Freon 113 and hexane. For PCBs 1nofl or

soi1/e11, dimethylformamide or acetonitrile are recommended. We have developed
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a4 DMF oxtraction procedure similar to that developsd independently by Napler et

al (17) for PCB from oi] cleanup on a much larger scale,

The inherent selectivity of IR analysis coupled with our fixed-film protocol and
an availabple HMIR yield a simple, rapid, rugged, mobile (or portable) and
reproducible instrumenta) approdch for the measurement of PC8s wnder spil)

conditions in the fleld.
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THE UTILITY PCB DILEMMA -~ RETROFILL OR REPLACEMENT?

Thomas L. Forrester® and Thomas H. Milby, M.D.t*

DEFINING THE CRITERIA

The utility industry has been unjustifiably branded as the “bad guys" because of
PCBs. Once considersd a benevolent public ssrvant, the #lectric utility industry
is now regarded by the public as another insensitive, profit-motivated corporate
giant which must be continually scrutiniged by citizen action groups snd heavily
regulated to prevent environmental pollution and hatm to the public from toxic
materials. Ae a result, electric utilicies are confronted with soma 1mportant
decisions about: (1) the type of electrical insulating fluids which are beat
suited to replece FCBe) and (2) the most effective manner in which to safely and
sconomically replace the millions of pounds of PCBs 1n exieting squipment.

until recently, the process of choosing an electrical insulating fluid has never
been too complicated. The proper selection of a suitable insulating fluid

dopcnd;d upon its ability to satisfy certain operating and engineering performance
criteria such es: (1) dielectric strength, (2) viscosity, (3) flammability, and

(4) conpatibnity.l Having passed these preliminary specifications, the insulating-
fluid would then be evaluated against more subjectave criteria such as: (5) past
field performance and exparisnce, (6) availability, (7) the supplier'e reputation
and dependability and (8) costs.

Howaver, to ¢oin an old adage, "the ©ld must make way for tha new" so it goes for
the procees of selecting an slectrical ineulating fluid. The task once regarded
as "business as usual” has now becoms more of a nightmare, To illustrate, at
5130 a.a. on Pabruary &, 1981, a fire broke ocut in the first level baesment
sechanical room of an l8-story office building in Binghamton, New York. The fire
originated through a fault in the building'es eecondary (480 v) switch gear, which

*Pacific Gas and Electric Company
**Medical Consultant, Pacific Gas and Electric Company
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resulted in a cracked bushing on an adjacent AsKarel-filled transformer providing
service to the building. Approximately 180 gallons of insulating fluid spilled
from tha transformer. Ventilation intake ducts located adjacent to the transformar
spread the olly smoke and soot throughout the building. Almost three yesrs and
more than 10 million dollars later, the building remaina cloood.i At 11:19 a.m,

on May 15, 198%, in San Francisco. California, a transformer fire in an underground
street vault at Steuart and Mission Streets contaminated a small area of a 28-story
office tower with PCBs and forced the closure of the entire building. After 10
daye of extensive testing and dacontamination, floors 7 through 28 were reopened
for occupancy. while floors )1 through 7 remeined closed for six months. Out of
these episodes have arisen more citizen ection groups demanding the immediete
replecement of all PCB transformers. The lesson that cen bs learned from these
frightening experiences is that the criteria once thought sufficient to select a
high quelity performance ineuleting fluid are no longer adequate. In an secologi-
cally sensitive culture, the public's feer of environmental contamination demands

. that the slectric utility industry broesden the acope of its evaluation process to
include the fluid's potsntial toxicity end effect on the envirorment,

SELECTING THE BEST FLUID(S)

Whet then are the alternatives? One concept bacomes mOre end more epparent --
that ths toxic properties of a prospective insulating fluid are equally, if not
more important, in terms of en industry's public image and financial health, than
the engineering qualities, and that whatever fluid is chosen must be as environ-
sentally acceptable ee it is a good electrical insulating fluid.

Once the task of ildentifying all the critsria necessary to properly choose an
insuleting fluid is completed, the next step is tha selection of a suitable
insuleting fluid. This is the decision arsa which is critical and requires a
tho:ouéh undarstanding of the importance of the toxicity end snvirormental criterie
in making the final fluid selection. There are several non-PCB insulating fluids
commercially available which have already bsen accepted based on thair enginsering
qunlitioa.3 The question that remains teo be answered i3 the effect that thass
slectrical insulating fluids will have on the public end the environment.

Mineral oil (Chavron Insuleting Oil and Shall DIALA Oil A) probably has the

longest track record of any of tha non=PCh insulating fluids. It has demonstreted
satisfactory electrical insulating qualities and has never to date bean essoclated
with any harmful effecte other than as a flammable liquid.?’® wowever, it may be
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still too early to determine whether minsrel oll may become a problem dus to the
increasing intarest about polynuclear aromatic hydrocerbons and thear potentaial

toxicity, and hicenvironmental J.mplic.t:l.onl.3

From ell evaillable information, pelydimethylsiloxens or silicone fluid (Dow Corning
S61 end Genersl Electric SF 97(50)) appears to be noc only en ncc‘ptlbl. insulating
fluid but represents the lowest potentiel for adverse effects to the public end

the environment.? The only apparent problem eseocieted with silicone fluid is :ts
potential fire hatard.

Perchlorocethylens or tetrachlorcethylens (WECOSOL) is baing suggested es e very
good PCB substituts insulating fluid because of its electrical qualitiss and more
important, its non-llmbility.‘."s However, perchlorosthylene, like PCBs, 15
another chlorinated hydrocarben which may bicaccumulate in tha environment and s

regerded as a toxic substance and suspected carcimcn.3'5

rinally, ths last fluid to be considersd as a substitute for PCH is a paraffin-
baesed, high molecular weight hydrocarbon oll (RTEmp). It has good slectricsl
propartiss, but it is a flammable liguid and, like mineral oll, mey have some
future problems due to trece amounts of polynuclear aromatic hydrocnrbons.3v5

RETROTILL OR REPLACEMENT

As praviouely pointed out, the electric utility industry faces two dilemmas:

(1) the sslection of a suitable PCB gubstitute fluid: and (2) whet to do with
the PCBs on hend. Having discusasd the relevant issues surrounding the first
problem, let us now examine what altsrnatives are avallable for tha dispesition
of the PCBs in exiating equipment.

Thres options are aveilable to the electric industry to resolvs the PCB dilamma:
(1) o retrofill program wheraby the concentretion of PCPs is reduced in existing
equipment; (2} a total replacemant program whereby all PCB equipmant is replaced;
and (3} soma combination of a retrofil]l and replecsment program. However, before
e coomltment is made to any of theee alternatives, the adventeges and disadvantages
of each must be carsfully weighed.

Retrofill

A retrofill program allows or accommodates the implementation of e low=key PCB

removal program. The thres most cbvious advantages of such a program include:
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(1) a reduced commitment of 1mmediate funde and manpower rescurces’ (2) poseibly
less attention from the media snd the general public: and (3) the costs of
retrofilling exieting equipment are somewhst less than a replacement program,
(Eetimates of the cost of retrofill have baen quoted by contractors as 60-70
percent of the purcheea price of the new sguipment,)

Another attractive advantage of a retroflll program is the Envirommental Protection
Agency’s recent program for recertification of PC3 and PCB-contasinated equipment.
This is tha program whereby EPA will recertify equipment if it is shewn through
retrofilling that the concentration of PCBs can bs reached and maintained below
the legal definitions of 50 and 500 perts par million (ppm} for longer than 90
d.yl.‘ EPA'S raclessification of slectrical equipment is baneficial to industries
because it may facilitate employes protection and wasts Zanagement programs by
lsssening regulatory requirements.

Finally, the removel of PCH transformers and related squipment may require the
complete reconstruction of the vaulte in highrise buildings or underground vaultes,
A succsseful retrofill program uses existing equipment, resulting in a more timely,
more economical and more convenient PCH-removal program.

There are elec some disadvantages to the retrofill program which are important and
must be emphasired. One drawback to this program focused on the safety of the
insulating fluide. Although some information is availabls on the toxic and
environmental sffectes of these fluide, the questions of long-tarm toxicity,
cancer-csueing effecte and reproductive hazarde are still unanswered for soms of
the fluide.’

Another srea of concern with this typs of program centars on its alleged cspabllity
to reduce and more ilmportantly, maintain the amount of PCBa below certain levels.

A successful retrofill program must filter PCBa faster than they leach from the
windinge and papar products in the core of a transformer and maintain PCB levels
below EPA defined critaria or other prescribad levaels.

However, teests have shown that when the PCh-filtering and removal syetem ie
disconnected, the continued leaching of PChe from the transformsr core will, after
some time, again reiae the PCB concentration in the Qquiplcnt.l Theoretical
calculatione indicate that tha reeidual PCB concentration must be maintained
indefinitely balow 1 ppm in order to ensure that in tha event of e transformer
fire, PCBe and thair decomposition products are not found at or above tha
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praliminary eais decontamination levels being proposed by an expsrt panel of
scientists for the Binghamton fire.

Studiee are under way by the Electyic Power Rassarch Inetitute (EPRI) and the

New York State Department of H-oalth to determine the minimum levels of PChe
neceesary in silicone, perc..loroethylens, mineral oil and high to—upontuzo
hydrocarbon insulating fluide to prevent the type and degree of contamination
demonetrated by the Binghamton and San Francieco fires. Until such tima as thess
studies are completed in March or April 1984, it cannct be ascertalnsd what minimum
concentration of PCBe will ba acceptable in a retrofilled transformer to prevent
the PCB episcdes eeen by tha Binghamton and San Francisco expsriences.

Replacement

If the uncertainties of a retrofill program are toc risky and unwielding, let ue
coneider another possible alternative and discuss the adventages and disadvantages
of a total PCR squipment replacesant program.

Perhape the most obvicus and important attrsction of a PCR equipment replacemant
program is that once and for all, the riske associated with PCBs would be eliminated
and the utility industry might begin to breathe a bit easier in the future.
Unquastiocnably for a utility company, tha attractivensss of thils couree would be
sufficient to pureus & FCB equipment replacement pProgram.

However, not unlike the retrofill alternative, thare is alec a dark eide toc the
PCH squipmant rzeplacemant program. One disadvantage of the program {s the lengthy
and disruptive construction phass necessitated by snlarging the cpenings into
existing etreet and building vaults te remove PCR transformers and inatall new
equipmant.

The increased coets associatad with a replacemant program is another drawback.
In contrast to a retrofill program whara the coets are derived from the purchaee
of new insulating fluid and any labor inveolved, the costs associated with a
replecemant program include not only the new squipsent and ineylating fluid, but
the requisite reconstruction expenses of the program.

Furthermore, eince the eema insulating fluide are used in both programs, the
quastions of toxicity and potantial envirommental effects are still unresoclvad.
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SUMMARY

The coets, the conveniences and incorveniences. the unanswered questions about
toxicity and environmental sffecte of the insulating fluids, and the velus of
retrofilling transformere for recertification purpcess ere soms of the uncertain-
ties which make the flecieion to retrofill or replace difficult. The potential
riske of sither al.ernative are high and there are no guarantees. The decleion
to retrofill or replace reete with each individual utility and depende on ite own
particular circumstances and goale. It has not been our purpose to racommend or
condemn a PCH retrofill or replacament program, but to provide soms insight into
the type of coneiderstione which are important and should be evalusted before a
final decision is reached.
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DISCUSSION

The questions basicelly were in regard to the assumptiona and limits used in the
study. For example, ths requirement that rstrofilling should reduce and maintain
1 rom BCB. This Teguirement was besed on caleulations of the limits of furans

in soot. It was pointed out, Dy several discussors, that conversion to ppe furans

from ppm PCB was not linear, especially in low concentretions.

Dry typs transformers wer® not coneidered for raplecemant beceuse of cost, size,

and lowar efficiency.
Questions were :alsed regarding trecs contamination of silicone fluids with PCH

and/or formaldehyde. It was reported that the silicone used wes certified to

contain less than 1 ppm PCB and that the formaldehyde problem had been solved,
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CLEANING ASKAREL TRANSFORMERS USING SILICONE RETROFILL AND
ADSORPTION TECHNIQUES YO REMOVE RESIDUAL PCBs

Daniel F. Mayer and Edward A. Reynaert
Dow Corning Corporatton

BACKGROUND

Section G(e) of the Toxic Substances Control Act (TSCA) of 1976 banned the use of
PCBs after January 1, 197B. However, the statute permitted two exceptions: the
Environmental Protection Agency (EPA} may allow PCBs to be used in a "totally
enclosed manner” or {f the use *will not present an ynreasonable risk of injury to

-health or the environment.”

In May 1979 the EPA promulgated a rule designating intact nonleaking transformers,
and other electrical equipment, as "totally enclosed”, thus permitting their
continued use {(1). This ruling was challenged in the Federal Courts by the
Environmental Defense Fund (EDF)., The court, ruling in the EDF's favor, found in
part that EPA had not shown that transformers were indeed “totally enclosed.,”

Thus the use of any transformer containing any amount of PCBS would constitute a
violation of TSCA,

An {mmediate ban on the use of equipment containing PCBs would have disrupted
electrical service and caused severe economic hardship. Therefore, the court
granted a stay to permit the EPA to study the problem and reissue a new final

rule. This *final” rule was published in the Federal Register on August 25, 1982
and became effective on September 24 of that year (2).

With respect to transformers, the 1982 rule reaffirms much of the original 1978
rule, with a few important additions. It continues the classification of
transformers into three categories according to the PCB concentration of their
1iquid coolant. These categories are:

1. "PCB transformer”, 500 ppm PCBs or more;
2. “PCB contaminated”, 50 to 500 ppm PCBs;
3. "non-PCB", less than 50 ppm PCBs.

3-9

MONS 214771



Important additions to the 1979 rule contained in the 1982 rule include:

1. after October 1, 1985 no “PCB transformer™ may continue in use where
there s risk of PCB contact with food and feed;

2. "PCB transformers must be inspected regularly and records kept of these
inspections: =

3. recognition of the possibility of reclassifying "PCB transformers” by
retrofilling them with an environmentally acceptable dielectric coolant
and further processing the new liquid to remove residual PCBs that leach
into it from the core, windings and insulation;

4. clarification of the procedure for reclassifying "PCB transformers® as
“PCB contaminated” and "non PCB".

The rules governing how a transformer may be used, serviced and disposed of depend
upon 1ts PCB classification and are summarized in Table I. fNote that there is
}1ttle significant difference between the rules for “PCB contaminated” and
“non-PCB" transformers.

With the exception of transformers that pose an exposure risk to food or feed, a
"PCB transformer" may continue in use. However, it must be labeled, inspected
regularly and any service that requires the rewmoval of the core from the tank {s
prohibited. When disposed of, the fluid must be burned in an approved PCB
incinerator. The carcass may be disposed of {n the same manner or buried intact
in an approved chemical waste landfill,

A "PCB contaminated” transformer need not be labeled or inspected regularly, Any
service can be performed by the owner or an exempt service company, Its liquid
coolant can be disposed of in an aspproved chemical waste landfill or burned in a
high efficiency boiler or an approved PCB incinerator. Finally, 1t may be used
despite exposure risk to food or feed,

A "non-PCB" transformer may be used virtually without restriction. The only
exception is thet fluids containing any detectable amount of PCB cannot be used
“as a sealant, coating or dust control agent”.

This is the situation as it stands todsy. However, the current rule may not be
final after all. The Environmental Defense Fund petitioned the United States
Court of Appeals to review EPA's August 1982 rule. And after lengthy negotiation,

EPA and EDF petitioned the court to resolve their differences in the following
fashion.
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EPA will 1ssue an Advance Notice of Proposed Rulemaking (ANPRM) covering PCB
transformers in buildings 1n March 1984 (3) and has scheduled the Notice of
Proposed Rylemaking (NPRM) for October 1984, The rule will be intended "to reduce
the risk of future fires in PCB transformers that are located in buildings,”

EPA's schedule calls for completing the rule-making process 1in July 19BS, if a
final rule is deemed necessary for building transformers,

Against this backdrop of regulations and with a continuing, 1f not increasing,
public perception that PCBs pose an unacceptable health and environmental risk,
many of the owners of the 100,000 askarel-cooled transformers in the United States
are looking for alternatives, Cleaning those transformers by using silicone
retrofil} and subsequent adsorption techniques to remove resfidual PCBs 1s one such
alternative. This paper will address this cleanup technique in a generic fashion
to the extent that is possible. In some 1nstlncq1%f however, 1t will be necessary
to refer specifically to the Dow Corning RetroSil System and to DOW CORNING® 561
Transformer Fiuid, particularly when describing the system equipment, procedures
and performance,

THE PROCESS

A silicone retrofill and adsorption approach to transformer cleanup has a number
of distinct advantages, Total transformer downtime 1s typically less than 12
hours. Removal of residual PCB that leaches cut of the transformer core
(windings, paper, wood, etc.) is accomplished while the transformer {s energized.

This cleanup process is also particularly well suited for transformers located in
difficult-to-reach locations. Removal and replacement of these transformers {s
usually costly bectuse of service interruption and because building modifications
may be required to provide access.

At the heart of the cleanup process is silicone transformer 1iquid which 1s a
dimethyl siloxane polymer combining the properties of low viscosity, high
temperature stability, good dielectric performance, low toxicity, and low
flammability., [t is used primarily in small and medium-sized power
transformers (4). Silicone or silicone fluid or 1iquid as used in this paper
refers specifically to the dimethyl polymer developed for and used in
transformers.

MONS 2147723
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S111cone fluid 15 also a good dielectric (5,6,7) and has been used in more than
25,000 new transformers around the worid since 1972, Its reifability and
performance have been proven (8). (Interestingly, the first application of QOM
CORNING ® 561 jiquid in the United States was as a replacement fluid for an
askarel-filled transformer. Hundreds of successful applications im similar
transformers since that time have demonstrated convincingly that silicone flyid is
a viable replacement 1iquid coolant for askarel,

Two final points concerning silicone 1iquid merit attention: low toxicity and low
flammabil1ty, The 11quid 1s chemically inert and DOW CORNING® 561 fiuid contains
no thermal stabilizers, pour-point depressants, or other additives. Other
chemically simflar silicone liquids have been used in a variety of applications
including many that involve contact with peaple, Personal care items such as
Aantiperspirants, hair sprays, skin-care products, and even some edible products
use silicone fluids as major ingredients or additives. Extensive testing has
demonstrated that silicone transforwmer fluid 1s nonirritant and not absorbed on
skin, has no adverse toxic effect when inhaled, and has a very low oral toxicity
(1-2012).

Sil1cone transformer liquid also possesses low fire hatard characteristics., It is
Tisted as a "less flgmmable” fluid with a defined heat release rate by Factory
Mutual and therefors meets the requirements of the National £lectric Code
(11,12,13). DOW CORNING ® 561 11quid's flash and fire points and heat release
rates are shown in Table i1 (12,14).

Even though silicone fluid has a very high fire point (350°C), 1t will burn when
ignited. However, when burned 1t generates relatively low quantities of heat,
smoke and toxfc gases, In pool fires, silicone fluid sventually self-extinguishes
because & crust is formed which smothers the flame, (4)

A second important part of the askare) transformer cleanup process is the pecple,
knowledge, and equipment committed to the program. The RetroSi) process is
usually conducted by independent service companies having sxpartise and a history
of serving the electrical needs of the transformer owner. These companies have

also been specially trained and certified by Dow Corning to perform the mrosn“"
process.
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The two main RetroSil equipment components are a control station and an adsorber
unit. The control station contains the system pump, control valves, pressure
gauge and safety interlocks designed to shut the System down or prevent its
activation n the event of problems,

The control station also houses the adsorber unit which in turn holds the
activated carbon and the liquid distribution system. The adsorber umit 1S made
from a standard 55-gallon drum that meets 00T reguirements for shipping PCB
wastes. Thus the adsorber unit or "filter" 1s first shipped to the job site as &
product, used to remove PCB from the transformer, disconnected from the system,
bung closures are threaded into place, a PCB label {5 affixed to the drum, and it
is ready for shipment to a disposal site,

The adsorber units are shipped to an EPA approved incinerator where they are
shredded and incinerated. This handling and disposal method minimizes employee
exposure and assures that the wastes are totally destroyed. Dow Corning and the
service companies also maintain a tracking system for each adsorber, thereby
providing "cradle-to-grave" care,

The third important part of the cleanup system 1s the ability of activated carbon
to selectively remove PCB from silicone 1iquid. Carbon 1s “activated" by high
temperature heating to produce porous particles. Total surface area of some types
of activated carbon is estimated to be 1,000 mt/om. In the process of adsorption,
a nearly molecular layer of contaminate (PCB, in this case) binds to the carbon
surface.

An “sdsorptive isotherw™ curve shows the constant-temperature relationship between
the amount of contaminant absorbed per unit weight of absorbent and the
equilibrium concentretion of the contaminant {n the bulk coclant (15). Figure 1
shows an adsorptive isotharm curve for PCB in silicone liquid, using a typical
activated carbon, MNote that the capacity of the carbon to hold PCB decreases
significantly as the concentration of the contaminant decreases.
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ReTROSIL™

PROCEDURES

The Retrosi1™ program consists of meny essent{al steps. They include:

Preliminary testing
Site preparation
Fluid exchange
Equipment installation
Final testing

When preliminary testing 1s completed, the independent service company makes a
recommendation as to whether or not the transformer 1s a suitable candidate for
processing. The following tests may be performed to aid in making that

Judgment :

Performance review
Insulation resistance
Power factor

Turn ratio

Liquid dielectric strength
Leak test

Polarization {ndex

Site praparetion 13 directed at assuring that proper safety (eve wash, shower,
fire extinguishing equipment, protective clothing, breathing appsratus, etc.) and
spill protection plans and squipment (plastic sheets, drip pans, absorbing

materials,

etc,) are in place including plugging or covering all sewer drains,

MONS 214276
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Dow Corning recommends a muitiple solvent (1,1,}-trichloroethane) and silicone

flush to clean the transformer. The total flush volume {5 approximately 60% of
the total transformer volume, Effective flushing with draining batween flushes
can lower the resfdual PCB content to less than 1%, -

With the transformer drained, a1) gaskets below the 11quid level are replaced and
any needed transformer repairs are made, The new PCB-free silicone fluid is then
introduced into the unit., VYacuum degassing can aid in removal of any entrained
gas, Next the control station and adsorber are {nstalled and connected and the
silicone liquid {s retested for dielectric strength and water content., The
electrical tests described in the preliminary testing paragraph above are rerun
before the transformer is reenmergized. A sample 1s also taken after reenergizing
to establish the residual PCB concentration.

RETROSIL PERFORMANCE

A hypothet{cal 1500 kvA, 300 gallon, 13.B k¥ primary, 430 V secondary transformer
having a residual PCB content of 1.0% after filling will follow a typtcal
operating and adsorber changecut schedule as shown in Table I,

Four adsorber units operating 105 days plus an additional 90-day waiting period
will be needed tov reclassify the transformer to "PCB-contaminated.” The 90-day
waiting period during which time the clesnup system (control station) is not

operating is required by EPA regulations to reclassify either to PCB.contaminated
or non-PCB status.

Table II shows that the waight of PCB adsorbed decreases from 21 pounds on the
first adsorber to four pounds on each of the subsequent three adsorbers. This
decreass reflects the lowering of carbon capecity with lowering PC8 concentration
in the fluid consistent with a2 typical adsorption isotherm (Figurs 1}. The
adsorbers holding only four pounds can be reused as the first adsorbers on other
transformers, This reuse technigue can provide significant cost savings on jobs
involving multiple transformers at s single location,

Table II also reveals important informetfon aboyt the nature of the residua) PCB
in the transformer, Adsorbers number one and two are predominantly removing PCB
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that remains freely available in the fluid. That PCB can be quickly removed as
evidenced by the 50 ppm PCB concentration in the fluid after only three days.

By contrast, adsorber number three and four are predominantly removing PCB that is
leaching siowly out of the transformer core (wood, paper, etc.). This lesching is
essentially diffusion controlled and is particularly evident fn the PCB
concentration Qatn from 40 to 450 ppm shown in the watting perfed. Leaching wili
continue after the reclassification and addittonal adsorption fs therefore
recommended to maintain the PCB concentration in the fluid below 500 ppm,

Additional adsorbers will be required to achieve non-PCB classification. The
number will depend upon the individua) transformer and, mare fmportantly, upon
adsorber utflization. Based on field expertence to date, plus models from lab
work, non-PCB reclassification would be expected in gbout two years following
reclassification to PCB-contaminated status. For that approximate two-year
period, the PCB concentration in the fluid can be matntained below 50 ppm, or can
be allowed to cycle from, for example, 500 to 50 ppm depending upon customer
preference. The former method reduces any risk from spills or other accidents
while the latter optimizes adsorber usage and reduces cost.

SUMMARY

Under present EPA rules, ownars of askarel-filled transformers that pose an
exposure risk in food or feed plants cannot continue tc use these unfts after Oct,
1, 1985, Other owners of such PCB transformers are seeking alternatives to the
outright replacement of these units, perticularly where the removal of the old
transformer is costly in terms of service interruption or because it is
inaccessible without major changes fn the structure in which it is housed.

One a1ternative s to clean the askare! transformer by using silicone 1tquid
retrofill and adsorption technfques to remove resfidual PCBs, A typical 300-gallon
1500 k¥A transformer can be retrofilled with fire-safe, environmentally safe
silicone 1iqutd with as 1{ttle as 12 hours power interruption. The transformer
will then contatn 1/50 to 1/100 of the origfnal amount of PCB. After about 105
days, plus a 90-day wait required by EPA regulation, this typical unit can be
reclassified as “PCB-contaminated.® At thts point, 1t will contain less than
1/1000 as much PCB as the original askarel unit. ;
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OISCUSSION

QUESTION:
ANSWER

QUESTION:
ANSWER:

QUESTION:
ANSWER :

QUESTION:

ANSWER:
QUESTION:

ANSWER :

PUESTION:

ANSWER:

QUESTION:
ANSWER:

QUESTION:
ANSWER:

Iy derating of the cleaned transformer required?
No

Is 1% residual PCB leve! after retrofill actually experienced?
Special technigues must be used to get to 1%. A single drain-
flush wil! result in 5%-6%. Multiple procassing is required.
The flushing solvent {s 60% trichloroethane,

How do you knOw when the filter unit is saturated?
Watch the PCB level! 1n the fluid. When 1t starts to rise, the
filter is saturated.

What control do you have to ascertain that your contracters follow
procedures?
Dow provides training and technical assistance.

Previous experience did not show the suCcess ratioc now clatned.
Is this a new set of data?

Yes. To date, approximately 1/3 of the PCB transformers treated
have been reclassified as PCB contaminated. The proCess can take
up to two years to reclassify to non-PCB, To date, only one
transformer has been classified non-PCB.

Have you examined the possibilfty of manifolding to Speed up the
process?

Yes we are actively looking into 1t now. [t could increase the
initial reduction, However, leaching 1s slow and manifolding will
not speed up that process.

How long does complete decontamination take?
About two years,

What happens to the trichloroethane used for flushing?

It §s drained and any remaining is absorbed during the process.

MONS 214780
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TABLE 1
SUMMARY OF CURRENT EPA RULES REGARD ING TRANSFORMER CLASSIFICATION

Requirement

Non-PLB

PCB-Contaminated

PCB Transformer

PCB concentration
in dielectric Yiguid

PCB Jabeling

Inspection program
and records

Service or rebulld
restrictions

Carcass disposal

Liquid disposa)

Satisfies “exposure
risk to food er
ferd® requirement

Less than 50 ppm (1)

Not requtred (1)
Not reguired {2)

No restriction (1)

o restriction (1)

NO restriction except
no fluid with detect-
able PCBs cen be used
85 8 “sealant, coatin
ol" dust control agent

Yes {2)

50 ~ 500 ppm {1)

Mot required {1)
Not required (2)

Any service by
operator or nt?t
sarvice company {1}
No restrictton (1)
Approved landfill,
high efficiency

botier, or approved
incinerator {1)

Tes {2)

500 ppm or grester (1)

Required (1)
Required (2)

No service that
requires cot) core
removal {1,2]

Approved landfil) or
incinerator (1)

Approved incinerator (1)

Yes {2)
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TABLE I -
FLASH ANO FIRE POINT RATINGS

AND HEAT RELEASE RATES
FOR DOW CORNING 561

Flash Point . . . . . . . . .« ¢+ . .« . D300°C
Flre POINt. . o . . v v v w o0 v w . .. D350°C
Heat Release Rates

e Radfative . . . ... ..... 25Ki/m:

. Convective. . . . . ..., .. 53 Ki/m?

Heat release data generated by Factory
Mutual Research in large-scale pool fire
tests, Heat release rate values are used
in the FM Loss Prevention Data Sheet
5-45/14-8%
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TABLE II1

ADSORBER UTILIZATION SCHEOULE
TO ACHIEVE PCB CONTAMINATED RECLASSIFICATION

PCB Concentration {ppm)

Adsorber In Liquid At
Number Lbs. PCB Total Elapsed
Or Event Beginning End Adsorped Time {days)

1 10,000 1,500 21 1

4 1,500 50 4 3

3 50 50 4 13

4 50 40 3 106
Waiting 40 450 Note 1 195
Period

4 450 75 4 200

Note 1: The adsorber unit {s {noperable during the watting

period. The transformer is reclassified at the end of

the waiting period.
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CZCI‘ AS A SUBSTITUTE FOR PCBs -
E. J. Walsh

Westinghouse Electric Corporation
Sharon, Pennsylvania 16146

When PCB's were forced out of the marketplace due to envirommental conCerns, there
were no non-flammable replacement fluids available as & replacement, The alterna-
tives were to use dry type transformers or to use "less flammable” fluids.

The Electric Power Research Institute, EPRI, and other utility companies inftiated
several projects to identify insulation systeams which would be both economical and
heve fire resistance aqual to or better than the Arochlors.

One of these EPRI-ESSERCO projects resultad in the development of a c2c14 tetra-
chloroethylene based insulation system.

As part of this origina)l EPRI-ESSERCO project, two transformers were manufactured
and subsequently placed in service at host utilities. As of this date, these trans-
formers are sti11] operating satisfactorily. Additionally, Westinghouse hes sold,
and placed in service, over five hundred C2C14 filled units since 1981.

The intent of the presentation will be to discuss some of the many variables which
were cons idered in developing the czm‘ based insulating systems and also to briefly
describe the veriftcation testing which was used to evaluate these systems.

It will not be possible within the short time available to go into all aress in
depth, but additional information can be obtained fram either EPR] or Westinghouse,

Selsction The fluid

There were four primary criterta used in evaluating candidate fluids for use in
transformers - Functionality, Economics, Flammabdility, and Toxicity. Each of these
factors 1s very importunt, and a fluid must be capable of meeting a11 four require-
ments to be a candidate,

*
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Non-flammable fluids come from only a few classes of chemical compounds - Inorganic
polymers, phosphate esters, highly halogenated fluids. and specialty compounds such
as water or liquid ammonisa.

These types of fluids were examined with regard to both functional and chemical re-
quiranents. From this rather large body of potential candidates, only a few fluids
met the project goals.

Flamnability

The obvious choice, water, sets the criteria by which all other fluids are judged on
flammability, The major problem confronted in judging fluids was what testing
techniques were available for evaluation of non-flammable fluids. These were active
programs at both Factory Mutual Research Corporation and National Bureau Of Stand-
ards to evaluate the fire properties of dielectric fluids. FMRC efforts were direct-
ed at "less flamable fluids”, and the NBS project was directed at explosion resist-
ance of transformer fluids. The FMRC test was essentially a large pool burn where
heat release and weight 10ss were determinad, The NBS tests were basically visual
comparisons of the behavior of fluids in explosive situations.

Both 100% C.‘,r.:l4 and 75% CZCI4/251 011 were subjected to these tests. [n neither
test did-fignition occur. In fact, in some of the tests, the fluid acted as an ex-
tinguishant for the ignition sources. Although time does not permit & more in-depth
discussion of this topic, details and further information are available from either
EPRI or Westinghouse,

Oielectric Functionality

The dielectric performance of the fluid is an essential requirement. Includad in
this ares of evaluation are not only the performance of the new fluids dut also
what are the aging effects and the hygrolytic effects. An actual examination of
the candidate fluids based on these functional criteria, eliminated many potential
candidates. Only a small rumber of helogenated or specialty fluids met both the
flammabt1ity and functionality criteria,

Fluids were examined for dielectric and impulse performance, for hydrolytic stabil-

ity, for thermal stability, for systems interactions, and for processing require-
ments,

As would ba expected, no fluids could be used as a direct replacement for Arochlors
or for o1, It was, therefore, necessary to determine what system changes would be
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required to utilize mach fluid. In the case of C2014 and c2t14/o11. it was deter-
mined that there were both advantageous and disadvantageous properties. Some of the
more advantageous properties were the impulse strength of c2C14/o11 solutions and
the greatly improved cooling and thermal properties of these C2C14 fluids, The
major disadvantages were the low temperature performance of pure Cz('.l4 and the
materials capability with (:2(21‘.‘l based fluids. The econamic ramiftcations of using
these systems will be discussed later in this presentation.

safety

The one area of fluid evaluation which 1s continually discussed but not often
definjtively measured is safety, Freguently, it is necessary to make a value judg-
ment as to which type of safety hazard must be tolerated, With the fluids we are
discussing here, flammability continues to be the primary concern.

In order to assume complete safety from a fire hazard, there has to be a tradeoff
in some other area, CZCI4 was chosen as & dielectric fluid, not because it was a
totally safe l{quid, but because it was a fluid which had available 2 tremendous
anount of both toxicological and handling information.

There is a saying that "the greater the data, the greater the confusion“, such is
the case for t:zm4 safety. In spite of all the conflicting data, there are certain
bottom 1ine observations which can be made.

o CoCl,y s not an acutely toxic material.

2. cic“ does require certain handling and processing techniques con-
sistant with good chemical practice.

3. The long term exposure data tased on epidemiclogical studies are con-
flicting in results and may never be resolved.

4. Ditto for carcemnogenic studies.
5. CZCI‘ should be isolated fram ground water systems.

6. There 1s & lot of C2Cly being released to the atmosphere, and govern-
ment efforts are directed at 1imiting this type of amission.

7. When compared to Arochlors, C2C14 1s much safer under both arcing
conditions and fire conditions.

I hesitate to make this last statement because there are those who claim that CZCI4.
because it contains both carbon stam and chlorine ateams, should be put in the same
catagory as PCB's, To a knowl edgabla chemist, this statement {is ridiculous. It s
the tremendous chamical differences between the chemical classes of olefins and
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aromatics that make czma an ascceptable alternative to PCB's.

Economics

Because Westinghouse fs a profit making business, the economics of use and process-
ng was a consideration for any PCB replacamnent fluid. Cur goal was to develop &
non-flammable flrid competitive with mineral oil. TO achieve this—goal. we had to
balance the improved performance characteristics against the necessary materials
and process requiranents.

As the project progresses and additicnal nformation is generated, thére are
continued improvements being made 'n the cost of CZCI4 based umits, It {s envision-
ed that the EPR] project goals are still possible,

The following statements summarize the current status of transformers cooled with
C2C14 based fluids.

1. {2014 based fluid insulation systens are functionally superior to
PCB's {n many aspects, such as fire, cooling, and toxicity.

2. C Cla fs a safe flyid if used with commonly practiced handling tech-
nfques.

3. C$C14 based fluid insulation systems are applicable over a wide range
of transformer sizes.

4. Fielg performance over & three year period has demonstrated the
super lor performance of this type of unit,

DISCUSSION
QUESTION: What 1s the status of the National Cancer [nstitute study?
ANSWER: Both first and second studies have been discontinued.

MONS 214788
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CLEAN-UP OF SOILS CONTAMIMATED WITH PCBs =

Judith F. Kitchens

Laura 8. Mangaba

George L. Anspach
gdmund A. Kobylinskd

Atiantic Research Corporation
Alexandria, Virgimia 22312

ABSTRACY

Large tracts of land across the country are contaminated with PCBs, Because of the low
solubility of PCBs in water, the migration of PCBs through soils 1s not as rapid as
observed for some other chemicals. However, as the PCBs approach property boundaries
and water supplies, decontamination of the so1] becomes necessary, The usual disposai
method consists of physical removal of the contaminated soi] to an approved landfiii.
Under ideal circumstances, impermesble clay barriers have also been used to stop the
migration of soil contaminants., Both methods are expensive aad do not remove the PCB
contamination from the environment, Experiments have been performed that demonstrate
the feasibility of extracting the PCBs from soil. By choosing a solvent that does not
pose an environmental hazard, the sofl can be returned to its original site without
incurring the costs of long distance transportation required for landfilling. Once
the PCBs are in the soivent, the LARC process can be used to dehalogenate the PCBs and
the solvent recycled. The on-site extractfion and destruction of PCBs appears very
attractive when compared to alternative disposal/containment processes.
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CLEAN-UP OF SOILS CONTAMINATED WITH PCBs

INTROOUCTION

Contamination of s011s and sedwments with PCBs has occurred as a result of
transformer failure, sccidental spillage and deliberate dumping. PCBs that enter the
environment migrate slowly through the soil eventually contaminating surface and
ground waters, Little degradation of these molecules occurs and high concentrations
of PCBs can be found n the so1ls around spy || areas 10 to 20 years after the incident,
The currently accepted spill clean-up procedures nvolves excavation of the soil 1in
the spill ares, transport of the contaminated soil to an approved landfill and
backfi1ling and revegetating the spill area. Landfi1ling of PCB contaminated so1is
transfers the problem to another location, 1t does not solve the problem of removing
PCBs from the environment. For example, the State of North Caroling is currently
facing the problem of what to do with a landfi1] containing PCB contamrnated soils,
North Carolina sulved its immediate PCB problem by removing 42,000 cubic yards of
dirt from its roadsides and placing it in 2 landfill. However, citizen reaction to the
landfi1ll has prompted the state to look into alternative technplogles for decon-
tamination of the PCB landfil)

This paper describes the deveiopment of a process afimed at remova?t of PCBs from soll
and their ultimate destruction. The process utilizes 1iquid extraction of the so1l
and degradation of the extracted PCBs via the LARC process. The extracted solican be
replaced in the original site and revegetated.

LARC PROCESS DESCRIPTION

LARC (Light Activated Reduction of Chemicals) 1s a patented photochemical process
(lj.S. Patent #4,144,152) which uses ultraviolet light a&nd an optimized reducing
environment to dehalogenate various chlorinated, brominated and iodinated organic
compounds. Since the photochemical reaction 1s initiated by the absorption of light
energy, the irradiation wavelength must match the absorption band associated with the
bond of interest in the molecule and the solvent must not absorb significantiy at the
irradiation wavelength. For PCBs, low pressure mercury lamps which emit approxi-
mately 95X of their energy at 25373 provide adequate irradiation. Soivents which meet
the optical criteria include water, alcohols and hydrocarbons. However, these
solvents have very different effects on the process efficliency and mechanism. In
water solutions, the hydrogen gas provides the hydrogen source for the hydro-
dehalogenation reaction as evidenced by the incorporation of M into kepone subjected
to LARC in NaOD/D20 soltution. For PCBs in heavy hydrocarbons, the preferred reaction
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1s the polymerization of the bipheny! radicals to yleld polyphenylenes. In basic
alcohalic solutions, & stepwise dechliorination occurs in the LARC reactor. This
photochemical reaction occurs vis the triplet state and the reaction rate s
dependent on the 1ife time of the triplet state. The hydrogen for the hydro-
dehalogenation Initiaily comes from the solvent. In alcoholic solutfons, the
hydrogen gas increazes the reaction rate by removing triplet quenchers from the
solution by combination with the solvent free radicals formed. In eddition to the
hydrogen, small amounts of sodium hydroxide are added to the aicoholic solution as a
chlorine scavenger. These photochemical conditions lead to a rapid, highly con-
trollable reaction which yields only biphenyl and sodium chloride as the final
products. No oxygenated derivatives, chiorinated dibenzofurans or chlorinated
dioxins have ever been observed in the gas chromatographs or the mass spectra of the
intermediates or products in the LARC degradation of PCBs.

METHOOS AND MATERIALS

The application of LARC to decontamination of soil contaminated with PCBs requires
that the PCBs be efficiently removed from the soil medium. Studies were performed to
determine the extraction efficiency of Aroclor 1260 from soil using isopropancl as
the extraction solvent. This soivent was chosen for evaluation in the laboratory
because 1t 1s a good LARC solvent, the solubility of PCBS in isopropanol 1s greater
than in methanol or ethanol and 1t 1s relatively inexpensive. For the Initial
extraction studies, & clay soil (2.0% organic matter; pH 5.6; Ca, Mg, P, and K Tevels
were 660, 77, 56, and 20 mg/kg, respectively) was used, Alr dried soil was spiked with
Arocler 1260 in acetone, thoroughly mixed and the acetone a)lowed to evaporate in a
hood. Random subsamples of the sol] were taken, combined and Soxhlet extracted using
a mixture of 50% acetone and 50X hexane. The extract was diluted to the detector range
and analyzed on an HP 5880 GC with computer controller/integrator and autosampler,
Separation was affected using a 10 ft. x 2 mm [.D. glass column packed with 1.5% SP-
2250/1.95% SP-2401 on 100/120 mesh Supelcoport and nitrogen carrier gas at a flow
rate of 25 mi/min. The oven temperature was held at 1959C for 2 minutes and then
programmed at 109C/min to 225°C (Mhold for 1 minute), then programmed at 49C/min to
2440C (hold for 15 minutes), The injector was maintained at 2709C and the S3Ni
electron capture detector was maintained at 3009C, This procedure yielded an init{a}
concentration of Aroclor 1260 in the dry soil.

waighed amounts of dried, spiked soil (approximately 330 g) were placed in two one
1iter beakers, One hundred mL of disti1led water were added to the soil in one of the
beakers and the soll and water thoroughly mixed to yleld a wet soil containing
approximately 23X water. Five hundred mL of 1sopropano]l were added to both the wet and

.
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dry soi] and the mixtures stirred on & magnetic stirrer for 10 minutes. The liquid was
then decanted and the volume measured. This procedure was repeated a second time. A
portion of each extract was taken, dfluted &nd chromatographed under the above
conditions to determine the amount of Aroclor 1260 removed from the soil. The soils
were then air dried, & random sample taken from each, Soxhlet extracted and anzlyzed

using the above conditions to determine the amount of Aroclor 1260 remaining 1n the
soil,

The two extracts from the dry soil were combined, sodium hydroxide pellets added to
form a 2% solution and & portion of the solution analyzed to determine the Aroclor
1260 concentratron. The remainder of the solution was subjected to LARC using the
singie tube batch recircutation reactor shown n Figure 1. The reaction rates in thrs
singie tube reactor are significantly lower than & muitiple lamp, high 1ight density
reactor, however, only BOD mL of solution are required for operation as compared to
30 gatlons for our 64 lamp pilot unit. Since the scaling factors between the two
reactors are known, this single tube reactor 1s a convenient unit for evaluating the
degradation rates under differing conditions, The reaction was started by placing the
solution into the reactor. The hydrogen gas was then turned on and allowed to purge
the reaction mixture for 5 minutes., The ultraviolet Tamp was then turned on, Samples
(10 mL) were drawn from the LARC reactor after 20, 40, 60, 90, 120 and 180 minutes so
that the degradation reaction could be followed and reaction rate determined. These
samples were diluted to within the detector range and analyzed on a Varian 3700 gas
chromatograph with autosamplier. Computer controller/integrator was provided by an HP
5880 GC. The separation was performed using & 12-foot by 2 mm [.D. glass column packed
with 1,5% 5P-2250/1.95% SP-2401 on 100/120 Supelcoport. The carrier gas was Ny at a
flow rate of 20 mL/min, The oven temperature was held at 1809C for 1 minute, then
programmed at 100C/min to 2400C (hold for 20 minutes).

RESULTS

The extraction data for soil contaminated with Aroclor 1260 are summarized in Table
1. Extraction of dry s01] resulted in 70-75% removal 1n each stage with 2 solvent to
solids ratio of 1.2/1 {wt/wt}. The overal] two extraction efficiency was 92% with 74X
solvent recovery. The extraction efficiency for the wet soii was slightly lower, 55-
60% in each stage. Howaver, 12 mg of Aroclor 1260 or 7.5% of the 1initial PCB
concentration in the soil were unaccounted for in this extraction. The recovered
solvent (77%) also contained significant quantities of water. Overall extraction
efficiency based on the PCBs remaining in the extracted soil was approximately 90X,
In 2 real=11fe situation, two s01id/1iquid extractors would be required-with each
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Table 1
EXTRACTION OF AROCLOR 1260 FROM SQIL

Dry Soil Wet Soil
In1tial PCB Concentration (mg/Kg)* 487 A8
PCB Removed From Soil 1n First Extraction
{mg/Kg)* 337 268
Solvent Recovered From First Extraction (mL) 320 380
PCBs Remaved from Soil in Second Extraction
{mg/Kg)* 13 131
Solvent Recovered From Second Extraction (mL) 420 410
Final PCB Concentration in Extracted Soit
{mg/Kg)* 38 50
Overall Extraction Efficiency 92% 90%

*A11 concentrations based on dry weight of soil.
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extractor using a solvent feed free of PCBs. Soivent/solids ratios may also have to
be fncreased depending on the initial PCB concentration in the so1l.

The results of the LARC degradation of Aroclor 1260 in the isopropanol extract of the
gry soil are shown in Figures 2 and 3. Degradation proceeds rapidly even in the
presence of particulates with a pseudo first order rate constant of 0.052/min. In a
jarger reactor with greater light density, the degradation rate can be expected to be
2 to 2.5 times that of the singie tube reactor.

01SCUSSION

The laboratory data have shown that PCBs can be efficiently extracted from even a wet
sofi using a solvent such as fsopropanol. The PC8s 1n the extract can be successfuitly
degraded by the LARC process. However, 1n actual spill situations, the concentration
of PCBS in the soils will vary considerably with lateral distance from the source and
with depth. Any process must be capable of handling extremes in PCB concentration and
" sti1l maintain preset criteria for removal from the sofil and PCE destruction.

The data on PCB extraction from soil and degradation with LARC were combined with
similar data obtained on other chlorinated organics to design a mobile unit that can
clean-up spills of PCBs from spils. The process schematic is shown in Figure 4, As
envisioned, this equipment will be mounted in & standard trailer and consist of two
counter-current extraction units to remove the PCBs from the soil, After extraction,
the soil will be vacuum stripped to remove and recover residual solvent. The soil can
then be placed back into the excavated site, The extraction solvent will be sent to
a still where the solvent will be recovered for reuse in the extractors and the PC8s
concentrated. The extraction and concentration steps will be operated approximately
3 hours per day. The concentrated PCBs will be stored in a surge tank. The
extraction/distiltation step will be run to produce enough concentrated PCBs to
provide feed for the LARC reactors on a continuous 24-hours basis. The concentrated
PCBs will be metered into the LARC units continuously over & 24-hour pericd, Thus, the
PCB concentration entering the LARC units can be tightly controlled even though the
concentration fin the soil varies dramatically. This process design provides the
flexibility to treat any type of sofl at varying PCB concentrations and stitl
maintain optimum rates in the LARC reactors,

Costs for PCB removal from soil and destruction by the LARC process are dependent on

the average PCB concentration in the soil. In most soils, high concentrations {e.9.
90,000 mg/Kg) will be found close to the spilied area. Once out of the {mmediate spill
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area, the PCB concentration will drop off rapidiy. However, {f leaching has occurred,
large areas contaminated betwsen 50 and 500 mg/Kg can be expected. In our cost
calculations, we Chose an average concentration of 1500 mg/Kg of PCBs. Items in¢luded
n the cost estimates are capital expenses, daily operating costs, iabor, analytical,
travel, per diem, and profit. At an average soil concentration of 1500 mg/Kg, total
costs are $B4.60/ton of soil. tandfiil costs for PCBs are $70/ton including tax,
Transportation charges add $2.75 per loaded mite or spproximstety $50/ton for a 400
mite trip yfelding a disposal onlty cost of $120/ton. Excavation costs, analytical
costs and refilling costs must be added to the cost for tandfilling the contaminated
dirt. These costs could add an additional 3$50-100/ton depending on the required
analyses. Thus, LARC costs for clean-up of PCB contaminated dirt range from 38 to 50X
of the costs associated with tandfilling the contaminated dirt, but more important 1t
removes PCBs from the environment permanently.

MONS 214800

4-11



ql.

Q2.

Q3.

Q4.

QS.

Q.

What

Have

A,

Have

This

A.

Oiscussion

throughput is expected?

LARC is designed to degrade B500 ppm/min. It wiltl vary, but
with 1500 ppm in sofl, it should be good for 15-20 tons per
day. High Tavels of organics will stow the process down,

you published data on spitl clean up?

No, and don't plan to.

you constructed a full scate unit?

NO.

work was with 2% organics. Any work with higher levels?

Ho'

What are the power requirements?

Yo provide power from internal generator. Not a great problem,

What is your estimate of cost?

A.

is i
A

384/ton including excavation from site, but not including return
to the excavation.

t a batch or continuous process?

Could be either,

MONS 214801
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Q9.

what 3 of PCB s left in the soivent?

A,  Less than 2%.

Does EPA aliow solivent extractions?
A.  EPA currently only aliows ‘andfill, but an EPA refresentative
present at the Seminar indicated williingness to review the

process for possivie approval.
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CLEANING OF PCB
CONTAMINATED SOILS

Leo Weitzman, PhD
Acurax Corpotration
Cincinnati, Ohio

The clesnup of PCB apilla 1s a major concern to the utility industry. Theae occur
1f a cepacitor, transformer, switch or other PCB-containing equipment davelops a
leak while in asrvice and contaminatas tha surrounding area. A clesnup coat of
$30,000 is not uncozmon for a leaking PCB tranaformer or capacitor, sapecially if
it had gone undatecced for a period of time.

In eddition to the cleanup of PCB leaka from fisld equipment, the utility fnduacry
ia faced with the long-tarm problem of traneformer yarde, repeir faciliciea, or
subscations that heve outlived their usafulnees. Thees older facilities can bs
several actes in aize and bacauss thsy wars uesd at s time whan PCBa wars not
regulatad, they ars often hsavily contaminated.

The current sethod of cleaning up & small site auch aa a leaking ctransformsr,
involves simply removing the soil and teking it to a chemicel waete landfill that
has been approved for PCB diepossl. Thae aite is beckfilled with cleen dirt. The

major sxpensa of this procasa comsa from trucking the dirty eoil end diepoeing of
it in & landfill.

When largs ersas sre contaminated, heuling tha soil to a dispcsal esita bacomas ie-
practical. Thare is oftan inasufficiant landfill cepacicy aveilable for ita dis-
posal and {f it is aveiladle, it ie very expeneive. In thass ceses, ths contani-
nated sits is Apoleted by eome form of groundwater barrier, such es & grout curtain,
and then capped t0 reduce rainwveter infiltration. Then, if necesesary. groundwater
is puaped from chia confinement into a treatment plant. Thias createa a nest inflow
of water into the contaninated eits end reducea the possible migretion of tha

contaminant intc che environmeant, This approach involvea long-ters sxpanses which
can bs formidables.

The program described here axamined soil washing as an alternate PCB cleaanup
proceduts. The techniqus has the potential to remove PCBa from the ecil onsits
and hencs, sliminate both hauling, landfilling and backfilling for cisanup, thersby
reducing the cost aubatantially. Two aoil weehing techniquee were axamined, Tha
firet, solvant washing was found applicabls to most situaciona even where the final
4=-15
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PCB concentration in the aoil must approach zero. The ascond techniqua, water

washing proved to bs an lmpractical procedure.

The queation of "how clean is clean” will arise in any type of & cleanup operation.
In some cases, any mstarial containing lees than 50 ppm PCB ia conaidared claan.
In othara, no measursbla PCB ia allowed. After discuseing this vich a number of
pecpls at various Environmental Agenciea, we established 2 ppm &8 an acceptable
level of cleanliness for PCH.

THEORETICAL CONSIDERATIONS

The experimental program described in the next aection sought to determina the
equilibrium constant that daacribes the actusl concentration of tha PCB in the
liquid after sach wash.

The process of washing soil 1p direccly analogous to thst of adeorbing poliutants
from & vestewatsr using. for exampls, activecsd csrbon. In both cesses, ons firsc
needs to determine the concentretion of the pollutant (FCB in this casa) in ths
liguid pheses thet is in squilibrium with e given concenttetion oh the solid phass.
Thats veluas over ths Trengs of concantration srs commonly refarred toc as the
adsorption isotherm for the system:. In the cass of soil washing, ve sre sctually
desorbing rethar then adsorbing tha pollutant but the process is entirely snalogous
from an enginesring point of view.

In addition to having a favorabla squilibrium, it is important that the rates at
which the pollutant diffuses into the washing fluid ba faat encugh ao that the

ovarall proceaa occurs in a reasonsbls langth of tima. Thia proved to ba a problem
when uaing purs Freon with top-eoil. Tha equilibrium waa favorable; howevar, it
took up to 1B houra for the syatem to resch squilibrium. Thia would not raault
in a practical solvent washing syatem. With ths propar choice of solvents, the

time raquired to reach equilibriums waa reduced to 30=45 minutes, a very practical
value.

The deaign equationa for ths removal of PCB from solid materials waa pressnted in
grester detsil in an esrlier report {1). Bsasd on that derivacion, it is posaibls

to defina » conatsnt "K" relating the PC3 concentrstion in the liquid coming from
two consscutive weshss of the aocil. It 1a defined as:

K= yu ’yn-l

Whers y_ end Y,-) 9te the PCB concentretionsa in the liquid lesving the nth and

{(n-1)th veshea respectivaly. On thia basis, it can bs shown thet sfter N wmshed.
the amount of PCB reeidus left on the soil, sn ie:
SN =L yN.KI(l-I’.) '

14804
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Where S is weight of PCB laft on the sample of scil snd L ia the volume of liquid
uaed for sach wesh. L 1s constant from wassh to wesh.

The lsborstory invastigstion for this system, showad that such s solvant washing
ayatam can schievs s velus of approximstaly 0.5 for PCBa in varicua types of soil.
Thts valus proved to be resaonably independent of tha typs of soil baing clesned snd
tha PCB concentration of the soil itaslf. Thias means that the wash liquid leaving

s wash will hava g PCB concantration of sapproximstely half of the preceding wash.

The aolvant uesd for the weshing will influencs the sconomica and safety of tha sys-
tem gresatly. Ir must have ths following propartiass.
1. Miacible with PCB to high concantrations

2. Non-flammable for sefety in the field

). Low latent haat of veporizetion and low bolling point for sees of racovery
. 4, Low toxicity

5. Bae able to "cut through" watar

6. Capable of watting the soil

7. Raedily available
The study exeminsd following solvanta., reprasanting s rangs of proparties.

1. purs hexans

2. purs FC-113 (1, 1, 2 trichlorotrifluorcathans)

l. & propriastary solvent blend

4. FC-ll3/hexans blend

It was found thet only the propristary solvent wea sbles to reducs the PC3? concentra-
tion in the soil to below 2 ppm. In addition, this sclveant estisfies ell of ths
othar criteria ligted abovs.

LABORATORY EVALUATION

The first step {n the leboretory evaluation was to contaminats scilas with PCBa.
The following types of soile wara salectad.
1. Pure sand

2. A high-clay soil

3. Potting soil. reprasanting s high carbon soil

MONS 214805
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Tha solvent weashing exparimants wears conducted by placing 100 grams of contaminated
soil into s jer with s tight fitting 11d. Tha scil wes then coversd with the aol-
vant ([00-200m]1) and than tha jer was placad into an ultresonic bsth. In the
sarlier teats of thia sariss, asmples of ths solvent wars withdrawn st spproximataly
15 minute intervals so sa to dataraine tha tima regquired to reach equilibrium. This
showed that the equilibrium is reschsd in sassentielly 15-45 minutss:-

The purposs of thass teats Was to esteblish whathar thass soils would ba clasned to
lass than two ppm PCB and how meny Washes this would require. It is recognized that
ths numbar ¢f washea requirsd will ba function of ths volume of liquid ussd. The
data can, howsver, ba convarted to s saries of "dasorption isotharms” similsar to :he
"sdaorption isotherma' commonly used to size edgorption columnsg for wastswatsr or

gas clasning.

The teat ware conducted by placing 100-200 grams of the soil into s jar with s tight
fitting 11d, Encugh aclvant to cover the aocil with a l-2 cm excess wes then added
to the jar and this volums of solvant daterminad.

All successive washed wears conducted uaing this asme volums of solvant. Soma taats
wars conducted by using ultrssonic agitetion to facilitata the clsaning oparsation.
In thoaa tests which f{acludad ultrasonica, tha jar was placed into s emall ultrs-
aonic clnn-ninl unit which wae fillsd with water as s tranefer madium. The ultrsaon-
ic cleaning was found to be a very effactive aid in removing the PCB,

In order to satablish how long & contact tima was nacessary to rsach squilibrium
samnplas ware withdrawn from ths jar at intervalas ranging from 15 minutes to over-
night. It was found that with the eid of ultrasonics and phs propsr choice of sol-
vant, the PC3 concentretion in the liquid reached virtually e constant level within
)0 minutes, This was not ths case when purs FC-11) waas uaed as & washing medium,
Evsluation of the zesults of tha potting a0il tsats showad ss much as thras=-fold in-
cresse in tha PCB concentrstion of ths liquid phass when kept cvernight., Thia ia
contrastad with the weehas using the propristary solvent which showed litels or no
changs in the liquid PCE concemtration sven over @ weskand.

Baskar tests Vars also conducted with combinstions of thess soils uaing water snd a
vatar/is0propancl solution. Thaas provad vary diasppointing for all soils sxcept,

to & limited axtent the purs sand, Thees liquids removed the PCB from tha soil in

a linear rather than in s geometric manner.

, MONS 214806
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When claaning scila down to the very low lavala of PCB requirsd hars, it {a ssaen-
tial that sach aucceasive wash remove a fraction of the PCB rather than a fixad
asount. Tha amount of pollutsnt removad muat ba proportional to the amount on the
a0il resulting {n a gaomstric raduction in tha PCB concentration. Tha aqueoua basad
solvants caussd s linear raduction of the PCB; sach waah removaed anywhers from J to
20 ppm. Raductgon of tha PCB concentration from, say 1000 ppm to 100 ppm could take
sevaral hundred washaa, Thia 13 inharently not impoasibla; howaver. the affluent
from sach waah muat ba treated reaulting in thousands of gallons of water for esach
cubic yard of soil procasaed,

It waa concludad that sgueous baaad aclvent washing of soil dosa not appsar to bs a
promiaing spproach to achiaving ths low PCB concentration required.

Tha bulk of thie exparimental program invaatigated vhethsr it ia poasibla to removas
PCla from aoil uaing waahing tachniquas. Onca the PC3 ie removed, howaver, it ia
atill necesaary t¢ dispoas of it, The overall achems requires thet ths solvant ba
diatilled off snd purified aftar the waahing of the soil snd the PCH and other pollu-
tanta laft behind in e reactor. The conceantrated PCB can then be ahipped to an in-
cinsrator or dsstroyed uaing s sodium bdasad reagent. All of tha solvent from this
axparimental program was trasted in this menner. It was saccumulated in lerga flaake
snd dfatflled. Tha PC3 residua wes then succsssfully destroyad ueing the Acurex PCB
deatruction process. Finsl PCB concentrastions of less than 2 ppm (the limit of
mesaure) wara obtained in tha liquid. Thie ia conaidered to bs s non-PCB metarial
by eaviromentsl egencise.

CONCEPTUAL DESCRIPTION

When atarting this type of resssrch program {t is important to sstsblish a dessign
gosl to work towards, Thie is e goal rethar thsn s dasign; further rasasarch will
undoubtadly cause major changes in the final operating ayetem. The initiasl daeign

ia, howevar, useful to daterains ths typs of data that the praliminary resssrch pro-
gram muyst produce.

The besic s0il washing system is shown in Figura 1. Plassa note {again) that thie
1s & conceptusl rather than sn scutal design. It is recognized that baceuss of the
requirements of materisla handling, etructural strength and mobility, the finasl unit
will mcat likely look aignificantly diffarent.

Fundamentelly, tha unit conaiata of aaversl {the drawving shows thras but that ia not
fixed sa yat) cella mounted on s trailar. The calla sre sat up so that sofl csn
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CONCEPTUAL DRAWINC OF
S0IL CLEANING SYSTEM
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readily ba put into tham using standard earth moving equipmant. The eystam cen be
tippad for asess of removing the cleanad soil. Sincs the sclivent to ba usad ia vols-
tila, each cell can be assaled tightly. The multipla calla rasult {n sn aven diatri-
bution of the asalvant.

Tha laboretory test found that ultreonic vibrations greatly enhance tha afficiency
of tha waahing cyclea. The large aoil washing systsma heva vibrators clamped to tha
wells to duplicate this. These sre siniler to vibrestors used in pouring concrate
snd sre commercielly aveileble. It i{a snviasionad to ba opsrated in the following
ménnar:

I. The unit slong with s portable sclvent reclamation syetem is trenaportad to
tha afca of tha apill or contaminetion and asat up.

2. 501l {a placad into ths weahing unit than {t is aselad closad,

J. The solvant is pumpad into ths weshar and racirculated for spproximataly
3O minutaa.

4. Tha solvant ia pumpad out of tha washing unit into thea solvant raclamation
ayastem end clasn solvent ia onca agsin added to tha washing unit containing
tha partielly clasnad sofl.

5. This clasning cycla is repasted until s ssmple of tha golvant shows & sat-
{isfactory PCB leval.

6. At that point, the rasidusl solvant on tha soil is reclaimed by applying
vacuum to the weshar. It may bs nacessary to aleo uas & small smount of
staem. Aftar cleasning, tha aoil {s dumped back into place, compactad end
nutriente edded e0 that it will sustein vagatation.

7. Tha solvant from ssch wash {s pasaed through & solvent raclamation syatem
that includea a diatillation column and & sescondary stripping ayatem for
concentrating the residusl PCB pollutant removed from tha aoil.

8. Tha FC3 concantrata from ths aolvant raleimer is sent to a chemical de-
struction aystem which produces s PCB-fras sludga and a PCB daatruction
1eagent which s racycled to ths process aftar filtration.

The system schematic is shown in Figura 2.

CONCLUSTONS

Thia atudy has shown that it ia posaibla to wash a wida variaty of soila frasa of PCB
contamination uaing @ solvant ayatem that c¢an ba used in the field., It also showad
that st this tims ths uas of vatar ss a clasning medium dosa not appear to ba prec-
ticel in most ceass. Tha atudy furchar ahowed that tha propristery asolvent used for
tha 801l cleaning satiafiss ell of tha cricarie ssat for it, It is ralativaly non-
toxic, assily recovared and non~-flammabla. This is vary imporctant if a workablas
ayatem is to designed on ths basis of this work.
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quits fessibls to use the Acurax PCB destruction process in the field to destroy the
pollutante washed from the aotl st the sits. This completes the totel clasgnup and
will maka tha oversll procass rsadily sccaptabla.

In desling with such sn oparstion, political scceptablility 1s ss much s fector ss
sre the normsl tachnical snd economic considerstions. Ths cost of gerting local
approvals or psrmits can, st times axcssd the cost of doing the job tself. oy
asking this coperstion totally self contsined. tha chancse of its acespeence ara
optimized.

Having shown thst the solvent wsshing of PCB contsminsted soils is poestble, it fo
now worthwhile to determine its costs. To do so, it would be ussful to build o
pilot scsle unit, epproximately 55 gsllons in volume to weeh soils et a grestsr rats.
This unict could bs used to enswer the following questions:

1. What is ths best system configuration to permit good contsct betwasn the
801l and ths solvent?

2. Whet liquid flow retes cen ba used so a8 to minimize #0il sotreinment in
ths filter madium?

3. Whet type of filter medium must be used commercislly to effectively prevent
the scil from gecting out of chs washing system with ths sclvent and yat
not bacoms clogged?

4. -Uhst 1s the optimum liquid to sclid rstio thst nsede to ba used for each
waesh?

$. What sra ths manpowar requirements for such a commercial system?

6. Whet are ths oversll costs of operstion for vsrious size cleenups?
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Discussion

Kave you measured for solvent residuels in ground water?
A. e hive not tested. However, the last step before returning the
sofl s to steam clean. [t comes out very dry. The materials

used for clean up are generally not toxic.

What reduction of dioxin can be expected?
A. Inftial concentration of 450 ppb reduced to 3 ¢n B washings,

{1t was noted in sampling, testing, and andlysis at the 3 ppb
Tevel that it is very difficult).

MONS 214812

4-24"



R

N
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ABSTRACT

The degres of PCB $p111 cleanup required by regulatory agencies, or “how clean is
clean", has evolvaed into one of tha most prominent {ssues surrounding PCBS

today. Despite the continued occurrence of PCB spills throughout the U.S5,, spil
cleanup degree is not explicitly addressed under TSCA. The degree of cleanup
required to avoid & disposal citation varies with EPA region and state, to the
inconvenience and cost of industry.

This papar reviews the current state of regulation for PCB spil1 cleanup, and
assesses the compatibility of thess regulations with current practice. Several
gengric spill situations are presented for use in quantifying the cost of
alternate cleanup procedures. Based on these situations, & cost/engineering model
1s presented. Results of the model are shown, including graghics to 11lustrate
cost sensitivity to cleanup degree and spill typa. Conclusions ars drawn

regarding degree-of-cleanup policy, 1ts economic impact and the future regulatory
¢limate.
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Section 1
INTRODUCTION -

The August 1982 PCB rulemaking allows much of the utility-owned PCB squipment to
remain in service through the end of fts useful 1ife. While options for disposal
of well-managed PCBs are now better defined, small PCB spills can still oceur while
the equipment is in service or storage. Proper spill management and eémergency
response planning can therefore close the perceived environmental hazard loop.

EPA has developed draft guidelines for PCB spill cleanup, The document has not yet
been released for public dissemination, primarily because of the inherent diff{-
culties associated with general guidelines geared toward site-specific problems,
Regardless, some form of guidelines may ultimately be published for suggested use
by the utilicy industry,

More importantly, there are no universal rules governing the degree to which a spill
must be cleaned up. While it 1s generally recognized that the spilling of PCB

fluid to soil or other surfaces constitutes improper disposal if not cleaned up,

the question of "how clean s c¢lean” often remains a mystery until the appropriate
authority indicates that the area 1s clean enough., Each EPA regional office uses
different cleanness criteria, some states are more stringent than EPA, and the
criteria can change with time even 1f established by law.

The purposes of this paper are to review the stetus of PCB spill cleanup regulations,
discuss the nature of PCB spills and approaches to cleanup, and to attempt to com-
pare costs of cleaning spills to several levels of cleanness. The authors recognize
the potential difficulty of modeling spill cleanup costs due to the unique nature of
each event, Where appropriste, we have qualified our estimates and attempted to
quantify the potential variability.
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Section 2
PCB SPILL CLEANUP TECHNOLOGY -

Despite the sincere efforts of scientists and engineers attempting to advance the
state of the art, there are typically only two or three acceptable methods of clean-
ing up & given spill, For spills to soil, 1t 1s excavation and removal. For spills
to solid surfaces (houses, cars, concrete, etc.), solvent washing or high pressure
steam cleaning is sometimes acceptable in 1ieu of removal or dispesal. For replace-
sble and/or porous surfaces, 1t is replacement,

For discussion purposes, three generic types of spills can be fdentified: trans-

* former leaks, capacitor lesks and capacitor spraying (under pressure). with the

proper training, the first respondent on the scene will attempt to visually {dentify
the extent of the spill, seal off the area (including a buffer zone), mark the areas
of expected contamination and proceed to use one of the above-mentioned cleanup
techniques. Once the visible traces (and expected areas) of contamination are
cleaned, sampling is performed over & predetermined grid for residual PCBs, A
second clesnup s often appropriste {f remaining contamination is high in some
localized areas. In the absence of a concentration-based standard, cleanup might
often stop there. This {5 not always the case.

Attempting to estimate the cost of spill cleanup under these conditfons is difficult.
Costs are nevertheless important to budgeting, risk assessment and bidding. It is
not uncommon for project budgets to be exceeded, sometimes by a factor of two or
more, due to disagresment over completion criteris,

Nevertheless, bastic practice does not vary substantially between companies for &
given type of spill Cleenup. The practicality of an extended cleanup should there-
fore be a factor in determining completion, assuming an acceptable and prudent
cleanup strategy is proposed and implemented,
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Sectton 3
REGULATIONS GOVERKING PCB SPILL CLEANUP -

The cleanup of PCB spills 1s addressed directly and indirectly throughout the 1979
and 1982 rules. The August 1983 "Question and Answer" book published by EPA* pro.
vides the most recent interpretation of its regulations. The booklet addresses
three questions on the subject: spill reporting, what happens upon rsporting a
spill and what should be done to control or clean up & spill. The answers to these
questions frame, in part, the agency's policy. It is open to interpretation, and
thus explains the great variety of spill cleanup "standards" experienced today.

