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From the response of the Board ( Final Initial Decision,
February 2, 1989) to testimony I presented at the Atomic Safety
and Licensing Board, it is evident that my position on the
guestion of the disposition of over 2 million gallons of
accident generated water was not clearly understood. I
therefore offer tiie following further comments as clarification.

In the analysis submitted as part of my testimony, it is evident
that doses to the public, whether due to the intended
consequences of the disposal method (e.g. inhalation of gaseous
radionuclides as a consequence of forced evaporation) or due to
the consequences of an accident (e.g., consumption of
contaminated shellfish after an accidental release of stored
water into the Susquehanna River) could be made as small as
desired without increasing any health risks to the public,
provided that the licensee was willing to pay the price in
dollars.

This position is contrary to that taken by the licensee that
forced evaporation, in addition to being economical, was also
sater that onsite storage. To support this position, they
pointed to a calculation by the NRC Staff of the consequences of
an accidental release of contaminated water stored onsite. As I
pointed out in my earlier testimony, that calculation ignores
several obvious ways of decreasina the impact of such a release,
viz., treating the water prior to storage, storing the water in
multiple storage tanks, and, in the event of a release,
interdicting shellfish in Chesapeake Bay. Taken together, these
measures would decrease the total body population dose by a
factor of approximately 100 x N, where N is the number of
storage vessels. This is due to the ten-fold reductions due to
water retreatment and shellfish avoidance.
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In the analysis presented earlier, N was taken to be 209, since
use of 11,000 gallon storge vessels was assumed. The point is
that the factor can be made as small as desired by increasing N
from unity, the value asssumed by the Staff. The greater the
value of N, the greater the cost to the licensee, but the lower
the risk to the public.

In addition, the consequence of such a release wou'd diminish
with the passage of time due to the radicactive decay of the

isotopes remaining in the retreated water. Again, the longer
the storage period, the greater the c?st to the licensee, but
the lower the risk to the public.

Thus the health impacts expected for the offsite population due
to forced evaporation could be avoided to any degree desired
provided the licensee was willing to spend enough money, with no
added risk to the public. Since even the calculated impact is
finite (less than one cancer is not the same as no cancers; it
represents a nonzero risk of a person dying from cancer as a
result of forced evaporation of the accident generated water) as
well as uncertain (since it depends upon the actual radionuclide
levels in the water, the actual filtration efficiency, and the
actual tenvironmental transfer factors and biological
effectiveness affecting each radionuclide released, none of
which is known with certainty) it follows that the licensee is
risking the health of the surrounding population in order to
reduce the financial costs of the cleanup.

If the Board wishes to rule that the costs in dollars will not
justify the savings in lives, even given the uncertainties, that
is the Board's privilege, but it would seem appropriate for the
public who is going to be subjected to the risks, be informed as
to those risks, as well as the uncertainty associated with their
estimation and the fact that the risks could be reduced to any
extent required were the licensee willing to spend the money.

I hope this clarifies my position on this matter.
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THREE MILE ISLAND  Docket #50-320-0LA

(M /42(’ 54/047“) ASLBP #87-554-3-0LA Disposal of accident

generated water. Final Initial Decision
Feb. 2, 1989

Re: #4 HEALTH EFFECTS, pages 37, 38, 39,

Enclosed are my comments plus attachments on the above issue, including the
mutations, modifications and abnormalities of flora within 15 miles of TMI. The
Health Effects issue has been brought before the NRC repeatedly in the past decade:
radiation symptoms (1)(2) including the metallic taste, animals dropping dead in

the fields (at Bainbridge, Etters, Goldsboro, etc.) the increases in neo-natal hypo-
thyroidism, increased infant deaths and miscarriages. The following is titled Three
Mile Island = Human Dosimeters and briefly explains 10 years of health issues crying
for help.

We the people of Three Mile Island, alert you to the anticipated nuclear power
accldent of tomorrow. We Implore you to be prepared with knowledge about the Impending
dangers and deceptions. HNot only from radioactive fallout, but also to the Instantaneous
coverups led by our governments and the nuclear establishment.

March, 1979 began another decade of the nuclear holocaust created by man, and
again we ha' e had (o learn through our personal experlences and sufferings. On behalf
of global victims of radiation exposure we report our experiences so that others may
learn and take action before the nuclear power doomsday clock strikes again.

Very few residents were aware of the dangers suriounding them during the early
hours and days of the Three Mile Island accldent. As the acclident unfolded, alarming
events occurred reminiscent of the bomb tests in the 50's, such as ranchers from Utah
and Nevada being contaminated by radioactive fallout, experiencing symptoms, and
eventually suffering health damage.

Those living near TMI, iIncluding doctors, on both sides of the Susquehanna River,
independently and spontaneously complained of radiation symptoms: reddening of the
skin (1ike a sunburn,some with blisters), irritated or burning throat or nostrils,
burning of ftching eyes, 8 strange metallic taste or smell, nausea, vomiting, diarrhea,
(some with bloody diarrhea), and halr loss. People reported abnormalities, {llness
and death of thelir pets and livestock, and mutations of ilora.

Authorities recelved thousands of phone calls and letters concerning these
abnormalities, Including Representative Stephen R. Reed currently mayor of Harrisburg.
He wrote a letter dated August 8, 1979, to Chalrman Hendrie of the Muclear Regulatory
Commission (NRC) saying, "1 am entirely baffled by the apparent refusal of the U. S.
Nuclear Regulatory Commission to have extensively reviewed the reports by hundreds of
T™M1 area residents.” Representative Reed asks, "Why {s there a complete dlsmissal by
the NRC of any immediate Indicator of exposure to levels of radiation higher than what
were immediately thought. (@)




The MRC's classic response was, and still is, "At the radiation dose rates involved,
none of the effects Identified above can be expected to be caused by radiation." @

With much of the monltoring data damaged, mislabeled, missing, or "golng off-
scale high" we conclude the people were the true dosimeters. @)

As time passed, we were finding our nelghbors and relatives were having too many
miscarriages, thyrold dlsorders, resplratory allments and eventually getting leukemias
or cancers. Our fears were real; we learned that a 12 times normal clustering of
neonatal hypothyroldism occurred In Lancaster county, immediately downwind from the

reactor (@) and that the infant death rate In Harrishurg area nearly tripled after
™1, (&) The former Secretary of Health, Dr. Gordon MaclLeod (who had been fired from
that post) revealed In a speech, the omission of 88 infant deaths from the health
department data when compared with the U, S, vital Statistics. (E)

There were numerous requests In the years after the accident, from citizens
asking the health department to Investigate abrormal health effects in at least one
small community on the east shore of the Susquehanna River, but to no avail as all
requests were denied.

Finally, in April and May of 1984, a "Voluntary Community Health Survey" was

undertaken by a group of local citizens. This group was led by Marjorie Aamodt, an
inteivenor in the TMI Unit 1 restart proceedings. Two survey areas were chosen whcre

residents reported "radiation symptoms" during the accident. A third area, 7 to 8 miles

away, was chosen as 3 control. The results of the Aamodt study, conducted on the west
side of the river, showed a concluslve 600% cancer death rate increase for all three
areas. (7) The control area also revealed increased abnormal health effects which

was totally unexpected.

The Aamodt data was verified, through a review of death certificates and population

statistics, by members of the scientific advisory board of the 1Ml Public Health Fund.
The Aamodt Study also found many persons living with cancers and tumors, and eleven
birthing abnormalities. As a result of the Aamodt Study the TMI Public Health Fund
commissioned Columbla University Schtool of Public Health to study TMI area cancers,
and to re-examine pregnancy outcomes since "raw data" from an earlies study of fetal
loss after the TMI accident suggest that the early pregrancies were indeed adversely
affected in a manner consistant with radiation damage.

Then came a startling revelation; the courts approved more than $3.9 million in
settlements of personal Injury lawsults resulting from the accldent. (:) Newspaper
headlines continue to report new claims for health damages - from leukemias and cancers
to birth defects and genetic damage. Ten years after the accident there are about
three thousand claims awalting trinls



Mearmhile, ancther citizen survey, the Lee Study was completed In the community
where the health department refused to conuuct an Investi stion. Since the accident,
Lee reported: 23 cancer deaths, 45 living cancers, 53 benign tumors, 31 miscarriages,
stillbirths, and defomities, and 204 cases of respiratory problems; bronchitis, chronic
pneumonia, allergles, skin rashes, etc. Metallic taste during the accident was reported
by 98 of those Interviewed,

When the health department released its "official" cancer study In September 1985,
Secretary of Health, Dr. Muller said, "1he essence of the situation ls this - we have
not found any Increase In the Incidence of cancer within a twenty mile radius of Three

Mile Island."

Fortunately the Sunday Patriot News uncovered the deceptlion with a front page article
revealing how the health department - added 28,410 people to the five mile population
and 122,000 people to the ten mile area - thus using populations outside the study areas
to dilute the results of thelr study. ()

While “officlal sclence"” engages In deceit by modifying data to fit their predeter-
mined conclusions @, pure sclence seeks truth, The health department's epidemiologist,
Or. George Tokuhata, has been criticized for his TMI manipulations; 1. D. Bross, Ph.D.
recently wrote, "what he did involved statistcal fraud and deceit..... " @ We are
hostages uf corrupt government agencies and self-serving utilities.

When the next muclear accident strikes - it may be you and your loved ones who will }
suffer the consequences of radioactive and political fallout. We Implore you to be }
prepared: DETECT - RECORD - PHOTOGRAPH - DOCUMENT, Demand truth and accountability. |

It's not your 1ife, but the inherited genetic pool that is the ultimate loss to the |
survival of this planet and every living thing. The next accident is not a case of if, |
but where and when. :

Stephen R. Reed: Letter dated 8/8/79, to Hendrie,MnC, Harrisburg.

Harold R, Denton: Reply to above, dated 9/20/79. MRC,

NUREG 0600: Examples; pp 15, 1-2-30, 1.3-21, 1-4-46, 11-3-20, 11-3-30, NRC. 8/79.

Gordon K. MacLeod: MNuclear Power: The Case for Informed Consent, Pittsburgh,
3/28/84. ppi2. y

Harvey Wasserman: Killing Our Own, New York. Dell Publishing, 1982, pp 258,

Gordon K, MaclLeod: 1Ml and the Politics of Public Health, Pittsburgh. 11/22/80.
pp 18,

Mar jorie M. Aamodt: The TMI Accident, An Investigation of the Effect on the
Health of Residents and Flora In Yhree Areas WiW & SW of TMI. Attachment 3, |
Aamodt Motion, Revisfon 1, 1/15/85, (Original Study of 6/21/84, revised) |

TMI Public Health Fund: A Research Study to Determine the Rates of Adverse |
Outcomes of Pregnancy Among Residents In the Vicinity of Three Mile lsland
Before, During and After the Accident at the TMI Muclear Facility. €/13/85. ppé.

Mary Warner: $3.9 Million OK'd for TMI Injury Clalms, the Patriot, Harrisburg.
2/7/85,

David Morris: State Finds No TMI-Tied Cancers, the Patriot, Harrisburg, 9/6/85.

Frank Lynch: State's 1MI Study Clouded by Survey Method Doubts, Sunday Patriot
News, Harrisburg. 10/6/85,

Internal Memorandum of Atomic Energy Commisslon: For Commissloner Haworth from
Paul C. Tompkins, Dep.Dir. Division of Radiation Protection Standard. 9/25/62.

Itwin D. Bross, Ph.D: Letter dated 1/26/89, to J. Lee. Eggertsville, N.v,
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Anyone worth his salt knew or should have known

way back in 1979 the caus»s of adverse health symptoms reported during the early
hours and days of the accident.

The NRC Staff knows the record very well. They know the Aamodt's, Mar jorie
and Norman, and they know of their filing on health effects(4). 1 refer you to
the 6/21/84 Aamodt Study, the 8/15/84 hearing before the Commissioners and the re-
vised Aamodt Study of 1/15/85 with all the affidavits attached. Read those affidavits,
look at C-SPANVideo taping of the August 15th meeting-afternoon session- where the
Ramodts and the people they represented were lied to by the Commissioners themselves.

