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SUMMARY OF SESSION |

DR. J. G. VOS (Ritks Instituut voor de Volksgezond-

heid, Bilthoven, The Netherlands}. Recent findings
on the biological action of PCB’s, such as carcino-
genicity in rodents and the disturbed reproduction
1n monkeys, greatly incraase our concern of PCB's
as & heaith hazard.

In summearizing the papers presented in the
sesston on health affects, one 15 confronted aiready
in Dr, Kuratsune's paper with the probfem of PCB's
and chlorinated dibenzofuran impurities. in the
“Yusho' disease, one is struck by the persistence of
symptoms present in patients, although thers is a
shift in the pattern, n decrease over the years in the
skin fasi0ns but a persistence of hypersecretion of
Meibomian glands. In *Yusho' patients, increased
urinary excretion of 17-ketosteriods was noted, es
was an increase :n serum Wriglyceride levals, Changes
in the menstrual cycle ware observed n a high per-
centage of female patrents, Mean blood levels in
Yusho™ patisnts were 7 ppb. This level conflicts
with the high PCB concentrations in bload of work-
ers who are occupationally exposed yet who, for the
most part, show no indicatlon of adverse effects,

A possible explanation for this difference was
the relatively high concentration {5,000 ppm on
PCB basis) of chionnated dibenzofurans (including
2,3,7,8-TCDF) in nce oll. Apparently furans were
formad in the PCB during its use as a heat exchang-
er, since the level of chiorinated dibenzofuran in
Kanechior KC-400 was spproximately 17 ppm. Of
particular significance was the relstively high con-
centration of chionnated dibenzofurans versus
PCB’s in the liver of some patients who died, when
compared with adipose tissue vaiues. Further studies
are required to solve the dilamma of the importance
of furans in the etiology of “Yusho diseasa: and in
widar context, to get information on possible
changes in composition or concentrations of chio-
rinatad dibenzofuran and other contaminants in
used PCB's and on their fate in the snvironment,

During the 1971 PCB confarence, there was
soma concern on a bisdder tumor that was found in
a rat by Dr. Kimbrough. Now we know that this
tumor apparently developed spontaneously, But as
wa heard from Dr, Kimbrough, in recent studles cer-
tain PCB mixtures induce tumors in rats and mice.
A spectrum of lesions are induced m livers of rats
fed 100 ppm Aroclor 1260 for 21 months: hyper-
plastic or neoplastic nodules in 80 percant of the
tredted animals and in none of the controls, and
hepatocellular carcinomas in 14 percent of the ex-
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perimental armmals and in one out of 173 controls.
Metastases were not observed However, hepato-
cellular carcinomas were not found in the chronic
study in rats, as reported by Dr. Calandra A possi-
bie explanation can be the small number of 3 rumals
used mn this study, Evidently, this question has to be
solved. Hyperplastic nodules were seen in 25 to 50
percent of rats fed 100 ppm Arocior 1242, 1264, or
1260, These three mixtures did not appear to be
mutagentc or teratogenic No-effect levels based on
2-yeer studies in rats and dogs and reproduction
studies in rats were 10 ppm.

As reported by Dr Allen, adult monkeys and in
particular the females are very sensitive to PCB's,
Whan Rhesus monkeys were fed 2.5 or 5 ppm Aro-
tlor 12¢8-that Is, approximately 0,1 or 0.2 mg/kg
body waight/day—skin fesions consisting of acne of
face and neck, edema, and hair loss developed in
some females already after 2 months, All females
exhibited these changes after 6 months, but males
were more resistant, Disturbances in reproduction
were presant in females and not in males Menstrual
cycles wers rregular within 4 months, The concep-
tion rate in the 5.ppm group was decreased. Because
of resorptions and aborttons, the birth rate was re-
duced and the infants born were smail. Fifty per.
cent of tham died before weaning, showing typical
lesions. These effects on reproduction may be due
to &n estrogen/progesterone imbalance, Female
rhesus monkeys on 8 PCB diet had increased urinary
ievels of ketosteriods.

By comparing the raports of Drs. Kuratsune
and Alien, one is struck by the similarity of lesions
presant in ‘“Yusho'’ patients and those produced ex.
perimentally in the monkey, with the excepyon of
the effect on serum trigiycerides. Both species seem
also to be equally sensitive (n a quantitative way.

Dr, Matthews studied the effect of chiorination
on tissue distrtbution and excretion of PCB isomers
in rats. Each of tha PCB's studied was removed
rapidly from blood to liver and muscle Redistribu-
tion to skin and adipose tissue increased with -
creasing chlorine concentration, whereas eirmimation
via urine or faces was highest with the low chlorina-
ted i1somers. After 8 weeks, 85 percent of the
24,52 4" 5" somer was stlll present in adipose
tissue and skin, while the residue of
2,4,5,2' 5 -vomer was only 5 percent. Sigmficant
excretion occurs only after metabolism to polar
compounds. The necessary factor could be the pre-
sence of two adjacent unsubstituted carbon atoms

»

MONS 205355




Leaa.

i

o e —— .

that facilitate the formation of arene oxide inter.
mediates, as was also reported by Dr. Ailen in his
study with the 2,5,2'6"-1somers in the monkey.,

Or. Ecobichon reported on the mfluence of
position and degree of chiorination of chloro-
biphenyl isomers on the hepatic function mn the rat,
Substrtution at the 4 and 4' positions, irrespective
of chlorination at other posittons, enhanced the
activities of endoplasmic reticuium bound enzymes
0- demethylase and anihine hydroxylase, This 1s
probably due to ther higher persistence, For en-
zymes less discretely localized in the liver celfl, such
es carboxylesterase and sulfobromophthalein
-glutathion conjugating enzyme, the position of
chlorine atoms appears of lass importance. Purified
unsubstituted biphenyl did produce snzyme induc-
tion, though enhancad effects were noted when one
or more chlorine atoms wera prasent,