On the reporting of spills, the agency cites the authority under TSCA Section 8(e)
to require the reporting of spills "whenever the incident poses a substantial risk
to human health or environment." They note in the response that “substantial risk"
cannot be precisely defined. However, they say that for any spill where people can
come into direct uncontrolled contact with PCBs, or the spill 1s such that signifi.
cant numbers of &nimals are exposed, the spill must be reported to the National
Response Center,

The agency also cites the requirements of the CERCLA Section 103 (a) (48 CFR 23552.
23605), DOT (49 CFR 171.15, 171.17), and the Clean Water Act (40 CFR 117.2). The
present reportable quantity for PCBs is 10 1bs. The agency has proposed lowering
that quantity to 1 1b, Similarly DOT has followed suit in an advanced notice pro-
posing the reduction of the reporting requirement to 1 1b,

Concerning the question of spill cleanup, the EPA suggests the following steps:
{1) Report spill; (2) Control the spread of spill by damming or diking the leak
{a high priority should be given to spills posing a threat to water); (3) “Once
contained, cleanup can be simply the removal and subsaquent disposal of contamin-
ated soil and debris.* EPA further notes: “In some cases special filtration or

* The EPA Requlations Under TSCA: Over 100 Questions and Answers to Help You Meet
These Requirements. Revised Edition No. ugust repare .
Ess{stance Office and Exposure Evaluation Oivision U.S. EPA,
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PCB sorbents may be required"; (4]} “Since the levels required for claanup sometimes
vary, depending on the region (state) in which the spt1l occurred, regional PCR
experts should be contacted to obtain guidance on the extent of PCB spi1! cleanup.”
That 1s the extent of what the agency has to say about the degree of spill cleanup.
They do provide 3 list of experts and phone numbers.

it fs interesting to note that the June 1979 version of this booklet differs from
the 1983 book 1n some of its responses. For one, as a general rule, spills involv.
ing & single capacitor do {did) not have to be reported unless PCBs threaten or
enter a watercourse. However, transformer spills, other than minor leaks, should
be reported.

50 where does a1l this leave the PC3 owner attempting to clean up a PCB spill?
Since the promulgation of rules in 1979, many utilities have felt that cleaning up
to 50 ppm would be an acceptable level of cleanup. This level could be found more
from an interpretation of the 1979 regulations than an explicit statement. Many
EPA regions were advising, and continue to advise, utilities that this 1s an
acceptable cutoff. The EDF vs. EPA suit has undoubtedly had some impact on the
state of the situation today, leaving a wide variety of approaches and standards,
primarily because of the acceptance of the 50 ppm standard as justified and
supported., The cutoff {ssue relates more to incidental production (and is stil
pending & final rulemaking), but could sti1) be considered applicable to those
grouping for a numerical rather than procedura! cutoff.

Mearwhile, there have been & number of test cases with a bearing on the degree of
spi1l cleanup, The agency has prepared an enforcement strategy and interpretation
of the PCB regulations that indicates that the agency can enforce a cleanup to back-
ground standard, and is endeavoring in Some regfons to do this. EPA Enforcement
Headquarters insists that the regulations provide them with the authority to proceed
on a background standard, 1.e. any exposure to PCBs is significant, however incon-
sistently it is applied.
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Certainly, a major contributor to the confusion surrounding PCB spill cleanup is
the variation in policy between EPA headquarters, regional offices and state
agencies, Given the lack of a scientific basis for any “one number" cleanup cutoff,
it would appear difficult to Justify the background PCB concentration as a cleanup
leyel based on these arbitrary local limits,

A straw poll of EPA regional PCB cleanup policies is summarized in Table 1. Note
the variation in both cleanup level and surface treatment requirements., The most
stringent of those regions polled is EPA Region 5 (Chicago); & guotation from their
current internal policy memp stating the recommended practices for three types of
spill Tocations (degrees of potential human exposure) 15 as follows:

(1) Limited Contact Ares {1.e., Indoor Industrial Settings):

Cleanup of PCBs should be conducted down to 100 times background but not
Mmmﬁaﬁmmam .
ontrol sampies as wel] as post cleanup samples would be required, Air
sampling following cleanup should also be_a mandatory requirement to ensure
that the OSHA TLV value for PCB of 1 ug/md {s not exceedad 1f unprotected

individuals will be present or working in post cleanup area (NIDSH Criteria
bocument for PCBs, 15977).

(2) High Contact Areas (i.e., Including Industrial Settings, Food, Feed, Schools):

Cleanup should be required down to background levels. Post-cleanup samples
and air samp{ing wouid aiso be inciuded. Any food prepared on surfaces pre-
viously contaminated with PCB should be tested for PCBs before human or animal
consumption is permitted. FODA has developed guidelines and 1imits for PCBs in
various foods, feeds and packing materials (F.R., Vol. 44, No. 127, June 29,
1979, pp. 3B330-38240).

(3) Enyironmental Spills:

Contaminated soils should be removed until the concentrations of PCB in surface
and core samples are less than twice that of background samples. The zone plot
method of sampling should be utilized (TSCA Inspection Manual, March 1983).*

*Memorandum dated November 13, 198] from M1t Clark, Region V Health Effects

Specialist, to Karl Bremer, Toxic Substances Coordinator, addressing "Interim
PCB Cleanup Procedures."”
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This broad range of spill cleanup requirements ratses an important issue: As long
45 no one can come to grips with a sctentifically-based cleanup standard, perhaps a
practical standard based on practice and performance 1s most appropriate (assuming
that a standard will indeed be instituted). Such a standard might address sampling,
& practical field approach and perhgps & minimum cleanup level staqgard.

The EEI Utility Solid Waste Activittes Group (USWAG) PCB Committee has formed a
Spi11 Cleanup Task Force, to address the specific degree of cleanup isswe. The
goal of the Task Force appears to be the EPA consideration of a procedure standard
for cleanup rather than using & concentration-based performance standard, and to
determine whether a procedural standard 1s feasible and accurate enough, in an
effort to permit practicality to enter the decision process.
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Section 4
GENERIC SPILL SITUATIONS -

The two principal cost components of & spill cleanup are {1) the investigation

and (2) the cleanup i1tself, The investigation phase includes engineering support,
drilling/sempling and analytical requirements. The cleanup phase includes excava-
tion, cleaning, disposal, transportation, closure sampling and analysis. Both
phases also include occupational safety and health support., The identification of
these cost components 1is important; doubling the amount of material to be removed
not only increases the excavation and disposal cost, but also adds engineering,
analytical and safety costs.

In-house cost data were used to develop an empirical cost model, The mode)
essentially simulates the cost estimating process used by an enginesr or con-
tractor to bid a spfll cleanup job. The “model” 1s actually a cost estimating
algorithm using several {nputs that define the scale of the cleanup effort. Input
variables include spilled fluid volume, type of spi1] (lead and spray), surface
type, rainfall, degree of cleanup and location near obstacles. These variables,
when added to several dispersion algorithms, define the vertical and horizontal
extent of the spill, which in turn defines the removal/cleaning requirements,
Using standard unit costs for each cleanup activity, a total cost can be computed.
varying any one or mere of the input variables changes the dispersion, which
changes the cost. Graphics and tables can thereby be developed showing cost
sensitivity to changes in these variables.

Because of the number and variability of factors involived in cost estimating, &
general model with apprapriate assumptions and simplifications was developed.

The model does not address regional cost variations, multimedia contamination and

a variety of other factors to be discussed in more detafl below. Despite this, the
model provides s reasonable general cost estimate, most useful for demonstrating the
effects of varying parameters on cleanup costs, In addition, contractors' unit
prices are used; differences with utility costs should be negated by comparing the
relative magnitude of spill cleanup costs,
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The spill cleanup model is based on several parsmeters critical to describing the
extent of the sp11l and contaminste migration, including the following:

Nature of the spiil,

Volume spilled.

Degree of cleanup required, -
Surface materisl type.

Indoor/outdoor location.

Rainfall.

Presence or absence of structures near the spill.

® & & & &» & &

The sssumptions, limitations and general sensitivity levels for esch veriable and
thetir relgtive impacts are discussed below.

Neture of the 4pill

Two types of events &re analyzed by the model: ledks and sprey spills. For model-
ing purposes, spray spill 1s assumed to extend outward 20 feet over an angle of 200,
It 1s further assumed that the entire surface area beneath the spray pattern (70 sq.
ft.) 1s contaminated with fluid, For outdoor spills, the distinction between leaks
&nd spray spills 1s important only for those spill volumes that would not spreead
over an ares of 70 sq, ft. in a flow spill. For indpoor events, sprey spills are
assumed to contaminate walls and nearby equipment, increasing the total area to be
cleaned,

Volume of Fluid Spiiled

The surface area or soil volume contaminated 1s primarily a function of the volume
of fluid spilled, Models are aveilable to predict both the downward movement &nd
horizontal mobility of fluids under a given driving force, given fluid volume and
physical characteristics and a surface composition. These models are generally

designed to deal with more sophisticated conditions than the model, and have been

simplified sccordingly. Using these models in their simplified forms, the volume
of material contaminated can be estimated,

Surface Material

Both the downward and outward mobility of spilled fluid are dictated in part by the
parmeability of the surface material, As a resuylt, the area to be cleaned or the
volume to be excevated s a function of the contacted surface, Fluid will spread
over & much wider area on impervious surfaces: 1n permeable soils, the outward
spread 1s reduced, but the depth of soil contamination is increased, The model
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addresses an impervious surface and four permeable surfaces (gravel and three 501}
classes). The three soil classes are as follows:

e Class 1 - Sandy gravel, less than 5 percent ¢lay &nd silt.
o Class 2 - Sandy loam, less than 25 percent cléy.
o Class 3 - Sandy clay, less than 35 percent clay, -

These sofl clesses represent most naturally occurring soils,

Tha presant model lacks the sophistication to address multi-soil spill events.
Further, the model assumes & smooth surface with no slope., A leak is gssumed to
spread out radfally from the source until it {s all absorbed into the soil or
further spresd 15 retarded due to surface tension effects, In most instances, the
volume of fluid lost 15 small enough that flow modeling is not as critical as
worker exposure.

Indoor/Qutdoor Location

Qutdoor spills are assumed to spread radially unt{l constrazined by soil absorption
or surface tension effects, Indoor spills tend to be confined to & specific area,
although contamination may extend to walls and adjacent equipment.

Rainfall

The sveilability of rainwater is important to the mobiiity of & spilled PCB fluid,
because the fluid head above & PCB spil] provides a driving force. As & result,
any liquid chemical spill in a wet environment will be more widely dispersed than a
dry environment (excluding irregular geologic formations}.

However, becsuse PCBs are not highly mobile in most soils, the magnitude of the
effect 15 not large. Thers will be some increase in contaminated soil volume due

to rainfall, and this effect can be included in the model,

Degree of Clean Required

In the simplest sense, within 2 given contaminated sofl volume the concentration of
PCBs will be highest near the source, and will gpproach ambient levels at or beyond
the extent of the contamination., The limits of contamination representing PC8 con-
centrations of 50 ppm, 7 ppm and ambient levels can be most simply represented by
concentric spherical surfaces, each one of larger radius., Consequently, cleanup

to & lower level of contamination requires removal of more material,
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Sp1l1s on concrete present a simpler picture due to the nature of the clesnup
options avajiable. Concrete (and other "impermeable” surfaces) is slightly porous,
and will absorb some of the spilled fluid, Solivent scrubbing of the concrete
surfece will remove surfece contamination and some of the absorbed material, usually
sufficiently well to achieve the 50-ppm stendard. However, some PCB will remain
within the concrete. To obtain a 7-ppm or ambient level is assumed to require com-
plete removal of the contaminated concrete.

Spiil Investigattion

Spill investigation costs are very sensitive to cleanup degree, A typical investi-
gation of & spi1l on soil inciudes surface soil semples to determine the area extent
of the spi1l and subsurface soil semples (obtained by drilling holes) to determine
the depth of contamination, Only enough samples will be collected to delineste the
extent of the spill to the cleanup level desired, With an increase in the degree of
cieanup required, the ares to investigate becomes Jarger, Consequentiy, more bor-
ings, surface and subsurface samples, laboratory analyses and labor will be needed
to establish the bounds of the spill,

Nature of the Filuid Spilled

An important variable which could not be included in the model 1s the nature of the
fluid spilled, 1.e., the PCB concentration or mineral oil versus sskarel, To
include this factor would require modeling the fluid/soil concentration gradients
within the sofil, an exercise not practicel within the scope of this mode?. Con-
sequently, the SCS model {s strictly applicable oniy to PCBS, askarels and mineral
ofls with &t least 0,5 percent PCBs,
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section §

COST ANALYSIS OF SPILL CLEANUP

As noted earlier, the cost of each and every spill cleanup is differant due to the
unique features discussed on the preceding pages, Cost estimation is nevertheless
the first logical step in 2 comparative cost analysis.

Figure ! shows the logic of the spiil cleanup cost model, including the role of each
technical factor in the analysts., Table 2 presents the unit cost assumptions used
in the model., There are severzl mechanical assumptions inherent in the model that
would tend to make the cost appear lower than experience would indicate, First,
the model uses probabilities to estimate the cost of a second or third sampling and
cleening situation (that {s, the cost of & second iteration {BOX probablie) would be
80% of the cost of the first). Second, the cost of mobiliization/demobilization for
a cleanup crew 1s not included, In most real situations, slow lab turnaround and
agency approval will require removal and reactivation of the field crew, at a cost
of hundreds or thousands of dollars each iteration, Third, the analytical require-
ments are based on a rational sampling grid system, which {s usually the minimoum
number required, Fourth, any analysis for TCOD/TCDF in a fire cleanup will
dramatfcally increase the anaiytical {and possibly the cleanup) cost, but cannot

be addressed here,

The real value of the mode! is to vary certain parameters over 2 range of values,
and to show the relative cleanup costs., The foilowing set of tables and figures
{1luystrates some of the major cost comparisons possible with the model.

Tables 3 through 8 present the costs of several example spill cleanup scenarios
using the model, The costs are expressed as a percentage of the S50 ppm cleanup
cost rather than as absolute dollar values,

Figure 2 shows the investigation and cleanup cost elements separately for an example
situation, an askarel spill on soil Class Z cleanad up to 7 ppm, over & range of 0
to 10 galions spilled., The relative magnitude between the two cost components is
typical of other soll classes, slab surfaces and other clesnup degrees as well.
While the total cost {not shown) compares favorably with actual utility field
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experience, tha cost of investigation ts thought to be too high for small volume
spills. The stepwise nature of the investigation costs is the result of subsurface
s01) sampling. The costs exhibit a sudden upward rise whenever the increasing areal
extent of a spill demands that another sampling hole be drilled, Spil sampiing
holes are drilled at discrete intervals, regardless of the size of the spill, and a
Jarger dismeter spill necessitates more holes,

Figures 3 and 4 show the relative investigation &nd cleanup costs at the 1 ppm and
50 ppm cleanup levels for soil Classes | and 3, respectively., As most PCB equipment
spills are {n the 0 to 3 gallon range, drilling will not be required.

Figure 5 compares the total costs for clesning up spills in each of the sojl classes
to 50 ppm, Class 1 soils represent a sandy gravel with less than 5 percent clay and
silt; Class 2 s & sandy topsoil with up to 25 percent clay: Class 3 {s & sandy clay.
The costs can be higher in the more clayey soils because of the more extensive dis-
persion of the material on the surface, More sofl must be removed because of the
greater soil volume contaminated in the more clayey soils, so excavation and dis-
posal costs are higher,

Figure & compares the costs of cleaning up spills on open soil to the costs of clean-
ing up the same volume of spilled fiuid next to a structure, Spills next to struc-
tures will migrate along the foundations and beneath the building through looser
soils, There is increased difficulty {n excavating beneath a structure, and this

{s reflected in the model by increased excavation costs,

Figure 7 shows the costs to clean up uncontained PCB leaks on {mpervious slabs. In
general, slab cleanup to 50 ppm represents labor-intansive triple scrubbing with
solvents, Cleanup to 7 ppm represents slab demolition. This figure suggests that
beyond a certain volume spilled [approximately two gallons), 1t may be more costly
to scrub the slab than to remove 1t entirely, However, this generalization does
not apply to mors common spills to concrete inside a building, where concrete
removal is infeasible and Scrubbing 15 the only option.

Figure 12 compares the costs of cleaning up leaks versus Spray spills on slabs, The
differences are most dramatic at the low volumes spilled, where 2 spray could resuit
in greater surface ares contamindtion than a spill, Above one to two galions, &
Teak will eventually spread to contaminate an equivalent surface area as the sprey
spill. Thus, the 1ines become parallel. Tha difference batween the two lines
represents the costs of cleaning up walls, poles. nearby equipmant, etc., 811 items
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more 1ikely to be contaminated by a spraying plece of equipment. Obviocusly, spray-
ing spills of this type are the most costly per gallon, as they contaminate more
surface and often result in replacement of contaminated items.
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Table 1
SELECTLO EPA REGIONAL PCB SPILL CLEANUP REQUIREMENTS

Contact
EPA fegion {Name, Phone) Soil Cement/Asphalt Other*
Headquarters D. Hannemann cber
(202) 383.7849
1 T. Palermo SO ppm+ concrete: solvent cbe
{617) 223-5604 asphalt: remove
5 P. Porter 1-5 ppm concrete: solvent {(3)
(312) 353.2192 asphalt: remove
& D. Mount 50 ppm concrete: wash cbe
(214) 767-2724 asphatt: remove
9 K, Glassel 50 ppm concrete: remove cbe

asphait: remove

*cbc - Each instance evaluated on a case-by-case basis.

+ - Initial concentration,
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Table 2
UNIT CDST ASSUMPTIONS USED IN PCB SPILL CLEANUP MODEL*

Engineering Labor $45/hr Labor $35/hr
Labor $35/hr Bulk Disposal $145/yd3
sample Analysis $50/sample Orum Disposal $39/drum
Orill Rig Mobilization $1,300 Drum Cost $25/drum
0orilling Costs $45/F¢ Equip. Mobil,/Demobil, $1,600
Surface Sampling Equipment
Productivity 6 sampies/man-hour Wheeled Backhoe/Loader $4.66/y0d
Frequency 1 sample/6 ft Oump Truck $7.80/yd3
Subsurface Sampling Slab Cleaning
Drill Depth 15 ft Triple Solvent Scrub
Productivity 2 ft/hr Followed by Solvent
Frequency 2 samples/ft Absorption Materials
Cost $2.70/ft2
Productivity 25 ft/man-hour
Planning & Engineering 25% of Total 6-1nch slabs

1 Orum Disposable
Equipment/6 man-days

$lab Demolition
Equipment $135/day
Productivity 25 ft¢/man-hour
General/Administrative
Costs 5% of Total

* These figures are typical of contractor costs and leased equipment.

Sources: Means Building Construction Cost Data, 1982; Richardson's Estimator:
1982 Dodge Guide to Public Works and Heavy Construction Costs.
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Table 3
SPILL CLEANUP -
1,56.6&110n Askarel Spi1l; Class 2 Soil: No Rainfail

DESCRIPTION

1,5-gallon spill from & pole.-mounted Askarel capacitor to a moderately permesble
soil surface. Excevation by hand with drummed material disposal,

Relative of Costs

Degree of Cleanup

Investigation 50 ppm 1 ppm 1_ppm
Sampling and Analysis 1.00 1.49 2.22
Equipment 1.00 1.00 1.00
Sample Disposal 1.00 1.35 1.81
Planning/Reporting 1.00 1.46 2,13
Total 1,00 1.45 2,13

Cleanup
Excavation and D1sposal 1.00 1.55 2.00
Equipment 1.00 1.00 1.00
General/Administrative 1.00 1.43 1.77
Total 1,00 1.43 2,09
TOTAL 1.00 1.45 2.09
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Table 4
SPILL CLEANUP -
1.5-Gallon Askarel Spi11; Slab Surface; No Rainfail; Flow Spill

DESCRIPTION

1.5-9a110n spill from & pole-mpunted Askarel capacitor to a concrete parking lot,
Triple solvent scrub to 50 ppm versus siab demolition to 7 ppm (or less).

Costs ($)
Oegree of (leanup

Investigation 50 _ppm 71 ppm

sSampling and Analysis 1.00 1.35

Equipment 1.00 1,00

Sampie Disposal 1.00 1.00

Planning/Reporting 1.00 1.15

Total 1.00 15
Cleanup

Claanup and Disposal 1.00 1.84

Equipmant 1.00 0.45

Genaral/Administrative 1.00 1,31

Tota) 1.00 1,31
TOTAL 1.00 1.26
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Table 5
SPILL CLEANUP
1.5-Gallon Askarel Spill: Spray Spill; Siab Surface

OESCRIPTIDN
1.5-gaTlon spiil from a spraying pole-mounted Askarel capacitor to a concrete

pnrk;ng jot. Triple solvent scrub to 50 ppm versus siab demolition to 7 ppm (or
Tess).

Costs (%)

Degree of Cleanyp

Investigation 50 ppm ! ppm
Sampling and Analysfs 1.00 1.37
Equipmant 1.00 1.00
Sample Disposa) 1,00 1.00
Planning/Reporting 1.00 1.18
Total 1.00 1.18

Cleanup
Cleanup and Disposal 1.00 3.50
Equipment 1,00 1.17
General/Adminfstrative 1.00 1.51
Total 1.00 2.27

TOTAL 1.00 1.93
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Table 6
SPILL CLEANUP -
10-Ga)lon Askarel Spiil; Class 2 Soi3; Cleanup to 7 ppm

OESCRIPTION

10-gallon spill from Askarel transformer to & moderately permeable soil. {leanup
to 7 ppm.

Costs (%)

Degree of Cleanup

Spiii on Spili Next to
Open Sotl s Building

Investigation

Sampling and Analysis
Equipment

Sample Ofsposal
Planning/Reporting

Total 1.00

Cieanup

Excavation and Disposai
Equipment
General/Administrative

288

Total

—
H
(=]
(=)
—
)
™~

TOTAL

—
8
—
(=]
(]

MONS 214832

4-44



-

Table 7
SPILL CLEANUP

1.5-Galion Askarel Spill: Spray Spiil; Class 3 Sofl; No Rainfall

OESCRIPTION

0.5-gallon spfll from a spraying pole-mounted Askarel capacitor to & public park
baseball field. Excavation by hand with drummed disposal.

Relative of Costs

Degree of Cleanup

Investigation 50 ppm T ppm 1 _ppm
Sampiing and Analysts 1.00 1.4 1.80
Equipment 1,00 1.00 1.00
Sample Disposal 1.00 1.08 1.08
Planning/Reporting 1.00 1.46 2.13
Tota? 1.0D 1.D8 1,19

Cleanup
Excavation and Disposal 1.00 1.40 1.81
Equipment 1.00 1.00 1.00
General/Adninistrative 1.00 1.27 1.54
Tota) 1.0 1.27 1.55

TOTAL 1.00 1.15 1.32
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Table 8
SPILL CLEANUP
50-Galion 5pitl from an Askarel Transformer Stored Qutside on Compacted Soil

DESCRIPTION .
50-gallon sp1ll from an Askare] transformer stored cutside on compacted sofl

Costs (§) N
50 ppm Tppm I_ppm
After After After
Ko 10 Inches Ko 10 Inchas Mo 10 Tnches
Rainfail of Rain Rainfail of Rain Rainfall of Rain
Investigation —
Sampling and Anaiysis 1.0¢ 1.49 220
Ewirnt 1 00 1.00 1,00
Sampls Disposal 1.00 1,00 1.00
Flanning/Reporting 1.00 1.44 207
Total 1.00 1.4 2.07
Clmanup
Excavation and Disposal 1.00 1.00 1.85 1.9% 2.69 z 79
Equipment 1,00 1,00 1.50 1.50 2.00 2 b0
General/Admintstrativa 1.00 1.10 1.83 1.93 2.66 2.7%
Tota! 1,00 1.10 1.83 1.93 2.66 215
TOYAL 1.00 1.04 1.58 1.61 2.27 <.3l
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Figure 1
FLOW CHART FOR SPILL CLEANUP COST MODEL
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Figure 3
COST OF PC8 SPILL CLEAMYP, SOIL CLASS 1
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Figure 4

COST OF PCB SPILL CLEANUP, SOIL CLASS 3
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Figure §
COST OF PCB SPILL CLEANUP TO 50 PPM -
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Figure &
COMPARISON OF CLEANUP COSTS FOR SPILLS ON OPEN SOIL AND NEXT TO STRUCTURES
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Figure 7

PCB SPILL CLEANUP COSTS, OUTDOOR SLABS
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Section 6

CONCLUSIONS AND RECOMMEDNAT1ONS -

The preceding discussion of PCB spfll cleanup costs has attempted to quentify the
relative cost of cleanup to different levels of residual contamination,

Recognizing the {nherent weaknesses in generic modeling of such a site-specific
event, some conclusfons can s$ti)} be drawn regarding relative cost, First, it has
teen shown here that a cleanup to 7 ppm is at least twice as expensive as cleanup to
S0 ppm. Cleanup to background is still more expensive, with the actual increase
being & function of the background jevel definition and sampling protocol. Second,
fiow spills naxt to structures are up to 50 percant more expensive to remove than
open fiow spilis, Spray spills next to structures are even more expensive and labor
intensive, varying with the material contacted., Third, contained spills are less
costly to cleanup than open spills to slabs or sofl. The mode] showed that spills
to impervious siabs of more than two gaiions are more expensive to dispose of the
slab than to Clean it,

More important than the specific costs is the probabilistic nature of both the
model and the actual spill cleanup exercise. Some probabilities for second and
third cleanup iterations were conservatively assumed. In practice, a three-
interation requirement would show an actual cost increase of 200 to 300 percent
{without the probabilities applied). A four. or five-iteratfon exercise with
demobilfzation wouid be cost-prohibitive. This is a real, practical problem, not
Just modeling philosephy.

Some recommendations are in order here. A standard of some type is needed, The
choice appears to be betwesn a procedural standard (“how to clean up"}, a perform-
ance standard (clean up to a specified level), or & combination of the two
approaches. A procedural standard must have & definable (yet non-concentration
based) end point in order to be effective yet practical, A performance-based
standard must be based on & practical concentration limit.

MONS 214842
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In order to set & standard of either type, more research is required, research into
what is reasonably achievable by & trained, mature cleanup crew. Rather than per-
forming laboratory research, have some crews clean up a PCB-stained area plus 6 in.,
[2 in. and 24 in. and check the residual concentratfon. Or determine what ievel of
cross contamination is commen using standard drilling and sampling equipment (hole
wall collapse, for example). Then combine the two data sets to establish a practical
standard to apply in all situations,

Industry has been subjected to double jeopardy in many cases, with application of
both procedural and performénce standards on the same spill. Those encountering

PCB spillage from their equipment need to be prepared to write blank checks to their
lab, cleanup contractor and attorney under the current regulatory situation. And
using a standard numerical or "background” is not an {mprovement over the current
state of affafrs.

MONS 214643



Section 7
REFERENCES

Bennett, G. S., F. §. Feates and . Wilder. The Hazardous Material Spil1 Handbook.
McGraw=-Hi11, New York. 1982.

Gilmer, H. and F. J. Freestone. "Cleanup of an 011 and Mixed Chemical Spill at
Dittmer, Missouri, April-May, 1977." [n Procesdings of the 1978 National
Conference on Control of Hazardous Material Spills. U.S. EPA. pp 131-.134.

Huibregste, K. R., R. C. Scholz, K. H, Kastman and J. Brugger. “Development of a
Mobile System for Extracting Spilled Hazardous Materials from Soil." In
Proceedings of the 1980 National Conference on Hazardous Material Spills. U.S.
EPA. 1980, p. 159.

Janelle, R. N. "Case Study: PCB Cleanup, Kodfak [sland, Alaska.” In Proceedings
of the 1982 National Conference on Control of Mazardous Material Spills, U.S.
EPA. 1982.

Lafornara, J. P., F. J. Freestone and M. Polito, "Spill Cleanup at a Defunct
Industrial Waste Disposal Site," [In Proceedings of the 1978 National Conference
on Control of Hazardous Mater{ial Spills, U.S. EPA. 1978, pp. 152-155.

Mackay, D. “Environmental Pathways of Polychlorinated Biphenyls." Vol, IV of
Comments and Studies on the {Use of Polychlorinated 8iphenyls in Response to an
Order of the United States Court of Appeals for the District of Columbia Circurt.
Edison Electric Institute, Utility Solid wWaste Activities Group, February 1682.

Nadeau, R. J., H. L. Allen and G. R. Prince, "Hazardous Assessment and Criter1a
Development Methodology Applied to PCB Incidents.” In Proceadings of the 1982
National Conference on Control of Hazardous Material Spills. U.S. EPA, 1982,

Orser, P., W. Hansen and 0. Golden. “Spill Prevention Control and Countermeasure
Planning for Polychlorinated Biphenyls (PCBs).” In Proceedings of the 1980
Natign;l anforunco on Control of Mazardous Material Spills., U.S. EPA. 1980,
pp. 327-332.

Pastrovich, T. L. D., Y. Baradat, R, Barthel, A, Chiarell{ and D. R. Fussel.
"Protection of Groundwater from 011 Pollution.” Report nr.3/79. CONCAWE, Water
Pollution Special Task Force No. 11. Oen Haag. April 1979.

Resource Planning Corporation. "Report of the Study of PCBs in Equipment Owned by
the Electric Uti1lity [ndustry.” Vol. III of Comments and Studies on the Use of
Polychlorinated Biphenyls in Response to an Order of the United States Court of
Appeals for the District of Columbia Circuit. Edison Electric Institute, Utility
Solid Waste Activities Group. February 1982,

Robinson, J. S, “Hazardous Chemical Spi11 Cleanup.* MNoyes Data Corporation, Park
Ridge, New Jersey, 1379,

MONS 214844

4-5%6



)

SCS Engineers. "Engineering Services for West Sycamore Canyon PCB Cleanup and
Abatement Plan at the Nava! Air Station, Miramar, California." Western Division,
Naval Facilities Engineering Command, San Bruno, Calffornia. July 1982.

Stroud, F. 8., R. T. Wilkerson and A, Smith. *“Treatment and Stabilization of PCB
Contamination Water and Waste 0i1: A Case Study." In Proceedings of the 1978
National Conference on Control of Hazardous Material Spills. U.S, EPA. 1978,
pp. 135-144,

Sunden, R, L. “PCB Spill." Coast Guard Engineers Digest. April 1981, pp. 2-7.

U.S. Environmental Protection Agency, “Follow=Up Study of the Distribution and Fata
of Polychlorinated Biphenyls and Benzenes in Soil and Ground Watar Samples After
an Accidental Spi1l of Transformer Fluid.” Division of 011 and Special Materials
Control, Office of Water Program Operations, Washington, 0.C. January 1976.

MONS 214845

4=-57

t



Ny

INNOVATIVE DESIGN CONCEPTS FOR PREVENTION
OF AIRBORNE PCE CONTAMINATION

Brian W. West
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Long Beach, CA

Weeton A. Fenner
Yuen-Fenner, Inc.
San Francieco, CA

ABSTRACT

Within the past several years, fallure of electrical squipment filied
with polychlorinated biphenyl (PCB)-bearing dielectric fluids has
resulted in extensive contamination of hbuildings in Binghamton, NY
{1981); San Francieco, CA (1983) and other locations. The magnitude
of these lncidents was a result of "air-spills” of atomized PCBs and
combustion byproducts of the dielectric fluids (furans and

dioxins). HResultant cleanup coets and potential liabilities
agsoclated with these types of incldents and materials can eaeily run
into the millione of dollars. Prior to the Binghamton incident, the
potential for airborne contamination was little appreciated, with the
resylt that the scops of other past incidents can only be estimated.

West & Hansen Engineers has recently completed surveys and design
projects for seven California and wWashington State agencies
identifying potential sitee where airborne contamination might occur
and devieing cost-effective methods for isolating PCB equipment.
Structures surveyed included office buildings, schools, hospitals,
highway bridges and tunnele, Both transformere and capacitors were
involved, This paper presents soms of the deeign technigques used to
prevent widespread structure contamination. These procedures include
modification of ventilation systems, partitioning of mechanical and
electrical areas in utility rooms, closed heat exchangers for air-to-
air squipment cooling and automatic fan shutdown devices.

Considering the amount of utility and customer-owned PCB equipment in
occupied structures throughout the country, it is probable that
future airborne PCB contamination will occur, Identification and
ieclation of high-riek equipment inetallations can significantly

reduce potential liabilities, health effects and property impairment
caused by such eplecdes.
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INTRODUCTION

There s presentlyY a great need to develop techniques for the preven-
tion and control! of airborne PCB contamination from electrical eqguip-
ment mishaps. Although these types of 1ncidents are 1nfrequent, their
resulting costs 1n terms of cleanup, liabillity and property loss can
be enormous. Examples include the substation fire in the State of New
York Building 4in Binghamton New York (1) and the sidawalk vault
eruption adjacent to the One-Market Plaza Buillding in San Ffrancisco
{2). The types of airborne contaminants resulting from pressurized
leaks or fires include aerosocled dielectrics such as dibenzodioxins
and dibenzofurans.

Until now, spill prevention and control procedures (and regulations)
for PCBs have emphasized fluid spills; i.e. dielectrics escaping from
faulty valves, welds, cooling radiator fins, busnings etc, 1n a liguid
state., Preventive and control meagures for these types of spills have
been developed and described previously (3,4). The Environmental Pro=-
tection Agency's August 25the, 1382 Regulations on PCBs (5) describe
the required response to leaks "resulting in any quantity of PCBs
running off or about to run off the external surface of the
transformer..." (Section 761.30 (iii)). Secondary containment (curbs,
dikes or sumps) as a fluid spill control method is also suggested in
Section 761.30 (V) (A). More relevant to the issue of "air-spills" 1s
the definition of "spills, leaks, and other uncontrolled discharges of
PCBs* (underlining added]| as constituting a disposal of PCBS (Gection

.80 {d)(1)). However, specific methods for controlling airborne
emissions from PCB eguipment installations have not been well
documented,

SCOPE AND OBJECTIVE

West & Hansen Engineers, Inc. and Yuen-Fenner, Inc. have been involved
in a project sponsored by the California Office of the State Architect
to identify and prepare risk reduction recommendations for State-owned
PCB filled equipment installations. This paper presents results of
those efforts as they relate to potential airborne PCE contaminat:ion.
Topics 1nclude survey of inatallations to determine contamination
potential, selection of a risk reduction approach, design of igolation
improvements and areas requiring further research. The information
contained in this paper is intended to assist member utilities contem-
plating or conducting similar risk reduction programs.

PROGRAM ELEMENTS

Risk Survey

The §State of california is similar to many member utilities i1n that
they own hundreds of PCB-filled transformers and capacitors spread out
over a large geographic area and housed in a wide varlety of strue-
tures. Unlike the State, however, utllity-owned equipment i3 most
often on non-utility owned property adding another element of risk to
those facilities.

, MONS 214847
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Only a small percentage of PCB installations are in what we term
“sengitive" locations with respect to potential airborne
contamination. A sensitive location 1s one where substantial structure
contamination, Hhuman contact or facility disruption would occur. A
comprehensive survey, conducted i1n part by West & Hansen Engineers and
Yuen-Fenner, Inc. was undertaken by the State to identify sensitive
PCB equipment sltes. for weach site so identified information was
collected to provide a pasls for selecting a :jisk reduction approach.
Particular importance was placed on identification of pathways leading
from PCB equipment Jocatlons to other portions of the structure,
Typical pathways 1include ducting, conduits, doors, windows, drains,
hallways, wventilation shafts and utility corridors. Although PCB con-
tamination c¢an migrate either actlvely, by forced ventilation or
passively, via natural convectioh, neither appears to pose a more or
less serjous risk.

Risk Reduction Alternat)vaes

Alternatives for reduclng airborne PCB contamination risk fall 1into
three categories, removal, relocation and isclation. Removal of PCB-
filled equipment eliminates all spil! risk entirely, however this
option 1§ expensive, and results 1n a PCB waste disposal problem.

Equipment relocation 1s generally impractical for transformer equip-
ment, but works well in the case of capacitors. Wwhen technically
feagible, relocation can provide a significant amount of risk
reduction at less cost than outright replacement.

Equipment isolation offers the advantages of low cost, minimal service
interruption and no generation of PCB waste., A well-enganeered and
constructed isolation design will provide almost total containment of
aerosois and gases, However, the risk reduction afforded by equipment
isclation i1s less than that provided by replacement or relocation.

Equipment Replacement

Some PCB equipment installations are so sensitive that the only accep-
table leve]l of contamination risk 1s zere. In such a situation com=
plete removal is the only alternative. In some cases removal of the

dielectric fluid only may be feasible, but generally outright replace-
ment is the only option,

In other cases, equipment relocation or i1solation may be as costly as
replacement. Also, if the existing installation 1s aged, undersized,

or has some other short coming replacement may be preferable to
retsntion.

In some cases relocation or isolation may be technically infeasible.
Where feasible, or marginally feasible, isoclation may not provide an
acceptable level of risk reduction. In these cases, replacement may
become the preferred alternative.
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Equipment Relocatlon

The relative positioning Of PCR eguipment and ventilation structures
has historically received little regard. In some cases relocation of
either ventilation system components or PCB equipment can greatly
reduce the contamination potential. This 1s particularly the case with
capacitors since they can be moved so0 much more easily than
transformer equipment. Where an acceptable alternative location .s
available, relocation 1s technicaliy feasible, and equipment 13 worth
retaining, relocation may be an alternative.

Equipment leolation

Due to its technical and esconomic advantages equipment isolation 1is
the preferred risk reduction ajternative. Although not providing 100%
complete protection from contamination, a well designed isolacion job
will restrict potential contamination to the electrical room vicinity,
greatly facilitating structure clean up and rehabilitation.

An 11solation proj)ect consists of at least one and possibly as many as
three elements: 1) blocking contamination pathways 2) providing alter-
native cooling 3) providing safe installation discharge. Element one
is a factor in every isolation job, elements two and three are factors
depending upon parameters specific to each equipment location.

Blocking Contamination Pathways

Preparation of an isclation design necessitates a thorough survey of
all possible contamination pathways, both active and passive, Once
identified, tne most efficient combination of improvements can be
speclfied to seal the contamination routes.

Isolation designs may be broadly categorized as equipment 1solations
or room isolations. Equipment 1soclation includes those cases where a
containment shell is constructed around the eqguipment. Room isolation
refers to the sealing of the existing equipment enclosure.

Providing Alternative Cooling

Provision is usually made for some form of ventilation cooling at high
voltage equipment installations. An isolation project will often re-
sult in the removal of that ventilation. The resultant higher opera-
ting temparatures reducs efficiency, shorten service life and increase
probability of equipment failure. A number of alternatives are
available to provide for alternative coolina e.g. heat exchangers, air
conditioners, or re-~directed venting with our without forced circula-
tion., The decision tc install equipment cooling is primarily based on
economic considerations, i.e, capital cost of installation vs
operating cost at higher temperature.

Safe Contaminant Discharge

A transformer in failure mode can evolve substantial gquantities of
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gases, potentially creating elevated pressures 1f contained within an
anclosed space. Dapending upon enclosure size, Jlocation and equipment
type, an adequate isolation design may regquire provisich of an
emergency discharge to the cutside of the structure,

1t 1s debatable whether there exists a safe discharge for airborne
PCBs from a hot ruptured transformer. If aerosoled, a mesh type mist
arrestor can substantially reduce PCB concentration, Mist arrestors
are 1nexpengive and require no maintenance. Gases wil]l pass through
such a device unaffected, Provision of a PCB gas scrubbing system 1s
impractical except in gome highly unusual sjituations,

DESIGN TECHENIQUES

An ideal airborne PCB spi1ll containment design provides for effective
sp1ll control, equipment cooling, unrestricted maintenance and inspec-~
tion access and eage of removal upon aventual equipment changeout. On
the other hand, an 1ll-conceived design can significantly i1ncrease the
probability of equipment failure and subsequent potential for PCB
contamination.

Effective Spill Control

An effective spill control design provides for blocking every poten-
tial pathway leading to PCB contamination. Common pathways were listed
previously., Technigques for pathway blocking can be broadly classified
as caulking, partitioning, sealing, weather stripping, enclosing,
covering, and re~directing. In most cases the most important aspect of
each design will be the materials of construction. Table 1 cross
references design techniques and construction materials applicable to
each pathway.

The pathwaye listed i1n Table 1 were originally intended for ventila-
tion, access, drainage or lighting. Once blocked, their usefulness for
these purposes may very well be reduced or eliminated and alternative
service may be required. Alternative lighting can easily be provided,
howaver providing backup service for the other 3 services is usually
more complicated.

Equipment Cocling and Ventilation

Qil-filled powar transformers installed indoore are required to be
placed in vaults with firewall isolation from the other indoor rooms.
PCB transformars are exempted from codes requiring vaults because of
their inherent fire resistant character. Ventilation systems from the
oll~filled transformers were designed with fire isolation in mind. PCB
ventilation systems were only designed to keep the ambient temperature
at or below 30 degreas centigrade.

The 10 degree ambient (by the standard transformer industry design)
was used as the design basis for allowing a tranatormer to bs loaded
to hame plate rating continuously without exceeding a 95 degree
centigrade insulation hot-spot temperature.

50
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Pathway

Ducting

Conduits

Doors

wWindows
Drains

Hallways
Utility
corridors

ventilation
shafts

Table 1

AlRBORNE SPILL ISOLATION
DESIGN TECHNIQUES FOR

COMMON PATHWAYS

Desl1gn Techniques

Sealing
Re-directing
Partitioning

Caulking

Weather stripping
Sealing
Partitioning

Weather stripping
Sealing
Partitioning

Sealing
Caulking
Covering

Partitioning
Sealing
Partitioning
Sealing

Re-directing
Partitioning
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Material of Construction

Sheet Metal
Gypsum board (coated)

Expanding silicone foam

Butyl polymer gasket tape
Sheet metal
Concrete block

Butyl polymer gasket tape
Sheet metal

Concrete block

Gypsum board

Metal

Concrete

Expanding silicone fcam
Epoxy

Gypsum board
Concrete block

(compatible with existing
materials)

Sheet metal
Concrete
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The transformer industry then designed their cooling systems around
this continuous hot-spot temperature of 95 degrees and further agreed
that transient excursions above this hot=spot temperature were
acceptable with the understanding that the loss of life of the
insulation system would double for each 8 degrees in rise in hot-spot
temperature. Therefore, a transformer operating at 103 degrees
centigrade (hot=-spot}) would last only half as long as-one operating at
Litly 95 degrees (based on the 1ndustry class A lnsulation system).

Sophisticated operators realize that any transformer that 1s not
operated continuously at full load and at a constant 30 degree
centigrade ambient temperature could sustain transient insulatioen
operating temperature incursions above 95 degrees; If offsst with
loading conditions below 95 degress such that the normal operating
life of the transformer 1s unchanged.

Restricting the ventilation of the PCB transformers will laimit the
spread of airborne PCB compounds, but will also cause a rise i1n the
amblent air temperature which in turn will cause a rise :n the
insulation hot-spot temperature. A conservative, safe operating
ambient alr temperature limitation is one that will not cause a
transformer's normal life expectancy to be reduced.

As a rule of thumb in the transformer industry, the 1nsulation hot=-
spot temperature on the average is 10 degrees centigrade higher than
the transformer top oil temperature. The hot spots can not be readily
measured, but the top 01l temperature can be measured and often .s
brought out to a case-mounted temperature gauge.

A first step to closing in a PCB transformer ventilation system 1s to
first close the system with temporary seals and then monitor the top
cil temperature. If the top oil temperature on & S5S5-degree rise
tranformer averages Dpelow 85 degrees centigrade over a typical
opereting day then the seals can be made permanent and the transformer
will have a normal operating life once 1t is closed in. lf the average
top ©0il temperature exceeds 85 degrees then heat exchangers or other
coocling devices that do not have direct air-to-air contact between the
traneformer room and exterior should be provided.

Consideration must be given to other equipment 1n the transformer area
that could be adversely affected Dy the increase in ambient
tempsrature created by shutting down the room ventilation system.
Higher ambients will generally cause an increase in aging rates and an
increass in electrical resistance with a corresponding increase 1in
energy losses. Consideration should also be given to potential thermal
loads applied to load-bearing structural mefbers in high=rise
buildings. The reduction of the risk of releasing airborne PCBs will
probably override the disadvantages associated with the closing in of
the ventilation system on a temporary basis. The overall advantage of
auxiliary cooling should prevail over the long term.

Maintenance and Inspection Access
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Recommended transformer maintenance operatlons include fluid sampling,
fluid f:ltering, and cleaning. Access 1§ also regquired for switch
cperation and tap changing. Federal regulations requlre periodic
inspection cf PCB-filled egqguipment to check for fluid leaks.
Additionally, 1t 1s good practice to monitor equlpment temperature,
pressure, and fluid level as indications of system performance.

A 3pi1ll 1solation design must take into account personnel and
equipment access for all the above listed activities, Further,
electrical codes require minimum set backs around high voltage eguip-
ment as do occupaticnal and safety regulations.

Blocking doors, windows, hallways, or utility corridors may result in
a future access problem. In all cases provision must be made for
personnel entry. Consultation with the manufacturer, malintenance
supervisor, or operating electrician should define equlpment access
requirements.

Equipment Removal

An airborne splll containment enclosure must be both permanent and
durable, yet removable to facilitate eventual PCB equipment removal,.
Since many member utilities have instituted accelerated PCB removal
problems, equipmant may be replaced long before the end of its normal
service life. An evaluation of the anticipated gservice reguirements of
each transformer will have a bearing on the containment design.

Drainage

Maintaining dry conditions in the vicinity of high voltage equipment
prolongs service life as well as promoting worker safety. Wwhen
existing drainage openings are sealed for spill control reasons
provision should be made for keeping eguipment dry, although if the
transformer 1s scheduled for accelerated replacement, or 1f water
problems are insignificant no action may be taken. Possible techniques
include curbing, sump pumps, alternate drains, or sealing to exclude
water from the eguipment enclosure,

CONSTRUCTION METHODS AND MATERIALS

Remodeling a high voltage installation for airborne spill prevention
often lnvolves working in cramped interior rooms with poor access. As
a conesquencea, construction mathods emphasizing small, easlly
manipulated, modular building units are preferable.

Table 2 1lists the advantages and disadvantagee of four common
construction methods as they apply to interior vaults. Besides indoor
locations, PCB equipment inetallationa can be outdoors, either pad or
pole mounted. There are virtually no constraints on construction
methods for outdoor inetallations.

Materials wutilized in a spill isolation design must be resistant to
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Construction
Type

Masonry units
1.e. concrete
blocks, bricks,
stc.

Cast 1ln place
concrete

Pre=cut
Assemblles

Carpentry

Table 2

ISOLATION CONSTRUCTION COMPARISONS

Advantage

Modular - easy to

manipulate 1n cramped

spaces.
Inexpensive
Durable

Relatively easy to

Iamove.

Durable
Continuous unit

Minimum construction

activity in vault.
Easy removal
Light weight

Inexpesnsive
Easy removal
Light weight

Digadvantages

May not form
a contihuous
unic.
Heavy

Expensive

Form work and
pouring
difficult to
manipulate 1n
tight guarters.
Difficult to
remove.

Heavy

Skill
required for
good fit.

Combustible
materials of
construction.
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poth chlorinated solvents and elevdted tamperatures. Porous or
adsoroent materials are to oe avolded as are tlamnable products. The
interior races of all isolation structures, particularly tnose
intended t3 impound liguids, are usually coated with a suitable
protective sealant. <Caulking, weather strippiny and sealing compounds
compaticle with tnese specifications are commercially availanle and
nave pean successfully used in State of California isolation projects.

CASE STUDY

Vault or transrormer room ventllation systems = elther passive ot
active = are a primary cause of contaminant dispersion. [n an actual
transcrormer room 1nspected by West & Hansen Engineers and Yuen-feaner,
a forceo ventilation system was used to cool two ¢43-yallon Inerteenp-
ti1lleoc Westinghouse transformers (Figure 1). The wind tunnel was used
to cdischarge alr from the multie=story oullding's 1lnterior to the
outside., However, fan shutdown concurrent wWith a substaticn failure
would permit the tunnel and adjacent vertical ducts to act as a
passive contaminant route to the building's interior.

* The control program for this particular installation included
recommenaations that the vent ports (influent and effluent) be gsealed.
At the same time, the ambient and equipment cperating temperatures are
ping monitored to determine the impact of reduced ventilation. Should
the amblent temperature exceed the design temperature of 40 degrees
centigrace alternatives for modified ventilation will be considered,
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BIOTECHNOLOGY POTENTIAL AS A PCB
DISPOSAL OPTION
An Overview

Thomas 0. Peyton
American Technology Management Consultants

Eric G. Terhorst
Leland 0. Attaway & Associates

SUMMARY

Electric utilities must comply with EPA requi rament under the ;oxic Substances
Control Act for the eventual disposal of about one billion (107} gallons of
utility squipment fluids containing polychlerinated biphenyl (PCB?. EPA require-
wents 21350 address leaks and spills and the need for clean-up and disposal of
contaminated enviroments under the Resource Congservation and Recovery Act and the
Comprehensive Envirommental Response, Compensation and Liabilities Act.

PCB 1n electrical esquipment {s composed of over 100 chlerinated diphenyl compounds
411 of which have been reported to be degraded by mixed cultures of natural
bacteria., However, undar natural conditions, the more highly chlorinated PCB
compounds (those which contain a high weight percent chlorine) blodegrade far
slower than compounds with 1ess chiorine. Since the highly chierinated congeners
meke up a large portion of the utility PCB inventory, rates of biodegradation myst
be enhanced to make biotreatment techniques competitive with other disposal

means, Methods such as emulsification and genetic engineering could accomplish
this enhancament,

In this paper v review electric utility's use of PCB and disposal requirements,
existing evidence of PCB biodegradation, means of improving the parforsance of
biological systams (1.e., genetic enginesring), and biotreatment technologies.

We conclude that biotreatment of both spills and the planned phase-out of existing
equipment {rwentories of PCB fluids are feasible given adequate research and
development. e recommend that some of the existing data be validated, and a set
of research objectives be initiated in the areas of: 1) microbiclogy and genetic
engineering; 2} system design and testing; and 3} cost-analysis.

This biotechnology paper was prepared for the Electric Power Research Institute by
Amarican Technology Managemsnt Consultants, Lafayette, Indiana. Leland D. Attaway
and Associates, San Rafael, California, provided inputs on PCB uses and
characteristics,
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Section I
INTRODUCTION -

Polychlorinated biphenyl (PCB)} has been in ugse in utility equipment since [930.
PCB 15 a major component of capacitor and transformer dielectric fluids, and s a
known c¢ontaminant of mineral o1l used Tn transformers, voltage regulators, circuit
breakers, reciosers and switches, Several million such units, containing about one
bi1¥10on (109} gallons of fluid contaminated with PCB, are present in the utility
power distribution network. Jue to the environmental persistence &nd possible
adverse health effects of PCB, the complete, controlled destruction of PCE waste
materials 15 required by law. Thus, soils, and other matertals contaminated by PCR
spills from utility equipment, as well as fluids recovered from obsolete or recy-
cled equipment, must be properly eliminated.

The nature of utility uses for PCB creates a diverse mixture of waste products
particularly chalienging to all means of disposal techniques. Inferences drawn on
laboratory studies with pure PCB isomers, though meaningful for destruction of the
regqulatad PCB constituent, must also take into consideration the total waste matrix
before an interpretation of {1ts practical applicatfon can be drawn. Of the 209
possible PCB isomers, nearly 100 exist in commercial mixtures at concentrations
ranging from 50 ppm to 1003, PCB solvents such as mineral oils predominate in
transformers, and in askarel transformers, polychlorinated benzenes. (Capacitors
are 100% PCB.} Trace contaminants such as polychlorinated dibenzofurans can also
be present. These utility PCB mixtures combined with wash solvents and contamined
environmental media pose complex problems to all waste management technologies.
Hevertheless, all of the principal waste constituents are hydrocarbon derivatives
and are potential sources of energy and carbon for biological growth through enzyme
catalyzed degraditive reactions. In fact, all of the organic waste constituents,
including PCB, have been observed to undergo biodegradation by microorganisms.

In this paper we review the results of an tnvestigation on the feasibility of using

blotechnology for utflity PCB disposal (1).

MONS 214858
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Section 2
UTILITY USE ANC DISPOSAL REQUIREMENTS FOR PCB -

Polychlorinated biphenyl (PCB) was first synthesized in 1881 (2} and during the
1920's 1t was manufactured in bulk. In 1930 General Electric became a major user
of PCB for capacitor fluids due to 1ts thermal and chemical stability and elec-
trical properties. Today 1t 1s estimated that approximately 1.1 bi1lion galions of
pCB.laden fluids exist in the electric utilfty industries equipment {nventory
containing 82,000 tons of PCB (3). Due to PCB's potentfal toxicity and environ-
mental persistence, the United States Congress mandated the Environmental Pro-
tection Agency to control the use of PCB and to prescribe methods for PCB's
phaseout and disposal [Section & (e}, Toxic Substances Control Act - PL 94-469],

PROPERTIES OF PCB MIXTURES

Biphenyl has ten possible sites of chlorination, but of the 209 theoretical
isomers, only 100 are produced due to their thermodynamic properties. Aroclor is
the Monsanto trade name applied to commercial mixtures of PCB, and other than
Aroclor 1016, the designations 1221, 1242, 1254 and 1260 imply, 1in the Tast two
digits, the welight percent of chlorine 1n a Aroclor's mixture. For example,
ArocTor 1260 will typically contain 100 different PCB 1isomers, the mixture 60%
chlorine. The above Aroclor mixtures are the primary types used in utility equip-
ment (4-8}. Approximately 95 percent of 1260, 80 percent of 1254, 10 percent of
1242, and 1 percent of 1221 consist of PCB with five or more chlorine atoms per
bipheny! molecule. PCB with higher chiorination tend to be more environmentally
persistent, thus these percent distributions are important considerations.

The stable properties of PCE that make 1t nearly inert and an {deal fluid for use
in electrical equipment also provide the properties that cause it to persist in the
environment. PCE are nearly water insoluble, non-polar, and 1ipid soluble. Being
hydrophobic with very low aqueous solubility they are readily adsorbed to solid
surfaces such as silt, clay and sand particles as well as to biological cells (%,
10), PCB are volatile, and when not sorbed onto solids will transport the
air-water interface to the atmosphere (11). Being hydrophobic and 1{pophyliic,
PCB are alsco transportable across biological membranes and 1n the absence of
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enzymatic metabolism in the cell, will bioaccumulate. Often the octanol/water
partition coefficient is used to estimate this bioaccumulation potential, which 1g
Targe for PCB (12).

PCB USE IN UTILITY EQUIPMENT

Seven utility equipment types are typically designed to use PCB or mineral oils
{13). They are:

. transformers

. capacitors

. voltage regulators

'] circuit breakers

. reclosers

. switches

¢ underground cables

Table 2-1 gives an estimated inventory of the number of units, volume of fluid, and
weight of PCB contained in utility equipment. PCB and mineral oil are used as
coolants and dielectric fluids. Of the seven types of egquipment listed, all but
capacitors are designed to function with mineral o1). Capacitors are 100% PCB with
Aroclor 1242 as the principal dielectric fluid.

PCB OISPOSAL REQUIREMENTS
Leaks and Spills

The possibility exists that leakage or rupture of utility equipment can occur,
resulting in contamination of environmental media by PCB. During a recent survey
of utility use of PCB (7}, the Resource Planning Corporation {RPC) investigated the
incidence of leaks and spills from transformers and capacitors. Table 2.2
summarizes the expected frequency and size distribution of these spills. Table 2-3
provides estimates on the geographic distribution of spills for mineral oi
transformers and capacitors. In comparison to of) transformers, percentages of
spills from askarel units will be lower in "rural grasslands,” higher in industrial
areas and public areas, The major concern for spills in each case occurs in
residential neighborhoods. These spill locations reflect upon the {mmediacy of
decontamination requirements; and the method of decontamination depends upon the

general terrain, soil type, rainfall and runoff, vegetative cover, and the presence
of water bodies.
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Table 2-1
INVENTORY OF PCB IN UTILITY EQUIPMENT (1)

Equipment No. Units Gal. Fluid - ibs. PCB
Askarel Transformers................39,640 8,525,404 74,597,283
Mineral 011 Transformers........20,227,428 958,365 ,880 262,230
Capacitors...coviivenrresneseas. 2,800,000 7,547,669 87,552,460
Voltage Regulators.........vuevvvsol85,159 17,840,968 6,707
Circuit Bredkers.....viivaesns.ss.180,939 137,335,668 12,685
RECIOSErS. usvsvinnsrsrnsarsvassrsr 170,158 3,403,670 410
Switches/Sectionalizers............ 385,768 1,415,769 329
Table 2-2
FREQUENCY ANO SIZE OISTRIBUTION OF PCB SPILLS (7)
Unit No. of Leak/Spill Size Distribution Average
Incidents Lbs PCB/Incident Lbs PCB
Askarel Transformers 7 4.4.3500 66
Mineral 011 Transformers 161,819 0.0-19 <l
Capacitors 21,564 £.8-90 17
Table 2-3
GEOGRAPHIC OISTRIBUTION OF PCB SPILLS (7}
Mineral
on Capacitors
Transformers
% of Spills % of Spills
Waterways (lakes, reservoirs, rivers, etc.) 0.3% <), 00063
Rural Desert Land <0.09% 1.8
Rural Wetlands, Marshlsnds 0.1 1.0
Rural Grassland (farmland, ranchland} 9.2 16.7
Industria) Area 13.2 29.1
Residentia) Neighborhood 70.6 45,3
Public Area (shopping center, schools, etc.) 5.9 6.4
TOTAL BR R, — 100.0%
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Planned Disposal

Federal regulations under TSCA and RCRA (Resource Conservation and Recovery Act)
require the eventual phaseout and controlled disposal of PCB, including al) PCB
contained in utility equipment (14). This represents over 1 billion gallons. The
data of Table 2-1 reveal that the most common form of PCB-contamimated fluid is
slightly contaminated mineral ofl. The {dentity of Aroclors which make up the
contamination 1s not explicitly kmown. This low level of PLB waste will require
large treatment system capacity to destroy the PCB. Fluids contained within
electrical equipment must be removed by washing with an appropriate solvent (§),
which further dilutes the waste.

PCD disposal capacity depends on the rate at which the units in Table 2-1 are
retired. Estimates (6) have ylelded the following average annual waste production
rates for the highly concentrated askarel transformer and PCB capacitors:

. For Capacitors: 5.25% of inventory (approximately 140,000 units,
;ggiooo gallons PCB, 4.6 million pounds PCB) per year from 1984-

. For Askarel Transformers: 2.63% of inventory (approximately 1000

gg};s. 224,000 gallons, 2 million pounds PCB} per year from 1984-

Therefore, a substantial portion of the inventory will remsin even with a 5-10 year
Tead time to develop biotreatment methods.
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Section 3
BIDTECHNOLOGY AND ITS POTENTIAL APPLICATION TO PCB DISPOSAL

Biotechnology is a field of the applied sciences which encompasses those engineered
industrial processes that use 1iving organisms or their functional components (such
as enzymes). For general applications to hazardous wastes, the reader {s referred
to &4 contract report to the Congressional Office of Technology Assessment (OTA) by
AnTech Consultants (15) and in the proceedings of a recent symposium (16).

The basic principle behind PCB biodegradation can be simply 1llustrated in Figure
3-1. In blodegradation, enzymes which are coded for by ONA serve as biocatalysts
.to cleave the biphenyl ring and dechlorinate the substituent groups. In effect,
PCB 13 used as a source of food to the organism, and enzymes oxidize the
hydrocarbons conserving the energy liberated while ultimately producing carbon
dioxide, water and chloride. In this regard, the metabolism of PCB to inorganic end
products can be equated to thermal oxidation (combustion and incineration) but
through naturally produced biocatalysts reacting at ambient temperatures, As
t1lustrated in Figure 3-1, there are many factors, genetic and non-genetic, that
control the production and activity of a blocatalyst as well as the host organism,
usually Dbacteria, General texts 1in biochemistry, molecular biology and
microbiology review these principles (17-20), Before presenting existing data on
the metabolism of PCB, some of the characteristics of PCB which render it
recalcitrant to biodegradation are presented.

PCB RECALCITRANCE

There are several factors that render PCB recalcitrant to biological attack. These
include 1ts inmate characteristics such as hydrophobicity and molecular structure
and complexity, Also possible are the presence of toxic inhibitory concentrations
of chemicals .and lack of a required degrading enzyme.

. PCB Hydrophobicity: PCB are hydrophobic molecules with very low
sdTUEing+%?'Tﬁ'#atcr. Thus insc¢lubie 1in water, they will remain
separated and form & relatively small surface area to volume
interface to the agqueous phase. Because degrading microorganisms

Tive 1n primarily an aqueous environment, inaccessibility of the PCB
substrate is a principal physical limitifg Tactor coné%TBifTﬁ 1o
Tts blotogical recalcitrance and environmental persistence. his
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inaccessibility, however, can be reduced by Increasing PCB contact
with the solution phase by forming emulsions of PCB. Enhancement of

pCcB

degradation has been noted by several researchers using

emulsifiers such as Iignin sulfonate (21} and Tween 80 (22).
Biclogically derived emulsifiers, termed &mi)sans, have been found
to form stable oil-in-water emulsions and though they have not been
tested with PCB, could provide a means for increasing the exposed
surface area of mineral oil or PCB for subsequent biological attack
{23}).

. Molecular structure of PCB greatly affects biological persistence.

$ due to electronic and steric hindrance {mparted by the

number and location of chlorine substituents on the biphenyl rings.

The

electronic factors contributing to PCE recalcitrance include:

al delocalization of electrons by resonance; and b} the high energy
of the aryl carbon-chlorine bond. Resonance contributes to chemical
stability by making electrons less susceptible to attack. Thus,
increasing the number of chlorine substituents can increase
stability. Chlorine atoms are quite large, especidlly in comparison
to the hydrogen atoms they have replaced on biphenyl rings. Their
size inhibits effective nucleophilic or electrophilic attack on the
carbon-chlorine bond or on nearby carbon-hydrogen or carbon-carbon

bonds. Thus the location of chlorine substituents can also effect
stabildty.

e Dther chemical factors related to the recalcitrance of PCE are

associated with the Types of chemicals present, their concentrations

and

the medium 1n which the PCB 1s located. Alexander (24) has

enumerated many factors which contribute to the bi6Togical
recalcitrance of xenobiotics 1n general, and some which are
applicable to PCB.

Commercial formulations of PCB are most often found in the presence
of PCB compatible solvents such as mineral oils and chlorinated
aliphatics and aromatics. For biological degradation of PCB to
occur, these materials must be simultaneocusly degraded by mixed
microbial populations. Co-metabolism {s frequently observed (25)
and as reported by Tabak (26) and Barth (27), a wide varfety of
substituted chemicals, including chlorinated benzenes and phenols
are relatively biodegradable. As PCBE s ){kely to be the most

persistent material in a mixture, solvents should not pose a major
problem.

. Biologica) factors that are assocfated with the recalcitrance of PCB
CAn be assocTated with efther the absence, inhibition, or deficiency
of an enzymatic activity needed to catalyze their destruction. In
some cases thers may not exist in nature enzymes with the propert fas
necessary in order to effic{ently degrade certain higher chlorinated
isomers; howsver, oOver time processes such as plasmid evolution can
be expected to develop degradative systems (28-30), and enzyme
?ggilneering may also be applied to correct catiiytic deficiencies

To summarize,

there are innate characteristics of PCB as well as environmenta)

factors that say cause its biological recalcitrance. The majority of these may be
controllabla to achieve more efficient degradation.

' MONS 214865
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METABOLISM OF POLYCHLORINATEQ BIPHENYL

The only practical route of biological degradation of PCB is through ring cleavage
and dechlorination. Many types of unicellular organisms, primarily bacteria, have
been identified as being able to degrade to some extent the varfous PCB compounds
(32-46). Both aerobic and facultative anaerobic bacteria have been {solated from
v:;T;:; environments, including the open ocean and sediments of the Hudson River.
Thus, in nature, there appears to be no particular genus or species that is the
major user of PCB.

The two major chemical changes occurring in PCB metabolism are ring cleavage and
dehalogenation. In no case has dehalogenation been reported to occur prior to ring

cleavage. A complete pathway for the aserobic/anasrobic degradation of PCB is
presented in Figure 3-2.

Ring Cleavage. Furukawa (ggl presented & pathway which is quite consistent for the
aerobic degradation of aromatic compounds, and provides confirmatory evidence that
ring cleavage occurs prior to dehalogenation. Ring cleavage occurred on the ring
with the lessor substituents at the meta position. Furukaws was unable to fully
degrade the PCB metabolic product (chlorobenzofc acid) with his two cultures but
other studies have demonstrated this to occur in mixed culture (47, 48). Ring
cleavagi of aromatic compounds is performed most efficiently in aerobic systems due
to the ease of incorperation of oxygen by oxygenases, but also occurs snaerobically
(43). A degradation product of PCB, dichlorobenzoic acid, has undergone anaerobic
ring cleavage to yleld methane and carbon dioxide (50).

Dehalogenation. Dehalogenatfon 1{s obviously an important mechanism in the
detoxification of PCB, but has not been specifically reported for the {ntact PCB
molecule prior to ring cleavage. Following ring cleavage dechlorination occurs
quite readily (358). Dehalogenation as an inftial step would be extremely important
for the more highly chlorinated compounds of Aroclor 1260 or in those structures
that appear highly persistent. The enzymatic reactions which catalyze the removal
of halogens from hydrocarbons have been grouped {nto three classes by Bollag (51):
a) hydrolytic dehalogenation, in which a hydroxy! group replaces the halogen atom;
b) reductive dehalogenations, where halogens are exchanged with hydrogen, and ¢)

dehydrodehalogenation, in which both hydrogen and chlorine are removed with the
formation of a double bond.

» Hydrolytic Dechlorination. Hydrolytic dechlorinatfon 1s the most
p'Lrevﬂ'e!EE_oﬁﬁ'e'"Wpes' observed. It 1s the method of aerobic
chlorine removal from PCB alky) chains arising after ring cleavage.
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] Reductive Dehalogenation. Reductive dehalogenation has been
33EEEET?TTEE'?BF'#%EE?EE?'m1croorganfsms and is most effective under
anaerobic conditions, with the notable exteption, unti)l recently, of
chlorines attached to aromatic  rings. Direct reductive

dechlorination has now been observed fn the laboratory with
meta-substituted dichlorobenzofc acid (52,53).

Rates of PCB Degradation

Nearly a1l published data have indicated that the rate of PCB degradation is a
direct function of the number and location of substituent groups on the biphenyl
rings. As the weight percentage of chlorine increases, the rate of degradation
decreases {Figure 3-3).

Table 3-1 presents & range of reported rates for PCB destruction according to the
commarcial Aroclor forms/compounds/percent chlorine. As indicated in the Table,
there 1is a general trend of decreasing degradation rate up to the higher
chlorinated Aroclors. Data reported for the higher Arcclors are from exper iments
which focused on optimizing rate, Oor are reports by commercial suppliers of micro
organism formulations. In two of the studies where nearly 100 percent of Aroclor
1248 (22) and 1254 (21) have been reportedly degraded, measures were taken to

overcome some of the physical limitation factors on PCB solubility by adding
emulsifiers.

The results of converting the data in Table 3-2 to half-life form, assuming first
order decay, is presented 1n Figure 3-4. The data indicates a biological half-life

for PCB from 16 hours to one week for monochlorobiphenyls and three days to one
year for hexachlorobiphenyls.
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Argclor Mixture

or Set of Isomers

Studied
Biphenyl

Monochlor{nated
Monochlorinated

Aroclor 1221
Aroclor 1221

Dichlorinated

Pichlorinated
Dichlorinated

Trichlorinated

Trichlorinated
Trichlor{nated
Trichlorinated
Trichlorinated

Aroclor 1016
Aroclor 1242
Aroclor 1242
Aroclor 1242

Tetrachlorinated
Tetrachlorinated
Tetrachlorinated
Tetrachlorinated
Tetrachlorinated

Aroclor 1248

Pentachlorinated
Pentachlorinated
Pentachlorinated
Pentachlorinated

Aroclor 1254
Aroclor 1254
Aroclor 1254

Aroclor 1260
Aroclor 1260
Aroclor 1260
Aroclor 1260
Aroclor 1260

Table 3-1

REPORTEQ RATES OF PCB DEGRADATION

Reported Rate
100%/2 days

>10 mg/l-hr
100%/5 days

81%/2 days
100%/30 days

1 -2 10 mg/l-hr
ave ¢ 7 mg/l-hr
50-100%/7-15 days
99%/5 days

0-9m/l hr
aves & mg/l hr
79-93%/5 days
30-75%/14 days
80-85%/28 days
§0-70%/28 days

§6-98%/100 days
33%/2 days
88-953/52-100 days
26%/2 days

D-2 mg/l-hr
80-89%/5-15 days
0-40%/14 days
55-80%/28 days
35-60%/28 days

97%/90-130 days

0.1 mg/l-hr
0%/14 days
25-554/28 days
20-40%/28 days

06-99%/4-18 days
30-401/8 weeks
~ 508/8 weeks
»99%1/16 weeks

>99%/4 days

56%/2 weeks @ 110 ppm
24%/2 weeks & 380 ppm
20%/2 weeks @ 600 ppm
143/2 weeks @ 860 ppm

N
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Figure 3-4, Approximate Blological Helf-Life for PCB.
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DATA YALIDITY AND TENTATIYE COWCLUSIDNS

The scope of this study did not permit detafled review Of each of the studies
represented in Figure 3-4. Most of the data on the less chlorinated Aroclors were
acquired from the peer-reviewed )iterature. However, all of the information fn
Figure 3-4 on Aroclers 1260 other than the lignin sulfonate emulsifter data came
from proprietary field studies reported through direct communication. This does
not mean that these latter data are invalid, since proprietary trads-secrets are
usually protected from public scrutiny. In order to establish the validity of such
field data, specific case studies must be examined In detall or a controlled
demonstration must be performed. For example, there have been no reports in the
peer-reviewed 1iterature of anaerobic degradation of PCB; therefore, validation of
the bench scale thermephilic, anaerobic (compost) degradation of Aroclors 1248 and
1254 1s required. Similarly for the other proprietary results. Nevertheless,
Figure 3-8 suggests that biotechnology application to PCB appears to hold promise
as a treatment technology and the following tentative conclusions can be reached:

. Present results indicate PCB isomers at all levels of chlorination
are biodegradable.