Remember, it was the NRC "staff" who with-held the "Leak Rate" issue from the
Commissioners. It was the NRC "Staff" led by Stello & Moseley who stiffled criminal
investigators like David Gamble from getting at the full truth; it was the NRC "staff"
who sent incomplete and altered copy of the 6/21/84 Aamodt Study to Centers for Disease
Control. Later the Aamodts found thru an FOIA request thot Caldwell of COC did write
in his 1/7/85 letter that "I do agree that if all the deaths were confirmed by medical
records, then this would be a statistically significant increase." Was this also with-
held from the Commissioners? The Aamodts found a 600% cancer death rate increase and
the deaths were independantly verified by the TMI Public Health Fund at the request of
Judge S. Rambo.

The TMI health effects issue is not a dead issue; it is the most compelling
issue ever brought before the NRC and for all these years you have tried to bury the
issue along with the full facts.

The recent news from the Soviet Union (5) is truth coming out at last - the
ultimate truth: In less than "three years after the Chernobyl nuclear disaster, sinne
cancer rates have doubled among middleaged residents of a contaminated farm region
and calves are being born with-out heads and limbs." The myth of long latency periods
in order for cancers to occur has finally been disproven,

The "Moscow News said more than half the children in the Narodichsky region
of the Ukraine have illnesses of the thyroid gland, which exposure to radiation can
cause." Chernobyl is proving,our claims of TMI health effects!

The admission by the Soviets of the doubling of cancer rates has ressurrected
the health effects issue in spite of our Governments cover-up. The tragedy is not
Just human and genetic loss but also the apparent "ROLE REVERSAL" of the United States
of America and the Soviet Union. While the Soviets are striving for new Democratic
style freedoms the U. S. has caused a Democracy in crisis as the basic human rights
of TMI area residents have been violated as has the Constitution of the United States.
We the people - VOTED by 2 tn} 3 to 1 and 4 to 1 to keep Unit 1 Shut.

. he victims
{rreparable harm has occurred to humans near TMI as evidenced by @

in the mgssive Tawsuits who have already been paid millions and millions of dollars

for their sufferings; many cases involving genetic damage (irreparable harm). (6)

Any additional releases from TMI will continue to be cumulative to those of us

living nearby. You are dead wrong when you compare background radiation people are
exposed to; exposures to radiation are cumulative not comparative.




The TMI area definitely has suffered increased background radiation caused by
man over long periods of time starting with U, S. bumb test fallout raining uocn
central Pennsylvania, we have indeed received CHINESE BOMB TEST FALLOUT as Bill Kirk
of E.P.A. always used to mention, we've had TMI routinely emmitting more than
permissable limits of radiation and on top of all that we received Chernobyl fallout
high in lodine 131 (and whatever else came down) in the heavy rains that fell here
in early May of 1986.

The NRC does have somewhere in their possession Infra-red aerial photos of
TMI and surrounding landscape. It would be nice if they would provide before and
after photos for all the world to see. 1 have a copy of the Remote Sensinn-Labs. (7)
aerial radiological survey of TMI and surrounding area dated August 1983. 1 suggest
you obtain a better copy and take a good look at the differences in the 1970 survey
versus or compared to the 1982 survey - background radiation did increase! 1t is
not a seascnal change but was caused by the accidents fallout.

The "meadow vole" study (8) did show very high iodine 131 in the thyroios of
these creatures. Takeshi Seo did calculate very much higher radiation release: from
TMI (9) and R. Monte Greinitz stated in her papers "This partial dose rate is larger
than values discussed at the workshop by several orders of magnitude. If I negl=ct
the contripution to th skin surface from photons originating up to 500 meters frem
the skin surface, and if 1 neglect the fraction of attenuated photons which are
absorbed, then I can calculate an improper dose rate of 0.068 gamma rads/Zz4 hour oay.
This improper dose rate is similar to the individual doses discussed in the workshup."
(10)(She is referring to improper dose rates used in Kemeny Commission.)

Grenitz also wrote "It is shown in Appendix A that the beta dose is 100 rads/hr,
which is 1,000 rem/hr for a quaiity factor of 10 for beta emissions. This means
that people exposed from the early plume touchduwns received about 300 rem. And,
this is quiteconsistent with the health effects reported by Mrs. Mar jorie Aamodt!"(11)

1 did experience metallic tasle at 6:00 am on 3/28/79, and so did my husband.
1 did experience reddening of the skin, and so did my son aged 2 years. I did
experience hair loss shortly after returning from evacuating, and so did my daughter
and my son and my husband.

Starting in early April 1979, I have observed the gross abnormalities in
flora each and every year since the accident at TMI. 1 have shown my specimens and

photographs to experts. Or. James Gunckel provided Mrs. Aamodt with & signed affidavit.

(12) He also said "I think that the gross effects that young woman saw, and the more-
subtle ones that 1 observed, were definitely radiation induced."(13)

Dr. Sadao Ichikawa told me in Washington in 1986, that the flora effects I
showed him from TMI area were exactly how the flora in Europe started to grow after
Chernobyl fallout.



My slide presentation shown before you in Lancaster on 11/3/88 began with an
extremely important & relevant statement regarding "other possible causes" such as
chemicals, pesticides, blights, or temperature extremes, etc. Please read over that
transcript. What I said I will restate here by describing the first slide of the
african violet:

"This slide showing 9 african violets was taken from an old 1960's
science book. *

Most people including biologists, botanists and NRC's experts
would say the cause of the effects shown "could be" from chemicals,
pesticides, viruses or temperature extremes, etc. I thought so too,
until I read the zaption describing the experiment: MUTANT AFRICAN
VIOLETS offer evidence of the effects of radiation on living things
(opposite). A violet plant having normal leaves and flowers, like
those shown at center, was exposed to ordinary X rays. All of the
different leaves and flowers around it are mutations resulting from
this radiation.”

1 said more but the above is the most important. Apparently the
NRC "experts" involved with Nureg 0738 did not know enough about the full range of
effects caused by radiaticn on flora to look beyonda first impression.

It is this very reason a real expert in radiation botany, such as Or. Gunckel,
must do the examining and researching of the abnormalities found around TMI.

Mike Masnik USNRC and I have had words about this at some of the TMI Advisory
Panel meetings. (also see correspondence attached.) I know I'm not an expert like
Gunckel and I'm not an "expert" like LaRoche, and I'm not an idiot. There is more
& stake here than the nuclear industry and jobs for you or me; we're hanging by a
thread - the 1ife support system of our environment is fast becomirg an endangered
species, caused in a greater part than you ail will admit, by the releases and
accidents of nuclear facilities and synergistically with the famous or infamous
acid rain and other pollutants.

1 have found oak leaves that appear to be "mishappen". Nureg 0738 mentions
the 7 rem or rad dose which causes oak leaves to become mishappen. Some time ago
1 did ask Masnik to provide me with a picture of a mishappen oak leaf, but I never
received one - perhaps he forgot. (Two civilians in medical and military occupa-
tions did record 3 r, S¥ and 10 r in Middletown during the first few days of the
accident, using good equipment

1 have also met with Walt Pasciak (see Randy Blough letter given to you on
November 3, 1988) at which time I had esked if he was aware of the papers and
comments of R. Monte Greinitz, because there were "improper" dose calculations
and she recalculated them and did show very high doses occurred from the accident.
The NRC did receive at their request one hundred copies of J. Beyea's dose assess-
ment books, which has the papers of Greinitz and also contains my plant study.

* The african violet mutation experiment was brought to my attenition by Mrs.
Joyce Corradi, in case the book is needed by you. I'm sure you are able to
get similar data from Brookhaven Lab.

b,
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Both Dr. Gunckel and Dr. Ichikawa have done research at the Brookhaven National
Laboratory. Or. George Woodwell had seen a few of my early specimens but has not
commented except to tell me I should handle the specimens more carefully.

I was disappointed when I read the section #4 Health Effects. The case you the
NRC attempt to make is weak. It is obvious to me that the NRC does not have an expert
on radiation botany on their staff. Nureg 0738, the NRC's plant and animal report
is unproffessional, of poor quality and vague. It is typical of too many of the Nuregs.
The word Dr. Gunckel used to describe part of Nureg 0738 is "fallacious." (14)

I am familiar with the message stated in your quote of R. Buchsbaum:

"All living organisims always from the time of their origin on earth
until now - have been irradiated and in the future everywhere they will
continue to be irradiated. Some of the radiation from the sun is necessary
for continued life. Some of it is unnecessary and some is harmful. It is
extremely difficult to sort out the various effects and to decide what
is factual and of significance." [(I.D. @ 12) Species Response to Radiation;
RadioecologyJ

radiation. You fail to cite the multitude of man-made causes of irradiation and their
CUMULATIVE effects on the biosphere and the inhabitants of that biosphere. You also
failed to take into account the SYNERGISTIC effects (in the case of TMI) from the
horrendous amounts of chemicals (such as boron and chlorine) also released during the
accident and in routine operations.

I submit here a more complete quote by Gunckel & Sparrow (15) which is the
"essence" of our concern:

|

|

\

|

‘

But - you address the issue halfway; citing just the real natural background |

|

"While it is obvious that no scientific investigations concerning the ‘

e/ fects of man-made ionizing radiations on plants could have been under-

taken before the discovery of these radiations, it is equally obvious that ‘

the naturally occurring ionizing radiations (e.g., cosmic rays and those |
from radioactive elements) were, nevertheless, producing their biological

effects since time immemorial, and that the cumulative effect of these

radiations might conceivably be of considerable evolutionary significance.

The recent concern over small increases in background radiation due to |

radioactive fall-out reflects the opinion of many biologists that an |

increase in the background level of radiation, if continued over long |

periods of time, may produce significant biological effects, mainly |

genetic."

1

This was written in 1961: much mcre has happened to our environment from |

radioactive fallout since then. The greatest roncern is the survival of the species |

on this planet. The nuclear contamination is accellerating the harm to our biogphere. |

and does play a damaging role along with the acid rain, which radiation also |

contributes to. ‘

If you had an expert on radiation botany you would not be having the difficulty |
you claim concerning the lack of information on radiation dose levels. Or. Gunckels |
affidavit and a list of 4 specific publications was presented to the NRC in 1984 & |
1985. 1 have enclosed both again. If anyone cares to look they would easily see |
in the paper "lonizing radiations: Biochemical, physiological and morphological aspects ‘
of their effects on plants,” on table 5: A ralatively understandable listing on |
"Summary of morphological effects of irradiation on higher plants!




9.

This shows part affected, nature of effect, plant, type of irradiation, dose
or dose rate, duration of exposure, reference number.. The dose rates listed are
anywhere from 1-10uc to over 150,000-500,000 r and for durations of a few minutes
up to many months of exposure. Different species when exposed react differently,
(just like humans - standard man or universal man is better able to thrive when
exposed to certain levels of radiation than than a fetus- it is basic common sense.)

Dr. Gunckel did state that what Mrs. Aamodt & 1 had shown him was the full
range of effects. ws far as other causes or explanations - you're stealing my line -
1 have repeatedly asked officials "If TMI didn't cause these effects - what did?"

Mr. Mike Miasnik, USNRC and I have wanted to take experts around TMI to examine
the flora, but apparently the NRC was unwilling to foot the bill for an independent
competent, genuine "expert" on radiation effects on flora; Or. Gunckel. (see corres-
pondence. )(16)

We have been overdosed - Unit one should never have been allowed to restart.
All additional releases continue to add to our burden of cumulative radiation doses
causing irreparable harm to those living near TMI. Ten years later - the flora are
still growing mutated, modified and abnormal. The local vegetables are growing in
bizare shapes and sizes and cancerous meats, and chickens are sold in local farmers
markets, which is enough to turn one's stomach.

I am willing to particpate in a field study as we had planned, the criteria
remain the same as stated in ny letter to Masnik.

You are the ones making the decision. 1T expect you to be accountable for

. Xt

Mary Stamos Osborn bfvoﬁ'o

4951 Highland St Q0 A/ureg Ceol,
Harrisburg, Pa. 17111 ' iy
717- 939-2890 F/jqrc. 3%,

February 17, 1989

encolsures are numbered.
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State Represetative Stephen Reed's Letter to the NAC

August 8, 1979

L

! ‘

Honorable Joseph M. Hendrie, Chairman
U.S. Nuclear Regulatory Commission
Washington, District of Columbia

ertirely baffled by the apparent refusal of the 0.8, :
ave extensive.y Te.iewed EE.