As can be concluded from the report of Or.
Biocca, biologicel effects of symmatrical hexachlo-
robifenyl isormers differ not only quentitatively but
elso qualitatively, Such comparative studlss are
necessary for the ultimata gosil--that is, the under-
standing of the biological effects produced by com-
plax mixtures that endanger human health, mixtures
that ere different from those formulated commer-
cially. Of the three isomers tested in mice, 3,4,5.3,
4’ 5'.HCB wes most toxic, followed by 2,4,6,2',4'.8
""HCB and 2,452 4’5 -HCB, respectively. Liver
weights were increasad by all three isomars, Severe
thymus atrophy and a decrease in a- and y-globulins
were produced only by 3,453 .4'5-HCB, In »
study in chickans, these isomers along with 2,3,4,2
’,3',4'-HCB and 2,3,8,2',3',8"-HCB were given at 400
ppm in the diet for 3 weeks. Again, _3.4.5.3',4'
5 -HCB was most toxic and was lathal even at 3
ppm. Chickens axhibited pronounced edemas, thy-
mic involution, and marked liver pathology. How-
ever, chickens that were fed 100 ppm died earlier
and had only mild.liver pathology. The 2,4,6,2' 4'
6'-HCB was less toxic {no desths at 400 ppm} but
caused marked liver pathology and highest livar
weight increats. The toxicologicsl effects of
3,45,3' 45 HCB diffar qualitatively from tha
other HCB isomers studied, snd resembile the lesions
produced by 2,3,7,8-TCDF,

Dr, McKinney reported on metabolism studies
of HCB isomers in the chicken using low resolution
mass spactrometry. When metabolitas were detect-
ed, tha three basic reactions were isomarization,
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reductive dechiorination, and oxidation with and
without chiorine loss. Siginificant metabolites were
not detected in excreta of chickens fed 2,34.2'.3,
4',3453 .45 or236.2,3 6 HCB Mewshydr.
oxylauon followed by parahydroxylation of the
same ring are favored processes for 2,452 4",
5.HCB Further oxrdation could give quinone, The
presence of a metabolite with a trihydroxypenta-
chiorobipheny! structure indicated that dechiorina-
tion can be concomitant with hydroxylation A di-
benzofuran metabolite was not detected.

In the case of 24,62 4.6 -HCB, several re-
action types occurred; dechlorination, somer:-
zation, and dibenzofuran formation This isomer
had lowest effect on body weight, did not give a
high tiver residus, but produced most severe |iver
pethology despita tha dibenzofuran formation. In
contrast, 3,453 4,5 .HCB accumulated most in
liver and fat, was most toxic with “furan”-type ef.
fects, but metabolites were not detectad in the ax-
creta. However, ona has to cons:der in the case of
2.48,2' 4" 8 HCB and possibly 3,453 4’5 -HCB
th possibility of covalently bound metabolites that
may be of toxicological significance A good corre-
lation, which may heve pradictive value, was ob-
served between the retention indices from gas chro-
matography with the adipose tissue concentration.
An exception was the 2,4,8,2' .4' 8'-isomer, which
had the smallest retention index but relatively high
tissue accumulation, The strong ortho effect could
be responsible for this discrepancy

DOr. Moore reported on tha first toxicity studies
with 2,3,7,B-TCDF. Merked thymus atrophy and
the presence of ederna are seen in chickans dosed
dally with 1 ug/kg Oniy mild liver pathology was
present et the 59 dosa level, which produced 100
percent mortality. The LD;, in guinea pigs eftar
single oral dose was approximately 7 ugfkg body
weight, In chicken and gurnea pigs, 2,3,7,8-TCDF is
lethal at dose levels that ara lass than one order of
magnitude higher than that of 2,3,7.8-TCDD and
shara 8 number of biological ef facts, Mica and rats
are more resistant to TCDF, A single subcutaneous
dose of 6,000 uy/kg did not raduce body waight but
gave thymus atrophy and mild lrvar toxicity in mica
No effect was noted in rats intubated with 1,000
Ha/kg body weight, Claarly, more research is needad
with different chiorinated dibenzofurans isomers in
order 1o assess their health hazards.

-
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SUMMARY DF SESSION I{

MA. DAVID GARRETT (Environmental Protection
Agency, Washington, D.C.}: In Session 1, Dr.
James Misure, who Is research group leader, Mon-
santo industrial Chamicals of St. Louis, spoke of
PCB'’s, their properties and mixtures, and presanted
physical and chamical properties of commarcial Aro-
clor products.

Dr, Stephen Safe, Associate and Professor, De-
partment of Chemistry, University of Guelph,
Dntario, presented an overview of anaiytical identif-
ication and spectroscopic properties. Key among the
points stressed wera that sophisticated methods and
equipmant are available for identification and quan-
titication of PCB's st extremely low levels.

Or. Robert Durfae, Vice President of Versar,
Inc., presantad topical information on the menufac-
ture and uses of Aroclors in the United States and
also gave a vivid description of the use of Aroclors
in the manufacture of closed elactrical systams—in
particular, capacitors and transformar products. In
addition he presented an ovarview of PCB’s uses in
investmant casting waxes and the casting process it
self was raviewad,

Thomas E. Kopp of the Office of Toxic Sub-
stances in the Environmental Protection Agency re-
viewed past, presant, and possibla future ragulatory
activities of EPA conoarning PCB's in the water
environment, He discussed proposed volumary stan-
dards being preparad by NEMA, ANSI concarning
fabeling and safeguards for handilng askarels and
askarel-containing equipment,

Then, Mr. Stanton Kleinert, who is Chief of
Surveiliance for the Wisconsin Department of Natu-
ral Rasources, discussed sources of PCB's in the
State of Wisconsin, smphasizing the probable role of

intermadie transfer from s to water and describing
sorme possible sources of contamination for foed
and water,

And lsstly in this section, Mr. John Hasse,
Supervisor of the Toxic Matenial Unit, Department
of Nature! Resourcas in Michigan, described uses of
PCB's and losses to the environment of Michigan,
Mr, Hesse also emphasized PCB losses to atr and the
probably significant transfer of thesa PCB's into the
water medium. Dats was presented on PCB concen:
trations in municipal trestment efflusnts and
sludges, which undoubtedly contributes to the con-
tinuous ¢ycling in the environment of thess persist-
ent pollutants, .

Some of the salient points generally brought
forth in the meeting either presented or implied
wera that PCB losses to 8ir could be an important
contributor to the problems we encounsr in water.
Disposal of PCB's watte to municipal sewage trast-
ment does not necessarlly curtail the cycling and
anvironmental darnage from PCB's. And undoubtad-
ly there should be a graster sensa of accountability
emong usars of PCB’s and a closer control of invan-
tory,

Additionally, thare is presently no corrective
U.S. authority which could reguiate importation of
PCB’s and PCB-containing products, nor other seri-
ous environmental contaminants which are not pes-
ticides, drugs, and the like.