. The biodegradation rate for PCB appears to decrease with increasing
molecular chiorination, all other factors being equal ( e.g.,
absence of emulsification).

] This cobserved PCB biodegradation {1s performed by bacteria which
occur naturally (1.e., have not undergone "recombinant DNA™),

(] The biotechnologies represented in Figure 3-4 should be amenable to
considerable improvement in efficiency.

. Certain approaches represented in Figure 3-4 promise to improve PCH

biodegradation significantly, f{.e., emulsification and selective
cel) cultures.

] Although less promising than the case for planned PCB disposal,
* {mproved cel) systems might actually perwit rapid on-site treatment
of PCB spills possibly with special cell lines. If not, 1t is stil)
possible that a wmixture of (e.g.) soi) removal for off-site
biological treatment, and in-situ biotreatment for low-lavel
residuals would be attractive.

IMPROVING BIOLOGICAL PERFORMANCE

The overall performance of the biologtcal component of a treatment system can be
enhanced by severs) methods employing the relatively new techniques of applied
genetics (1.e., genetic engineering). Several methods of improviag biological
performance are discussed below.
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Genetic Engineering

"Genetic engineering" refers to deliberate manipulations of an organism's genetic
code to a desired biological characteristic. The methods addressed concern: a)
mutation and selectfon; b) recombinant ONA; c) plasmid evolutfon.

“+

e Mutation and Selection. Mutations can be induced to change the
chemical structure OF ONA. Mutations 1n the genetic regions
controlling promoter, operator, or regulator ONA sequenCes can
enhance the rate of transcription of specific proteins., loniZing
radiation and certain chemicals induce mutations and have been
comnercially used for several decades in the pharmaceutical industry
to improve ylelds of metabolites from production cell 1ines (60).
It has also been applied to mutate microorganisms to preferentially
degrade specific toxic pollutants (6l). Selection is required to
conserve a beneficial genetic trait ind In the laboratory s usually
conducted through enrichment subculturing and plating techniques.

e Recombinant DNA. The industrial technique termed “recombinant ONA"
Tmpiies the engineered transfer of ONA from one type of organiss to
another. In this manner a unique gene which codes for a specific
degradative enzyme could be inserted 1into a rapidly producing
bacteria, providing for enhanced production of the desired
biocatalyst. Becsuse numerous enzymes may be involved, the utfility
of recombinant DNA in PCB degradation may be limited to producing
whole cell lines capable of degrading many different PCB Tsomers on
single or multiple plasmid copies in one or more bacterial strains.

. Plasmid Evolution. As in the evolution of antibiotic resistance by
Bacterta, evolution of specific plasmid genetic codes for toxic
pollutant degradation occurs. Plasmids are not only transmissible
between similar organisms but also between asrobes and anaerobes
{62,63). Using  technfques similar to  routinely  used
enrichment/sel ection procedures for 1solating cell 1lines, the

knowledge of plasmid evolution allows for & more scientific approach
in selecting the initial inocula. In this approach a wide variety
of naturally selected bacteria (e.g., from contaminated dump sites)
are f{noculated with artificially selacted bacteria harboring
plasmids known to code for varfous sequences in a degradative
pathway.

Enz Engineerin

Enzymes are the biocatalysts responsible for PCB degradation. Enlymes can be
extracellular or Iintracellular. [ntracellylar enzymes are more expensive to
extract from the cell and can be unstable, though immobilization often increases
their stability. There is no evidence to indicate that PCB degrading enzymes are
extracellular. Because multiple fsomers of PCB usually are present the range of
necessdry enzymes 15 large and the probabflity of using one or two enzyme systems
to detoxify all PCB is extremely remote. An enzyme's catalytic ectivity can be

. MONS 214873
4-87



r?

improved through various technfques using genetic engineering or by chemically
synthesizing similar functional groups (31).

Biosugmentation

The addition of biolegical or other materials which {mprove system performance is
frequently termed bicaugmentation, Additives can include biological emulsifiers
(emu1sans), synthetic emulsifiers, nutrients, enzymes, flocculants, amd Wicroorga-
nisms. They are used to overcome treatment difficulties in operating Blotrestment
systems, to maintain the population of & slow-growing organism, or 1n routine
operations &nd maintenance., The main purpose of bicsugmentation s to overcome
factors contributing to the persistence of chemical wastes by providing the orga-
nisms with & growth complement. Their sdditions sre nc different, for example,
than the making up of spent catalysts in chemical systems.
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Section 4
BIOTREATMENT PROCESS SYSTEMS

Many bfiological technologies used to treat industrial wastes are epplicable to PC8
destruction. System design depends upon waste characteristics (the waste matrix)
and the degree of trestment required. The microorganisms utilized 1in biotreatment
systems Can be broadly classified as aerobic, aneerobic or facultative. Aerobic
organisms require molecular oxygen for metabolism, and anserobes function in the
absence of oxygen; facultative orpanisms function in either the aerobic or
anaerobic state. Aercbic organisms are ususlly considered to perform respiration,
that 1s the use of molecular oxygen as the ultimate electron acceptor. Anderobic
organisms usually perform fermentation, which 13 metabolism using some other source
than molecular oxygen as the ultimate electron acceptor.

The types of biological technologies applicable to PCB are {dentified below, along
with brief descriptions of their present applications, limiting factors and
environmental concerns. They include:

] conventional aerobic and anaercbic processes

(] land disposal techniques

e enzyme systoms

(] special ized fermentation systems

. spill clean-up and remsdial techniques

CONVENTIOMAL AEROBIC AND ANAEROBIC TECHNOLOGIES

Host organic {ndustrial wastes are amenable to biological trestment and the degrad-
ing populations become specifically adapted to certain compounds. HKigher chlo-
rinated PCB may, however, pose problems of recdlcitrance and accumulation via
adsorption onto the disposed slydge. I[n order to echieve maximum PCB degredation,

it 18 necessary to base system design upon the specific PCB degradative
biokinetics, or vpon g mode of bicaugmentation,
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Aerobic Treatments

Ring cleavage of halogenated aromatics such as PCB, is efficiently accomp! fshed via
oxygenases with molecular oxygen. Aercbfc treatments of PCE are therefore very
important fn their biodegradation. Types of gerobic trestments include:

-

e activated sludge
] aerated lagoons

. serobic digestion
] trickling filters

1] rotating biological contactors

Anserobic Trestments

Andercbic treatments sre potentially applicable to the reductive dehalogengtion of
PCB and degradation of oxidative products. The following are types of conventional
anaercbic trestment systems:

. anaercbic digestion
] angercbic contact

¢ anaerobic fixed-f1lm treatment processes

In general, these serobic and anaerobic systems have been designed to trest misce)-
laneous scluble and insoluble organic matter in the most cost effective manner
reflecting minimum retention times and capital costs. As {t sppears that most PCB
can be degraded over time ~the length of time required increasing with the percent
of molecular chlorination -either extended periods of trestment time, special
pretreatment, or bioaugmentation would be required for existing conventional
systems to degrade the more highly chlor{nated isomers.

In adapting thess systems as & primary means to treat PCB, serobic processes are
required because PCB {s aromatic and molecular oxygen wmust be supplied {via
oxygenase) to efficiently cleave the aromstic ring. Secondly, PCB hydrophobicity
causes 1t to accumulate on sludges/solids, requiring an serobi¢ system with high
sclids trestment such as aerobic digestion. On the other hand, complete anaerobdic
degradation of PCB might eventudlly be possible with the development of anaerobic
cell lines, but would require strict microbia) control.

NONS 214876



'

-

LAND FARMING AND COMPOSTING

Sludges and solids contaminated with PCB cen be biologically trested in various
land-based systems, either on the sofl (land farming), or {n composting systems,

e Land farming implies that microorganisms are being grown wtilizing
The wasté as a carbon and energy source. Plant crops also Tan be

rown. The Environmental Protection Agency includes Tand farming in
ts hazsrdous waste regulations as & disposal method (64). Fhere
are over 150 land farming operations in the United States Fanging up
to 1,500 acres in size. The petroleum refining industry uses the
majority of these sites for the disposal of refinery wastes, such as
APl separator sludge.

Land treating of toxic materfals {s highly controversial mainly
because 1t 1s conducted in the open environment, but frequently it
may be the only alternative in the case of low level contamination
from spills. It can be conducted on & spill site as g primary
treatment or a5 a polishing operation, or off-site for treatment of
the removed contaminants. Polybac Corporation recently reported
treating 4 quarter acre land site of PCB contaminated soils using
land farming techniques {57),

e %ﬂl is similar to land farming as 1t cen employ & blended
sotl7organic matrix. Generally it fs & well aerated and mixed

process occurring on the soll surface or in contained systess. To
some extent it resembles & dry aserobic or smaerobic treatment with
the particles of cellulosic and 1ignin based solids serving as the
support medium for biclogical growth. Composting fnvolves blending
dry organic materisl such as straw or agricultural residues with
materials such as contaminated sludge or soil, and allowing the
saprophytic organisms, bacteria, fungi and actinomycetes to degrade
the matrix over several weeks to months depending on the process.
Only one rroprilury report of PCB degradation by composting has
been provided to this study which was conducted on & laboratory
scale (55), PCB degradation was cbserved in aerobic and anaerobic
compost systems, but not 1in controls., An unusual result was a
reported 25 to 40 percent degradation in snaerobic systems.

ENZYME SYSTEMS

To date, use of efther cell-free extracts or in-vitro enzyme systems for PCB
degradat{on has not besn reported. Applications of eniyme systems to PCE degrada-
tion would be most appropriate as an {nitial detoxification step, catalyzing either
sromtic ring cleavage or dehalogenation.

The use of enzymes in {ndustry has been reported extensively. HOw gn eniyme system
is applied depends upon the characteristics of both the substrate, enzyme, and
process. Maintaining enzyme stabflity and activity s most importamt as their
makeup can be quite costly, Enzymes can be applied in & free or tmmshitized state,
the latter on carriers in either a fixed or fluidized reactor coafigurstion. In

L
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their free state the enzymes become part of the substrate matrix and are wasted
with the catalyzed substrate solutfon. Thus, fmmobilization fs preferred {n order
to conserve the enzyme and allow it to be used many times over. However, for water
insoluble substrates (such as PCB), free enzyme systems would be required unless
emulsifying could place PCB into agqueous suspension.

SPECIALIZED FERMENTATION SYSTEMS

Special {zed fermentation systems are developed for use on & specific substrate and
are either aerodbic or anaerobic processes with pure or mixed cultures. They
usually take on an intensive approach to process control. Specialized fermentation
systems employ specific cell lines which metabol fze well-defined substrate streams
and are optimized on scales much smaller than for conventional systems,

Special 1zed fermentations use cell systems in efther {mmobilized or {n suspended
states. The main difference between immobi1{zatfon and suspension fermenters 1s in
the method for contacting the bacteria with the substrate. Fermenters usually
employ & high rate of mixing to force the biomass into suspension. Thys, care must
be taken to avoid shearing and damage to the cells. Instead of mixing, immob!11{zed
systems use an array of support media packed as columns or beds In the reactor.

SPILL CLEANUP SYSTEMS

Bfological tachnologies can be used to clean up toxic commercial materials that
contaminate either land or water. The principles involved in land application also
apply to accidents involving spillage of organic compounds, The major difference

is that very high loading rates are often associated with spflls, but tha affected
ared fs normally small in size.
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Section §
PROMISING APPROACHES

BIOTREATMENT OF PCB SPILLS

Biotreatment of PCB-contaminated spill sites would be preferable to the commonly
used tachnique of excavating and landfilling contaminated materials. A large
demand exists for a rapid, easily applied treatment method for PCB spflis, and
biotreatment may eventually be used in this manner. An {deal biodegradative system
would fnclude an organism and/or 1ts assocfated enzymes in a packaged form which
could be reconstituted in the field and applied as needed to Contaminated solids.
In the near term, fn-place treatment appears feasible for particular contamination
situatfons where time 1s avallable and a health threat fs not imminent. FPolybac
demonstrated 1ts ability to treat on land Aroclor 1254 contaminatfon of 230 ppm
over a 5-6 month time period, but required the use of a proprietary reducing agent
to dachlorinate the higher chlorinated Aroclor forms. With additional research and
improvement in Cell lines and additives, 1t 1% 1ikely that sofl clesnup techniques
could be considerably f{mproved. On-site treatment with mobile composting
facilitfes or centralized off-site treatment on land farms may also be applicable.

BIOTREATMENT FOR UTILITY PCB FLUIDS

Systems for planned disposal of bulk P(B-contaminated fluids must be capable of
treating PCB, mineral ofils, polychloringted benzenes, and solvents used to wash out
utfiity equipment. Although these wastes will be diluted to PCB concentrations
amenable to biological treatment, high organic loading will occur. Continuous or
batch flow systems could be used. Emulsification would play a significant role in
all systems as well as bioaugmentstion with genetically engineered cell lines.
Types of concepts include:

] coupled high-mix aerobic bioreactors

] sequential anaerobic-aerobic-anaerobic

] immobi1fzed cell aerobic treatment with high pressure oxygen saturation

(] complete angerobic treatment
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Section &
CONCLUSIONS AND RECOMMENDATIONS

Biotechnology appears to hold cons{derable promise for the treatment of PCB for
the electric utilfty fndustry. However, studies to date have been conducted mostly
on laboratory scales. Some have not been validated, and most have not considered
the complex problems associated with actudl waste matrices and practical treatment
approaches., Thus, efforts are required to substantfate findings reported herein
and to advance technology development.

CONCLUSIONS
Ffrom the review and analysis of available published and private data we conclude:
1. Efficient treatment of electric utility PCB wastes will become
feasible and should be avaflable in 5 to 10 years given adequate
research and development.
2. Promising bictechnologies include:
-=Improved PCB degrading species through genetic engineering.
-=Specialized bioreactors for gerobic and anasrobic PCB treatments.
-~-Possible enzyme systems for select PCB decontaminations.

~+Systems for growing and harvesting cells for bioaugmentation, as
well as 1n enzyme production processes.

RECOMMENDATIONS FOR RESEARCH AND DEVELOPMENT

If biotechnology 1s to achieve fts potential to treat electric utflity PCB wastes,
4 well-designed research and devalopment strategy should be developed and imple-
mented. Such & strategy should fnclude validation of existing data as a first step
to confirm and advance the state-of-the-art. Research and development should focus

on three sreas: microbfolegy and genetic engineering; system design and testing;
and cost analysis. These recommendations are briefly 1isted below.
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Microbfology and Genetic Engineering

] Inventory and collect PCB degrading cultures and isolate new straing
] Identify degradative pathways, enzymolugy and genetics

] Improve degradative performance through genetic engineering
techniques on collected straing

] Characteriza and test emulgiffers, and transfer PCB degradative
genetics to bioemulsifying strains

) Test cell extracts for PCB degradative potential

System Design and Testing

(] Process development systems are required based upon the performance
of pure or mixed PCB degrading cultures sbove

] Promising cell-free enzyme systems will require development of
production reactors and application techniques

* A1l characterized waste matrices require laboratory and field test
development

(] Successful systems require scale-up and pilot plant operations

Cost Analysis

] Conceprual design cost amalysis should be conducted for candidate
systems to screen for cost-effectiveness

) Sensitivity and financ{al risk analysis should be performed in
comparison with approaches alternative to biotachnelogy for those
selacted 43 serious candidates
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Discussion

ot Wouldn't many entymes be needsd to complete the destruction af
complex PCIm?
A. Yea, it would need & lot of development work, Uss of whole

cells can produce many Snzymes.

Q2. in pretreating eprLlia, isn't theres & riek of groundwater
contamination?
A, Buge are not poison and they are in soll anywmy. However, if
these processes wvere commsrcialized, it sight be necassary to

use SORe containment to prevant poeaible apreading.
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BACTERIAL DEGRADATION OF PCBa:
EVIDENCE OF DISTINCT PATHWAYS
IN CORINEBACIERIUM SP. MBL AND ALCALIGENES EVIROPEUS Ne3e

Doans L. Dedard, Miokhsel J, Breansn, Romald Uatersen

Gonsral Eleotric Corporats Resseroh and Developmesat
P.O, Box 8, Sohesasotsdy, NY 12301

INTRODUCTION

Nore thas 100 forms (cempensrs) of polychlorinated biphesyls (PCNe), differiag in
the amber and position of chloriass, were commoaly ased over the lset half com
tary. The ssms properties vhich formed the basia for their nae {(thermal stabil-
ity, okamisal stability) have alsc coatribated to their asswmalatica ia the
esvizrommeat. Furthermore, P(Be ore¢ highly issclable iz water amd sre only
slightly mobilized by sqweons systems. Thae, POBa have acomulated ia soil and
lake and river sedimeat at sitea of their prodaction, nas, storage, or dieposal,

Nioroorgemimme are gaemerally respoasible for the breakdews of complex orpanis
astoerisla iato aimpler forma that oaa be reoyoled, HNowever, syathetio compouads,
sspesially thoss whieh are shlorianted, frequeatly reaist mjorobial degradation
(L). Thie hea beon true of PCBe; ocongensrs oconteining more thas thees akloriaes
have beson markedly reeslsitraat to biodegradetion. Om the other haad, evidenos
is sosmulatinmg that Dbeoteris mey #s adaptiag by evelviag aszymes oapable of
degrading ehlerinated erometian inoluding PCBs. It has been vwell deowmented that
nany differeat gomers ©Of basteria ares sepeble of degradiag sono~, di-, or tri-
ochlorobiphonyles when presesated a3 single oompounds (2~2) or im & sommercial aiz-
tuce onsh o9 Aretlor 1241 (10-14). Nowever, thers have beea [ov reports of
degradotion of the smore kighly ohlerinated P(Be ia Arcelor 1254 (7,14.18).
Fartharmore, ia tholes sases ac deteila have beeom publiohed of either the orgam

imms, tha eazymatis meshanimms, or ths speoificity of degradations,

Oz the other head, Farukawe asd eolleagues have asonviaeingly demanstrsted the
ability of twve pure basterisl oultures, Alogligenes Y42 and Aginstehasgar P6. to
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degrade pure PCB coagemers coatsiniag uwp to five ohlorias atome (16.17.18). The
ability of thess oaltarss to dagrsde s brosd ramge of PCB coageners hes prampted
guestions asboat the origia of PCE dagrsdative oompestenos in bacteria asad ke
saxymetio pathways iavolved. Ia respones, ws have uadertakea anm jia=daptk astudy
of the bioohemistry #ad genetics of baoterial P(B degredation utlc_d at pro.idiag

a souad basie for uaderetanding whet is heppeniag ia the saviromment.

A nmmber of Lkey questioms providad the frmmevork for owr atudiea: Ceuld other
bacterin be readily fouad with ¢ degredative ompetence eqmal or eaperior to thet
of Auisetobgcter P67 How rspldly can mioroorganisme degrade PCBe? VWhat are the
degredation produote? Vhat straotwral factors limit the degradation of PCR
congeasrs {poesition, aomber of chlorias stome)? Is there more tham one pathway
for degredation of PCBa? Is there aay relationehip among gemsa which specify PCB
dogradative onzymes ia differeat organisms? Caaz thess gemes be exohanged among
baotarial epeviea or gemera? We deoscribe here same of our receat fiadiags with
two baoterial apeeies capeble of degreding s brosd range of PCB ocosgeners inclad-
ing peatashlorobiphenyls. Ultimetely, it is our iatention to eharaeterixe the
bioshemistsy and gendtios of PCR degradation im these organimma by stadyimg the
prodaots of PCH degradation, elmeidsating the pathway(e) of degradatioa, and iso-
lating and stadying the gomes responceible for thie biceomvereion,

METHODS AND MATERIALS
Jaelation aad Cuitage Nethods
Ail oultures wers growa and meinteised eserobicelly ot 30°C ia o gyrotsry shaker

on 3 mimerel salte medim coateiniag 1 mg/al of biphenyl ead supplemented with
0.007% yoast extraet.

itnh B850 wae ieolated from o lendfill eonteining POB eontaminated dredge
epoils! Approzimately § 3 of eoll wee imcubated im 50 al of the eulture medim
devorided above. After approxzimately 12 tranefere iadividual eoloaiee wers ieo—
lated end gharaetorized. Four otrainme of Algaligents eutrpnhys, exhibitiag ouly
slight differeasee, were ileclated from the enriochmeat culture and it ie ome of
theoo, otraim HES0, that we dsaeribe horein. Two otraina of Alesligeass
SRLCEOARR vere purehased from the Amerisza Type Culture Colleotion (Roskville,
D). The type straim, ATCC 17497, hae beon extemsively eharaoterized for dis-
similation of sromatie ecmpownds. (18) while tha uscond straim, ATCC 19587, is
ohareoterined only by its ability to grow awtotrophieally.
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Brspazation of Restinz Cells

Celle were grows overaight oa bipheayl, then the cryatals of biphenyl were
rammoved by filtretion through glase wool, The ocells wore harveeted by centrifw
gatioe (5000 rm) for 15 ninetes ie a Borvall (Model RC-2D) maing an 8834 roter,
The eelle vwere washed twiee in 0.05 N sodim phoaphate »ffar, M 7.5, aad
rescaponded ia the same beffer to give an optissl demeity of 1.0 at 6§15 m.

RCR Deszadation Aseaye

Three diffezrent auhotrates vwere mployed ia degradatios asssys: isdividmal POR
congensre, & eyathetio aixzture of sevee PCB ocongemsrs, or Arcelor 1248. A 1001
otoek of the eyathetio aixtare was prepared ie ecetoms from 2.4.4' amd 3.4,2'
triehlorobiphenyls (1.28 pg/sl eack), ead 2,3,5.6; 2,5,2’,5'; 2,3,2°.%':
2,5.3'.4°;: snd 3,4,3'.4° tetrachlorobiphenyls (1,46 ug/ml each), The PO astoek
eolution in seetone was mixed with the cell smepeneion to yield a finsl PCB oo
centretion of approximately 10 ppm.

Tha Aroolor 1248 eebatrate vae added ia 60 pl of aeetons to o 30 al csll sespen-
alon, to give » (insl comeentratios of aspproximately 10 ppm. After thorough aix-
ing, s 10 al sligquat vas ramoved snd traneferred to s twbe costaiming 0.1 ml of
708 perohlorie said. This time eere (To) eoatrol sample wee aized thoroughly end
frozen for later asalysie. Altarsativaly, suitable soatrols wers prepared Wy
heot imsativetios (70°C, 20 miautea) of the ocell emapemasion prior to leeshetios
with PCBe. Both heet asnd seid pretrestment of eell eeapeneiens deatroyed
eotivity agsimet ell Arocalor 1248 PCD eonpameze. The rmaiader of the ooll

sseponaien was inenbsted for 3 daye at 3O'C with ehakiag., thes ecidified and
froeas ustil asslyeis,

Whes iadividual PCB eomganare or ths syathstis mizture of PCB comgemers vere snaed

aa o ambetrate, ths above Prosedurs vea nsed exocept that imaubation wes limited
to 24 howuge,

2CR _Rxtzasiion

A Cu-lorhk eartridgs (Waters Acecoiatee, Nilford, MA) was asetivated vwith
sethanol asnd ths asidified oslturss spplisd to the ocsrtridge by gravity filtze-
tion. The equeons filtrete wee discsrdad and tha POBe vwere sleted from the ocar-
tridge with methasnol. Whes Arceler 1248 was esed se o esmbatrate, tha aethasol
extraet waa nesd for ges eshromatogpraphio amslysia diraetly withoat farther
extraetion. Whaan ths syathstie songessr mizture wvas need, vatsr wes added to the
sethascl (fimal eomeentration 25%), snd ths PCBe were reextrested vith hexanme.

.
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BB Metabolites

The cultures were adjeated to pH l-2 with perohloric aocid aud extreoted twice
with one half volums oesch of amhydrous othyl ether. The sxtraot was dried,
ressaponded 10 0.6 5] of tetrshydrofurean, sed dori-itizad with 0.4 ml of N,0-bia-
{(trimethylailyl) socetamide (DSA, Plierce Chmmi.sl Compeny, lookf;rd. IL) for 30
minetes st §5°C, The PCBa and the silyl esters of the P(D degradation prodects
wera detectad seing gee ohromotographic enmalysis,

fiaz Chromptogsapaio Anslvaie

Smplee contaieing the asyathotio PFCB mizture were ssslyzed o3 s Hevlett Peckard
Gae Chromatograph (Model 58301A or 5830A) fitted with am eetomstio sampler end e
electroe capture deteetor. A pglacs colmm (6§ ft x & =m) packed with 1.5% §P
2250/1.9% SP-24C1l, om 100/120 Bwplecoport (Sapeleoo, Ime., Bellefente, PA) was
uaed, The ocerriar ges wae 10.4% nethans in argon at o flow rete of 60 nl/minm,
Chromatography was run isothermally at 192°C for esalyeie of P(Be alose, For
asslyeis of PCBa aad metabolites, the tamperature was imeressed from 160°C to
240°C ot S°C/ninute end held at 240°C for 10 mimutes.

Azoclor 1248 eamples were amalyssd om & Varian 4600 gas ehrometogreph ueing o
fuaed eiline cepillary eolwmn (J and W, 30 = z 0.25 am 4d4: ID #LOMT). The
liguid phaee wae DB-1 oend the film thiskaeas ves 0.25 mm, Ths earrier pgae wee
helimm ot s flow rate of 30 am/e, The meke-up gas vee nitrogen at o flow rete of
25 al/min, Grob type iajeotion was mmployed (2 pl imjeetion eize). The colma
vae rus at 40°C for 2 mimstes, them the tamperature wae imerssssd to 80°C at o
rete of 10°C/nin snd fisslly to 225°C ot a rate of €'/min. The tasperstare wae
hald ot 225°C for 10 minstes,

The dota were atorod on diea meing o Varien Vieta 401 Beriee Dets Byostam ond
raplotted to give a direst somparieen of saeh experimental eample ('l") with the
correespending eontrol (To). The aontrol to sxporimentsl ratio was celesleted for
ssoh of tho 33 PCD peaks. The sseigmmente far the Aroelor 1248 peake were deter
nined by R.E, Vagner nad J,C. Carsshan (NMamuseript in Preparetion) baeed oa pad~

lished identifisetione (10) wmeing ges ehrmategrephie ¢olmne vwith ecmparshle
epasifieetions.

Rlasnid Puritioation and Analyais

Plemide vore demonetrated in HE30 aad MBI neing the protoac) deserided by Haneen
ond Oleen (3]1). Colla were grows on bidhenyl to en optissl dameity of 0.4-0.6 st
613 wm, filtered to ramove the biphenyl snd harvaeted by centrifagaties, Pollow-
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ing & brief digeatics with lysozyme, the celle were lyeed with 2.5% sodimm dode-
oyl sulfate during s series of heat puless ot $5°C, Chromoscmel DNA sad RNA wire
partielly removad by slkalise deanstursatics, Chromoscmal DNA was removed by
sodiwm dodecyl salfate precipitatics, aad the plasmid DNA iu the enpersstant waa
concentrated by pxacipitatios with polysthylenme glyecol, -

Plasmid DNA waa exslyzad by electrophoresis ia 0.75 sgercas on ¢ horisental slab
gel spperstua, The buffer used wae B9 mM Tria, pH 6.3, 89 ul berie anid, 2.5 al
disodium EDTA, After atainiag with ethidiwm bromide, plamida and DNA fregmects
were viewalized by s UV tremeillwminator, Hisd III frapmeate of phags lembds DNA
were uaed ot moloonler veight markers.

Shenionls

For growth atmdiss, biphenyl wae purchased from Aldrich Chmmical Co. (Milwemkes,
¥1) aad momochlorobiphonyles were purshased from Pfelts and Demsr, Ino. (Stenford,
CT). For dagredation atadies, eselyticel grade PCBs were purehesed from Aeslabe,
Ino, (North Hevea, CI). Omanieclv gradas hezane, nethanol, ond acetons vere pur-
cheaed from NCD MNsenfeotnring Chmmicalas, Ine., (Cimeinssti, ON). Nemogrede hea-
end woeo purehestd from the Aldrich Chemiesl Co,

Reatriction endomsclessss were pureheced from New England Biolaba (Beverly , MA)
ond uaed oo por the manufeaturer’s imetructioss., Bleoctrophoresie grade ogarons

(Staadard Lovw B.) wee purshaeed from Bio-Rad Laboratories (Richmond, CA).

AESULTS AND DISCUESION

laciation end Tasonemie Charsstesization of Bactezial Stzaine

Btrain E8350 was ieolated by biphenyl eariochment from s landfill conteining PCB
contaminated dredge epeils and esent to the Ameriean Type Culture Colleotion
(ATCC) (Romkville, MD) for charactersastion, It has beam identified o3 Algati-
A8R8S ARLLOWARS eecording to Bazaey's Manms) of Detepminative Bastesziplogy (22).
Tha oslle woeze gram megative ocoesel roda oosurring eiagly, ia peire, ead in
ohains, amd motile by peritriochons flagalletion. Tha tests for oxidass ead
esetalsea vere poeitive, wheress teste for hydrolysis of ocssein amd gelstim were
segative. The orgasiom is sapeble of growth batween 25 and 37°C dat sot st 41°C
and motabelimm ia respirstory, asever fermeatative, A wide variety of orgasmic
compounds aan be stilisad as ssbetrates by etrain RESO inmsluding fatty eeids,
disazboxylia aeids, hydroxy eeids, som-sitrogascme sromstis ecmpovads, and ali-
photieo and arcaatie amint acida. Rowever, fow carbohydrates and 50 peBtodes or
disssakarides are utilised., Fruotoae, bat sot glascas cen sapport growth of these

.
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sells. Thie mamsunl patterns is charscteristio of Aloslizesss sutzophas. This is
the firet report of growth on biphany! or degredation of PCBs by this speciss

slthough thers have beasn severai reports of members of the gemme Alosjispnss with
thess chersotaristios (12.13.16-11).

Strain MB] was isolccocd from o oetoak of Aglnetobsoter ep. H—(n) ond enbea-
quently chéracterissd by the Amaricen Type Caslturs Collastion, It has beon oles-
sifiad ae belonging to the gemus Corvypebacterium bseed on ths following sriteris:
Ths celle ars mowmotila, grem positivae pieicmorphic roda and srs aatalsass posi-
tive bat oxidsss ssgstive. Taets for isdols produstion, ssesis and jpaistin
hydrolysis, oltrate stilisstion, mathyl red resction, and Yoges-Proskesusr reac-
tion wars sll negetive. Y¥hole ocell hydrolysie demonstrated the pracsence of meso-
dieminopiselic acid, & ehareoteristio typicsl of thie gesms. Only two other jram
positive orgasimms heve bean shows to degrade PCBe. Ths firast, Nogardis sp. NCIB
10603, was reported by Bazter ot al., (3). Tha sssond wae ilsclatad ae ¢ cantam-
issnt of Agjinetobseter ap. P6 and wvas ideatifisd as Arthgobgetsx sp. M5 (2)).
Thas ocharsotazisties of Apthgobastsz sad Corvashacteszipm sre very eimilar, bat
these gonare ean be diostinguishad by ocell wall saslysis. ¥Wa eamnot rule oat the
posaibility that ths NS etrain of Furskawa and Chehrabarty (231) 1s identicsl to
Coryaehacieriom op MBL.

Qzewih o Menoehlogohiphenvly

Both MB1L and EB30 grew raadily oa biphanyl., Corynabastisrjiom sp. ME1 grew
moderataly wall oz é-~ehlorobiphexyl bat mot os 2~ or 3-ohlorobiphasyl. Alcs)i-
ARSS 2Rtrophus NSO atillsed sll thres momochlorobiphanyls as s growth sabatrata
bat to differing degrese. (Orovth vae best Oa 2-chlorobiphemyl, modarsts oa 3-
ohlorobiphazyl. and poor oOa 4-chlorobiphenyl. Vs did mot taat ths ability of

sither of theae straima to atilias higher chlorissted PCD asongenszs ae grovwth
subatrutas,

DResxadatian eof Axeelog 1248

Eash sulturs vas isasbatad with commareial grade Arcelor 1248 to determine ite
shility to degrade PBa. Fipgurs 1 shova gas ehromstographs (G.C.) of Aroslor
1248 before (coatrol) asd sfter s three-day imoabation with N850 or MBI. Tha 49
congessrs in ths mixture range from di~ to hazaehlorobiphamyle and ars rescived
isto 33 pesksa, Ths extassivs shangas in the PCB profile demomatrated by thie
soeay srs indicative of dsgradation and mot selestive adsorption for the follow-
ing romsong: (1] Im a1l easts Dboth ths aell mess asd the aqweone phass were
oxtraetad. [2] The Arcalor 1348 profile rasoversd by aztreation of ths PCBe
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DEGRADATION OF AROCLOR 1248 BY RESTING CELLS

CONTROL -

tt ot ottt

TRl TETAA PENTA HEXA

Figure 1. Doegradation of Arceler 1248 by ‘Reeting Celle,
Colle wore grows on bhiphenyl, weahed, and reeunepended in
phoaphats buffer. Arcelor 1248 was sdded to 2 finsl eex
eontration af 10 ppn, The sentrel showa a sapiliary gas
shromatograph of the PCBs oxtrasted from am sliquot of
eolle seldified immediately after sdditien of tha PCBa,
Tha middls and lover pemsle shov the P(Be extrasted from

the MB1 and NB30 sell anspencions aftar 3 days imenbs-~
tien,

from eslle seldified at T, or from heat-issetivated selle st T, or sfter § days
insubation, 1o ddentisal te the prefile of am Aroeler 1248 atesdsrd. (3] A
astant atrain of NP1l vwhieh has loat the ability to grow en biphenyl daes not
alter Aroesler 1248, 3imilarly, twe atreine of Alealinenss sutzonhis vhish do mot
sz0v on biphenyl (ATCC etrains 17697 snd 19597) heve no offeet oa Arceler 1248.
(4] A yollow eelor whieh i gemarally takean to be indieative of PO metabolim

.
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Table |

DBGRADATION OF AROCLOR 1248 BY RESTING CELLS

Pesk PCB Coagener
Nmmbes Ientative Assizoment m Eis0

1 2.5.2° r *
2 3,4,2' asd 4.4’ + +
3 2,3.2' and 2.6.4°7 r
[ ] 2,5.4° + +
[} 2.4.4° * +
[ 2.3.% 4 +
7 2.3,4' and 2.4,2'.6' r +
[ Totra 4
 J 3.5.% *
10 2.5.2'.%' *
11 2.4.2‘.5' sad 2.4.‘.3' +
12 2,3,4,6 +
13 2.4,2°,4' + +
14 2,3,2°,5" and 2,3,2° 4" + +
15 3.4.4 + +
16 2,3,4,2' and 2,5.6,4' P
11 2."2’.,’ ‘ *
18 2,4,5.4' *

19 2,.5.%'.4 r +
20 2,6,3'.4" and 2,3.5,2' .4 | 4 ) 4

and 2,3.6,2',5"
21 2.4,5,1°.¢"

22 2.3,4,4" oad 2:.5,4,2',6' * P
23 2,3,6,2',3" and 2,3.5,2',8' 4
and 3.3.’.3'.4'

4 ,c‘o"n" and 3.‘.3.2‘.3’ | 4
25 2,4,5,3°.4° P
a6 2,4,5,2°,% 4 | 4
37 1,5.4,2',5 P
as 2,3.4,2',4°

29 ’o‘o"g‘. and Pents | 4
30 1,4.5,3,%' +

3 2,4,5,3°,4° and 4

1.’;‘,3'.".3 ' and
2,3.,4,5.3" and
2,3.4,6,2'.5"

32 Penta

» 2,8.4,2'.4',%'

Thie table represents sa individual ssslysis of the data shows ia Figuss 1.
Most of the oengessra ia Areelor 1248 have been idsutified and teatatively
sseighed to peaks ia the chromategraph prefile (J.C. Carsshan and R.R. Vagner,
Haaueoript is Preparstion) Raeh osperimantal sample wvas compared te its owa (T )
control amd the redmetien im ook pesk height was meed te saere degradatien -
sither partial (30-30%; P} er acaplete (> B0%, +) on the besis of the ratio of
the poak arese., In acle sases this cemssrvative sseriag method mey have zaderes-

timated the axtest of degradaties, partionlarly vhere s sizgle pesk reprasecte
severasl PCD somgomere,
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(2.2:2.,11,16~11) eppears in visble caltures bat mot in the comtrols., Therefors,
thoes chasges canmaot be explained by seleoctive esdaorptioa to the cells or the
glasswere, Fisally, the facot that only cells which cas utilize biphenyl alter
the PCB profile is f[eirly stroag evidesce that the chasges are 438 to microbisl
dsgredatics. -

Tvo other pointe are iamedistely sppersst: (1) Bota M1 and RB30 degrade
the commerciel PCB mixturs exteasively: MBL sttasks approximately 498 af the POR
congensre and BESO degrades spproxzimetely €55, In eseh eaoe PCBa shlorimated at
ap to five poeitions are dagraded, (2] The degradetive ocompeteses of ths two
esltures is gaite diffegzesat. Althoagh MB1 end BB30 degrade nany of the same PCB
ocongensrs, oach atrais is superior to the other ias ite ability to degrads certaia
congeners, Theae differemces are indicsated by arrowe on Figure 1 asad sre eves
sore apparent whea the data are tabalated (Table 1),

Reszadation of Symthetis Niztsge of PCR Cougesers

Enesonraged by the above ressuits, we dovieed an sessy 2sing & syathetio mizture of
sevea puze PCB songensre to foens mors sloasely oa the differenses ia the degreda-
tive oompetenss of NBL sad §830. The reanlte, showsn in Table 2, were strikinsg.

Takle 2

DEGRADATION OF A SINIHEZTIC NIXITURE OF PCB CONGENERS

P

Loasenes m EBio
48 5. 3%
5.4.2° ’” ’”
2,5,2'.8' - 100
2.3.5.¢ - -

2,3.2'.8 L7 ] %

2.5.0°.4° - ”

.49 ¢ - -

This table chovs the pereent degradation of saeh of seves PCB songesars of o
systhotio mizture follovisg imembation for 24 & vwith restiag eells of MBL or
E830. Eaeh econgsnsr vas preseant at § mol/ml (approzimately 1.5 ym). Pereent
degradation vas esloeulated by comparing the ares of eaoh G.C, pesk ia the eom~

trol (T ) and experimeatal (Ty) ssmples. The valwes given reprecent the mean
of two :onnto experiments.
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Agsin, the two cnltares democastrated ideatiocsl ocompetence for some PCE comgenmers;
tvo wers not degreded by either strain eod two were readily degraded by both cul-
turse, HNowever, HB30 completsly dagraded two tetrschloroblphenyle which were sot
metobolisnd by MBL, Is ocontrest, MB1 degraded 2.4.4' trichlorobiphenyl mors
readily thaa HE50., It 4is clear that both the position and the ammber of

ohlorises are oritical is determiaiag vwhether a pertienler PCB eengomsr caz b
dograded,

These data led us to gqasatios vwherher the position of the isitiasl emaymatio
attaek on the arcmatlo rimg might differ is MBI ead NE350. A umber of lebors-
tories have postulated pathways for PCB (2.13.16) or biphemyl (24-26) deprada-
tioca. In eaeh case, the imitial secayme ie thonght to be s 2,.3-dicxygemnse., Sub-
esequently, mete-~eleavage oceours betvesn cerbou otams 1 end 2 (Figure 2) (2.16,26)

Ci Ci cl [m] c
g on e oM L -0 b ;
M I COON cOon
oM
] oH OM

Chiorobenzoele

Z 3 Dinyaroxy Mele Cleavege
Bphenyi Product

Figare 2. Propoead pethway for degrudation of PCBe by ¢ 2,3 dioxygemnee (2, 17)

or betvean ocarbon atome 3 end & (24.23), Ia thaory, e dioxygemsee ocould eiso

attaek at positiome 1,2 or 3.4 (Figure 3A). Ae depieted ia Figure 3, tha poei-

tisn of ths ehlorime atoms iu 2,5,2',5' tetrsehlarobiphenyl wonld moet likely

hinder the approseh of eithar 8 2,3 or 1,2 diaxygensea, bat oseh of theeo anzymee
oonld readily ettask 2.4,4’ triehlorobiphanyl. The ocomverse ie trms for o 3.4
dioxygensee. Sabatitetion im both pars poeitiome wonld elearly lapeir the
epproseh of s 3,4 dioxygenase, bat 2,5.2' . 5° tetrashlorobiphenyl wonld be reedily
caceeeible to thie smasyme, The differemces iz degrudative ommpetenss of theee
two orgsniome demosetrated ia the 1248 aceay enpport thia modsl. Gemsrally MBI
shove Bere oxtomeive dagradation of pegke vwhioh imeluds eomgesmsre substituted

in the 2,4,4' configuration (Teble ), Peske 18.22,31) whareae mamy of tha pesks

vhieh eore degreded more readily by HB50 inalods comgemsre esbstitated is
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Figure 3, Allowed positioas of attack of initisl dioXygesass. Pasel A shows the
dihydrodiol biphenyl istermedistes that would resuit Irom enzymatic stteask of »
dioxygesaee at carben positisne 3,4 (tep), 2.3 (mniddle) er 1.2 (bdettam). Panmele
B snd C show the serresponding intermediates fer 2.4.4° triehlezebiphany]l and
2,5.2'.5' tetrechlezebipenyl. Detted lines indioste pethways thet are theerati-
oally peesible but whieh heve ot boon dmmenctreted.

the 2,5,2' ceafiguratien (Tabla |, paake 10,11,23,24,25, and 27). DBased es these
ebssrvatione, vwe propoas that the initial degradative emsyme iz jAlosligenss
433E00hng is o §,.4 dioxygonace or posaibly s 1,2 diesygemase,

Deazadation Produste of Selssted PCH Congexsts

Wo hove recently bogun te otudy the metabolites of selested PCR sengomize with
the uitimate goal of elmeidating the PCB degradative pethwey in esek of theos
bastoria. Our prelimimary fiadinge ore oomeietamt vwith the model ws hava pro-
possd. Twe PCI oeongeners vwhieh are subatitated im both pera pecitiens, 4.4'
dishlozobiphonyl and 2.4.4' triohlerebiphonyl, were oxzteneively mstabolized ¥y
Ml yielding & low moleenlar woight moetabolite with the same G.C. roetention time
as d4=ohliorobonioie anid in the firat case, and lagrge smenuts of feur differeat
high nelognlar voight intermediates in the latter, Ia eomtrast, we sesnld find no
ovidance that B850 metabolised 4.4 dieklorebiphonyl and we datested enly mmell
anouate of ametebolites from the triochlerebiphemyl. Comvereely, B850 prodaeed
sxtaneive metabolites fram PCB eengonsre subetitutad at poeitiems 2.5,1' er
1.5,2°,3' while MBl produesd enly mmell mmenuts of dsgradation prodsets frm
theoo somgensra. Furthormere. olthough ocme of the metabelites gemsrated were
eomavs te both eorganisme., in mamy oases the mejer metabolites prodasced by R§50
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DEGRADATION PRODUCTS OF
2,52 TRICHLOROBIPHENYL

CONTAOL
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Figuzre 4. Degradation preduote of 2,5,2' triehlerebipheayl.
Reating colle vore imesbated with 2.5.2° triehlerebiphenyl
(50 ppm) fer 21 h; motabelitea and PCRe vwere sxtreeted sad
anslyzed %y gae chramategraphy as deseribed. The uwpper pamel
ehove the oxtraetion of heot—imaetivated cilla whish wore
inenbated wuder the oesme eonditions as NP1 and U500, The
ouly peak seen ia the PCB, The lower panele shov the PCB 3nd
metabolites eztracted from ML (left) asd D830 (right), Is
M1 the amomat of PCR khaa deorvased and three motabolites
B.5. asd T havo eppeared. letabolite B ia moet lLikely 2.3
diohlorobonsoate, Ia X850 the PCB lhae boez sompletely meta-
bolised. apparzestly te 1.5 dichlorebomaoate., At leaat five
mnetabolitoe idemtified as A-E, have boen jprodased, leta-

boliteo B and E lhave the same retention time for beth bae-
torial etreima,

wore whiqus, An ezample of thie ie ohown for 2,5,2° trichlorobiphenmyl im Figure
4, Tve of tho motabelites, B (vhish Aaa the esme roetenmtion time se 2,5~
dishlerebonisoate) and R, woere predased by both MB1 and B850, However, MBL pro-
daeed ¢ mell momat of metebolite F whieh wee act seen in 8850, and E8350 pro-
dased larges mmomante of the moetabelites labolled C and D asd s lew .melesular
woight xetabolite ifdontifiod as Peak A, Moreover, the 2,5,2' SOBSEINEL VA OB
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pletely metabelized by 1850, epparently to 1,5 dichlerebemzoates. Thme the dete
sapport the aypetheeie that the mejor roste of PCB netabolism differs ia MBl and
BESO end are comeistent with 3m imitial asttaek by & 1,3 diosygenses is Coxynsbeg-
tozium sp. MB1 amd a 3.4 diexygemaee im Alcsligesss extrophas U850. Ve are 42
ths process of identifyimg theas metabolites by gas chrsmategraphy owabimed vwith
maese speotrametry ia am effort to elseidate the major PCB degradativa pathvays
operative ia E850 and MB1.

Blamid Aaalyeis

We have azlec bagun te imvestigate the gemeties of PCB biedegradatioa is MBI aad
B350, MNoet gemstic informatien im basteria reeidea oa the ochrmoesme, bat fre-
quastly s eignificaat mmount of genmstie inforsatien is asacciatad with am extra-
chramosomal plece of DNA called & plasmid. Ia faet, plesmide are the primary
meaae of gemetis ezohaage im baoteris., Typieally., plasmids harbor gemes whiok
oarry momeaeential bat maefsl iafermstion ench aa antibiotis or metal resietaace.
Nere importantly, the degradetien of varione arsmatioc hydrosarboms (tolaeme, sal-
loylate, aaphthaleme) (27,2R) and even ehlerinutesd asrsmatios (chlorophemels,
chlerobenssatese, ohlerimsted phemoxyherbieides) (22,30.31) ia often aveceiated
with piasmida. Fimally, evidenso ie aeommnlating that the jenss raspeasible for
PCB dogradetion may reside on plamide (3}).

Therafore, we were anxionas te lears if MBL and B850 harbored plasmids. Ae ehown
ia Figare 3, there is & eingle lerge plasmid ia eesh orgeniam., Ve jmmediately
aoked whothor thooo plammide wore identical., By ueing epeeifie esmaymes oalled
rostriction sndonuelsasese to ont plasmid DNA st epeeifia pointa, ome ons gemarete
a opesifie fzagmentation pettern whish ia maiqae to thet plammid. If two
plasmide are identiesl, their reetrictioa petterma will bo ideatieel. Reatrio-
tien saaymes vore need to snxlyse the plasmids frem both B850 and MBI (M. Bren
naa, dotas net ghown, and J.R. Yatos, pereomal sommuaication). The reenlts
cleasly show that the plammida sre aot identieal im the twe organisme. However,
it is alao poeeidle that the twe plammide are mct csmpletely differeat, bat have
scme esammon geastie isformatiesn, Our prelimisary fisdisge maimg hybridisatioca
anslyeie indieste that the plammide ia theas two basterie ds mot share esay stmmos
gones (M, Brommun, dets mot chown),

Vo de not ae yot have any fire evideneo that the PCE degradative pethway ie seso-
siated with o plammid in either MB1 or H335C. Ve do kacw, however, that for R85O
the ability te grow om biphenyl (and preamebly aslac the ability to degrads PCBs)
1o resdily loat 1f the ositure ie mot maintained eon oselestive medim with

4=113" MONS 214899



=
‘;

MOLECULAR WT. KILDBASES

Figuze 5. Large plammide ia H8J0 and MB1.
Plasmid DNA waa ieolatad o2 desoribad aad
astiyasd by egeroes gol elestrephoresie, The
dizection of eleetrcphoresie io frem top to bot-
tam. The firet laas shows Bind IIIl frapmante of
phnge lembde DNA cead ae moleenler weight mark-
ore. The peeition of the plammid DNA e indi-
eated, The diffvae band of DNA whieh migrates
slightly behind the lsrgest lsmbda DNA frapmest
ie ehramesomal DNA. Tha large bead of DNA which
migcoteos botweon the chrsmoecmal and plasmid DNA
moet likely somteins plesmid DNA in s differeat
phyeoioel form,

biphonyl se the eele sarbon soures. This type of gemstie imetebility is mest
frequantly aeecoiated with plesmid enecded funetiens.

Ia the future we plan te tranefer the plasaid from Alealizeses 933Zochas H8350 to
other Alogalizenes oRLEORARS straims as well sa to other besteriel speeiss vhiek
ere mot cepeble of growth om biphewyl or degredatios of PCBs. If the resipients
sequire the ebility to degrade PCBs as o resalt of the plamid transfor. we will

hove sstablished that PCB degredatiom is comtrelled by & plammid in Algaligeass
entsophua 8830,
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Fisally, we are ourrsatly uwsing recambinsnt DNA techaiques to coleass fregments of
B850 DNA as & firet step toward idestifyiag end chsrasterising the gene(s) speoi-
tyisg the enzymes of the PCB degredative pathway is this strain, Tais will sllow
us to develep on understanding of both the strsoturs asd reguletien of thess
SRIYRSS, -

SUMARY

Weo have fsolated and eheraoterizad two distimot orgemisme. Aleplizenss sutzochss
B850 ond Coryasbasterimm op. MBL. whiek eztemsively degrads Aroelor 1248, but
whish sxhibit oleer differenmess in the partisuler songenmere whieh ars degraded,
Is geseral, PCBD comgensrs vwith the 2,4,4’' substitution pattera ars metebolized
rapidly by MBI, bdat poorly by N8350. Ia ocomtrast, msmy comgeasre swbetituted st
positione 2,5,1' sre repidly degraded by B850, but not by MB1. The productics of
mstabolites whequivoeally oetedlishes that this is isdoed dsgredation, Some
degredetion produete, inmelading ehlerchenscetes, are occmmom to beth ergasimmse,
bat in many easae the mejor metabolites prodseesd by R850 are maique, Theee data
ore most readily expleined by poetuleting that tho major pathway of PCB notabol-
ism in HBS0 utilimes a dloxygenses vwhish prefereatially ettacske ot sarbom posi-
tiome 3,4, If thia is the ease, it will be the firet demomstratica of imvolve-
seat of o 3,4 dioxygenses iz the biodegradation of biphemyl or PCBe, Iz oo
tzast, MB1 prebably smploys a mors ecmamon 21,3 diesygensse meshanimm. Fimally,
the two orgetisme harbor dletinet plaspida whiokh may bs imvelved in PCB degrede~
tien, ¥eo ore 0¥ in o8 oexeellent poeitien to begin realisiag onr lemg-term

goale, pamely, umdereteading the biocehmmistry end gematies of beoterial POR
dsgredotion,

ACENOVLEDGMENTS

¥eo thank J. C. Cormahan, R, N, Wagner, 7. Smith, and R. Rokling fer gas shramato~
sraphie analyeia, T.J, Toffimmize end R.E. Breoke for help in sollesting PCB eon-
taminatod envizrommentai ssmples, K, Farskavs and A.N. Chakrebarty for o stoek of

Aninstabaster ov. P6. B.L. Finkbeiner, ond T.N, 83 for helpful diseuseions, and
B, Noroea for typiag thias maawseript,

1. Alegsnder, M. 1%%. Boil Biclogy, (Revievs of Reacersh, Netiessl Resenrces
Researesh, UNRSOD) 2:209-240.

1. Amed, M. and D.D. Feoht. 1973. Degredaties of polyehlorimsted biphenyla
¥y tve sposiae of Aohromohpeter. Com, J. Misrobiel, 19:47-52,

. MONS 214901
4-115



rr

‘o.

11.

12.

13,

14,

18.

1¢.

17,

Baster, R.A., R.E. Gilbert, R.A. Lidgett, J.B. Melmprize, sad E.A. Voddesn.
1715, The degredstion of polychlorissted biphasyls by micreorganimms. Sol.
Total Esvirom, 4:53-61.

Taulp, M. Th.M., R. Schmitz, end 0. Hutelager. 1978. The bseterial metabolimm

of 4,4'~diohlerobiphenyl, sad its sappressios by alterastive corbos somross.
Cammcoephare 1:103-108.

Lamp, P.F. snd A.N. Caskrabarty, 1979, Zlammide spesifying p-shiorobipheayl
dogredatios iz seterio baoteris, pp. 275~-285, Is K. N. Timmie ond A. Pudler.
(Eds.). Plammide of Medicel, Envircommoeatel, and Commerocial Japortencs.
Rlsevier/North Rolland Biamedical Preea, New York,

Reiohordt, P.B., B.L. Cavdwiok, M.A, Cols, D.R, Roborteon, ead D,K, Putten.
1981, EKimstio etudy of the biodegradation of biphenyl and its momsehlori-
asted enalogwss by ¢ nixed merime aierobial commasaity. Eaviroa, Sei. Teoh,
13:78-79.

Sylvestre, M, snd J,. Fautenz, 1P02. A wmev facultative amaerobs capable of
srowth on chlorobiphemyls, J. Gen. Appl. Nisrobiol. 2§:61-72.

Kong, B.L. ond G.3. Seylor. 1783, Degradetion and tota]l mimarslization of
monchelogenated biphexyls in satural sediment and mixed bseteriel omlture.
Appl. Emviron, Mierobiol. 4§:666—672.

Furakawe, K. 1982, Nierobial degradation of polyehlorinsted biphesyls, pp.
$5-37, AN, Chakraberty, (Ed.), Biodepradation asd Detexifieation of
Eavizommental Pollatants, (RC Prese, Ine., Boes Raten.

Enieer, E.L.B.. and P.T.8, Wong. 1974. Basterial degradetion of polyehlori-
nated biphemyla, I. Identification of scme metabolie produets from Arosler
1242, Bull, Bavirzen. Contsm. Toxieol. 1]1:291-19¢.

Taeker, R.S5., V.V. Sacger, and O, Hieks, 1975. Astivated sludge prisary
dogradation of polyehlerimated biphewyla. Bull. Baviroa. Contom. Toziool.
14:708-711,

Clerk, R.R., K., 3.E, Chian, end R.A, Oriffis. 1919, Degradation of
polyehlorinated biphenyls by mized mierobial omltsess. Appl. Emviron,
Mierobiol, 37:600-683.

Yagi, O. and R, Sudo. 1980. Degsradation of polyohlorisated biphemyls by
niercorganimms, J. Water Pollut. Control Ped. J2:10335-1043.

Bayler, 6.5., N, Shean, and R.R, Colwell. 1977. Grewth of an estumarins
Lethdmnonas ¢p- o2 polyshlorinsted biphemyl. Miereb. Keel. J:241-235.

Lis, D. 1990, [Eshenecmaent of PCRs biodegradotion by esodima ligpmin amil-
fonate. Weter Research 14:1467-1475.

Furnkavwe, K., K. Tonamuse, end A. Kamiboyashi. 1978. RBfleet of chklorims
subatitatien on tha bicdegradabdility of polyehlerimated bdiphemyls. Appl.
Bsviren. Miorobiol, 15:233-227,

Ferukawe, K.. N, Tomizuka. and A. Kamibayachi. 1979. BEffeot -of ehlorins
subatitetion ou the Desterial metabolimm o©f various polyshlorisated
biphenmyle. Appl, Ruviron. Mierobiol, 3j:301-310.

. MONS 214902
4-116



18,

19.

20.

al.

3.

24.

2.

21.

9.

30.

n.

Furukaws, XI., N, Temizuks, and A. Kamibeyeshi. 1982. Beoterisl degrsdstion
of polyohlorimsted bipheayls (PCE) sad their metsbolites, Adv, Exp. Ned.
Biol. L13164:407-418.

Johasoa. B.F. sad R.Y, Stanier. 1971. Dissisiletion of sramatic compounds
by Aloalizenes sutrophus. J. Beot. 107:468-475.

Belloohmiter, K. oad N, Lell. 1980, Asslyeis of polyehlerinsted biphenyls

by gless cepillery gae chramatogrephy; eamposition of techmieal Areelor aad
Clophea = PCE miztures. Freseaism 7. Amsl. Ghem, 3102:20-351.

Benssa. J.B. ond R.B, Olesn, 1978, Iselstion of large basterisl plemmids
sad ocherssteriastion ef the P2 lacompetibility groamp plasmide piO2 aad pNGS.
J. Beot. 1335:217-288.

Cammias. C.8.. LA, Lelliot, and N. Regoes. 1974. Oemws ]. Copymebac-
tesimm. pp. 602-617. In R.E. Buchemsn and N.E. Gibboas, (Bde.). Bergey's
Maamsl of Detsrminstive Byctericlogy, Righth Bditicon. The Willimms sad ¥i]-
kll. CO.. '.lt““..

Farakaws, K. ond A.NM. Chakrebarty. 1952, Involvament of plasmids im totsl
dogredation of chlorimsted biphemyls. Appl. Bavirea. Nierobiel, 44:619-
626,

Leat, D. and ¥.C. Bvane. 1970, The aisrobial setabslimm of bdiphenyl.
Bioochmm. J. 118:54p.

Oibson. D.T.. R.L. Roberts, N.C. Vells, and V. ), Kobal., 1975, Ozidstios of

bishonyl by & Deiiszinckis speoios, BRiechsm. Biophys. Reo, Commea, J0:211-
219,

Catelsni, D., A. Colambi, C. Borlini, and V, Treecanmi. 1973, Metabolimm of
biphenyl., 2-Bydroxy—§-oio—6-phenylhez=2,4-dienote: the pafa-eleevege pro—
dnet fram 2,-dikydroxybiphexyl by [ssndomonss 32uiida. BPioshmm. J.
124:1063-1046,

Chriotophor. F,, 1. Fraaklia, N, Dagdeasrian, and LN, Tiamie. 1981, MNaai-
pulation of degradative gemse of acil basteria, pp 109-150. Ia T. Leis-
inger, B. Enttar, A.M. Cook, and J. Nwesak, (BRde.), Niarcbial Degradetica of
Ionobioties and Resalaitrant Compouada. Aeademis Praas, Nevw Tork.

Farrell, R, and A, M. Chakrabarty, 1979. Degradstive plammide: molesular
naturs ond mods of evelntien, pp #7-109, Ia E.N Timmia asd A. Publer,
(Bda.), Piasmig¢e of Nodieel, Ruviromental, apd Commarsial Ispertanes.
Rlasvisr/Nozrth-Bolland Dicmedionl Press, New Yerk.

Chattorjoa, D.X., 5.T. Kellogg, D.R. Watkinma, and A.M. Chakradarty. 1981,
Plasmids in the bdiodegradation of shlorimsted armmatia cmposads, pp 515
528. Ia 3.3, Levy, R.C. Clowes, and K.L. Koenig, (Bda.), Neleenlar Biclogy,
Pathogonieity, and Neclogy of Bacteriel Flasmida. FPleama Press, New York,

Pemberton, J.N.. B. Cormay, and R.1. Don. 1979. Brolution and spread of
postiolide degrading obility smong seil miorcorganisma, pp. 187-299, 1Ia L.N.
Timmis ond A. Puklar, (Bds.), Plasmida of MNediaal, Zavizromentil, sad Com-
moraial Importanas. Blssvier/North-Holland Dimadiesl Preaa, New York.

Chakrabarty, AN, 1982, @Ganstio mechanioms in the disaimilatien of ehlori-
nated osmpomade, pp 117-139. Iz A.N. Chekraberty, (R4.), Biedegradoticn and
Detozilieation of Raviromental Pollutants, CRC Presa, Ine.., Dess Reton.

4-117 MONS 214903



Discussion

Ql. Isn't this process limited to a apescific Aroclors?
A. Yses, tha study so far has baen limitad to eits-contsminated wich
1242, Would need cto isolats microbacteris from other eites to

study other Aroclore.
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COMPOSTING FOR DEGRADATION OF PCBS IN SOIL

Jenefir 0. Isbister
George L. Anspach
Judith . Kitchens

Atlantic Research Corporation
Alexandrta, Virginta 22312

ABSTRACT

This study evaluated serobic and anagrobic composting of PCB contaminated sofl on a
laboratory scale. Composts ware composed of alfalfa hay, horsefeed and Lakeland soi}
spiked to contain 2000 mg/Kg of Aroclor 1242 (dry weight basis). Warm humidified atr
was drawn through serobic compost materials. Anaerobic composts were flushed with
nitrogen. A1l composts were incubated at 559C,

After two and four weeks of incubation, compost matertals ware oven dried, ground,
subsampled and Soxhlet extracted for GC analysis. The aerobic composts showed the
greatest destruction of PCBs with 41.& and 48.1% destruction in two weeks and 55.7 to
67.6% destruction in four wasks. PCB destruction in anaerobic composts was 18.4 to
2B.0X after two weeks and 27.9 to 46,9% after four weeks of composting. Individual
peek areas from the & chromatograms of control and test compost extracts were
compared to determing the decrease of different PCB isomers. A significant decrease
in the trichlorobiphenyls and one of the tetrachlorobiphenyls was observed in
extracts from the two wesk aerobic composts. After four weeks of aerobic comgosting,
significant dacreeses in all of the chlorinated biphenyls were observed. Anaerobic
composting showed significant reduction of all chlorinated biphenyls after four
weeks of composting. The mechanism of degradation appears to be rapid dechlorination
of biphenyls containing thres chlorines or less stnce no build-up of the mono- or
dichlorinated compounds was observed. Dechlorination of the penta- and tetra-
chlorinated molecules is slower but does occur at & useful rate. No chlorinated
dibenzo-p~dioxins or dibentofurans were found in the chromatograms or in the GC-mass
spectra run on the composted sample extracts. .
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COMPOSTING FOR DEGRADATION OF PCBs [N SOIL

INTRODUCTION

Polychlorinated biphenyls (PCBs) are complex mixtures of various chlorinated
biphenyls which were widely used because of their physical, chemical mnd biolegical
stability as well as their high dielectric constant. PCBs have aenteread the
environment through spills and losses during manufacture, vaporization or leaching
from PCB-containing formulations, leaks from sealed or partially sealed systems and
disposal of waste PCB (1). PCBs have been found {n 0Cean sediments, the atmosphere and
in many terrestrial and aquatic locations including both polar ice caps (2). Because
of their physical and chemical stabilfty, these compounds are persistent environ-
mental polilutants.

Weathering and microbial processes degrade PCBs only to a limited extent tn the
environment (3). Evidence fndicates that PCBs may be biotransformed as well as
metabolized by some microorganisms (4,5,6). Several investigators have reported
biotransformation of the lesser chlorinated biphenyls {mono- and dichlorobiphenyls)
to chlorobenzoic acid (7,4,8,9,10). Tucker et al. (§) showed that mono- and
dichlorobiphenyls were resdily biodegraded by activated sludge but as concentrations
of the higher chlorinated biphenyls increased, degradation rates decreased. Kong and
Sayler (9) simulated natural river conditions to demonstrate the degradation and
mineralization of nonohalogenated biphenyls by mixed wmicrobial cultures from PCB
contaminated river sediments. Furukawa and Chakrabarty (11) demonstrated total
degradation of mono- and dichlorinated biphenyls using Acinetobacter or Arthrobacter
sp. containing a plasmid specifying conversion of chlorobiphenyls to chlorabenzotc

acids and a genetically constructed psaudomonad capable of metabolizing mono- or
dichlorobengzoates.

This paper describes a study in which composting was evaluated for decontamination of
soi] containing PCBs. This study is part of a series of experiments to determine the
applicability of composting techniques for the destruction of parsistent hazardous
materials contained in a s011 or sediment matrix.

EXPERIMENTAL MATERIALS AND METHOOS

This study evaluated composting of PCB contaminated sotl on a laboratory scale. Both
aerobic and anserobic composting wera studied to compare PCB biodegradation in the
two systéms. The experiments were carried out with sofl that was intentionally spiked
with PCBs [Aroclor 1242).
. MONS 214906
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The experimental apparatus used in the laboratory studies 15 shown in Figure 1. Mason
jars were used to contain the compost materials. A ring of plastic tubing with holes
drilled at 1/4 inch intervals was located bengath the compost in each jar. Tha ring
was connected to a glass tube which extended through the stopper in the top of the
Mason jar. For the aerobic composts, the tube was attached to two traps_tn series, one
containing sodtum hydroxide and the other water, A second tube inserted through the
stopper was attached to a series of traps containing sodium hydroxide, sulfuric acid
and activated carbon as shown in Figure 1. These traps were connected to a vacuum
pump, Warmed air was first drawn through a sodium hydroxide trap to remove any C0z and
then through a water trap to humidify the air and remove any caustic matertal. The
scrubbed air was then drawn through the compost matertals. The atmosphere above the
compost was continually drawn out through sulfuric actd. sodium hydroxide and
activated carbon traps to remove any gaseous biodegradation products. The dead traps
prevent contamination of the composts or individual gas traps in case of vacuum
fatlure, For the anaerobtfc composts, the tnitial NaQH scrubbing trap was eliminated.
The anaerobic composts were tnitially flushed with nitrogen to remove oxygen from the
system and were flushed every 3-4 days thereafter to change the atmosphere in the
composting vessels,

Each compost was made up of 23.7 g of alfalfa hay, 24.7 g Purina Sweetena Horsefeed
and § gof Lakeland soil (a total of 50 g dry weight). The soil was spiked to
yteld 2000 mg/Kg of Aroclor 1242 in the total compost (dry weight basis). The compost
materials were thoroughly mixed and the composting process inftiated by addition of
suffictent water (containing primary effluent and horse manurs) to give tha composts
a 60X moisture content. The composting apparatus was then placed tn a 559C incubator
and attached to the vacuum System. The experimental matrix for the composts is
presented in Table 1. The temperature of each compost was monitored daily by means of
a thermocouple placed within the compost materials.

The composts were sacrificed as spectfied in Table 1. At the time of sacrifice, each
compost was examined for {ts appearance and smell. A sample (approximately 1 gram)
was taken from the center of each compost and dispersed in distilled water (1:9s01ids
to water ratio) to determine the pH of the compost. The remainder of the compost
matertal was drted in an oven at 600C for 24 hours. The dried compost materials were
ground with a hanmer pulverizer to 18 mesh (1 mm) and the ground powder thoroughly
mixed. Two subsamples from each compost (approximately 3 to 4 grams) were taken,
weighed and Soxhlet extracted with a mixture of 40% benzene, 40% acetone, 10X hexanes
and 10X methanol. Extraction efficiency of Aroclor 1242 from uncomposted material
(positive controls) was 77%. Extraction efficiency from composted materials ranged

.
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Figure 1, Laboratory Compost Aeration Apparatus
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EXPERIMENTAL MATRIX FOR COMPOSTS

Type of ngost

SPIKED LAXKELAND SAND

A.
B.

c.

Positive Controls

Negatfve Aerobic Controls (no
Aroclor 1242)

Experimental Aerobic Composts

Negative Anaerobic Controls (no
Aroclor 1242)

Expertmental Anaerobic Composts

Table 1
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from 83 - 89X. The extract was analyzed on a Varian 3700 gas chromatograph with
autosampler and electron capture detector. A Hewlett-Packard 5880 controller/
fntegrator was used to control the Varian gas chromatograph. The GC parameters were:
injection port - 280°C; oven - 170 to 230°C @ 159C/min; detector - 3000C. Separation
of the PCBs was accomplished with a 2 am I.D. by 10 ft, glass column packed with 1.5%
SP-2250/1.95X SP-2401 on 100/120 mesh Supelcoport using nitrogen carrier gas at 2
flow rate of 24 mi/min,

RESULTS

Results of the laboratory-scale PCB composting studies gre summarized in Tables 2 and
3. The asrobic composts showed the greatest reduction in PCB concentrattion with a
41.6 to 48.1% decrease in 2 weeks and 55.7 to 67.6% decrease fn & weeks, PCB
concentrations were not reduced as rapidly in anaerobic composts. A decrease of only
18.4 to 28.0% in the PCB concentrations of the anaerobic composts was observed after
2 weeks of anaerobic composting and 27.9 to 46.9% after 4 weeks.