€3 teciJencs who,

73 primarilv, and at times subsecuen<,

|
Dear Chairman Hendrie,

(a) metallic taste in their mouth

(b) metallic or lodine-like odor in the air

() irritated and watery eyes

(d) moderaze or severe respiratory inflammation

(e) gastro-intestinal dysfunction and diarrhea

(£) disruption of the menstral cycle in females

(g) skin rashes (scme appearing as radiation burns)
(n) sharp, abnormal pains in joints.

of Bealth are jointly conducting a survey of TMI area res.dents
to record medical histories so that the full healzh consesuences
of TMI' radiation releases in the nexs 25 years will be documen:zed.
That is all fine and should be done. But why is there s complecze
dismissal by the NRC of any immediace indications OF excoSure %o
2/els 18t ) 4T were immecliatelv Thought the
first cates Of the accident? Psycnoscmac.cally LAGUCES BilTencs
Wf® possible WIth some, BR. OOt wish hurdreds or even more persons
and I suggest this matter has been convenlently laia as.3e.

The NRC is charged with ascertaining full dezails about the
TMI accident. You are further charged with knowing the full effec:s
of even low level radiation on populasions near to nuclear reacszors.
Failure to pursue the aforementioned reports from TMI area residents

callure o OuUr Most important safecy resgonsidbi.lties
pecple L11Ving NEAr TEACEOrS, NOCL to Men=
-

I therefore recommend that all available expertise be applied
to ascertaining the cause of these physical ailments associatzed
with the TMI accident and a completely accurate public disclosure
made of its cause and the level of radiation or contamination that
pecple may have been exposed to. The inability of both Metropolitan
Edison and the NRC to know ever £~ this day (or at least to have
disclosed if you actually do know) the levels of exposure is in
itsslf a major, most serious failing of pre-TMI accident obligations
by both parties. And if it is determined that the exact cause of
these physical ailments cannot be determined due to the lack of
adequate research on the subject pre-TMI, then the public should
know the extent to which we indeed are unprepared to deal with
nuclear plant emissions.

The U.S. Public Health Service and Pennsylvania State Dept.

a" e

Yours sincerely,
A

h v -, A
A

. ~
. - e om !

STEPHEN R. REED
State Representative




== ...and the NRCs RespOnse (REP 20, 1979) smsiroimes

& -3 ” . I A T AT e - 28 - y - 4 -8 ay 4
T o LB ko O U M s P TPt R el
Lo W A -".7,--"\_.. L P . SalPid AL e e o e e oy Y B R A
Do the Three Mile Tslamd”NucTear Povar Plant. Technical. staff sexbers ;i

{af! the Nuclear Regul jtoty Eosafssion (KRC),, the Departzent of Health, ' 17
- Bducation and. kel fare! (fEW) and the Envirommental Protection Agency (EPA),
“ Vo constituted an Ad Hoc Dose Assessrant Group, prepared the report,
. The Teport concludes that the offsite doses assocfated with the accident
. durtng” the- perfod Marchr 28 to-Aprfl 7, 1979, represents minimal risks of
i additional health” effects to the offsite: populatiom. - The projected number
. of sdditional fatal cancers due to the accident that could occur over the
°* rematning 1ifetfme of the population within 50 miles {s less than one.
% This repert, of coufse, 31d not address the fmoadiate physiological
“"Ipeactions addressed {m your Tetter. D However, we have consulted with
- @r. Marvin Goldman, 2 medical consultant for MC and fe hes stated ih
" 3% the radiation dose rates Tnvolved, 2s. escrited in the report, none
! GF The effects Tdentitied 1a items (a) thru (h] sbove can be expected 10
T i R G SRR :

be caused Dy rqdiat

~

-

If we can be of further 2ssfstance to you, plezse do not hesitate to

Cai B T e
PR i, e 1o SO
Tt L ek e AT W w vy .o Sincerely,
“‘.' o i : v -'"“"...’ Y SPC SHES VIR R L fn -
% : ¥ 0wk Drigial Sigeed bY !

K R Centon

Harold R, Centon, Director
Office of Muclear Peactor Fegulation

after spending much time and
energy, one throws one's results
in front of those bureaucrats
only to receive in return, if
anything at all, the empty echo
of one's own voice. No, it is
worse than empty——it echoes
maliciously.

The above is a part of the NRC's
reply to Stephen Reed which was
written by Haroid Denton on be-
half of Chairman Hendrie. It
stated that,"The only knowledge
that we have of a large number of
veople experiencing ohysiological
reactions to the accident comes
through Mr. Arnold of ParaSci-
ence Internationl.” Enclosed
with the reply was a copy of
larry Arnold's letter to the NRC
in which literally the same eight
kinds of symptoms Mr. Reed had
listed can be found. It is ap~
parent that Mr., Reed's letter was
based on larry Arnold's report.

Thus, this was the NRC's only
response to the qguestion of the
strange experiences people had
had at the time of the accident.
ne 't help but ask, even if,
for example, the metallic taste-
in the mouth had nothing to do
‘with the radiocactive materials
from the nuclear power blant,

It is as though the 'information’
went round that closed circuit:

S0

how the NRC can justify its fail-
ure to ascertain what caused it?
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Higher cancer rates

Tinked to Chernobyl

Associated Press

MOSCOW - Three years af-
ter the Chernoby! nuclear disas-
ter, some cancer rates have dou-
bled among middle-aged residents
of a contaminated farm region
and calves are being born with-
out heads and limbs, a newspaper
said yesterday.

“My daughter recently got
married. What kind of grandson
will I have?"” the weekly Moscow
lnews quoted one woman as say-
ng. ;

It said authorities drastically
underestimated the health prob-
lems caused by the reactor explo-
sion and fire April 26, 1986,
which sent a cloud of radiation
around the worid.

Moscow News said more than
" half the children in the Narodi-
chsky region of the Ukraine kave
fllnesses of the thyroid gland,
which exposure to radiation can
cause. .

High levels of cesium 137
were detected among many resi-
dents of the region, which is
within 30 miles of the Chernobyl
nuclear power plant and was not
evacuated after the accident.
Thirty-one people died as the im-
mediate result of the disaster.

“Health officials of the repub-
lic insist there is no health danger
for people outside a 30-kilometer
[19-mile] zone around the atomic
power station,” Moscow News
said. The danger zone was de-
clared soon after the accident.

Soviet officials have said re-
peatedly that radiation levels are
safe except in the zone, and gen-
erally have discounted warnings
from some Western doctors of
dramatic increases to come ir
cancer and other diseases.

The Moscow News article
was the second in the Soviet
press this month to suggest
growing health problems because
of Chernobyl.

/
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ludge OKs $3.9 million for TMI suits

By MARY WARNER
Stat! Writer

A Dauphin County Court judge
has approved more than §).9 mil-
lion in settiements of injury claims
resuiting from the | 979 accident at
Three Mile Island.

The largest - in a claim flled
for a Down's syndrome child ~
was for $1,095,000.

The settlements, all reached
out of court, had to be approved by
8 judge because they lavolved
claims on behalf of children or of
the estates of adults who have dled
since the accident.

- A statement (ssued yesterday

by the (nsurance co™panies repre-
senting the nuclear plant's opera-
tors |ndicated the claims ‘were
being settied without regard o the
evidence, strictly to avold the ex- <
pense of trials.

“These settiements represent
an economic decision arrived at by
ihe lasurance companies and do
not constitute an sdmission of la-
' bility by the companies (nvoived,
i Generni Public Utilities Gory. and
i Metropolitan Edison Co." the

statement said. -

“In exchange for payments to
the claimants by the Insurance
companies, all of the defendants in
the settied cases are being given
general reieases from claims of la-
r bility.”

It could oot be learned how
much money was (avolved (n the
settiements that did not require
court approval. Plaintiffs and de-
fendants have agreed not to dis-
a the settiements, the statement
!

In all, the statement said, “the
great majority of 300 personal in- <
Jury claims” were beiug settied out
of court.

FINAL »

The Fuerann News

HARRISBURG, PA., THURSDAY, FEB. 7, 1843

Doug Bedell, mi_;an for

| '™ operator GPU Nuclear Corp.,

released the statement. He had oo
The m’h‘inu pproved by

[
 Judge Willlam W, Lipsitt closed
‘cmm»woaumuumm.-

| A group of 19 settiements ap-
'g’rnvu yesterday included

55,000 for Gabriella Elsen of
Harrisbury, an lofant born sioce
the accident who suffered cerebral
paley, and $1,095,000 for 5-year-

old Bradiey R. Baker of New Cum-
beriand, a Down's syndrome child.

Court documents said Bradley,
born just over nine mouths after
the accident, suffered the disorder,
which includes mental retardation.

His parents Blalow snd De-
borab Baker were among 62 plain-
tffts (n a 1981 suit that sought
damages for Injuries allegedly
linked to the March 28, 1979, acei-

dent at the Londouderry Twp. au~
clear plant.

The suit said the plaintiffs
“most probably came into physical
cootact with some radioactive
debris,” which "wes dispersed
throughout & large area."”.

Defendants in the suit were
General Public Utllities Corp.: its
subsidiartes, Macomunn Edison
Co., Jersey Central Power & Light
Co., and Pennsyivama Electric Co.;
plant designer Babcock and Wil

B el

See TMI « Page AS
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31 blamii
for health problems

Thirtv-one people filed suit
erday in Dauphin County
aiming they or their rela-

ur
tives suffesed cancer, dirt efects
nd T 1

ther ith prob'em

4 ) ecause
f the 1979 accident at Three Mile
The suits against TM! owner
Genera! Pubdlic Ltilities Corp. and
related compan.es (5 simiar (0
suits filed o week ago on behalf of
a total of 47 area residents

The suits claim that the piain-
tffs suffered emotional disiress
because of the accident and were
exposed to radiation ¢uring it and
“during the aftermath and cleanup
of the facility.”

Thev sav the radiation in-
creased their risk of cancer, skin
¢isease. genetic damage. birth de-
fects and other aiiments.

The complaints were filed by
attornev Lee Swartz of Harris-
burg He said still another group of
claims was “being processed.”

Al the complaints accuse the
defencants of "fraudulert conceal-

ment.” which allegedly prevented
the p. s from detecting until
recently connection between

TM! and their illnesses

The statute-of limitations says,
generally, that personal iajury
claims must be filed within two
vears of the time the victim could
reasonaoly have detected the inju-
v

The plaintiffs, their current ad-
dresses and their injuries as de-

1g TMI

scribed in the suit filed yesterday
are
Frances P. Grosky of Lemoyne,

n 87

luth E. Butler of Lemoyne,
ship cancer
le Shapiro of Camp Hill,
nal distress and a maiignant
of the xidney

Miles and Joan Armstrong of
Harrisburg, parents of Syoil Arm-
strong, who has Down's Syn-
drome

Carol A. and John G. Shaffer of
New Cumberiand. She suffered
central nervous chorioretinopathy

Betty M. Boylestein and
George L. Boylestein of Hummeis-
town. She suffered an aborted
pregnancy

Barry L. and Joyce M. Schrade
of Carlisle, parents of Terry
Schrade, who is mentally and de-
velopmentally retarded.

David and Shason Beaver of
Dauphin, parents of Shannon Bea-
ver. who has Down's Syndrome

Robert J. Christoff of Harni-
burg. Ewing’'s Syndrome.

Joseph and Karen Durborow of
Provo, Utah, He suffered a low
sperm count.

Donald F. and Linda E. Fortna
of Dauphin, a¢ministrators of th
estate of Christopher Fortna, who
was born prematurely and gied.

Betty Hatter of Middletown,
severe emotional distress and mul-
tiple cysts.

James F. and Joan B. Johnston
of Camp Hill. He suffered lympho-
ma

Debra H. and Joseph Kimmel
of Exters. She suffered cancer of
the cervix and their sons Jose! and
Jeftrey Kimmel both have Dowp's
Svndrome.