And lastly, judging from estimates of PCB's
aiready contaminating the environment and its in-
habitants, the task of cieanup is monumantal, even
if wa hed proven tachnology with which to sccom-
plish this task. Thank you.

SUMMARY OF SESSION 1}

DR. IAN C. T. NISBET: Eleven major points cama out
In the course of our session on transport and accu-
muletion of PCA's in the environment.

1. We know simost nothing about chlorinated di-
benzofurans, except that they ara prasent in Aroclor
1242 and 1264, and we learned during Session |
that thay are formed 4n uss and they ere formad by
metabolism. We know nothing whatsosver sbout
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their subsequent behavlor in the environment.

2. PCB'’s themselves remain universally distributed
in the environment. Although some raleases have
been curtailed, othdr raleases continua. Thase in-
cluda relesses from manufacturing, taaks from sup-
posedly closed systems, scrapping of PC8's manu-
factured befors 1871 and of matarials contaning
tham, and use in nonclosed systems of material that
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15 eithar imported or divertad from othar uses,

3, Surprisingly large Quantities of PCB's which
match Aroclor 1254 or 1260 are still being found in
air end in dry fallout and precipitation. [tis difficult
to account for these quantitiss n terms ot known
past uses, end accordingly we may hava to look for
significant current sourca of air emissions. Perhaps
this may be air emissions from transformers, or des-
posal of scrap materials from them.

4. Thare is circumstantisl evidence that PCB’s that
ere now trapped I1n Jarge quantities in sediments in
lakas, rivers, and astuaries will ramain available for
resuspension and will continue to move slowly
downstream, We do not have any precisa infor-
metion sbout thair parsistence or sbout the time it
will take tham to move downstream into the saa,
but we believe that it is to be meassured n years, f
not decades,

5. Although PCB levels have decreasad consider-
sbly in some components of the environmant such
a5 terrastrial birds or the mussels collectad off
California, as yet there is no clear indication of o
consistant decline in PCB rasidues in fish. We shouid
not expact a rapid deciina, because of the long re:
tantion trme of PCB’s in tha environment and in
human tissue,

8. In sddition, many items containing PCB's have
service lives of 10 to 20 years before they are dis-
carded, s0 thet we ere still experiencing releases of
materials menufactured before 1871,

7. Becausa of time lags in rasponse wa may not
yat hava raached psak levels in some compartments
n the anvironment, | am thinking here particuiarly
of estuaries, where levals of PCB's may continus to
incraase as sadiments are transportad downstream.

8. Most human axposure to PCB's in tha diet is via

tish, although there is soma human axposura vis
other routes, such as mitk, meat, and by inhalation
in the ar. The information from the FDA total diet
program suggested that the dietary exposure of an
avarage adult in the Uneted States is of the order of
10 micrograms per day. However, an everage for
PCB’s has hittle meaning because of the very wide
variations in individuM consumpuion of fish and
enormous variations in the contamination leveis.

8. Individuais who have a dietary praference for
freshwater fish will take in much more than the
average~in some cases 8t Jeast & hundred times as
much as the average. Breast-fed infents appear to
have sxtremely high dietary intakes of PCB's, aver-
aging sbout 50 times higher than that of thew
mothers on a milhgram per kiogram bas:s. The
breast-fed infant appesrs to be one of Dr, Kolbye's
special consumers who is imprudent enough to eat
the tame diet every day.

10. Monitoring of PCB residues in human fat n the
United States and Canada shows that tha median
PCB concentration is of the order of 1 ppm. Again
there are enormous varistions, at least 8 hundred-
fold variation between the highest level recorded
and lowest leval detectable

11. Finally, although tetrachlorobiphenyls ara more
easly degraded in the environment than pents-
chioro- or higher chiorinated compounds, the tetra-
chiorobiphenyls are nevertheless sccumuisted and
retained by fish. Accordingly there are significant
human intakes of tetrechiorobiphenyls, aven though
thay are not rewsined in significant quantititias in
human tissues. Tharafora, relsass of eithar Aroclor

1016 or 1242 into squatic systams will 8ad to soms
human exposure to tetrachlorobiphenyls.

SUMMARY DF SESSION IV

DR. DONALD |. MOUNT (Environmental Protaction

Agency, Duluth, Minnasota}: Among and betwean
tha birds, mammals, and aquatic organisms thara are
marked diffarances in sansitivity to PCB’s. Even so,
these differances are not large whan compared to
spacias differances found for other poliutants. Like-
wise, thara sra differances in the toxicity of various
Arociors and isomars of PCB's that are real but not

{arge,
Whila increasing chlorine content increases tox-
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icity in warm-bloodad animais, increasing chiorina

content decreasas toxicity of PCB's to aguatic ani-
mals. This obssrvation 15 axceedingly important in
determining the future actions to be taken on
PCB's, increased chlorina contant seems to Incraase
biolegical haif-lifa and bioconcentration In ail am-
mal groups, but the avidenca is not antirely clear cut
on this paint.

To gensraliza, we can say that in most cases
acuta lathal toxicity in birds and mammais occurs
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from 10 to 100 ppm In the food, while more sensi-
tiva specias may suffar death from 1 to 10 ppm n
the food. Concentrations of about 5 ppm in bird
egqs produced death. And concentrations of PCB's
from .5 to & ppm In foed produced reproductive or
growth effacts, For aquatic animals, water concen-
trations of 10 to 100 micrograms per liter are acute-
ly lethal, Concentrations of 1 to 10 micrograms per
titar produced chronic reproductive or growth ef-
facts and water concentrations of 1 w0 10 nane-
grams per liter (ppt} produced residues of biologicat
or public haaith signiticance.

