My name iz John E. Thornborousn. I live at 2623
Stoney Street, Box €37, Shrub CJax, New York.

I holé a B.A anéd a Y.A., Cegree 1in Eiclogzca%
Sciences and a Ph.D. in Human Phvsiology. My educa-
tional background also includes c=raining at Cornell

University in

This training program

in bioclogical ané medical

Professor c¢f Physioclo

Biomedical Educazion

where I am &lsc Associate Dean

and laboratory

3
latter rcle

83040602462 830324
PDR ADOCK 03000247
G PDR

work as a ressarch

biclogical effects.
includec the use of radioisotopes
researcnh.

Currently I am a

Davis School of

ProZessor ¢f Physiology at New

The cuties of my jobs include
teacaing of medical students,

scientist. In the

I regularly use radioisctopes.

=0 environmental matters

Yorktown Conservation Board;



cycling ané : 3 * the Environmen:tal

Management Council ! ' xecutive Board of the

Westchester » Environmental Management Council;

Director and member of the Execu:tive

Board of the Federated Conservationis:ts of Westches:ter

County; member of the B.ology Advisory Council of Pace

University; member of the Environmental Science Advisory

Council of the State University of New York, College at

Purchase: Director of the New York State Association of

Conservation Commissions; Editor o¢f the bi-monthly

newspaper, Westchester Environment.

I have Dbeen asked testimony regarcing

the possible effects on children in Westchester Count

-

of the operation of the nuclear generating plants at

Indian Point.

consists of data from the scientific

ting statements of fact concerning
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BACRKGROUND RADIATION <t¢c which all humans ar

1%

he cdamaging eZfects ¢f radiation exist at all

levels of exposure (i.e. no THRESHOLD) and any

increase in backgrounéd racdiation will lead to an

increase in the extent c¢Z damage.

CHILDREN ARE MORE SUSCEPTIBLE to the damaging
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The NORMAL OPEZRATION of thne Incdian Point nuclear

generating plants increases the exposure of West-

chester’'s cnildren to radiation.

An ACCID

"
.

[, with an associated .elsazse ©f radia-

L

tion or racdiocactive material, is pcssible at Indian

Point anéd will further expose Wes:ichester s chil-
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Nuclear generating plants, such as those 2= Ind:an

ro

" Nuclear generating plants, therefore, saxould be
sited so as to minimize %the chances of racdiation
exposure to humans (i.e. in areas of low population
density) .

3. The plants at Indian Point are sited in a highly

populated area and, indeed, offer maximum chances

for exposure to humans.

4. The plants at Indian Peoint shoulé pe shu: down and

decommissioned.



SURVEY OF PERTINEMT SCIENTIFIC LITERATURE

I. RADIATION IS DAMAGING TO HUMANS

"Occupational exposure to radiation

1s Archer, V.E.,
rd", Cancer, 39: 1802-1896,1977.

as a cancer haza i
"Whether or not neoplasms result f om an expusure
is apparently determined largely by probabilistic
considerations, althougnh there are differences in
susceptibility of indivicduals."”

b Hempelmann, L., Lisco, E. and EBoffman, J.G. "The
acute radiation syndrome: A study of nine cases and a
review of the Problem®™, Annals of Internal Medicine,
36: 279, 1952.

Found increased skin cancer (basal cell and
squamous call Ca) in early experimenters and medical
and dental practicioners. These subjects were exposed
to X-rays at high Jose rates.

3. Matanoski, G.M., Seltser, R., Sartwell, P.E.,
Diamond, E.L. andé Elliott, E.A., "The current mortality
rates of radiologcists ané other physician specialists:
deaths from all causes ané from cancer", American Jour.
cf Epidemiologv, 101(3): 188-198, 1975.