Aroclor 1242 1s a mixture of chlorinated biphenyls composed of approximately 1%
monochlorobiphenyl, 16% dichlorobiphenyl, 49% trichlorobtiphenyl, 25% tetrachloro-
biphenyl, 8% pentachlorobtphenyl and 1% hexachlorobiphenyl (12). The normal method
for GC quantitation compares the total integrated area from all of the peaks in the
sawple to that of standards of similar chlorination. The methodology ytelds a
comparison of PCB concentrations in the experimental samples with the positive
controls but gives no information on the effects of treatment on the tndividual
chlorinated biphenyl isomers. To evaluate the effects of composting on the tndivtdual
isomers, areas of selected chromatogram peaks of the experimental samples were
normalized and compared to corresponding chromatogram peaks of the positive
controls. These comparisons for the 2 and 4-week aerobfc and 4-week anaercbic
composts versus the positive control (100X) are shown graphically in Figure 2.
Typical chromatograms are presented in Figures 3 and 4. After two weeks of aerobic
composting, a significant dacrease in the trichlorobiphenyls and one of the
tetrachlorobiphenyls was observed. No decrease in the higher chlorinated biphenyls
was observed. Howaver, after 4 weeks of aerobic composting, significant decreases in
a1l of the chlorinated biphenyls occurred with less than 25% of the trichlorinated
biphenyls remaining. Anaerobic composting at four weeks also showed significant
decreases in all of the chlorinated biphenyls,
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Table 2
AEROBIC COMPOSTING OF PCB CONTAMINATED SOIL

PC8 Concentration? 5 PCH

Sample Timel  pH /g Oscreased Comments
Positive Contro) 0 mD. 1591
Positive Contre) 0 n.0. 517 -
Negative Control 2weks 50 17 Met hay smell. Mot will composted.
Negative Contro) 2 weks 6.2 n Moderately damp, browm, composted,
Eaperimenta) A 2 weeks 5.6 908 41.6 et hay, moderately dmp, yeilow.
Experiments) ¢ wmeks 6.0 807 4.1 Moderately damp, brown, composted.
Neget ive Control 4 weeks 5.0 17 Not very demp, mot weli composted.
Negative Contro) 4 weks 5.4 ¥ 01d shoe smell, fungal growth.
Experiments) C 4 weeks 5.0 504 67.6 Less tham 60% moisture. Wet hay smell
Eaperimental D 4 weeks 5.0 (] 55.7 Sweet smel), <60X moisture, yellow.

1Tme of sacrifice with respect to compost set-up.

2pCh comcentratien st time of sacrifice

Jpecroase in PCH concentration besed on Lhe average control value of 1554 wg/y
N.D. = nmot determined,
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Table 2

ANAERO IC COMPOSTIMG OF PCB COMTAMINATED S07L

e By o PR e
Positive Contro) 0 N.0. 1591
Positive Contro) ¢ n.b. 1517
Megative Control z §.2 &
Megative Control ? 4.8 )
Exparimental A ? 5.0 1268 18.4
Experimental 8 2 4.7 s 28.0
Megstive Control ] 6.0 0
Negative Control 4 1.0 12
Expariments) C 4 $.5 825 46.9
Exparimental D 4 6.5 1120 21.9

Time of sacrifice with raspect to compost set.up,

2PC8 concentration at time of sacrifice,

Comment s

Nildew smeil, Might yollow.

Nildew smell, composted.

Nildew smell, yollow,

Musty smell, moderately composted
Met hay smm)], moderately composted.
Wet hay smell, moderately composted.
Sweet smell, fungal growth, brown,

Sweet tmell, dark color.

Ipecrease in PCY concentration based on the average control value of 1554 pg/g.

44.0. = not determined,
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DISCUSSION

The mechanism of PCB degradation in compost appears to be rapid dechlorination of
tiphenyls containing three chlorines or less since no build-up of the monc- or
dichlorinated compounds was observed. Dechlorination of the tetra- and penta-
chlorinated molecul.; is slower but does occur at a usefyl rate. No chlorinated
dibenzo-p-dioxins or dibentofurans were found in the chromatograms or in GC-mass
spectra of the composted sample extracts.

These preliminary laboratory-scale composting studies indicate that composting may
have potential as a method for on-site decontamination of soils or sediments
contaminated with PCBs. Aroclor 1242 concentrations of 2000 mg/Kg in the compost
materials {soil contaminated at 20,000 mg/Kg) were tolerated by the microbial
populations present in the composts and significant decreases in PCB concentrations
were pbserved.

Composting for decontamination of soil or sediment is relatively simple, requiring
only that the soil or sediment is thoroughly mixed with the compost mater{als.
Composting can be carried out in various ways. The most popular methods currently in
use are the windrow and forced aeration systems. In the windrow method, & pile or
windrow of waste material is periodically turned by & machine to mix and aserate the
organic matter. Anserobdic and serobic decomposition occur in this system with serobic
decomposition resuming each time the material is turned. Generdlly composting
temperatures are lower in this system than in other systems and non-uniform
biodegradation of organic materials may result. A second method, enclosed systems,
requires a complex mechanical system which gives more rapid composting than the
windrow system. These bioreactors are designed to provide operational control over
envirommental conditions such as air flow, temperature and mixing and to isolate the
composting material from the surrounding envirorment. A third method, the Beltsville
Agrated Pile Method was developed &t the Beltsville Agricultural Research Center for
composting of undigested sludges. In this forced aeration system, compost materials
are mixed and bulking saterials are added as needed. The compost pile is placed on &
base of woodchips covering perforated plastic pipe. Air is drawn through the pile via
the perforated pipe in the basa of the pile. The major advantages of this system are

the production of a stable humus-1ike organic material, low capital investment and
low energy reqQuirements.

Composting for degradation of PCBs in 5011 or sediment should be further evaluated to
answer the following questions:
MONS 214916
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. What is the maximum PCB concentration tolerated by the compost
organisms?

What is the effect of the PCB chlorine content on composting?

What is the mechanism of PCB degradation in compost and what ara
the byproducts?

. What effects will different soils have on PCB degradation in
composts?

. What type of compost system is best suited for degradation gf PCSs
in s0i1?

. What are the rates of PCB degradation for the different chlori-
nated biphanyls?

. What is the optimal composting time to achieve maxima)
PCB degradation?

. Can the microbial populations responsible for PCB degradation in
composts be fmproved?

Degradation rates as determined by laboratory-scale studies will provide a conserva-
tive estimate of rates in large-scale systems. Degradation rates observed in larger
systems may be twice as rapid as those observed in the laboratory scale studies, The
major advantages of composting include on-site decontamiantion, production of a
potentially useful organic material as a plant nutrient or sofil conditioner, low
capital investment and low energy requirements.
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Have you looked at pH - buffering?
A, Not in this study.

Did you look at 2 carbon trap to see if tamperature was actually
driving the PCB out?

A, HNo - we did not anslyze traps.
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ABSTRACT

A laboratory experiment was conducted to determine {f polychlorinated biphenyls
(PCB's) found in an industrial sewer sludge can be effectively degraded by mutant
bacteria. The aserated sludge was inoculated daily with mutant bacteria in oraer
to augment the existing bacteria with bacteria that were considered to be capable
of degrading FCB's. The pH, nitrogen, and phosphorus levels were monitored daily
to maintain an optimum growing medium for the bacteria, A gis chromatographic
method was used to determine the PCB concentrations of the sludge initially and
also throughout the experiment. Results and discussion of the bacterial treatment
of polychlorinated biphenyls are presented in this paper.
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SUMMARY

A 9D-day laboratory sized experiment was conducted to determine the viebility of
using mutant bacteria to decontaminate an industrial type sludge that was con-
taminated with polychlorinated biphenyls (PCB's). The contaminated sludge samples
were obtained from an industrial waste sewer lagoon system which is an integral
part of & water pollution control facility. Four representative samples of sludge
were selected for treatment with mutant bacteria. The samples originally contained
the PCB Aroclor 1260 in concentrations ranging from 135 to 232 parts per million
(ppm), 1In addition to the four samples, a fifth sludge containing only three ppm
of Aroclor 1260 was spiked with nearly 1000 ppm of Aroclor 1260, This spiked sam-
ple was used to determine whether high concentrations of PCB's in sludge would be
affectd by the bacteria.

The five samples were inoculated daily with mutant Pseudomonas ae}-uginosa bacteris
that had a potential for degrading PCB's. The nitrogen, phosphorus, and pH levels
were monitored daily to maintain & growing medium for the bacteria,

At the completion of the 90-day augpmentation period, the concentrations of the
PCB's in the sludge sampies were found to be higher than the original concentra-
tions. The cause of the apparent increase in concentrations has not been fully
understood. One possibility {s the biodegradation of the sludge in which the
sludge 15 metabolized and broken down into lightsr molecules. The lighter sludge
increases the concentration of PCB on & weight-to-weight basts.

The spparent lower PCB concentration found around 20 days after inoculation sug-
gests that the PCB was absorbed by the bacteria, thereby causing the apparent
decrease in the PCB concentration of the sludge. After 20 days, tha bacteria began
to die, perhaps caused by the build up of toxic metabolic wastes, and subsequently
released PCB back into the sludge without having metabolized the PCB molecules,
Thus, the experiment can be summarized as that the PCB in the sludge was absorbed
by the mutant Pseudomonas aeruginosa bacteria for 20 days. After 20 days, the
bacteria began to release the absorbad PCB's back into the sludge which by now has
been degraded into lighter molecules. Thus, the PCB concentration sppeared to
decrease at around 20 days, then increase after 20 days. Under the constraints of
this experiment, the PCB was absorbed by the bacteria, but was not degraded.

4-136
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Section 1
INTRODUCTIGN

Polychloringted biphenyls (PCB's) are chlorinated aromatic organic compounds that
are commonly used as dielectric fluids in capacitors and transformers, Thetir
physical and chemica) properties are such that they are chemically and thermally
stable, fire resistant, essentially non-conductive, and have a low solubility in
water.

Because of their chemical and physical stability, they are virtually indestructible
when spilled into the environment, whether accidently or discarded for disposa)
purposes. High temperature combustion processes and special chemical treatment
methods are evolving which are used to destroy the PCB's or to degrade the compo-
nents into non-toxic materials. The U.5. Environmental Protection Agency has
established a level of 50 parts-per-million above which materials must be disposed
of in a Federally approved landfill or incinerator. Other treatment and cleanup
methods are under investigation, and one of the most appesling concepts is bio-
logical treatment in which bacteria is used to degrade PCB's in situ.

Early studies in the use of bacteria for the degradation of specific chemjcals
reported in 1970, have shown that biphenyl can be degraded by gram-negative
bacteria isolated from soil {Ref. 1). In that study, biphenyl was converted to
phenylpyruvate in a salt medium. Other studies of biphenyl degradation involved
bacteria such as Pseudomonas putida, Beijerinckia species, and & strain of Mucor.
For the metabolism of pure chlorinated biphenyl (not PCB), Rhizopus japonicus was
used to convert 4-chlorobiphenyl to 4-chloro=-d-hydroxybiphenyl, Two species of
Achromobacter, isolated from sewage effluent, degraded bipheny) to benzoic acid,
and 4-chlorgbiphenyl to d4-chlorobenzoic acid. However, no natural bacteris was
found to successfully degrade pclychlorinated biphenyls, which are mixtures of
many chlorinated biphenyls,

If bacteria that can degrade PCB's are found, they most likely will be developed
through genetic engineering. The use of such mutant bacteria would be particularly
effective {n the treatment of soils, sludges, and waste water for the decontamina-
tion of PCB's in those environments., Contaminated waste water lageons would not

4137 MONS 214922



require the subsequent draining and physical removal of PCB contaminated soil and
sludge. The lagoon could be conveniently treated by adding & mutant bacteria in
situ and effect & clean up process at a relatively low cost and with 1ittle effort.

To determine the feasibility and effectiveness of bacterial augmentation, & labo-
ratory experiment was conducted using PCB contaminated sludge samples from an
industrial sewer lagoon. By using the actual sludge samples from the lagoon, this
experiment was to provide insight as to whether the lagoon can be decontaminated
by mutant bacteria. This paper describes the experiment and discusses the results
of using mutant Psuedomonas aeruginosa bacteria with PCB contaminated sludge
samples.

MONS 214923
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Section 2
EXPERIMENT

The industrial sewer lagoon used for this study is part of a six-lsgoon water
pollution control facility which receives decante waters generated from waste tanks
that process rinse waters and liguid wastes generated by metal plating and tube
cleaning faciiities. This lagoon serves &s an equalization pond holding about

3.5 million gallons of waste water. An earliier investigation indicated widespread,
low-1evel PCB contamination in the lagoon. Few sites were found to be contaminated
with PCB's in excess of 50 parts-per-million (ppm) of Aroclor 1260, The EPA regu-
lated concentration is 50 ppm,

In order to fully determine the magnitude and extent of PCB contamination in the
lagoon, an extensive sampling program was conducted. Sampling squipment was loaded
in a boat and towed to the selected sampling points, Core samples of sludge and
the sediment were cOllected. Average depth of the sediment was about six inches
with the base material of clay., These samples were analyzed for PCB concentra-
tions which ranged up to the highast concentration of 467 ppm. A definite water
flow pattern was observed in which the intet of the lagoon contained the highest
concentrations and toward the discharge outlet the concentrations gradually
declined.

After contamination levels were determined, many alternatives and possibilities
were considered for decontamination of the sewer lagoon. The alternatives ranged
from closing the lagoon; permanently fixing the sediment into concrete-)ike mate-
rial; biclogical and physiochemical methods; to physically dredging the sediment
for disposal, treatment, or incineration. Many other possibilities were also con-
sidered, but one of the most attractive alternatives was the in-place degradation
of PCB by microorganisas. If this microbiological method proved valid, draining
of the lagoon water and physically removing the siudge would not be required.
Using the sludge samples that had been analyzed for PCB, a small laboratory
experiment was carried out to determine whether biological degradation of PCB's
would be feasible for the ingustrial waste lagoon. Glass dessicators with
4pproximately 2-1iter capacities were used as experimental tanks. Five such $ludge
tanks were charged with the first tank containing about 450 grams of sludge with
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205 ppm concentration of PCEB. Water was added to bring the agueous level up to
one liter. The second tank contatned 50 grams of sludge with 222 ppm PCB diluted
to one liter. The third tank wis two Iiter tank containing 100 grams of sludge n
which 980 ppm of Arocior 1260 was added to the sludge originally contatning 3 ppm.
This tank was started to determing whether high concentration of PCB in the sludge
would be affected by the bacteria, and to roughly determing the degradation rate
to see how long the trestment would be needed to bring the conceatration below the
50 ppm level. The fourth tank contained 50 grams of sludge with 135 ppm, and the
fifth tank had SO grams of sludge with 232 ppm diluted to one liter.

These experimental sludge tanks were inocculated with the mutant Pseudomonas
aeruginosa bacteria gbtained through & biochemical firm that has considerable
exparignce and expertise in genetic engineering. The bacteria culture which was
contained in & bran base was prepared for augmentation by soaking the culture 1n
witer for six to ning hours with a pinch of sodium bicarbonate. The initial dosage
rate was 0.1 grams of the cultyre per one liter, then the dosage rate was gradually
decreased over 20 days to & maintenance level of 20 milligrams pear liter. Along
with daily supplementation of bacteria, a nutritional balance for biologica!
activity was maintained each day. The dissolved oxygen was kept at sbout 7 ppm
level by aeration of the tank and agitation of the slurry. The ph level was main-
tained at 7.5, and nitrogen as asmonia determined by the Nessierization method was
over S ppm level. The phosphorus as ortho-phosphate was determined by the molyb-
date metnod and maintained at 1 ppm. The temperature of the tanks was kept at
about 75° F.
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Section 1
RESULTS Adi) DISCUSSION

In monitoring the sludge tanks daily, the gensral trend has been the drop in the
pH and nitrogen, while phosphorus concantration remsined above 1 ppm level. No
particular pattern was observed other than a need for almost daily addition of
sodium bicarbonate to bring the pH up and an ammonium compound to Supplement the
nitrogen level. To compensats for nitrogen loss, ammonium hydroxice was used if
the pH dropped to about 6.8, and ammonium nitrate was used if the pH was near
7.5 level,

During the augmentation pariod, biological activity in the tanks was monitored
biweakly. An ordinary microscope at 100 magnification and a phase contrast
microscope &t 400 magnification were used to insure the presence of active orga-
nisms in the tanks. As activated slyoge is formed and ages, there is a successive
predominance of protozoans and rotifers which correlates with the bacterial popu-
lation (2). In general, as the bacteris population increases, flagellates become
predominant. When the bacteria populetion is at the maximm, free swimming
ciliates are the predominant organisms. As the bacteria population declines,
rotifers become predominant. [n the sludge tanks, the protozoans ang rotifers
were observed with the flagellates and free swimming ciliastes as the predominant
organisms. At about the middle of the augmentation period, the number of the
higher organisms &ppeired to have sharply declined. Toward the end of the augmen-
tation period, the higher organisms werse almost absent.

In the last 12 days of sugmentation, a large amount of bacteria was added to each
tank along with supplemental food to provide an additional carbon source. The
population of microorganisms correlates with the sludge conditions, in that the
sludge starts to age and breaks down whean the population of microorganisms is at
the maximum. The sludge becomes digested and the food source for the bacteria
becomes diminfshed. With further digestion of sludge, the organisms eventually
utilize the interns] msterial through endogsneous process, resulting in the
diminished population. Near 12 days toward the end of the aupmentation pericd,
the sludge appesred emulsion-1ike and the higher organisms were almost absent.
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This indicated that the microorganism population had severely declined due to Jack
of an externa! food source. Although a large amount of bacteria was added along
with supplemental food, no improvement was observed.

The results of bacterial augmentation over & 90-day period are presented in the
Table. These results werz obtained by analyzing the siudge samples by 4 gas
chromatographic method. A sample of sludge was weighed, then PCB was extracted
with 1:1 acetone and hexane mixture using an ultrasonic bath. Extracted PCB was
analyzed by a gas chromatograph equipped with gn electron capture detector. This
analytical instrument was fitted with & two-metar glass column packed with 3% Ov-1l
on B0-100 mesh Chromosorb W-HP and maintained at 200° C. The carrier gas was
ultrapure nitrogen at a flow rate of 25 milliliters per minute. The injection
port was kept at 250° C. and the detector was maintained at 300° C. The output
of the gas chromatogréph was recorded on & 1 mv strip chart recorder. The PCB
chromatogram of the sample was quantitated from the standard chromatograms.

As shown in the Table, PCB in the industrial sewer sludge appears not to have been
degraged by the bacteris over 90 days period. [n these sludge tanks, the final
concantrations of PCD at the end of 90 days are higher than the starting concen-
trations, although in Tank 2 the concentration is decressed slightly. This smal)
decrease in Tank 2 cannot be regarded as an indication of bacterial degradation of
PCB, sifce the fluctuation betwesn the anlysis dates and the precision of sampling
and anaiytical method could cause this small difference.

An interstting observation from the results is the apparent dip in the concentra-
tion around 20 days from the beginning of the experiment. After this 20-day
period, the concentration rises and remains at an elevated level. Although it is
possible that the sampling and the analysis may be in error, this initial dip in
the PCB concentration of the sludge might indicate an effective biological activity
in the first 20 days, after which the biological activity appesars to have ceased.
The spparent lowsr concentration suggests that the PCB was degraded or absorbed by
the organisms present in the tanks. Since the PCB concentration increases after
20 days, tha absorbed PCB may be subsequently released back into the sludge,

Perhaps, after about 20 days, the sludge tanks becoma satyrated with materials
such as the bacterial metabolites that may attack or cause the bacteria to de-
compose and release the absorbed PCB back into the environment, This is difficuit
to substantiate because limited dats is available. With so many varigbles that
can adversely affect the microorganism population, i1t s conceivable that the
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organisms have decomposed since the microorganism popuiation declined as the aug-
mantation period progressed.  Another supportive factor is that the experimental
sludge tanks are essentially batch reactors 1n which no water flows in or out of
the tanks on a continuous basis. All added materials and metabolic wastes are
accumulated in the tanks. [f PCB was metabolized or degraded by the bactertia in
order to gain energy and ennance growth, the PCB pesks in the gas cChromategrim may
show an indication., Possibly, one or more gas chromatographic peaks may be de-
creasing faster than the other peaks since PCE containg & @ixture of chlorinated
biphenyls. This hypothesis could not be fully tested because of apparent risg in
411 PCB peaks after the 20-day pariod.

The apparent rise in the PCB level cannot be explained at this point, but one
possible explanation is that the organisms may be preferentially attacking the
abundant carbon source of the sludge before attacking the PCB. This may have the
effect of incressing the PCB concentration, on & waight-to-weight basis, in the
biodegraded sludge. Therefore, when a sample of sludge is weighed out and ana-
Tyzed, the concentrition of PCB would appear to be higher as shown in the results.
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Section &
CONCLUOING REMARKS

In each of the five experimental sludge tanks, the bacterial augmentation over a
90-day period resulted in an apparent increase in the PCB concentretion. At the
end of 90 days, the final concentrations of PC8 in the industrial sewer sludges
were higher than the original concentrations. Thase rasylts may be due to the
sludge being degraded prior to PCB and due to the sludge tanks becoming toxic to
the bacteria by the bacterial metabolites that ceuse the bacteria to decompose and
release absorbed PCB back into the sludge.

It sppears that around 20 days after the sugmentation, microorganisms released the
absorbed PCB back to the sludge without metabolizing or breaking down the mole-
cules. In this case, if a continuous water system was used to allow a flow of
water in and out of the sugmentation system, the PCB concantration in the sludge
would be decreased by the organisms with absorbed PCB being carried away with the
witer flow.

At any rate, the mutant bacteris of Psgudomonas seruginosa used in this experiment
did not degrade the PCB's found in the sludge from an industrial sewer lagoon. It
1s important to test each PCB contaminated material to determine the feasibility

and effectiveness of bacterial sugmentation prior to an actual field demonstration.

MONS 214929

a-144



Ny

1.

2.

Section 5
REFERENCES

0. Hutzinger, 5. Safe, and V., 2itko. The Chemistry of PCB's, Boca Raton,
Florida: CRC Press, 1974, pp. 143-148,

R.E. McKinnsy and A. Gram. Protozoa and Activated Sludge. Sewage ane

No.

21
24

35
42

§7
75

9

TABLE:

RESULTS OF PCB CONCENTRATIONS
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Q1.

Qz.

Q3.

Discussion

How or why did the increasa in ppm occur?
A. The emulsion siudge is & much lowsr density and-it coatains both

l1ive and dead organisms.

Why was that particular strain of Pseudomonas seruginoes used?
A.  That strain had been ysed in jet fus) tanks, we sc decided to

use the same on the sludge.

Is 90 days enough time?
A. That was the allowabdle test period.
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DESTRUCTION OF HIGH CONCENTRATION PC3a -
IN A UTILITY BOILER

T. Z. Siadhoff, C. A. Zala, and H. E, Morris
Unfon Elactric Company

INTRODUCTION

As with modt alactric utilitiee and othar {ndustrial concarns, Unien Zlactric
Company producas sigaiffcant quintitias of westa oil snd othar combustibla pro-
ducts during tha courss of norwsl businasa activity. Tha graataat majority of
thesa wvasteés coma from two primary sourcas; 1) dialectric fluide uaad {n alactri-
cal equipment, snd 2) lubricatiang oils ujed in motor vehiclas and largs power
plant machinary. Because of pravious msnufecturing and servicing proceduras,
some nineral ofl dialactric fluide vill insdvartantly contain the chesical com~
pound polychlovinated biphenyl or PCE in varyiag but gemerally low
concantrationa. Other dielactric fluida, known gensricelly aa askarel, {nten-
tionally contain about 60 parcent PCBs for a apecific purposa and usa. In com~
parisen to msmy other orgenic chemicsls the sciantific {nformation aveilable
would seem to indicate that PCBe are ralatively low fn toxicity. Rovever,
becauas of thelr axtrems stability and bicaccumulative nature and the inaxsct
natura of the sciance in this ares, prudeat actfon requirsa thet specisl cars be
takan to ses thet thees fluide are diaposed of properly.

On May 31, 1979 ctha U.§. Environmental Proteaction Agency promulgated regulations
(44 FR 31314) rigidly goveraing the hendling of PCBa. A kay featurs of this reg-
ulation fa the grouping of PCB waats liquida into three categorias with diffaring

disposal optiona for sach group. Tha claasificstions and their dispoaal eptions
ara:
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1) Por thoas ligquide conctafning 300 ppm PCRe or graater, dispossl must
take placs {n sn incinerstor wvhich compliss with tha provisions of
40 CPR 761.70 ("PCB i{ncinatator” raquirements).

2) For thosa liquide containing between 50 snd 300 ppe PCE thera srae
thras disposal options; burning f{n & PCB {ncinarator; placement in &
landfill which compline with the proviaions of &0 CFR 761.75 (“chemical
vaats landfill” requiremants), or incinaration {n a high afficiancy
boiler masting specific raquirements,

1) Finally for thoaa liquide containing leas than 50 ppa PCBe, no dirsct
reatrictions ars placed oan thair disposal except that thay cannot be
uaed as sealants, costings or dust control agents.

With the promulgstion of this raguleticen Union Elsctric begen to axsmine which
options bast aat the Company's dispossl nesds end objectives. Continufng and
substentfal liabilities for thase wmstes aven efter proper dispossl in sccordence
wvith reguletions made landfilling undesirebls. Hovavar, PCB liquid f{ncineretion
coats wers high. Thersafore, Union Electric decided to pursus ths high efficiency
boilar disposal option for contesinsted ofl. This slternstive was attrective
becauss Lt allowed Unfon Electric to maintein control of tha subetance through
1ts ultinats disposal. As wall, the resource was not vastsd {n that tha snergy
valua of the oill wes racovared through gensration of slectricicy.

Oa July ?, 1980 Union Electric raquestad epprovel to dispose of 30 to 500 ppe PCB
1iquide in their Labadia Plant Unit # located near Labadie, Mieeouri. During
November 1900 public mestings vers held and in sarly Janusry, 1981 9 sarfas of
trisl burne wars coaducted while the steck affluent, seah, and esbient air in the

aucrrounding area ware careafully monitored., Ho I Be ware detectad in any of thase
.-"“o

On May 26, 1981 the M{asouri Department of Natural Rescurces certified the boiler
88 & rasource racovary facility and on the folloving day approval under tha PC3
rule was granted by EPA Region VII.
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With this spprovel Union Elactric solved {ts PCB contaninsted oil dispossl
problas, Howaver, it did not solve the probles of disposing of thoss liquids
graster cthen 500 ppe and eepecielly sekarsl. For digleccric fluids contetining
graster then 500 ppa PCBe, the regulations disallow the high afficlency boilar
sathod of digpossl, snd dilutfon to lower PCB concentrations Ls also deened
1llegsl, As prsvicusly noted, dispossl of thase fluide must taka place in an in-
cinsrscor vhich ssete stringent standerds ssteblishad in the ragulationms.
Hovavar, this requiresent i{s not abecluts, Tha Regional Administretor haa ths
authority under 40 CFR 761,10(e) co approve alternative dispoeal methode 1if they
can bs shown equivelent to a PCE {ncinerator end {f thay will not present sa yn-
ressonable riek of Lnjury to health or the environment. Union Llectric carefully
sxsminsd the daaign and operstional fsatures of tha Labadie Unit #4 gnd dacsr-
sined thet such s demonetretion could be made for this facility while burning sn
oil/asksrel blend containing $ percent PChs in conjunction with pulverizsd coal
as the primary fusl source. Therefore in December, 1981 Union Llectric inttisted
formal discuseions with EPA Region VII which ultimataly resulted in approvsl of
the eystea presented harein,

Thie papar deseribes the enginesring anslysis of the design feeturea and opera-
tional persmetérs which lsad to the conclusion thet the boiler can sesentfelly
destroy all PCBa introduced and the resulte of a carefully planned teet burn
vhich wae conducted to confirm thess coaclueione.

SOILER DESCRIPTION

Labadie Unftt M fe¢ the newest of four 600 mepavatt (M/) coal fired gensrsting
unita located on the south bask of the Miseouri Rivar {n Franklin County neer
Labadte, Miesouri,

The boiler (Pigure 1), which ie ettentially identical to ths other thres botlers
at the eite, 1e a tangentielly fired unit manufactursd by Combuation Engineering
Inc. and vae placed (n commarcial opsration In Auguat of 1973, The boiler hse a
naxioum coantisvous rated (MCR) hest input of 5387 million BTV per hour which cor-
rasponde to ¢ bura rete of about 240 tone per hour of pulverized coal. The
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pulverized coal {s tranaported in air suapension from the coal aflls ro eix
levels of burners located st each of four corners of the boiler (Figure 2). The
coal 18 injected into the furnace cthrough the burners in such & manner ae to in-
timatsly eix with tha secondery alr and te foru a largs vortex about the botler’s
vertical ax{s thereby creating a huge, rotat.ng ball of flame. Ofil~fired wvaru-up
guns are provided between the bottom two coal burner levela for bofler warm-up
and to seeiat in stable coal {gnition during start=~up., One gua is located in
sach corner of the botler. At full load the flame tsmpareturs within the fire~
ball 1i» sbout J000°F and gas tesperatures at the superheater division panels ap-
proach 2400°F,

SYSTEM DESIGN

In preparing to burn PCBa et Labadie aignificent modificetions wers eeda to the
boilar and plant at conaiderseble expsnse prior to the initial test burn of conca=~
minstesd oil. The purpose in making these chengee was to provide ¢ well-designed
esysten solely for PCE waste ofl !;Meh uiniaiszee the exposure of this oil to the
environment and ineuree ite proper dieposal. After approvel to burn up to SX
PCBa it was declded to furthar sodify the systes to include sdditicnal atorage
capecity and blending fecilities, The following ie ¢ sors detailed deseription
of the various coamponents of this ayetes (see Tigurs 1),

Waste-01]1 Storage end Elesding

In order to store PC) comtaminated oil et the plant until sufficfent quantities
for blending and (ncimerstion have been generated, an existing tank located above
ground and immsdistely south of the plant hes been designated and prepared for
this purpose. In sddition am edjacest tank has been designated for blending 5X
PCI batchee for incissratioa. Both tenks ware previously used to store No. 2
fuel oil, ware built to conform to the Americen Petrolsum Ineticute (APL)
Standerd 630 eod meet sll eppliceble OSHA requiraments.

The oil tanks sre surroseded by a 5 foot high concrece block diks deaigned to
contain the entire volume of both tanks. 1In addition, the areas bstwesn the
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Pinslly, ve are euczostly osied recambinast DNA teskeiques te oslces fragmeets of
B850 DNA oo o Cirst step tovsrd ideatifying snd oharseterising the gome(s) speci-
fying the ensymas of the PCB dogredstive pothway im thie strsin. Thia will sllow
os to develep se madezasteadisg of both the strusture end regulation of theeo
emEymOs. -

SUMDARY

¥o hsve isolsted sad shersetarised two distiset organioms., Alsaliszenes sutrophes
HB30 and COorynebastoacimm op. MB1. whieh eateesively degreds Azeslor 11245, ¥t
vhioh oxhibit claer differsnses iz the partienlsr sempencrs vhigh sre dagraded.
In gemarsl, PCR sompemars vith the 3.4,4°' subetitatien pottera ere astabolized
rapidly by MB1, bat poerly by R850. Ia cantrast, anmy sesgenars ashatitated ot
positions 2.5,2' sre repidly degredad by H330, bt not by MB1l. The preduetion of
setabolites umequivesslly oeetsblishes that this ie imdesd degradstien. Same
. dagradation preduets, imcluding ehlerobanzcstes, are otmmon to both orgsniams.
aat is many seses the msjor aetsbolitas predaced by RE50 ere maiqwe. These date
set most reedily expleined by postuletisg that the anjer pathwey of PCB metsbol-
iem in NB30 stilincs o dioxygeaase vhioh prefereatielly sttasks ot sarbos posi-
tions 3,4, If this i0 the eene, it vill o the first demonstration of imvolve-
aent of s 3,4 dicaygaases in the biedegradation of bvipheayl or PCs., In eon—
trast, MB1 prodably amploys s mers sommon 2,3 dicxygenses mesheaimm, Fimslly,
the two orgaaisme harbor éistinet plamaide vhioh mey bo iavelved is PCR degrada-
tion, We sro mow in en sxesllest position to bogin reslisisg cur long-term

gosls, mamely, saderstending the bicshamistry and peseties of dastarisl POR
dagredation,
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Diescuseion

Ql. len't thia process limited to a specific Aroclore?
A. Yea, the study so far hae besn linlted to site-contaminated with
1242. VWould need to isolete microbecteria from other aites o

study othar Aroclors, -
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COMPOSTING FOR OEGRADATION OF PCBs IN SOIL

Jenefir 0. Isbister
George L. Anspach
Judith F, Kitchens

Atlantic Research Corporation
Alexandria, Virginis 22312

ABSTRACT

This study evaluated aerobic and anaerobic composting of PCE contaminated soil on 2
1sboratory scale. Composts were composed of alfalfa hay, horsefeed and Lakeland so!l
spiked to contain 2000 mg/Kg of Aroclor 1242 (dry waight basis). Warm humidified air
was drawn through asrobic compost materisls. Anserobic composts were flushed with
nitrogen. All composts were incubated at 550C.

After two and four weeks of incubation, compost materials were oven dried, ground,
subsampled and Soxhlet extracted for GC analysis. The aerobic composts showed the
greatest destruction of PCBs with 41.6 and 48.1%X destruction in two weeks and 55.7 to
67.6% destruction in four weeks. PCB destruction in anaerobic composts was 18.4 to
28.0% after two weeks and 27.9 to 46.9% after four weeks of composting. Individual
peak arsas from the GC chromatograms of contrcl and test compost extracts were
compared to determine the decrease of different PCB 1somers. A significant decrease
in the trichlorobiphenyls and one of the tetrachlorobiphenyls was observed in
extracts from the two week aerobic composts. After four weeks of aerobic composting,
significant decreases in 211 of the chlorinated biphenyls were observed, Anaerobic
composting showed significant reduction of all chlorinated biphenyls after four
waeks of composting. The mechanism of degradation appears to be rapid dechlorination
of biphenyls containing three chlorines or less since no build-up of the mono- or
dichlorinated compounds was observed. Dechlorination of the penta- and tetra-
chlorinated molecules is slower but does occur at a yseful rate. WO chlorinated
dibenzo-p-dioxins or dibenzofurans were found in the chromatograms or in the GC-mass
spectra run on the composted sample extracts.

[
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COMPOSTING FOR OEGRADATION OF PCBs [N SOIL

INTRODUCTION

Polychlortnated biphenyls (PCBs) are compiex mixtures of various chlorinated
biphenyls which were widely used because of their physical, chemical and biotogicatl
stabtlity as well as their high dielectric constant, PCBS have sntgred the
environment through spills and losses durtng manufacture, vaporization or lsaching
from PCB-containing formulations, leaks from sealed or partially sealed systems and
disposal of waste PCB (1). PCBS hava baen found tn ocean sediments, the atmosphere and
in many terrestrial and aguatic locations including both polar ice caps (2). Because

of their phystcal and chemical stability, these compounds are persistent eaviron-
mental poliutants.

Weathering and microbial processes degrade PCBs only to a limited extent in the
environment (3). Evidence {ndicates that PCBs may be biotransformed as well as
metabolized by some microorganisms (4,5,6). Several! investigators have reported
biotransformation of the lesser chlorinated biphenyls (mono- and dichlorobiphenyls)
to chlorobenzoic acid (7,4,8,9,10). Tucker et al. (§) showed that monc- and
dichlorobiphenyis were readily biodegraded by activated sludge but a&s concentrations
of the higher chlorinated bipheny!s increased, degradation rates decreased. Kong and
Sayler (9} simulated natura! river conditions to demonstrate the degradation and
mineralization of monochalogenated biphenyls by mixed microbial cultures from PCB
contaminated river sediments. Furukawa and Chakrabarty (11) demonstrated total
degradation of mono- and dichlorinated biphenyls using Acinetobacter or Arthrobacter
sp. containing a plasmid specifying conversion of chlorobiphenyls to chlorobenzoic

acids and a genetically constructed pseudomonad capable of metabolizing mono- or
dichlorobenzoates.

This paper describes & study in which composting was evaluated for decontamination of
soil containing PCBs. This study 1s part of a serias of expariments to determine the
applicability of composting techniques for the destruction of persistent hazardous
materials contained in a soil or sediment matrix.

EXPERIMENTAL MATERIALS AND METHODS

This study evaluated composting of PCB contaminated soil on a laboratory scate, Both
aerobic and ansarobic composting wers studiad to compare PCB bicdegradation in the

two systems. The experiments were carried out with soi1 that was intentionally spiked
with PCBs (Aroclor 1242),

. MONS 214944
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The experimental apparatus used in the laboratory studies is shown in Figure 1. Mason
Jars were used to contain the compost materials, A ring of plastic tubing with holes
drilled at /4 inch intervals was located beneath the compost in each jar, The ring
was connected to & glass tube which extended through the stopper in the top of the
Mason jar. For the aerobic composts, the tube was attachad to two traps in series, one
containing sodium hydroxide and the other water. A second tube inserted through the
stopper was attached to a series of traps containing sodium hydroxide, sulfuric acid
and activated carbon as shown in Figure 1. These traps were connected to a vacuum
pump, Warmed air was first drawn through a sodium hydroxide trap to remove any CO> and
then through a water trap to humidtfy the air and remove any caustic material. The
scrubbed air was then drawn through the compost materials, The atmosphere above the
compost was continually drawn out through sulfuric acid, sodium hydroxide and
activated carbon traps to remove any gaseous biodegradation products. The dead traps
prevent contamination of the composts or individual gas traps in case of vacuum
failure. For the anaerobic composts, the initial NeOH scrubbing trap was eltminated.
The anaerobic composts were inttially flushed with nitrogen to remove oxygen from the
system and were flushed every 3-4 days thereafter to change the atmosphere in the
composting vessels,

Each compost was made up of 23.7 g of alfalfa hay, 24.7 g Purina Sweetena Horsefeed
and & g of Lakeland soil (a total of 50 ¢ dry weight). The soil was spiked to
yield 2000 mg/Kg of Aroclor 1242 tn the tota! compost (dry weight basis). The compost
materials were thoroughly mixed and the composting process initiated by addition of
suffictent water (containing primary effluent and horse manure) to give the composts
a 60% moisture content. The composting apparatus was then placed tn a §5°C incubator
and attached to the vacuum system, The experimantal matrix for the composts fis
presented in Table 1, The temperature of each compost was monitored datly by means of
a thermocouple placed within the compost materials,

The composts ware sacrificed as spacified in ﬂml. t. At the time of sacrifice, aach
compost was examined for i1ts appearance and smell, A sample (approximately 1 gram)
was taken from the center of each compost and dispersed in distilled water (1:9 so01ids
to water ratic) to determine the pH of the compost. The remainder of the compost
material was dried in an coven at 600C for 24 hours. The dried compost materials were
ground with a hammer pulverizer to 18 mesh (1 mm) and the ground powder thoroughly
mixed. Two subsamples from each compost (approximately 3 to 4 grams) were taken,
weighed and Soxhlet extracted with a mixture of 40X benzene, 40X acetone, 10X hexanes
and 10X methanol. Extraction efficiency of Aroclor 1242 from uncomposted material
(positive controls) was 77%. Extraction efficiency from composted materials ranged

=121 - MONS 214945

3



ZIT-?

Thermocouple and
thermiztor Meter

Astivaied
Carpen frap
Abp  —— To
* Vacuum
Drying Meedia
Tubs Valve

NaOH H,0 Dead ,so‘ Dead NaOH
Trap Yap Trap Trap Trap Trap

Tubing

Figure 1. Laboratory Compost Aeration Apparstus

MONS 214946



EXPERIMENTAL MATRIX FOR COMPDSTS

Type of Compost

SPIKED LAKELAND SAND

A.
8.

Positive Controls

Negative Aerobic Controls {no
Aroclor 1242)

Experimental Aerobic Composts

Negative Anaerobic Controls {no
Arocior 1242)

Exper imental Anaerobic Composts

Table 1

4-123

Number

Time Sacri’iced

~n~N ~ N ~N N ~ N ~N

0 wesk

2 weeks
4 weeks

2 weeks
4 weeks

2 weeks
4 weeks

2 weeks
4 weeks
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from 83 - 89%. The extract was analyred on a Yarian 3700 gas chromatograph with
sutosanplier and electron capture detector. A Hewlett-Packard 5880 controller/
integrator was used to control the Yarian gas chromatograph. The G{ parameters were:
injection port - 2800C; oven - 170 to 230°C @ 150C/min; detector - 3009C. Separation
of the PCAs was accompiished with a 2 mm [.0. by 10 ft. glass colu&n packed with 1.5%
SP-2250/1.95% SP-2401 on 100/120 mesh Supelcoport using nitrzgen carrier gas at a
fiow rate of 24 mL/min,

RESULTS

Resuits of the laboratory-scale PCB composting studies are summarized in Tables 2 and
3. The serobic composts showed the greatest reduction {n PCB concentration with a
41.6 to 48.)% decrease in 2 weeks and 55.7 to 67.6X% decrease in 4 weeks. PCB
concentrations were not reduced as rapidly in anaercbic composts. A decrease of only
18.4 to 28.0% in the PCB concentrations of the anaerobic composts was pbserved after
Z weeks of anaerobic composting and 27.9 to 45.9% after 4 weeks.

Aroclor 1242 1s a mixture of chlorinated biphenyls composed of approximately 1%
monochiorobiphenyl, 16% dichiorobiphenyl, 49% trichlorobiphenyl, 25% tetrachioro-
biphenyl, 8% pentachiorobiphenyl and 1X hexachiorobiphenyl {12). The normal method
for 6C quantitation compares the total integrated area from all of the peaks in the
sample to that of standards of similar chiorination. The methodology yields a
comparison of PCB concentrations in the experimental samples with the positive
controls but gives no iInformation on the effects of treatment on the individual
chlorinated bipheny! 1somers. To evajuate the effects of composting on the {ndividual
{somers, areas of selected chromatogram peaks of the experimental samples were
normalized and compared to corresponding chromatogram peaks of the positive
controis. These comparisons for the 2 and 4-week aerobic and 4-week anaerobic
composts versus the positive control (100%) are shown graphically in Figure 2.
Typical chromatograms are presented in Figures 3 and 4. After two weeks of aerobic
composting, a significant decrease in the trichlorobiphenyls and one of the
tetrachlorobiphenyls was observed. No decrease in the highar chiorinated biphenyls
was observed. Howaver, after 4 weeks of aerpbic composting, significant decreases in
all of the chiorinated biphenyis occurred with less than 25% of the trichlorinated
biphenyis remaining. Anaerobic composting at four weeks also showed significant
decreases in all of the chiorinated biphenyls.
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Swple
Positiva Control
Positive Control
Negative Control
Negative Control
Experimental A
Experimgntal 8
Negative Control
Negative Comtro!
Experimantal C
Experimental 0

Jime!
[+]

0

2 weeks
2 weeks
2 weeks
2 weeks
4§ weeks
4 weelks
4 weeks

4 weeks

AEROBIC COMPOSTING OF PCB CONTAMINATED SOIL

N.D.
N.D.

5.0
6.2
5.6
6.0
5.0
5.4
5.0
5.0

Table 2

"Time of sacrifice with respect to compost set-up.

2pC8 concantration st time of sacrifice

PC# Concentration? 1 PCB
¥g/g Decrease?
1591
517
"
N
908 41.6
80?7 48.1
"
35
504 62.6
688 55.7

Comments

Wet hay smell. Mot wl) composted.
Moderatsly dasp, Srown, composted,
Wet hay, moderetaly damp, yellow,
Moderate{y damp, brown, composted.
Not very damp, not well composted.
old shoe smell, funga! growth.

Less than 60X moisturs. Wet hay smelf.
Sweet smell, <608 moisture, yellow.

3pecrease In PC concomtration based on the average control value of 1554 ug/g
N.O. = not determined.
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Sample
Positive Control

Positive Control
Negative Control
Negative Contro}
Experimentsl A
Experimentai 8
Negativa tontrol
Negative Control
Cxperimenty) C
Exper imental 0

Timg!
{wenks)

[
0
?
2
4
2
4
4
]
]

.

N.D.
N.D.
$.2
4.3
£.0
4.7
6.0
7.0
§.5
6.5

Table 3

AMAERORBIC COMPOSTING OF PCB CONTAMINATED SOIL

PCB Concentrat fon? 1 PP
Decreased
1591
LAY
6
8
1268 18.4
119 20.0
10
12
825 %.9
1120 21.9

Hime of sacrifice with respect to compost set-up.

2pCh concentration at time of sacrifice.

Comments

Hildew smel), Jight yellow,

Nildew smeli, composted.

Nildew smell, yailow,

Musty smel}, moderately composted.
Wet hay smel}, moderately composted
Wet hay smell, moderately composted.
Sweet smell, fungal growth, brown.

Sweet smell, dari color.

Jpecreass tn PCO coacentration based an the average contro) value of 1554 w/g.

8.0, « not determined.
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DISCUSSION

The mechanism of PCB degradation in compost appears to be rapid dechiorination of
biphenyls containing three chiorines or less since no build-up of the mono- or
dichlorinated compounds was observed, Dechlorination of the tetra- and penta-
chiorinated molecules is slower but does occur at a useful rate. Mo chierinated
dibenzo-p-dioxins or dibenzofurans were found in the chromatograms or in GC-mass
spectra of the composted sampie extracts.

These preliminary laboratory-scale composting studies indicate that composting may
have potential as a method for on-site decontamination of soils or sediments
contaminated with PCBs. Aroclor 1242 concentrations of 2000 mg/Kg 1in the compost
materials {soil contaminated at 20,000 mg/Kg) were tolerated by the microbial
populiations present in the composts and significant decreases in PCB concentrations
were observed,

Composting for decontamination of soil or sediment is relatively simple, requiring
only that the soi) or sediment 1s thoroughly mixed with the compost materials,
Composting can be carried out in various ways. The most popular methods currently in
use are the windrow and forced aeration systems. In the windrow method, a pile or
windrow of waste material {s periodically turned by a machine to mix and asrate the
orgenic matter. Anaerobic and aerobic decomposition occur in this system with aerobic
decomposition resuming each time the material {s turned, Generally composting
temperatures 4re Jower 1in this system than in other systems and non-uniform
biodegradation of organic materials may result. A second method, enclosed systems,
requires a complex mechanical system which gives more rapid composting than the
windrow system. These bioreactors are designed to provide operational control over
environmental conditions such as air flow, temperature and mixing and to isolate the
composting material from the surrounding environment. A third method, the Beltsville
Aerated Pite Method was developed at the Beltsville Agricultural Research Center for
composting of undigested sludges. In this forced aeration system, compost materials
are mixed and bulking matertials are added as needed. The compost pile is placed on a
base of woodchips covering perforated plastic pipe. Air is drawn through the pile via
the perforated pipe in the base of the pile. The sajor advantages of this system are
the production of a stable humus-1ike organic material, low capital investment and
low energy requirements.

Composting for degradation of PCBs in 3011 or sed iment should be further evaluated to
answer the following Guestions:

MONS 214954
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“

. What 1s the maximum PCB concentration tolerated by the compost
organisms?

What 1is the effect of the PCB chlorine content on composting?

What is the mechanism of PCB degradation in compost and what are
the byproducts? -

o  What effects will different soiis have on PCB degradation in
compos th?

] What type of compost system is best suited for degradation of PCBs
in soil?

. What are the rates of PCB degradation for the different chlori-
nated biphenyls?

] What is the optimal composting time to achieve maximal
PCB degradation?

] Can the microbial populations responsible for PCB degradation in
composts be improved?

Degradation rates as determined by laboratory-scale studies will provide a conserva.
tive estimate of rates in large-scale systems. Degradation rates observed in larger
systems may be twice as rapid as those observed in the laboratory scale studies. The
major advantages of composting include on-site decontamiantion, production of a
potentially useful organic material as a plant nutrient or soil conditioner, low
capital investment and 1ow energy requirements,
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Discussion

Have you looked at pH - buffering?
A. HNot in this study.

Did you Took at a carbon trap to see 1f temperature was actually
driving the PCB out?

A. No - we did not analyze traps.
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BACTERIAL DEGRADATION OF POLYCHLORINATED B]PHENYLS
IN SLUDGE FROM AN [NDUSTRIAL SEWER LAGOON
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ABSTRACT

A laboratory experiment was conducted to determine if polychlorinated biphenyls
(PCB's) found in an Industrial sewer sludge can be effectively degraded by mutant
bactéria. The aereted sludge was incculated daily with mutant bacteria in orcer
to augment the existing bacteria with bacteris that were considered to be capable
of degrading PCB's. The pH, nitrogen, and phosphorus levels were monitored daily
to maintain an optimum growing medium for the bacteria., A gas chromatographic
method was used to determine the PCB conCentrations of the sludge initfally and
4130 throughout the experiment. Results and discussion of the bacterial treatment
of polychlorinated biphenyls are presented in this paper.
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SUMMAR Y

A 90-day laboratory sized experiment was conducted to determine the viability of
using mutant bacteria to decontaminate an industrial type sludge that was con-
taminated with polychlorinated biphenyls (PCB's). The contaminated sludge sampies
were obtained from an industrial waste sewer lagoon system which 1s an integral
part of a water pollution control facility. Four representative samples of sludge
were selected for treatment with mutant bacteria. The samples originally contained
the PCB Aroclor 1260 in concentrations ranging from 135 to 232 parts per myllion
{ppm). In addition to the four samples, a fifth sludge containing only three ppm
.of Aroclor 1260 was spiked with nearly 1000 ppm of Aroclor 1260. This spiked sam-
ple was used to determine whether high concentrations of PCB's in sludge would be
affectd by the bacteria.

The five samples were inoculated daily with mutant Pseudomonas seruginosa bacteria
that had a potential for degrading PCB's. The nitrogen, phosphorus, and pH levels
were monitored dafly to maintain a growing medium for the bacteria.

At the completion of the 90-day augmentation period, the concentrations of the
PCB's in the sludge samples were found to be higher than the original concentra-
tions. The cause of the apparent increase in concentrations has not been fully
understood. One possibility is the biodegradation of the sludge in which the
sludge is metabolized and broken down into lighter molecules. The lighter sludge
increases the concentration of PCE on a weight-to-weight basis.

The apparent lower PCB concentration found around 20 days after inoculation sug-
gests that the PCB was absorbed by the bacteria, thereby causing the apparent
decrease in the PCE concentration of the sludge. After 20 days, the bacteria began
to die, perhaps caused by the build up of toxic metabolic wastes. and subsequently
released PCB back into the sludge without having metabolized the PCB molecules.
Thus, the experiment can be summirized as that the PCB in the sludge was absorbed
by the mutant Pseudomonas aeruginosa bacteria for 20 days. After 20 days, the
bacteria began to releass the absorbed PCB's back into the sludge which by now has
been degraded into lighter molecules. Thys, the PCB concentration appeared to
decrease at around 20 days, then increase after 20 days. Under the comstraints of
this experiment, the PCB was absorbed by the bacteria, but was not degraded.
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Section | -
iNTRODUCTION

Polychlorinated biphenyls (PCB's) are chlorinated aromatic orgenic compounds that
are conmonly used as dielectric fluids in capacitors and transformers, Their
physical and chemical properties are such that they are chemically and thermally
stable, fire resistant, essentially non-conductive, and have a low solubility in
water.

Because of their chemical and physical stability, they are virtually indestructible
when spilled into the environment, whether accidently or discarded for disposal
purposes. High temperature combustion processes and special chemical treatment
methods are evolving which are used to destroy the PCB's or to degrade the compo-
nents into nonetoxic materials, The U.S. Environmental Protection Agency has
established a level of 50 parts-per-million above which materials must be disposed
of in a Federally approved langfill or incinerator. Other treatment and cleanup
methods are under investigation, and one of the most appealing concepts fs bio-
logical treatment in which bacteria is used to degrade PCB's in situ.

Early studies in the use of bacteria for the degradation of specific chemicals
reported in 1970, have shown that biphenyl can be degrided by gram-negative
bacteria isolated from soil (Ref. 1). In that study, biphenyl was converted to
phenylpyruvate in a salt medium., Other studies of bipheny) degradation iavolved
bacteria such as Pswudomonas putida, Beijerinckia species, and a strain of Mucor.
For the metabolism of pure chlorinated biphenyl (not PCB), Rhizopus japonicus was
used to convert 4=chlorobiphenyl to 4-chloro-4-hydroxybiphenyl. Two species of
Achromobacter, isolated from sewage effluent, degraded bipheny) to benzoic acid,
and 4-chlorobipheny! to 4-chlorobenzoic acid. However, no natural bacteria was
found to successfully degrade polychlorinated biphenyls, which are mixtures of
many chlorinated biphanyls.

If bacterie that can degrade PCB's are found, they most likely will be developed
through genetic engineering, The use of such mutant bacteria would be particularly
effective in the treatment of soils, sludges, and waste water for the decontamina-
tion of PCB's in those environments. Contaminated waste water lagoons would not
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require the subsequent draining and physical removal of PCB contamingted soil ang

sludge. The lagoon could be conveniently treated by adding a mutant bacteria 'n
situ and effect 4 clean up process at a relatively low cost and with little effort.

To determine the feasibility and effectiveness of bacterial augmentation, a labo-
ratory experiment was conducted using PC8 contaminated sludge samples from an
industrial sewar lagoon. By using the actual sludge samples from the lageon, this
experiment was to provide insight as to whether the lagoon can be decontaminated
by mutant bacteria. This paper describes the experiment and discusses the results
of using mutant Psuedomonas aeruginosa bacteria with PCB contaminated sludge
samples.
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Section 2 -
EXPERIMENT

The industrial sewer lagoon used for this study is part of a six-lagoon water
pollution control facility which receives decante waters generated from waste tanks
that process rinse waters and liquid wastes generated by matal plating and tube
cleaning facilities. This lagoon serves as an equalization pond holding about

3.5 million gallons of waste water, An earlier investigation indicated widespread,
low=level PCR contamination in the lagoon. Few sites were found to be contaminated
with PCB's in excess of SO parts-per-million (ppm) of Aroclor 1260. The EPA regqu-
lated concentration is 50 ppm.

In order to fully determine the magnitude and extent of PCB contamination in the
lagoon, an extensiva sampling program was conducted. Sampling equipment was loaded
in & boat and towed to the selected sampling points. Core samples of sludge and
the sedtment were coilected. Average depth of the sediment was about six inches
with the base material of clay. These samples were analyzed for PCB concentra-
tions which ranged up to the highest concentration of 467 ppm, A definite water
flow pattern was observed in which the inlet of the lagoon contiined the highest
concentrations and toward the discharge outlet the concentrations gradually
declined.

After contamination levels were determined, many alternatives and possibilities
were considered for decontamination of the sewer lagoon. The alternatives ranged
from closing the ligoon; permanently fixing the sediment into concretelike mate-
rial; biological and physiochemical methods; to physically dradging the sediment
for disposal, treatment, or incineration. Many other possibilities ware algso con-
sidered, but one of the most attractive dlternatives was the in-place degradation
of PCB by microorganisms. If this microbiological method proved valid, draining
of the lagoon water and physically removing the sludge would not be required.
Using the studge samples that had been analyzed for PCB, a small laboratory
experiment was carried out to determine whether biological degradation of PCB's
would be feasible for the industrial waste lagoon. Glass dessicators with
approximately z-liter capacities were used as experimenta) tanks, Five such sludge
tanks ware charged with the first tank coqt|1n1ng about 45G grams of sludge with

4-119 MONS 214962



205 ppm concentration of PCB. Water was added to bring the agueous level up to
one liter. The second tank contained 50 grams of sludge with 222 ppm PCB diluted
to one liter, The third tank was two 1:ter tank containing 100 grams of sludge in
which 980 ppm of Aroclor 1260 was added to the sludge ortginally containing 3 ppm.
This tank was started to determina whether high concentration of PCB in the sludge
would be affected by the bacteria, and to roughly detérmine the degradation rate
to see how long the treatment would be needed to bring the concentratiom below the
50 ppm tevel, The fourth tank contained 50 grams of sludge with 135 ppm, and tne
fifth tank had 50 grams of sludge with 232 ppm diluted to one liter.

These experimental sludge tanks were inocculated with the mutant Pseudomonas
seruginosa bacteria obtained through a biochemical firm that has considerable
experience and expertise in genetic enginegring. The bacterta culture which was
contdined in a bran base was prepared for augmentation by soaking the culture n
water for gsix to nine hours with a pinch of sodium bicarbonate. The imitial cosage
rate was 0.) grams of the culture per one liter, then the dosage rate was gradually
decreased over 20 days to & maintenance level of 20 milligrams per liter. Along
with daily supplementation of bacteria, & nutritional balance for biological
dctivity was maintained each day. The dissolved oxygen was kept at about 7 ppm
level by asration of the tank and agitation of the slurry, The pH level was main-
tafned at 7.5, and nitrogen as asmonia determined Dy the Nesslerization method was
over 5 ppm lgvel. The phosphorus as ortho-phosphite wis determingd by the molyb-
date method and maintained at 1 ppm. The temperature of the tanks was kept at
about 75°* F,
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Section 3
RESULTS AND DISCUSSIDN

In monitoring the sludge tanks daily, the general trend has been the drop in the
pH and nitrogen, while phosphorus concentration remajned above 1 ppm level. No
particular pattern was observed other than a need for almost dafly addition of
sodfum bicarbonate to bring the pH up and an ammonium Compound to Supplement the
nitrogen level. To compensate for nitrogen loss, ammonium hydroxide was used if
the pH dropped to about 6.8, and ammonium nitrate was used if the pH was near
7.5 level,

Quring the augmentation period, biological activity in the tanks was monitored
biwsekly. An ordinary microscope at 100 magnification and a phase contrast
microscope at 400 magnification were used to insure the presence of active orga-
nisms in the tanks. As activated sludge is formed and ages, there s a successive
predominance of protozoans and rotifers which correlates with the bacterial popu-
lation (2). In general, as the bacteria population increases, flagellates become
predominant. When the bacteria population is at the maximum, free swimming
ciliates are the predominant organisms. As the bacteria population declines,
rotifers become predominant. In the sludge tanks, the protozoans and rotifers
were observed with the flagellates and free swisming ciliates as the predominant
organisms. At about the middie of the augmentation period, the number of the
higher organisms appeared to have sharply declined. Toward the end of the augmen-
tation period, the higher organisms were almost absent.

In the last 12 days of augmentation, a large amount of bacteria was added to each
tank along with supplemental food to provide an additional carbon source. The
population of microorganisms correlates with the sludge conditions, in that the
sludge starts to age and breaks down when the population of microorganisms {s at
the maximum. The sludge becomes digested and the food source for the bacteria
becomes diminished. wWith further digestion of sludge, the organisms eventually
utilize the internal material through endogeneous process, resulting in the
diminished population. MNear 12 days toward the end of the augmentation period,
the sludge appeired emulsion-1ike and the higher organisms were almost absent.
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This indicated that the microorganism population had severely declined due to 1ack
of an external food source. Although a large amount of bacterid was added along
with supplemental food, no improvement was observed.

The results of bacterial augmentation over i 90-day period are presented in the
Table. These results were obtained by analyzing the sludge samples by a gas
chromatographic method, A sample of sludge was weighed, then PCB was extracted
with 1:1 acetone and hexane mixture ysing an ultrasonic bath. Extracted PCB was
analyzed by a gas chromatograph equipped with an alectron capture detector. This
analytical instrument was fitted with a two-meter glass column packed with 3X OV.1
on 80-100 mesh Chromosorb W-HP and maintained at 200° C, The carrier gas was
ultrapure nitrogen at a flow rate of 25 milliliters per minute, The injection
port was kept at 250° C. and the detector was maintained at 300* C. The output
of the gas chromatograph was recorded on a | mv strip Chart recorder. The PCB
chromatogram of the sample was quantitated from the standard chroinatograms.

As shown in the Table, PCB in the industrial sewer sludge appears not to have been
degraded by the bacteria over 90 days period, In these sludge tanks, the final
concentrations of PCB at the end of 90 days are higher than the starting concen-
tretions, although in Tank 2 the concentration is decreased slightly, This small
decrease in Tank 2 cannot be regarded as an indication of bacterial degradation of
PCB, since the fluctuation betwsen the anlysis dates and the precision of sampling
and analtytical method couid cause this small difference.

An interesting observetion from the results is the apparent dip in the concentri-
tion around 20 days from the beginning of the experiment. After this 20-day
pariod, the concentration rises and remains at an elevated level. Although it is
possible that the sempling and the analysis may be in error, thig initial dip in
the PCB concentration of the sludge might indicate an effective biological activity
in the first 20 days, after which the biological activity appears to have ceased.
The apparent lower concentration suggests that the PCB was degraded or absorbed by
the organisms present in the tanks. Since the PCB concentration increases after
20 days, the absorbed PUB may be subsequently released back into the sludge.

Perhaps, after about 20 days, the sludge tanks become saturated with materials
such as the bactarial metabolites that may attack or cause the bacterfa to de-
compose and reledse the absorbed PCB back into the environment. This fs difficult
to substantiate because limited data is avatlable. With so many variables that
can adversely affect the microorganism population, it is conceivadble that the
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organisms have decomposed since the microorganism population declined as the aug-
mentation period progressed. Another supportive factor {s that the experimental
sludge tanks are essentially batch reactors in which no water flows in or out of
the tanks on a continuous basis. All added materials and metabolic wastes are
accumulated in the tanks. 1f PCB was metabol{zed or degraded by tim bacteria in
order to gain energy and enhance growth, the PCB peaks in the gas chromatogram may
show an indication. Possibly, one or more gas chromatographic peaks may be de-
creasing faster than the other peaks since PCB contains a mixture of chlorinated
biphenyls. This hypothesis could not be fully tested because of apparent rise in
all PCB peaks after the 20-day period.

The apparent rise in the PCB Tevel cannot be explained at this point, but one
possible explanation s that the organisms may be preferentially attacking the
abundant carbon source of the sludge before attacking the PCB. This may have the
effect of increasing the PCB concentration, on a weight-to-weight basis, in the
tiodegraded sludge, Therefore, when a sample of sludge fs wetghed out and ana-
lyred, the concentration of PCB would appear to be higher as shown in the results.
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Section 4
CONCLUDING REMARKS -

In each of the five experimental sludge tanks, the bactertal augmentation over a
90-day period resulted in an apparent increase in the PCB concentration, AT the
end of 90 days, the final concentrations of PCE in the tndustrial sewer sludges
were higher than the original concentrations. These results may be due to the
sludge being degraded prior to PCB and due to the sludge tanks becoming toxic to
the bacter{a by the bacterial metabolites that cause the bacteria to decompose and
release absorbed PCB back {nto the sludge.

It appears that around 20 days after the augmentation, microorganisms released the
absorbed PCB back to the sludge without metabolizing or breaking down the mole-
cules. In this case, 1f a continuous water system was used to allow a flow of
water in and out of the sugmentation system, the PCB concentration in the sludge

would be decreased by the organisms with absorbed PCB being carried away with the
water flow,

At any rate, the mutant bacteria of Pseudomonas aeruginosa used in this experiment
did not degrade the PCB's found in the sludge from an {ndustrial sewer lagoon., |t
{s important to tast each PCB contaminated material to determine the feasidility

and effectiveness of bacterial augmentation prior to an actual field demonstration,
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TABLE:

Tank

-

205
94

145

195

255

253
262

Tank
2

222
&5

206

154
162
174
157
181

RESULTS OF PCB CONCENTRATIONS
IN BACTERIA AUGMENTEQO SLUDGE, ppm

Tank Tank Tank
3 4 §
983 135 232
821 - -
m—— 110 210
962 —am -
- 1 258

1449 - e
e 165 275

1160 i -—e

1443 oo ———

1225 e o
1476 oo e
am 163 287
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Q1.

Q2.

QJ.

Discussion

How or why did the increase {n ppm occur?

A, The emilsion sludge 1s a much lower density and 1t _contatns both
o

live and dead organisms, s

i

Why was that particular strain of Pseudasonas asruginosa used?

A, That strain had been used in jet fuel tanks, we so decided to
use the same on the sludge.

Is 90 days enough time?
A. That vas the allowable test period.
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DESTRUCTION OF HIGH CONCENTRATION PCBa e

IN A UTILITY AOILER e

T. E. Siadhoff, C. A, Zalas, ond R, E. Morris
Union Eleccric Compmny

INTRODUCTION

As with most slectric utilitias snd other industrial concerns, Union Elsctric
Compeny produces significant quantitiee of waets o0il and other combustible pro-
ducte during the course of normal businses ectivity. The grestest majority of
these vastas coma from two primary sources; 1) dislectric fluids used in electri-
cal squipment, snd 2) lubricating oile used in astor vehicles and large power
plant machinsry. Because of previous msnufacturing and setvicing procadurss,
soms nineral oil dielectric fluids will insdvertently contain ths chesicsl com-
pound polychlorinated biphenyl or PCB in varying but generally low
concantrations, Other dialectric fluide, known genericelly es askatsl, inten-
tionally contain about 60 parcent PChs for a spscific purpose and usa, In com-
parison to many other orgenic chesicale the scientific information aveilsbls
wuld seen to indicate that PCBe ars relatively low in toxicity. Howaver,
becaues of their extreme stability and biosccumulative nature and the insxact
netura of the sciemce im this ares, predemt sction raquirss that special cara be
taken te see that these fluide ars disponad of properly.

On May 31, 197% the U.5. Environmantsl Procection Ageficy promulgeted regulations
(44 FR J1514) rigidly governing the hendling of PCBs. A key feature of this rag-
ulation is the grouping of PCB vaste liguide into thres categories with diffsring

disposal options for esch group. The classificetions and their dispossl options
are:
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1) For thoss liguida containing 500 ppm PCEe or grester, dispoesi sust
take plece in an incingretor which complies with the provisione of
40 CFR 761.70 ("PCB incinsrator” rsquirements).

2) For thoss liquide contsining betwesn 50 end 500 ppm PCBe thars are
thres dispossl options; burning in e PCB incinsretor; placament in &=
lendfill which complies with the proviasions of 40 CFR 761.75 (“chamicel
weets lendfill” requiremsnts}, or incinsrstion ia & high efficlisncy
boller mesting specific requiremants.

3) TFinelly for thoss liquids containing less than 50 ppm PCBs, no dirsct
restrictions sre placed on their disposal sxcept thet thay cennot be
used a9 ssslents, coatinge or dvet control ngsnts,

With the promulgetion of thie regulstion Union Electric began to sxamine which
options bast ast the Company's diepossl needs and objectives. Continuing and
substential lisbilitias for these wastes sven after propar dispossl in accordsncs
with regulations mads landfilling undesirteble. Howaver, PCB liquid inciasrstion
coste ware high. Tharefors, Union Electric decided to pursua the high efficisncy
bollar disposal option for contaainsted oll., This slternative wae sttractive
becsuss it sllowed Union Electric to saintein contfol of ths subetence through
ite ultimete dispossl. As wall, ths resourcs was not wasted in that the snargy
valus of the oil wvae recovered through genarstion of slactricity.

On July 7, 1980 Union Xlectric requested approval to disposs of 50 to 500 pps PCB
. 1liquide in their Labadias Plant Unit #4 loceted near Labadia, Miesouri, During
Novembar (980 public mestings wers hald and in sarly January, 1981 s serise of
trial burng wers conductad whila the steck sffluent, ash, and amsbiant eir in the
surrousding eras vars carsfully monitorad. Mo PCBe wars datected in any of these
sauplas.

On May 26, 1981 tha Missour{ Department of Matural Rasourcas cortified the boiler
8 8 resourcs recovary fecility and on the following dey epprovel under ths PCB
rule was granted by EPA Region VII.
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With this spprovsl Union Electric solved ite PCH conteaineted oil dispoasl
problem. However, it did not solve the problem of disposing of those ligquids
grestsr then 500 ppe end sspecislly sekatel, Por dislectric fluide comteining
greatsr than 500 ppu PCBe, the raguletions disallov the high efficiancy boiler
asthod of disposal, and dilution to lowar PC3 concentretions is alec dessed
1llegel. As previously noted, disposal of thess fluide suet teke place in en in-
cinsrator which nsete stringant stenderds ssteblished in the regulstions.
Howavar, this reguirsment is not sbedclute. Tha Regional Adminietrstor has the
suthority undsr 40 CFR 761.10(s) to spprove sltetnative dispossl methods {f thay
cen bs shova squivalent to s PCB incinerstor and if they will not pressnt en un-
rsasonsbls risk of injury to health or the snvironment. Union Elsctric cerefully
sxamined the design and oparetionsl festuree of the Labadie Unit #4 end deter-
ainsd that such a demonecration could be made for this fecility whilse burning en
oil/askarsl blend containing 5 psrcant PCBs in conjunction with pulverized cosl
se the primary fusl source. Tharsfors in Decesber, 1981 Union Zlsctric initisted
forual discussions with EPA Ragion VII vhich ultisately resulted in spproval of
the system pressectad herein,

This paper dascribes tha anginearing analysis of the deeign fastures end opera-
tional paramatare vhich lead to tha conclusion that thas boiler can assentially
dastroy mll PCRe introduced end tha resaulte of e carsfully plannad tast burn
which wvas conducted to confira thess conclusions.