Direct uptake from watar into aguatic orga-
nisms is very significant and appears to produce con-
centration factors on the order of one hundred
thousand or more times. Water uptake supplemant-
ad by food intaka rasults in concentration factors of
tive hundrad thousend or more times,

The metabolic pathways, biologwcal haitlife,
and salactad isomer concantrations appear to be dif-
farant, aspacialiy between cold-bloodad and warm-
bioodad snimais and for various mixtures and iso-

mars of PCB's, Enzyma systems of paikilotherms
are vastly different among the various groups and
ars also different from the enzyme systams of tha
homeotherms,

Measurabie harmfut affects of PCB’s in the envi-
ronment on organisms aré not abundantly docu-
mentad, and for the most part the affects that have
been found are limited to subtie ones axcept for
specific instances such as in mink and certain bird
populations. Based upon taboratory toxicity dats
and contamination levais found in the environmant,
one would predict only subtle effacts to oceur, This
Is not to say they are not significant,

The graatast concern continues to ba residues as
they affect the organisms carrying that residue—
aspecially in the eggs and sex products—and as thay
effect the higher consumers. Apparantly water con-
centratjons will have to be kapt in the range of .1 to
.5 nanograms par ilter if unacceptable rasiduas are
to be avoided. And the evidence to date is uncon-
vincing that 1016 is an acceptable substituta as fer
85 aquatic organjsms are concerned,

SUMMARY OF SESSION V

DR, NICHOLAS A. ASHFORD (Massachusetts institute

of Tachnoiogy, Cambridge, Massachusetts}): While
tha effects of PCB's and thair possible control are
being pursuad it is guite nacessary and natural that
devalopment of substitutes and their economic and
haalth implications also be examined. in what foi-
lows, my purpose is to summarize the conference
saction desjing with economics and substitutes for
PCB's, | shall presant the summary in an ordar dif-
{erant from that in which the periicipants appested,
1o 83 to follow a loglicat sequance most meaningful
to the substitute lssue. Duncan McArthur from the
Foster Snali operation presentad an analysis of the
PCB case which was part of a larger study {called
“the Snell Report’) of the probsble sffects of a
Toxic Substance Control Act. In the PCB analysis,
they addressed the direct and secondary impact of a
complete banning of PCB’s in the absence of tech-
nological breakthroughs and new substitutes. Thay
postulated this prohibition wouid be affected over a
period of 76 months, 38 months of which would be
consumed with heerings and the promulgation of
standards, with 38 months remaining for the tech-
nological response to aliminate the use of PCB's,
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The enslysis focused on trensformar and capacitor
manutacturing having & voluma capacity of 45
mithon pounds in 1973. On this basis, thay calcuiata
a one-time cost to socisty of $13.7 million, $8.8
million of which would sffect the secondary users,
Theraafter, an annuai cost of $110 million per year
was anticipated, of which $18.5 mdiion fall upon
primary users and $83.3 miliion on the secondary.
There was no detailed examination of tha haalth
and economic benatits to be derived {rom e benning
of PCB's,

Dr, Dale Hattis from MiT's Canter for Policy
Alternatives reportad on an axaminstion of both
sconomic and environmantal haaith changes that
may have occurrad as a result of the past partia
withdrawai of the product from commerce by Mon-
sento, Ona of the factors covarad was the incraassa In
fira insurance pramiums, astimated as possibly in
the tens of miilions of dollars and which presumably
represented the ingreased risk as viewed by the in.
surance Industry. It is important to nota that the
methodology was restricted by the availabihity of
information on the nature of substitutes. This
points out the complication of trade secracy and
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proprietary informetion, which, while presumably
legitimate for other reasons, does comphcate the
assessment of costs and benefits,

Two surprises appeared in the study. One had
to do with the use of PCB's in paint systems, it was
noted that a maor group of substitutes evolved
which were mors economical than the PCB’s which
they replaced, This evidences a common inertial re-
sistance to technological change even when 1t could
be anticipated to be more benaficial {in a strictly
economic sense) than technology already in use, A
secondary benefit which should resuit from the de-
creased use of PCB's is a reduction in the thraat to
sport tishing, A calculation of recreational value
could be very targe avan compared with the alterna-
tive racrestional activities which occur as second
best choices on tha part of sport fishermen, Tha
anormous size of the valuetion inferred for sport
fishing makas it easily the largest of tha definad
costs of unrastrioted PCB disposal.

A third participent, Richerd Rollins, spoka for
the Electronic Industrias Association, which is con-
carned for the manufacturers and usars of capaci-
tors, He cited the Issues of flammabs!ity and relrabil-
ity, and he urged tha development of lass toxic sub-
stitutes, This latter ramark was consistent with one
very clear message embodied in remarks by the
group, nomaly thet his industry wes much more
concerned with the environmantal consequences
than cost increases in the product. He statad that
thare are no commarcially available substitutes in
AC capacitors, inciuding the substitu tes presented at
this maating, which are acceptable for safaty and
reflability. Cne interasting point made wes that
since the components of capacitor-grade PCB {Aro-
clor 1016} are not what are found in the environ-
mant, protection of the anvironment might not
profitably be served by attacking the issus of capaci-
tor use and disposal, !t appeared to him that PCB
contamination must be coming primarily from some
other industrial seurce.

Dr, E. J. Inchalik for Exxon Chemicai reportad
on capacitor substitutes based on diisononylphthal-
ates with a flashpoint of 430° Fahrenhait and which
sre assentislly already developed, but not yet fully
proved and tested for hesith end environmeants!
effects,

Tha Prodaiec operation from France presented
an approech which is an incramental moedificatton
of previous technology. For transformer use, they
recommend keeping trichlorobiphenyl in mixtures
with chlorobenzene, Both compounds of course,

.
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being chlorinated, have problems in that regard.
Secondly, for capacitors they propose a mixture of
dichlorobiphenyls and ther aikylated dervatives, a
commercial mixture ot which 15 called chioralky
lene. These products are now being examined by an
institute 1n Bonn for environmental behavior and he
ndicates that tests aiready show there 1s more
biodegradation and lower toxicity for these com
pounds than for their PCB counterparts,

Mr. David Wood from Monsanto Company
described two new products, MCS-1238 angd
MCS- 1588, for capacitor usage He warns that nej-
ther 15 fire resistant although they have much better
environmentatl cheracteristics. Their degradation 5
more rapid and their accumulation potential in the
environment 15 considerably raduced. Occupational
and environmentai heaith considerations indicate a
better product with fower acute toxicity. He also
announced that they do have candidates with mnter.
med:ate fire resistance between PCB's and mineral
o1, but did not elaborate on this further.