"The cohort mortality experience of radiologists
and other specialists over a 50-year period was
examined on the assumption that these groups would
differ relazive to a presumed decrease in radiation
exposure. Radiologists nad an excess in all-cause
mortality rates compareé to the other specialists
for all conorts whe entered the Radiological
Society of North America before 1940; the excess
remained even when &the cancer deaths were removed
from the rates. These data are consistent with the
concept of acceierateé acing due to radiation. The
cancer mortality rates for radiologists were higher
than those of other specialists for an additional
decade through 1949. The 1950-193%9 cohort had not
aged sufficiently to cdemonstrate the expected peak
cancer mortality on the 60-64 year age group.
Several hypotheses are presented to suggest reascn
for differences in tne trends of age-speciiic
cancer mor norts of entry.”
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ience of radiclogists
s been c mpared to that of

wit levels of radiation
0-1929 cohort o- radiclogists who
ocical Society of North Aameri
haé the high mortality for several cu.on-c
diseases. Aaf this early period, rac10¢ogls;s
ranked highest only for cancer mortality. The
excess risk of leukemia which was observeé in the
1920-1929 anéd 1930-1939 cohorts has subseguently
decreased. During the same period, lymphoma
mor< a.i»y, esaebially multiple myeloma, has been
inc -ea51ng with 2 significant excess of deaths
appearing in radiologists who entered the specialty
society between 1930-1939 and 1940-19498."

S. Seltser, R. and Sartwell, P.E., "The influence of
occupational exposq*e tc radiation in the mortality of
American radiologists and other medical specialists",
American Jour. of Evidemiclogv, 81: 2, 1965.

These authors founé that American radiologists had
&8 higher ace-specific dealth rate than non-radioclogical
medical specialists who had nct received cccupational
raciation exposurs.

&t death for the radiologists was five
years less than Zor non-radiclogists. This difference
has been .essen-ng in recent years with the use of
improved machinery and more caution.

6. United Nations Revoort of the Scientific Committee
on the Effects of Atomic Raciation, General Assembly
Cfficial Records: 24th Sessidon supp. No. 13, (A/7613),
New York, 1969.

Th esents evidence for 1ncreased
leukemias w ay exposure in racdiclogists, increased
lung cancer with Radon daughter exposure and increased
_ujro;d carcinomas in radiotherapy patients.
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jarian T. anéd Colton, 7T., "Mortality from
2 ncer i1in shipyard nuclear workers",
Lance:, . 1018-1020, May 13, 1978.

In this stucdy, the next of kxin of 592 Portsmouth
nuclear shipyaré workers were contacted and 146 of
these were founc toc have been expcsed to radiation



as work cf about 0.2 rem annually. Eighteen deaths
were repcrted where eight were expected. OfI the ceaths,
six were from leukemis wnhere one mignt be expected 1in
tne general population.
"Tne incresed numoers of cancer and leukemia deaths
among Naval nuclear shipya workers seem out of
P

proportion to predicti
of the effects £ 1oniz

Previous data suggest that 50-100 rem doubles
leukemia mortality anéd 300-400 rem doubles the
number of total cancer deaths. Radiation records
from the shipyard were not available to us, but
radiation doses seem to have been well within
national occupational safety standards. Infor-
mation provided by 50 past and present P.N.S.
nuclear workers suggested total radiation doses of
less than 10 rem lifetime. withing the Naval
Nuclear Propulsion Program the mean radiation
exposure for the industrial workers at risk (which
includes the shipyaré workers) was 0.211 rem
annually. The nuclear workers at the P.N.S. had
six times the proportional mortality of leukemia
and twice the propor :1onal mortality for all
cancers expected for U.S. White males of the same
age-groups. These 1nc*eas=d figures were found
with radiation doses that probably averaged less
than 10 rem total lifetime exposure as measured by
worker’'s f£ilm badges."

8. Archer, V., "Geomagnetic force associations with
cancer distribution and weather conditions.", Procee-
dings _10th Midvear Topical Svmposium of the Healtn

Phvsics Society, Saratoga Springs, Oct. 11-13, 1976.

9. Betell, R., " easurao’e health e“eC’s of diag-
nositic X-ray exp su:e Testimony before the Sub-
committee on Heal and :ne Envirconment, U.S. House of

Representatives, Jul‘ 11, 1978.