BOILER DESCRIPTION

Labadie Unit #4 ia the newset of four 600 megewatt (M4) coal fired genarating
unita located on tha south bank of tha Missouri River in Framkliin County nesr
Labadia, Misaouri.

Tha bofler (Figura 1), which ie assantially identical to the other thras boilsrs
at tha aita, 1s @ :mn:u'uy fired unit manyfactured by Coabuation Enginasring
Inc. and was placed in commarcial operation in August of 1973, The bollaer hss
saxiaus continuous reted (MCR) heat input of 5387 million BTU per hour which cor~
reeponds to @ burn reta of sbout 240 tone per hour of pulverisad coal. The
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pulverized coal is trensportéd in air suapansion from tha cosl eills to six
lavals of burners located at sach of four cornars of ths boilar (Figurs 2). The
coal 1s inj.cted into ths furnacs through the burnars in such & mannsr as to in-
timstsl; mix with the sacondary air and to form & largs vortax lh_out the boilar's
verticsl axia tharaby craating & hugs, rotating ball of flama. Oll=fired wern-up
guns ars provided batwesn tha bottom two cosl burnar levals for boilar warm-up
snd to ssaist i{n stabls coal ignition during start-up. Ome gun is locsted in
aach cornet of tha boilar. At full loed tha flame tewmperatura within ths fire-
ball is sbout JOO0°F and gas tempersturss at ths superhastar division pansls sp-
proach 2400°r.

SYSTEM DESIGN

In praparing to burn PCBs st Labadis significent modifications wers meds to ths
boilsr and plant st considarabls sxpense prior to the initial test burm of conte~
sinated oil. The purpese in naking these changss wes to provida & well-~designed
systam solaly for PCB wasts oil which minimizes tbe exposure of this oil to the
anvironmgnt and insuras ite proper digposal, After approvel to buxn up to 5X
PCha it was decided to further modify the system to include additional storags
capacity and blending facilitise, Tha following is & more dsteiled dascription
of tha variocus components of this systam (sss Pigurs 3).

Waata=0il Storsge and Blanding

In order to stors PCB comtaminated oil st ths plant until sufficiant quentitiss
for blanding end inciseration have bean genaratad, sn sxiating tank locatad abova
ground and immedistely south of the plamt has bean designatad and prapared for
this purpose. 1In edditiom an edjacent tenk has besn designated for blending 31X
PCB betches for incinaration, Both tenks wers pravioualy ussd to ators No. 2
fuel oil, wars built to confora to the Amsricen Patroleum Instituta (API)
Standard 650 and mest all gpplicabls OSHA raquirements.

The oil tanke srs surroundsd by & 5 foot high concrats block diks dasigned to
contain the antirs voluma of both tanks. 1In addition, tha arsss batwean tha
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tanks and wells, including ths internal sides of ths diks have basn lined with s
30 ail dacron reinforced chlorineted polyethylene linsr. The liner is covered
with six inches of smooth stons to protect it from damage.

Vhen plant psrscnnsl sre reedy to conduct ¢ burn, contsminated oil is trsnaferred
from the PCB contaminstsd oil storegs tsnk to the blanding tenk using a
parasnantly installed trenefsr pump and sster located within the costainment.
Mounted in ths centsar snd fras stsnding on the bottom of the blending tenk is sn
sddy jet mixer with s esries of twalve double scting jet nossles. A positive
displecement circulstion pump ed jacent to the tenk removes fluids from ths tsnk
snd discharges thez bsck through ths jet mixer.

When the eslectad quantity of PFCB contsminsted oil is puaped to ths blending
tank, the puap Lis ensrgized end c¢irculstion is estsblished. A carefully celcu-
leted quantity of eskaral sufficient to produce s 5% PCB/oil blend is then
introduced. After sll the sskarel is introduced, circulstion and mixing are con-
tinued until the fluide are fully blended., Upon completion, samples srs col-
lectad st various depths to insurs unifors mixing and proper PCB concentrstion.
Hasting valus, percent chlorine and flesh point asre also msagured, When proper
conditions have baen confirmed the batch ia then resdy for incinerstion.

Wests 01l Forwarding

Ths wats oll forwerding squipment is thet squipment necessery to transport ths
oil from tha blending tenk to the boiler during the incinerstion process end in-
cludes the weste oll puap, totaligzing flow meter, strainers, s tempersturs regu-

lating valve, heat exchenger, and all aseocieted piping, valves, gsuges snd
controls.

Piping is routed from the tenk to just inside the plant building vhers ths oil
flows through ¢ duplex baskst streiner for solids removel to protsct downstream
squipasnt from dsmage and enhance stomization. The oll then flows through s
positive displacemsnt pump nominslly reted st 750 geallons per hour. Aftar dis-
charging from ths puap, the oil flows through s hast exchanger to ssintain a
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coneletent ol) viecoelity regerdless of ambient tempereture extremes. The heat
exchanger is present to ineure optinum atomsitetion end combuetion et the burner.
Howaver, undet normal conditions, the viecosity of tha PCB/oil blend ies totally
eccepteble end tha heet exchanger is not currently ueed. The final plece of
equipsent is the totelizing flow mster to record the volume of waezs 01l being
incinersted. This entire squipsent peckage is surrcunded by 12 inch high curbing
to contein eny oil which sight lesk or othervies ssceps. A epacisl emergency
resespones end spill clesnup stetion is loceted nesrby. A written SPCC plan which
includes provieions for the incineretion eysteam has elec baen prepered and
implemented.

Vsete 011 Burner

The oil ie then treneported through color coded piping up to the eoutheast corner
of the boiler vhere it pessses through s trip velve end on to the weete oi}
burner, The primery element of tha burner ie tha oil gun. The weets oil end
etonizing eir pees through tha gun end ere mixed et the burner tip ee they are
injected into the boiler. For the Wets oil systea, ¢ epaciel Combustion
Enginesring WRTE type oil gun equipped with ¢ “J” etyle nozile hae been purchased
from the boilsr manufectursr. The gun utilizes en tuteide mix srrengement
vherein the oll and eir trevel down ths gun in parellel, noft=concenttic paseeges
end only aix et the eprey nozele, Contrary to stendsrd gun design the atomizing
oir ie pleced ot tha ocuteide of the mixing plete vhich promotes better nixing.
The sanufecturer believes thie gun will etosize the fuel to @ finer droplet sige,
. will echieve grester f{lame penetretion end {s more tolerent of flame end fuel
fluctuations. Thie gun ie mainteined es ¢ ssparets device vhich must be in-
estelled in plece of ths normal wara~up cil gun vhenever incineretion of wvmate oil
ie required. A eecond speciel emergency reeponse end epill clean-up etetion ie
locetad near tha burner es en sdditionel preceution.

Weste 011 Syetem Controle

in order to integrete the waste oil burner into the boiler eyetem, eppropriete
coentrole heve bsen sdded end necesssry interconnsctions have baen made, A trip
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valve, identicel to thet ueed on the wara=up oil supply line, is instelled in the
veats oll piping et the point vhere it connecte into the exieting warm=-up oil
lins near the burner. It ie controlled by e selectoer ewitch in the control room.
Thie ewitch ie uesd to select the normel wvars=up oil burning wode or tha epecisl
vestes oil burning mode. In either position, the ewitch locks the trip velva
vhich wes not sslected in the closed position. All stert end trip esignals effact
only the velve sslected. The eystem vill oparete es it presently dese in the
normel sode. In the weete oil burning mode, the southesst corner burner oparetes
indepandently of the other gune end dose not hinder their operetion.

Controls muet confirs thet certein opareting conditions exiet bafore they will
sllow the oparetor to enter the waete oil burning wode, The exieting trip eig-
nels ors ueed to closs ths weste oil trip velve Lf eny of in the following svents

occur.

1) air/fuel differentiel pressurs less then 5.5 paid
2) oil pressurs lees then 40 peig
3) emergency shutdown coamend dus to boller trip ceuesd by:
e. oir flow less than 25 percent
b. loes of both 1.D. or F.D. fene
c. inedequete water well circuletion for more then 3 eseconds
d. high furnace pressurs
e. turbine trip
f. lose of AC powar for more then 2 seconds
8. loss of all fuel
h, flama feilure
i. sanual amargency trip

Additicnal trip eignale are provided to trip the wvaste oil valve vhen:
1) the exhaust gee CO concentretion is grester than or egquel to
100 ppa; or

2) the exhaust gas Oz concentretion falls belov ) percent; or
3)  the unit's gensrsticn fells below 300 MW,
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The latter trip aignal is provided to indirectly control the gas temperaturs snd
reaidence time (0 well within limits sstablishad for complets destruction.

The stomizing air supply during waate oil incinerstion uees & ssparate pressure
regulating valva (PRV) for the southeset burner rether than the common PRV need
for burning warm~up oil. The newv PRV {a eat to contrcl the eir pressurs st

15 pai higher then the oil pressurs. Ths atomizing eir piping has & trip valve
identical to thet in the oil piping, wvhich closes under sll of the ssme trip con-
ditions, thus, etopping the flow of eir to the gun.

Combuetion Monitoring Equipment

In order to monitor and record the indicetors of high combustion efficiency dur~-
ing betch PCB/oil incinerstion, aeveral different anslyzers and associsted eup-
port inetrumentation ere used.

Oxygen

Oxygen levele are normally required as s boiler control input for mainteining
propat fuml to air ratios. Therefors, se part of the boiler control design o
Westinghouss Hagen Model 218 oxygen analyzer system is instelled in the beiler
backpase downetresm of the sconomizer, but prior to the air hesters. The percent
oxygen eignal {s returned to the control room vhare it ie indiceted on a conti-
nuous atrip chart recorder.

Carbon Dioxide

Continuvous (:(.'oz analyzer results from the two test burne demometreted thet C:Oz
levele in the boiler are comsietently in the renge of 14 to L6 percent ae would
be enticipated. Decauss of the high predictedility end lov veriability of the
coz lavels and thair {nseneitivity ss a combustion indicetor, continuoue monitor-
ing of this paremetstr on # routine basie ia not required.
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Carbon Monoxide

In order to monitor CO concentreticonae, e reprasentetive eampla is sxtracted from
a locetion adjecent to the oxygen analyzer probs. This sxtractive sample first
pesses through a sempls conditioner vhers perticuletes are filtered and moteturs
ia removed. The conditioned semple then pesses through e sample line co & Horibe
Model PIR=2000 Juft-type nondieperaive infrered (NDIR) CO enalyxer. The signel
from the analyzer ia asnt to the control room for etrip chert recording.

Since cerbon dioxide ia an exhaust ges constituent wvhich is consistently in the
range of 14 to 16 percent, and aince thie gae acts as a lov level interfarencs
for NDIR analyzere, tha calibration gea usesd with the system hes s cerbon dioxide
level of 15 percent to effectively slieinate this interferance.

Teupersture and Reaidsnce Tine

It 1is well documented that the right combination of coembustion tempareture and
retention time will ineurs complete destruction of PCBs., For thie raseon tha PCH
incinerator etendarde require continuoue msasurement of the ges temperaturs.

Because of the vary high temparatures and the sbresive end corrosive nature of
the etack ges environment it would be very difficult to inetall s continucue tes-
peTeturs medsuring device in a utility boiler. Matal probes alons cennot
vithatand the elaveted tempareturss. Ceremic probes cennot coneiatently
withstand larga tempersture cycles snd sventually beccas brittle snd breesk.
Beceuss the boiler tubas are designed to etructurally ect es the boiler will and
since they slvaye have s flow of water or eteem through them, a wetal implented
thermocoupls in the tubs well would resd matsl tempareturs vhich ie lower than
pes temparsture. Opticel pyrometers need s targst from vhich to meseure smiseiv-
ity end trequire soms interpretiva judgement in their reading, 1f boiler slag is
not present, which is usuelly the case ot lower losds, the only eurfeces svaile-
ble are boiler tubss, As noted ebove, the tubs mstel tempereturs does not ac-
curetely repressnt gas temperaturs but is generelly lower. Tharefore, the only
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tschnology svailable ie weter cooled thermocoupls probes which would be very sx-
paensive to instsll #nd very asintensnce intensive,

lLater discussion in thia papar clesrly rasveals that st norwal losds beth tempers-
ture and residence tims minimum requirements srs exceeded. Thersfore, it logi-
cally followa thet & relisble slternative to continuous tempsreture Bsasureasnt
is to sstablish a minimum load below which no PCB incineretion would tske place.
Based upon tempergture and reseidsnca tima data, a losd limit of 300 MW will in-
aure boiler conditicns at all timas in excees of esteblished minimua require-
sants. Thie conclusion ie confirmed by the teet burn results,

Waste 011 Feed Rata

While not s PCH incineretor raquirsment, an additional prscaution to insure coa-
pleta PCB destruction is to limit the feed rete of PCBs to s level much sealler
then the total fuel input. Righ efficiency boiler requirements for PCB contesi-
nated oil incineration establish this level st 10 percent of the total fual.
Coneidering the saxisum capacity of tha waete cil pump and the smount of fuel
required to achieve the ainimum loed of 300 MW, it ie eetimsted that the highest
rstio of actuel PCBs to totsal fuel input would be epproximately 0.1 percent.

Opersting Design end Procedurss

In addition to the physicel modificetions described for proper PCB dispossl, well
thought out opersting procedures must be sstablishad to insute propar coordina-
tion end understaeding of the equipsent by the cpereting personnel. To insure
this consisetent Jpetation, written procedurss have been prepsred end are strictly
adhered to during the incineraticn procees.

In order to ainimite exposure of perscnnel to residual concentrations of PCBe
during cpatation and ssintensnce & flushing eystes is provided beginning at ths
tank rnd flovieg through the entirs aystea snd into the boiler. Whenever the
eystea le shut down it ie flushed with No. 2 fual o1l for sufficient time to in-
surs st laset thrss equivalent volumee of the system have besn pumpad end burnad.
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buring etartup the system is initiaslly oparated on fuel oil., A complete walk
down inepection i{s made to check for incorrect valving or leaks and the waste oil
systen is not valved in until the systam coapletsly chacka out. Periodic inepec-
tions arta alao mads during tha incinaration process. As wll, various important
opsrating parameters ere audibly and vieus) 'y slarmed in the central cemtrol
room. If an alarm occure, oparsting pereonnsl are immedistely diaspstched to in-
spact and correct any malfunction,

COMBUSTION EVALUATION

During the initiel asvalustion of the boilers’ ability to combuet FCB compounds a
nuaber of factore affecting thie combustion ware carefully evaluated.

On & purely intuitive bsaie the basic design would suggest tha Labadis boiler sa
an excellent PCB incinerator. The boiler iteslf ie approximately the height of
an sightesn story building (183 ft,) snd hae a total furnace volume of 422, 000
cubic feet. The flame ball that spane the burner slevations {s approximately

36 fest in height vith a crose-sectional atea of 2765 square feet. The injection
of the PCB/oil blend occurs st sn oil gun level which is located bstween the
lower two coal burnere in one corner of the boiler. The cll must pass through
the highly turbulent flame ares and epiral up through nearly ths entire furnacs
velume. Under woret cess conditions the relative feed rate of the waate o1l to
coal ie very low and on a weight basie the frection of PCBa to the totel fuel in-
put is only 0.00L.

Beceuss of tha very large quentities of coal burned in utility boilers, it fa asa-
sential that they bs designed with high combustion sfficisncies for sconomic
ressone, Minor reductions in combustion efficiency on & boiler tha eige of
Labedis Unit #4 can essily sdd up to hundreds of thoueands of dollara par year in
additional fual coste. Obviocualy then, thers ie s etrong motivation to dasign
and operate tha unit at its saxisus efficiency. Carbon monoxide and carbon diox~
ide date from the pravious teet burne clearly demonetrate this fact. The teste
showad that the combustion efficiency of Labadie Unit #4 everages 99.99 parcent.
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In order to meka a sote technical avaluation of the potantisl for PC3 dastruc-
tion, the detaile of the various combustion mechanisms must be exasined.

The Cosbustion Procses

Combueticn ia en exotheraic resction in which fuel ie rapidly oxidiged thsreby
relessing potantial chemical energy in the form of heat, Thers ars thres basic
coaponents of tha combustion process; fusl, oxidant and diluent. A fuel is a
compound containing enargy rich bonde such as carbon-cerbon or carbon-hydrogen
bonds. When sn oxidant, such se molscular oxygen, is prsssnt under the right
temparature conditions, the combastion rssction occurs, relsteing eignificent
smounts of snergy. Since air e ths most common scurce of oxygen and eince it
conteine other slements in ite wolecular coamposition, (the moet noteble of which
is nitrogen), theas other elements ere present during the combuetion procaes.
lapuritiss in the fuel are aleo pressnt. Thess additionsl aubsatances ere consid-
erad diluents and do not perticipete chemically in the rsaction but rether in-
fluance it by heat absorption thereby ecting ee & thermasl sink. In eddition to
nitrogen, other comsonly prasent diluents include excess amounte of oxygen bsyond
stoichiometric requirements and fuel contsminante such as eulfur, chlorina end
esh. The presence of thess diluante ere a prectical reality to any coamerciel
fusl-burning process, and they are not considersd a limitation to highly effi-
client combusetion.

Cosl end weete oil combuation in & utility boiler is an oxidation reacticn which
aust have oxygen pressat in order to occur. High temperatura resactiona occurring
within the fuel iteelf when there ia no oxygen prasent are known es pyrolysis,
Pyrolytic comditions must be aveided eince they have potential to couvert PCBe

' and othar organice intc more toxic organic compounde. Becasues of the intimate
aix of fuel and air in tha highly turbulent combustiou zone of e utility boiler,
the eddition of sufficiant excess eir and the fact that thess potentiil bypro-
ducts are destroyed at auch lower temperatures, their potential for emiesicn from
the Labadie boiler ia essentially non-axiatent.
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On a sscroscopic scale thars are five parsametera vhich effect cosbustion; appro-
priste physicel and chemicel propertisa, evelilability of combustion air, high gas
tempsrature, long residence tima and adequats mixing.

Phyeicel end Chemical Propertinse

There sra two baeic physical propertiss which saffact combustion of liguide euch
oe waece 0il; viecoeity and the aize end concentration of suapended eclida. The
lower the viacosity the sasier it ia to echieve fine etomization. The finer tha
drops of oil the greater the surfaca srea exposed to the heat of combustion,
Thia, in turn, sllowe for rapid vaporitation giving more time for moleculer con=
tact with the oxidant snd driving the rssction tovarda saximua coapletion., The
viscoesity of tha PCB/oil blend is eimiler to No. 2 fusl oil, In addition & heat
sxchanger has baen installed in lins in order to maintein proper viscosity prior
to the ¢il reaching the boiler. Tinelly, s special gun vhich provides finer
stomization and vhich is more tolarvant of changea in viscoeity hes been purchased
for this purposs.

It has baen ghown that suspended eolids in the fuel can f{mpeir atomigation and
causs plugging and buildup on the burmer tip. Exparience showa that the blended
oil hes nagligible suspended solida. In sddition, s duplex filter has baen in-
etallad shasd of the pump to further procect against euth octurences.

Importent chemical properties to be considersd are elemental coapoeition, mo-
isture and heeting value. Typical contaminants for the vaets oil and askarel
vers characterized. It wae cleer from this examination that no contaminanras or
solieturs are present at levels of significent concern.

The heating value of the PCB/0il mixture 1s on the ordar of 19000 Btu/lb from
wvhich {t ie appsrent thet self-susteining combustion can bs sseily eccompliehed.

Howaver, by aystem deaign, s coal supported flame of much grester magnitude will
always be prassent.
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Combuation Air

As notud esrlisr, although coneiderad s diluent to tha process, ¥kcess oxygen
above idesl stoichiometric levels ie & necessity in tha resl world. Thia s ths
casa becauss of the phyeical limitations in sccomplishing complete ami tastant-
snecus aixing of fuel and oxidant at a molecular level. The additfomal oxygen is
preasnt in otder to insure that tha oxidetion resction is maximixzed. However, s
diluant acte es a thermal sink to the procsss and if prasant in gquentitise too
great, it vill limit tha resction temperature and incraasa the mase f{lowv through
the boilar, thereby reducing the residence time. Therefore, an optimized balance
aust be etruck vhersin sufficient taspersturss, residanca times, and oxygen
levels are sll meintained.

The raquirements for thia balance in a PCB incinarator ate & sinimum 3 percent
excess oxygen level while maintaining a gee temperature of at least 2192'F
(1200°C £ 100°C) at a residenca time of at lsaet 2 ssconds., MNormal oxygen lavel
for the Labadie boiler is batwesen 3.5 en 4.5 percent. The controle ara srrenged
to trip tha waste oi]l feed ehould the oxygen levels fall balow 3 parcent,

Therefors, it can be safely assumed that eufficient oxygen will alveys be
prasant.

Jemparature and Residence Time

Bacauss residenca tima ie a0 dependant upon temperaturs, they are discusesed
together,

As noted sbove, the minimum acceptable ragulstory levels of Leapersture snd resi-
dance time for complete PCB destruction ara 2192°F and 2 seconda respactivaly,

Scientifically ¢ temperature of 2000°F and 2 seconde residence tims are coneid~
ored sdequats.

Haat tranafer, mass flow and rasction rates all incraaes with temperaturs.
Therefora, all other factors baing equal, tha highar the temperaturs the mers
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complete the combustion, Obviously tnan, it is highly desireable to characterige
ths temperaturs tegimes within the boiler as thoroughly se poesibls,

Elsevhere in thie paper the difficulty in obtaining accurate messUraments within
the combuetion enviroament of a utility eteam-generating boiler Ls described.
However, & research project designed to investigate boiler elagging problems was
conductsd on Labedie Unit #4 during 1977. The project wes conducted by Battelle
Laboratories under contract to the Rlectric Powwr Reaearch Institute (EPR1) and
included an entire esries of temperature treverees at various points in the
boiler. The temparature measurements wars aade ueing a shielded, high velocity
thermocouple probs which wae water cooled, During thie same period optical py-
rometer msgeurenente wars taken and correletion between the two wae shown to be
excellent, All mesgurements were taken betwwen 540 and 560 MW with excesa oxygen
ranging between 4.8 and 5.2 percent. Over 120 {ndividual obeervations were sade.
latar, edditional optical pyrometer ssasurements vare mada on esveral Labedis
botlere at four different loads ranging from 300 to 565 MW, Although the meas-
urements were taken on various Labedie unite, the boilers ars sesentially {denti-
cal and the data should be repressntative of Unit #4 conditione. It ehould aleo
be notad that any inaccuracy in thess sessuressnts is coneervetive in thet ths
error introduced is ganarally considered to be on the lov side bacaues of the

poseibility of experiencing the cooling effect phenomenon due to water end stses
flow through the boiler tubes.

Beeed upon this tampereturs dats and knovliedge of the boiler slevetions at which
these temparetures ware taken, calculatione ware parformed to detarmine rssidencs
time at varioue pointe within the boiler. Gae flow at o'tcndard conditions and &
percent excess Oxygen wae determined using etoichiomstric calculations based upon
“es burnsd” ultimate coal analyses. Pinally, ueing boiler dimensions and stert-
iag from the weets 01l burnar lavel, & tempersture end residence tise profile wes

deteruined et four different loade. Figure 4 summarizee the Tesulte of thess
calculstions,
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Teble 1 belov shovs the tempereture of the gee after e two escond reeidsnce tims
and the everage temperaturs of the gas during this two gecond period. Thie in-
formstion demonetrates thet tempersturs end reeidence time requiresente for coa-
plete PCH deetruction ere exceedad in this boiler even at lowar leadsa. As
previously described, 8 minimum losd level of 300 MW hae been seteblishad which
insures that proper destruction conditions will slvaye exiet withia the boiler
vhen incinerstion tekes place.

TABLE 1
GAS TEMPERATURES (°F)}
AT A TWO SECOND RESIDENCE TIME

Unit Gas Tempereturs & 2 Sec. Averege Temperature
Unit Load Residence Time During 2 Sec. Tiae
1 300 2154 2412
] 7s 2251 2484
k! 400 2253 2493
2 460 2183 2480
k) 565 21 2606
4 580 2351 2634
Mixing

The finel peramster vhich ie key to complete dsetruction of PCBe is mixing. As
previouaiy noted, in order for ths combustion resction to oceur, the fuel end
oxident muat eix st a woleculer level., Thie mixing ie schieved by the creation
of turbulant flow. An tnherent festurs of the tengentiel firing mechaniem of the
Lebedie boiler is the turbulence which occurs when ths coal/sir mixture ie blown
into the boiler at high velocity. The vortex esteblished reesults in s lerge
evirling bell of flame. Action of edjscent fuel etrfeeme on sach other sugments
the highly turbulent condition snd thie turbulence es well ass oxidation, is fur-
ther encoursged by the introduction of jets of escondery sir sround esch burner.
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The PCB/oil bland ie injected st e lov point in the flame bell end therefore is
exposed to the saximua sixing poesibls.

TEST BURN -

in the eerly eteges of the project EPA Reglon VII requested & formal tesat plen be
sutmitted for review and epprovel, Recognizing ths need to shov squivelency to s
PCE incineretor and the inherent dengers in puehing leboretory snalyees to their
abeoclute seneitivity limits it wae decided that the sampling method eelected must
collect sufficient sample to demonatrate appropriste destruction levels end mini-
mizse potentiel for felss positives. After extensive etudy and evsluetion end in
conjunction with Environsentel Science end Enginesring, the steck testing con-
sultent, ¢ comprshensive teet plen was prepared for sutmittsl to EPA.

Test Plen

The besic scope of tha test program coneisted of conducting four teet burne with
the firet teer being conducted without burning the PCE/oil bland to eerve ee o
bassline. The next three teste would be while burning 5% PC3e in oil with boilar
loede et or nescr 300 MW {1.s. wOret case conditions). During each teet bdurm,
semples of stack emiesions, fly esh, end bottom ash ware collected es well ae
various support eamples euch ss waete oil, coal and river water ueed for elulcing
esh, Oxygeon, carbon dioxide, and carbon monoxide were continuously and indepen-
dently monitored in the boiler beckpsas by the stack testing consultant. All
eamples axcept the cosl esmples wers snalysed for PCH content. Bteck ges, fly
eth, bottom ash, end river weter wers alec anslyzed for polychlorinsted
dibenszo-P~dioxine (PCDDe) and palychlorinated dibenzofurens (PChFs). 1Two
ssparste sampling traine were usad for collection of steck gse esmples. Both
treine ware identicel with the exception thet the orgsnic trepa in the PCH trein
were packed with Florieil wharess the trepe in the PCDD/PCDF treim were packed
wvich XAD=2 reein. Backup treps were provided to cback for paseible breskthrough.

The epproech asslacted for collection of stack gas eamples counsisted of smploying
e high volume source sampling (HVSE) version of the EPA Method 5 trsin
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sppropristsly modified to collect PCBs and other chlorinsted orgenice st high
sempling rstes. Tha train design (Figure 5) was ssssntislly basad upon the
methodology described by Beard & Scheua in EPA’s interim policy guidelins docu-
ment "Sempling Methods end Anslytical Procedures Manual for PCB Disposal:
interim Report, USEPA offics of Solid Wasts, February [978." Howaver the method
wea modified by eceling up the dasign to collact ssaples at s nominsgl § c¢fm flowv
rasts a3 oppoesd to ths mors standard 1 cfm,

Collected etack samples were extracted with hexana ueing s Soxhlet extractor fol-
lowed by concentration snd sulfuric seid clssnup. Quantitacrivs snalysia for PCha
was parformed ueing ges chromstography with alectron capturs detection (GC/ECD)
with confirmstion as nacsssery by gas chromatography mase epsctromerry (GC/MS) in
the seslective ion monigoring (SIM) mode. GC/MS-SIM wvas slso used for determina-
tion of PCDDe and PCDFs.

Extaneive gquelity sesurence wvas satablighed both in the fisld snd in the
laboratory. For example eleborate glsesvare clesnup wee coaducted prior to sech
teat. A third saspling trein was placed on the steck during sach burn to provide
s direct check for contaaination. All equipment wes cslibrated to NBS tracesbls
standerde immedietely prior to the test burn. In the lab sslacted sasples were
snalyzed in duplicate. Spikee and blanks were snalyzed sa wers EPA Queliry
Control Samples et three levele of detsction. PFor s mors complete discusaion of
the sampling snd snalysis protocol, sas & pepar by A. J. Polcyn, et el titlad
"PCS VWasete Destruction Study: High Efficiency Soilar” presented st the APCA
Specialty Conferance on Maesursaent snd Monitoring of Non—Criteris (Toxic)
Contaminante in Alr, (March, 1983),

TEST AESULTS
The test burns wers conducted on May 19-24, 1982, Pour teet burn rfuns were orig-
inally planned. Howaver, fallures of one of the etack seapling treins to mest EPA

Method 5 criterie for & past-teet leak chack voidod the fourth run requiring that
a fifrh run be conducted.
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PCE test resulte ere pressnted in Teble 2. PCDD e¢nd PCDF test reaults are pre-
sented in Table 3. In susmsry, the test results show that no PCBe, PCDDe or
PCDFs wvere detectsd in sny of the smission samples nor in eny of the bottom ash
or fly ssh samples collactad during esch of the teet burne. Besed-vyon this in-
formstion it can be atsted thet the Lsbedis Unit #4 boiler desonstrated s PCE
destruction sfficlency of greeter than 99.99999 parcent,

All of the results given for the PCEs lesving the boiler are pressnted as less

then ths stated velus for tha reepective collected sample. This preseatetion of
resultes indicates that the detection limit of the analyticsl method for the given
ssmple wves resched or thet detection below the steted valus wvas limited by inter-
ference from other organice that could not be removed without sleo scripping the
orgenice of interset (PC3s). Whars the latter eituation wae true, every affort

vas made to clesn the essmple exttacta by successiva scid riness until no rsesone-

. ble further improvement wes observed. Thia may ba noted in the cees of the PCBe

reperted in the etack gae samples collected during rune 1, 3, and 5 which are
reported as lees than 600, 250, and 130 nanograme, reepectivaly. Hote that ¢l-
though Rua /1 wees the beckground run, this sample ves obaserved to have a higher
level of ginterfering organice than thoss samples collected during the PCB burn
Tuns . 'Although the oil burnad during the background run was off spec No. 2 fuel
o4l vhich vhen analyzed vae found to contain e low level of PCBe (20 ppm) it ie
unliksly that the quality of this oil could have contributed significantly to the
total level of orgsnice in the sample. Rowever, a lerge change in losd wue ini-
tieted during the latter porction of the beckground run which could explein the
higher level of interferring organics.

All of the control train extracts were found to ba balow the method detection
linit aod therefors demcnstrars that eample train preparation, ssaple recovery,
extraction and analytical procodures did not introduce sny errant contamination
or other interfering bias. As wall, separate enalyees of sach Ylorieil beckup
trap, which wete aleoc found to be below the methed detection limit, suggest thet
no breskthrough of PC8s occurred.
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TABLR 2

Farametecs Vaite ®un 1 Ren 72 ket 73 Run 1A% ton 5
(Bssalinae)

Avarags Genateclng Lowd W (Crosa) 400 357 LT3 HE 308

Sanpling Parjod Ninutes 300 o 300 300 300

Avarage Btack Gss Flov Rate ACTR 1,428,000 1,353,000 1,322,000 1,285,000 1,247,000
pICr 201,000 800, 000 $69, 000 813,000 781,000

Total Bample Ges Volume PCF (matsred) $535.9 587.9 430.0 WA 43,8
becr 803.3 546.0 7.9 na 125.4

Totsl Quantlty of Weets 0i]l Burned CGollome 3,18 2,611 3,200 J.404 3,068

PCBa in Meste 011 rra {ug/gm) 20 47,000 $0, 700 alA 51,400

Total PCBa Imte Dollar kg 0,23 408.% 540.2 /A 521.6

PCBs Ln Btack Gas Baamplee ng <00 <50 <250 nA <150

PChe in Back=up Treps [T <50 <50 <%0 N/A <50

Total PCRs Exlting Btack ag <202 <14 <) WA <49

Destruction Rffilclancy Parcent w/b >99.999997  >99.99900%  W/A >99.99999}

PCSs In Slank (Cemcral) Tralm ng 36 <30 <30 N/ A <50

PCSs 1n Py Ash na/om <t <8 < <5 ae

PCSe in Bottom Ash ng/gm <0.4 <0.5 <0.6 /A <0.3

PCla_Ln Rivar Water /ul <0,02 <0.03 <0.02 /A <0,02

Sun h

. 1L L.
to bs voldwl dus to an wnaccaptable peat~test lesk check on the Plorisil

(PC8) train,

*4The fly ash sampla for Run #3 wap lost due to breaksge ia tranelt, therefore, the Run #4 fly seh sample vas

shalysed.
Baurcer K3, L92.

Wote thet teat conditions during Rune #4 and #3 ere alailar.
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TABLR 3
SUMARY OF POLYCHLORINATED OIBENZO-F-010XIN (FCDD) AND
POLYCHLORINATED DISENZOFURAN (PCOF) TEST RESULTS

Anslysis Roavite
Farameter Unite R N Rua 77 Run 73 Run 75

PCDD Compounds In XAD Treim Exirect ng <300 <900 <0G <800
PCOF Cowpounds in XAD Treim Extract ng <00 <00 <900 <300
PCDD Compounds i Fly Ash Excract ng/gn <42.% <. 2 <180 <1%,?
PCOF Compousds in Fly Ash Extract ng/gn <42.5% <34.2 <l8.0 <1s.?
PCOD Compownds in Sottos Ash Extract ng/gw <y.4 <10.1 <10.3 <10.4
PCOF Coapoundm ln Bottom Ash Extract ng/gn <§.4 <10.1 <10.% <10 &
PCOD Compounds Ln River Weter ng/ml <0.4 <0.4 <0.4 0.4
PCDF Compounds in River Weter ng/nl <0.4 <0,4 <0.4 <0,4

Source: [RS8, 1982,
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CONCLUS [ON

Besnd upon the design modifications, tachnical enelysss end triel bura mesulte,
the EPA Regionsl Adeinistra..r authorized the use of Labadis Unit # & fer des-
truction of PCBe et @ level of 5% in sineral oil dislectric on Janusry 20, 1983,
It was tha Agency's conclusion that the systea describad "dose not present risks
of injury to heslth e¢r the environment”™ end that the "dieposal has bdeen demon~
stratad to provide PC) destruction squivalent to en incineretor mesting ths
requirssente of 40 CFR 761.70." Ae well it is the conclusion of Union Electric
that thie ssens of dispoesel of PCBe provides e seneible end coet effective ssans
of solving e ssneitive environsentsl problas while at the saae time conesrving a
valuable snergy rascurce.
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QL.

QZ.

Q3.

Q‘-

QS.

Diacuseion

What was the burn rate use!?

A. 750 gpur.

What was the local public reaction?
A. Union Electric conducted several public msetinge and special
press brisfinge, which resuitad in quite balanced reporting and

general public acceptance.

Have you done at cost-banefit analyeie!?

A, Strictly epeasking, thse process is marginally benaficial

economically.

What 1s the plant worker atticuda?
A. The plant manager mst with the craws to diacues procedures used

to sinisize exposure. It has been sccepted by the craws.
fiov wuch tims have you actually been on lina?

A, There have besn $~40,000 gsllon test burns and 5 at the 5%

levael.
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ARC PYROLYSIS OF PCBs -

ELECTRO-PETROLEUM, INC.

J. K. WITTLE EP]
C. K. TITUS EPI
S. 0. BLOIS PGAE

Program Summary

Electro-Petroleum, Inc., in cooperation with Pacific Gas & Electric, has undertaken
8 three-year program to design, construct, demonstrite and commercialize a high
temperature DC arc furnace for the destruction of PCBs and PCB contaminated wastes.
The technology is based upon the utilization of a direct current arc impinging upon
a molten metal bath. Tha system is designed so that initia) decomposition takes
place in the molten bath and the resultant gaseous products are passed in the
vicinity of the high temperature arc. The system reduces the PCBs to HCL, CO, Hp,
and carbon by thermal pyrolysis. When s01ids are added to the system, they will
malt and slag in the molten pool.

The arc furnace system is made up of three major subsystems. They are, the
electrical system (power supply), src furnace, snd gas handling equipment. '{ajor
effort 1s underway to site the prototype system, provide for adeguate environ-
mantal protection and develop analytical procedures for evaluating the process, as
well as obtaining appropriate parmits.

Program Ob jv

The objective of this project is to develop a mobile alternative technology to
conventional incineration which can destroy PCB solids with an efficiency accept-
able to regulatory agencies, at an acceptable cost for construction, operation snd
maintenance, and with enviroomentally acceptable solid waste and waste streams.

Discussion

PCBs have high therma) stability and Fedaral legislation requires combustion
temperatures in the order of 1500° C. for total destruction. Conventional com-
bustion systems have several major problems which are: difficulty in maintaining

16000 . tempsrature, generation of larae gas volumes to be scrubbed, and
difficulty in handling solids.

MONS 214999
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A viable and highly desirable alternative method for the total and final disposal
of all types of PCB waste is by use of the Electro-Petroleum OC ar¢ pyrolysis
technioue, This technique, based on arc furnace technology and originally de-
veloped for municipal trash disposal, was issued as U.§, Patent 3,812,620. This
technology can be expanded to handle PCBs by designing a sealed system utilizing
materials compatible with environment in the arc furnace. N

Basically, tha process is one in which the PCB will be initially decomposed in a
molten metal bath. In the reafon above the molten bath the gases, including PCB
vapor, will be subjected to intense UV radiation and heat from the arc plasma, The
decomposition products will then be directed in the vicinity of the high current

DC arc which will have a temperature in excess of 60000 C. There is considerable
evidence that PCBs are totally destroyed at 1600° C. and are converted to
biologically acceptable qases. Analysis of the products created in electric arcs
in PCBs have substantiated these clafms. Our direct current arc pyrolysis approach
decomposes 1iquid PCBs to CO, CO2: My, CHyy and HCL. The conversion of the
inorganic materfals 1in capacitors and other utility wastes will produce a harmless
residue from which the metals may be recovered. Organic materials, such as paper
and plastics, will also be totally destroyed along with the PCBs.

This ‘progam 1% intended to be completed within a thres-ysar period from start of
engineering effort to final commercialization. In order to commercialize the
process in the shortest amount of time, a Joint Venture Company is being formed
with 2 waste management company to menage the project, and offer to utilities a
cormercial service for PCB capecitor destruction. [t is the intent of tha Joint

venture to provide the number of units to meet market demands for capacitor dis-
posal services.

System Oesign
A mobile arc furnace was sized to dispose of the largest PCB capacitors currently

being removed from utility service and vvil] be treated at a rate of 1.5 tons per
hour .

A novel fead system will permit the introduction of sealed capacitors to the systam
and minimize contact of workers to the PCB. This approach was selected after
evaluating a mumber of alternative feed devices. A 1ining hes been selected which
is resistant to the envirorment of the furance. The bottom ealectrode is designed
to be an integrated portion of the furnace shell, The top electrode will utilize
available arc furnace technology for positioning, moving and sealing techniques
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in 1ts construction. This electrode will be hollow so that gases generated inside
the furnace will be forced into the vicinity of the arc plasma, thereby insuring
total destruction of the PCB materials. Existing technology will be utilized for
the removal of metal and slag from the furnace.

Gases exiting from the furnace will be treated in a fume handling scrubber system
designed to meet the most stringent air emissions regulations as specified by
California Bay Areaa and Southcoast Area Air Quality Manaqement Boards.

Power will be supplied by a DC power supply which was selected from seven potential
candidates. The selected powsr supply proved to be small and more cost effective
than other supplies while providing controlled power to the arc furnace and
minimizing harmonics feedback to the utility powsr system.

Three potential sites have been selected in the PGAE power distribution area. They
are located at three remote sitas near Kettleman, California.

Permitting agencies have been fdentified with contact having been made with those
having regulatory control for PCB facilities.

A public information program is also being developed.

Cost analyses have indicated that this is an economically viable process, which
will be envirormentally more acceptable than current technology .

The system offers several other significant advantages over existing technology:

1. Pyrolysis produces significantiy less gaseous byproducts
to be treated.
2. Total decomposition is assured at the ultrahigh temperatures
in the furnace.
3. The molten meta) pool in the arc furnace solves the hearth
problems of conventional furnaces.
Passage of exit gases in the vicinity of the high current arc
exposes the gas to at least 6000° C.
The gas in the furnace will be subjected to intense ultraviolet
radiation from the arc.
The system generally uses developed technology.
Capital equipment costs are projected to be substantially
Yass than conventional incinerators of comparable clqucity.
The sm1l size of the equipment suggests that it will be
possible to move it from site to site.
The precess handles sealed containars which need not be
opanad or shredded prior to introduction into the furnace.
10. Tha process has the potential to recycle the metals fram
the capacitor cans,
11. Produces envirormentally safe byproducts.

w o a0 v
. e els v
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CHEMICAL CLEANING
OF PCB CAPACITORS

Lso Weitzman. PhD

Acurex Corporstion
Cincinnati, Chio

INTRODUCT ION

The diepoesl of cepecitors contsining polychlorinatad biphanyl (PCB) dislectric
fluide 1a s major probleam for tha slectric utility industry. Befors March L, 1%81.
the Environmental Procaction Agency (EPA) had sllowed cheir dieposal in chemical
wasta landfills; howevar, with tha stert of operstion of tha Energy Systems
Corporation (ERSCo) incinsrator im El Dorado, Arkansae, EPA ruled that eufficient
capscity was aveilable and landfilling would no longsr be permitted. This prompted
an effart by the EPR] to f{dentify other tachaclogies with which to destroy thas.
This paper dascribas e serias of studies performed by Acurax Waste Technologies
which eveluated the chemical destruction of PCBe in capacitore and deseigned s
eystam to do this.

One of the major difficulties in esteblishing new PCB diaposal facilities ie the
objectiona voiced by ite neighbore. Thers is no nesd to elsborets on the “not

in sy back yerd" arguments voiced in oppoeition to such facilitise. Chemical
procesasing of capscitors eidasteps this issue by sllowing the operation to ba

aade mobile. Mobile liquid PCB destruction ayetems have run into no such opposi-
tion in the past. As & result, the number of proceesss built can be governed by
the raquirements of tha markst rether than eveilabilicy of potential eites. In
eddition, chemical processing syetems do not raquire sitse-spacific sir permite

ea they are not considered air pollution sources. Bsceudéa of thess conaidsrstions.
chenical destruction of PCBe was investigated through this sulti-phsss atudy.

The study consistad of the following pheses:

l. Phase 1, published in June, 1982 (1), was & litersture essarch and
theorstical eveluation of the concept. In sddition, the EPA permite
and epprovals nesdad for Phese 2 vars obteined.

2. FPhess 1, completed in Novembar, 1982, wes @ laboTatory study which rssulted
in:

= design dete for a full-scals systea
- ¢ apdium sizs pilot unit

- coats for ths process, both capital snd opersting MONS 215002
- concaptusl design of the full scels oparstion
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3. Phass ), now in progress, is a design of tha pilot systea.

The bulk of ths wvork wes psrformed under Fhess 2 and thie peper will desl sainly
with thess tesults. Ths other work will. howsver. ba included es appropriata.

CHEMISTRY OF PCB DESTRUCTION

It is known thet sodium can, in the pressace of naphthalane and tetrahydrofuras,
dachlorinate organic moleculss such as PCB's. Work hes bsen dons in this eres
by several investigetors eince 1936, (1, 3., and &). The procedurs works as
follows:

Prspars s sodium resagent by sixing sodium matal with the proper amounts
of vaphthslens and tetrahydrofuran. This must be done under nitrogen
ss sir and water will resct rapidly with sodium and deactivats ths
reagent. The reagent is referrad to ss sodium naphthalide end is
repressnted in this report by the symbol Ne®.

. The Teagent is sdded to the PCB-contaminated material and the PCB
destruction resction ie permitted to occur.

After the reaction has taken place, the sxcess sodium ie quanched

with wveter, converting it to sodium hydroxids.

PCBa ere destroyed vie s Teaction of the sodium maphthalide redical anion (Na#)
with the organic chlorine, The rsaction procasds in steps, ons chlorins Temoved
ot s tima, The producte ere sodium chlorids and ¢ complex mixturs of nouchlori-
nated pelyphenyls, ss wall a3 tha sodium hydroxide formed during tha quenching of
the sxcess sodium with weter. The chemical resctions sre illustreted in siampli-
fied form balow:

CIQIG (ar) + 211.‘-‘-013I6(l!)ll* + NaCl
C].jl6 (BP)Ne® + HIO—-CI:'H?(IP) + NaOH or
2 Cl.jls(”)lh'—(:ljls(”) - (")61316 + 2 Ne*

Thess tesctions illustrate what happens to a tetrachlorobiphanyl, identifisd ae
Cl‘ll6(m. The term (BP) vefers to the biphanyl structure. As shown, the product
is sither e trichlorobiphemyl or an uyndefined polymer that includes the chloro-
biphenyls. The sodium will coutinue to Temove chlorine from thess compounds
until the nonchlorinated form is resched. At this poiat, the PCB molacule ceasss
to exist from both & legal and technical point of view., With propar design of the
systam, it is possible to achieve esesntially complete destruction of the FCB

st lasst to ths limit of measursament,

Tha basic proceass described above suffers from s numbar of drawbacks. The most
significant is that naphthalens is cleesified ss & "priority pollutant"”. Its
presence in any residue formed by the process could eubjact ths rasidus to disposel
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limitgtions under the Rasource Conservstion and Recovery Act *RCRA). Thare ere s
number of chemicels availsble to replecs nephthalens in this process. Sincs thase
veristions ars, hcwever, considered proprietery, ths subsaquant discuseion will
focus on the uss of naphthalens. -

In eddition to the choices sveilsble for replecing naphthslens, there is no reascn
why only tetrahydrofuran (THF) nseds to be used. The THF can bs replaced by any
ona of & number of ethars such es dimethyl or disthyl ather, athyleas glycol
dimethyl sther and disthylena glycol dimsthyl ether, to name & few. THF wes
chosan for this purposs bacauss when treating capscitors the sther acts as both s
component in tha formation of the sodium reagent and & s¢lvent to carry the rssgent
to the solid materisl. The volums of ether raquired to cover tha eolid materisl
in the reactor is more than raquired by the reasgent, The THF on s per gellon (or
per litar) basis is cheapsr than the sthylens glycol sthare and safer to ues than
the dimathyl or diathyl sthare. Furthermors, the laboratory tests found it to be
sstisfactory from ths point of view of resgent preperstion and PCR destruction.

CAPACITOR DESCRIPTION

The lsboratory exparissnts wers conducted on a 1SKVA Wastinghouse capacitor of the
TP Inertesn typs. The unit was obtained from the Cincinnsti Gas and Electric
Company with the approval of EPA Ragion 5. The capacitor hed the following Name-
plete Spacificetions:

Manufecturer: Westinghouss Rlectric

Type: TP Inertesn

Normsl Voltage: 2400

Maximum Voltage: 21640

EKVA: 15

Phass: 1

Cyclas: 60

Style: 1176665A

Teat Numbar: &4K 2974

Capacitor contains 1.1 gal. of inflemmable fluid (inerteen)
The uoit's externsl dimensions ware &4" desp by 134" wide by 13k" high, The
slactrical connectors ere 7% high. It coasisted of s steel cass, approximately
1/8" thick. A cardboard ghsll inside the cess shialded it from coatect with the
alectrical packs. The capacitor packs were tightly wedged into the shall. A
cersmic insulating plets wes on top of tha packs. 1 cannot bs cut with e saw,
A fev important obssrvetions ere worth noting, FPFiret of all, the materisl is
vwedged into the capacitor so tightly thet it is imposeible to inject reagent or
stlvant into the intact capacitor. Secondly the surface tension and viscoeity of
the liquid is ec bigh thet any flat surfaces thst touch sach other will tend to

stick togather. This pravents the solvent or PCB destruction reageat !ro_- reaching

MONS 215004
5-35



r’

all the surfece aress. It is thus sssentisl that the cepscitor bs propsrly cut
wp prior o treatmsnt.

Ths unit was opsnsd, drained, cut up and ths coaponsnts weighed and anslyzed for
PCB. The rasults veras:

Totsl '.1'!!: of ths c.puitor RN TR T N B 2’-"“'

Weight of cors materisl sfter dreining ....cvvveques 13,38 kg

Weight of ehell meterisl efter dreining ........+... 12.81 kg

H.i'ht Of PCI 11quid dr.u.d AT RN IRt RA LTS 30”“

PCB content of dreined Ih.ll “t.r’-.l sreeesTtenaNtE N -‘n

PCB content of dreined coTe BAtaTial +ccevasevcenses 22 X

Total waight of PCB in the cepecitOr ...eveseecesses 6.72 kg

PCB contant of totsl c.p.citor P EEII R LI et s EBNS 220‘ z

Total voluma of PCB liquid in capecitor,

Identified as Askerel 1254 (demsity = 1.5) se0aevv e 4,48 1

(1.18 gallons)

TECHNICAL APPROACH

The following tvo mathods of treating cepscitors wers sxamined:

1. Solvent extract the PCB from the cut-up capacitor and concentrats the
PCS for subssqusnt chemicsl destruction or incinsretion

2. Trest ths cut-up cepscitor materisl, solid end ligquid directly with the
PCB destruction chemicsls.

It is recognized thet sevaral commercial processors have attempted to traat
cspscitore by extracting the PCBa liquid and sanding it to incinaretion; howavar,
wve had ynderstood that ths cleaning of the cors materisl had mat with verying
degress of success in the pest and further work in this ares sppeared werranted.
More importently, it quickly bscame spparent thet the chemical destruccion method
worked very waell; if the PCB destruction chemicals could be mads to propsrly
panstrete the solid matarisl, they would destroy the PCB. Tha solvant leaching
tests, therefors, served a» surrogetes to help determine the baet ways of getting
the chemicels into tha maes of the solid matsrisl.

Tasté of the direct chemical destruction of the PCB with tha capacitor solide wars
conducted to determipe tha following:

1. chamicals ussge

1. capability of reusing components of the chemicals

3. temparaturs changes during tha process

4. intensicy of ths raaction
5. rate of reaction

The successful snd-point for all ceses wes considered to be a PCB comcentration
of less then 2 ppu (mg/kg) on the solid material and in the liquid phesas.

Solids wers analyzed for PCBe by extracting overnight using & Soxhlet sxtrector with
hexans and anaiyeing the resultant liquid with e GC/EC. The anslytical mathod

used vas cross-chacked with other stendard methods, including extraction with
mathylens chloride and found to give consiatent results.
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Ths most important rasult from this sst of axperiments ie that thers doss not
appssr to bs eny material insids ths capacitor which inhibits the chemicel destruc-
tion of ths PCDs; that it 1s poesible to destroy ths PCBe without sspsrating tham
from ths cspscitor solide. Whet is mors. the destruction is slwost cogpletaly
stoichiometric in sodium. The sodium rsagent is added to the shreddad cors
msterisl snd then sdditionsl sodiun is added to the slurry until all of the P#CBs
have besn desstroyed. The PCB destruction cen be followed both by analysis of
saoples of the liquid end colorimetrically; the rsagant itsalf is & derk blus-
green in color. 1f ths sodium is coneumed by the PCB (or eny othar reactive
matsrisl) it turns brown or gray. Addition of wors sodium returns the blus-gresn
coler.

Ths sconomics of chemicel trestmant dapend on the reussbility of the other compon-
ents of the resgent. -- othar than sodium which is consumad by the chemicsl reaction.
Tha laborstory tasts showad thet 93-97% of the resagent is recoverad wvhen s resctor
is dreinsd eftar the FCB is dastroyed. Highar recovery rates can rssdily be
schisved in & paoperly designed systam. This mesns thst any excess sodium ueed,
along with the tstrahydrofuran snd naphthslans {(or replecemant chamicels for theas)
ie largsly rvacoverad.

The resction occurs very tepidly. Tha PCBs erse destroyed in ths liquid phess
almost instantenscously; howaver, in order to sllow ths sodium resgent to panstrats
into the pores of the cors materisl, it is necessary to keep it coversd with
resgent for at lesst two hours. In eddition, it ie important thst the solution bse

kept circulsting to prevemt tha formation of pockets of sodium depletion vhars no
rssction would occur.

Tha polyphenyl residus as well ss the sodium chloride formad remains with ths solid
materisl rethar then cerrying over to the next betch with the liquid. This is
importent ¢s no filtretion of ths liquid is required prior to resuss, Bssed on
thess resulte, it is possibla to describe s conceptual chemical trsstmant eystea.

The firet step in processing cepacitors is opening thes to axpose the cors materiel.
Tha cepacitor packs sra typically about 4-& fnches in width. In order to assurs
that they bacome propsrly loocss, it is necessary to shrad theam into pleces thsat sre
lass than four inches. While s hammer mill cen bs used to schieve this size
reduction, it is very dusty and would raquire s large dust suppression systeam to bs
used in this epplication. Thers ere shradders availabls that would fit ehis appli-
cation nicaly. They sre commonly used to shred a varisty of materisls ranging from
scrsp mstel to tires and solid wests. They shred tha matarisl by squassiag it
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batwean hsrdened disks thst contsin cutting teeth on thea. Such s shredder would
be more than adequats for achieving the nseded size raduction.

An slternstive method of cutting up the capacitors at & lower initiel investment
is sn industrial eaw. This would require en additional oparstor but its zost
would be in the §10-20,000 range depanding on the degrss of automatibn required.
A sav would be able to cut up spproximately 500 to 1000 pounds of capacitor pasr
hour; this is such closer to the design cepacity of the rast of the trearmant
system snd 1la Probebly more suitsble for s demonstretion syetea.

Yo matter which type of shradding eystem is uead, it will be necassery tc sncloss
it to pravent the relesss of fumes and dust. In eddition, to minimize PCH fume
formation, it will be necessary to cool the cutting eystem. A recirculating etream
of transformar oil (PCB contaminated is acceptabls) would be a good cooling fluid.
In addition, st lesst a portion of the system would have to bs saclosed to preveat
the ralease of dust.

The ehredded material along with the resultant free liquid is trasnaferred to a
teactor for proceseing. The reactor sust have facilities for discharging solid
material as wall es for sddition and ramoval of liquide. In edditinn, it suet have
provisicns for the circulation of the liquid through the mass of eolid. It ie very
important that ths resctor bs air-tight, be nitrogen blankated and hava provisions
for esafs pressure ralief such ss & rtupturs disk or squivalemt.

After being filled with the ahredded material, the reactor is ssalwd and flooded
with nitrogen to sliminate air. It is then fillad with sodium reagent and the
circulation sterted. Then andium metel (either es & dispersion or es ectiveted
matal) is added slowly to the resctor until spproximataly 1.2X stoichiomatric
scdium has been sdded. A sample of tha liquid is \d.thdryn. If it ie the proper
colot, the systam 1is allowed to recirculete for et lesst two hours with samples

of reagent taken pariodically. I1f tha reagent changes color, more sodium should
bs edded. After two hours, ¢ semple of the solid material is removed from che
reactor through an access port and quenched thoroughly with weter. A sampls of the
soft core material is then mascereted and mixed with & messured volume of & solvent
such &5 hexans with repid agitation. The haxans 1s then analyzed for PCBe. If it
contains less then the required emount of PCBs, the reagent is dreinsd from
the reactor to e holding tank, The reactor is then flooded with vater (slowly)

to quanch the excess sodium; quenching should teks at least 30 minutes with good
vater recirculation. The weter is then dreined into s second holding tank. The
now-treated solid mass of capacitor material is then dumped for disposal., It is

no longer a PCE matsrial and (if no naphthalens is uesd) it is & nonhasardous
vastas.
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Lt 1is possible to change the through-put of a system very essily. The throughput
of the design 1is limited by the numbar of modules thet cen ba kapt on the truck
while the analyses for PCB are baing performed. A cycls only tekes ebout two to
thres hours, 1Iif provisione erea made to remcve the dreined, but chemicelly etill
sctive, drums from the etruck end etoring them prior to quenching, uatil the
snalyses are compliete, it should be possible to readily incrsass the samount of
capacitor materisl decontaminated by es much ss 50%. Converssly, by not inatall-
ing or not using ell of the modules on tha system it is poeeible to reducs the
cepacity. In fect, for the purposas of s demonstratiop, it is only necesesry to
inetall se fev a8 two modules on the system.

SOLVENT WASHING SYSTEM DESCRIPTION

The solvent wveehing system besere e strong physicel reesmblence to the chemicsl
trestmant syatem. This ie becsuss the physicel leyout and the lerge piscea of
squipasnt ars all governsd by tha typs of eclid aateriel that is baing processed.
Both systems heve & shreddser or soms form of cepacitor cutting ayetem and in both
cases, tha capecitors sre treated in 55-gellon wodules or drums. Furthermors,
sach module site in e cell chat is of the same configuretion. While the process
looke similar, tha operetion is very different, In the casa of tha capecitor
vashing system, aach module is axposed to about 20 seperate cycles of weshing
with eolvent, Since the time per cycls is sbout two hours, it 1is expeacted that
the systam wil] be able to procsss, st bast, sbout 400 lbe of ecapecitore per hour,

The simplest mathod of weshing the capscitors is to aimply run fresh eclvent from
the reboiler into the procssaing module for asch wash and then run the solvent
wtih PCB back to the rsboilsr. This requiras an epproximate 200,000BTU per hour
(sbout 60 KW) reboiler syetem which is difficult to heat slectrically in e fiald
locetion. It ie possible to reduce this loed in half or even lower by using the
sclvent 2 or 3 times bafors reclaiming it.

To Llluetratse, consider Table 1. This table shows the (somewhat hypothsticel but
sdequate) values of the PC) content of the sclide in e givem vesh and the liguids
lesvicg it, If ons ware to match the liquid compositions of weshes 1 with 1],

2 with 12, end #0 on, it becomes evidant thet if the liquid lesving wesh (for
sxample) 1l were directly pumpad into s wodule containing material sbout to bagin
ita firet weeh (f1), thare ie little or nc loss in cleaning sfficisncy. The same
is trus of each of the washes paired in Teble 1. In this vay, the pure solvent
tnters only the weshes going through the final ateges of clesning. It then goes
directly into the modules contsining materisl going through the first stages of
cleaning. The load on tha solvent reclamation eystem is thereby Lalved. Thase
peire of modules sre referred to as "mates”.
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Table 1

ESTIMATED PCB CONTENT IN SOLIDS AND LIQUIDS
LEAVING SUCCESSIVE WASHES WITH PURE LIQUID

WASH 50LIDS L1QUID wASH S0LIDS
—NO.  PCB(mg/kg)  _PCB(mg/l) _MNO. PCB(ng/kg)

1 287,000 100,000 11 300

2 143,500 80,000 12 150

3 73,500 40,000 13 75

4 37,000 20,000 14 k1

5 19,000 10,000 15 19

6 9,500 5,000 16 10

7 4,800 2,500 17 5

[ 2,400 1,300 18 3

9 1.200 650 19 1.5

10 600 330 20 .8

Nota: Liquid PCB in wg/iiter

Solid PCB in wg/kg
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it is poasibls to furcther subdivide the washinge into thras or aven four matea by
cascading up in concantration; howaver, in practice the logiatice of thia bacomas
too complex. Aa Lt ia, it will ba necessary to provide the oparators with soma
form of computer #sssistsnce to run tha system. The aystem can work in the follow-
ing manner:

1, Capacitora are shredded or cut epart and pesssad over s eimple scresn
vhers the frae PCB liquid ia allowed to drein from them into a recaiv-
ing drum.

2. The dreined capacitor solide gra pecksd into procesaing modules sbout
200 pounda (75kg) par moduls and pleced into a processing cell whare
the aystem ia connectad.

3, Relativaly cleen sclvent from the "mate” to thia perticuler process-
ing module than snters ths moduls end it s egiteted for about ona
hour.

4. The modula 1is dreined snd the cycle repssted for en edditional nine
times.

5.  After tha tenth vash, the moduls becomss the first one of tha two in
the pair thet ere "mated”. The "mate” to the moduls in question hae
completed the weeh cycls, it has besn dreinsd, snd the axcesa solvent
has bean vecuum etripped off from it. It is removed and & nav
module conteining untreated aolid ia placed into it.

6. Now fresh sclvent entsre the moduls under consideration and et tha con=
clusion of the wesh, it ie pumped into the mats,
As can bs asen, multiplying thia procedyrs by tem mates gats to be very complicated.
In addition, it ia necesssry to go through e« moderxately slaborate atartup procas-
dure ac aa to sstabligh the achsdule. Clasrly, computer assiatance is required.

ECONOMIC EVALUATION

As wae stated in the preliminary report on thia subject, there appesra to ba no
eciantific or technical reason why PCB cepacitore cannot be detoxified chemically.
The queetion is rather, is it feasible to do so. This ssction axplores thas coates
of alternative routsa for the rmmoval or destruction of PCB in capacitors. The
following schemes ars avaluated:
1. Shredding followed by chemical trsatmant of the total capacitor materisl,
2. Shredding followsd by draining of tha free PCP liquid followsd by Precn
vashes to ssparats the PCB from the cspacitor material. The liquid
PCH ie sant to su incinerator for dispoesl.
On the basis of the following evaluation, the coates of procasaing the capecitors
end the capital investment involved are shown in Table 2. As can ba esen, tha
cepital investman: for the capscitor washing acheme is higher than that reguirad
for chemical trestment. This ie psrtislly balanced by the lowar chemical coate
but tha cost psr pound of capecitor trested is still slightly highar, The
difference ie well within the bounde of the error of this anslyeis ec it .lppur-
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that tha cost per pound of capecitor trassted is eassntially the sama whichsver
routa is choasn. While ths washing mathod does raquirs an added inveatment, tha
lavel of technical expartiss of tha oparstors can be lower, sincs they do not
hava to work with scdium. This usy bs desirsbls for scms conditions. Thas
wvashing routs should, thersfora, not bs sliminatad as @& visble optiﬁi at this
point.

This study was only intendsd to devalop s conceptual deeign for the two typss of
capacitor clesning syatems. Aa s Tesult, tha costs can only bs approximats at
this time. Tha laboratory work gave rasscnabls valuss for the chemicsl cosce and
thaas are balisved to ba relisble. The capitel costs ars sdequate for determining
whathar tha basic proceas sppasrs to be sconomical but bacause oo dateiled deasigns
have baan davaloped as yet, they can be se auch sa 30X on ths high side. The
coats of the various piscss of squipment, were ganerally sstimated very consarvs-
tivaly. It was falt thet s fessibility study such sa this would ba batter servad
by using worat-case rather than optimisitc cost satimating techniques. Even

vhan vendors of squipment provided ralisblas costs, 10-20X contingency factors
were asddaed for thia study.

Ths oparating costs vare figured using the besat setimats fox travel axpsnses,
heuling, atc, that vers availsble. Whils they do incorporats a fair smount of
judgement, they are based on tha Author's expariencs in oparating fisld systens.

As showvn in Figuras 2, on-site chemicel trestmeant of capacitors appesrs to be cost
compatitive with ilncinaration. Tha highly conservativs cost sstimate for ths
chemnical treatment is approximately 50¢ par pound dalivared teo the incinerator.
Tha coet of shipping capecitors veriss from about 3¢ to 10¢ per pound dapending
on the distance they must be shipped. The cost of chemical trestment has bean
estimated using highly coaservetive sethods., Further process refinsmsnts can
reduce it significantly.

The solvent veshing syatem, if oparated by a crev who travels all ovar tha country
is eetimated to coat 58.2¢ par pound of capacitor trasted to opsrste. This makes
it economically unattractive Lif g crw’ comes in from s distancs; howevar, if the

purpose of the system is to treat s utility's in-houss waste capscitors, than the
differential betwaesn chemical proceseing and solvent veshing becomes only &.3¢ per
pound of capecitor treastsd. This is well within tha limits of sccurscy of this

anslyeis snd for sll intents, the two methods are of squivalent cost., It is falt

thet the sclvent vashing syetem can resdily ba oparetsd (if properly dssigued)
by a utility's own personnsl.
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Tebls 2

COMPARATIVE COSTS OF TREATMENT
FOR DIFFERENT SYSTEMS

CHEMICAL SOLVENT
TREATMENT WASHINC
Capacity (1b/hr) 900 400
(kg /hr) 400 180
Capital Cost (4) 120,000 300,000
Oparating Cost
Labor 8.0 9.0
Chemicals 12.8 9.4
Uctilitias 1.0 2.0
Waste Disposal 10.0 13.4
Maintsnance 4.0 5.2
Field Coats 5.7 9.8 (0.9)
Depreciation {¢/lb} 8.3 9.4
Total Cost (¢Ilb) 49.8 8.2 (‘9.3)

Nota: ¢/lb, cents/ib of capacitor trasted
The fiturs in parenthesss for tha solvemt washing system
astunes thet the system is opereted by the utility for its
own use, heoce, no field coets® for the crew is required.
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CONCLUSION

Chemical trastment sppears to be a ralisble, cost-effective msthod for tha
disposal of PCB capscitors. It has a numbar of advantages over othar aathoda
of disposal, including: —
1. can bo made mebile so thers are no difficulties siting it
2. low capital investasnt

3. sasy to build more cepscity to mest aarkst demand

4, snvironmentally scceptabls

The process hans been shown to ba sffective in ths laboratory and, indirectly,
on & pilot scals. It is now necessary to build s full-eize module to test the
syaten and than build & demonstration system so a8 to obtain ths necesssry cost
dets and permits for it.
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MOBILE PLASMA PYROLYSIS

T.G. Warton
J.A.G. Mordy

Department of Civil Enginesring
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Xingston, Ontario, K7L 2W}

A tharmal plesma, properly spplisd to toxic waete destruction, provides a
pyrolytic envirocnment with distinct sdventages over other compating

technologies. C(oaplets atoaizetion of organic fluids has been demonetrated to
oocur in lees than one third of & milliescond, Kinetic recombinations of atomic
entitiss are predictable, Chlorinated wastes produce 8 hydrogen chloride
byproduct vhich ie completaly converted %o salt in @ csustic scrubber.

Deptruction efficiencies in excess of 99.999999% percent have been corroborated by

sxtarnel mcnitoring agenciss for the desetruction of Askarel fluide with chlorine
contents up to 38 percsnt,

Since this procese is pyrolytio, the scale of the equipwment ie small for high
throughput retes. Energy requireasnts for the destruction of Askarels are
typically lese than one kilowatt-hour par Xilogram of wasta, A mobile prototype
unit ie being constructed for the Department of Environmental Conesrvation of the
Scats of Mew York for a throughput rets of che gellon per minuts of liquid

wvaste. The mobility snd sfficiency of such eystems limit the controverey
sesccisted with eiting fixed facilities,

MONS 215017

5-49



MOBILE PLASMA PYROLYSIS -

INTRODUCTION

The dieposal of toxic and hazardous westee continues to be e controversisl matter.
In North Aowrica, more than thirty five mege=-tonnes of such wasts regquires
diepossl annually. Mors than ninety parcent of thie wests receives inadequete
sttention and is returnsd to the environment through leaking landfille and lagoone.
Iin North Americe, approximately fourtesn thousand landfille have besn identified
e contaninated with toxic materials, and ons hundred and sighty thousand lagoons
ars perceived by the public as posing significant threat to heslth and environmen-
tal quality,

Imposing requletions which desand proper disposal of toxic and hatardous matsriale
does little for the snvironment unless cost sffective disposal alternatives are
available to industry. All too often, public reaction te siting suitable technolo-
gy thwarte such development efforts. Similarly, the costs associated with
permitting appropriate technology creats financiaslly unattractive businass venturess
for large industries or are prohibitive for new growth industries. It must also
be recognized that the regqulations required for permitting sows new technologies
have yet to be written. The and result in such a scenario ie that sidnight
dumpsrs Prusper at the sxpsnse of ths environment. It has besen etated that we do
not own thie sarth but we have serely borrowed it from our children. Thie
attitude is profound whan it is realized that 2,3,7,B8 TCDD released to the
snvironment requires about two billion years to thermally degrede to show a
destruction and remowval afficiency (DRE) Of 99.99 percent at ambient tsmpsratures.
PCB and PCDP compounds require longer and have thus sarned their reputetions for
persistence in the environment. Better procedures ars required to favour the
development and application of new technology if environmental quality is to
improve.