Lydia A. Knight of Middle:
town. thyroid cancer.

William and Patricia A
Nordfors of Halifax, parents of
Daniel Nordfors, who suffered a
malignant tumor in the shoulder

Dorothy J. anu Rudoiph R
viick of Steeiton. She suffered
east cancer and other aiiments
Elizabeth R. Pluta of Lancas-
ter. mother of John Pluta, who suf-
fered brain damage. deveiopmen-
i retardation ang other ailments

nJ
“

Shery! L. and Harry E. Wil
ams Jr. of Middietown. She suf
‘fered emotiona! distress, loss of
hair and traumatic neurosis
f{ered emotional ¢.iirsss, de
pression and LZZUMANC DL I8s
“Besides GPU. the defencants
are Hietropolitan Edison Co., Jer-
sev Central Power & Light Co
Pernsyivama Eleciric Co.. Bab-
ack & Wilcox Co., J. Ray McDer
ott & Co.. Catalytic Inc., and
irns & Roe. Inc
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IODINE-131 IN THYROIDS OF THE MEADOW
VOLE (MICROTUS PENNSYLVANICUS) IN THE

VICINITY OF THE THREE MILE ISLAND NUCLEAR

GENERATING PLANT

R WILLIAM FIELD,* ELIZABETH H. FIELD,' DAVID A. ZEGERS® and GUY L. STEUCEK*®
(Received 22 October 1980: accepted 5 January 1981)

Abstract—Meadow voles (Microtus pennsylvanicus) were trapped in the vicinity of Three
Mile Island Nuclear Power Station between 6 and 16 April 1979. Thyroids of voles caught
1.9 km from the reactor (Site IIT) contained significantly higher amounts of ' than those
of voles caught further away. Thrs is in agreement with Dept. of Energy predictions that
this site was contaminated to a greater degree than the other two sites sampled. The
highest level of 'l detected from Site [II was |1.4 pCi/thyroid and the mean for that site
was 5.6 pCi/thyroid. The vole is proposed as a monitoring organism for 11 contamination

of ecosystems.

INTRODUCTION
THE vOLE (Microtus sp.) is used extensively
as a model organism for studying population
dynamics (Kr74). nutrition (Ke78; Sh76:
Sh75; Barn74, Br74; Sh74; Sh70), and bioac-
cumulation (Wi78; Ge77) because of its posi-
tion in the terrestrial food chain, widespread
distribution, abundance, small size, and
limited home range (Amé69: Va69). These
attributes also nake the vole a good model
for studies involving radionuclide pollution.
The accident at the Three Mile Island
Nuclear Plant (TMI) provided an opportunity
to use voles to determine the extent and
location of "', ‘-ontamination of the
environment.
Radiation from gas samples from the reac-
r tor containment building on 1 April 1979
! showed that 'l was one of the radionuclides
L released as a result of the accident at TML
I The first evidence of off site contamination
by "'l was detected in milk samples of
r domestic animals taken between 31 March
|

*Department of Biology. Millersville State Col-
lege. Millersville, PA 17551.

tDepartment of Medicine, Hershey Medical
Center, Hershey, PA 17033,

29

and 4 April 1979. The maximum levels found
in cow's and goat's milk were 36 and
41 pCi/l., respectively (Bat79). Our objective
was to test the usefulness of (M. pennsyl-
vanicus) as a monitoring organism by using
this vole to determine the extent of "'l con-
tamination of the surrounding ecosystem by
comparing these results to those obtained by
conventional measures.

MATERIALS AND METHODS

The study area consisted of three sites in
Dauphin County, PA (Fig. 1). Site I was
12.9 km northeast of the damaged reactor and
served as control. Site II was located 2.3 km
east of the reactor, and Site III was 1.9 km
northeast of the reactor. The three sites con-
tained similar meadow vegetation and had not
been farmed for 2 yr.

Sampling stations were placed at 2-m in-
tervals along two 30-m lines separated by
8 m. Approximately 240 m* were covered by
the trapping grid at each site. Trapping was
done between 6 and 16 April 1979 inclusively,
and utilized two Sherman live traps baited
with peanut butter at each sampling station.
The traps were inspected and reset daily be-
tween 1000 and 1200 hr. Captured rodents

-
I
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FiG. 1. Radiation (mrem) isopieths for the period
28 March-3 April 1979 ia the vicinity of the Three
Mile Island Nuclear Generating Plant (adapted
from Dept. of Energy: Bat 79). Sute [ is 12.9km
northeast of the reactor and is not illustrated in
this figure, Site II is 2.3 ki directiy east of u>
reactor. and Site III is 1.9km northeast of the
reactor.

were killed by diethyether and transported to
the laboratory for analysis 24-48 hr after
capture.

Each thyroid ( < 4 mg tissue) together with
a piece of trachea dissected microscopically
was placed in a 12- x 75-mm disposable cui-

‘ture tube and analyzed for "'l utilizing a

Nuclear Chicage 1185 y counter with a S-cm
Nal scintillation crystal. Each sample was
counted for 10min and background was
determined over 600 min. Because of the
number of samples from each site, it was
possible to make site to site comparisons.
Counting efficiency was determined by
counting absolute standards in the same
geometry and matrix. Blanks for each sample
were analyzed for "'l content to determine
background counts. After subtracting the
background from the count rate. and samples
were corrected for "1 decay, since the "'l

assavs were conducted on different days dur-
ing the trapping period. Xe-135 was among
the radionuclides released from TMI and
emits a y of 360 KeV, which is within the
window for '"'I. However, analyses of dis-
sected thyroids taken from voles 24-<8 hr
after capture were specific for ' because
¥¥e is not concentrated in the thyroid. and
because the half-life of "*Xe is 9.2 hr and that
of 'l is 8.1 days.

RESULTS AND DISCUSSION

During the 10- day trapping period. the
number of voles caught was 20. 22 and 18 for
Sites 1. I1 and III. respectively. Oniy aduit
voles were captured. making age class com-
parisons impossible between the sites.
Analysis for weight differences between sites.
weight differences between sexes and weight
differences between site by sex revealed no
significant effects. In addition, sex appeared
to have no influence on the "'l content of the
vole thyroid.

Thyroids of voles {rom Site | contained no
detectable "I, whereas those from Site [II
contained a significantly higher amount
(Table 1). The highest level of "'l detected at
Site [11 was 11.4 pCi/thyroid. and the mean
v.lue obtained for this site was 5.6 pCi/thy-
roid. Analysis of variance revealed
that the sites did differ with regard
to the content of 'l in vole thyroids. p <
0.01. The Student. Newman. Keuls multipie-
range-test. at p = 0.01. indicated that means
for Sites I1 and III did not differ significantly.

Table |. {odine-131 activity in the thyrowds
of the meadow vole (Microtus pennsyl
vanicus) on 9 Apnil 1979 in the vicinity of the
Three Mile Isiand nuciear generating plant

I-131 activaty
(pCi/thyroid)
Sample Standard
Site size Mean* error
| 20 00, 08
I 2 y 5 S &
m 18 5.6, 12

*Means with the same subscript dou not
differ significantly: p < 0.01 (Feal = 6.76)
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but that the *'1 in vole thyroids from Site 111
was significantly greater than for Site [. At
p 0.05 the content of "'l in vole thyroids
from Site III was significantly greater than
that for animals from Site II. Analysis of
variance is robust. but it assumes homo-
geniety of variance and normal distribution.
Therefore. the data were tested for homo-
geniety of variance. skewness (g)) and kur-
tosis (g:). The caiculated values of g, and g:
for each site fell within allowable errnr and
an F.., test found the varances to be .
geneous. To assure significance the data wers
analyzed again non-parametrically using the
Kruskai-Wazliis and Mann-Whitney tesis.
The resuits were essentially the same as
those from parametric analysis. The between
site differences in '”'1 were significant at p =
0.001 and the Mann-Whitney test indicated that
1] content of thyroids from Site [1I was greater
than at either Sites [or [1. p = 0.01 in both cases.

The "1 content of thyroids from voles
captured at Site III decreased during the
sample period in a manner simila- to that for
the decay of 'I. This would suggest that Site
[l received one dose of "'l since such a
decline would not be evident in a chronically
exposed environmeni. Estimates of the dis-
trbution of ™1 released from TMI (Pa80)
indicate that the major contamination of Site
I1l occurred between 28 March and | April
1979. Althcugh the data describing the dis-
tribution of "1 are in agreement with our
findings. insufficient vole data preclude a
definitive statement. This points out the im-
portance of taking successive samples from
an environment thought to be contaminated
by a single release of a radionuclide.

While no other systematic sampling of wild
animals was underiaken in the vicinity of
TMI. some scant evidence is in support of
our findings. A vole captured 0.8 km east of
TMI on 25 April 1979 was found to contain
D1 above background (Un79). In addition, a
composite sample of rabbit thyroids from
animals taken 1.6-4.8 km northeast of TMI on
24 April 1979 contained 161 pCilg o
whereas none was detected in spleen. liver
and bone samples (Un79).

A number of explanations are possible for
the "' content of vole thyroids at Site 1L

Herbicides such as 2.4  dichioro-
phenoxyacetic acid increases uptake of "'l in
animals (So58: F162), hence high levels of *'I at
Site 11 may have been due to herbicide treat-
ments. However, none of the sites had been
treated with herbicides for at least 2 yr. Minute
amounts of "'l from local hospitals are dis-
charged routinely into sewer systems (C177)
and may uitimately contaminate rivers down-
stream. Since our animals and their food
source do not obtain water from the Susque-
hanna River, the contribution from this source
is negligible.

The mean concentration of 'l in the thy-
roids of voles from Site III was 1866 pCi/g.
assuming a thyroid weight of 3 mg. Elevated
levels of '*' have aiso been found in thyroids
from large mammals exposed 10 2 during
unconirolled releases from nuclear plants and
weapons testing (MaB80: Pe71: Bara6é. Beb0,
Has9: Co57). While comparisons of thyroid 'l
content between studies are difficuit. it is
apparent that the relatively small vole is as
offective as large mammals in monitoring 'L

In order to estimaie the impact of
radionuclide pollution on wildlife one must
consider not only the external irradiation of
organisms due to the dispersal of radioactive
material outside of the orgaunism. but aiso the
internal irradiation due to accumulation of
radionuclides in specific organs. While iso-
pleth data (Bat79) would suggest that the
voles at Site [II were exposed to I8 mrem
(Fig. 1), the actual radiological burden to the
vole thyroid may have been several orders of
magnitude greater. For example, the mean
dose of radiation from '"I to the thyroid of
voles from Site Il was 210 mrem using an
accepted computational procedure (Gr70).
This estimate is low for the following
reasons: (a) the thyroid with the highest "'l
content received a dose of 420 mrem: (b)
thyroid weight may be less than 3 mg, hence
the mean concentration of "'l was greater
than 1866 pCilg: (c) voles were exposed to ']
from 28 March while thyroid contents were
determined as of 9 April. more than a haiflife
after the major venting: (d) undoubtedly
other isotopes of iodine were vented and not
included in our assay of ''1; (e) mixtures of
jodine isotopes have been illustrated to be
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more harmfui than a single radionuclide for a
given dose (Bo80); and (f) fetal thyroids
concentrate radioiodine to a much greater
degree than those of adults (Pe71). Clearly,
thyroid glands of herbivores should be sam-
pled to assess the radiological impact of
radioiodine pollution of an ecosystem.

To test the validity of the vole as a moni-
toring organism we comp® 'd our data to
Dept. of Energy esumates = the distribution
of radionuclides in th. vi \. 'y of TML The
mean '] content of 1 *le t vroids for Site I1I
was 2.5 times higher t 2. that for Site IL
Sample Sites Il and IIl < placed on the
exposure isopleth grid calc - .ed for external
whole body radiation exposure to the popu-
lation around TMI by the Dept. of Energy
(Fig. 1); from these isopleth datza we est-
mated the ratio of radiation exposure to be
essentially the same as that for our vole data.
Estimates of the distribution of "'l released
from TMI (Pa80) show that the relative
degree of contamination of Sites 11 and III
also agree with our vole data. The use of
isopleths as indicators of exposure 10 "y ls
limited because (1) the isopleths are based on
y radiation emitted mainly from nobie gases
and are not specific for "', (2) sampling
techniques used for calculating the isopleths
are not standardized, and (3) the available
isopleths do not take into account radiation
released after 3 April 1979. Because the vole
thyroid, radiation isopleth, and 11 dis-
tribution data are in accord. the vole is useful
as an assay animal.