10. Bross, I1.D.J., Proceedings of a Congressional
Seminar on Low- level Ionizing Racdlation; a report
submitted by the Suocommittee on Energy ancé tne En-
vironment of tne Committee on Interior &nc Insular
Affairs, U.S. House cf Rep./ 94tn Congress, 2Zna Session,
79-767-0, Nov. 1976.

1l. Bross, I.D.J., "Major Strategic mistakes in the
management of the Conguest c¢f Cancer Program Dy the

NCI", Testimony to the 95th Congress of the United
States, House of Representatives, Intergovernmental
Relations and Human Resources Subcommittess of the
Committee on Government Operations, June 14, 1977.



: Bross, I.D.J., "An action program to protect the
plic against the mindless use of diagnostic racdiation
¢ other tecanology", Testimony to the United States
nate Commerce Commitee, Oversight Committee for
aciation Heazlth and Safety, June 17, 1977.
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. Burrows, H. and Clarkson, J.R., "Tre role o2
flamma ion in the induction of cancer by X-rays",
itish Jour. ¢f Radiocloov, 16:381, 1943.
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Furth, J. and Tullis, J.L, "Carcinogenesi
oactive substances", Cancer Research, 1lé6: 5
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16, Furth, J. and Lorenz, E., "Carcinogenesis by
icnizing radiation”, Radiation Biclogy, Hollender, A.

eé., New York, McGraw Hill, Vol. 1, part 1ll, p 1145-
1201, 1954.

17. Gibson, R., "Leukemia in children exposed to
multiple riskx factors", New England Jour. of Medicine,
79: 906-909, 1968.
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Gibson, ®., Grahan, §. Et al., "Irradiation 1in the
nmxologv of leukemia among adults", Jour. of
onal Cancer Institute, 48 (2), 1972.
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gemiologic studies of leu-

22 Hempelmann, L.H., i
ionizing radiation", Cancer

Kemia in persons exposed
Research, 20: 18, 1960.
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p A 8 Proceesinags of the C ncressional Seminzar on Low-
Level Ionizinc Radiation. vailable from tne Environ-
mental Policv Institute, 317 Pennsvlvania Avenue S.E.,
Washington, D.C. 20003, U.S.A.



<4, Pothin, E.E., "Carcinogenic effects of radiation in
man: The importance of estimates for protecziodn
purposes", Proceedings of a Svmposium ¢n Radiazion
Incduceg Cancer, Athens, Greece, April 25 =- Mayv 2, -9¢9,
Vienna, 1Internationazl Atomic Energy Acency, 196°9.
25, Sagan, L.A., "“Human radiation effec:: An Ccver-
view", Health Phvsics, 21: 827-833, 1971.

26, Scholte, Van der Wwielen and RLV‘ "Negligible and
non-negl 1g1:le risks in radio-diagnostic examzra:icr of
patients™, Radioclogic Clinics, 4:, 314-325, 1976.

4T, Svmposium on Bioclocical and Environmental Effects
of Low-level Radition, Volume I, Vienna, Internat:onal
Atomic E:..ergy Agency, 1976.

28. Upton, A.C., Allen, R.C., et al., "Quantitative
experimental study of low-level radiation carcino-
genesis", Radiation Induced Cancer, International A:tomic
Energy Agency, Vienna, page 425-438, 1969.

29. Viadana, E. Bross, I.D.J., "Use of medical history
to predict the future cccurrence of leukemia “n adulcs”
Preventive Medicine, 3: 165-170, 1974.

30. White anéd Frey, "An estimation of somatic hazards
tc the United States population from dental radiography”

Journal of Oral Surgery, January 1977.
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Averace whole body radiation doses in

1970:

ENVIRONMENTAL
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1. Arcner, V.E., "Occupational exposure %to radiation
as a cancer hazaré", Cancer, 39: 1802-189¢,1977.
"It appears tc be impossible to establish 2 thres-
holéd level for ionizing racdiation in the production
of neoplasms in experimental animals." "
The linear hvpothesis"....is a conservative ap-
proach for X-rays and other low-LET (Linear Energy
Transfer) radiations but is prodadly nct conservative

when dealing with alpna particles or other racdiations
having high-LET."