Dr. Dean Branson from Dow Chemical Com.
pany announced a substitute for use in powar capa-
citors. This compound is cailed XF5-4168L and is a
butylated monochlorodiphenyt oxide Once again
we find that a substitute is like the originai, a chlo-
rinated compound. Its propertias ara worth noting
howaver, Dielectric iosses are lower or shghtly lower
than for cepacitor-grade PCB, while the discharge
inception voltage 1s significantly higher. The size or
volume per umt of high-voitage power factor correc:
tion, called kVAR, is about that of the PCB coun-
terpart, which means that no redesign is necessary
for capacitors. There is little fire and explosion risk
indicated by comparing the fiashpoints and fire-
points of PCB and XFS, The flashpoint for PCB is
166” centigrade, for XFS 174°, The firepoint for
PCB is greater than 316" centigrede, whila XFS is
199°, This substitute is reported to be more refiable
end is anticipated to have a reasoneble longterm
price, The increased expense is estimated to be less
than $20 for a 200 kKVAR umt, The capacity In the
tirst quarter of 1976 should be in the range of 1
million pounds per yeer, and a muittriiiion pound
per year volume capability is estmated by the end
of 1976, This substitute 1s mora biodegradabie by a
tactor of 45 and the bioconcentration 1s 30 times
less, There is fittle toxic activity in acute and in
90.day tests, sithough longer-term tests need to be
carried out. The accumulation in fat 1s 22 times less
The toxicity in fish is on the order of 20 times less
than for PCB's.
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carried out. The accumulation in fat is 22 times less,
The toxicity in fish is on the order of 20 times less
than for PCB’s.

Perheps the most exciting substitute for use in
transformers was announced by Dow-Corning {rap-
resented by Richard Montgomery}. He indicated
that the global silicone industry had been l!ooking
for a replacemeny for the trensformer fluid PCB's
for b years, and the technology was now developed
for the new fluid, i1t was to be commercially aval-
eble In 1976 and hed no known environmental
problemns, Commerciel production was available to
handle the globsl market. In the United States there
has been field-testing for 4 years and the product is
now ready to be used, The product is called Q2- 10
90 dislectric tiuid, and 15 a dimethyl silicone which
has been used in the military, 1n Japen, and in
small experyment In Midland, Michigan, He pointed
out that this was not vary dissimilar to "di-gel,”
which is used of course for human consumption, It
is less flarnmable than many PCB's with 1ow heat of
combustion, high flashpoints and firepoints, and the
product is self-extunguishing in case of Ignition by
violent transformer breakdown. insurance compan-
ias have OK’d the substance for use indoors. The
cost {s tughar than PCB's but ""not outrageous,’ giv-
ing rise to an estimated cost incroase of ebout 6

;—————-—-——-—-—-—-———ﬂ_——-ﬁ

percent in the transformer equipment, Of coyrse,
the fiuid itsoif 15 more expensive, with a higher per-
centage jncrease in cost. PCB transformers now In
service can be retrofitted and he believes that the
economics are favorable enough to stimulate compe-
tition. 1t 15 worthy to note that unike the trade
industries represanting the capacitor users presented
at the conference, there was no transformer user or
producer represented, 1t would be interesting to see
what General Efactric’s viewpoint would be on the
potential use for this transformer fluid substitute
since they have the capability to manufacture sihi-
cone fiuids, Their absence at the meeting might
leave one with an unwarranted optimism for the use
of these fluids in transformers, One further reflac-
tion is that we are bad!y in need of a frank assess
ment of flammability risk requirements since the
substitute products vary in their flammabitity over
tha great range between minera! oil and PCB's, itis
not clear what tradeoffs should be made between
the fire risks and the safety risks in the industrial
setting end the possible damage to humans from
substitute products which might get into the envi- -
ronment. {tis also not clesr that PCB's flammabiiity
characteristics should ramain the benchmark for
compliance aithough the insurance industries may
so8 this differently.

SUMMARY OF SESSION VI

MR. CHRISTOPHER M. TIMM {Environmental Protec-

tion Agency, Region V, Chicago, Hiinois): From
vary broad mixture of topics and points of views
that we wera listening to last night, | beliave the
following four points shou'd be emphasized.

First, on top of all the human health and wiid:
lifa effacts that have been documented and thor-
oughly discussed, PCB's are having a definite and
drastic affect on the ilvelihood and future of the
freshwater fishery and fishermen, This is 8 very real
problem to the paople in various perts of the conti-
nent and they see no improvement in the near
future.

Second, a ban on PCB’s and better control of
other toxic substences to protect our natural re-
sources 15 Jong overdue, However, the actions of the
regulatory agencies such as EPA and FDA must be
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based on sciantitic fact in the overali impact on the
nation,

Third, universally thara is a belief that the
govarnmental bodies and agencies for whatever
raason aras far, far too slow In solving environmantaj
problems like PCB's, This is a frustration to avery.
tody,

And tinally, thare is a need to find soma way to
compensate tha pesople like fisherman whose iiveii-
hood is impected by environmentai poliution which
s PCB's. They do not cause the probiem, they can-
not contro} the probiem, and they oftan cannot find
anyone to biame or even talk to about it. But they
suffer the consequences of decadss of incomplete
evaluations and testing of new compounds. Thank
you,
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SUMMARY OF SESSION Vi1

MR. CHARLES N. GREGG, JR. (Environmental Protec-
tion Agency, Washington, D.C.). Because most of
you have heard the discussion this morning, | will
try not to repeat it, but to provide some insights
and parhaps some of the highlights. | will not try to
give equal time to the various speakers,

First, there 15 en obvious distinction between
physical and technicai methods of control, which
have been discussed in other sessions, and the regu-
Iatory and voluntary actions for achieving those
controls that were discussed by this morning’s pan-
al,

Sscond, there is a distinction between the di-
rect control of human exposures as, for instance,
through limitations on PCB's In fish that can be sold
for human consumption, and limitations on use or
limitations on emissions into the environment,
which in the long rum contribute to diminished ex-
posura, |n our present situation, as you were told by
tha speakers this morning, thera ara a vast number
of Federal agancies with roles, Our Governmant and
the Canadian Government both contribute to solu-
tions of the Great Lakes problam. Wa have a iot of

State Governments with roles to play. One of the

major problems will be sorting out roles, and finding
adequate cooperation in performing those roles,
among the several agencies and units concernad.