Domestic animals have been used exten-
sively in monitoring radionuclide pollution
with an intent to assess impact on humans.
However, wildlife are better indicators of
environmental contamination for several
reasons. First, contamination as measured in
domestic animals may underestimate actual
environmental contamination due to their use
of stored, and therefore uncontaminated,
food. This was evident in the levels of " in
thyroids of domestic sheep fed stored food
compared to those of sheep allowed to graze
(Pe71). Secondly, foods of wildlife may not
be the same as those for domestic animals
and may accumulate "'l to a greater degree
than domestic crops (Pe”l). For many

reasons the vole is ideal as a monitoring
organism. Because of the limited home range.
0.04-0.66 ha (Am69: Va69), and sedentary
habits of the vole the precise geometry of
environmental contamination can be deter-
mined. Voles adequately sampie local habi-
tats because they consume a variety of
vegelation equivalent to one third of their
body weight each day. Moreover. the vole is
used as a model herbivore (Sh76; Sh75;
Sh74). The abundance of voles enables one to
destructively sample thyroid giands relatively
easily and at little expense. The widespread
distribution of voles permits one to employ
them as monitoring organisms in a greal
number of situations.

Others (Ma80; Pe71) have stressed the im-
portance of using thyroid assays in evaluating
the radiological impa-.t of 'l pollution. We
found the content of "'l in vole thyroid
glands to reflect the extent of environment
contamination in the vicinity of TMI. Hence
it seems prudent to assay thyroids of voles
living adjacent to sites where "I is vented to
the environment. Moreover, the reservoirs
and fluxes of "'l in the vole should be in-
vestigated in the laboratory.
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Regarding "'l in Meadow Vole Thyroids

(Accepred |19 Apnil |982)

Dear Sirs:

R, KIRK questions not only the use of the vole to
monitor environmental contamination by 'I. but
also our specific findings associated with the ac-
cident at Three Mile [siand (TMI). In this reply to
Dr. Kirk's queries we provide additional evidence
supporting the use of the vole to monitor
environmental contamination by 'l

“'1 in Vole Thyroid Samples

While high resolution spectroscopy and radio-
chemical separations were not performed on our
samples. sufficient evidence exists to support our
claim that the vole thyroids were labeied with 'l

(1) There was an obvious source of 'l In late
March 1979 approximately 27 Ci of "'l were
reieased from the nuclear plant at TMI (US79a)
According to the NRC (1US79b), ’Xe and "*Xe

were the major radionuclides reieased as a resuit
of the accident at TMI: “traces™ of 'l were aiso
vented. Release of *''Bi. “'“Pb. *'Th. ®ac, or
pa has not been reported. and we have not
found any published reports of chromic con-
tamination of the environment by these radionucl-
ides.

(2) "I was positively identified in a rabbit thy-
roid and in an intact vole captured 1-3 miles NE of
TMI using high resolutionn y ray spectroscopy
(US79¢). These samples were taken from the
general vicinity of our site [I1.

(3) L. Van Middlesworth “considers that if 27 Ci
of "'l were released from Three Mile Island. it is
not unreasonable to find such small quantities as |
to 2 pCi "'l/g of sheep thyroid in Wales. 3600
miles eastriortheast of the release point” (Vasl).
This 'l activity was confirmed by gamma ray
SPectroscopy.

(4) Our counter was calibrated for "'l and used
a window of 320-400 KeV which observed ap-
proximately 80% of the '"'l v intensity. Hence
radiation from a vanety of radionuclides was
excluded from our assay. Dr. Kirk is quick to
point out that “**Ac. *’Pa, *“Pb. “'Th and *''Bi all
emit gammas within the window for "'l and
therefore would be assaved. *''Bi. *“Pb, and *'Ac
have half-lives of 2.15 min, 26.8 min. and 6.13 hrs
respectively, hence interference from them would
have been minimal because the thyroid sampies
were assaved 24--8 hr after killing the voles. Dr.
Kirk agrees with this line of reasoning with regard
to possible interferencs by “‘Xe. There is_the
possibility that the thyroids contained *“Ra. *“Rn
and “**Ra which generated *''Bi. *“Pb and ™Ac
respectively in situ. Of course one would have to
explain the origin of these parents through chronic
contamination of the study sites II and III: this
seems unlikely in view of NRC statements
(US79b). While *"Th and *’Pa have halflives of
'8.5 and 26.9 ¢ respectively, their y intensities in
the 'l window are in the neighborhood of 5 and
28% respectively, thus the chance of detecting a
decay of these nuclides is reduced.

(5) It is well documented that iodine ac-
cumulates in the thyroid. whereas the other
radionuclides (*''Bi. *"*Pb. *'Th. ®*Ac and *’Pa)
are concentrated in the lower region of the large
intestine and in bone, lungs. liver and Kidneys.
While "I activity was found in ruobit thyroid tissue
(US79¢), no activity was found in spieen, liver,
and bone saraples. Therefore, this suggests that
contamination by — Th and “’Pa to the total
activity in our assays was negligible.

(6) The activity in vole thyroids was congruent
with the geographical distribution of 'l as a resuit
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¢ ime avoigent at IMI I s mghly unihely that
‘s mattern wouid soincide with vhronic con-
tamination of the locale because the distribution of
"I was very Jdependent upon the specific atmos-
phenc conditions at the time of the accident.
Moreover. it is unlikely that such a relationship
would exist due to vamation in natural activity as
Dr. Kirk implies. We made this point on page 300
(FiB1).

Vole Thyroid Activity Siguificantty Above Back-
ground:

Although Dr. Kirk raises some interesting ques-
tions with regard to how the data were handled.
there is little doubt that the activity in the vole
thyroids was significantly above background.
Because we used common practices in handling
our data, we believed that elaboration was not
necessary in the onginal manuscript.

Prior to assaying each sample, an empty sample
holder was counted for 10 m to assess background.
Therefors. a total of 60 ten-minute counts were
made. Assays were conducted on four different
days. Analysis of vanance revealed no significant
day effect on the background count rate: in fact.
day means varied by less than 5% which is entirely
consistent with expected statistical varnation.
Moreover, controi chart analysis for any given day
illustrated no systematic bias in the background
counts. Therefore, it seemed reasonable to pooi

1
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the background count Jata and use one meun
background count rate. Since background assays
always surrounded sampie assays. the question of
diurnal vartations in background and instrument
response is not relevant.

The background count rate was subtracted from
sample count rate which did resuil in some nega-
tive counts. these vere not replaced with zeros.
Moreover. when acuvities were corrected for
dscay, the negative net counts were made more
negative. Naturally, this did increase the variabil-
ity of the data and hence increase the statistical
uncertainty in the analysis: however, it is the only
legitimate way to handle the data.

While we focus our interest on the mean "'l
activity in voie thyroids from a specific site and
designate all thyroids from that site to represent a
sample. Dr. Kirk views an individual vole as a
sample and deals with that datum. We were inter-
ested in the mean activity of thyroid sampies from
the three sample sites becaus= these numbers best
represent the sites; therefore, the standard grrors
of these means were presented in Table | of Fi 80.
This standard error included error due to counting,
environmental variations within the site. variations
between voles due to sex. etc. Because counting
error represents only one component of the total
site error. it would not be correct t consider only
counting error when comparing sites. Using D+
Kirk's one observation approach and his cal-
culated MDA of 6=13 pCi. it is obvious that our

Table |. Characteristics of wildlife which may be used to monitor ' in a naturai environment

*rypical® Individual Total
Home population Thyroid Thyroid
Range Dennity Mass Mass
Species (ha) (number/ha) (mg) (mg/ha)
House Mousc 0.3 50.0, 4.0, 200
(Mus musculus) "
Deermouse 0.9 20.0 1.4 28
(Beromvscus sp.) ’ y ’
Vole .2, 140.0, 44y 616
(Microtus nn vanicus)
Cottontail Rabbit 8.0, 5.0, 39.04 198
(fyivilgus sp.)
White Tail Deer 4.4, 0.2, 5180.9, 020
(Qdocoiieus virginianus)
Refecences: a(Pc 7%), B(AL 62), c(Bu 75), d(Cr 40}, eKa 75,, tiws 71)
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estimates of 48 pCi of activity harvested from site
IT in vole thyroids and 100 pCi from site III are
wuch larger than the MDA, In theory, additional
counting time would not alter the site means, but
would reduce the standard error. Yhere is no doubt
that the mean activities of vole thyroid samples
from sites II and IIJ are above background (P <
0.05).

We noted that “the 'l content of the thyroid
samples from voles captured at site [II decreased
during the sample period in a manner sitnilar to
that for the decay of "'I'; we also state in the
same paragraph that we had “insufficient vole
data™ to make a definitive statement in this regard.
Hence statement S by Dr. Kirk is of little
significance,

Dose to the Vole Thyroid

We did not determine the exact geometry of the
vole thyroid. nor did we determine the distribution
of "'l withir: the vole thyroid. In addition. we do
not know the biological half-time for iodine in the
vole thyroid. Therefore. we estimated the dose to
the thyroid as Dr. Kirk has elaborated in his letter.
However, his estimates of the degree to which our
dose calculations are off are grossly overstated.
First, he assumes that the biological half-time is
much lower than the phiysical half-life for "*'l. This
may be true and is an important consideration in
laboratory studies where animals are injected with
a single dose of radionuclide. However, we
assume the animais ingested contaminated food
every day and consequently the thyroid "'l level
was in a quasi steady state with the environmental
"', We do not know the half-times for the "'l
components of the environment with which the
voles interact. Consequently it seemed reasonable
to use the physical half-life of "'l in our com-
putations. Secondly, there is little reason to bei-
ieve that the distrnibution of iodine is uniform
throughout the thyroid gland (Wa71). in addition,
the doses within the gland will vary dug to 8-loss.
In an empirical study using a lobe of a mouse
thyroid with a mass of 1.5 mg, Walinder (Wa7l)
found that the dose to the center of the lobe was
80% of the dose to an infinite "'l source. The dose
at the periphery of the gland would be lower dus
to greater B-loss. Using this information and the
fact that the vole and the mouse are similar in size
and their thyroids are of similar size and shape. we

estimate the "'l dose (o the vole thyroid from site 111 -

_ 10 be 168 mrem. This is a low estimate for the
reasons stated in the paper on pages 299 and 300
(Fi81). in addition, this dose does not include the
external radiation estimated at | mrem and that due
to the presence of other radionuclides not assayed.

Lmportance of Sampling Thyroids from Wildlife

Although TLD's may be convenient to estimate
the distribution of radiation in a contaminated
environment, they do not interact with the
environment the way an organism does. Milk from
domestic animals also is a conven:ent sampie to
assess the extent of 'l contamination. In addition.
"' in milk provides an index of the 2xtent to
which "'l will enter the human popuiation.
However, because farmers will feed their animals
stored food and water in the event of suspected
contamination, milk samples will underestimate
the degree to which thke environment is con-
taminated. Because wild herbivores continuously
inhale air and ingest vegetation and water from the
eavironment in wh'ch they reside. they can be a
useful rgonitor to assess environmental impact of
:Muent ', Obviously all sampling techniques are
imperfect: therefore, a vanety of monitoring sys-
tems should be emploved to assess the extent of
environmental impact associated with nuclear
plant emissions.

A wild herbivore will be useful in monitoring 'l
if it has a small home range so that the region of
contamination can be identified and if the popu-
lation is sufficiently dense that a number of spe-
cimens can be obtained easily. Several small
mammals have small home ranges and often are
found at high population densities (Table 1). While
deer have large thyroids. their home ranges are
large and hence idenufying = location of
radioiodine pollutior would be difficult. Moreover.
they are difficult to capture and the sampling of a
number of individuals wouid destroy the native
population. Voles are able to produce a large
amount of thyroid tissue per hectare (ha). Popu-
lation densities as high as 390/ha have been
reported (Fr75), this represents 1276 mg thyroid
tissue per ha. Therefore. under some circum-
stances voles may produce more thyroid tissue oer
ha than deer. Moreover, voles are easily captured
and provide an index of biological variability in
that thyroids of many animals from a locale may
be observed.