"It appears to be impossible to establish a thres-
hold level for ionizing radiation in the production
of neoplasms in experimental animals."

2. Bair, W.J., and Thompson, R.C., "Pluzonium:
Biomedical Research", Science, 183: 715-722, 1974.

100% of dogs with small amouns of Plutonium=239 put
in the lung dieé of lung cancer.

3. Baum, J.W., "Pcgulation heterogeneity Hypotn
radiation induceé cancer", Heal:th Physics, 2
August 1973.

At lower doses of raciation the linear hypothesis
underestimates the risk of cancer.

4. Brown, J.M., "Linea*i“v vs. non- lzﬂear;:; for dose
response for racdiation carcinogenesis", Eealth Pavsics,
31: 231, Septempber 12876.

At lower doses of racdiation the lenear hycothesis
underestimates the risk of cancer

S Morgan, K.Z., Cancer and low level ionizing radi-
a.'o'" Bullecin of the Atomic Scientists, 300-41,
Septemoer 1978.

[Morgan: Directcr of Health Division of Oak
Ridge National Laborator: J ]

"There is no safe level of excosure and
dose of radiation so low th

1at the risk of & malig
nancy is zero."



has suggested that existing radiation
could underestimate the effects of
or many different reasons:

l. Extrapolations are made on data with observa-
tion periods of no loncer than twenty years. Many
conclusions are based on studies of animals with
life spans of less than ten years. Because many
health effects may not be apparent until twenty to
thirty years after the initial exposures, Or even
longer, ané because human beings live mcore than
seventy years, on the average, known health effect
rates can only increase as more human data are

atnerec.,

oy
4

mocel assumes an average exposure.
he very young may be more suscep-
effects than the middle-aged.

v

2
T
-
-
-

o o .3
'.‘
o
(1]

.-‘
oo
=

"

.

data on the effects of very low

been developec. Instead, the

extrapolations £from high or

down toO zero. ut at a higher

ticn of the exposed cells may be

m radiation, insteaéd of snowing
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r latent radiation cdamage, Such as cancer,
seguence.” ‘

)(t%.

£ rtmer U

" Q.0
ot 3 o
M 1t 0,

-
-

1@®m® 30

.
-

Wt O 0 W
woomrr+-0

o nmao

Ih
S0 o

0

summary taken from Nader et al, Menace of
Enerav.)

= f@m®

Muller, J., anéd Wheeler, wW.C., "Causes of deazh
"

io uranium mines (secondé report)”, May

any real gquestion of
exposure to 1ionizing
of present knowledge

"There 18 now
recommending
radiation %that

can De COon

Q mn

»
-

-t
e J







N., "Leukemia from
ournal ¢f Medicine,

These authors repor:t that children with hives or
asthmz are 8 times more susceptible to leukemia from the
s radiation exposure than other children.

3. 3ress, I1.D.J., and Natarajan, N., "Pisk of Leukemia
in susceptible children exposed %to preconception,
in utero, and postnatal radiation", Preventive Medicine,
3: 361-369, 1974.

4. Court-Brown, W.M. and Doll, R., "Leukemia in
childhcod and young adult life", British Medical
Journal, l: 981, 1961.

Triese authors demonstrate an increased cancer rate
wilh in utero, low-dose x-rays.

Court=-Brown, W.M. ané Doll, R., "Morta
ané other causes afzer raciot:
spondylitis", British Medical Jo

o3
- 0)
3 o

N
) g

-
.

0w
OO W o
oy

M
=<
U
O
n
[ 1
"
@®

to moderate amounts of radiazien in
hoodé has produced cancer of the th ’
ems probable that exposure to small amounts cf
) € in utero produces all th
childnhood cancer. Mortalizy ra
her than lsukemia were rais
logists compared with those in
v ians and ophthalmologists ané otor-
yngologists (Selster and Sartwell, 1965)...".
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tterson, J.C.S., and Treuting, W.L.
diagnostic x-rays ané leukemia and
g ases in childhoocé", Journal of the
ancer Institute, 22: 1093-1104, 195¢.