Firet, let's consider the issuss sssoclated with the siting and opsrating of s new
technology. Generally, thres intsrest groups are involved and can be identified
as ¢ither regulatory, snterprise or citizens. The requlatory repressntatives are
conoerned with the maintsnance of the snvironmental quality, Ideally they would
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like to ses technology which destroys compounds such as PCE's and produces an
offlusnt with zero reeidual toxic materials. However, technology has not as yet
provided a mechanism of messuring zero residusle and thus regulatory standards are
sstablished. Initial standards of ppm ware replaced with ppb and subsequently ppt
levels, and befors long we will bes measuring femtr-grams and atto-grams in the
inevitable persuit of zero. Enterpries rapresentatives ars concernsd with profit
and loss potentials which surround a wasts dieposal concept such as a high tempe-
raturs incineretor. The concept must be able to compete with alternative dieposal
techniques on both cost and psrformance scales. However, as requlatory standards
become mors ssvers, monitoring and safeguard costs sscalate to tha point whers a
maga-~scale complex is required to take advantage of eConomy of scals. It ie
recognized that it ie difficule for any appropriate waste disposal technology to
compete with oftan employed non-appropriats means of dispossl and the gusstion of
corporate consciance is brought into play along with the third interset group, the
citizene.

The citizens' reprssentatives ars the guardiane of the heritage of our children.
They demand a safe snvirocnment and are reluctant to see & nega-scale complsx eitsd
in their nsighborhood. Such & complex will attract & continuous flest of tankers
which pour pollutante from abroad into their vested domain. The dangers of
tnnopo:':t accidents reprasants ons typs of isolated thrsat. In contrast, vhat
goes into the cosplex must come out as a detoxified efflusnt to the degres that
the regulatory standards can be met. This means thet a continuous threat is posed
by the esfflusnt stream which, slbeit dilute in residual toxic material, ie
parceived to contaminats the nesighborhood with wastes from abroad. Using today's
standards for many regulsated wastes, of & DRE of 99.99 paroent, it can be readily
shown thet the processing of a megs-tonne of such waste will contribute one
hundred tonnes of dispersed effluents to the neighborhood, s most unappealing
proposition.

If the new facility can be damonstrated to give & higher DRE, than the effluents
would have a smaller impact on the surrounding comsunity. S$imilarly, if tha
facility oould operate cost sffectively at lower throughput rates. then the rate
of buildup of sffluants in the community would be proportionally reduced. In
addition, if the citizens’ represantatives could be assured that minimum sffluants
would only etem from pProcessing local wastes rather then transported regional
wastes, then a bettsr political environmsnt would be created to deal responsibly
with ths annual production of toxic and hazardous wastss. Plasma pyrolyais
offers high DRE in a mobils configquration which is cost sffectiwve with low
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throughput rates.

THE TECHNOLOGY

The heart of this technology centres around the plasma arc device. A co-linsar
slectrode arrangement is used to creste un slectric arc. Low pressure air is used
a8 the medium through which an electric currant is passed. In pessing through the
air, the slectrical snergy is converted to thermal snergy by absorption by the air
mleculas which are sctivated into ionized stomic states, losing alectroms in the
process. A recirculation vortax dynamically produced inside the co-linaar slec-
trode arrangament ensures a stable plasma core with predictable performance,
Ultraviolet radiation is emitted when molecules or atoms rslax from the highly
activated states to lower levels.

Wasts fluide can be injected into the co-linear alsctrode space whara they
intaract with dacaying plasma epscias to becoms rapidly atomized prior to axiting
thes alactrode epice. An integral part of this process technology ias the pyrolytic
simcietion computer wmodal. New compounds which are created from the racombination
of atomic specias is predictable bassd on kinatic equilibrium. Ths minimization
of Gibb'e frea anergy is used to datermine the equilibrium concantrations of
product specias over a wide rangs of salected tempsratures and pPrassures. Thus
appropriats operating conditions can be predicted for any organic wasts fluid
prior to ite destruction, and undasirabls products can be minimised or eliminated
through altering the character of tha fluid or ths operating conditions. Changes
in anthalpy betwean fesdatock and output products arsa used to pradict tha plasma
ansrgy raquired adiabatically for the pyrolysis of the waste being treated.

At'the Royal Military College of Canada, a pilot unit has been operating einca
1979. Preliminasry testing on thet initisl Canadian unit was conducted with
Askarsl which contained twenty percant asach of aroclor 1254 and 1260 as well as
esixty pexcent of trichlorobansens. The resulte of the initial tasting showed s
DR of 99.999% percent, 1In 1582, the system was modified to include the co-linear
slectrods arcangument as shown in Pigqure 1-1, as well as increase the throughput
capscity. Ths co~linear plasma devics was mounted on top of a refractory lined,
stainiese stesl vessel vith a volume of approximately 0.5 cubic metres. A crustic
o0da liquid ecrubbing system followed the vesssl and an induction fan draws pro-
duct gases through the system. Acid gas and graphitic carbon residuss are trapped
by the scrubber while fusl gas products are burned con the flare stack. Figure

1=2 illustrates the system in operation, destroying Askarel, and the flare stack
flame can be noticed through the window of the laboratory. The scrubbimg syetem
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had besan calibrated and shown to racover approximataly 96 parcant of inaolubls low
volatils compounda. HMHeasuremsnte of PCB residual in tha scrubbsr watar wars
axtarnally corroborated to be lass than 0.17 ppt, giving a deatruction afficiancy
in axcesa of 99.9999999 percent. It should be noted that tha scrubbing unit
amploys a watar nd liquid ceustic sods atomizing aystem which creatss micreon
aized droplets that have s high trapping afficiency for acid gaa uﬂ_plreieuhtn.
The amount of ceustic sods injection ia controlled by pH monitoring to smsure
alightly bmaic scrubbsr effluant fluids.

An ssssssmant of epproximately forty smerging technologiss was conductad by the
Environmental Protection Agency (EPA). Five were aslected for demonstration aince
they ahowed a high potsntial for auccesaful application to toxic and hazardoua
waatea. Under a co-opsrative agresment between the EPA and the Mew York State
Departmant of Environmantal Conssrvation (NYSDEC) a demonatration program was
sataplished to furthar investigate plasma pyrolysia. A contract was awarded to
Pyrolysia Systems lncorporsted in Welland, Ontario in 1983 by NYSDEC for the
!'.'n.bzicar.ion and demonatration of a mobile prototype.

THE MOBILE PRUTOTYPE

The mobile prototype unit is being constructed in Niagars Falle, Canads and ie
composed of nine major aub-asasmbliss which are completsly contained ineide s
cloasd forty-five foot moving van type drop-bed trailer. Theee nine sub-aystems
link together to form the plasma pyrolyais syatam. In sddition,a fully inatrys
mented control room complets with on-line, cloas to real time monitoring ia also
located insida the trailer space. The unit is baing eized for e nowinal
throughput rats of one gallon per minute, yet has surplus power and capacity to
thet nominally required. Each sub-ayatam ia briefly described along with the
monitoring and failsafe considerationas sasocisted with the deaign of this unit.

Plasma sub—mm

The plssaa sub=system ia comprised of a power supply and & plasma deavica. The
power aupply is & eix pulse thyristor watsr cooled unit rsted st 500 kW and ias
locsted in ths forward ares of tha trsiler. Primary 460 volt, threa phasa powser
fassds tha power supply from s commercial sarvice lins. The dirsct current power
trom tha power supply L6 deliversd to the plesma devics to provide variable
plssma output from 200 to 500 kw. The plasma device is horisontally mounted onto
s rafrsctory lined pyrolyals chamber which has an internal volume of approximately
two cubic metres., While the co-linear alactrodaa sarve as & plug flow atomisation
zone for organic fluids, tha pyrolysis chambsr sarves 85 & complataly mixed
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racombination zona. Residencs times in the atomization zones and ths racombination
zona ars approximataly five hundrad micro-seconds and ons sacond respectivaly.
Tha recombination zone is equilibrated at a tamperature of 900-1000°c.

Domsstic Water Sub-Systems

A two inch watsr connesction is required to fasd domestic water to the trailer
unit. In tha trailer, s heaadsr is used to vector domestic water to four ssparatas
usar sactions. MWater is fed from the headsr through an air gap into s resarvoir
from which watar is drswn for the scrubber. A ascond line feeda water through a
daionizstion unit and subsequantly through an air gep into a second condirionad
watar rasarvoir vwhich providas cooling to the plssma devica, A third water line
vectors wstar to a hast axchangsr which ia used to cool tha conditioned wstar
loop:. A fourth lines takes water to ths onboard laborstory sink and hot water
tank systes.

Conditioned Water Sub-System

Tha conditioned water system is designed to provide sdegquate cooling to the plasma
aystam with water of suitabls quality. This system includes s 130 gsllon tank,

a high prassurs, high flow circulstion pump, a heat axchanger and sufficient
tempersture, pressurs, flow and quality measuring devices to snsurs ths sdequacy
of ths system. Provisions srs made to sutomatically dump portions of the
conditionsd watsr and add fresh deionized watar to maintain ths desired resistivity
within this water ocircuit. In the event ¢f & totsl power failurs, the system is
designed to be pnsumatically charged, thus forcing the contants of the water
storaga tank through the plasma device and provide sufficient cooling.

Scrubber Watasr lub-mt.n

A variabla speed pump is used to pump water from the acrubbar water rsssrvolr. A
portion of this water is braached off the main flow to pass through the thyriastor
cooling loop prior to rejoining the main flow. Water used in tha acrubber
expsriences s oncs through criteris and s flow rsta of approximately 20-40 litres
par minuta is anticipated. Additional temperature, pressura and flov inetrumenta-
tion ara used to verify tha oparation of thie sub-system. Provisions for
pnaumatic charqging of the scrubbsr weter rassrvoir to provide cooling and cleaning
of ths product gns is slsc included in the design of tha aystam.
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Caustic Soda Sub-Systam

The cauatic acda sub-system ls daaigned to metar sufficient scdium hydroxids into
tha scrubbsr watar straam to snsurs complats nsutralization of acid gas and
racovery of hydrogen chlorida. Ceustic sods raserves may be contained in aither
a sSpArats tank truck or an extarnal rsservoir. Provision for onboard storage of
spproximatsly 55 gallons of caustic aods ie made. A pH sensor is used to verify
tha condition of ths apent scrubbesr water and provide operator signals for
variation in spaed of the caustic soda pump.

Gas Claaning Sub-Systam

A threa stags spray ring ia locetad st the producer gae cutlet from the plasma
racombination Zone. Water and cauatic aode ers fed into this ring whers an
atomizing apray creatss micron aized dropleta. These tiny droplats impings on
particulate matter in the product geas atrsan as wall ss rsact with the hydrogen
chlorida to form salt watsr. The temperature of ths producsr gaa is reduced from
the 900-1000°C to lesa than 80°C in this ring. The acrubber soluticn and quenched
product gas are drawn intc s cyclone aystem whare particulate laden salt watsr is
sxtracted, A pump on the aump of tha fluid sxtraction cyclone vectors the fluid
to s sanitary aawer drain, Proviaion ia mads for collection of a compoaits
sample of this fluid which is than subjected to analysta. The quanched product
gas 1is drawn off the cyclons by the induction fan sub-aystes.

Induction ran Sub-systea

The induction fan aub-syatem continucusly draws on the resctor and acrubber units
to maintsin atmoapharic to alightly negative preasure in the system. Producer

gas from the induction fan paases through a thress-way valve. During normal
oparation, this gas ia vetStorsed to the flare astack whars it is slectrically
ignited. Since the gas is majnly hydrogen, carben monoxide and nitrogsn, it burna
with a clean flame at & tamparaturs of 1800-2100°C. Thia flare stack serves as an
eir pollution control device to prevent ths releass of fusl gas to the environment.
The potential to vector this fuel gas beck into industrial furnaces will be
conaidersd later for site specific applicationa. In tha event of a power

failure, the thres-way valve vectors ths product ges through an activatsd carbon
filter to block the potential releass of undaatroyed toxic matarial to ths
snvircnment. Provieion is made to ssmple the product gas prior to the flare.
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Comprasaad Alr Sub-Systam

The comprassead air aub-system asupplias plesma air to tha plasma arc davice as wall
ss comprassed sir for oparating sir velvea, pressuriring the two previously
described watar ressrvoirs and blowing down the system for maintenanca. A serias
of tamperature, preasurs and flow sansors ars Used to sneurs adequats air auppliea
for each requirsmsnt. In the avant of s total power failure, the air compresaor
18 deaignad to have a ressrvoir of sufficient capacity to mest all presasurization
and flow regquirsmenta.

Waste Feed Suk-System

Tha wasts faed sub-systam contains two process rsservoirs, a variable apesd pump
and a seriea of sutomatic festures which prevent sslaction of wasts faed until
appropriats reactor operating conditions are achieved. One process rassrvoir
contains organic fluid such as sthanol and is used during a startup segqusncs es »
precursor fesd and during a shutdown sequsncs to flush ths waste feasd aystem. The
second reserveir would normally be a storage reserveir at an industrial sits. A
flexible connection would normally be used to deliver the contents of that
ressrvoir through the waste fesding systam to the reactor. Provision is made for
a 55 gallon onboard process rsssrveir into which wasta materiels can be pumped.

Failsafe Considaerations

During normal operation, ths plasma pyrolysis reector requires approximatsly thras
ainutes of warsup prior to commencing injection of toxic or hazardous wastes.
Similarly, approximatsly twanty minutes are required for the ¢ooling of kay
components prior to conducting post-run maintenance. These Short cycls timas maks
this unit baeically an on/off system which can respond rapidly to edverss
conditions. The systsa hardware ia arranged to provide faileafs operation sven in
ths svent of a total power failure. Normal scheduled maintenance of pre-snginsarsd
components such as motors, fans, valves, matars and sensors should safequard
against unforesesn malfunctions. Thus, consideration for failsafs ts limitsd to
sonitoring essential conditions and providing protection in the event of the
dsvelopment of an adverse situstion. Thres ecenarios must bs considered which
include controlled operations, loss of plassa and total loas of powar.

A MACSYM 150 procese conitrol computsr is used to control the total operation of
the eystem. Thus, under conditions which preclude total losa of power, the
computsr is programmed to provids operstor warnings as well as taka positive
action in the svent of adverse conditions developing. Under total loes of power.

- MONS 215025



tha arrangement of the hardware takes ovsr this function. Wasta fasd shutdown
signals ars ganearatad undar tha following conditions:

. iose Of plasma arc
a detaction of unaccaptable products
) loss of induction sub-systenm

. loes of cocling watar sub-systems

Tha plasma arc may be lost as a result of slactroda burnout. Calculations have
shown that under this condition, as littls as five micro~grams of undsatroyed
waats may pasa through ths pyrclyais system. This material would be trapped on
the activated carbon filter which forms one of the failsafe featuraa. Unaccaptable
preducts may include trace lavel dataction of principle organic hazardous consti-
tuants (POHC's) or excassive release of hydrogen chloride from ths scrubbar,

In addition to generating waste faed shutdown signals and taking appropriats
action, the computer system also provides cpsrator warning aigmals, which if not
rectified in a preset pariod will automatically shut tha system down. Operator
varning signals stem from monitoring the following conditions which are compared
to computar programied limit ranges:

. reactor tamperatures

. scrubbed gas temperature

. ecrubbsr water temparature

. scrubber water pH

e plaams cooling watar tampearatures
e plasma air flow

[ ] watar pressure

. caustic fluid quantity

. toxic waste fluid quantitcy

. flara ignition

Failsafa criteria are instituted to safeguard the environment. Obviously, the

degrss to which tha environment is protectsd will bear directly on tha accuracy of
monitoring activitiea,
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Monitoring Techniques

While we may intuitively accept the theoretical conclusions, that the conditione
svolving from the plasma arc will dissociate all organic compounds into their
componente, there are other factors to be considered under actual working
conditions. The main ones are whethar the fesd stock is totally or only partially
deatroyed or dissociated, or whether re-combinations following dissociastion will
create more toxic compounds. These concerns can be addressed through sccurate
and precies monitoring and analysis of product gas, its scrubbing medium and
minute quantities of depoaite expected within the plasma pyrolysis asyetem,

The prime objectives of the eaission monitoring are to insure that the plasma
reactor is achieving the required degres of destruction efficiency and that no new
hazardous chamicals are being creeted in the process. These objectives can baat
be met by analyzing the product gas before it is flared. Datsction of tracs
chamicals is assasted by their being at their higheat molar concentration at that
point, where thay have yet to be altered through combustion. Sampling at this
point should preclude the need for trace analysis of effluents further downstream.

In the mobile unit, trace analysis will be performed by a Hewlett-Packard 5792A
gas chromatograph coupled to a Hewlett-Packard 5970A wmass selsctive dstector
{M8D). The MSD has a detection level of one nano~gram while in the apectral scan
mode and 10 pico~grams while in the eslectad ion mode. It is propceed to use thias
equipment in a manner which will provide an analysis in less than ten minutes, as
closs to real time monitoring for such trace analysis as technically possible,
The physical nature of ths product gas and the low concentration of chemicals
being monitored require a carefully designed eampling system. A suggested
analytical protocol would be that developsd by the National Research Council of

Canada for a study of pesticides in ambient air at concentrations ranging down to
three pico-grams per litre.

A one hundred litre sample of product gas will pass through a heat traced line to
a particulate filter to remove residual carben. The cleansd gas then passes
through an absorbar with a capture efficiancy of 99 percant. The adaorber ie
then rapidly heated to relsase trapped organics. A nitrogen stream cirries ths
organica to the GC=MSD for analysis. The mase detector in its selected icn mode
should provide a detection level of one pico~gram of POHC par gram of waste feed,
The NSD in the aspecific ion mods will provide information on residual masses for
aix sslected ions whoes presencs either indicates the degree of toxic Hl_ltl
destruction or the formation of new toxic compounds. If the concentrations of

.
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these chamicals excesd the predeternmined limits. automatic fesed shutdown
procedurss will be initiated. If the concentraticon limits are not exceeded, the
analyels cycle will then be automatically repeated.

Ths poesibility of the formation of chemicale not specifically scanned for, by the
above procedure, must also be considered. To determine whether such chemicals are
baing produced, the mass spactrometer will scan from ten to six hundred atomic
mase units at appropriste time intervals. The detection of a significamnt
concentration of an unknown compound whoee maes is equivalent to that of a
hazardous chemical will invoke a etanderd shutdown procedure.

Bulk gas analysis of the scrubbsd product gas will also be performed at this
sampling point located downstream of the induction fan. A Hewlett-Packard 5880A
gas chromatographic eystem will provide on-line analysis of hydrogen, water,
nitrogen, methane, carbon monoxide, carbon dioxide, ethylens, ethane, acetylene,
propans, propylens, l-butens and hydrogen chloride. The monitoring of water will
asaist in completing a water dalance for the system. The analysis for hydrogen
chloride will provide a means to monitor the removal efficiency of the hydrogen
chlorids by the scrubber. The operator will be alerted uypon the detection of
concentrations in excese of 200 ppm. In this way, ramoval efficiencies in excess
of the required 99 percent will be stisured for a waste fesd containing thirty-five
waight percent of chlorine. The detection concentration ro signal the operetor
can be sdjusted in accordance with the chlorine content of tha waste being
dastroyed.

SUMMARY

Production of the mobile plasma pyrolyeis unit is well underwmy in Canada. The
first unit should be ready for preliminary testing early in 1984. In that the
pilot unit has shown unprecedanted destruction efficisncies for PCB compounds

es wall as a high destruction efficiency for rsfractory compounds such as carbon
tetrachloride, the mcbile prototypa should be equally effective in dealing with
toxic and hasardous wastas.

M0 permit to construct has been applied for on this project since the unit is
being built in Canada. However, other permit applications will be required prior
to this unit operating in ths United Statas. Dermitting may be required under
the Clean Alr Act, the Toxic Substanca Control Act (TSCA) and the Repource
Conservation and Rscovary Act (RCRA}. Preliminary discussions indicata that the
unit will be exempt by virtue of scale and stack eize (fouxr inch diameter) under

5-60 MONS 215028



-

the Clean Air Act. Under TSCA, a permit for destruction of PC2 compounds will be
required and the technology will be regulated as alterrative technology in contrast
to combustion technology. However, waste PCH compounds do not exist as pure
substratee. Commarcial preparations normally contain solvents such as trichloro-
benzens and thus thisg technology requires a permit under RCRA for Wistes other
than PCA. However, while RCRA recognizes thermal processes such as pyrolysis as
distinet from incinaration processes, regulations governing that permit application
(RCRA part B sub-part X} have yet to ba written.

Tachnology is taking an extremely serious approach to curb the irresponsible
disposal of toxic and hazardous wasts. It would be most unfortunate if demonstra-
ted tschnology had to sit idle until the present program of developing permitting
regulations is completed. Perhaps it would be more appropriate to reconsidar a
rore efficient alternative. That is, rather than writs regulations which attempt
to encompass all technologies, it would be more appropriate to review each

" specific technology and provide responsible gquidelines undsr which it can operate,

It is unlikely that all encompassing regulations will be effective and could
conceivably restrict the commarcial application of new technology to the global
pellution problem.

The mobile concept which is represented in this report is highly effective in
destroying wastes. It can opsrate cost effectively at small throughput retes.
The performance of the pilot unit indicates that it could operats in a community
without any environmental impact and thus deetroy toxic waetes at industrial sites
where thesy ware creatad. The sttitude of citisens' groupe in Canada indicates
that such groups are praparsd to allow the destruction of thair local hazardous
and toxic waetee provided traneportation of euch waetes is minimized and imports-
tion of such wastes to their community is eliminated. <Concaivably, this epproach
coculd reverse the trand favouring midnight dumpers and the development of new
Love Canala,

MONS 215029



-

ENERGY AND BYPROOUCT RECOVERY FROM CHLORINWATED
HYOROCARBONS: CHLOE-CHIMIE'S VRC®INCINERATION PROCESS
FOR POLYCHLORINATED BIPHENYLS

by

Joost Gallay
Pyrochlor, Inc,
10 Wickham Way
Chatham, New Jersey

ABSTRACT

Chloe~Chimie, & subsidiary of the French Groupe E1f Aquitaine, has
developed and successfully marketed & heat and dbyproduct recovery process
ustng waste chiorinated hydrocarbgn residues. The prototype, full-scals
incineration unit, termed the VRC® process, has been in operation in
Saint-Auban, France since 1974 gnd has a capacity of 16,000 tonnes of
waste matarials per year. It can accept 2,000 kos/hr of chlorinated
waste, is designed to operate at 12000C at & retention time of 5 seconds,
and cén produce 4,300 kgs/hr of clear 33% HC1. Tests with waste PCBs
were conducted tn Dctober 1979 and May 1981 and showed no discernable
PCBs, PCDF's, and PCODs 1in effluents at detection 1imits of 0.1 ppd {100 ppt)
for each eatity. Borden Chemical 1§ currently operating a larger Chloe-
Chimte VRC™ unit at i1ts Geismar, Louisiana chlorinated solvents plant.

INTRODUCT] OK

Chloe=Chimie, at a leading European producer of chlorinated
hydrocarbons, historicaliy has faced the problem of disposal of
highly chlorinated, refractory wastes, The research undertaken in the
sdrly 1960's led to the development of a series of incineration units,
culminating in the fabrication of the VRC-2 unit. The latter "YR(C-2*
{from Valorisation des Residus Chlores, Type 2) 1s designed to burn
more than 2 tonnes per hour of residues. The plant has an outstanding
operational flexibility and recovers high quality hydrochloric acid
solution of 33% w/w or gaseous hydrogen chlaride, which can be either
marketed or captive,

The plant has been licensed seven times as follows:

Spain 1976 Perchloroethylene residues
Morocco 1977 VYCM wastes

USSR 1976/1981 Four plants

USA 1982 ¥CM res idues
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In order to demonstrate the high efficliency of this type of
incinerator, tests were conducted on October 156, 1979 and from
May 10-14, 1981, employing as feedstock used commercial PCBs returned
from customers. The tests were carefully monivored to determine the
possible presence of unburned PCBs and/or other oxidized harzardeus
compounds such as PCOFs and PCDDs in the effluents from the unit.
EPA sampling and analytical methods were utilized (see Modified
Method 5 Train, Appendix).

CONCLUSTONS

The incineration tests performed in the Saint-Auban plant on
commercial, spent PCBs show clearly that this technology ts able to
achieve etsentially complete combustion of commercial PCBs without
fuel addition with HC1 recovery as muriatic acid and comply with the
recommendations of the EPA published in the Federal Register of May 31,
1979; that 1s to say, PCBs in emission gases were not detected at
0.1 ppb with a resultant destruction efficiency in the range 99.99997-
99.99999%.

Ox{dized byproducts of thé PCBs combustion, such as PCDFs
{polychlorinated dibenzofurans) and PCOUs (polychlorinated dibenzo-
p-dioxins) were not found at a detection limit of 0.1 ppd (100 ppt).

More than 99% of the chlorine contained in the wastes can be
recovered as 33% w/w HC1 solution or as 100% HC) gas.

The YRC® unit can burn waste with & caloric value as low as
2,200 kcal/kg (3,700 BTU/1b) without additional fuel,

OaM costs for this technology range between 2.5-3.5% of captital
investment. This 1s partly due to the minimal/almost lack of corresion,
but also to uninterrupted performance of the equipment over very long
periods of trouble-free opearation,

VRC® INCINERATOR AT SAINT-AUBAN

'.Higtorigcl

Built in 1915 to produce chlorine, the Saint-Auban facilities
continue to be specialized in chlorinated hydrocarbons (600 tonnes
of chlorine per day). The heavy and 11ght end byproducts must be
disposed in an enviromentally proper way and, since 1968, this has
been accomplished by land-based incineration in an incinerator
destgned and constructed at the Saint-Auban facility. This unit
produces and recovers HC1 and steam without corrosion problems.

Recognizing its outstanding performance 83 an environmentally
sound technique, the French suthorities spongsorad the construction
of this plant and certified the tradename of: "Valorisation des
Res idus Chlores",
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® Description (see Chart 1)
The incinerstor comprises:
* Furnace (F.101) -

A verttical, cylindrical furnace is designed to satisfy the
previously defined temperature and residence time conditioms
(1.e., 12000C and & seconds). It is 1ined with a refractory
material specially selected for its corrosion resistance and
durability.

* Burner (8.101)

The furnace=burner has been developed and patented bdy
Chloe=Chimie. This burner can handle 1iquids, as well as
viscous fluids, contatning solid particles and gases, Thig
system requires no 1iqutd pressure (gravity feed) and has a
maximum air pressure requirement of about 0.4 bar (58.8 psig).

* Quench and Washing Tower (D.810)

The quench (Chloe<Chimie's patent}, 4 s0lid section made
of graphite, was developed in cooperation with the French
firm Vicarb-Grenoble. This very 1ight, extremely religbie
plece of equipment (more than 5 years of practically uninterrupted
service at the Saint-Auban plant) reduces the temparature of
the combustion gases from 12000C to 600C, The temperature of
the quench 1s controlled by recycling cooled HC1 solution. The
same solution is also sprayed directly into the washing tower.

The cooling lcop, connected to the washing tower, is designed
to operate in such & way that no HC1 absorption occurs. A
purge withdrawn from the loop eliminates ashes, metallic
tmpurittes, and/or other materials. This purge (approximately
25% w/w HC1 solution), can ba led from the washing tower to a
tank where 1t decomposes the hypochlorites resulting from the
neutralization of effluent gases. The decomposition gases
(chlorine plus inerts) can be recycled to the furnace, and
the resulting brine sent directly to the wastewater tredtment
system.

Absorption Equipment (R.815)

These units ensure the gas circulation and maintatn a slight
negative pressure in the furnace (venturi system). The increase
in the solutton's concentration is systematically accomplished
through countercurrent mixing with the combustion gases., One,

two, of three untts are necessary, depencing upon sSuch factors
as!

= the chemical composition of the residues
- the temperature of the avatlable cooling water
= the desired concentration of the final HC1 solution
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Final Processing of Tail Gases (R.818)

Without causing major changes in the pH and output
conditions, a predetermined amount of caustic soda 1s—
injected into the neutralization stage to react with any
chlorine and HC1 that escapes absorption in the previous
stages. Neither phosgene nor nitrogen oxides wers observed
in previous operations over the last six years at the
Saint-Auban VRC® unit.

Gas Effluent, Stack (F.101)

After the caustic soda trestment section, the gas is
practically chiorine- and HCl-free (1.e., less than 30 ppm),
and easily meets the environmental protection requirements.
Consequently, scrubbed gas 1s discharged directly to the
atmosphere.

Range of Residues Processed

The VRC® unit was designed to incinerate waste byproducts
from the following organic chemice! manufacture:

Vinyl Chloride Monomer (VCM)
Trichloroathylene (Tri)
Perchloroethylene (Perc)
Carbon Tetrachloride (Tetra)
1,1,1-Trichloroethane

Some residues (from VCM for instance) are mainly composed of
11ght ends and have a chlorine content less than 60% w/w,
Other residues (from Tetra/Parc) containing 70% ar more chlorine,
are very viscous with a melting point over 160°C, and resemple
tars. Residues with up to 74% chlorine maximum, 1.e., 2,200
kcal/kg, may be incingrated without additional fuel, whereas
other types of incinerators can only accept residues with 3,500
kcal/kg caleric value, and require fuel addition,

HC1 and Steam Recovery

The present Saint-Auban plant, built before the 1973 of
crisis, recovers only HC1. Should this plant be designed today,
4 heat recovery waste heat boiler (WHB) must be added. Such a
WHB, used 1n another plant of the group since 1974, has been
licensed several times for use with waste incineration units,

Recovered HC1 1s o marketable 33% w/w muriatic acid and the
steam generated in the WHB 1s of average pressure in the range
of 16 bars (230 psig).
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INCINERATION OF PCas

Types of PCBS Incinerated

The aver‘ge composition of the spent PCBs trademarked
PYRALENE T1® comprised a mixture of: -

- 60% DP chiorobiphenyl, which in turn, consisted of:
S0% hexachlorobiphenyl and
50% heptachlorobiphenyl

-« 40% Tri- and tetrachlorobenzenes

Fifteen tonnes of thlz product, liquid at room temperature,
were charged to the VRC™ incinerator in Saint-Auban and totally
incinerated.

Operating Conditions
* Preparation of the Plant

No modification whatsoever was made to the plant for the
incineration tests using PCBs. The absorbers were emptied
and rinsed with fresh water. Consequently, due to the
relatively small quantity of PCBs burned, the concentration
of the HC1 produced was lTow: Z20% solution 4t the termination
of the test.

* Technical Data for October 1979 Test

Duration of the test ,...ceveesvecnsccscssscse 15 hours
PC” FRBUMALE covvesronssncscncoctotosatosat 0.3 tonl’lelhl‘
Gas temperaturs at furnace outlet ..c..eeveceeree. 1,1600C
Retention time 1n the fUPNECE cveesveccanstseess I SECONDS

The 3 tonnes balance, retained from the daily storage, was

burned together with a new supply of aliphatic chlorinated
hydrocarbons .

Note: The furnace was formerly heated by ordinary wastes
incinerated at the Saint-Auban facility (1.e., from YCM and
chlorinated hydrocarbon production), so the startup with
PCBs caused no problems as the caloric value of the PCBs

wis sufficiently high to allow burning without additional
fuel,
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SAMPLIN
Fo

RESULTS

G
ur samples were taken:

Acid solution in the washing tower just after the quenth,
D.810 (see Chart 1},

Muriatic acid production, R.815.
Neutralized solution, R.B18.

Gas effluent in the stack, according to EPA Modified Method §
(see Appendix).

Results of the tests are delineated in Tebles 1 and 2. No PCBs,

PCOFs,
respect

or PCODs were found at detection 1imits of 0,1 ppb (100 ppt),
ively. Destruction efficiencies for PCBs of 99.99997-99,99999%

were realized both for 1iquid and gaseous effluents,

AKALYTI

CAL METHODOLOGY
Scope

The methodology used to establish the amount of PCBs in the
samples taken during the incineration tests was developed in
the Rhone-Poulenc Research Center of Decines near Lyon as
part of the Rhone-Poulenc research program concerning FCBs
produced in 1ts manufacturing facilities since 1946,

This analytical protocol is & modification of the German
“DAPA 1976 - Analytical zeitung 280-9-13-1976" and the method
published by Drs. HWan Rudolf Buser and Hans Paul Bosshard.

Principle

The PCBs present in the neutralized samples (aqueous) are
extracted with a non-miscible solvent (hexane). The solvent
phase s dried and concentrated and the PCBs prasent are
analyzed by gas chromography, coupled with mass spectrometry
and mass fragmentagraphy (GC/MS/NF).

The discrimination among PCBs, PCOFs, and PCDDs 1s accomplished
uging both differences in retention times on GC columns and
wmolecular weights and the {sotropic ratios of chlorine content
per each type. Quantitetion is achieved by comparing the peak
areas to well-known standsrds. The linearity of the responses
in the working range of quantities is routinely checked.

MONS 215036

5-69



L-s

Coel Curmic

Table 1. Ligquids - Rasulis

i =n oo o
topent | x1 th “e! st | o, s, 1 Kn :C:l o [re o -
| § (]
waie o il ot 1] o} o} '_mm ayliw Ll -
Trem tren
forge deid | 188 Y . . . . e o s {wwm | owm w
b et (Ul
fran
e fatic HY . . . . ) 0] e nwem | "
i 1 )
treanois | 1048
frm irem
nm:::lu ) - " u ':"' na He (3 ” nm " 15
[ ] * - i ‘
trom 8 S8 g e |

[{H nrm!- perved Suring the un. It (shet o cortaie thua, the giont Ming weited ond enptied 52 A0 Degisning of b LOSL L5 roach bhe tawlilir v
of concontration tu dhe Sorinn of Sbaorbers.

lel Nl &
5 1] loﬂruodM|:=rtomW

MONS 218037



-5

oL Ceimil

Tabls 2. Gaseous Effluants - Rasults
Loponan] - ) I‘.lt .! Entdis] W2 tllz A Iun-m [ 4] ﬂ' Khixh [ -] |.{ 2 =]
1[4 P:ﬂl- Ll I.:.r-
(§11}
~ e it
Ly ]
i = 1 I P I TR B B R A wm|
LL - —_—
iraa pren | frem from 135§ mam From
Sanpld [ropped .4 18 |Bia |20 te fetec: | B te
TR ‘IB "f:"":'" ”GII “lll L85 [reble '“I [+ ) ‘l-! 1 M| iy M [11]
TORAL CFFLORRIS » Ll NMMm
r' Metection Hml « 0.4 ppu
A} Seteciion tiait « 7
6] bebow  dptotiion dledt of 0.1 b

MONS 215038




rr

Miscellaneous
In solution, chlorine content, unburned particles, ashes,

phosgene, N0y, CO, COz, and excess oxygen have been determined
following standard methods.
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APPENDIX

Modified Method 5 Sampling Train

Sampiing tratn, modified following the EPA recommendations concerning
1sokinetic sampling, pressure drop across system, and position of sampling
line 1n a2 stack (different posttion of two diameters in the 1inear part

of the stack).
meter for aach sample.
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PCRs, PCDFs, and PCNOs Resulting from
Transformer /Capacitor Fires: An Overview

Paul E. desRosiers
Environmental Protection Agency
Office of Research and Development
Washington, DL 20460

Abstract

The purpose of this paper 1s to give an overview of what the author
considers to be current information concerning PCR transformer/capacitor
fires in the UU.S5. On December 15, 19R3, the Environmenta® Protection
Agency issued a national dioxin strategy for investigating, identifying,
and cleaning up sites contaminated by diaxin. Within the framework o€
this strategy 1s & plan that calls for research to he conducted on PCR
transformer /capacitor fires. This research will entail an investigatinn
into the characterization of sousces of PCNFs and PCPDs, that 1s, the
chemistry of PCR fires and theoretical products of thermal stress
hased on composition of askarel used; emergency response protncols for
firemen, including protective clothing; and practical remedial measures
fosr butllding cleanup.

The author also feels that only through the sharing of information
and full cooperation amony electrical utilities, chemical manufacturers,
firemen, insurers, EPRI, EPA, and NIQOSH can "preventive maintenance™ he
per formed to minimize or preclude future impacts of PCR transformer /capacitor
fires.

PREFACE

On January 10, 1979, a railroad tank car carrying 75,000 1iters
of crude o-chlorophenol ruptured near Sturgeon, Missouri, Forty-seven
workers from the Norfolk & Western Rallway Company were employed to
clean up the spill and {n the process wete exposed to & variety of
tox1¢ chemicals, including chlor {nated phenols, phanol, and the toxic
artifact, 2,3,7,8.TC0OD (1). In fact, the concentration of this dfoxin
isomer amounied to only 22 ug/k9 (ppb) (2). As a result nf alleged
exposure and the manifestatfon of certafn percefved health effects and
physiological symptoms, e.g., rashes, dizzfness, loss of memory, extreme
fatfgue, impotence, upper respiratory difffculties, and in one case,
cancer of the testicles and the skin, the workers brought suft in en
[11tnots court against the ratlroad company and the manufacturers of
the tank car and the faulty coupling, including Mansanto, the manufacturer
of the orthochlorophenol, On August 26, 19R?, the Edwardsville, I11inels
Jury awarded the highest monetary judgments ever made as a rasult of a
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single tankcar spfll - $57.95 mr1lion (1). Prior to the cnmmencement
of the April 5 trial, Monsanto, General American Transportation, and
Dresser Industries settled out of court for an estimated $8 million.
This court dectision represents the first time a jury has concluded that
dioxin caused permanent harm to humans and thus has highlighted the
more than 30 waste disposal sites within the State of Missourt that
contain polychlorinated dibenzo-p-dioxing (PCRDs)(3).

Recently, in Kovember and December of 1983, three separate sufts
{4}(5) were filed in St. Loufs Circuit Court: in one case, by 57
persons who contend they suffered general systemic effects from
dioxin-tainted soils at six sites in eastern and central Missourd - for
$684 million; in a second case, by 25 dockworkers and a widow of a
former dockworker of a trucking ffrm fn St. Louts - for $620 million;
and finally, by 183 people at Times Reach and Castlewnod whn assert
that they suffered serious health deficiencies as a result of dioxin
exposure - for $1.8 billion,

Therefore, this sttuation has catalyzed an acute public and
governmental awareness of the potential severity and explostivenass of
the PCOD problem, PCB transformer *ires, accfdental spills, and
inapproprfate disposal have compounded the problem particularly in
regards to PCOFs (furans) and to some extent PCBPs (bfphenylenes).

INTRODUCTION

The most toxic and extensively studied polychlorinated dibenzo-
p=dioxin (PCDD) and «furan (PCDF) fsomers are 2,3,7,8«tetrachloro-p-
dtoxin (2,3,7,8-TCDD) and 2,3,7,8«tetrachlorodibenzofuran (2,3,7,8-
TCOF), respectively, There are pronounced differences in hiologfcal
and toxfcologtical effects hetween different PCDD and PCDF fsomers.
Those fsomers with the highest acute toxfcfty are 2,3,7,8-TCOD,
1,2,3,7,8-PCDO, 1,2,3,4,7,8-HCDD, 1,2,3,6,7,B-HCOD, 1,2,3,7,8,9-HCDD,
2,3,7,8-TCOF, 1,2,3,7,8-PCOF, 2,3,4,7,8-PCNF, and 2,3,4,6,7,8-HCOF
(See Figure 1).

perciicrcgics ciios gt
powoy

Figure 1. The most toxic PCOD and PCDF fsomers (6).
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Each of these isomers has its respective four lateral positions
substituted for chlorine and each has Lo?n values fn the range of
1-100 ug/kg for the most sensitive animal spectes {generally the
male gufnea pig), There exist 75 PCND isomers and 135 PCDF tsomers,
Acute toxicity among the isomers can vary up to 100,000 times (See
Tabte 1), In comparison, the most acutely toxic PCB isomer {s only
about one-fourth as toxfc as 2,3,7,8-TCOD (B). -

Table 1. Acute oral toxictity nf polychlorinated dibenzo-p-
dfoxins as dose expected to cause death of 509 of
Lhe animals within 30 days (7).

Acute Oral LDsn, ug/kg Oody Weight

PCOD Gyfnea Piq Rat Mouse
pf 2,7 >1,000,000 >2,000 000
2,8 >300,000
i 2,3,7 30,000 >3,000
Tetra 1,3,6,8%m{xed >100,000
11377971 '
2,3,7,8 0.6 22 (M)
2.1 45 (F)
2 780
Penta 1,2,3,7.8 ] 340
1,2,4,7,8 1,100 »5,000
Hexa 1,2,3,4,7,8 73 825
1,2,3,6,7,8 70-100 1,250
1,2,3,7,8,9 60~ 100 1,440
Mixed Isomers
100,000
Hepta 1,2,3,4,6,7.8 600
Octa 1,2,3,4,6,7,8,9 >1,000,000 >4,000,000
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Recent fnformation arising from a 1983 Natinnal Cancer
Institute carcinogenfcity Sstudy of a mixture of 1,2,3,6,7,R- and
1,2,3,7,8,9=-HC0D in female rats led to the preliminary conclusion that
this mixture of hexachlorodioxins was carcinogenic. Recause public
comment criticized the manner in which the experiments were conducted,
the National Institute of Environmental Health Sciences/Mational
Toxicotogical Program (NIEHS/NTP) was asked to reexamine the resylts of
the study. It 1s therefore the opinfon of NIEHS/NTP that the
hexachlorodiaxir mixture was 1ndeed carcinogenic under the conditions of
the test (9).

Analyses of (ommercfal PCB Mixtures

PC8s contain a complex mixture of PLOFs with up to 40 isomers hernq
present, Rappe and Buser (6) have analyzed a number of commercial PCRg
and thetr findings are shown in Table 2. The highest concentration of
PCOFs, found in a Mitsubishf PCB fluid used for over two years, amounted to
10 vg/g (ppm), with 1.25 ug/g befng the 2,3,7,B-TCOF fsomer. When
commercial mixtures nr well defined isomers are heated in afr in a sealed
glass container or ampoule, yields of PCOFs have been observed in the
1-5% range and this technique has been successfully employed to prepare
PCOF standards (10). Using the synthetic standards currently avaflable,
the major PCOF fsomers present in commercial PCBs have been identified
(See Figure ?).
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Figure Zz. PCOF fsomers {dentffied fn commercfal PCBs (6).
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Table 2. Concentrations of PCOFs in commercial PCRs, vg/g (6).

Sample .01 4-Q 5-01 6-C1 1-01 Total
— _ PCOF
Aroclor 1248 (1969 - 0.5 1.2 0.3 - 2.n
Aroclor 1254 (1969 - 0.1 0.2 1.4 - 1.7
Aroclor 1254 (1970) - 0.2 n.4 0.9 - 1.8
Aroclor 1254 .10 0.2% n.70 n.8t - 1.¢
Aroclor 1254 (ot KK 602) - 0.05 n.10 n.02 - N,z
Aroclor 1260 (1969) - n.l n.4 n.s - 1.0
Aloﬂor (Lot AX 3) - 0.2 0.3 D.‘ - O.R
Aroclor 1260 0.06 n.3N0 1.0 1.1n 1.3% 1.8
Aroclor 1016 (1972) - <0,001 <0.0M <0.001 - -
Clophen A 60 - 1.4 €.0 2.2 - 8.4
Clophen T 64 0.10 0.30 1.73 2.45 n.s2 5.4
Phenoclor DP.6 - 0.7 10.0 2.9 - 13.6
Prodelec 3010 0.41 1.004 n.3s 0.07 - 2.0
Mitsubishi (used) z.13 4,000 3.30 0.53 10.0

2  Mapjor isomer 2,3.7,B-TCDF
Contafns 1.25 ug/g 2,3,7,8-TCDF

Discussion of Varfous PCB Fires
* Binghamton, New York

On February S, 1981 at approximately 5:30 a.m., an electrical panel
fn the basemant of g 22 story offfce butlding located fn a governmental
complax was fnvolved in an incident described as an explosinn. A nearhy
electrical transformer contafning about 117N gallons of Aroclor 1254
(65%) and tri- and tetrachlorinated benzenes (35%) was involved. lLeakage
occurred and about 180 to 200 gallons of fluid leaked from the transformer.
Due to the ventilation system of the building, smoke contaminated with
soot-containing chemicals, was spread in a non-uniform fashion to most
work areas of the building as wel) as to fnterstices within air conditioning
ducts, false ceiling arees, elevator shafts, and within desks and file
cabinets, This appears to have been facilitated by air ducts or simply
open shafts running from the basement area, up to the top of the buflding,
with openings into the men's and women's hathiooms on each floor, These
bathrooms hed only metal gratings separatfng them from the open shaft
area, [n adgdition to this architectural arrangement, fire or smoke
safety doors, which were designed to opan tn the presence of smoke as a
health measure, did just that during the series of explosions that occurred
4t the time of the incident, Recause the outside afr temperature was
below freezing at the time, the apaning of safety doors on the roof,
which were located above the buflding's two stafrways, caused a small
vacuum that sucked atr containfng smoke, Soot, and as was later found,
toxic chemicals from the bathroom areas on each floor and Aeposfted the
residue in a non-uniform fashion 1nto most areas of the office butlding
later tested.
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Chemical analyses were performed at: Galson Lahoratory in Syracuse,
New York and at General Electric Laboratory in Schenectady, New York and
revealed PCBs fn soot and afr, which was strongly suggestive of PCDFs
present in substantial amounts; The Hatfonal Figsh and Wild1{fe Laboratory
in Columbtfa, Missourf, which establfshed the presence of many of the
dioxin isomers; and by the New York State Health Department's Divisfon
of Lahoratorfes and Research, which established the presence of 2,31,7 . 8-
TCOD. A later examination of mater fal from the underground garage that
was contaminated and washed {twice with steam and detergent) was_found
st111 to have trace amount$ (nanograms per square mter? of PCOFs and
PCDOs in some areas hy Wright State University. Total PCOF isomers in
the soot were fnfttally found to be as hfgh as 2160 ug/g, PCODS 10-20
ug/q, and PCBs 100,000-200,000 ug/g (See Table 3). It 1s noteworthy
that the most toxfc tsomers are the major components within each group,
viz., 2,3,7,8-TCOD, 2,3,7,8-TCDF, 1,2,3,7,8-PCONY, 1,2,3,7,8-PCDF, and
2,3,4,7,8-PCOF (See Figure 1). Stnce the trf- and tetrachlorinated
benzenss compr fse 35¢ of the dielectric fluid, 1t fs not unreasonable
to assume that this dfluent mixture represents the precursor to the
PCODs produced as a result of the fire,

Nearby Binghamton City Hall, whfch was used as a staging area during
the fnttfal cleanup efforts in february 1981, was also contaminated.
The County Building alsc next door to the Ringhamton State 0ffice Butlding
was contamfnated to a lesser extent.

There have been 312 mtllion allocated so far by the State of New
York for the cleanup, The butlding i3 self-tnsured so no {nsurance
funds are avatlable., 1t has been closed sfnce February 5, 1901, Over
§$1 billion fn lawsufts have been threatened by some of the more than SO0
persons who were, or believe they were, exposed to toxfc chemicals, and

who are themselves concerned with physical or psychological/medical
damages.

Stockholm, Sweden

In August 1981, a fire broke out in a 10 XV capacitor battery in an
electrfcal powar statfon in Stockholm, which was probably caused by a
mal functioning elactrical system. Wipe tests were taken about one meter
from the capacitor (13). Inspectfon of the chromatograms revealed
several peaks, fn eddition to PCBs, with molecular weights corresponding
to di-, tris, tetra., and pentachlorobfphenylenes (PCBPs). It {s probable
that these PCBPs were formed hy a direct cyc]ization of PCAs present.
The level of PCDFs was found to ba 1375 ng/mt (See Table 4%, whereas a
1ough estimate for PCBPS gave levels of 25,000-30,000 ng/mc,
Polychlor inated pyrenes (PCPYs) were also detected, but not quantffied,
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Table 3.

Levels of PCDFs {ug/g) from accidental burning of PCB-containing electrical

equipnent,

Isomers Capacitor Transformer Transformer Transformer
Skdvde, Sweden{10) Binghamton(1N) Miami (11)# Boston (12)¢
0.5m* 3m**

Total PCDFs 0.8 n.2 2160 n.d.=1.79 165

Total Tri-CDFs n.d,=N.18 50

Total Tetra-CDFs 0. 0.1 28 n.d.-0.53 60

2,3,7,8-Tetra-CDF 0. n.02 12 n.d, 3

Other 1somers 0. 0.06 16

Total Penta-CDFs 0.1 n.04 670 n.d.=-1.0 35

1,3,4,7,8-Penta-CDF 65

1,2,4,7,8- " 25

1,2,4,7,9- " 22

1,2,3,7,8- " 31n

1,2,3,6,7- " 60

1,2,6,7,8- " 25

2,3,4,7,8~ " 48

2,3,4,6,7- " 12

Other 1somers 110

Total Hexa=-CDFs 0.04 n.04 965 n.d.-0,18 15

1,2,3,4,6,8-Hexa=-COF 50

1,3,4,6,7,8- " 125

1,2,4,6,7,8- " a0

1,2,3,4,7,8- " 510

1,2,3,6,7,8- " 150

1,2,3,6,8,9- " 58

2,3,4,6,7,8- " 10

Dther 1somers 250

Total Hepta-CDFs 0.01 0.01 460 n.d, 2

1,2,3,4,6,7 ,8-Hepta=COF 230

1,2,3,4,6,7,9- " 120

1,2,3,4,6,8,9- " 55

1,2,3,4,7,8,9- 55

Octa=-CDF 0.005 0.005 40 n.d, n.d

* soot sample- taken 0.5m from capacitor on the floor

** soot sample taken 3m above capacitor on the wall

# Detection limit: 10 ng/g

¢ Detection limit: 100 ng/g
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Table 3. Levels of PCDOs (ug/g) from accidental burning of PCR-tontatning electrical

equipment.

(cont'd)

Isomers Capacrtor Transformer Transformer Trans*ormer
Skbvde, Sweden(1N) Ringhamton(10) Miamt (11)4 Aoston [12)¢
0.5m* Ime*

Tot.‘ PCDDS - - 20 nodo n.d.

Total Tr{-CODs n.d. n.d.

Total Tetra-CODs - 1.2 n.d. ..

2,3,7,8-Tetra-CDFs - n.s n.d, n.d.

Other tisomars - - 0.6

Total Penta-CODDs - 5.0 n.d, n,.d.

1,2,3,7,8-Penta-CDDs - - 2.5

Other isomers - - 2.5

Total Hexa-CDODs - - 4.7 n.d. n.d.

1,2,3,4,5, B-Hexa-CDt! - - 1.2

1.2.4.6.8.9 - - 1.2

1,2,3,4,78 - - 0.7

1,2,,6,8,9 * - - 0.6

1,2,3,7,8,9 " - - 0,4

152!1s‘|507 " - - 0.5

1,2,3,4,6, 7.9-Hepta-CDD - - 4 n.d. n.d,

1, 2 ,3,4,6,7,8- - - l n.d, n.d.

Octa-C0D - - 2 n.d, n.d,

* soot sample taken 0.5m from capacftor on the floor

**  so0t sample taken 3m above capacitor on the wall

# Detection 1imit: 10 ng/g

¢ Detectfon 1imit: 100 ng/q

6-8
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Table 4. Analyses of wipe sampies from various PCB fires,

Isomer s SkaSe(ld) Stockhg\n(xl) 6Thc1nnat;(13)
ng/m ng/m M/m

Total PCDFs n.d.-873 1375 n.d,

2.3,7,8-Tetr a«CDF n.d.-100 150 n.d,

1,2,7,B-Tetra-COf 150

2,3,6,8-Tetra-CDF 125

1,4,6,9-Tetra-COF 75

2,4,6,7-Tetra-COF 37

3,64,6,7-Tetra-COF 7.5

1,3,6,7-/1,3,6,9-Tetra-COF nn

Other Tetra-CDFs 750

Total Tetra-CDFs <1-600 1200 n.d,

2,3,4,7 B.Penta<CiF 45

1,2,4,7,8-Penta-CDF 38

1,2,3,6,7-Penta=ChF 15

1,3,4,7,8-Penta-COF 11

2,3,4,6,7«Penta-COF 7.5

1,2,4,6,8.Penta-COF 3.8

1,2,4,7, 8-Penta-COF 1.8

1,2,3,6,7«Penta-COF 3.8

1,2,4,8,9-Penta-COF 3.8

2,3,4,6,8-Penta-COF 2

1,2,3,7,8-/1,2,3,4,8-Penta-CDF 15

nNther Penta.-COFs 19

Total Penta~COFs n.d,-100 176

Tota! Hexa=CDFs n.d,-60 <n,5

Total Hepta-CDFs N -8

Octa-CDF n.d.-5

Total PCDODs n.d, n.d.

Total Tetra-CDDs ned, netd.

2,3,7,8-Tetra-Ch0s n.d, n.d,
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* Skovde, Sweden

In March 19B2, a 40D volt capacity battery, serving a high frequency
oven in a casting line of a foundry in SkBvde, experienced an electrical
malfunction leading to a fire {13)(14). The dielectric fluid employed
comprtsed erther mingral oil or PCBs. The fire started in a mineral
oil capaciter and burned for about two hours before being extinguished,
Temper dtures exceeding 1100°C were realized because copper eleCtrical
wirtng meited. The smoke spread from the basement into the building
above, an area of 60 x 30 meters. The capacitor battery contatned 21
capacitors filted with 5 kgs of PCBs each. Post-fire inspaction showed
leakage from 12 of these capacitors. Both wipe tests and scot safples werc
taken, Results are tabulated in Tahles 3 and 4. These show that high
levels of PCOFs (>100 ng/mé and <BOO ng/g) could onty be found in an
ared near the fire. Concentrations of PCOFs dropped off dramatically
with dtstance from the fire, The highly toxic 2,3,7,8-TCDF was one of
the major tetra-COF isomers present., Other chiorinated Compounds that
may be present are the PCPYs, but verification could not bs obtained
due to lack of standards. No PCDDs ware identified in samples taken
from this fire (there were no chlorinated benzenes used as diluents).

No PCBPs were observed.

¢ Miami, Florida

On ApriY 13, 1982, an underground electricat fire occurred in a
transformer vault in Miami. City of Miami firemen were called in to
extingutsh the biaze. They also voiced their concerns about the possibte
contamination of fire equipment and protective clothing used during
the per formance of their duties. As a result, the [nternattonal
Association of Fire Fighters in Mashington, DC, contacted the NINSH
Regton [V representative and the latter agency conducted 8 thorough
investtgation. Table 5 contains the results of the analyses of surface
samples taken during the investigation. As expected, samples removed
from inside the vault indicate the heaviest contamination levels (up
to 27,400 ug/100 cme PCBs). Results of prtor NIOSH investigations
indicate that normal background levels of PCBs on uncontaminated
sur faces shoutd be less than N.5 ug/1MD cml. As indicated by the
sampling results, turnout coats, boots, helmets, and other personatl
protective equipment were not found to be contaminated from the fire.
This is probably due to the decision to allow the fire to self-extinguish,
thus minimizing exposures to the smoke and soot. The only conteminated
piace of equipment found at the station was the smoke sjector fan,
which contained greater than 31 ug/100 cm< PCBs because the area
wiped for this particular sample was estimated to be less than the
standard 100 . The fan blade guard was found to be heavily coated
with soot and dirt from the smoke exhausted from the vault fire.

Resutts of PCOD and PCOF analyses are shown in Table 3, No PCODs
were detected, but tri., tetra-, penta-, and hexa-COFs were found,
ranging from non-detectable (n.d.) to 1790 ng/g. MNo 2,3,7,8-TCOF was
detected in any of the samples. However, the samples did exhibit high

tevels of PCBs through Clyn and polychlorinated diphenylethers
(PCDPES) through Clg.
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Table 5. PCB residue from Miami transformer vault fire (11).

Sample Location Type Samplef PCRs*
cm<)

Inside transformer vault

Wall benind transformer {soot} wipe 434+
Top of primary cable above fire {soot) wipe b )
Primary cabie support bracket soot) wipe 704
Floor near isoltating switch dirt) wipe 27,400
Ceiting near fire tocation {soot) wipe 860
Secondary bus near vault ceiling (dirt) wipe 195
Wall next to exit tadder (dust) smear tab--dry 2
Rung of exit ladder (dust) smear tab--dry 79

Above transformer vault:

Sidewalk grating smear tab-e-dry F4
Water at curb near vault wipe 3

Firemen's clothing/equipment:

Miscellaneous ciothing smear tabe-dry <0,1
Smoke ejector fan smear tab--dry >3]
Normal PCB Backgroundwa+ wipe <N.5

As Aroctor 1260 (used as standard for quantifying samples}.
** As mixture of Aroclor 1254 (231 ug) + Aroctor 1260 (203 ug).
i

As determined by previous NIOSH Health Hazard Evaluation.

4 Wipe samples were collected on sterile cotton pads soaked
in n-hexane,
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* Cincinnati, Ohio

On December 3, 1980, a capacitor containing PCBs for a 1/2 WP
electric motor overheated in a basement storage room of a private
elementary school. This capacitor contained 2?2 ml of dielectrir flyid
comprised of 21.9 mt of a biodegradable fluid and 0.1 m! of PCRs,
Approximately one-half of the fifth-grade students using three classrooms
in the basement area complained of itchiness of the skin, Power to
the electric motor was shut off and the exterior donr was opaned to
atlow ventitation of the smoke from the room. Since atr is locally
recirculated, central distribution via a mechanical system throughdut
the school did not occur.

PCBs were not detected in any air sample at a limit of detection
of 0.05 ug/sample, whicg {s equivalent to an airborne concentration
of approximately 1 ug/m-,

Table 6 summarizes the results of 63 wipe samples collected by
NIQSH, Fifty-one of tha &3 samples were taken from surfaces within
the schoot incltuding books, desks, walls, flioors, ceilings, and other
surfaces. Two were taken from surfaces within a mobile ctassioom and
ten were obtained from surfaces at three locations in eastern, central,
and western Cincinnati to establish background tevels of PCBs for
this area. The 20 samples obtained from Room 27, which contained ghe
overheated capacitor, ranged from non-detectable to 7200 ug/100 cme
chs. The remaining rooms ranged from non-detectable to 0.45 ug/100
cmé.

The two wipe samples with the highest PCB concentrations were
also analyzed for PCDDs and PCDFs, with particular emphasis on the
2,3,7,8-tetra-1somers. Neither PCODs nor PCOFs (See Table 4) were
detected in either of the samples. The detection 1imits employed were
0.10 and 0.09 ug/sample, respectively.

* Boston, Massachusetts

In January 1982, there was an electrical fire involving PCBs in a
Boston office building. One butk soot sample was analyzed for PCDDs
and PCOFs. Table 3 shows that high concentrations of the tri- through
the hepta-COFs were found in the soot sampte, ranging from 2 - 60 ug/g
(detection 1imit = 0,1 ug/g). Mo PCDDS were found. A considerable
amount of the highly toxic 2,3,7,8-TCOF was detected--3 ug/g. Levels
of PCRs were also found at 10 - 100 times that of the PCDFs,
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Table 6. Summary of PCBs wipe sample results,
Our Lady of Visitation School, Cincinnaty, OH
(capacitor fire) (15),

Sample Location Mean PCB 1uvel, ug/lnn em
Room 27 (capacitor location) n.d. « 7200%*
Room 25 n.d. - 0.14
Room 24 nd. - 0,06
Room 26 n.d.

Hallway n.d, - 07
Room 8 n.d. - 0,08
Room 22 nd. - 0.29
Room 10 n.d. - 0.20
Room 11 n,o7 - n,11
Room 12 0.06 - 0.0¢
AV, Room n.d.
Principal's Office n,05 - 0,45
Mobile Classroom 0,06
Backqround Levels n.d. - 0,13

(3 Cincinnaty locations)

* Detection limit: 0.05 ug/sample (gample = quantity
wiped per 100 cm-).

** Twy wipe samples with highest concentrations of PCRs
wera found tu contain no detectable PCOFs or PCDDs.

¢ St. Paul, Minnesota

On June 22, 1982, a transformer fire occurred in a public high
school in St. Paul. NIOSH took both surface wipe and air samples on
June 23 (the day after the fire) and on July 7 (after the area was
decontaminated), Table 7 contains measurements of zir contamination,
pre- and post-clieanup, by PCBs, trichiorobenzenes, ang tetrachlorohenzenes,
The NIOSH recommended permissable limit of 0.001 mg/m* (B-mr TWA) for
PCBs was exceeded in all areas sampied except for two locations. The
tri=- and tetrachlorobenzenss found did not exceed any existing limits,

Table 8 shows the effect of the decontamination methods employed.
The transformer _vault room PCBs (wipes) were reduced from a high of
4,000 ug/100 ce? to 120 ug/100 cn! or less. Mo PCDDs or PCDFs wete
found in the tiquid samplte of Askarel provided (detection timit = 40
ng/g (40 pph)). However, it is interesting to note that NIOSH did not
analyze for PCODs or PCDFs in the soot. The results may have shown
significant concentrations of these isomers, given the areal concentrations
of tri- and tetrachlorohbenzenes detected.
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Table 7. Areal concentration of PCRs and chlor inated benzenes,
Kill=Myrray High School, St. Paul, MK (transformer )(16).

Aitborne Concentration, mg/m

Sample Site PCBs*# T3CBs T4Chs

A B A B A B
Transformer vauit, 0.05 n,0p7¢ 22.6 0.331 18.2 n.651
5 ft above floor
Transformer vault,
1 ft above floor 0.09 . 17.6 - ?5.7 -
Nutside of transformer
vault doors 0.02 n.d, 10.2 N.N48 11.7 0.229
Woodshop ¢.004 n.d. 0.73 0.020 1.21 N.0B9
Head of stairs n.d. n.d. 0.12 0,011 0.26 0,037
Cafeteria n.d, n.d, 0.35 0.010 n.27 n.032
B-hr time-weighted
avetage exposure
criteria 0.0018 40b none

A = June 23, 1982;

B s July 7, 1982
* = Detection limit : 0,001 mg/m

# = as Aroctor 1260

a NIOSH recommended permissable exposure limit.
OSHA permissable exposure limit {s N.001 mg/m}
B=hour time weighted average,

b ACGIH threshold Timit value.
OSHA has exposure criterfia.

Neither NIOSH nor

¢ sample taken 3 ft above floor
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Table 8. Analyzed PCBs? in wipe samples,
Hilt-Murtay High School, St. Paul, MN (transformer) £(16).

Samole Site PCBs?, ug/100 el
A A

Yault room n.d. - 4000 2 - 120
Ventilation dust n.d. -
Corridor outside

vault room nd, -
Cafeteria n.22 - n.24 n.d,
fiymnasium 0.29
Rooms 106, 109, 138 0.26 - 2.1 n.d. - 0.8
Outs1ide Room 106 5.8 0.8
Woodshop n.d, -

# Detection Limit : 5 ug/sample
A = June 23, 1982; B = July 7, 1982
£ = no analyses conducted for PCDFs or PCODs.
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DISCUSSION

The previous PCB transformer/capacitor incidents are but a
representative sampling of cases where data are readily availahle,
Other etectrical equipment episodes include:; Toronto, Ontario, Canada
in 1977; and Norrtdlje and Sur ahammar, Sweden and Imatra, Finland in
1982 (17). #™ore recently, in the U.5., three such episodes have occurred:

Date Location PCB Flutd
$/15/83 San Francisco, CA 1242 only
9/28/83 Chicago, IL 65% Aroclor/35% Chiorobenzenes
12/21/83 Syracuse, NY B7% 1254

Because of the continuance of such fncidents, the Environmenta!
Defense Fund and the Natural Resources Defense Council challenged the
August 25, 1982 PCB Electrical Use Rule issued by EPA. As a result, a
Start Actton Request has been inftiated by the EPA Office of Pesticides
and Toxic Chemicals, which includes the following court-ordered schedule
for the {ssuance of an Advanced Notice of Proposed Rulemaking [ANPR)
regarding PCB transformer fires (1B):

ANPR : March 1984
Proposed Rute: October 1984
Final Rule: July 1985

The objective of an ANPR is to present data that indicate a reason
for concern and, more importantly, to solicit data for the Proposed
Rule. The major elements of the ANPR include:

# Description of risks associated with PCB transformer fires through
analyses of Binghamton, San Francisco, Chicago, Syracuse, ete.
events.

a Description of number and distribution of PCB transformers.
# Solicitation of data on number and location of such electrical
equipment.,
o Presantation of information on other lesser«known fires,
o Presentatfon of estimates of frequency of fires,
o Solicitation of data on other fires and freguency of other fires.
# Discusston of PCDF/PCOD formation (and PCBP, PCCY (crysenes},
PCOPE, PCPY, etc. where data are available on these compounds).
e Solicitation of data on mechanisms of formation,
et Presentation of possible regutatory options,
Substitutes
Retrofilling

Fire hazard tnspections

Costs/benefits of various mechanisms to reduce spread of PCBs,
PCOFs, PCDOs, etc, from fires - use of sarly warntng protection
devices
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Currently, the EPA Office of Research and Development (ORD), fn
support of the Agency's Dioxin Strategy (18), released publicly on
December 15, 1983, is planning to conduct research on PCB firas, which
will cover three areas: {a) the chemistry of PCB fires and a theoretical
discussion of products of thermal stress based on composition of askare}
used; (b) emergency response protocols for firemen, including protective
clothing (this research will be conducted in cooperation with RIOSH);
and {¢) practical remedial measures for building cleanup.

As & result of my participation in the preparation of the Pioxin
Strat document and in sevaral Agency dloxin workgroups, incTudTng
the Uioxin Disposal Advisory Group and the PCB Transformer Fires
Workgroup and based upon my expertise concerning the subject matter
{20), | believe that [ enjoy a perspective that few EPA technical
staff have. Because of this, I can relate to you the following facts:
Giiven that chemical production facilities in the U,S. no tonger produce
2,4, 5-trichlorophenol (the most significant historical source of
2,3,7,8-TCOD), [ can state that soot produced as a resutt of PCR
transformer /capacitor fires contafns the highest ¢oncentrations of
PCOFs and PCDDs (the latter only if chiorobenzene diluents are present
in the askarel mixture) found in the U.S. toddy; on a weight hasis,
however , municipal combustion devices account for the larqgest guantit
of PCDFs and PCDDs produced currently. The soot from the RlngﬁcﬁfonJ
fire was evaluated by the New York State Department of Health in tests
using chick embryos {n 1981 {21}, Results were positive, In other
words, the PCDDs and PCDFS in the soot were not {nactivated (as in the
case of fly ash from an incinerator or by activated carbon) as demonstrated
by the chick embryo fetotoxicity and teratogenicity tests performed.

The scot can therefore be considered toxic and may contribute to
“environmantally induced or promoted cancers, reproductive abnormalities,
immunologic deficiency, and possibly premature death from infection,
neurotogic and gastrointestinal system pathology and possibly, by
elevating serum trigiyceride and cholesterol levels, excess or avoidable
cardiovascular and cerebrovascular pathology" (22, p. 678},

I thus stand firmly hehind the convictions that firemen responding
to such incidents must have the most up-to-date information at their
disposal and that remedial methods employed must be practical, sound,
and effective, As a result, EPA-ORD 1s 1n the process of securing P8
sampies from Binghamton, NY, Chicago, IL, San Francisco, CA, and
Syracuse, NY. The EPA analytical lahoratory in Cincinnati, OH will
conduct a chlorobenzane 1somer screen on the samples together with
homologue analyses for PCBs, the purpose hetng an attempt to correlate
PCODs and PCDFs content of soot and wipe samplas (in the vaults) with
chlorobenzene and PCB content in the transformer fiuid. The information
gathered will be shared among the electrical utilities, insurers, firemen
associattons, EPRI and NIOSH.

In closing, I wish to share some recent and quite pertinent information.
The NIEHS/NTP has concluded two animal studies involving bioaccumulation
of 2,3,7,B-TCDD from contaminated soils and has submitted these papers
(23) to Science for publication. These papers conclude that 2,3,7,B.TC0D
in sofl Trom two sites in Missouri, namely, Times Beach and Minker-Stout,
is absorbed in a highly efficient manner (>50%) and that 2,3,7,8-TCDD
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-contaminated sofl presents a hazard to humans if ingested. Thus,
further laboratory evidence has been amassed regarding potential risk to
humans for Z,3,7,8-TC00. I believe that this audience is sufficiently
astute to comprehend the long-term implications of these investigations.

5.

6.

7.

lo.

11,

References

Chemical Week, September 1, 1982, p. 14.

Harless, Robert. Deposition in Lowe v. Norfolk & Wettern Rallway
Company, Circuit Court, Third Judicial Court of [1linots, Madison
County, No. 79-L-810.

Kiegpfer, R.0., Bunn, W.W., Yue, K.T., and Harris, D.J. {1982).
"Occurrence of TCOD in Environmental Samples from Southwest Missouri.”
Paper presented at the 184th ACS National Meeting, Kansas City, M0,
September 14, 19BZ.

Anonymous (1983). "57 Missourfans File 684 million Diox{n Suit.”
Post Tribune, Jefferson City, MO, November 29, 1983.