Choice of spacies to sampie of course depends
upon which species are native to the area and
which are abundant at the time. While the voles have
the potential to produce an adeguate amount of
thyroid tissue per ha, they may not be abundant
even if adequate habitat is available. However.
because voles are easily reared. perhaps they
could be distributed in regions of suspected iy
contamination where natural populations are low
Subsequent capture and assay could provide an
estimate of the extent of the "'l pollution. This
approach merits investigation
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While public hea.th officials are most concerned
with potential hazards to the human population
and survey comporernts of the environment which
humans ingest. a survey of key natural populations
would serve as an early warning system of future
hazards. The '“'l content of vole thyroids from site
[1] was much greater than that estimated for
humans (LUS79b). Perhaps the vole would make a
good early warning indicator.

Dr. Kirk stresses the importace of proper
radicassay techniques in tae assessment of
radionuclide pollution, and we acknowledge that
we should have used y ray spectroscopy and
counted samples longer. However. the findings
would not have differed substantally had we done
so. Moreover, if one is truly concerned with the
environmental impact of radiodine poilution from
nuclear power plants, the thyroids of wild animals
can not be ignored (Pe71, Va8l). We conterd that
voles and other wildlife merit more attention in the
asessment of radioiodine pollution.
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NFC'$ GROSS UNDERESTIMATION OF THME RADIOACTIVE RELIASES

AND POPULATION DOSES DURING THE TMI-2 ACTIDENT
by Seo Takesnhi
Kyoto University Nucliear Reac:tor Laporatory

POFTLATION DOSI ESTIMATES

e e wll-vee SR Tanle 1
£ 5 2. |
P ~ Location ef 20 TLD stations depiovesd by the utility,
,rf"_:; , I — showing that there are no data at all for most of
.ty | I &
o " E the 160 sectors (10 different distance divisions in
=S £ - . )
| :T:!:j.il < the 16 direczions). Estimates of the collective dose
Lt S en ~ —- ané guantity of released radicactivity based on this
?3._‘ 7 . y poor data cannot be acrurate and should be consideradly
- — - {
AT N - under the actual level.
{1 Figure 1
A B
E-‘_:_ﬁ';‘, - l Eszizates of the collective dose made v the aé hoc
;- l commitzee. The collectzive doses are
5 ; w | vty OO0 wte) mm ,
E_. h ,_,-—-—Ju sicrnifizantly underestimated when TLDs are fewer
s |t = in numoer. Moreover, thers are nc NRC daza for the
{ - - ! -ty NI )
& ,.__——-—-——L! first 3 days of the accident. By carrestine these
$ P
Rerakig l deficiencies, the collective dose should be estinatec
[} 9% 318w s
TR R T T e oA to be at least as high as 16,2CC perscn rems.

Here, four differernt sezs of cozulative doses are shown:

(1) 1,600 person rems based on 15 TiDs deployed within the 8 mile-radius by the
gtilicy:

(2) 2,807 person rems based on 30 NRC TiDs in the same sectcors as above;

(2) 3,300 person rems based on 20 TiDs of the utility:

(4) 5,300 person rems based on all the 17 NRC TlDs.

These differences clearly indicate that the numper of dosimeters
affects the dose estimation. It has been pointeéd out that tne background radiation
for the NRC dosimeters was evaluated at too low a level) and zhat the data for the
first day, the period of March 3l-April 1, is not reliable because of the poor
maintenance of TLDs)’ It would be reasonable to suppose that the background level
was underestimated by 40 person rems per day. Consequently, the cumulative dose
for the period of March 31 thraugh April 6 is 460 person rems Ior the 30 NRC TLDs
within the B mile-radius, and 770 person rems for all the 17 NRC dosimeters.

2,800 person rems NRC TiDs (30 units)

- 2,100 NRC TiDs on March 3lst (30 units)
700
- 240 (40 person rems = & days)

460 person rems

5,300 person rems NRC TiDs (37 units)

o551 . ., NRC TLDs on March 131st(}7 units)
1,010
BN TS (40 person rems 6 duys)

770 person rems

P
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As & resulz, the collective dose for the wnole 7eridc bases on tne ALY o
30 IIRC dosimezers is approximately 2,000 person rems., anc 4,007 person rems fcr :
all the 37 NRC dosimeters, by addding 460 and 770 to the two 2.fferent seczs of
doses recorded by the utility for the Zirst three Says.

Based or these figures. tne jose for tne firs: tnree Zays wnen
NRC dosimeters were not Deing used shouid he estimatec as fo.icws The ratzio
of the dose received bv 15 TLDs of the utility for the period of March 31 through
Apzil 6 ané that for march 28 through 31 is

160 - 1300
1500

And as the 20 utility TLDs are concerned, it is

3300 - 3200
3200

The value of 0.0%5 is considered to be about thé averacge. Then, if from the very

= 0.07.

- 0.03.

pezinnine the 17 NRC TiDs 1\ad been set up, the dose of
770 / 0.05 = 15,400 person rems

would be aguired for the first three davs. this figure of 1:,.400, the dose cf

770 for the nex:t 6 days is acdded and the total of 1€,I0C persor rins is consecuently

estimated %o be the collective dose for the perioc of Marzn 31 throush Asril 6. ‘
Although the above calculaticn is A% estimatiorn whion icnores factors |

suss a: the possille changes In u:oo:cio;;:a; sondit.ons, there s evidence that

the actual dose could prosatly be far greater since 3T dosimeters can narily De

consicdered sciiicient in numder.

NSRS GAR RELDASES

|| - B v «
1 Figure 2

1 Estimuced nctle cas release raze v the vtility
The easliest two values tases on Zata from the TLUs

Ao -
-

are underestimatec As tc De .ess thnan one four

e
4 the aczual lewel.

T IR

Evaluating the released amount of radicactive noble cases solely on
the bases of this uncorrected TLD data, combined wizh the availatle meteorvlogical
information, cannot but result in an undurestimation of tne releasec levels. The
final conclusion by NRC (MG-OGOO)".dopu their own preliminary estimation made
in their July npon"of 1.0 X 10E7 Ci for the total amount of the noble cas releases.
This July report presents a sequence of the noble gas releases (see Figure 2)
tabulated after a detailed calculation with a computor system., However, such
detailed and precise calculations cannot Correct an extensive loss of actual,
basic data.

As already shown, the collective dose for the period of March 28
through April 6 should, by correcting the apparent technical deficiencies, be
estimated at around 16,200 person rems, while NAC provides the figure of 3,500
person rems {or the same pcnod." Here, the value of

3,500 / 16,200 = 0,22
should be adopted to correct the final estimation made by NRC of the amount of

R
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nodie gas reieases. Thus, insteacd of 1.0 » 10E7 Ci (or 9 JOE” Ci in terms of

%e~=123) shouléd be the estimate for the amount of noble gases reiecased.

ICDINE RELEASES

Figure *

Racdicactive iodine reiease rate based on T™MI-2
vent monitors (charcoal cartridees) '

It is clear that during the first two weeks the
time intervals between cartridge chancings were
signigicantly longer than the following weeks.
This indicates that for the first two weeks there

i

s
_.'
Foaasd a2 adaiail a2

should be a major underestimation in the iodine

reieases. The actual iodine guantity relieasec

= ==

during these two weeks mav have been ove several

.
'

hundredfcld of the level est mated by NRC.

It is clear that during the perioé before April 14 the averace
sampling intervals were seven to eight times longer than those during the period
after April 14. Also it should be noted that afzer the sampling intervals became
shor=er, the declining gradient of the release rate was at a higher lewvel by
several zenfoléds from that for the period between Marzh 28 and April 14.

The Japanese Atcmic Energy Commission's second report on the T™i-2
accident starves that this sudden rising of the moniored iodine release is due %o
the filter crangings done between Apsil 12 and April 207 If this were e case,
however, the effects of the rezlacement of filte s would appear in peaks rather
thar in the overall increased level as shown in Figure 1. Moreover, acseriing
to the NRC staff repors published in June, those cariridoge changings were done
not during April 1i2-20 but on April 20, 24-25, and May 23-24.°

Therefore, it seems reasonadle. instead, to exzlain this stIance
behavior of the monitored iodine releases & follows: For the first two weeks
the charcoal cartridges were changed only every day or every two days because
there existed a real danger that workers replacing the cartridoes would be exposed
to sxtremely high levels of radiation. This period was the most critical phase of
the plant's status with an extremely high iodine concentration in the ventilation
system. There also existed unusual amount of agueous vapor. Under those conditions
the absorbent capacity of the cartridges must have been rapidly minimized, resultinc
in the unusually low level of indine concentration as shown in Figure 3. NRC and
the utility did not make any corrections on those values recorded from the vent
moniotors in their estimates of the actual iodine releases. This is inexcusable.

Pigure 2 and 3 indicate that on April 20 the approximate guantity
of released iudine and noble gases were 1.4 . Ci/sec and 4,700 .Ci/=ec respectively.
The ratio of jodine to noble gases is

1 / 3,400.
The reason for obtaining the ratio from the time pericd of April 20 is that the
noble gas radiation monitors in the plant ventilation exhaust whic* went off scale
at & Wty early stace had been recovered by then so that direct measurement of noble
gas releases were available, and that the time intervals between charcocal cartridoe
changings wvere short enough to provide relatively reliable data. Then, if we assume

that the ratio of iodine to noble gases was relatively constant, we can estimate the

- 3 - -



iodine/nocle sas ratio for the perioc right after the begraning of the aczident

to be around .
1 / 8,800

by taking the different half-lives of xéd;nc and noble gases 1nto account.

As the Tozal amoun: of released noble gases 1S st least 4.5 » 10£7 Ci,
the total released icéine snould be vsil zed to be over 5,10C C:i.

However, the above assumption of constant ratio between iodine and
noble gases demands some discussion. First, iodine concentration in the effluent
air depends on the temperature of the liguids. During the early stages of the
accident the temperature is expected to have been consideradbly high so that the
ratio would be much greater. For example, Table II-3-3 of NUREG 060C provides
the ratic of 1 / 700 for the time period a little before 7:00a.3. March 28. Also
on page 1I1-3-20 of the same report it states that the major release of noble gases
began around 7:00a.®:, March 28 and that a few hours later the 2ajor i0dine release
started. Thus, it 1§ very probable that af+er these few hours whe ratio was much
greater thas 1 / 7CC which corresponis to the guantizy of 64,000C5i. I% is alse
reporwed that even during routine operat.cn these 1o0édine £ilters had b".-; usec
at DMI-2" and there seems o be no reason to neate the value of 1 / 700.

Conseguently, even the most conservaszive calculation would estimate
the total iodine quantity released during ‘the accident %o bde £ 100CI. There Tremain
reascms T expect that the released iodine guantiTy was far creater <har 64,0C0C2
as indicated adove.

Among the survey data in a cask grouwy repOr: to the presideczial

*

- aa '
commission, there Are some Iragmentary data %o challence NRC's meSnviacing esT zation

of rmisased iodine. Por ewample, (1) 1.2 X 10E-8 ,Ci/ce 0f airborne 1-111 caoncents

w=on

recorded at 2:27p.3., March 28 in Middletown (2.6miles, norih), and (2) 9.6 X LOE-dull/c=

during 4;00-6:00p.m. at an off-gite location, are hundreds or a thousand Times larver
shan the values expected f£rom the assumed release rate (several ten ,.Ci/sez) on
which NRC's estimation of the total iodine release (14Ci) was based.

Alsc, Lake Barrett reported the ‘race of 40 uCi/sec of iodine release
at ™MI-1 vent stack (6:00a.m., March 29)7" Now, according to the July regor:; the
rate at T™I-2 vent stack was a;:bmuunly a hundred times greater than ™I-1l.
wis leads us to estimate that radiocactive iodine was rrleased into the atmosphere

at the rate of 4mi/sec from TMI-2 at that time of the accident. This value is

approximately two hundred times greater than the quantity shown in Figure 3.