This 1s a retrospective study of 152 cases and 306
controls dead from other causes. They found a relative
risk ¢f 1.7 after intrauterine x-ray exposure.



X Gzaham, S., Preconception, intrauterine, ang
postnatal irradiazion as related to leukemia", National
Cancer Institute Monocraph, 19: 347-371, 1966.

8. Hempelmann, L.Z., "Neuoplasms in yvouthful popu-
lations following x-ray treatment in infancyv", Eaviron-
mental Research, l: 338, 1967.

Conclude that radiation induced thyroid carcinoma
presents a higcher risk in children than in adult popula-
tions. Ffurthermore, risk increases linearly as the dose
increases.

9. Holford, R.M., "The relation between juvenile
cancer and obstetric radiogrpahy", Health Phvsics, 28:
153, February 1973.

10. Keith, Brown and Ames, "Pcssible obstetric factors
affecting leukemia in twins", Comparative Leukemia
Research, (1975), Bibl. Baemat, No. 43, paces 221-223.

3 Lancdau, E., "Health eflects 0of low-dose radiation:
Problems of assessment", International Journal of
Environmental Studies, 6: S1, 1974.

ay exposure andéd childhood

12. McManon, B., "Prenatal x-r
tional Cancer Institute, 28:

cancer", Journal of Na

Xxposure ané malignancy”,
ical Association, 183:

This paper repcorts that children have a nz,he* risk
of dying of radiation ‘nduced leukemia than o middle-
agec persons. .

14, McManon, B. and Hutchinson, G.B., "Prenatal x-ray
ané childhood cancer: A- review", Acta Unioc Int.
Contra Cancrum, 20: 1172, 1964

"A study of the associaticn between prenatal x-ray

and childhooé cancer is described. Review of all

publisned studies of tnis guestion reveals both
p051 ive ang -;a:ive results. However, many

have large samp errcrs. All published studies,
taken either
compatible with =

n
stucies are sasec on small numbers and the result

~
2

ividually or as a group, are
e cancer risk in children x-rayed
P

in utero being 40 per cent hLigher than in cnildren
not x-raved in utero. Several individual studies
and all studies taken as a group are, on the other
hand, incompaticle with the hypothesis cf no
':ffe ence 1in cancer risk between the twe groups.”



15. MacMahon, B., and Newill, V.A., "Birsh cnaracieris=-
tics of chiléren dving of malignant neccliasms”, Journal
of the National Cancer Instizute, 28: 231-244, _.962.

This is a retrospective cohort stuéy in whisnh 556
cancer deaths were referreé %0 a cechort of 734,243
witn number exposed tased on & 1l samcle (intrauserine
x-rav: 770 expcsed, 6,472 unexpesed) anc & re_.ative risk
of 1.44 was found.

16. Modan, B., et al, "Racdiaztion 1
tumors”, Lancet, 277-279, February 23,

Racdiation for ringworm of the scalp resulteé in an
increasing risk of brain, parotid and thyrcié tumor. The
dose causing thyroié carcinoma, 6.5 racs, is the lowest
reported.

iy 2 Mole, R.H., "Ante-natal irradiation anéd childhood
cancer: Causation or coincidence?," British Journal
of Cancer, 30: 19%, 1974.

18. Natarajan, N. and Bress, I.D.J., "Preconcestion
radiation and leukemia", Journal cf Medicine, 4:
2765-281, 1973.

19. Pochin, E.E., "Malignancies following low r
exposures in man", ritish Journal coxr Radi
49: 577, July 1897¢.

20. Refetoff, 5., EBarrison J., et al, "Continuing
occurrence of thyreoid carcinoma afzter irraciation
to the neck in infancy ané chilédhooé", New Enc_ané
Journal of Medicine, 292: 171-175, 1975.

ilvernman, C., ané HcfZman, D.A., "Thyroi
ion during childhooc", Prev

Review o0f 7 epidemioclogical studies ané of radiea-
tiorn doses from diagnostic x-ravs, scans and uptakes.
The low dose, 6 rads, associazed with thyroidé cancer in
2 studies, raises guest term eZfect

u ions about the .cng-
of dignostic procedures in chiléhood.