A further complication is that both in Canada
and here we not only have a number of reguiatory
authortties now, but in each case we are iooking for
additional authority which it is anticipated will per-
mit much mora finely applied solutions. And at the
tame time that we pian for the future, we do not
know for certalin what authority we will have svaila-
ble for uss,

One observation | made was that there seemed
to be vary little real optimism. If we applied all our

available rasources and used all of our authoritias as

best we couid, .we could sclve in any short time
frame the most pressing problem, which appears to
be tha high fevels in fish In a number of piaces
where thay ara csught and consumed 1n substantial
quantity, This lack of optimism did not, navertha-
iess, suggest to the spaskars that we should not take
action, Everybody seemad to agrae that it was ap-
propriate 10 move ahead as best one could with the
full range of authorities and voluntary programs
availabla, -

Also, thera was considarable amphatis on non-
regulatory ection, and incrassing communication
with people who have tha opportunity to affact the

flow of PCB's first from Industriai situations ints
the environment and thersafter within the environ-
ment to locations whare they can lead to higher
human and environmental exposures. in my view, a
voluntery program seems to present a very great op-
portunity for improvement, perhaps much greater
than a strictly reguletory program :n the nght of
some of the difficuities expertenced in using our
current authorities,

Relatively less, It seemed to me, was sard by
this morning’s speakers about just how to contro!
PCB's, particularly how to control, through reguis-
tion, those PCB's which are currently in industrial
use or elsewhere in products but not yet releasad
generally to the environment, There was some refer-
ence to controls over disposal, but to my best recol-
lection, there was no indication that we had any
directly applicable authorities with raspect to dis-
posal,

Let me touch on a couple of this morning’s
hightights. Dr. Ahmed of the NRDC assertad that
the government had failsd to carry out its responsi-
bilitles adequataly, particularly undar Saction
307(a) of the Faderal Watar Pollution Control Act,
He falt that we had a schadule on which we should
have produced regulations a couple of vears sgo,
with compliance a year #go, and he criticized EPA%:
fack of attention and priority to toxics in our Watar
Pollution Control program, He made saveraj recom-
mendations: a phassout of the manufacture and use
of PCB's, a ban on axports and imports, devalop-
mant of an Inventory of point sources, additional
monitoring in fish and aisewhere, a8 moratorium on
river bottom dredging untll wa have better ndica-
tions of the trouble we stir up, affluant standards
that would alfow us to arrive at 1 ppt in watar,
lower FDA toleranca levels, and the passage of the
Toxic Substances Control Ast,

Mr. Wessel of the Food and Drug Administra-
tion raferrad to its action in 1972 and 1973 to set
tolerance lavels, indicating that varicus concerns had
to be balanced in setting levels under Section 406 of
tha Food, Drug, and Cosmetic Act. He indicated
that FDA was examining the current tolerance level
in fish and considering whathar or not to lower it,
Ha said that thare would be adequate opportumity
for public comment on any proposal that was made,
But he falt that this would not soive the PCB prob-
lam and 1t would not necassarily pravant consump-
tion of fish with high lavels of PCB’s by privata
fisherman. .
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Dr. Kolbye of FDA added a discussion of soms
of tha problams in setting tolarance levels, and
something eisa | thought was significant: that steps
are particularly needad to idantify where PCB’s are
located 50 we can look to thalr proper disposal, and
aducation to this and is needad, Ha did feei that tha
average consumer is fairly well protected against
PCB's by the current tolerance level, but acknowi-
adged that thera would be highar axposures in some
cases and that this was not a concern 1O pass over
lightly.

Mr. Barber of tha Environmental Protection
Agency, after talking about soma of our authoritias
and programs wa have undertaken so far, gave con-
fiderabla attention to some of tha realitias Involvad
in EPA dacisionmaking: the complexity and impii-
cations of wking various raguiatory courses, and the
fact that thera ara limited rescurcas in EPA, particu-
tarly people, to handle a wide array of regulatory
rasponsibilitias. He pointad ocut tha importance of
tha Stats role, and indicated that tha Fedaral Gov-
armmant's rola can best be viawad as one way of
ancouraging tha State to find ways to perform a
great daal of the regulatory and enforcamant activi-
ty. He fajt that regulation must represent some sort
of consensus and be anforceabla In order to be pro-
ductive, He felt that a number of PCB problams
were difficuit to controt because of the numbers of
nonpoint sources.

He urged that we try tor more awaraness among
the paopla who use PCB's, particularly the utilities,
and suggested voluntary iabeling and use of the
planning process under Section 208 of the Federal
Water Pollution Controi Act.

Sacretary Reed described both the environmen-
tal problem csusad by PCB poliution and the resulit-
Ing fisharias rasource problem. High investmant in
restoring the Grast Lakas fishary and future invest-
mant In this and othar fisheries would be hard to
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justify unless we can control tha PCB situation, He
suggested particularly that since we find great reduc-
tions 1n DDT and mercury as a result of regutation,
it wou'ld certalnly be worth a try to see if we can
reduce PCB levels in the water and in fish by taking
all of the reguiatory sieps we now can. He endorsad
the Toxrc Substances Control Act, and suggested we
cut off the importation of PCB's.

Dr, Rhoden outiined the plans of NIOSH.

Mr. Billy of the Marine Fisherias Service inds-
cated their environmental, consumar, and pubtic
information concerns, They racommend not lower-
ing the FDA leval unti} there has been & sound at-
tempt to understand the coursa to be followed, and
the avoidance of unproductiva and unnecessary ad-
verse publicity,

Mr. Greila of DOT briefly described ther incipi-
ent program to apply DOT authoritias to PCB's,
though not much has yet bean done.

The Coast Guard has a number of functions
under the Fedaral Watar Pollution Control Act in
tha avant of spills, but the Coast Guard reprasenta.
tive told us thet until wa in EPA have designatad
PCB’s as a hazerdous substance, the Coast Guard is
unable to go forwerd to use Its authorities. Ha urged
public awareness of the needs for good handiing and
precautions in transportation.

Dr. Milison of the Canadian Govarnment urged
a systematic approach, and outlined six regulatory
control packages that Canada was consideting. He
emphasized that Canada does not have a use control
act yet, but that such authority togethar with their
other authorities would permit them over some peri-
od of time to do a great deal about controlling
PCB's.

Since Dr. Hightand spoka last, and ! heve
exhausted my time, with apoliogies to him ! hope
you remember what ha said,
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CONFERENCE HIGHLIGHTS

Richard A. Carpenter®

A summary of this complax and comprehensive con-
ference may ba mora useful If tha information is orga-

In aach topic, information can be characterizad as

to:
nized in tha format shown in the accompanying figura 1. What 15 known and generally agreed upon with

(figura 1), The presentations hava dealt with thraa gen- a reasonable degree of confidence.
aral topics: o 2. Remalning uncertamnties and tha reasons why &
A, The occurrence of PCB's in tha environment-- lack of understanding continuass. Sciance s
sources, rft.es. routes, and sulnks: probabilistic in nature and this concept of
B. The toxicity of PCB S—mﬂd“'_tent h“":""' uncertainty must be recognized whan technical
exposure, laboratory ammai experiments, wild- information is used in deciding issues of public

life, fish, and scosystems; policy.
C. Thg utes and b'"'.m.‘. ?f PCB’s to industrial 3. Finelly, tha canferenca discussions have sug-
sociaty and the possibilitias of control. gested some courses of action which ara pru.
AL .
Occurrence in the B. Uses, Benefits
Environment Toxicology and Control

1.
What is known

2.