(Excerpts from the author's review published in Nuclear Engineering Vol.26,n0.3)
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4@- Monte guéndz, Ph. D,

CONSULTANT IN CHEMISTRY
AND CHEMICAL ENGINEERING

o 0201 WEST W2IND AVENUE
Joseph S, Roda (Aamodt) ®ROOMFIELD COLOAADS 80020 June 14, 195+
301 Cipher Building A il
36 East King Street
Lancaster Penn, 17603 phone: 717-397=3791

Dear lirs. Marjorie Aamodt and Mr. Roda:

MY PHILOSOPHY

I am pro-nuclear. That is, I am in favor of nuclear reactors,
provided they can be designed safely.

It is my opinion that scientific work that is not classified should
be published in the open literature and subjected to peer review, and
should not be presented for the first timo in the court room.

I cannot answer the question of whether the TMI Unit 1 should be

reopened because I don't have sufficient information.

LEAK PATHS AND CONTAINMENT

There is in progress a DOE funded study on leak paths from TMI reactors
and auxiliary buildings. I am not directly involved in this study, so
I canﬁot answer the question of whether leaks will occur in the future
under any circumstance -- normal operation or during an accident.

Papers in progress by me will show that containment of noble gases
is inadequate during a partial melt down which was the case during the
THMI accident. This inadequacy might exist at all nuclear reactors as well.
Therefore, I am in the process of proposing development of constructural

changes to provide containment until most of the radioactivity has decayed.

HEALTH EFFECTS FROM THE T™I ACCIDENT OR PREVIOUS LEAKS

Epidemiology studies for long term effects such as cancers are
being funded by the IMI Public Health Fund now, partly as a result
of Mrs. Marjorie Aamodt's work.

Epidemiology can show a correlation between health effects and
the THI accident or perhaps previous leaks, This correlation should be
coupled with a cause and eflect study involving environmental measurements,
dosimetry and short term health elfects such as fetal deaths, skin rashes

and burns, and bloody dialilhirea.
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ENVIRONMENTAL STUDIES ARE ABSENT FOR THE AREA AROUND TMI

Long lived fission product concentration profiles in soil and lake
sediments as a function of depth have not been developed., 1 am proposing

that this be done after I Hevclope a relatively inexpensive method

of analysis,

Intermediate lived fission products such as zr-95 (ti=65 days)
and Ce-144 (t¥=204 days) as well as Sr-90 (t3=28.6 years) and
Cs-137 (t1=30,2 years) and gross gamma fhould be moni tored at several
air sampling sites around nuclear reactors by the State and County
health departments, and on a global basis by DOE's Environmental
Measurements Laboratory (FML). The EML did this until April 19378.

long lived gross alpha and gruss beta in air samples should be
monitored by the State and Counties at several sites. Colorado Department
ol' Health and local counties jointly collect more than 1,000 samples

per year.
Short lived actinides or their progeny should be measured in

autopey liver, lung, bone and testes of people who lived around T!I.
Short lived actinide progeny have been found in autopsy tissues of
people who lived around Rocky Flats at the time of Rocky Flats accidents.
I »n writing papers about the health effects of Am-242 and progeny and

Pu~236 and its precursors on people around Rocky Flats. These short
lived actinides bioaccumulate in specific organs and can be detected

in autopsy tiessue while they are below detection limits in soil and
sediments., I am proposing to develope a method of analysis for autopsy
studies that includes short livea actinide progeny and long lived

fission producte. |
Chromosome abnormalities in white blood cells of peopie living
|

arcund TMI should be studied. This has been suggested by several people.
I am proposing that this be done after I develope a relatively inexpensive
m2thod of analysis., A proposal [or methods development is in progress.

Short lived fisgion products such as noble gases like Xe=13%3 and

Xe=133m and their health effects can only be determined after the

proposed work has been completed.
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DOSIMETHY

Post TMI health effects reported by Mrs. Marjorie Aamodt such as \
skin rashes and burns, hair loss, vomiting, and bloody diahhrea are
characteristic of doses of at least 100 rem. By contrast, scientists
at the TMI Public Health Fund's Conference on Dosimetry reported doses
less than 0.1 rem, Due to this apparent contradiction, I am in the
process of writing papers to show the need for proposed work, the type
of experimental data to be obtained, and how the data will be used. The
following is a summary from 3 of the papers., These will hopefully
be published 9 months from now,.

POTENTIAL PHOION TRANSPORT MODELS FOR Xe=133 AilD Xe-133m

The principles involved and the type of data are illustrated in
Appendix B: The basic data concerning interactions of photons with |
matter such as attenuation, absorption, and scattering coeflicients
are reviewed periodically and reported by John Hubbell, National
Bureau of Standards. Using the more recent 1975 and 1982 data which
Dr. Hubbell sent me, J po:nt out some contradictions with data in the
energy range cor-espondirg to Xe-133 emissions and the need for research
in this area. 1In spite of the contradictions, I use this recent data
to develope a photon transport model. The dose rate to a person
surrounded by an infinite cloud of Xe=133 of uniform concentration
is 6 times larger with the new data than with older 1969 data,

Dose build up factors are calculated from the transport models and
are shown to be s;gni[icantly different from dose build up factors
calculated by Chiiton, Eisenhour, and Simmons who used a method of
function fitting, which is independent of a transport model.

Experimental deteimination of build up factors in the energy range
of Xe-133 and Xe-133m emissions is necessary.

At this point in time all dose rate caleulations have been based

on a pyramid of assumptions. Ve do not have experimentally verifiable

values for a given concentration of Xe-133 or Xe-13)m.

10
43
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'

From dose build up factors, the dose rale to a person on the ground

- \

from a shallow cylinder 50 ceters thick with a diameter of 1 km, which .
‘contains 1 pCi/cc of Xe-133 is calculated for various elevations of the r§
cylinder., These calculated values vary by factors of 2 to 3, depending o
on which basic data is used and which build up factors are used, .g\;
PLUMES FROM THE MI ACCIDENT iz 1

¥ 4

Dr. Charles Eisenhour, National Bureau of Standards, a former
member of the President's Commissioﬂ'on the Accident at TMI, sent me
the "Sequence of Events" from the Task Force Reprt On Health Physics
and Dosimetry. Using this data, plumes are described as a stack of
cylinders with different concentrations of Xe-133 or Xe-133m when that
was the dominant species in the cloud., The thickness and elevation of
the plume as well as its vortical‘concentration profile can be described,

S

7 ana P>

provided measurements were taken at two or more different elevations.
The first two to five minutes of a plume is shown to have the

same radiation level, expressed as R/hr, as that in the auxiliary

Since the auxiliary building monitors went off scale at about
15 R/hr, the early rcleases were in excess of 15 R/hr, on the average.

Later plumes were at least 1.2 R/hr, on the average.

building as indicated by dome monitors. J!‘—'

HOT TRACKS AND PLUME TOUCHDOWNS

“Hot" is commonly used to describe radioactive matter, while "cold"
is commonly used to desrribe nonradioactive matter. Two accidents at
Rocky Flats Plant,:September 1977 and February-lMarch 1978, were tracked
by gross beta air measurements by Colorado State and County Health
Departments. The average value in a track was 20 times that of normal
background, and the maximum value was about 7 times larger than the average.
A track makes several plume touchdowns as it passes through the air.
The radioactive material is air born and travels with the wind to far
distances. Using kML data, the tracks could followed from Colorado

to Montana, Alaska, NYC, Ontario, Greenland, Miami, and to Livermore

(near San Francisco). A@
}
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This means that the carly plumes frow the 1MI accident at touchdown,
gave an exposure of atilctst 15 R/hr on the average or 105 R/hr maximum.
The early plumes could have much higher radiation levels, but thexe
was insufficient data to estimate the exact level. .

The time span of a touchdown is estimated and assum:d to be related to
the touchdown time for a tornado. A tornado traveling 25 miles per hour
spends about 4 minutes on the ground, It is assumed a hot track traveling
5 miles per hour will spend about 20 minutes on the ground.

With these assumptions, the estimated dose from ezrly plume touchdowns
is 5 to 35 R at the minimum. This is almost equal to 5 to 35 rem. About

3 R will Wmdmy—mntimated minimum dose

/
’;sfﬂbnszstent with the numerous reports of a metallic ttste~a111; the

It is shown in Appendix A that the beta dose is 100 rads/hr, which
is 1,000 rem/hr for a quality factor of 10 for beta emissions. 'This means ;
that people exposed from the early plume touchdowns received about 300 rem. )//

And, this is quite consistent with the health effects reported by Mrs, I
Marjorie Aamodt! o

/ -
/’//

S~ __The -sccidents of September 1 921_;nd4Fcbrua:¥—l9?8‘tt‘ﬂocky Flats

are distinguishable from atmospheric nuclear bomb tests by the feollowing
methods. (1) A sharp rise in air concentration of radionuclide occurs
with an accident, whereas a bomb test generally gives a rise spanning

2 or } months. (2) The ratio of Cs-137 to Ce-144 is characteristic of the
cause of the nuclear criticality and consictent with the type of

accident and not a test bomb. (3) the long lived beta activity in air

is 20 tiwes that of normal background for accidents, whereas no increase
(or only a barely détectable increase) in beta activity is observed with

a bomb test, (4) The increased long lived beta activity can be relaled

to progeny of short lived actinides in autopsy tissues., A paper explaining

this relation is in progress.
THYROID CANCEAS

Womer are more sensitive than men, Thyroid cancers can be caused
by external radiation as well as by internal radiation from I-131, A
study of 11,000 subjects in Isracl who were externally irradiated with 6 to 9 rads

showed 10 excess cancers. Hyper and hypothyroidism often precede thyroid cancer,

(f
o
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ALBREVIATED RESUME

Summer Fellowship (by invitation) Brookhaven Nat'l Lab, Long Island, MY,

B. A. 1957 Reed College, Portland, Oregon
M.S. 1963 Chemistry, Univ. of Colorado, Boulder, Colo.
Ph.D. 1966 Chemistry, Univ. of Coloradc.

Member of the Transuranic Waste Systems Office which monitors and
advises DOE on waste projects to be fundéd - 1978
One paper on Remote Handled Transuranic Waste In The DOL Complex
Coordinated other labs, Rocky Flats, and my responses tn proposed
waste acceptance criteria for a deep geological waste repository. These
suggestions were all accepted.
All proposals for initiation of projects to be performed by others
or by me were succdssful and accepted while I was at Rocky Flats.
Six papers were written on implementing at Rocky Flats Plant a
very sensitive gamma-spectrometer developed by scientists at Los Alamos.
One paper on liquid wastes from various buildings at Rocky Flats,
This allowed correlation of the ¥eb, 1978 accident with environmental
measurementa.
Three papers on conversion of Pu nitrate solutions to Pu oxide
for nuclear fuel.
Interx reports on Pu peroxide precipitation at Rocky Flats.
These allowed correlation of the Sept 1977 accident with environmental
measurements, '
.:EZBP Advised the attorney representing owners of land around Rocky Flats.
o My phone has been bugged and these conversations plus his communications
with Rockwell havc:fesulted in an out of court settlement by the DOE and
Rockwell, the contractor for Rocky Flats.
I have been invited to submit the papers in progress for publication
in a new Journal by the National Academy of Science and for publication

by the International Symposium on Radiation Physics.