Anonymous (1983), “Missour{ Dioxin Suft Seeks $1.8 bfllion.”
New York Times, New York, NY, December 17, 19B3,

Rappe, Christoffer and Buser, Hans Rudolf (1981). “Occupational
Exposure to Polychlorinated Dioxtns and Dihenzofurans® in §g=$1£!l
Hazards tn the Workplace--Mpasurement and Control, ACS Symposiom

Leng, M. L. {1979). "“Comparative Toxicology of Various
Chlorinated Dioxins as Related to Chemical Structure” in CIPAC

Procesdings S sium Sertes I, Heffers Printers Ltd., Cambr idge,
Engiand.

Safe, S., et al. (1982), “PCBs: Structure-Activity Relattonships.®
Paper presented at the Symposium: “Recent Advances in Exposure,
Health, and Environmental Effects Studies of PCBs," Rethesda, MD,
May 12-13, 1982.

Letter of October 31, 1983 from Paul K. Hildebrandt, 0.Y.M., Tracor
Jitco, Rockville, MD, to E.E, McConnell, NIEHS/NTP, Resesarch Triangle
Park, NC, subject: Review of NC! Carctinogenicity Study of
Hexachlorodibengo-p-dioxin tn Rats.

Rappe, Christoffer and Marklund, Stellan {198B2)., "Thermal Degradation
of Pesticides and Xenobiotics: Formatton of Polychlorinate¢ Dioxins
and Dibenzofurans.” Department of Organic Chemistry, Universtty of
Umed, Umed, Sweden.

Letter of October 27, 1982 from Stanley A. Salisbury, NIOSH Regton [V
to Richard Duffy, International Assoctation of Fire fighters, subject:
PCB Trunsformer Yault Fire, Miami, FL,

MONS 215059

€-18



12.

13.

14,

15.

16.

17.

18.

19.

20.

21,

22,

23.

Memor andum of Nctober 1, 1982 from G. Choudhary and J. (.. Posner,
NIOSH, Cincinnat!, OH to Kevin McManus, NIOSH Reqion I, subject:
PC3 Soot Analysts from Fire at U.S. DOL-NSHA,

Rappe, C., Marklund, S., Bergqvist, P.-A., and Hansson, M, (1982).
"Polychlor inated Dioxins, Dibenzofurans and Dther Polychlorinated
Polynuclear Aromatics Forming Our ing Incineration and PCB Fires.”
Oepar tment of Organic Chemistry, University of Umef, S-90187, tmed.
Sweden.

Rappe, C., Marklund, S., Berggvist, P.-A,, and Hansson, M. [19R?Z).
“Polychlor 1nated Oioxins (PCODs), Dfbenzofurans (PCDFs) and other
Polynuclear Aromatics {PCPNAs) Formed During PCR Fires.” Chemica
Scripta, Vol. 20, pp. 56-61. I

Health Hazard Evaluation Report: Our Lady of Visitatfon Elementary
School, Cinctmnat?, OH, NIOSH Repnrt No. META B81.237-915, July 1981.

Letter of July 26, 1982 from John R. Kominsky, NIOSH, Cinctanati, NH
to Darrel) E. Anderson, State of Minnesota Department of Mealth,
Minneapolis, MN, subject: PCB Fire at Hi11-Murray High Schoo!,

St. Paul, MN.

Vuceta, J., Marsh, J.R., Kennedy, S., Hildemann, L, and Wiley, S.
(1983). "State-of-the-art Review: PCDDs and PCOFs in Ut1)ity PCR
Fluid." Prepared by SCS Engineers, Inc, for the Electric Power
Research Institute, Palo Alto, CA. EPRI CS-3308, Research Project
1263-11, November 1983,

Memor andum of October 11, 1983 from Martin P. Halper, EPA Exposure
Evaluation Division to lrwin P, Baume), EPA Health and Environmenta)
Review Division, subject: PCR Transformer Fires 'n Buildings.

Environmental Protection Agency {1983), "Dioxfn Strategy.” Office of
Water Regulation and Standards and Office of Solid Waste and Emerqgency
Response in conjunction with the Dioxin Strategy Task Force, Washington,
D.C., November 28, 1983.

desRosiers, Paul €. (1983), “Remedial Measures for Wastes Containing
Polychlor inated Dibenzo-p-dioxins (PCDDs} and Dibenzofurans {PCDFs):
Destruction, Containment or Process Modification.* Ann. occup. Hyg.,
Vol, 27, No. 1, pp. §7-72.

Seely, Hart (1983). "The Building That ¥on't Come Cleen.” The Syracuse
Herald, July 31, 1983.

Schecter, Arnold (1923), “Contamination of an Office Building in
Binghamton, New York by PCBs, Dfoxins, Furans, and Biphenylenes after
an Electrical Panel and Electrical Transformer Incident.” Chemosphere,
Yol. 12, No. 4/5, pp. 669-680,

Letter of November 9, 1983 from Edward X. Brandt, Jr., M.D., Assistant
Secretary for Health, to Lee Thomas, EPA, AA for Solid Waste and

Emar gency Response, subject: NIEHS/NTP Studies on Bioavatlabi)ity

fn Guinead Pigs and Rats of Dioxin 1n Soil (with two ahetracts
submitted to Science for publication.)

MONS 215060

6-19



QUESTIONS AND ANSWERS

QUESTION: What can EPRI do to help solve the problem?

ANSWER * ldent1fying the actual risk from transformers would be helpful.

Several discyssions questioned the source of PCDD and PCOF

from fires, pointing out that, generally, materials other than
from transformers are {nvolved.
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POLYCHLORINATED OIBENZOFURANS AND PCB-TRANSFORMER FIRES:
TOXIC HAZARDS AND OETERMINATION OF DECONTAMINATION GUIDEL INES

Thomas H. Milby. M.D.”

L 3 ]
Thomas L. Forrester

In 1970, Vos and h's colleagues (1) {dentified polychiorinated
dibenzofurans (PCDFs) as toxic Impurities in European PCBS at the
ppm-lavel. Rappe and Buser (2) have extended this work (Table 1),
Formation of PCDFs from the pyrolysis of PCBs has been accomplished
fn the laboratory (3). On February 5, 1981, a transformer fire in a
state office building in B{inghamton, New York demonstrated that
conversion of PCBs to PCOFs and other toxfc substances can occur
under “res) world® conditions and create a very serious problem of
environmental contamination. The Binghamton state office building
transformer fire was extensively studied and may be considered the
mode] for the vnderstanding of similar events. The transformer fire
which occurred in May, 1983 in San Francisco confirmed the Binghamton
finding that, under conditions of current usage as transformer
dielectric fluids, PCBs can be converted to PCDFs in the event of a
fire. Although it is my intention to cite certain data reported from
the Binghamton fire in this presentation, to my knowledge very iittle
data from this event have been published in scientific journals.
Accordingly, I would refer those interested to the f1nnovative and
pioneering work of researchers from the Center for Laboratories anc

Research, New VYork State TDepartment of Health, Albany,

*
Medical Consultant, Pacific Gas and Electric Company
**Pacific Gas and Electric Company
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New York 12201 for detailed iInformation. At the time of this
presentatfon, to my knowledge, no technical data on the San
Francisco, California transformer fire have been published, although
a draft document recommending clean-up levels has been released (4).
I would emphasize, however, that there ware very substantfal
quantitative and qualftative differences between the PLB-derived
combustion products created by the two transformer fires. Therefore,
it fs important to understand that although clean-up goals may be
simfalar where PCB-transformer fires occur, efforts required to meet
these goals will vary consideraldly.

At the time of the Binghamton fire, very little informatfon on
the toxicology of PCDFs was avaflable. [Information that was
available was based primarily on experimental animal studies,
However, because animal studies indicate that the toxic effects of
PCOFs and polychlorinated dibenzodioxins {PCDDs) are qualitatively
similar, and because substantially more information 1s available on
the toxicity of PCODs, the Binghamton investigators were able to make
certain very useful assumptions about the toxicity of PCDFs, At the
time of th's presentation, we find ourselves in about the same
situation. The significance of this state of affairs becomes
extremaly relevant to those facing the task of determining safe
exposure levels to PCOFs present as residues in the air and on the
surface of structures contaminated by smoke from PCOF-containing
transformer fires.

To my own personal knowledge, two methods have baen used for
establishing standards for acceptable clean-up levels following
transformer fires, One method assumes the major hazard to human
health represented by the PCB-PCOF contaminant 1s carcinogemesis. In

this case, a common approach 15 to extrapolate to low level exposure
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in humans, using high dose carcinogenic bioassay data from studies in
experimenta! animals., This procedure calculates a dose which
corresponds to a given lifetime cancer risk. A secqgg approach,
which does not consider the potentia) carcinoganic properties of the
contaminant mixture to be the major q{ssue, s based on the
establishment of an acceptadle daily intake (ADI), most often based
on a no-pbserved effect level (NOEL) from animal study data, In
connection with PCDFs, the decision on which approach to yse, that is
to base the standard On carcinogenesis or on an establishad NOEL, 1s
ona which does not enjoy a unmanimity of opinion among those who
consider the matter,

The PCOF or PCOD for which the most toxicological data are
available for risk assessment computation 1s 2,3,7,.8-TCOD. Although
this compound {s carcinogenic in laboratory animals, it does not
appsar to be genotoxic. Thus, some would argue that {t is more
appropriate to establish a safe standard based on the NOEL for this
compound rather than on its carcinogenic potential. According to the
latest information of which ! am aware, Kim and Hawley, of the New
York State Department of Health, acting with the approval of the
8inghamton State Office Building Expert Advisory Panel, have selected
the KOEL approach to calculation of risk assessment (5), It 1s
bayond the scope of this presentition to go into detail on the Kim
and Hawley calculation, however, it is of interest that the basis for
the calculation 1{s the reported no-observed effect level for
2,3,7,8-TCOD of 1 nanogram/kg-day in rats reported 1n both a three
generation reproduction study (6) and a two-year oncologic study (7).
An uncertainty factor of 500 was recommended by the Binghamton Expert
Advisory Panel and 1included 1in the Xim-Hawley calculation.
Accordingly, the acceptable dafly intake {ADI} for humans was
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calculated to be 2 pfcograms/kg-day. Assuming a 50 kg individual,
the AD! would be 100 pg/day for 2,3,7 ,B-TCOD. Further assuming a
breathtng volume of 10 m3 for an average 10-hour day, the calculated
atr guideline for 2,3,7,8-TCDD would be 10 pg/m3 of 2,3,7,8-TCOO.
Based on acute toxicity studies of transformer fire-generatsd soot
from the 3inghamton state office buflding, and adding & correction
factor which takes {inte consideration the ratio of 2,3,7,8-TCOF and
2,3,7,8-TCOD concentration {n the soot, an acceptable air
concentration guideline of B.4 pg/m:" of 2,3,7,B-TCOF was reached.
Other assumptions included in this final acceptable air concentration
were that a worker would be exposed for 30 years, 250 days per year
s a maximum possible exposure duration. Also included was the
assumption that the contaminant concentration would remain constant
during the 30-year pariod. Kim and Hewley included an alternste
calculation of acceptable air concentration which {included the
assumption that over a 3D-year period, contamination levels would
drop to 1% of the value found on the day the building is reoccupfed.
With this assumption, an acceptable air concentration of 3% pg/n3 of
2,3,7,8-TCOF was calculated.

The Kim and Hawley calcylation also incluyded provisions for
ingestion/dermal exposure. This calculation made certain assumptions
about surface arsa of the body of a 50 kg female which might make
contact with contaminated surfaces, dermal absorption, and amount of
contaminant on the surface area of the hands assumed to be fingested
daily. Depending upon which set of assumptions on ingestion/derma)
exposure 15 selected, the range of acceptable surface contamination
calculated was from 2.5 to 110 nanograms/m’ of 2,3,7,B-TCOF,

Should a decision be made to establish an acceptable risk level

based on carcinogenesis, severa) mathematica) models are avsilable
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for performing cancer risk calculattons. Mantel-Bryan in 1961 (8),
defined a virtuslly safe risk for a lifettme as 1 x 105, Since
then, regulatory agenctes have used risks in the | x 1077 te 1 x 107
range for setting standards for acceptable exposure to“garc‘lnmnic
agents. The Carcinogen Risk Assessment Group of EPA perfombd 8 risk
assessment for 2,3,7,8-TCO0 using a carcinogenic extrapolation
procedure in which a 1 x 10-6 risk was found to correspond to a dose
level of 0,00236 pg/kg-day (9)

As might be expected, avatlabie statistics have been uttifzed
to examine the risk of death fn the United States from a number of
causes which help put into perspective the acceptable risk standards
used by regulatory agencies, Table 2 shows results of some of these
risk assessment calculations.

Calculation of a MOEL from Yusho data. As mentioned above, Kim

and Hawley (5) calculated a no-observable effect level for
2,3,7,8-TCDF for application to human exposures based on studies in
rats. An uncertainty factor of 500 was incorporated at least {n part
to account for differences betwsen rodent and man. [t occurred to me
that as another way of looking at the exposure-effect relationships
it would be interesting to examine the published Japanese Yusho data
to determine whether information existed with which to calculate a
NOEL for PCOFs based on observations 1in humans rather than n
rodents.

It 1s to be recalled that “Yusho“, Japanese for “oi] disease”
occurred as an epidemic in Southwestern Japan in 1968. The cause of
this problem was traced to accidental contamination of rice ofl by
PCBs and P(B-derived materials, including PCDFs and polychlorinated
quaterphenyls (PCQs).  Yusho was characterized by en abrupt
appedrance of severe dermatitis (chloracne), often combimed with
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other skin, gastroenteric, and neurological manifestations.
Kuratsune and his colleagues have received world-wide acclaim for
their excellent initial and continuing work on the c¢linical,
epidemiologic, and toxicologic studies of Yusho {10). As it turns
out, there is sufficienc information available to ;u suwh a
calculation if we define “effect” as absence of skin lesions bawed on
clinical examination as did Japanese Yusho investigators {11). In
view of the observation that skin legions constitute the most cosmon
positive clinical finding associated with overexposure to halogenated
cyclic compounds such as PCBs, PCODS and probably PCOFs- indeed,
Reggiani {12) calls chloracne "the most sensitive indicator of
oversxposure to TCOD we have in the human subject®- there is some
support for this definition, Howaver, since subclinical effecs are
likely to be more significant than chloracne, | offer these
calculations as an interesting exercise only. [ do not suggest that
a NOEL based on the absence of chloracne be considered as a human
health standard for this class of compounds. Rather, [ present these
calculations because [ found them to be of interest,

Having dismissed the {importance of these calculations as of
personal interest only, ! will not dwell further on their weaknesses
here. Rather, [ offer the four following points which drew my
attantion to the Yusho incident as the equivalent of a 135-day
“feeding study"” involving humans:

a) The compariscn is man to man, not rodent to man;
b} PCBs, PCODs and PCOFs share many basic toxic effects, the
mpjor differences are quantitative rather than gqualitative;

and
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¢} The clinical severity of Yusho disease was found to
correlate fairly well with the total amount of 0il consumed
over a 1-6 month “"latent" period, with the latent period
defsned as the period during which oi] was ingested before
symptoms appeared. In sense, this corresponds to a

“dose-response” relationship.

Clinical severity of Yusho correlated with the total amount of
ofl consumed during the latent period but not with the amount of oil
consumed per kg of body weight per day. Clinical severity of the
Yusho response was graded from O to 4, with grade O designating a
condition with physical complaints but without skin lesfons, and
grade 4, a condition with extensive distribution of acneform
eruptions. In a table entitled "Oata For The Six Yusho Patients
Consuming The Smallest Oaily Oose Of 011 During The Latent Period”,
Hayabushi, et al {11) included two patients graded O for severity of
clinical response who ingested a total of 314 and 353 ml contaminated
rice oil, respectively, during a 135-dey latent period. Assuming, as
stated by Hayabushi et al, (11) that the Yusho oil contained 633 ppm
PLBs, 596 ppm PCQs, and 3.4 ppm PCOFs, and assuming further that all
observed signs and symptoms were due to PCOFs only, none to PCBs and
PCQs:

314 wl x 0.9 g¢/ml (Sp gravity) x 3.4 mg/kg x 1
k9/1000g =

0.96 mg PCOF:
or, for a latent period of 135 days, 0.96 wmg/135 =
7.12

ug/day NOEL, NONS 215068
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0f course, this NOEL specifically refers to clinical grade O
Yusho as defined by Japanese investigators. However, | believe that
we can safely assume that & dose at or argpund this level did not
result in a "epidemic® of birth defects or abortions 1n“tho Yusho
population,

Another way to examine this NOEL for comparison to
animal-derived data is to consider the 0.96 mg PCOF total dose over
the 135-day period as a waximm lifetime allowable dose. Thus,
spreading this 0.96 mg total dose over 30 years, assuming 250 days
per year as the Binghamton investigators did (5) , one divides 0,96
mg by 7500 (30 years x 250 days), for a value of 128 ng/day. (These
data refer to two Japanese women, 19 and 46 years of age; it is
unlikely that either waighed in excess of 50 kilograms.) [n the case
of TCOF, the advisory group at Binghamton argued that 50% of a NOEL
dose {s dinhaled and 50% absorbed through skin contact (5).
Therefore, for air, 50% of 128 ng = 64 ng. Assuming, as is usually
done, that on inhales 1D ma of air in an B8-hour work day, we can
calculate a NOEL afr concentration from the Yusho data to be of 6.4
I\Q/la.

Recall that the Kim-Hawley (5) calculation, based on a NOEL for
2,3,7,8-TCDD in rats, applying the same basic assumptions, redched a
recomsanded acceptable air level of 8.4 pg/w> for 2,3,7,8-TCOF, a
value approximataly 1000 times lower than the calculated Yusho-based
NOEL, but containing a 500-fold “uncertainty” factor. In view of the
extansive 1ist of assumptions applied to both the 1 ng/kg-day rodent
NOEL for 2,3,7,8-TCDD based on chronic studies and the 0.96 mg human
"clinical™ NOEL for PCOFs based on 135 days of ingestion, the

calculated “acceptable” air levels are, in wy opinion, suprisingly

consistent,
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SIMURY

When exposed to high temperatures, PCBs forwm PCOFs. This phenomenon
has heen demonstrated 1in the laboratory as well as 1in the
“real-world" in connection with PCB-containing transformer fires.
One such fire, the February 5, 1981 Binghamton New York State Office
Building fire has been well described in terms of environmental
contamination by PCB-darived materials, especially PCOFs. At least
two methods have been used for establishing standards for acceptable
levels of clean-up following such fires. One method assumes that the
major hazard to human health represented by the PCB-PCOF contaminant
mixture is carcinogenisis. Here, a conmon approach 18 to extrapolate
to Tow-level exposure in humans from high dose carcinogenic bioassay
data from studies in experimental animals. This procedure calculates
a dose which corresponds to a given 1ife-time cancer risk. A second
approach which does not consider the carcinogeniC properties of the
contaminant mixture to be the major fssue, is based on the
establishmant of an acceptable daily intake {ADI), most often based
on & no-cbserved effect level (NOEL) from animal study data. There
13 no consensus among those who consider this matter on which of the
twy methods to use in calculating an acceptable level to PCOF follow-
ing a transformer fire, Based on data reported by Japanese Yusho
investigators, an alternative method of calculating a NOEL for human
exposure to PCOFs based on the absence of chloracne as an effect ts
examined, Considering the myriad of assumptions fincluded in these
acceptable exposure calculations, the Yusho-based NOEL for PCOF is
surprisingly close to the NOEL based on experimental anima) studies,
Nonetheless, the Yusho-based method is not recommended for serious

consideration because sub-clinical effects, as opposed to cClinical
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effects such as chloracne, may be more important and occur at dose

levels lower than those required to cause clinical dermatitis,
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ppm Leveis of PCDFs in Commercial PCBs

TASLE 1

Sample 3-CL 4L 5-CL 6-CL  7-CL  Total
Aroclor 124B,1969 - 0.5 1.2 0.3 - 2.0
Aroclor 1254 0.10  0.25 0.70 0.81 - 1.9
Aroclor 1260,1969 - 0.1 0.4 0.5 - 1.0
Aroclor 1260 0.06  0.30 1.0 .10 1.35 3.8
Aroclor 1016,1972 - 0.001  0.001  0.001 - -

Clophan A 60 - 1.4 5.0 2.2 - 8.4
Clophen T 64 0.10  0.30 1.73 2.45  0.82 5.4
Phenoclor 0P-6 . 0.7 10.0 2.9 . 13.6
Prodelec 3010 0.41  1.08 0.35 0.07 - 2.0
Mitsubishi (used) 2.13 4.0 3.30 0.53 - 10.0

Modified from Rappe & Buser (2)

* FRG
** France

we* Japan

6-31 °
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TABLE 2

Risk Assesment By Cause of Death

Risk of Qeath per

CAUSE OF DEATH Person Per Year
Car racing 1.2 x 1073
Smoking 20 cig./day 5 x 1073
Car driving 1.7 x 1074
Industrial 2 x 10t
Air travel 1.0 x 107°
Orowntng 3.4 x 1075

**Coffee, 1 cup/day ¢ x 107
Orinking 1 bottle/day 7.7 x 107°
***2.3,7,8,-TC00 1.0 x 1078

{0.00236 pg/kg-day)

Earthquake {California) 1.7 x 10°8
*0ietary PCBs (3.3 ug/d.) 3 x 107
Hurricanes 4.0 x 1077
Lightning 7.7 x 1077
Meteorites 6 «x 1073

Source: no asterisk (13)
* (4)
* (14)
wew (9)
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QUESTION: Since other synthetic materials were involved in these fires,
couldn‘t the contamination come from somathing other than the
1iquid?

ANSHWER : It's possible, however, a large source of other materials would
have to be required,
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THE SEARCH FOR PCB HEALTH EFFECTS
Paper presented at EPR! PCB Serninar, December 6.8, 1983, Atlanta, Georgla.

Jobn F. Brown, Jr.
Blological Sciences Branch
General Elecwic Research and Devajopment Center
POB 8§, Schenectady, New York 1230]

INTRODUCTION

Research on the chemical, physical, environmental, blological, and medical properties of
PCBs has grown to a level sufficlent to produce 1200 published scientlfic papers last year.
Those of us whe do research on PCB heaith effects keep getting some questions I'd like

to address here: What's going on? What's being learned? And how does It Impact on those
natlonal and internationsl controversies regarding the risks of PCB exposure?

HISTORICAL BACKGROUND

As most peopie In this audience are aware, the poiychlorinated biphenyls, or PCBs, were
widely used in this country for nearly fifty years, within the period 1929-1978, primartly
in capacitors and flre-resistant tranaformers. During this period, about 1.3 bitlion pounds
of PCB were used, and much of thet PCB is still in equipment that is In service today.
Thus, the oppocrtunities for hurnan axposurs remaln.

Most of that PCB usage octurrad after several toxicological studies &t the Harvard School
of Public Health, and a falr bit of practical industrial sxperience, had indlcated that PCBs
were of sufficiently low acute and chronic toxicity to permit handling without danger to
the heaith of those involved. This longstanding perception was seemingly contradicted

ln 1968 by an outbreak of chioracne and related jliness in southwestern Japan. Chiorscne
Is a skin dissase, first described in the 13907, that is characterized by eruptions resembiing
adolescent acne, often accompanied by hyperpigmentation, & general fesling of malasise,
and a varisty of iem frequent symptoms. It can be caused by chiorinated coal tar; by the
polychiorinated naphthaienes, or MHalowaxes, that ware once used in electrical cabies; by
certaln poiychiorinated dioxins; and by several other natural and synthatic chemicals. The
§968 Japanese outbreak was traced to Ingestion of rice oji (or “yusho") that had been contami-
nated with hest transfer fluid from a direct-fired haat exchanger that had originaily been
filled with & Japanese PCB, Kanechior 400. By i98i, the toxic agants responsible for the
yusho disease outbreak were generally belleved o be 2,1,4,7,2-pentachiorod]benzofuran
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and other polychlorinated dibenzofurans, or PCDFs, which may be formed from certain

PCBs by heating in air to temperatures around or above 300 C. However, the initial Japanese
reports implicated the PCBs themseives as the toxiC agents. These reports appeared at

a time when the PCBs were already of concern because of their environmental persistence,
and were of major importance in stimulating the regulatory attack on PCBs that culminated
in the 1979 ban, and the Intensive search for biological effects that might have been over-
iooked during the previous ¢0 years of widespread use.

BIOLOGICAL FINDINGS

The studies of PCH bioeffects have resuited in literaily thousands of pubiished sientific
papers on PCB uptake by, persistence in, and effects on many iife forms, including plants,
algae, bacteria, tissue culture cells, invertebrates, fish, birds, mammals, and man. [ wiil
not attempt to summarize this body of literature In its entirety, but | would like to note
certaln general findings that relate to the question of human health hazards.

The first of these is that all PCBs are essentlally water-insoiuble, fat-soluble materials
that are readlly taken up from the focd eaten or the air breathed. They can also be taken
up by absorption through the skin, but the rates and importance of such processes are un-
known. Once inside the body, they rapidly distribute themselves, locallzing In each tissue
In proportion to its fat content, Thus, the route of entry into the body has little effect
on either the Internal distribution or the pharmacological effects produced.

The second general finding is that the indlvidual PCB isomers dlifer enormously in both
persistence and bioclogical actlvity. There are 209 theoretically possible ways of artaching
between | and 10 chiorine atoms to a biphenyl nucieus, and about 100 of these possible
isomers have actuaity been detected In the commercial PCB mixtures, generally in proportions
that vary systematically with the mean degree of chiorination, or bolling range, of the parti-
cular PCB grade. Generally speaking, the more volatlle, iess highly chlorinated isomers,

such as those that predominated in the capacitor-type PCBs, Arociors 1221, 1016, and 1242,
are more easily metabollzed and eliminated by mammals, and thelr pharmacological effects
are limited to the Inductlon of drug-metabollzing enzymes that include P430 cytochromes;
that Is, the same enzyme group as is induced by phencbarbital. Conversely, the less volatile,
more highly chiorinated lsomers, such as those that predominated in the transformer-type
PCBs, Aroclors 1254 and 1260, are usually only siowiy siiminated. Most of these “higher
PCBs" also induce the P450 family of drug metabollzing enzymes; however, a few of them

are also weakly active at inducing the Pésl.type enzymes, whose induction in animais appears
to be correlated with manifestations of a chleracnegenic toxic responss.
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The third general finding is that in sensitive animal species the manifestations of P448-
correiated, or chioracne-iike, toxicity are independent of the type of chioracnegen used:

a minute dose of an active PCDF or a huge dose of PCB may produce tha same symptoms.
However, the reiative sensitivities of different species to any of the chioracnegenic agents
vary snormously, and with ilttie regard for gencilc relationships. Thus, dﬂc;m, guinea
pigs, and rhesus monkeys are very sensitive to chioracnegens in general, while quail, rodents,
and humans are orders of magnitude iess 30, 30 that with weakly actlve agents, such as

the commercial PCB mixtures, this type of toxic response may no longer be demonstrable.
Untli the blochemical bases for these large interspecles differences are understood, it will
be difficult to predict human risk from animal data on such substances.

A difterent problem in risk extrapoiation Is presented by the tumorigenicity testing data.
The production of tumors by PCBs has required use of a species, such as the rat, which

is pretty insensitive 1 chloracnegens, and then feeding it a non-metaboilzable PCB such

as Aroclor 1260 to a cumulative dose around 2.5 g/kg. Since such PCBs are mostly retalned
In the rat, simpie calculations show that tha PCB concentration in body fats must rise to
levels between i and 2%. At such levels, purely physical effects, such as membrane disrup-
tion, wouid be anticipated. Consistent with this is tha recent finding that the PCB Joading
is indeed acting upon the rat as & tumor promoter rather than a tumor Inltlator, What ali
this means is that the usual rationale for linear dose extrapolation is lacking, and one has
no basis for presuming that a low level of carcinogenesis might also occur at less extraordi-
nary PCBH levels.

In short, for tha PCBs there exist some unusual barriers to the prediction of human health
hazards from the usuai sorts of anlmal toxicological data. At the same time, there exist
some unusuai opportunities to make meaningful clinical and epidemiological observations
on humans themseives: there was extensive exposure in the past; the degree of exposure
can be determined by measurement of the levels of persistent PCB lsomers in the body;
and there has baen a sufficient tapse of time for the manifestation of any delayed health
effects.

RECENT CLINICAL FINDINGS

Our own studies ware initlated because of access to a 194-person group of capacitor workers
that had direct exposure ™ Aroclors 254, 1262, and 1016 liquids and vapors over the period
1946-1977. Wa've had these people under medical survelllance since 1976; have collected
enarmous volumes of clinlcal data on them; and have run literally thousands of regressions
on our computer in order to identity the statlstical associations between their PCB fevels
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and ciinical measurements. In addition, we've been woriung closely with federal, state,

and academic researchers who've been runrung other studies on the GE capacitor worker
population, and also keeping in touch with investigators looking at other PCB-exposed groups
around the country, At present there ;s substantial agreement among scientists working

in this tield as to what happens to PCl-exposed people, and | shall attempt to summari ze
that consensus in my remarks.

The first thing we've all learned is that considerable quantities of PCB can be picked up,
particularly by peopie like capacitor workers who were expesed to the more volatile PCBs.

In our own study population, we estimated the mean minimal uptake up through early 1976

as 158, and there were undoubtediy some members of the group who absorbed seversi times
that much. That 15 g mean minimal uptake, incidentally, represents 20 times the mean

PCB uptake ingested by the Japanese yusho victims. Nevertheless, neither in our study
population, nor tn any of the others reported in the recent literature, have there been any
conflrmed findings of chloracne or other PCB-r eiated disease In workers exposed to ordinary,
unpyrofysed, American-made PCBs. This probably shouid come 3 no surprise. Experience
with other chemicals Indicates that a chioracne outbreak In a working group Is a pretty
unmistakeable event, and If thare'd been any tendency for ordinary PCB to produce chloracne,
thet fact should have been well known by the mid-1930%, at the latest.

The second thing that | believe most investigators in the fieid wouid agree on, aithough

the observational evidence is mostly Indirect, is that a weak Induction of drug-metaboiizing
enzymes of tha P430 famlly may occur, In workers with high levels of the Jower PCBs,

one can see some PCB-correlated elevations in the level of serum gamma glutamyl transpepu-
dase (GGTP); some decrease In antipyrine clearance times, implying increases in microsomal
oxidases; and some decrease also [n bilirubin leveis, Implying Increases in microsomal glucuro-
nyl transterase. The lmplied changes in microsomal enZyme levels were, however, smaller
than those seen in comparably dosed rats; the affected clinical parameters all remained
within the normal ranges of clinical variation, and the apparent effects ail disappeared

after discontinuance of direct exposure.

A very recent finding is that despite eariier reports to the contrary, PCBs in humans do
nat cause eievations of the serum lipids, that is, the serum trigiycerides and cholesterol,
nor of the associated serum enzymes, alkaline phosphatase and serum giutamate pyruvate
transpeptidase, all of which had been interpreted as indicators of deranged llver function.
The eariler reports had been based upon observation of statistical associations between

tha serum levels of these substances and those of the PCBs. It is now apparent that that
particular statistical assoclation ls perfectly rea|, but that it has a trivial explanation
because of the tendency of PCPs to distribute between body tissues and fiuids in propoction
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to their iipid content, any ejevatjon in serum lipld, from whatever cause, wili automatically
result in PCB redistribution, and hence an Increase in serum PCB. Two other research groups
have now confirrned our discovery that when one avoids this pitfall by comparing the serum
iipld levels with those of the PCBs in body ilpids, no correjations are seen.

Finaliy, the moriality studies that have been performed by NIOSH on tha sntire sxposed

GE capacitor worker population, whare the PCB sxposures went becik to 1946, and on a
simiiar group at Aerovox, where the exposures went back to 1938, have shown ne increases

in standard mortallty ratios for deaths due to cancer, cardiovascular diseass, nervous system
disenses, nor for ali causes combined, nor any significant increases in any individual type

of cancer.

Nevertheless, it must be pointed out that the total numbers of deaths involved in the mortal-
ity studies were still smali enough so that a modest increase in & rare type of fatal disease

could not have been detected. Similariy, tha motal populations involved in all clinlcal studies
" to date may not have been large enough for the reproducibie observation of a rare type
haaith effect.

In summary, aithough scientific studles can never exclude the possibllity of unobservable
pheromena, |t doey seem established that PCB exposures at the high levels provided by
prolonged, direct sccupational contact had no reproduclbly cbserved effects upon tha heaith
of the vast majority of the exposed Indlviduais. These indlviduals had exposures that were
approximataly a thousand-fold higher than those provided by the kinds of PCB-contaminated
environments belng ancountered today. Accordingly, there seems littie basls for concern
over the health risis presented by snvironmental exposure to residual PCBs at today's levels.
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CHEMISTRY OF PCDDs/PCDFs

J. Rodney Marsh and Jasenka Ibozinek, Ph.[.
SCS Engineers

Since 1979, research has shown a potental concern resulting from the presence of
some chlorinated aromatic hydrocarbons associated with PCBS, predominantiy poly.
chiortpated dibenzodioxins {PCDDS) &nd poliychlorinated dibanzofurans {PCDFs),

Traces of simtlar compounds, such as polychiorinated biphenylenes (PCBPs), poly-
chiorinated pyrenes (PCPYs), and polychlprinated chrysenes {PCCYs), have also been
reported in some samples, These compounds ocCur {n extremely low concentrations in
PCB 1tquids. However, some PCDD, PCDF, and PCBP isomers are acutely toxic as deter-
mined by laboratory tests on animils and demonstrated in industrial incidents.
Toxtcitties of some Df these tsomers are orders of magnitude higher than PCBs,

PCOD and PCDF compounds have been found tn the ortginal PCB flutds manufactured in
the United States, Eurcpe, and Japan. Several PCB accidents tn which PCDDs and
PCOFs ware prominent have also been documented, including the Yusho tncident tn
Japan fnvolving fngestion of PCOF-contamfanted rice ofl, and a simflar subsequent
fncident in Tatwan., More recently, & fire frowolving electrical equipment contafning
PCB flutds in a Binghamton, New York, office building produced soot which was found
to contain PCOFs and PCODs. These findings indicate the possibility that PCODs,
PCOFs, and other related chlorinated aromatic compounds can form from askarel flufds
at high temperatures.

Polychiorinated Dibenzo-p-dioxing {PCODs)
There are a limited number of direct precursors and reactfons by which PCODS can be
formed. In order to be & dioxin precursor, 4 compound must mest twe conditfons:

* The compound must be an ortho-substftuted benzene ring in which one

o:’ the substituents includes an oxygen atom directly attached to tha
ring.

[ It must be possible for the two substituents, excluding the oxygen,
to react with each other to form an indepsndent compound.

An example of the ideal dioxin precursor is shown fn Figure 1, A reaction between
two of these molecules could yleld a dioxip and 2 XY molecuies, as shown in Figure
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Although the number of direct dioxin precursors ts relatively small because of the

conditions set forth above, there are many indirect precursors, 1.e., compounds

which do not fit the model, but whfch ¢an degrade or be transformed tnto di rect pre-

cursors. This will be discussed 'n more detafl later,

Buser (1) and Rappe, et al. (2}, have tdentified the following basic reactfon for

chlortnated dioxin formatfon:

¢ Dimerfzation of chlorophenols and phenoxy acids (pyrolytic and pho-

tochemical} - A bimolecular reacttion 1n which the relative ratio of
isomers formed depends on the concentration of the chlorophanates;

yields decrease in more dilute systems, such as contaminated mineral
ofls,

) Cyclizatfon of predioxfns [pyrolytic and photochemical) - Unimolecu-
lar, and thus concentration-independent.

[ Dechlorinatfon of higher chlorfnated PCODs - Unifmolecular, and thus
concentration-independent.

¢ Direct chlorfnation of dibenzo-p-dioxins,
The dimerization reaction basfcally follows a two-step mechanism (Figure 3).

The intermediate diphenyl ether compound s called a predioxin. Typically, a predi-
oxin will either cyclize to dioxin or break down to the precursors. For example, fn
one test, when lrgasan OPI00, & compound with a predioxin configuratfon {(Figure 4)
was heated to 9B0°C, the reaction yielded both dioxins and precursors (3). Because
of such compating rasctfons, dtoxins are seldom found in more than trace guantities,
It has been shown that the higher chlorfnated pradioxins are amenable to self.
condensation, while the lower chlorinated predioxing apparently do not readily
¢cyclize further (4). For instance, in one test, frradiation of 2,4-dichlorophencl
ylelded a predioxin, but no further reaction (5).

Temperatures for dioxin formation by dimerizatfon/cyclfzation have been reported at
values from 1B0° to 620°C. Dioxin formation from pentachlorophenols has generally
been reportad in the 300°® to 4D0°C range, whereas using tri- and tetrachlorophenols
4s precursors requires temperatures from 400* to 600°C

However, the formation of dioxfns from chlorophenols 1s exothermic, although there
are no published data on the amount of heat released {6, 7). This fact, combined
with the need for heating to fnitfate the reaction, suggests that one or more of the
reaction steps in the dioxin formation sequence has & high activation energy. The
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high activatfon energy contributes directly to the low ylelds. In addition, the
boiling points of many dioxin precursors are lower than the reaction temperature
range. Thus, there is a loss of precursor molecules before reactfons can occur (8).
Most laboratory syntheses of dlioxins rely on closed reaction vessels or pressure to
keep precursors in the |iguid state, -

Another major source of penta- and tetra.COD isomers {s photochemical dechlorination
of higher isomers, mainly QCOD (3). The principal toxic fsomers, 1,2,3,7,8-penta-
chioro and 2,3,7,8-tetrachioro, are not as readdly formed as other penta- and tetra-
chioro isomers, The major hepta-CDD formed s the 1,2,3,4,6,7,9-substituted itsomer,
indicating a preferential loss of lateral (2,3,7-, or 8-} chlorine atoms (10, 11).
The major hexa-COD formed 1s efther 1,2,4,6,7,9- or 1.2,4,6,8,9-hexa-C0OD (10). The
major penta-CDD 1s expected to be the 1,2,4,6,9-substituted fsomer, and the major
tetra-COD 15 1.4,6,9-tetra-COD (1D). These reaction products show a preferential
removal of the Tateral chlorine atoms. {(ower isomers (d1- and trichloro} may be
formed by irradiation, but they decompose v!a the same route, and thus do not accum-
ulata (12).

Pyrolysis of chlorobenzenes at approximately 620°C in the presence of afr also
yinlds PCDOs. Since chlorobenzenss do not fit the conditions set down earlier for
dfoxin precursors, Buser Q, 13) has postulated that the alkaline hydrolysis of
chlorobenzene to PCOD involves a two-step condensation process from ortho-chiort-
nated phenoxy anfons via a polychlorinated 2.phenoxy phenate (Figure 5).

This dimerizatfon {$ exothermic, Below approximately 180°C, usually very minor
smounts of PCDOs are formed (<1 ppm), but significant quantities (1 to 10 percent
yields) result st temperatures over 180°C (1).

Dioxfns have also been detected fn resfdues from a varfety of combustion processes,
in¢luding municipal incineration, the burning of fossil fuels, wood in wood stoves,
and cigarettes (14). Precursors of dibenzo-p-dfoxins are also known to be formed
after simply adding hydrogen chloride to the flame of & Bunsen burner (14). Combus-
tion research has been centered on municipal incinerators and industrial heating
plants. PCOD tsomers have been detected in municipal Incineration fly ash fn Swit.
zerland, Italy, and the Netherlands in concentrations over 200D ng/g (ppb). The
major isomers detected in Switzerland were the same as those formed fn the pyrolytic
dimerization of 2,4-di-, 2,4,6-trf-, 2,3,4,6-tetra-, and pentachlorophenates.
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The mechanism{s)} of PCO0 formatiron In fly ash {s presently unknown. Two suggested
sources are:

[} Condensation of chlorophenols.

. Thermal synthesis from any organic matertals and fnorganic chloride
(the “trace chemistries of fire" hypothesis) (15).

Even 1deal PCOD precursors, such as polychlorophenols, show very low PCDD conversion
efficfencies, Thus, although every chiorinated organic compound or organic com-
pound/inorganic chlorfne mix might be regarded 2s a potential precursor, the range
of llkely precursors for formatfon of detectable quantities of PCDDsS 15 probably not
that broad., It seems more likely that those compounds which can be pyrolyzed to
benzene, chlorobenzene, phenols, catechels, and/or inorganic chlorine are more prob-
able indirect precursors. The mechanism(s} by which PCOOs are formed during combus-
tion fs still not well understood; thus, the effects of combustion temperature, fuel
characteristics, catalysis, and other parameters have not been determined,

There has been some question regarding the role of PCBs in PCOD formation. In 1981,
an electrical fire in the State Office Buiiding in Binghamton, New York, resulted in
the pyrolysis of PCB fluid from a transformer {16, 17, 18). Soot from this fire
contained PCOFs and PCODs, PCBs do not fit the precursor model discussed earlier,
and PCODS would not be axpected to form readily in & mixture of biphenyl compounds
(19). Conceivably, PCBs could be oxidized to polychlorinated hydroxybiphenyls which
could, 1n turn, cyclize to form dioxins (20). Another reaction that has been sug-
gested 15 degradation to & chiorinated benzene, followed by oxidation to a chioro-
phenol and dimerization to PCOD (21).

However, nefther mechanism quite fits the thermal decomposition pattern for PCBs,
The PCB fluid at Binghamton was & mixture of &5 percent Arocior 1254 and 35 percent
chiorobenzenes. Rappe, et al. {22), have suggested that pyrolysis of the chloroben-
zenes s a more likely source of the PCDDs than PCBs.

Polychiorinated Dibenzofurans {PCDFs)

while PCOFs and PCDOs can share some of the same precursors, PCBs are the most com.

mon source of PCOFs. Buser and Rappe (21) have fdentified four basic mechantsms of
PCOF formation from PCBs (Figure &),
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Reaction 1 tnvolves the loss of the ortho-Cl. Reaction 2 1s & loss of HCI 1nvoiving
a 2,3-chiorine shift. Reaction 3 has a loss of ortho-HC1. Reaction 4 involves a
loss of ortho-H.

PCDFs have heen identiffed as trace contaminants at the ppm level fn—e number of
American, European, and Japanese commerctal PCB mixtures (24, 25, 26, 27). Concen-
tratfons and tsomer ratfos vary with the type of PCB and the country of origin, pro-
bably as a result of differences in manufacturing condittons (Table 1). For in-
stance, Bowes, et al, {27}, detected PCOFs in American-manufactured Aroclor 1260 and
1248 at total concentrations of 0.8 and 2.0 ppm, respectively; none were detected in
a single sample of Arocior 1016. The total quantities of PCOFs in German Ciophen A.
60 and french Phenoclor DP-6 were estimated to be 8.4 and 13.6 ppm, respectively
(26). PCOFs have also been detected in several Japanese-made PCBS at concentrations
from 1 to 20 ppm, with the highest concentration in a sample of Xanechlor K -400

(32, 33)-

PCOFs may also form cdurfng PCB use, The best known example of this is the "Yusho"
tncident in Japan, The PCBs, which had Teaked from a heat exchanger, had PCOF/PCB
ratios 200 to 250 times higher than that of the original Kanechlor KC-400 (32, 30).
Furthermore, the PCOFs in the Yusho ofl contained the same fsomers 4s & sample of
used PCBs (34), This suggested that most of the PCOFs had been formed fn service
(26). Similar PCDF isomer ratios have been detected fn other used Japanese PCBs

@.

Other sources of PCOF include condensation of chlorophenates and chlorobenzenes,
photochemical degradation of higher chlorinated isomers, cyclization of polychlori-
nated diphenylethers and polychlorobenzenes, and direct chlorination of dibenzofur-
ans (11). Chlorophenols and chicrobenzenes can form PCOFs via an intermedfate poly-
chlorinated diphenylether (PCOPE) (1, §) (Figure 7).

PCOPES usually occur as contaminants fn chiorophenols, and are known to form PCOFs
by thermal, photochemical, or metal-catalyzed reaction (35), PCOPEs and PCOFs prob-
4bly form early {n the reaction when large concentrations of chlorobesnzenes are
stil]l present, whereds PCODs are formed toward the end of the reactfon (35).

Fires in electrical equipment containing PCBs have resulted in PCUF formatian,
Jansson and Sundstrom (LS_) frvestigated the aftermath of & 1978 capacitor fire in
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Swaden, Whereas the orfginal PCB contained 1.1 to 1.3 ug PCOF/g (amounts of mono.,
di-, tri-, and tetra- {somers about equal), PCB samples from inside the exploded
copacitors averaged 81 ug PCOF/g PCB (approximately one-half of PCOF di- {somer,
one=third mono-, and the rest tri-, with a trace of tetra-), and samples from the
ingfde surfaces contained 45 to 107 ug PCOF/g PCB (predomfnantly df- and mono- fso-
mers with some tri- and a trace of tetra-). Soot from a 1977 transformer fire in
Toronto contained 5 ug PCOF/g, while the original PCB contained 0.05 ug PCOF/9 (36).
Similar resuits have been obtafned in the aftermath of other PCB fires.

PCOFs have also been detected in fly ash samples from munfcipal fncinerators and in-
dustrial heatfng facilities. Incinerator fly ash from the Netherlands averaged 1309
ng PCOF/g (37). Incinerator fly ash from Italy averaged about 1300 ppb of combfned
PCOD and PCDF (38), Fly ash from an industrial heating facility and municipal fn.
cinerator in Switzerland contained 0.3 and 0.1 ppm PCOF, respectively (25). Thus
far, the exact source of the PCOFs in fly ash {s unknown,

TRANSFORMER /CAPACITOR CHEMISTRY

Most PCB-filled electrical equipment 15 desfgned to operate at tamperatures of 100°
to 130°C, and transformer “hot spots” are typically no greater than 135°C (31). All
vnits may contain afr, but most newer cnes have an inert atmosphere, usually nitro-
gen, Askarel units are sedled, but some sedls can deterforate with time, permitting
the entry of afr and water. Hydrochloric acid can be generated, leading to fnternal
corrosion. Water can cause arcing. Internal transformer malfunctions can cause
bushings and winding connections to become white hot., During these occasional
short-circuit episodes, temperatures reach 200° to 250°C for a few minutes. In
cases of an arc where the transformer fails, maximum tamperatures may resch 1000°C.
these failures cccur within fractions of a second {31). Capacitors typically oper-
ate below 100°C. 1n those capacitor failures resulting in rupture, heating and in-
ternal arcing may have occurred prior to rupture,

Semples of used askarels from capacitors and transformers have been analyzed for
PCOF with mixed results. One researcher concluded that concentrations will increase
with time in service, although concentrations detected never exceeded 5 ppe. Other
tests on 40.year-old askarels showac PCOF concentrations comparable to those in un-
used askarels, In general, PCB conversion to PCOF or chlorebenzene conversion to
PCOD and PCOF might be possible in a malfunctioning transformer or capacitor, pro-
vided that there is sufficient time at optimum temperature and/or Oxygan condittons
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for thetir formation, Ordinary working conditions do not appear Conducive to PCDD/
PCOF formation {31).

Finally, 1t should also be noted that most of the rasearch on PCB/askarel comwersion
to PCOD, PCDF, and other chlorinated species has been performed us1ﬁ pure PLgs or
askarel formylations containing at least SD percent PCBs. Very 1ittle research has
been conducted on dilyte PCB system$S, such as contaminated mineral oils. Conse.
quently, there 1s 1ittie data available on the effects of dilution on PCE chemistry.
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DISCUSSION

QUESTION: How about furans gensrated in housenold cooking?

ANSWER : FOA has gone through risk assessment. Risk is negligible.
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Table |

LEVELS (ug/g) OF PCDFs 1N COMMERCIAL PCBs

Samply Tri-  Tetra- Penta- Hexa- Hepta- Total Reference
Aroclor 1248 {196%) - 0.5 be2 0.3 - 2.0 27
Aroclor 1242 - 0.07 0.03 0.003 - 0.15 28
Aroclor 1242 - 2.3 2.2 N.D.* - 4.5 29
Aroclor 1243 0.1 0.25 0.7 0.81 - 1.9 0
Aroclor 1254 {1969) - 0.1 0.2 1.4 - 1.7 27
Aroclor 1254 {1970) - 0.2 0.4 0.9 - 1.8 27
Aroclor 1254 - 0.02 0.2 0.4-0.6 - 0.8 31
Aroclor 1254 (XK 602) - 0.05 0.1 0.02 - 0.2 0
Aroclor 1254 - 0.1 1.6 1.9 - 5.6 29
Aroclor 1260 0.06 0.3 1.0 1.10 1.35 1.8 0
Aroclor 1260 (1969) - 0.l 0.4 0.5 - 1.0 27
Aroclor 1260 - 0.8 0.9 0.5 - 2.2 29
Aroclor 1260 (AK 1) - 0.2 0.3 0.1 - 0.8 27
Aroclor 1016 (1972) - N.D. N.O. N.D. - - 27
Clophen A60Q - 1.4 5.0 2.2 - 8.4 27
Clophen T64 0.1 0.3 1.73 2.45 0.82 5.4 0
Phenoclor DP-§ - 0.7 10,0 2.9 - 13.6 27
pProdelec 3010 0.41 1.08** 0.35 0.07 - 2.0 30
Kanechlior 400 - - - - - ca. 20.0 3l
Mitsubishi {used) 2.13 4.00 3.30 0.53 - 10.0 0

——

* N.0. = None Detected.
** Major 1somer 2,3,7,8-tetra-COF.
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AN UPDATE ON ANALYTICAL METHODS FOR POLYCHLORINATED BIPHENYLS (PCB),
POLYCHLORINATED DIBENZOFURANS (PCDF),
AND POLYCHLORINATED D18ENZO-p-DI1OXINS (PCOD)

Marcus Cooke, fred L. OeRoos, Judith E. Gebhart
Laurence E. Slivon and Peter J. Mondron
Battelle's Columbus Laboratories

DISCUSSION
Evidence supporting the widespread distribution of polychlorinated biphenyls (PCB)
in the environment has been Jocumented as early as 1966, when PCB ware found to
interfere with the environmental determination of pesticide residues. Due to the
persistence and widespread geographic distribution of PCB, antmal and human toxi-

- cotogical studies were performed which subsequently led to the regulation of these

compounds by the Toxtc Substances Control! Act in 1976,

Until regulation was enacted, commercial mixtures of PCB, named Aroclors, were
widely used in the electric power industey as dielectric fluids in capacitors and
transfarmers. During fires involving transformers, incomplete combustion of Aroclor
containing ol produced chiorinated furan and dioxin compounds.(l)

Polychlorinated dibenzo-p-dioxtns (PCOD) and polychtorinated dibenzofurans (PCOF)
are relatively stable under normal environmental conditfons and tend to concentrate
in biologtical matrices due to their lipophilic nature. Although |imited data are
available which demonstrate the effects of PCOD and PCOF on humans, significant data
have shown the toxic, carcinogenic, and mutagenic effects of these compounds !n
mQMMalian systems, Toxtcittes for the specific isomers vary by a factor of approxt-
metely 10,000. The chemical structures of two of the most toxic isomers in this
ciass of compounds, having four chiorine atoms in the 2, 3, 7 ang 8 posittons on the
furan and dioxin molecular skeletons, are shown tn Figures 1 and 2.

¢l O ct

i Cl

Figure 1. 2,3,7,8-Tetrzchlorodtbenzofyran
[2,3,7,8-TCDF])
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Figure 2. 2,3,7,8-Tetrachlorodibenzo-p-dtoxin
[2,3,7,8-TCDD]

As a result of the persistent and hazardous nature of PCB, PCDF, ang PCDD,
considerable emphasis has been placed on controlling the distribution of these
compounds into the environment, A key issue in tha control of PCB, PCDF, and PCOD
1$ the analytical methogology. Although PCB have historically been quantifiad as
commercial Aroclors, analysis of these compounds is complicated when mixtures of
Aroclors or compositional alterations through weathering occur. Accurate PCOF and
PCOD determinations are hindered by the large number of positional isomers that may

exist. In total, there are 210 PCDD and PCDF positional isomers as shown in Table
1. '

Table 1
PCOD AND PCDF POSITIONAL [SOMERS

Chlorine Number of PCDD Number of PCDF
Substitution Positional lsomers Positional Isomers
Mono- 2 4
D 10 16
Tri= 14 28
Tetra- 22 38
Penta 14 28
Hexa- 10 16
Hepte- 2 4
Octa- 1 1

Despite the difficulties in PCB, PCOD, and PCOF analysis presented by matrix

complexity and isomer configurations, reliadle analytical methods are available for
determinatien of these Compounds,
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Various screening methods have been reported for PCB. For quantification, the
method of choice continues to be gas chromatography coupled to an electron capture
(EC) detector. This technique, however, {s subject to interferences from other
chlorinated species which have the potential of {ndicating elevated levels of PCB.
As a result, most samples are subjected to some form of Cleanup to remove inter-
ferences prior to analysis. The cleanup procedure usually involves 1iquid column
chromatography using sflica gel, alumina, or Florisil. Complex enviromamental
samples, however, may require & more extensive cleanup prior to analysis.

Most PCB analyses are performed using packed column gas chromatography which is
adequate for many applications. Recent advances in column technology making fused
silica capillary columns wideiy available, have made the separation of complex mix-
tures easier for the average laboratory, The higher resolution of capiilary columns
and the relative convenience of fused silica capillary columns compared to glass
capillary columns has led to increased use of captllary columns in PCB analysis.
Separation of an Aroclor standard using a packed GC column is shown in Figure 3,

The same Aroclor separated on & capillary GC column ts shown in Figure 4,

Figure 3. Packed Column GC Chromatogram
of Aroclor Standard
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Figure 4, Capillary Column GC Chromatogram
of Aroclor Standard

Emphasis tn PCB analysis is now shifting toward electron impact gas chromatography/
mass spectrometry (GC/MS) and, in particular, capillary column GC/MS as the tech-
nique to provide the most selective and unambigous determination of PC8, regardless
of whether they are of incidental origin or commercial Aroclors., Earlier effarts to
quantify PCB using electron impact GS/MS generally resulted in identification of
specific Aroclor patterns and quantification of thess commercial progucts. A
composite mass chromatogrem resulting from the 6C/M5 analysis of an Aroclor 1254
standard is shown in Figure 5, The extracted ion current profiles represent the
molecuiar ton of PCB having one to #ight chiorines. A similar GC/MS analysis of a
sedimant sample containing a mixture of Aroclors as well as other chlorinated
species 1s shown in Figure 6. The elution pattern of isomers having 5, 6, and 7
chorines (m/z 326, 360, 394) in the unknown and standard clearly establishes
Aroclor 1254 as a major constituent tn the Sediment sample, and provides a mechanism
for quantification that 1s relatively free of inteferences.
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Figure 6. Mass Chromatogram of Sediment Sample

For PCOD and PCDF analyses, extremely high selectivity and sensitivity are needed to
unambiguously determine these compounds at ultra-trace levels in environmentatl
samples. These characteristics are achieved by high resolution gas chromatography/
high resolution mass spectrometry (HRGC/HRMS). A chromatogram from an HRGC/HRMS
analysis of a ten liter water sample spiked with two TCDD isomers is shown in Figure
7. 1n this chrometogram, specific isomer determination is made for 5 parts-per-
quadrillion (W/W) 1,2,3.6.8-TCDO and 8 parts-per-quadrilliion (W/W) 2,3,7,8-TCDD.
This represents an analytical sensitivity of approximately 8 x 10~12 grams.

4
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Figure 7. HRGC/HRMS Chromatogram From Spiked Water Analysis

The high selectivity of HRGC/HRMS allows the analyst to distinguish close eluting
interferences as shown in the chromatogram given tn Figure 8. This chromatogram was
produced from a spiked fish tissue sample which was extracted, extensively
partitioned by column chromatography, and then analyzed by HRGC/HRMS for
1,3,6,8-TCOD, 1,3,7,9,~-TCOD and 2,3,7,8-TCOD. Detection and quantification of 3
parts-per-triliton (W/W) of 1,3,7,9-TCDO was achieved in this complex biological
matrix.

- 1,3,6,8-TC0D 1,),7,8-TCDD
T e

SPINID FISE ARALYSIS 10 9ot
|

Figure 8. HRGC/HRMS Chromatogram From Spiked Fish Analysis

The highest selectivity and sensttivity for PCOD and PCDF analyses 1S provided by
combining HRGC/HRNS with a technigue called multiple fon detection. With this
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procedure, the mass spectrometer 15 repetitively jumped between the peaks of
interest. Since time {s not required to scan between peaks, the ultimate sen-
sitivity {s achieved. Unlike Jow resolution mass Spectrometry that monitors a one
atomic mags unit wide window, nigh resolution mass spectrometry monitors & much
narrower wingow. ThuS interferences with nominal masses that are the same as
PCOD/PCOF are often resolved. The high resolution mass spectrometer is typically
operated at a resolution of 10,000. Resolution is defined by the ratio M/aM where M
s the nominal mass and aM the difference between two adjacent peaks of equal height
which have a valley of 10% between them, The exact masses that are monitored for
selected PCOD/PCOF isomars are 1isted in Tadle (1.

Table i1

SELECTED DATA FOR THME POLYCHLORINATED
DIBENZOFURANS AND POLYCHLORINATED
DIBENZO=-p-0 IOXINS OF INTEREST

Theoretical
Accurate Mass [sotope

Compounds Tow Wass  High Mass Ratio
Tetrachlorodibenzofuran 303.9016  305.8987* J7
Tetrachlorodibenzo-p-dioxin 319.8965 321.8936* 7
Pentachlorodibenzofuran 339.8597* 341.8567 1.54
Pentachlorodibenzo-p-dioxin 365.8546* 357.8517 1.54
Hexachlorodibenzofuran 373.8207* 2375.8178 1.23
Hexachlorodibenzo-p-dioxin 389.8156* 1391.8127 1.23
Heptachl orodibenzofuran 437,7817* 409.7768 1.03
Heptachlorodtbenzo-p-dtoxin 423.7766% 425,1737 1.03
Octachl orodibenzofuran 41,7428  443,7398* 0,88
Octachl orodibenzo-p-gioxin 457.7377 459,737+ 0.88

———

* Quantitation Mass

For each isomar class, two of the molecular fon peaks are monitored, thus fncreasing
tha selectivity of the method., By requiring that isotope ratiocs are correct, faise
positive identifications are greatly reduced.
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CONCLUSIDNS -

The large number of isomeric forms and the complex nature of environmemtal matrices
pose a difficult problem for the chemists and biochemists struggling to determine
the existence, distributton, and toxicity of PCB, PCOD, and PCOF 1in the envirconment.
This problem can be met by the resolution and sensitivity capabilittes offered by
glass capitlary gas chromatography, combined high resolution gas chromatography/high
resplution mass spectrometry, and other sophisticated analytical methods,
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OETECTION OF POLYCHLORINATED DIBENZOFURANS AND DTHER
CHLORINATEO PYROLYSIS PROOUCTS IN THE SDOT FORMED IN PCB FIRES

C.H. Williams, Jr,
C.L. Prescott
L.D. Garretson

Radian Corporation
8507 MoPac 8lvd
Austin, TX 78759
ASSTRACT

Uncontrolled electrical fires involving transformer oils containing PCBs are found
to form a complex and potentially toxic mixture of chlorinated products in the

*soot, including the chlorinated dibenzofurans {CDFs), with degrees of chlorination

from C1, to Clg. Concentration levels vary widely, depending on the specific con-
ditions of tha fire, but levels of 2,3,7,B-tetrachloro dibenzofuran (2,3,7,8-TCDF)
in the range of 1-10 ug/g of 500t were measured in some samples. In the same sam-
ples, no chlorinated dibenzodioxins {(CDDs) were detected, but several other classes
of chlorinated products were found in greater abundance than the COFs, These in-
cluded the chlorinated biphenylenes {C1,-Cl,) and chlorinated PNAs, such as the
chlorinated pyrenes (Cl1,-Clg), as well as residual PCBs. Unchlorinated PNAs from
anthracene to the benzopyrene {5 ring) group were also detected at levels compar-
able to the P(CBs.

INTRODUCTION

The purpose of this work was a comprehensive characterization of the organic pro-
ducts found in the soot formed in PCE electrical fires. The samples, both bulk

soot and surface wipes, were collected by KIOSH industrial hygienists at the site

of several fires involving PCB-askarels. Radian was directed to identify and quan-
tify any COFs or CODs in these samples, as well as the other major organic species,
chiorinated or not. The analytical method was based on Soxhlet extraction followed
by high resclution gas chromatography (HRGC) coupled to & mass spectrometer (MS)
operated in either a 1imited scanning (SCAN) or selected ion monitoring {SIM) mode,
using only electron impact fonization. The results of these analyses are summarized
here. A more complete report of this work 1s being published in Chiorinated Dioxins
and Dibenzofurans in the Total Environment, Volume 2, Butterworth, .

EXPERTMENTAL METHOD

Bulk soot in quantities from 0.1 to 1g and surface wipe samples on filter paper
{100 cm?) were collected by NIOSK industrial hygienists at the site of several PCB
fires, The samples were &nalyzed by Radian Corporation using the experimental
method shown in Figure 1, Both sample media were Soxhlet extracted with benzene or
toluene for B-12 hours and analyzed without cleanup in order to characterize the
complete sample. Samples were spiked before extraction with internal stendards of
13¢,,+2,3,7,8-TCOD, d¢-3,37,4,4°-TCB {d.-TCB) and d,,-chrysene. Sample extracts
were concentrated to ?1na1 volumes of 100-500 ul by ?ou temperature {25-50°C)
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solvent evaporation. The concentrated extract was spiked with another internal
standard, d,,-anthracene, just prior to analysis,

Samples underwent two successive HRGC-MS analyses: a screening anmalysis with the
MS in a limited mass scan {150-500 amu) mode, and a confirmation analysis with the
MS in a SIM mode, simultaneously measuring four characteristic ions. Both these
analyses were carried out on a Hewlett Packard Model 5985A guadrupole GC-MS system,
The screening analyses were accomplished using a 50m WCOT capillary column with 2
bonded, neutral stationary phase, e.g., DB-5 or OV-1. Isomer-spectfic confirmation
of the TCOFs was accomplished on a 60m silica capillary column coated with a more
polar phase, Supelco 2340. Figure 2 shows an HRGC-SIM-MS chromatogrsm of a Radian
standard containing all 22 of the TCDD isomars, plus the internal standard !3C,,-
2,3,7,8-TCDD, analyzed on the Supelco 2340 column,

RESULTS AND CONCLUSIONS

Some of the bulk soot samples collected at the site of PCB fires show a very compiex
pattern of occurrence of the PCDFs. Figure 3 shows the HRGC-5IM-MS chromatogram of
4 bulk soot sample analyzed for the PCOFs. At least 21 peaks were identified as
PCDFs and as many as 26 of the 38 possible {somers could have been present. [t can
be seen that one of the major TCDF peaks is ident{fied as the 2,3,7,8 isomers {28.8
min). Three large peaks coeluting with the TCDFs were identified as trichloropy-
renes. Figure & shows the characteristic mass spectrum of 2,3,7,8-TCDF in which the
loss of the CDC1 to produce the fragment fon at mass 241 {s apparent., Figure §
shows the mass spectrum of one of the trichloropyrenes which has the same molecular
weight but a different chlorine {sotope pattern and a different fragment ion (234)
due to the loss of C1,,

The occurrence of the most significant chlorinated products formed in the pyrotysis/
combustion of the PCBs in accidental fires is indicated in Figure 6. It seems clear
that the mechanism of formation of these major products may involve both pyroiysis
and combustion and may depend on other organic materials present in the fire in
addition to the PCBs.

Figure 7 gives a pattern of occurrence for the major pyrolysis/combustion products
that were detected in this study of soot and wipe samples from PCB fires, The or-
dinate in Figure 7 is given without units since the actual concentrations found
will depend on the specific circumstances of each fire and the sites where samples
are collected. However, in this study, maximum concentrations of the PCDFs in the
soot were maasured in the range 1-10 ug/9 (ppm w/w), with corresponding leveis on
surface wipes falling in the range of 100-1000 ng/100 cm?,

The most significant findings in this work are summarized as follows:

[ high concentrations of TCDFs and other CDFs can be found in the soot
formed 1n accidental PCB fires;

] the acutaly toxic 2,3,7,B-TCDF 1s one of the most abundant isomers
in the complex pattern of TCDF homologues extracted from the soot;

¢ other potentially toxic chlorinated products and PNAs are found in
even higher concentrations than the CDFs in the soot from PCB fires: and

* no dioxins {CDDs) were found in this study above a detection limit of

1;10 ng/sample, {.e., 1-10 ng/g for soot and 1-10 ng/100 cm? -for
wipes.
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OISCUSSION

QUESTION:
ANSWER:

Has the soot been tested for toxicity?
Yes. At Binghamton they did toxicity tests with the soot,
It was toxic to animals
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SOLVENT EXTRACTION OF PC) FRON TAANSFORMER INERAL OIL
6. add3s'®? . 1. mousel®, c. watkert®, p. waylc

{a) Electric Fower Ressarch Institute
Palo Alte, California

{b) Generel £lectric Compeny -
Pittsfield, Massachusetts

{c) Consulting Chemical Engineer
Soxford, Massachusetts

PC® (polychlorinated biphenyls) can be removed from ¢ trensformer mineral oi} by
mixing the o1l with an immiscible liquid in which PCB are soluble. PCB will be
removed from the oi) into the extrection 1iquid unti]l equilibrium iy
established. If the partition coesfficient i3 one, one-helf of the PCB 1in the
011 will ba dissolved intc en equal volume of extrection liquid initially
containing no PCB, Ninety percent of the PCB will be extrected on mixing the
011 with nine volumes of the second liquid - end 30 on. O11-11quid systems with
higher partition cosfficients require less extrection 1iquid to reduce the PO
content of oi1 by a given amount. Unfortunately, lerge partition coefficients
for PCB-oi) systems are unlikely on thermodynamic grounds and tha amount of
extrection solvent needed to remove PCB will be lerge. Any prectice! process
will require reuse of the solvent after removel of the previously extracted
PCH. This cen be done by using en extrection liquid whith has a deiling point
well below that of PCB (~275'C and up). The solvent can be recoversd by
distillation, leaving the accumulated PCB 1n the distillation column bottoms for
removal to final incineration (1). .

The work reported hers 1S based on extraction of PCB by the monomethy) ethar of
diethylens glyco) - methy) Cerbitol™ ("NeC*). The boiding point of MeC g
193%C and its density is greater than thet of ofl (1.03 ¢/m) versus 0.% g/ml @
25°C). MeC was selected from half a dozen candidates on the basis of
preliminary testing at smbient tempsrature in the labdoratory. The PCB partition
cosfficient 1s appronimately one, its solubility in oi1l is ~4%X and the
solubility of oil in MeC 15 ~0%X. The interfacial tension Dbetwsen MeC
and either unysed or aged trensformer oi) 1is rather low (<1 dyne/cm). The
choice of NeC represeats a compromise. The partition coefficient for dimethyl
acotamide, for example, s two to thres times higher but so alse 15 its
solubility for of)., The solubility of ofl in methano) is much lower. but the
partition coefficient for PCH i3 also substantially lower.

A smsl) scale demonstration plent was designed and put in place to establish the
technical feasidility of the extraction process and to eveluste the relation
betwesn controllable process parsmeters and efficiency in a continyous operation
in order to estimsts the magnitude of the process costs, A commercially
availeble (York Process Equipment Company) agiteted multi-stage countercurrent
extractor was used. 011 containing PCB was fed into the celumn near the bottom
and tha extracted product was removed at the top of the column., PCB-fres Mel

]
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was introduced 1into the column near its top and removed near the bottom. The
extract wis fed to a vacumm distillation column where the MaC was distilled from
the dissolvegd PCB end ofl The MeC was recycled to the extraction column and 3
PCB enriched o1} fraction accumulated in the distidlation column bottoms.

Two unusual modifications wers made to this process, If, for example, the flow
rates of MeC and oil were equal in an extraction column of given design
operating at ~25°C, & certain efficiency of PCB removal (PCB comncemtration in
the feed stresm minus concentration 1in the product stresm/concentration {n tha
feed) would be achieved. Without modification, the process woyld 10se % of the
oll feat to the PCB residue and hence to incineretion. Either ¢ larger column
or a higher solvent-to-oil retio can increase tha efficiency. The first adds to
the capital cost of the equipment; the second edds to the oil lost and the
incineration cost. However, 1f the of! 1z recycled from the distillation column
bottoms back tnto the bottom of the extrection column &s extrector reflux, 1t
contributes to maintaining the oil saturation 1in the extract streem. This
reflux extraction reduces the ofl loss to that deliberately removed for
incineration when the PCB concantration reaches some predetermined level. Loss
of no more than 1X of the oi1 was set as & goal in this study., This would
result in a PCB concentration in the distillation column bottoms one hundred
times that of the reduction in concentration betwoen the feed and product oil.
An extractor reflux concentration and residue concentration as high as 5% PCB
cou'ld be reached.