Remaining
Uncertainties

- 3!
Prudent Actions

Figure 1. Organization of information about polychlorinated biphenyis.

*Executivea Dirsctor, Commission on Natura! Resources,
Natlonal Ressarch Councli, Washington, D.C.

-
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dent, i.a., could and should be set in motion,
These Include retting priorities for obtaining
mora information and reducing uncartainties
through additional reseerch and monitoring.
Tha conference was not designed to produce con-
sensus judgmants ar to make recommendations. Thus,
the following summary must be viewed as the responsi.
bitity of the author alona,

A.1 What 15 known about the occurrence of PCBs in
the environment

We hava ifearnad what should have been apparent
from the start—that any persistant, mobile, and foreign
or axotlc compound is going to be detected everywhere
in the anvironmant. In addition to current production
and utes, which may resuit in leaks, a8 nonpoint source
situation exists in that about 409 million pounds of
PCB’s ere alraady discarded in the environmant and sub-
stantial smounts sre apparently recirculating in sludge,
sediments, in eir and dust, and in contaminatad orga-
nlsms.

Thare are about 300 million pounds in industrial
service and this mataria} wiil be difficult to contain com-
pletaly ss it moves towsrd disposal, The sadiments In
lakes, rivers, and estuaries provide a vary large resrvoir
of PCB's for contacting aguatic orgenisms. The materiai
in dumps {three-fourths of the total discarded) appears
to stay there for the most part. Current processing lossas
are Important and can be dacreased.

Eventusl removal is to sediments in the deep ocean
and we need to know more about the fata of this mata-
rial in the marine environmant,

It is too early to ses the effscts of the 1972 volun-
tary action to limit uses to nondisparsive appiications,
but cartainly it was a justified decislon and a move in tha
right diraction,

There wiil be occasional catastrophic spitls which
can cause substantial damage to flsherles In the futura.
Thesa will be localizad impacts, and will be costly to
clean up,

Incinaration is an affectiva method of destroying
PCB's If the temperature is high snough {i.a., about
2.700° F).

Analytical procedurss now give confidencs that we
can measure PCB’s qualitatively and quantitatively down
to a few parts par triition.

A-Z. Uncertainties sbout PC8's in the enviranment
Thera is » real question as to whather the PCB con-
tent of tha watars of the Graat Lakas (particularly Lake
Michigan) can be lowared by any dagra. of tightening-up
of tha currant usa situation, because of tha racirculating
contamination that Is aiready thare. There I the quas-
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tion as to the role of air transport and tha recirculation
of material that is daposited in rain or in dust back into
the air so that it is continually redistributad around tha
world. The composition change of PCB's in the environ-
ment with aging is not well understoad; thara ere ques-
tions as to their chiorina content changing and ragarding
formation of diobenzofurans,

Wa need a mass balanca and a model for transport
and removal 1n order to estimate the tims thet will be
required for thess matarials to aventually move to an
uitimate sink in tha daap ocean sediments

A question has been reised as to the possible conver.
tlon of these matarials into higher chiorinated com-
pounds during sewags chlorination.

We need to know more about the presence of tha
materials 1n whole watar; i.e., ere we messuring materia!
on suspended sediments, in vary tmall organisms, in
micelies, or actually dissoived in water? We nesd to
know about the biological activity of these various forms
of occurrance of PCB's In water.

A.3. Prudent actions

What can we do based on this information and"”
uncertainty? We can separate, to some extant, the prob-
lem of whet is aiready in the environment from tha con-
trol of material that has not yet been released. Even if all
manufacture and use vmre stopped immediately, envs-
ronmental contamination would remain for some timse
to come, Tha PCB problem should be considerad in the
context of other halogenated hydrocarbons in the anvi-
ronment and it should not be ssparatad from investiga.
tion and control of the residues of pesticides and othar
halogenated materials, Work should begin on a more
systamatic monitoring system and on the use of indica-
tor organisms, such as the suggasted “mussal watch,”” on
a worldwide besis.

We can use some ingenuity in devising means of
cleaning up contaminatad water. This problam is of a
magnitude that allows one to think about filtration or
adsorption concepts for watars thet ara sornswhat con-
finad.

Ingenuity may suggest ways to maka contaminated
fish suitable for use in animat feeds or human consump-
tion. Ferhaps segregation of certain organs or particular
methods of cooking would serva this purpose, or soma
other way of decontaminating these valuable animals
might be found.

8-1 What fs known about toxicity

The Yusho Incident proved the toxicity of used heat
transfer fluid to humans at a concentration in cooking
oll of about 1,000 ppm of PCB's. But Interpretation of
this Incidant Is confounded by dibenzofuran contam:na-
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tion of the PCB fluid, industrial hygiene experience [§
somewhat reassuring as to toxicity to humans except
that the occesionei symptoms and iinesses cannot be
related to known exposure doses in most instances The
good housakeeping practiced by some large users and the
Amaerican manufacturer will probabiy be better than
that of the varisty of secondary users. No human deaths
heve been ceusad directly, but reports of serious iliness
and persistent skin problems continue,

Exposure of the general publiic can be controlied by
evoiding food {mainiy fish) contaminated with PCB's.
Exposure from environmental contamination or direct

.introduction into humans s unhkely. Averages for die-

tary intake can be misieading since some persons mey
sat jarge quantities of fish.