A _study from the. University of Chicago ¢2 100
persons who received cnildnooé irradiation showing a
7% increase c¢f carcinoma. As 71,000 persons 1o the
Chicago area received chilédhood irradiation, the
public health imglications are coverwhelming.

22 Sternglass, E.J. "Radiazion Risks", Bullezi: of
the Atomic Scientists, page 4-3, June 1972.

"...It 12 the dose to the early developing exdryo

and fetus during the first few montas ol pregrnancy



that produces the greatest impact, both for & given
family ané for society as a whole."”

"....The dose recuireéd to doudble the incidence c¢f
serious defects in the genetic control mechanism of
the human cell...is o0f the orcder of 100 milliracs
in the first ::;Jes:er, compared to 10.0 to 100. O
rads...in the regroductive cells of the mature adul:

"A typical chest x-rav....results in an average
dose of about 50 millirads to the upper part of th
body. However, the dose to the aonads from scat
tered radiation is only about 2 millirads.

405 Stewart, A., "Low dose radiztion cancers in man",
Advances in Cancer Research, 14: 359, 1971.

Found increase of other cancers than leukemia in
irradiated in utero children.

24. Stewart, A., ané Kneale, G.W., "Radiation dose
effects in relation to obstetric x-rays and child-
hood cancers", Lancet, June 6: 1185-1187, 1970.

Epidemiological data from the Oxford Survey of
Childhood Cancers was analyzed in respect toc in uter
exposure to x-rays during obstetrical investigatiens.,
The risk of cancer was greatest when exposure occurred
during the first trimester and excess cancer was direc:-
ly related to fetal dose.

25, Stewart, A., Wez>, J., and Hewitt, D., "A survey of
chilédhooé malignancies", British Medical Journal,
l1: 1495-1508, 1958.

This is a retrospécitve stucy that matcheé 1,638
cancer cases with 1,638 live controls and found a
relative risk cof 1.92 after intrauterine x-ray exposure.

26, Wick, G.L., "Is there a safe radiationlimit”, New

Scientist, page 276-278, August 6, 1979.

"I1f the claims cZ some radioloc‘s s, that no ‘safe’
limit exists, zare true, the s lng of radiation
standards shoulé be a public 1ssue.

(radiation) has been st

"Damage cause y it ie
extensively than that of any form o

much more
pollution.
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d. icnikawa, and Naca:ta, "Nuclear power plants sus-
pectec to increase mutations", from the Laboratory of
Genetics, Faculty of Agriculture, Kvoto Universi:cy,
Kvoto, J&pan 606.

An intereting artic.e based on the use of bilcassay
with susceptible plants (the spider-wors:) to
determine possible hea.th effects of very low-level
radiation around a nuclear power plant.
N Neyman, J., "Public health hazards from electricity
producing plants", Science, 195 (4280): 754-758, 25
February 1977. T

Author concludes :hat one cannot extrapclate well
from A-bomb studies anéd mice studies, but must take

into account multipollutant and multilocali:y considerations.

In addéition to the above, there is a considerable
amourt c¢f evidence presented at the current hearing
ané at cothers that the normal operation of nuclear
generating plants lead to an increase in the radiation
exposure suffered by the neighboring population.

Vi. ACCIDENT

Especially since the accident at Thnree Mile Islang,
the literature abounds with evidence cf radiation
bevond Irom both real agnd postulated reactor accidents.
furcther citations are not need here.

SCURCZS OF RADIOACTIVE RELEASE FROM REACTORS & REACTOR

IR routine radicactive releases.”

2. "accidental" releases at the reactor

3. accidental releses during transport of spent
fuel rods from reactors

4. planned and accidental relez from nuclear
fuel reprocessinc plants

S environmental contamination £rom stcorage or
céisposal of high-level wastes

6. accidental releases through sabotage"”.
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