It also is desirable not to overheat the oil in the still bottom in order to
reduce degradation of ofl in the reflux stream, some of which mixas back into
the product ol flow. To minimize the bottom temperature without requiring an
extremely low vacuum, the solvent separation 1s carried out in two steps, a
partial separation by distillation, and then a fimal purification by phase
separation. In the partial separation, snough solvent i3 allowed to remein in
the distillation column bottoms to permit opsration of the column under
economical vacuum conditions and acceptable temperatures. This mey correspond
to a distiliation column bottoms composition of between 20 and 80 percent
solvent. In the second separation, this Dottom product i3 cooled to a
temperature below the limits of complete mutual solubility so as to form g
PCB-011 phase end & solvent phase. After separating these two phases by
decanting, the solvent phase 13 returned to the distillation column, while the
PCB-01) phase is returned. for the most part, to the extractor as reflux.

The pilet plant was operated with oll feed rates up to 10 gallons per hour and
extraction reflux rates to 2 gallons per hour (the reflux rate cannot exceed the
Timit of the fractiona)l solubility of oil in the solvent flow). A reflux retio
in the distillation of ons to four was used and the PCB content of the returning
NeC remeined less than 1 ppm. Ratios (weight/waight) of solvent-to-oil (feed +
reflux) rates ranged from 1.7 to 4. Unused oils with initial concentrations
between 300 and 1400 ppm of Aroclor 1254 and aged ofls with initial
concentrations between 150 and 500 ppm of Aroclor 1260 were tested.

The results were evaiuated using the standard mode) for countercurrent solvent
extrection:

(%) = 100 x (M) - ()L™ - 1)

where € s the efficienty of extraction; m, the partition coefficient; n, the
number of theoretical stages in the extractor; L, the interns) mess Flow rate of
seivent and V, the interna) mess flow rate of o) (in this case, the combined
fesd and reflux flows) in the column. The data s an excellent fit for & value
of n of 3.3 and values of m of 1.0 and 0.6 for Arocicrs 1254 and 1260
respectively.
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Aroclor 1260, the more heavily chlorinated PCB mixture, 13 less eoffectively
extracted because of its lowsr *gvarage” partition coefficlient. The
chromatography of the feed and product streams shows that the partition
cosfficients decrease for the mors heavily chlorinated isomers, Aroclor 1242,
the least chlorinatad of the PC8 mixtures used in askarels, should be the most
effectively removed, - e
Yariation of extractor temperature between 20 and 40°C had no effect. The
column efficiency was not affected by agitator speed between 195 and 260 vpm.
Above this foaming occurred, the Shases failed to separate and the extractor
column flooded. The rather low interfacial tension is presumably the cause.The
case of ninety percent removal efficiency 1s of interest in that feed streams
containing up to S00 ppm PCB could be reduced to below 50 ppm (At 1% of)
incineration, the bottoms concentration would be less than 4.50%). The case of
98X officiency 15 also of interest in that feed stresms containing up to 100 ppm
PCB could be reduced to less than 2 ppm. For estimating purposes, 1t 13 assumed
that three quarters of the PCB in a typical feed stream will be from Aroclor
1260 and the remainder will be due to a mixture of Aroclors 1242 and 1254; i.e,,
a~0.7. With an extractor of the present design, solvent to oil flow rate
ratios of 2.2 and 4.1 would be required to achieve 90 and 98X extraction
efficiency respectively. If the number of stages 1s increased by fifty percent,
the sams result can be reached with solvent to oll ratios of 1.7 and 3.0.

The lower solvent-to-oil ratic and more efficient extractor design appears to be
a mors cost-effective approach. The costs resulting from several possible
operating scenarios have been estimated wusing this approach. Costs were
ettimated for operation at of! processing rates of 60 to &4BO gal/hr and for one,
two or three shifts per day. Annugl production then ranged from 100,000 to
slightly less than three million gallons. In the base case, 1t wes assumed that
4 fixed installation site would be adjacent to an existing facility for
treating, handling or burning oil. Labor and supervision were expected to be
shared with that of the existing Ffacility. Avallable 1indoor space for
installation of control and instrument panels was assumed. Steam geheration and
cooling water facilities were enxpected to be 1in place. The costs for thess
scenarios are summarized on Table 1. The estimstes include transportation and
the incineration cost for 2% of the oil.

The added costs for operation in 4 second siting situation also have been
estimated. It was assumed that steam generation and cooling water facilities
myst be installed together with housing for the weather sensitive squipment and,
further, that {solated installation would be made whers full manpower
requirements must be met and that of! handiing facilities would have to be
added. The gdditional costs of these scenarios are 1isted in Table 1.

It was assumed in the bate case that transformer oi) reconditioning facilities
were available, Additiona) costs are 1isted for a situation whers this is not
the case and filtering, degassing and claytreat squipment must ba put in place.

It must be reiterated that these are estimates based on the usual enginssring
basis and using typical costs for utilities, intersst rates and so forth. They
are intended merely to define the genera) range of costs and may not reflect the
real cost. An estimate has been rade, however, on a compsrable basis for a
process described elsewhere (1,2) using sodium metal, naphthalens and diglyme to
destroy the PCB in situ in transformer oil. The results are similar. Cost of
PC8 removel by high energy electron treatment or by critical fluid extraction
(1) are estimated to be higher.
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The results of these preliminary tests indicate that reflux extraction of PCB
from transformer oils can be done with high efficiency. Preliminary estimates
suggest that it 1s potentially cost competitive with other processes.

This wark was sponsored by the £lectric Power Research Institute as a part of
Ressarch Project 2028-1,

(1) T. 0. Rouse, Remova) Of PCP From Transformer 011, Proc. PCB Semtmar, EPRI
EL-2572 (1982); also. Removal Of PCR From Transformer 011-Finat Report.

EPRI RP 2028-1 (in preparation),

() J. F. Brown, M. E. Lynch, J. (. Carnahan, J. S. Singleton, Chemicy]
Rlstribytion Of BC0 In Transformer 011, Detoxificetion of Mazardous
Wastes, p. 201, Ed. J.H. Exner, Ann Arbor Sci. Pub, (1982).
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TABLE 1
SUMMARY
COST ESTIMATES
BCO - SEP PROCESS
PRODUCTION RATE (Gal/Hr) T B
Shift/Day 1 3 1 3
ANNUAL PRODUCT[ON (KGe1) 105 3 840 2080
STATIONARY INSTALLATION
28X REMOVAL EFFICIENCY
CAPITAL INVESTNENT (3K) 470 1260
PROCESS COST ($/6a1) 2.66  1.25 1.03  0.60
203 REMOVAL CEFICIENCY
CAPITAL INVESTMENT ($K) 0o 1018
PROCESS COST ($/601) 2.1 102 0.84  0.49

&
T

ADDITIONAL PROCESIING (ADO TO BASE COST AROVE)

= T
ADOED INVESTMENT (3K) 215 402
AQDED COST ($/Ga1) .42 0.9 0.26  0.14

T

CLAY TREAT & DLGASSING
ADDED INVESTMENT (3K) 5§ . 130

ABOED COST (3/6Ga1) 0.21 0.07 0.07 0.03
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SUMMARY

The polychlorinated biphenyl (PCB} concentration system performed very satis-
factorily while using dimethylformamide (DMF) as a Solvent. The pilot-plant
extraction system processed oft with a PCB concentration as high as 300 ppm at a
rate of 0.8 L/min using two columns which were sach 10 @ in diameter and 4.6 m
high. Higher volume flows and lower PCB removal should be obtainable if larger
extraction columns were used. The PCB removed from the DMF 15 16 to 20 times more
concentrated than the PCB present in the original oi). The recovery of dry UMF
{less than 1.5 vol X water] was accomplished using distillation at a rate of U.3&
lzg/l'n-v:m2 {based on distillation column cross section).
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Section 1
INTRODUCTION

A large quantity of mineral ofls (used as transformer, machine cutting, cooling,
and lubricating oils) in the Oak Ridge Y-12 Plant* contain low concentrations
(50-300 ppm) of polychlorinated biphenyls (PCB). Because the Plant does not have &
burial ground, these oils must either be stored or incinerated. Also, as some of
the oils are contaminated with uranium, they cannot be shipped off-site for
incineration or burial because commercial PCE disposal facilities cannot accept
uranium-contaminated wastes.

Long-term storage is an option but, because of space and labor requirements, 1§
expensive. To reduce storage or disposal costs, the PC2 must be concentrated
before off-site incineration or on-site storage.

The developed extraction process contacts N,N-dimethylformamide (OMF) with
PCB-contamineted 011 and transfers the PC8 to the DMF phase. WKeter is then edded
| to the PCB-loaded DMF to destroy the polar bonding of the PCB and to transfer the
PCB to a smaller volume of oil.

EOpentud by the Union Cartide Corporation's Mucleer Division for the Department of
nergy.
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Section 2
PILOT-PLANT EXTRACTION SYSTEM FOR PC

PROCESS

The DMF-PCB extraction process removes PCB from otl tnto a UMF phase using a
counter-current, ltiquid-liquid packed column (Figure 1}. The UMF must be relatively
water-free (less than 1.5 wt X} to ensure satisfactory extraction. The PLE is later
released from the DMF phase into a receiving oil phase by the addition of water,
which is soluble in the DMF. The water renders the PCB insoluble in the UMF by
raducing the poler bonding of the PCB. The resulting oi) phase has a PCB concen-
tration fector of 16« to 20-fold, based on the PCB concentration in the original
ofl. The DMF-water can then be separated by distillation for recycling the DMF to
the extraction coluems.

PROCESS CHEMISTRY

Under ordinary circumstances, a1l PCB compounds are highly stabla and unreactive
dus, in part, to the resonance stabilization offered by the chlorine substituents.
Only extrems reagents and reaction conditions form new compounds. It would be
expected that, because of the chlorine atoms, the resultant dipole would render fCh
soluble in polar solvents. However, experimental results revealed that the minaral
o011, although nonpolar, was one of the best solvents. Furthermore, dipole moments
measyred for PCB showsed them to be considerably lass than the analogous allyl
chloripn. An explanation for this is that chlorine, although highly electro-
negative, 1s raleating electrons to the ring by double bonding rather than
attracting the electrons. This sttuation would allow the chlorine to increase the
resonance stabilization of the molecule and reduce the expected negative charge.
The electron release by the chiorine would also make the carbon ring more negative.
Thus, the intramolecular bonding in PCB is less polar and more van der Waals in
nature; therefore, high solubility in nonpolar organics would be expacted. The
PCB compounds also show high solubility in polar organic solvents but low solubility
in water. The solubility in polar solvents appears to de the result of a
positively induced carbon in the solvent that attracts the negative charge on the
bipheny! ring structure. The insolubllity of water is possibly due to resonance
inhibition caysed by hydrogen banding te the chlorine.

-9
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PROCESS EQUIPMENT

The pilot-plant process equipment flowsheets (Figures 2 and 3) consist of three
parts: (1) extraction, (2) transfer, and (3) distillation. The extraction
consists of two £5-gal feed tanks and two 55-gal PCB-contaminated of! fesd tanks.
Two packed extractizn columns are each 10 cm (4 in.) in diameter X 4.6 m (15 ft)
high, with a 91-cm (36-1in.) unpacked phase separation 2one at each end of the
columns. Two 55-gal stripped ofl product tanks, a DMF interstage tank with a pump
level controller, and a tank to hold PCB-loaded DMF were al30 part of the pilot
plant. Each column had a bottom contro! valve actuated by a bubbler differentia)
pressure (DP) cell, liquig-level control system to maintain a UMF continuous phase.
The DMF transfer tank was a cone-bottom, 55-gal drum with a mixer, The columns
were packed to a 4.6 m (15 ft) depth with 2.5-cm (1-in.) ceramic saddies.

The distillation equipment consisted of the following items:

)

. A packed column 7.62 cm (3 in.) in diameter X 2.4 m (B ft} nigh packed with
perforated stainless steel packing.

2. A reboiler with a volume of 18 L and heated by a ().46--z (S-ftz} steam coil
heat exchanger connected to 120 psig-regulated steam service.

3. A top condenser with a cooling area of 0.46 & (5 ftZ), including a reflux
splitter.

4. Two 55-gal feed tanks, two 55-gal water product tanks, and two 55-gal OMF
product tanks.

COLUMN EXTRACTION TESTS

Using one or both of the columns, tests have been performed using recycled LUHF from
the distallation column and clean oil to which concentrated PCB was addedto 2
concentration of 200 to 400 ppm in oi) (Table 1). The racycled DMF had a water
content of 0.7 to 1.5 wt £ water. About 2 wt % water is the permissible maximum
allowable for satisfactory PCB extraction. The oil feed must also be water-free

(f.e., tess than 1.5 wt X). The mutual solubility of DMF and o1l in each other is
about S%.

The extraction tests ware performed using both DMF and 0i1-PCB as a continuous
phase. There was no &pparent differece in extraction performance using the
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Table 2-1
SDLYENT EXTRACTION TESTS

DMF /01 3
DMF Qi1 Cotumn OMF OMF 011 uit Uistribution wnistribution
Test Flow Flow Length In out In Out Coefficient Coefficient

Number (ml/min} (mi/min) (m} (ppm} {ppm) {ppm} {ppm} Top bottom

1 550 440 4.6 120 200 270 110 - -
2 70 430 4.6 H 150 160 50 1.6 L4
3 230 1200 4.6 25 420 300 0 - -
4 660 730 9.2 2 220 380 94 1.6 1.5

differant continuous phases., Therefore, a DMF continuous operation was selected
because the phase interface was at the top of the column, whith was better for the
interface control instrumants.

The flow rates ware varied from 0.3<1.2 L/m for both phases to determine maximum
operation rates. The phase separation capability at the top of the extraction
colum was ths limiting operation. The continuous DMF-phase can be operated slower
than the loaded oil phase. A typical set of flow rates are 0.60 L/m (7.7 cu3/cm2
min} for OMF and 0.80 L/m (10.3 cn'c:’/cm2 min} for 0il, based on empty extraction
colums. Table 2 contains details of the sxtraction column tests.

The phase distribution coefficient (DMF-ail} was determined using equal votlumes
entering and exiting each end of the satraction column (i.e., loaded DMF and Joaded
ail for one pair and clean OMF and clean 011 for the other pair). The two phases
were shaken for | min, allowed to separats, and then analyzed for PCB content and
compared. The calculated value, using taboratory analytical data of 1.5 for the
phase distribution coefficient, confirms eariier batch shake-out data.!

DMF-WATER, PCB-OIL TRANSFER

The PCB can be released by the addition of water, which is soluble in the Def
phase, reducing the polar bonding of the PCB to the DMF and 2llowing the PCE to be
transferred to a receiving oil phase. Tests were performed (Table 3) to determine
optimum water volume percent, oil volume percent, and mix time parameters for
maximum PCE transfer. Using 22 vol X water and 4 and 10 vol % oil respactively,

-iq MONS 215130



“an

DMF
O R

Table 2.2
SOLVENT EXTRACTION DATA

Flow PcB 011
Fewd {L/min)  (ppm) 1%)
0.5 - 0.8 0-10 1 Continuous Phase
0.8 -1.0 2060 - 300 - Discontinuous Phase
PcB 011 D
lppm) (%) _(%)
Loaded DMF 400 - 600 5 -
Product
Stripped 011 50 - 5
Equipment 2 - Columns, 10 cm diam (4 in.) X 4.6 m
(15 ft)
Filled - 1.9 cm (3/4 in.) Cermmic
Saddles
Phase Equilfbrium Data (distribution
coefficient)
e B -1.4-10
Table 2-3
PCB TRANSFER
pce 011 DV Volume
—ind_____(ppm) (X)) (%) Percent
Loaded DMF 400 - 600 5 - 67
Watar {recycls) 5 2 2 25
Receiving 011 25 - 200 - 5 8
Mix - 30 min
Total

Volume PCcB DMF o
Bischarge Percent _ _{ppm) (%) (%)

011 7 4000 - 8000 5 95
DMF -Water 93 10 - 30 9% 5

Bateh Size - 40 gal

Settling Time -4 h MONS
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the 10 vol % of) tast removed the PCB from the DMF 120% better than the 4 vol % o3}
test, Tests using 15, 21, and 28 vol X water showed that the 28 vol % water tests
phases separated better, and & better PCB removal was obtaineg. A test with

72 vol % DMF, 2B vol X water, and 15 vol ¥ oil was mixed for 5, 10, 20, and 40 min
and sampled after each time pertod. The PCB concentration in the DMF was b ppm in
each time period sample, indicating very fast equilibrium transfer time. Although
5 min should te sufficient, 30 min was selected because extra time was available,

DISTILLATION

The distiilation unit 1s &« "high efficiency* unit 7.62 cm (3 in.) in diameter. The
waximum water boil-up rate at 100 psig steam is 1200 mL/min. The normsl DMF-watar
fead 1s 72 vol % DMF and 2B vol % water (Table 4). Controlling the reboiler at
151-153°C, tne water overhead distillate has a OMF concentration of 5-10 vol X OMF.
DMF in the water phase is not serious becsuse it is recycled to the transfer tank
along with the water used for polar bond breaktng. Tha bottom DMF reboiler product
has a water concentration of 0.5-1.0 vol %,

Table 2-4
QISTILLATION

DMF -Water PCB o1 Rate
{vol %) (ppe} {vol ¥) _({L/min}

Feed 67 -26 10 - 30 7 0.5 - 0.9

pce 01 DMF Water Temperature Rate
Product (pom) (vol X} {vol %X} (vol X} { £) {L/min}
Top-Watar 15 5 10.0 85.0 103 - 105 0.2 - 0.4
Bottom-OMF 20 - 40 1 98.5 0.5 151 0.3 - 0.5
Steanm Heated - 105 psig Sat. !t 18009C
Equipment Bofler - 5 gal and 5 ftc Heat Transfer
Column -4 ip. diam - 5 ft

PROCESS ECONOMICS

The evaluation of the economic factors strongly favor concentration of the PLE 1n
oil before {ncineration or other final disposal operation. The resulting processed
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oi1 with lass than 50 ppm PCB can incinerate in a furnace with heat recovery and
off-gas control. The ten- to twentyfold PCB-oil concentrate can be shipped to a
licensad disposal center. The cost of final disposal s usually based on volume,
not on PCB concentration.

The contatner, shipping, and disposal costs will be dacreased by a factor of two or
more by the PCB concentration process. The DMF-PCB-solvant extract{on process will
provide the needed PCB concentration to be cost effective. Tabla b 113ts the cost
factors compared to incineration of the original PCB-oil mixture. An attempt to
concentrate the PCB more than twentyfold 1s economically unsound because of base
solvent extraction cost of $4/qal.

Table 2-5

COMPARISON OF COST FOR DISPOSAL OF PCB CONTAMIMATED OIL
(Basis = 3/Ga1 of Original 011)

Solvent
Extraction Conc.

As_Rece ived 1/10 1/20

Solvent Extraction —ny - 4.00 4.00
Orums 1.00 0.10 0.05
Shipping 0.50 0.05 0.03
Incineration 11.00 1.10 0.55
Total Cost 12.50 5.20 4.63

CONCLUSIONS

PC8 can ba removad from wasts ofls and concentrated for disposal of a concentration
of about 300 ppm. PCEB in oi) has besn removed from cil in pilot-plant equipment
(1.e., two extraction columns having a 10 cm diam), reducing tha concentration to
below 50 ppm. The DMF extraction system consists of two 2.7-m (15-ft) columns with
an ot] feed rate of 0.8 L/min (spproximataly 300 gal per day), which {s-equivalent
to a PCB rete of 0.2 g/min. The PCB was water-transferred to a disposal oil phase
with a PC8 concentration up to 400 ppm. The DMF was separated from the wetar and
added to the OMF in the PC8 transfer-to-ofl s'tougn step by simple distillation at
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a reboiler temperature of 151-1539C. The distillation rate is about 0.35
L/min, and the water content in the DMF was reduced to less than L.5 vol X.

REFERENCES
1. Napler. J. M., Travaglini, M. A., Laggis, E. G., Makarewicz, M. A.,

Evaluation and Development of Polychlorinated kipheny! Removal
Process, Y-0Z-1, February 5, 1982.

DISCUSSION

QUESTION: Do you see any problem with DMF in contact with steel materials?
ANSWER . No.

QUESTION: How much OMF is in the oil?

ANSWER: 1%-2% which can be water scrubbed out, so essentially, none,
QUESTION- Can the process get below 2 ppm?

ANSWER : P{let plant was based on getting below 50 ppm, but 1t can get

below 2, if needed.
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STATISTICAL SURVEXY OF PCB CONTAMINATION IN
SUBSTATION AND DISTRIDUTION SYSTEM TQUIFMENT
CONTAINING MINERAL OIL

Mack D. Baperstein® and Bdward J. Faedee™™

ADSTRACT

Electric utlility substation and distribution equipment containing mineral cil can
be contaminsted with polychlorinated bipheayle (PCH). This contamination may
oceur during the maaviacturing of the equipment, or during secvice and cepair it
PCR contaminnted materinle and equipment are weed. Three sempling programs have
been coeducted to examine the eztent of PCB contemination in o lacge electric
utility companay's substation and disteibution system equipment. The specific
godle of each servey and the sempling techaiques used were somewhat diffeceat.
Due to these differences, the nitrapolation of sample results to estimate
contaminnticn on the eatire system is limited in some respects. Howevar, all
three surveys give consisteat resulte indicating that only sbout three to six
percent of mineral oll equipmest ie contaminated with PCB above the 30 ppa
level. The menn PCE concentcation in dlstribution system transformers was
approximately 3 ppm nnd the median level of contaminaticn was less tham 2 ppm.

The mean PCH concontration in substation equipment wan approzimately 12 ppa with
a madlan level of contamination of 2 ppam.

INTROODUCTION

Electeie wtilities have previouwsly had the cheice of purchasing substation end
distribution equipment contnining either Askarel (n mizture of PCB sad chlorin-
ated beazemes) or mineral oil as an insulation or heat exchenge fluid. 1In 1979,
& cejulatory ban wes imposed on the manufacture and use of PCes {2 commarce, and
utilities nre now phnsing cut the uee of certala PCB-contanining equipment. Thers
ls concern over the extent of PCE contamination of mineral oil-filled eguipwent

EPRI Energy Managsmant Intera, Energy Analysies and Eavironmest Diviesiea,
cuerently on loan to Southerz Calilorala Edison Compaay.

% Consultiag Scientist, Southern Californis Edison Company, Ressarch and

Development Depectament.
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sanufectured before the ban of PCHs and equipment serviced in the same facilitins
with PCB-contsaining equipment. Under current federal regulations, liquide eon-
taminated with > 50 ppm of PCS are considered PCS contaminated liquids and, if
disposed, must be handled as hatardous weste. Furthermors, all mineral oil
squipmeat must be assusad to containm > 50 ppm of PC® unlcas otherwise verifled.

It is therefors of great interest for utilities and regulatory agencies te de-~
termine the exztent of PCS cootamination in mimeral oil equipment simen thies will
influence waste disposnl methods, spill cleanup practices and equipment handling
procedurss. The axteat of PCE contamination will, ia part, determine the
financial impact of any future changes la the regulatory defiaition of PCo
contamineted liquids.

The Southern Californis Rdison Compaey has 741,851 pieces of equipment on it
system which contain mineral oll or Askarel as heat exchange or dielectric fluid.
The great majority of this sguipment contaline minersl oll. It {s estimated that
the total amount of fluwid in mineral oll equipment is approximately 3¢ million
gellons with most of thie being in mineral oil transformers (29 M gal) and
mineral oll eircuit breakers {5 ¥ gal). The remaining oil is contained ia
switches, sectionaligers, voltage regulators, reclosecrs and other squipment.
Table 1 shows the smount of PC3 and mineral oil contained ip various types of
equipment .

Over the past two years, thres surveys have besn conducted to determine the ex-
tent of PCH contamination in mineral oll-filled equipment. The three surveys
ware designed with differeat objectives in mind, and therefore, the sampling
techniques used in each survey are somewhet different. The results of each
sarvey are subject teo certalp limitetions with reepect to extrapeletion of sample
statistice for deseribing the ontire population of transformers or other minheral
oll equipment. 8inoe each survey was cosductad in & different manner, combining
the data into one large sample for analyeis was considered inadvisable. Each
survey will be desaribed eeparately and then the results will be compared and

contrasted.
SANPLE SELECTION
Eample ). Distcibution Tramaformecs et g $toraxe end Iset Facility

The sethods and results of this survey have been described in a previous paper
(1) and so they will oaly be briefly summarized here. The ohjsective of this sup-
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Table 1

ASKAREL, PCB AND MINERAL OIL ON THE SOUTMERN
CALIFORNIA EDISON TRANSMISSION AND DISTRIBUTION SYSTEM

Lrpe of Rguipwent

Askarel Transformers 16,044

PCE Capacitors 331,684
Total Fluid in Askarsl Equipment 347,728 gal,

Miceral Oil Iransfocmers 29,285,381

Mineral Oil Voltage Regulestore 419,368

Mineral 01l Ciceult Breskecs $,224,324

Nineral 011 Reclosers 37,600

Nineral 01l Switches & Sectionalizers 1,100,900
Total Fluid in Mineral 0il Eqpt. 36,267,573 gal.

Total Askerel & Minsral 04l 34,615,301 gal

vey wap to sample a small portion of the 537,000 distribution transformers on the
system in such & way so that an accurate estimate of PCB contamination ia the
sntice distribution transformar population coold be made.

Distributlon transformats vary with respect to manufacturer, site, design aand
sge. The firet system sucvey was designed to obtain & sample which was coepre-
seatative of the whole distribution transformer population. One mathod of
obtaining such o sample is to conduct stratified rendom sampling ia which the
population of transformeres are claseified imto strate with eimilar values of
kaowa characteristics. Ualts are then sampled withia esch stratum in s random
sanber, ueiug tables of raadom wumbers.

Developing s stratified sample with mers than one etratifier can beacome
cumbersoms and it is elmpler to stratify by one factor which s expected to
asoount for the greatest amownt of variability withia the sample. Vith regardse

to PCB contaminstion ia minersl ¢il trensformars, it was felt that production
source of the unit (manwfncturer) was the key veriable. The sample was therefore
strstified on manufacturer. The number of aaite sampled from a given menufacturer
was proportional to the percent of that maswfactucer's uaits ia the distribution
trensformer populatioa. Age, size, Or some Other faster may have also helped to
predict PCEB concentration, but it was not poseible to tabulate how the population
veried with respect to these factors, and therefore, they could aot be used in

MONS 215137
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stratification. Semple sizes were deveioped for eech msnufesctursr and an initial
training sample of 183 unite was obtained.

Although it would be desicable to semple transforsers which are on-line and in
setvice, this type of wampling 13 quite expensive Decause of the time and msn-
power involved in de-energiziry segmants of the distribution system. As an
slternstive, samples were taken from transformers at a storage ead test fa-
tility. Only traasformets which had not bees serviced were sampled. The sen-
pling of these transformers was not truly random iam that tha aampling persomnel
selected the transformers from each manufacturer as they wished. (They may have
chosss those unite which ware sasiest to semple.) It is aleo possible that
transformers at the shop and test facllity were not representative of the popu-~
lation of transformecs with respect to age or some other factor.

After the initial sample was obtained and analyzed, & second sample was obtained
using an optimum allocation strategy in which the number of units sampled from
sach maaufacturer was a function of the laternal variability in each strata
(number of contemisated units) ae well as the size of the etratum (2). This
tecknique was used to minimize the variance of the fimal estimate of the percent
contaminated.

Tha total number of units sampled is this survey was 260. Two values which wers
obtained from sludge residues rethar than oll were discarded.

Samele 2: Interim Measyres Regulaticns

The second survey was perforaed la response to EPA's Interim Meesures Regulationa
for tne managament of PCBs. The regulations mandated that mineral oil-filled
trensformers located in areae where laakage conld cause contemination of food or
animal foed, must oither be inspectad weskly for leake or ba tested to deteramine
the PCB coatent of the oll. There were 619 ECE distribution trensformers which
fall into the "food and fead fecillty™ category and all were tested for PCB cop-
teot. Unlika the previocus storage yard sample, these traesformers were in uss
and sanpled on-site. Though the sample wes not stratified with respect to
mapufacturer, the resultaant composition was similar to the population ia thise
cespect. This sample wse aleo rCeported to be similar to the population with
respect to overall size and age; however, these were only ths subjeciive reports

of the personne]l who sampled the egquipment. std camnot be verifled vis desumenta-
tion.
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For Samples #l end #2, the same leboretory wes used to determine PCB
concentretions. Methods previously heve bsan described (3). Samples wers
periodicelly resubmitted to the laboretory for ratesting to verify the
laboretory's eccurecy No lancongistancles were found.

EaAPle 3: fubstption Boulpment
The thicd sample coneists of 1070 samples of aloerel oil from substation
equipment ipcluding trensformers (905 percent), circuit breskers (10 psfcent) end

ssall amsunte of other squipment including reectors, raguletors. losd tep
chengers and oil storege tanks.

The besic epproech in this survey ls to sampla ell lerge piacas of squipment
uatil the entire populetion of substetion equipment hes been sampled.
Approximstely 15 perceet of the lerge power trensformers ere represanted in this
sample.

Substet ion personnel have routinely sampled minerel oil and tested for cerbon
contaminetion end dissolved gases which indicete thet malfunctions may be
oceurcing. Imitially, PCB analysis wes edded to these maintenemce tasts to
detecmine if the equipment should be labeled es conteinimg PCBs ot levels > 50 or
2 500 ppa. Currently, equipment is sampled for the specific purpose of
deternining PCB concemtreation.

While this sample is lerger than the first two combined, it hes sevarel short-
comings which limit its wsefulness. Thare was no sumsary informetion eveilebls
to describe the substation population with respect to composition by verious
nuhe‘t.unrl. age sad size of the equipment. It is therefore difficult to
determine how well the sample represents the populetion.

The types of equipment sampled wers not recorded im a systomatic mamner ond in o
ssall percentage of ceses, it is not clear precisely whet types of egulpmsnt wes
sempled (o.g., the oil in & circuwit breskar or the curreant trensformer essocisted
with the circuitl bresker). Thers may have been some aixing of cils from dif-

ferent oquipment through the use of mobil oll treetment equipment end storege
tanks.

The PCB enalysas were conducted at o different laberatory than the ons unsd ¢
the first two surveys. 1a order to cut snelyses costs, PCR concemtretieons below
1.0 ppa wers not sccuretely messured but were merely reported os 1 ppm.
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ANALYSIS

Analysis of dets¢ from thess thres surveys wes designed to enswer three besle
questions:

n Is alnerel oll found in electricel equipmsnt contamineted with PCBs,
end, Lf so, to whet extentt

2)  what ls the best estimats of the proportion of units contemimated ot
levals of > 30 ppat

3}  Are one or more manufectursts solely responsible for the PCE con-
taminetlon?

Lavels of PCB Contsmimation!

Results from Sample #1 indicete that PCB contaminetion in minmersl oil-filled
teensformers was & cOMMOR event, elthough levels of contaminetion were very low.
Subsequent samples of minerel oil-filled equipment were i agreemant with thens
findings. Figure 1 shows the fregquency distribution of contaminated wnits by
concentretion of PC) for Samples #l and #2 combined. Zample #3 exhihits o
similer pettern. The freguency of contamination drops drematically between the
concentretions of O sad 25 ppm with only 3 tc 4 parcent of the units contaminated
ot levels above 50 ppm in sach survey. This sems pettern was cbserved withia
each of the individuaml mamnufncturers which constitute Sample #1 end Sample 852,

Figure 2 shows the cumulative frequeney distribution for Bamples #1 and #2
combined. Sample #3 exhibits o similar pattern. This figure alsc demonstretos
thet the grest majerity of contamivatioca occurs at low concentretions.

Mean PCH concentraticns were calculated for each sample. BSiace the composition
of the distribution traneformer populatios wes well knowm with cespect to mamu-
fecturers, the means for Samplee 01 and 02 were sorrected to adjust for differ-
efices between the sample stretificatios snd the populstion,

Iuthouh federal regulations currently defime PCB contaminated fluids as
those containing at least 30 but less than 500 ppm PCBs, iu this study, PCB

costamination will cefer to the pressnce of any coaceatfetion of PChz messursd
in mineral oil.
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Ths composition of the population of substation equipmant was not known and the
msan for Sample #) was calculatsd by grouping sall samples togethsr without regard
to manufasturer or type of equipment.

Nes¢n PCB concentrations caleulatsd for Samples #1 and #3 ate somewhat comperva-
tive. Laborvatory results for soms samples in Sample #1 wers reported as

*lass thas" s given concectration. Thess valued were decressed by 0.1 ppm for
asee in csleglations {e.g., < 2 ppm becomesd 1.9 ppm}. FPFor Bample #) concentra-
tions bslow 1 ppm wers reported asz 1 ppa.

Given the skawness of ths distribution the meen is not 2 good indicstor of the
contral tandsncy of the data. Although the masn for Bampls #2 {s 9.9 ppm, one i
much more likely to €ind &« sample below this level than above it. Hedians and
wodes ware slso caleuloted for esch sample to mors completsly describe the datae
{aee Table 2). 1f the dats from the distribution transformers samples sre com-
bined, the mees level of contamination is 5.5 ppm and the medien is 0.3 ppa.

To investigate differences in PCY contamination im differsnt types of substation
equipsent, Sample #3 was divided into 4 general categories of equipment;

1}  Traneformers includiog powsr tramsformers, tap changars, current trans-
formars and a fow rsectors,

2) Cireuit breakers and sesociated current transformercs.
1 Regulators

4}  O0il Storags Tanks

A tev miecellaonone plecee of equipment could not be placed iato sey of theee
catogories and were loft omt of this amalysis. Sumsary statistics for eech group
were caleculated asd ava shown in Teble 3. Regulators may be more often
contaminated with higher levels of PCB than cther substation squipment. More

samples are currently being collected to determine the extent of contaminstios in
this type of aguipment.
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Table 2

SUMMARY STATISTICS FOR THE THREE PCB SANPLES

Samele #] Sample #3 famels 23
Distribution Dietribution Substation

Descripticn Transformers Teansformars Equipmeat
Cample Size 58 619 1,070
Nean PCB 6.4 9.7 12.1
Adjusted Meese 6.1 9.9 -
Standard Deviation 15.¢ .2 $2.2
Skewness 4.4 7.2 12.8
Nedian 1.9 0.$% 2.0
Node 0.0 0.0 1.0
Proportion > 30 ppa

ra 3.5% 4.2% 3.6%
5% Confidence
Interval for Adjusted
Propoctieon
2 S0 ppm PCB 31.3% + 2.1% 4.3% 2 1.6% 2.6% 3 1.1%

Table 3

Number Basmpled

Nean PCB

Stasdard Deviation

Ckawnese

Nedian

Proportion » 50 ppm
Cy

PCH CONTAMINATION 1IN SURSTATION RQUIPMENT

cirswit Breakess

w

10.1

1

5.1
2.7

in

Rexylakers Storaxs Isoke
34 14
42.8 .4
17.% 10.2
2.3 1.2
5.3 1.8
24.0% 0.0%
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Diffscences Betwean Weputactuserd

A comparison of sampla statistics end & chl-square snalysis indicated that there
were significant differences betwasn manufecturers.

A chi-gsquare anelysis was performed on distribution transformer dats e sIamins
the differences in the sumber of contaminatad units between manufaaturers. Call
froquenciss wera sparse when contamination was defined as » %0 ppm, readaring the
results of the test uareliable. Howsver, as the ¢ut poimt ueed to dafine
contamination was lowared (e.g., t0 25 or 10 ppm). the analysis indicated signl-
ficant differencas im contamination batween msnufactuyrers.

fropertion Contamigated st Conceptrations Over 50O ppm

Contsmination of materials with PCEBs at lavels greater than or squal to 30 ppm is
of regulatory significance. It wae therefore of imterest to attampt to eatimate
the proportios of the company’'s total inventery of mineral oil-filled equipment
which was contaminmatad at this level. The accurscy of these setimates is
depeadent upon the sampling methode which were used i{a sach of the three

surveys. Samplas ¢l and #2 provide the best estimates of contamiaation im the
dietribution transformere since the composition of both the populstion aad
samples by manwfacturer could be deseribed acewrately. To calculate this
estimate the proportion of wnits which were contaminated at levels greeter than
or squal to 50 ppm were tabulated for sach manufacturer. An sdjusted estimats of
the proportion of the population contaminated at this lavel aad & standacd
deviation were calaulated wsing the methods described by Coahran for stratified
c'uplu (2). These estimates for Samples #1 and #2 are 3.3 & 2.1% and 4.3+ 1.6%,
respsatively (93 pecceat coafidence limits).

Sample #) provides the only availabls data for estimating comtamiaatiom in the
substation equipment populeticn. Howevar, thase estimates must be made with
coution becawse of the methode by which the sample wae collected. One coen
calculate & proportiomsl estimate of coatamination over 30 ppm and them estimate
the wncertainty arouad this estimate weing a binomial distributioan. The estimate
of contamination is 3.6 peraent which iz im very close agresmant with the

estimates from the other two samples. These astisates of contamination are shown
in Table 2.
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DIBCUSSION

Although the thres sets of mineral oil semples were collected using widely
different techniques, the cesults of the anslyses are in genersl eagreement with
respect to the shape of the frequency distridution of PCR contamination and the
proportion of units contamineted at levels above 50 ppm. Caution must be
exercised when attempting to use ths data in thess three samples tc extrepelate
to the Company's entire inventory of minersl ¢il-filled equipment er to equipment
used by cther utilities.

When extrapolating to the total inventory of equipwment within the company, the
potential sampling biaz in esch sample must be considered. 1In Sample #1, there
may be some rsascn why transformers la the storage and service facllity are not
tapresentetive of the population with regard to PCB contamisation. Sumple #2 may
have similar problems becsuss all of the transformers surveyed were nsed in
similar types of facilities (focod and feed faailities). However, interviews with
distribution system engineers did not uncever sny reasons why such bisses should
exist. If thesse potential sampling biases cas be ignored, we estimate the median
level of contaminstion to be in the range of 0.5 to 1.9 ppm and the proportion of
units contaminated cver 50 ppa to ramge from 1.2 peraent tc 5.9 pesrcent (95 per-
cent confidence limits).

Tha potentisl for bias in the substation equipment sample is lerge due to the
sample selection methods. Howsver, lack of information om the characteristics of
the substation equipment population precludes ws from verifying or analyzing
these potential biases. A comparisos of the results of this sample with the
rogults of the first two indicates & good deal of conmsistency.

It is uncertain whether these results are appliosble to other utilities. Since
there appear to be sigaificant differences among sanufacturers, other utilities
with a differeat aiz of squipment from various manufacturers would not be com-
patable. Perhape ths most important problem in extrapolating these resuits to
other utilities is that of different maintenanas prossdures and the probability
for cross contamination betwsen Askarel and mineral cil equipment. Accordieg to
SCE maintenance procedures, ainersl oil transformars heve mever had Askarel added
to them to replase fluld losses. In addition, fluids from Askarel squipmeat and
mineral oil equipment are nat stored la the soms etorage tanks. The proportion
of Askarel-filled equipment is very small at SCK ssd the possibility of acel-
dentsl contamination is therefore reduced. Other utilities with s larger per-
contage of PCE equipment or which use different maintenance procedursa mey have &
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grester dagres of PCB contaminetion in trensmission end distribution equipmant.

it should be notsd that although the substation sumpls was the largest, it pre-
vided ths lesst informatlion for extrapolation because of the manrer in which the
samples were obtained. ZXach large piece of substation squipment is srampled until
the entire population (or most of it) has been messured. Little sttention has
been given to the crdet in which the equipment haz been sampled or the reprasan-
tativeness of the sample et any point in time. Since the potential for selsction
bias is lergs, any estimates derived from this sample must be used with caution
until the sampling hes been completed.

This type of information has besn useful to BCB ln interactions with Stats csgu-
latory agenciss cesponsible for hezardous wagte disposal end spill cleanup pro-
codures It has also proved useful in predicting potential rcegulatory impacts
resulting from the loweriang of the definition of PCB contamlnation below the
curcent fgderal level of 50 ppm.
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DISCUSSION

QUESTION 1. Do any other utilitiss have statistical data on their equipment?
ANSWER: Several comEpany represantatives indicated approximatsly the sam,

i.0., 4\ greatar than 50 ppa (The statistics quoted wars generally
sccepted) .

QUESTION 2. Wow did you find test mccuracy from different laba?
ANSWER : Below 100 ppm. vsry good agrésment but not above.
QUESTION 3. Any special procedurs used for sampling the tank?
ANSWER: No.
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TRANSFORMER RISK ASSESSMENT AND OPTION ANALYSIS

Patrick R, Herbert
High Voltage Maintenance Corp.

A Transformer Risk Azsessment and Option Analysis Program is
the first step in developing an action plan to cope with the po-
tant:ial problere involved with the ownershup and operation of PCB
or PCB contaminated transformecs.

Implemantation of an inspsction program utilizing the check
list approach sa ocutlined in this paper will provide an abjective
viewpoint as to the relative degres of risk with sach individual
transformer in your Electrical Distribution System. Action
pricorities can then be developed to expediently implemant 8 prac—
tical and ecoromical approach to minimize PCB tranaformer lia-
bilities,

The inspection check list should be conpleted by only one
perscn Oh all units within a plant or corporation so that a stand-
ardization of recammendations will result. The procedure of
chacking sach applicable canment under all topics and the substi-
tution of the numarical values of each comment into the equation
at the bottom of page three will provide a risk valus that can then
be svaluated by coparing it with the numnerical parameters on page
ane. The values assigned in this section have besen developed
through the comprehensive analysis of several thowsand transfor-
mars in various locations throughout the Unitad Statas.
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The option analysis on page four will point out the signufi-
cant characteristics of the inspectad wut that will assist with
the decision tO retain. replace, or retrofill the transformer.
The Cost Estimate Outline on this page will strongly influsnce
this decisim.

MONS 215149

71-34



PROTECTH _______TNSPECTIONM DATE,

TRANSFORMFR: PCB RISK ASSESSMENT

Client
Airess
Transformer Identification
Transfarmer lLocation

Tranaformer Manufacturer, KVA_ Phase

Serial ¥o. Class Type Voltage

Fluid Volume /qallons Fluid Tyne Fluid weight
Transformer Total Welcht Length Width Welght

Bottam Valve__ P/V Gauge___ Temp. Gauoe lLevel Gauoe
Top Valve___Pressure Release  Tap Chanoer Top Side
Fushings Top __Side_  Throat__Trunsition Compartmant
Bushings Gasketed Velded Marbrane
Top Weldad Bolted Inspection Cover

Fara Yes__ VPo__ Automatic Cantrol Yes No

MUMERICAL RISK EVALUNTION

0= 400  Good - Inscect and maintain periodically
401- 800 _ Minimal Risk - Ingomct Weekly ™ly.
9] -1500 Potentisl Fazard - Inspect Weekly __ Otly.
1501-3400 _ ™mjor Risk - Corrective maintenance required
23400 _ __ _Immediate Problem - Repair Immediately

&nalyais Comnets:

Inspaction by: Analysis by:
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Non X3 (determined by analysis)
PCB Contaminated (S0 to 500 ppm) by analys:s or nameplate
PCB Filled (greater than 500 ppm) by analysis or nameplate

TRANSFORMER PAD INTEGRITY
Pad has no drains, cracks or conduit openings
Pad has drain, cracks or conduit openings
Pad conplexaty would be difficult to decontaminate
Porous concrete block or wood floor
Underground pad with sump purp

LIQUID LEVEL
Full (as indicated on liqud level gauge)
Slightly low
Very low

Less than ten (10) gallons

More than ten (10) gallons but less than one hundred {100) gallons

More than one hundred (100) gallons but less than £five hundred (500) gallons
More than five hundred (500) gallona

ton-food proomssing facility
Food processing facility non-critical area
Food processing facility critical area

IBRGTORVER LOCATICH
Indoor vault or isolated area (minimal leak hazard)
Indoor people frequanted area
Indoor yper floor. baloony or roof
Outdoor in locked vault
Qutdoor on opan pad
Outdoor in undsogrowund vault
OQutdoor an pole
Outdoor rooftop location

SUSREERDG
Transformer locatian free of debris and storage
Transformer location adjacent to dabris or storage
Trarsformer adjacent to potentially dsmaging machinery

SAFETY
Propar {ire mtinguisher available st transformer
Artomatic Fire Btinquishing Systam on Transformer
Fire extinguisher unavailable at transformer
Protactivwe clothing and breathing equipmant available
Protactive clothing and breathing equipmant unavailable

SRUADRPENT
Transformer diked to contain total liquid
Dike will not contain total liquid

Dike deteriorated or damged but functional
No dike or containmant

SRILL RESTCHOE
Spill clean up drums, rags, absorbent available at transformer
No spill clean up material available

AONS 215151
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EAMAGE SUSCEPTIRILITY

Non susceptible to damage (vault or elevated platform)
Minor - some protection provided {(fence or curb)
Moderate - vehicular traffic damage possible

Highly susceptible - accidental damage risk

JIRANSFORMER VENT SYSTEM

Vants - fumss outside away fram windows. food, pacpla, water
Vants - fumeas ocutside to possible critical areas
Vents into oppupied buildings

SEILL, OXTENUENCT
If mjor apill occurred, the ligquid would

be totally confined or contained

contaminate pad and transformer only
contaminate soil, gravel or other material
contaminate processing or menufacturing ares
contaminate floor below

contaminate oocupied areas

contaminate water drains, ditches, sewers, etc.
contaminate bodies of water

IRANCFORMER LEAK STATUS

Trensformar not leaking

Transformer fins or tubes rusting

No active leak but old stains on pad or casing
New samll stains notad under valves

Naw amall stains noted under bushings

Large leak reaidual reqpuiring immediate action
Moderate leak requiring drip pan or absorbent
Active apill oonvaminating pad and area

Not required

Leak inspection required (weekly) (ovarterly) (not required)
Inspection required (weekly) (quarterly} (not required)

HEAT RELEMST INTORMATION

Transformer to wall digtance F A R L
Well Material
Tranaformer to ceiling distance
Qeiling Material
Trans former Length width

Dikes Dimensions Lanoth Width Height,

RISK ASSESSMENT FORMULA

AB+G+H+L+M+DB+L) +G+F(G+H) +(A+ D+TF) [T+ K + M + N)
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RETAIN VS. REPLACEMENT V5. RETROFILL

RFTROFILL

Conditicn (Damaged) (Rusted) (Extremaly Dirty) (Average) {Clean)
Is unit now leaking? (Yes) {No) {Possibly)

Doss location require high fire point lispuid transformer (Yes) (No)

Is location a potential snvircrmental oollution risk? {(Minor) (Major)--
Is location a potential risk to parsonnel? (No) (Minor) (Major)-

Is location (Wet) (Extremely Hot) (Corrosive) (Extremsly Dirty) (Dry)——
Is spill retention dike now in place? (Yes) (No) (Inadequate) — —~-——--
Ease of physical replacement: (Easy) (Carplicated) (Difficult) ——e——w—u-

Transformer charactaristics: (Standard) (Unusual) {One of a Kind)
Is transformer in food product sensitive location? (Yes) {Mo)

Client sensitive to adverse PCP publicity: (Low) (Average) (Fone)
Trensformer bushang type: {Gasketsd) (Non-Gasketed)

“Transformer bushing location: (Top) {Sidewall)

Age of transformer (5) (10) (20} (30) (40+) ~—
History (No Problems) (Unit Rebuilt) (Fxisting Unexplained Problem)

Allowabla downtinw: (None) (8 hours) (24 hours) (Unlimited) « ——-— ——
I8 a spare replacermant svailable? (Yes) (Poasibly) (Ho)
Is transformer compatible with future requiremants? (Yes) (No)
Anticipated or desired remaining life: (S5 years) (10 years) {20+ Years)
Trunsformer owned by: {(Client) {Utility) (Other)
Transformer avarsce terperaturs: (Normmel) (Overheating) (Fxtremely Hot)
Electrical teating program: (Yearly) {2+ Years) (None)
Recent electrical test evaluation: (Poor) (Detericrated) (Average) (Good)
Laak inspection program: (Weekly) (Monthly) (Nuarterly)

RECCMMENDATIONS !
COST ESTIMATE TO:

Retain (Fincisl liability - Minor - Major - Excessive)
Rarove. disposal and replacemsnt
Retrofill with Fluid

Racommandation Analysis By Mate

7-38
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SUNOH10 PCl: DETOXIFICATION EXPERIENCE
BY M. JAMES KD2AK, V. P. OPERATIONS
EPRI CONFERENCE, DECEMBER B, 1383

I want to focus 1t on what we consider four key areas - quality, operationa!
efficiency, environmental compatibility and reclassification capabiiitfes.

Quality §$ the heart of the Sunonio process, We sell a unique service and that
service {s the decontamination of PCB's in transformer mineral oil. However, {f
81) we did was decontamipate PCB's, we would be tha same as all the rest of the
boys on the block. Our primary di fference is that we produce a decontaminated
mineral of! of such impeccable quality that it can instantly be reused in high
voltage power equipment. We have come a long way in establishing a reputation as
being a quality leader. We have now completed over 300 contracts and have treated
over three million gallons of dielectric fluids. Part of our quality control
program 15 rigyd specifications and intensive and accurate testing. OJur field
srecifications are written inty and warranted by each and every contract,

We have had our share of bumps and brujses while developing & sound quality
assurance program. With five PCBX rigs and up to three shifts on each rig, it's
easy to understand why it would be difficult to obtain consistent field testing
results. When we first started, we had our share of ofl quality problems,

- especially in the area of high moisture content and low interfacial tension,

These were dus to extended use of the earth beds and improper operation of the
vacuum degasser.

Our problems wers complicated because we were getting inaccurate testing. Our
field technicians were analyzing the of! as good quality; but when the samples
came back to the home office, the quality was unacceptable. With a little bit of
a diagnostic effort we soon resolved that the problems were related to sampling
techniques and impropar operation of the field testing equipment. HWith proper

field information we were then able to zero in and correct our operationa!l
procedures .

MONS 215154
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We took two Steps to resolve the problems. First, we bit the bullet and told the
customars involvad that there was a quality problem and returned at our own expense
to reprocess the of! and make good on our contractual! obligations., Our commitment
to our contractual guarantee is ironclad. Secondly, we re-evaluated our quality
assurance program and took the proper steps to improve field testing and to
implement & system which would tolerate a degree of test error in the field.

Under our present quality assurance program, we utilize a fully equipped mobile
laboratory for each P{BX rig. We monitor sach and every transformer for both PCB
level and electrical properties throughout the detoxification cycle and when we
are satisfied, we have achieved completion, we draw a fina! set of samples, one
of which we analyze in the field, a second of which we send for backup verifica-
tion at our in-house laboratory in Navarre, Ohio and a third set which we will
provide to the customer if he so desires. We utilize our in-house laboratory as
our standard in evaluating our performance on & contract. To insure that field
operations meet contract specifications, we utilize a two tiered set of standards.
(Exhibit ! - comparison of oil quality specifications). By setting the field
standards significantly higher than the contract specifications, we allow our-
selves & margin of test error when comparing field results with the fina! evalua-
tfon of the home office laboratory. In evaluating PCB content, we use a similar
duplicate testing structure. PCB standards are purchased from nationally known
reputable sources and samples are analyzed on two different gas chromatographs,
Field operations utilize a Varian 3700 Electron Capture Gas Chromatograph and
these results are verified using a different set of Standards with a different
laboratory technician on a Hewlett Packard 5880 Electron Capture Gas Chromatograph
in our Naverre laboratory,

Our technigque of employing a higher-than-required standard for field testing and
4 duplicate sample analysis {is both time consuming and expensive and it has
resul ted in our returning to a few job sites to do warranty work, but overall it
has resulted in en extremgly impressive record of high quality performance.

We have come a long way in our detoxification capabilities and in the number of
EPA regions and states in which we have been licensed to operate. When we first
bagan commercial opsrations in the fall of 19B1, we had EPA approval in only two
of the ten regions and we were limfted to decontaminate ofls with a maximum of
500 PPM of P(B's. By May of 1982, we had obtained approval in all ten EPA regions
and by August of 1982 we had increased our detoxification !icense 1imit to 2500
PPM, While we technically have the capability to decontaminate in excess of
10,000 PPM ... a 2500 PPM level is in concert with competitive economics.
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We have experienced occasional difficulties with detoxifications. [In the early
days, we had some significant probiems with various aroclors and with various
properties within the 011, I can recall a job in early 1982 in which we were
processing on a rather large transformer contaminated to a leve! of about 3000
PPM. I believe it was Aroclor 1242. It took us about 12 hours tO make & pess on
this transformer and in the first pass we reduced the contamination lsvel to about
2000 PPM, For the next five days, we continued to process while the trensformer
remained at the 2000 PPM level. We made a variety of process changes and modifi-
cations and tried alternate detoxification and filtration staps and slowly we
began to reduce the contamination level. In all total, it took us over two weeks
to fully decontaminate this transformer. Over the two plus years that we have
been in operation, we have learned how to handle these types of problems. We
have learned which adjustments to make for various aroclors and we have learned
which adjustmenis to make for differing oi! quality specifications., Today that
transformer would have been completed in two to three days,

Lately there has been a governmenta’ policy shift to give the states more authority
and responsibility in handling their own environmental affairs. Each state has

or is now developing, its own permitting regulations. Each state now requires a
separate application ranging from & simple submission of an EPA license to & com-
plete engineering and environmenta! impact study.

Managing field cperations in 50 states is a rather interesting process. To
complicate matters, California, for instance, has 26 air po!lution control
districts which operate rather autcnomously from the State A{r Pollution Board.
Even though it's not 1984 yet, the big brother is always watching us., Our business
is 1ike 11fe in a goldfish bowl.

The exhaust stream from the vacuum degasser was of major concern to several states
which have ective air pollution boards. Our first trip to California wis rather
interesting. At that tima, we had no control devices on the emission Stream and
the exhaust from the vacuum degasser looked very similar to the exhaust from a
car on & cold day.

A young engineer from the air pollution district came to visit the job site with
some rather unsophisticated testing equipment. He got very excited when he saw
this exhaust stream and he took his hydrocarbon analyzer and stuck it up the
exhaust pipe and said ... “Gee, you've got a lot of hydrocarbons here.” [ think
it pegged his meter. Then he took his Opacity Meter out and tested 1t and

safd ... "It's more than 20% on the opacity scale and since it has hydrocarbons
in it, you are in total violation of our standards and you must shutdown
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immediately.” Well, we quickly called the girector of the district who recognized
this was a demonstration run and since the exhaust stream was less than 1/10 of
one pound per hour, determined that we could continue cperations. ke did, howuver,
inform us that we may be subject to a fine. The young engineer returned the next
day wanting to collect some grab samples so that he could have those analyzed. He
came armed with what appeared to be two Hefty trash bags and he proceeded to wrap
these around our exhaust pipe unti! they blew up !ike a big balloon. W%e sealed
these and carted them off to his laboratory. A month latar we were told that if
we wanted to come back into that district, we would have to do something about

the viny! chloride which we were producing in our exhaust Stream. I[f you have

any familiarity with organic chemistry, you know it's pretty damn difficult to
produce a vinyl chloride from a PCB contaminated mineral oil stream. However,
{t's not too difficult to pick up trace amounts of it from a viny! trash bag.

The next time we came into California, we were armed with demisters and charcoa!
filters on our vacuum degasser exhaust stream. We invited the Los Angeles District
Air Pollution Board, the California A{r Pollution Board and an independent testing
organization to evaluate the air emissions from this vacuum exhaust. Of particular
concern were emissions of PCB’s, dioxins, dibenzofurans and, of course, to satisfy
the young engineer in another district, vinyl chloride.

This second testing was considerably more formal than the early adventure. Each
of the testing groups had a specific protocol and each tedm used the latest
scientific sampling devices and were manned by trained engineers and laboratory
technicians. They took sampling probes and monitored the exhaust both before and
after the demisters and charcoal filters. These samples were then analyzed by
three different laboratories. The independent tests proved conclusively that the
PCBX process emits no PCB’s, no dioxins, no dibenzofurans and no vinyl chloride.
This Information was critical in allowing us to maet the permitting requirements
of several states including California, Texas and Michigan,

We've stated that we can produce an of! of excellent quality, that we can legally
and economically detoxify PCB's up to the 2500 PPM level, that we have no negative
environmental impact and that we have been acceptad in 48 of the 50 states; but

what about our ability to reclassify transformers? That's really the height of
the matter {sn't it?

Well, Just 11ke the rest of the things we've talked about today, this has been a
Tearning and maturing process for us. At the onset, we had great speculation about
Teach rates. We talked about reclassifying transformers in the 5000 PPM range.
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But we learned our tessons quickly. We have now developed a strong track record
of enabling transformers to be reclassified.

We guarantee that by using the PCBX process on a transformer of 1000 PPM or less,
we will certify that the oil in the transformer witl be less than S0 *PM after the
EPA required operating time and temperature and that the owner of the transformer
will then be able to reclassify it. Scmetimes, when one of our salasmen wants to
sell a job very badly, we will stretch the limit of that guarantee and we have
even been successful in doing that.

How do we do 1t? We carefully circulate on the transformer at a flow rate designed
to provide maxinum washing of the core and coil with an absolute minimum of turbu-
lence. We control the leach back by setting a PPM level for the 011 leaving the
bottom of the transformer and entering the PCBX unit. ATthough the oil leaving

our unit has to be betow 2 PPM, it is critical to set an incoming standard. The
standard used is dependent upon the original contamination, the type, size and

age of the transformer. Normally, the standard is the 6 to 10 PPM range and then
wa further insure costification by continuing to process for an additiomal speci-
fied number of gallons before finally signing off on the transformer.

The only way you can guarantes the customer's ability to reclassify a transformer
at 1000 PPM is to have a leach back rate that is less than 5%. That's about hatf
the usval rate for retrofill, During the past two years we have reclassified over
400 transformers and have demonstrated an average teach back of less than 2%, |
want to make one point very clear. We define leach back rate as the increase
contamination level that has occurred after PCBXing versus the initia! contamina-
tion Jevel, (Exhibit II). Assume you have a transformer with an initial contami-
nation level of 1000 PPM. Upon completion of the PCBX process, this transformer
has been decontaminated to a level of 8 PPM. Upon resampling it after 90 days,
the transformer shows a contamination level of 33 PPM. The increase in contamina-
tion level has been 25 PPM, therefore, the leach back rate is 25 PPM divided by
the initial concentration of 1000 PPM ... or 2.5%.

['d 11ke to share with you the experience that we've gained over the past 2i years
in estimating leach beck characteristics. (Exhibit I1l) This chart represents the
leach back rates for all of the transformers that we have processed from January
1, 1981 through the first quarter of 1983 ... 344 transformers in total.

['ve divided the transformers into four groups based upon their initial contamina-
tion level. As you can see, the medn leach back rate for each grouwp of trans-

formers s approximately 2%. Extending this data into a probability distribution
we see that for transformers under an initial contamination tevel of 250 PPM, 98%
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of these have ieach back rates of iless than 10%. In the more critical groups, our
performance is more dramatic. 98X of the transformers in the 250 to 1000 PPM
group have leach back rates of less than 5%, while 9BX of those above 1000 PPM
yielded rates of tess than 3%.

Let me close by emphasizing that Sunohio is in the restoration Husiness, we restore
the oil to a completely reusable condition and we restore the transformer to a
non-PLB status, assuming it was originally in the 1000 PPM range. Restoring
askare!l transformers to a non-PCB status is a formidable task, but when a working
system is announced, you just may find Sunohio invoived. Thank you.
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Exhibit |

OIL QUALITY SPECIFICATIONS

SUNOH10
FIELD SPECIFICATIONS

NORMAL StNONIO
CONTRACY SPECIFICATIONS

NEUT. NUMBER
ASTM D-974

1.F.T.
ASTH D-971
OIELECTRIC
STRENGTH
ASTM D-a77

POMER FACTOR
ASTM D-924 ¢ 25%C

.02 MAx

37 KIN

X NN

33 MIN

30 MIN
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Exhibit 11

LEACH BACK RATE COMPUTAT 0N

Inittal Contamination Level
jemadiately After PCBX
Retest &t 90 Days

Increase Since PCBX

Percent Leach Back 25 ¢ 1000 =

1000 ppm

§ ppm

33 ppm

25 ppm

2.5%
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Exhibie 111

LEACH BACK STATISTICS

50’;"249 250’;"199 500’;"999 1 M’;"] 500 TOTAL
Ko. of Units 182 66 2 26 e
Nean Rate 2.2% 1.73 L& 1.0% 1.88
907 Probability 6.9% 2.7% 3z 1.9% 5.83
1 Probabiltty 10.5% LI} “2n 2.6% Im
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DESIGN OF A FIXEO PCB STORAGE FACILITY TO PRODUCE
THE MOST YALUE FOR CLEANED OIL

Dr. Louis Centofant!
PPM, Inc.

PPM, Inc. is & waste management firm speciatizing in PCB handling, chemical
destruction and testing, PPM has offiCes and facilities in Kansas City,
Missouri; Atlanta, Georgia; and {anada. PPM's laboratory, tocated in Atlanta, is
equipped with the most modern equipment avaiilable to measure PCBs and other
hazardous contaminants in o11, air and water.

PPM, I[nc. has incorporated its chemical destruction process into a mobile decon-
tamination unit that can destroy PCBs on the generator's site, thereby avoiding

transportation tiabilities. Mobile wunits are operating both in the U.5. and
Canada.:

During several of our utility clean-ups, we have worked with utilities to
evatuate, design and site treatment facilities. This work has invoived initial
planning and evaluation of atl disposat options and the optimum faciltity for
such, A decision on the type of disposal used has a significant impact on the
design of the utility's storage facility.

Dispasal options available to vtilities include both on-site and off-site preat-
ment or destruction. On-site trsatment inciudes chemical destruction or the use
of utitity high-efficiency boilers, Off-site options include chemical destru¢-
tion, incinerators or landfilling. In evaluating dispossl options and
facilities, gener:l consideretions should inctude:

1, Short- and long-term liability
2. Reute of the decontaminated 0!}

3. Reliability of the disposal firm
4, tconomics.

Both shorte 4nd jong-term liab{ilities must be considered when reviewing options.

7~49 MONS 215163



The most serious long-term Jiability exists with non-destruction options, espec-
fally tanafilis, PPN, Inc. views landfills as nothing more than tong-term stor-
age. Although it is legal to use landfiils for the disposal of PCB contaminated
wastes, we recommand to our clients that onty destruction options be used, since
the generator may be required in the future to pay to have the landfill cleaned.

Short-term liabflities exist for all options, The most serious off-site liabii-
ity exists with transportation of the hazardous material to the disposal faciii-
ties. Leaky tankers, spilis and accidents during transit can produce & signifi-
cant risk to the genecator. This iiability does not exist for on-site treatment.

Liabilities do enist for on-site treatment and include spiils, accidents, etc.
Liabilities associated with these are significantly less since spills can be
easity contained and cleaned up when on site.

Two other non-economic 1ssues that should be considered are the eventual use of
the decontaminated oi! and the reliabiiity of the disposal firm, [f the oil is
chemical ly decontaminated, the oii can be used efther in transformers or as a
fuel oil, Many users have raised concerns about the quality of chemically repro-
cessed 011, The properties of PPM's processed o011 are shown below,

PPM Transformer 011 Properties

PPM Treated 0it Suggested Limits
Dielectric Strength, KY 38.8 >26
Color, ASTM 1.5 2 max
Acidity mg KOH/g 048 «25 max
Specific Gravity .883 86 - .81
Interfacial Tension 45.3 20
Power 25°C 016 1.0 max
Factor 100°C 96 5.0 max
PCE Level <2 ppm

We believe that the oil can be safely reused in transformers. The most important
factor working against reuse of transformer oil at the pregent time fs economics.
Productng fuel of) from contaminated oil s a mora economic rowte for most
utilities than going to transformer oil.
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OISPOSAL ECONOMICS

The most important factor n determining the disposal option and facility design
is the economics of the various options. To demonstrate the economic options
avaitable to a generator, we have inciuded two very simple cases and generated
the economics of each. In reality, the economics can vary significantly
depending upon a variety of parameters,

Cage 1.
50,000 gallons of contaminated oil
300 ppm PC8
600 miles to nearest disposal facility {transportaion costs of $3.25/mile)

Case 2,
6,000 gatlons of contaminated oil
300 ppm PCB
600 miles to nearest disposal faciiity (transportation costs of $3.25/mile)

ON-SITE DISPOSAL

Three options are available to a generator for on-site disposal of the waste.
These are: high-efficiency boilers, chemical destruction producing a fuel oil,
and chemical destruction producing 4 transformer oti. On-site inctneration is
allowed in EPA-approved high-efficiency boilers. Initial cost estimates indicate
that burning tn these boilers is the most economical mathod of disposal: however,
most utilities have avoided this option. Public opposition to power plants becom-
ing hazardous waste disposal facllities 13 1intense. Many utilities that have
attempted taking this route have found that public opposition and ensuing ex-
penses to defend the burning rapidly make the project economically infeasible.

Cost estimetes to the generator to chemically treat #CR ofls are summarized
below:

50,000 gattons 6,000 qallons
“ﬂﬂ” U;qa”

Chemtcal treatment

{fue) of)) 1.70 2.50
Fusl value {,50) (.90}
Total .80 1.60
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50,000 gatlons
I!;gali

Chemical treatment

(transformer oi1 product) 2.80
Transformer oil value gl.so!
Total 1.20

OFF-SITE DISPOSAL

We recommend two options for off-site disposatl:
incineration. The costs, listed below, are similar.

6,000 qallons
I!igaii
3,50

{1.60)
1.90

chemical treatment or

011 disposat (FOB faciiity) $1.10
Transportation .33
Total $1.43

In this option the materiats are moved by tanker in 6,000-gallon lots., Trans-
portation costs are calculated at $3.25 per loaded mile, assuming 600 miles to
the facility.

Thus, of these two fdeelized cases, if economics i3 the major decicing factor,
off-site disposal 1is preferred for the 6,000 galions of ofl, while on-site
disposal producing a fuel ofl product fs the preferred disposal option for the
50,000 gallons of oil. The vartous options are summarized below, and the
preferred costs are under]fned,

Disposal Cost

$0,000 gallons 6,000 gallons
0ff-site $1.43 3.4
On-site (fuel ofl) =80 1.60
On-site (transformer ofl) 1.20 1.90

STORAGE FACILITY

After a decision has been made on the best method of disposal for PCB materials,
a facility should be destgned that best suites that option. Besides a facility,
procedures should be instituted to handle and store not only PCBs but also other
solvents and other wastes. Proper housekesping can gredtly reduce the size of
the PCB problem by avoiding mixing of non-contaminated materials with contami-
nated ones,
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The storage facilities should include hermed storage tanks that, for off-site dis-
posal, hold approximately 10,000 gallons; for on-site disposal, these tanks
should hala & sinimum of 30,000 gallons. We found that the majority of spills of
PCR oils occur wnen ioading and unloading tankers. We therefore recommend that
the loading and unloading ares also be bermad. If on-site treatment 1s antici-
pated, an operational pad should also be planned.

A design wa use that incorporates ail these features 1s shown below:

(0000

[l

Figure 1. PCB Storage Design

Forty-eight thousand gallons of tank storage sre provided in the four 12,000-gal-
lon tanks. The tankers and the decontamination unit drive into the diked ares
over the ramp, All loading and unloading is done in the diked area. A chemical
treatment unit should also sit in the diked ared while treating. This would
provide maximun protection against spills,

This design was slightly modified and vused for a recent clean-up st Yirginia
Electric Powar Company (VEPCO). Five hundred thousand gallons of oil were
treated by one of PPM's mobile units. A barmed operational pad 40 fest by 80
feet was constructed to hold two storage tanks, tankers and processing equipment.

The unit processed 9,000 gallons a dsy of oil, containing approximately 130 ppm
of PCBs.
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tank

l

drier

12,000 gal. tank

tankers ~ff----= 6,000 g-cnueen seme YAt mcccceaeaoo »  sludge {1.0%)
gai. tank

Figure 2. VYEPCO Process Flow

TANK DECONTAMINATION

After emptying the 1,000,000-gallon storage tank, VEPCO was faced with the
probiem of decontaminating the tank. The EPA-approved procedure would require
three flushes with 10 percent of the volume of the tank. This would reguire a
minimum of 100,000 gallons of clean ofl that would be considered contaminated.
PPM was successful in receiving from EPA approval for an alternate procedure that
greatly reduced the volume of oil needed in the flushing. The procedure included
first removing a)l liquid and sludge from the tank, producing a “dry bottoo"
tank. The tank was then flushed with 10,000 gallons of oil until the PCB levels
for two subsequent washes ware unchanged. This was done for a minimum of three
washes. Our tests showed no changes after threes washes with levels at 3 ppm,
This oil was removed and the tank then rinsed with another 10,000 gatlons of ofl.
The flushing and rinsing oll was treated as PCB contaminsted oil even though it
was less than 50 ppm.

The procedure grsatly reduced ths volume of ofl necessary to decontaminate the
tank, After examining the procedure and PCB levels in the flushes. we felt that
a batter procedure would bes to use several smaller volume batches of ofl to fluth
tha tamk. For example, flushing the tank with five 1,000-gallon batches would
hsve produced the same PCB-level reduction, This procedure was recommended to
EPA for any future large tank clesn-ups.
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