Laboratory animals show effects when fed diets
conteining contemination leveis found in fish, Fish are
effacted et the rengs of PCB levels found near Industrial
outfalls into ambient waters, end the occurrence of fin
rot in flsh naar these “hot spots™ is a direct confirmation
of laboratory tests es to the effects on fish,

Ecosystam simplificetion {fewer species end iower
popuiations) hes bean found in laboratory expenments
to occur at concentrations simifar to thosa in hot spots
in neturei embient weters end couid be expacted to be
found at siudge disposei sites. It is hard to find evidence
of damage to terrestrial ecosystems. Biomegnification,
i s., the retio of the PCB content in equetic organisms to
that of the water in which they live, cen be es high as
seversl hundrad thousand,

8-2. Uncertainties as to toxicity

There is confusion over the interpretation by patho-
togists of orgen damage. it wouid be helpful if the highly
tachnice! problams of escertsming cercinogenicity couid
be worked out by those scientists involved apert from
the complexity end emotionslism of & specific issue such
es the PCB problem. The effect of dibanzofurens, which
may ba prasent s impurities or as matebolites, is still in
question,

There is e greet veristion es to the response of dif-
ferent species in feboratory animel tests. The range of
sansitivity Is {arge. More needs to be known as to wheth-
er the reproductive problem Is the most importent ef-
fect, Fet metaboflam is not weif understood and since ¢
greet proportiors of the human population is carrying
eround a few ppm of this meterlel, we need to know
more ebout it

Wiidiife toxicity data is poor and wa need to know
which wiidlife species may react es do chickens and
mink.

The reiationship of toxicity to chiorine content of
the PCB's is uncertain. is the ability to metaboliza thesa
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compounds {which varies with the chlorina content}
desirable or not? The possibility of dioxin as & degracda-
tion product has been raised. We need to know about
the equitibrium distribution of these materials between
fish and water, is i1t possibie that depuration cen be a
heip? Are PCB's further accumulated up the food chain
after the biomagrification from watar to the first orgs:
nism?

8-3 Prudent actions based on toxicity knowledge

Certainly more experimental work in arumais and
careful replication of reported tests are necessary. Prior-
ity shouid be given to chronic tests in various species,
detection of behavior chenge in animais, and laboratory
work at true environmentai ievels, rather than to greatly
increased leveis of dose. Obwiously 1t 15 of great impor
tance to determine unequivically whether the PCB mate-
rials are carcinogenic.,

We need to coordinate this work with experiments
and obsefvations on other halogenated hydrocarbons,
particularty the chiorinated hydrocarbons, and to look
at combmed effects on organisms, commurties, and
ecosystems.

NIOSH shouid extract the maximum from industriet
hygrene date because thess human exposures do not
necessitate the inferences from animal tests to human
toxicology.

The widespread occurrence of PCB's in the environ-
ment constitutes en inedvertent experiment on human
populetions end the biosphera. A concerted effort at
monitoring and analy sis is indicated in order to gam the
most useful knowledge for further decisions concerning
toxic substences et iow levels in the environmaent,

C-1. What is known sbout uses, benefits. and control

problems

We know that about 700 million pounds of PCB's
have been menufectured, but the current annuel produc-
tion voiume is down to 40 million pounds from an B0
million pound ievel In 1970. About one quarter of pres-
ent production is going into small capacitors thar are
scettered vary widely throughout our industrial socrety.

The fire retardent benefits of PCB's ere real and
important. An ebrupt chenge in the avarebiity of PCB's
would be disrupting, but thet 15 unbkaly m any event.
The estimete of 76 months to reach an end to manufac.
ture if the Toxic Substances Act existed today suggests
that industry will have a substentiaf trensition period.
Forty-five years of use has imbedded PCB's in US
industrial practice and it wit be costiy to raplace thess
unique materials. Alternative dieiectric fiuids are on the
way, but will not be suiteble as replacemants in axisting
transformers.

-
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C-2. Remaining unaertanties

The deciston by Japan apparently to move further
10 eliminete these compounds is a real challenge in the
pubiic mind to the regulatory pelicy of the United
States if that Nation can do without PCB's, why cannot
wer

is a total ban woridwide necessary in order to re-
duce and eliminate contamination to the North Ameri-
can environment? An inventory of PCB's in axistence 15
required and this must be internationai We need to
know more about the changes in PCB's in use, ie.,
dibenzofuran formation. How nondispersive are “clos-
ed” slectric systems?

We need to reconciie the differences in human food
tolerance limits as estabiishad by the United States (6
ppm} and Canada {2 ppm) and in alternative proposals
from various protagonists on ail sides of that question.

Cost/benefit analysis wilt not be very heipful in the
PCB contamination problem because of the great num.
ber of subjective judgments and different value systems
involved In arriving at a balance. In any event, the marg:-
nal costs and the marginal benefits ere what must be
determined.

We nead to know how to ramove PCB’s from waste-
water, i.e., what would be best practicable technology
economicaily schievable In order to get to an effluent
standard, and whether that shouid be 5 ppb, or zero, or
whet [evei. We need to know whether 1 ppt is a reason-
able ambient water standard in view of the large bio-
magnification factor

C-3, Prudent actions

EPA has a responsibiiity to datermine priorities and
it neads to review the PCB issus in tarms of the tota! set
of poitution problams and the agency’s resources, EPA
should proceed with effluent stenderd possibilities in
Section 307 of the Water Quaiity Act (PL 92-500),
although such action may end up in court tests. The
Endangered Speciss Acl may be a means of cooperative
action by other Federal agencies.

Voluntary housekeeping by industry can be in-
creased to a substantial extent, but this requires special
attention to the weakest firms, always a problem with
voluntary cooperation.

Payment of compensation to fishermen may require
an act of Congress simslar to the experience with hepta-
chlor in milk some years ago

It 1s my personal opinion that the inadvertent and
unavoidable addition of PCB materials to foods could be
covered by the Delaney Ciause if they are found to be
carcincgenic in appropriate animal tests.

This conferance has addressed a real problem and
was not just a demonstration of the prowess of analyti-
cal chemstry. However, as with any environmentat man
agement issue, the PCB problem must be put in perspec-
tive,

PCB's will be in the environment for a iong time
Fisheries resources in some of the Great Lakes and rivers
have been lost. We can protect against any imminent
hazard to human heaith, Ecosystams are resifient but
local damage has occurred. Further leaks from the
industriel system must be prevented, internalizing costs
will lead the market to produce repiacements for PCB's
Human health 1s most importent but anvironmentet
quality s a reflection of the ecosystem that we all share.
in this case there may be a coincidence, in that if we
protect human heaith adequateiy, we will have protected
the environment.

All elements of society are in this together and
recriminations are not very helpfui. Scientists and engi-
neers can generate and deiiver information for rational
enforcement decisions, searching for equity as the inevit-
able tradeoffs are made. Verified technical facts and
their impiications must be cormmunicated afficiently to
the public through education and information programs
Most importantly, we must use our ingenuity in solving ,
littie parts of the probiem when they are ali that can be
solved as weli as in working on an ultimate solution for
the problem as e whole.
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