ENCLOSURES:: J)
Appendix A
Appendix B ? 7%7:22, g

(Provided at 31-45)




R. Monte Greinetz, Ph,D.
Consultant in Chemistry and
Chemical Engineering
10201 West 102nd Avenue Page 1 of 3
. Broomfield, Colorado 60020
303-466-6043

December 13, 1984
Mr. David Berger
1622 Locust Street
Philsdelphia, Pennsylvania 19103
Dcar Mr. Berger:

Thank you for inviting me to the November, 1984 workshop
on radiation doses to populations around Three Mile Island, TMI.
There are several types of doses shown in Figure 1 which were not
discussed at the workshop, I have discussed some of these with
Dr. Jock Cobb. A few nights ago I discussed my calculations for
doses from 133Xe with Dr. Karl Morgan who would be pleased 1if you
would make copies of the following information and distribute them
to members of the advisory committee for their next meeting
December 17, 1984,

133

Beta Radiation from Xe, Whole Body Exposure to External Radiation

In Appendix A the dose rate [beta rads/minut;] = 1.6 rads/min

peé,MCi/ch is derived. From Charles Pell- + s presentation, 131I

6 4 133

during the first 24 hours was 0.5 x 10 AJCi/CDJ, an Xe was

expected to be at least a million times larger during the early

releases. This gives:
(1.6 rads/min per'}JC1/cm3)(0.S.uCi/cm3 of 133Xe) = 0,8 beta rads/min

: = 4B beta rads/hour
\ = 1,152 beta rad/24
\ hour day

\
N\

A dispersion model is necessary to estimate the\ie;ual 1BBXe concen:,/

\\\»‘ : -

tration in the cloud engulfing a specified population, The aztual

3

concentration will be less than 0.5 uCi/cm” by some factor.

“ChHe

N

€9




Greinitz, page 2 of 3

At present, I think beta rads delivered to the surface of a 39
person's skin are important. Even though the range of 133x¢ beta
particles is only 0.1 cm in tissue, the unbound electrons and ex-
cited electrons fall into vacant orbitals and release X-rays and
florescent photons with a continuous spectrum of energies ranging
from 0.1 MeV down to the visible region., These secondary X-rays
can travel several cm inside tissue, Also H' and OH' radicals are

produced with travel by the douino effect through tissue.

X and Gamma Radiation from 133Xe, Whole Body Exposure to External

Rahiltion

The gawma dose rate due to 0,081 MeV gamma rays from 133Xe
is derived in Appendix B, The X-rays have not been considered yet.
Therefore, the followiag is only a partial dose rate for photo?g_\
from 133xe, : |

(0.583 gamma rads/min per MCi/cm3)(0.5 MCi/cm3 of 133Xe) = 0,293 rads/min

= 17.6 rads/min \

.

/\/\/\—/\“\r—v\,\\ = 422 rads/24 .
/\/\/\‘/\/\/\/\/\/\/\/\’\/\ hour day _ -

V" / — / \Q)
This partial dose rate is larger than values discussed at the workshop- N

o -

by several orders of magnitude, If I neglect the contribution to the g

o3

skin surface from photons originating up to 500 meters from the skin

7/

surface, and {f 1 neglect the fraction of attenuated photons which

are absorbed, then I can calculate an improper dose rate of 0.068

gamma rads/24 hour day. This improper dose rate is eimilar to the

L

1P rgo er o
o P

individual doses discussed in the workshop. L e

\»
s F

Inhalation of Short Lived Actinides from Thermal Neutron Reaction?

_Since IJ?CO contours exist in soil around TMI, 1 expect &

- e——

«C7~
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small amount of short lived actinides were also released during the 4{&

accident, For major accidents at Rocky Flats Plant, 1 have shown
| that nuclear criticality excursions occurred by correlating wind
direction £t the time cf the accidents with the geographical
pattern of 137Cl and ?%r in soil; with autopsy data by residence;
with epidemiology results of others; and with time patterns from

137

lake sediment depth profiles of Cs and normal Pu isotopes from

Rocky Flats released during the accidents., The time patterns were

developed jointly by people from Woods Hole and the DOE's Environ-
mental Laboratory. More recently 1 have heard of an article on
fetal deaths which confirms these findings.

These short lived beta emitting actinides in autopsy tissue
are the result of inhalation of just one or more radioactive
particles. 1In all cases where the time lapse was sufficient for the
cancer latent period, cancers or tumors developed, This is an

{mportant lung term effect of accidents,

Other Categories of Health Risks and Doses

All the categories shown in Figure 1 are pertinent to the TMI
accident itself or to the clean up operations. Since U and Pu that
resulted from reactor burn up are present along with fission products

in the Containment Building, the problems are going to be similar to

those encountered 'in any Pu and U facility. One special comment about
water which workers will think they have decontaminated sufficiently
for release to the public waterways, The evidence here in Colorado
from Dr. Carl Johnson on U in drinking water indicates that existing
limits are probably too high for other actinides and for gamma

emitting fission products alsu. This area needs more work.




The Bulletin
of the Torrey Botanical Club

Editor-in-Chief James E Gunckel :
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I have carefully examined a few specimens of cawman plants ccllected

shortly after the accident at DMl and compared then with specimens collected

nore recently. The current abnormalities are probably carried fcrward ty

induced chroancsomal aberraticns. There were a runber of anamazlies entd rely

canperable to thcse induced by iorizing radiation -- stem fescietions, prewth

stimulaticn, induction of extra vegetative buds and stem tumcrs.

Nost of the sten abnermalities described in the Jiterature, and in my own

experience, are induced by relatively high doses of X or famma rays extending

over a poeriod of usually 2-3 mcnths. FNotatle exceptions, however, are sirmilar
re. .onses to beta ray exposure fram radioisctopes (P32, Znés, Cnhs) and for

onlyr 24 hours, In cther words, it would have been poscible for the types

of plant atnormzlities observed to have beeb induced by radicactive fallout

oan Varch 29, 1979.

In discussing the gereral ticlorical effects of irradiation, same c.ari-
fication may ve helpful. In plants, the dose rate (e.g., mr/hr) is much more
impertant than total dose (e.g., mr/yr) in inducing abtnormalities. Furtrer,
the “quality factor" for pamma and beta radiation is not the same as gmmerally
assumed. In fact, I have incaontrovertitle experimental results to show thct
beta rays are at least a quality factor of two in piarts,

I am the world authority on modifications of plant growth and development
induced by iondzing radiations, having researched this area for 3L years at

the Brockhaven National laboratory and &t Rutgers University. The three

F O At

James F. Ounckel

review pepers appended attest to my expertd se,






NY SOUDIEINED youRasey | Aey], | YSREIYSIW W SEe Saad) RO 441 IVY) SIUSWILILG IS SeawgRooly Peuid

UOWIHOS | g 2lam A MaGe As LUPIP | S SWioleq 10U 0P SaaBd| YR0 Pamoys *W§!~itﬁlg
{INOGE AN YN YL I I o | DI ] Peiep Yee aany ) PR £ E
¥

1
VI_fl-“ .. Smdu peg AU el A8 SUO | CWNBLES UEY) GOHNWpE: o) Jusiee siam o
1 - 1UOP AN 00T | PEAGE | LT WUOWO PUY  SUOMIMPIGE PUN Seifi] | %3 20U s O sPespuy, aued 1wy e g 3 . — YSeRey Yy 005 Be §
NG Julod el 32 Ay feRdunt) | Depaed gite N0 ay) oS VIS 0F JUL | S3Npe] O U0 am S0e49 (VUGS ou ueeq Il AjeIuYep S . S, SN 0N Sea m vc”M..l. Wedaey o, oeg u) swowoy Asc
P P vetsw- PUL AJda W wonen P AU IN] SOAWON W UGHIEIPET | PRY elell NG eeWiead wwie) oyt Yiim Il U QIege— 30 oY) DU miw U g&hg‘l § VRS ~anaas pey wdn ousig o |
MU Wenead S ] sem W) WEROUL | “1ON] U SIEEEG U0 Ryl W JUaDnDe | A yorga aued W wonde 4yl do SUO RS p wofjeh axi] pewopd &
4 AUa Pedel | vioele umd O Apnis | apganes 3w siund uo wone JO NIOe] | eRIUNG) PEed | BIngELINE] U STueptees s {ig ml-l&’u WO Wooq ¢ Buuuide
UL ) BUIPUD) GO Yaey N3 PEY wonen | i v _shuoeje PUS siowiv] Woij sitwieid uj avuodses bt e, At . Vodied aqy apwduoy -
SURLUE Wenedd eyl e pies aapun Al GIuaN e gl P Siuswiiad | Ul UORSTRWG ) AN ’ P _63 SN 823 Yo auy sbo‘._ o Siam SQULAY pus sdyn
L AMBOP (01 10U NUNGD | - Te es0q] U1 Paedicnakd ogms jenount) Nq pensst 1:00a1 Ogel ¥ GLI0 OFHON | 0% UIPPLS oyl Yile “PiEs 3 _yung | ” »h&.!‘"ﬁ“...lv.llt.c —t e el 3Gy sym ‘Gap |
FUs M I PS(] 2264 ap N0 N S911 NEO GGGw B N OF Sad | UG JUAWWOD 0] 14RIUNS) DINSE | LU AR ROA O TEYm g, Sxega Hoom 1 auQ,, » o eand Jagooy sapiey
LUDIE \ey) oSy SERWED YONW S $0im) ~ 09 18 SPUOW 315 YU 1 WYL PUS Shedm | mop i) 1 00ey 1 I00YE) anide L FRPISHNUL Aq pavneo usag | « NN SRS B B I8 W, S| SR AGRIaUaa )
Vi Kl Slef] UMSRIP BIQ § SANNW 1] | Raeads J0] VP € Vs Udaes JO S0P BN m GLES dunlled § 18 | DUNO.J 4y U0 (uiT | MABY PINGO Al KR0S Ylew.. PIoS | Uy 300] noA CAmAu flew G PafIseu SSACY 10843 [{eU
PIVS 44 SARI 113G 40 282 BIWEE I00GS | EIPEI 3 Peatedad saBYy U] JLUR UGS | -S9W AQ PAIdaje < wusid G 19) 05 LLUONBIPEL AG PesREC diam Wisage
R N0 WEE 13y WNeGE aoH
mouy !ngws!a e, pres
Japs) | ARy UO PUBTS] iy SRl | JESU PUND) SUGHSPUEP JUBINL 2| PUE [BULIOU U0 TSuasud paxiy cuc...g.o..!.lg.: veg-ln
st e . . 2y o . Ay ey pegdwiuiey A U Junes 8
: g e T ; - .“ NI PURCE 10U PIP S PRIUNG Paiied |
-~ L % s 7 o - ) Woiy noge) o
\J/ s | = ORI D et | pineo pasiasqo pey ays sanieuiaouqge syl
-ar .f.. i g J.J 7T . > .5. i 4 .........-;n\ =62 .1“ 2!-5-.2&1-.‘5.@2 b
e et e SR R i s, g MATPS W em phasys a5 S0 e
P S oy T S S i/ e g R Se T TR 1eRung I 01 W jon Aosase |,
ops” \ 4 . -~ ' » 8% 3.1 LSusssoads moa 18 300
F : \ Wi ‘\ A)\N ... : T SN 0] Jues [EIaeda GE 35 Pnovs
o r : \ i ST N NOL A0 31 sadd flem 88 GE0E D04 g,
- il ‘ ‘ \\a 43 B S L3 PR | uonmaecie) gaeg a1 dome
ol % \ol.lu. b ¥ i 35 01 UGl 3w seane ajdum yulyg) 3 uop |
N— 4 \ 3 'el‘d.: e Wogs sy aenped
S . T [O04% YRy JO IBAG YL W WAL a8
ho \. . & aded A HINUNUY LS SEWOING 6) (Gl ai)
] Sy s T L \/ Sdiswe prrem 44 WY AlENIUR Peteds 1
\‘ PR _../ \/.q VOGS JuewiIaaud I U 31 UNUS Y
P %1\ £ TR O »ra.' -5 Weds a JUIPHEIP U B [BRIURG) ING
- \.\.\ v . % IR E NSNS 10 WBLIIGE aq Jequie
p 4 \ = . i Seavd) 84 08 WalRAR Ulea JRO
o 3 £ . : : WEA § 234} § 0 JusmidCjeasp ¥20|G 0F Lan
~ y F . < ¥ * . ) RIPRI SR dsumse 20} TR M Wwewde : - < Puncidyoeg
. > "3 4‘). ...., L ol = S S ,— - R zisisjgig' € « : P i ol
; meE v (\ 8 w'\.jf/ "Gl Lo N Tan N auegine Juipsay s plaom ) N [RXOURS o PO sapek BoijjiE om 0}
. - / Nyt ¥ R A " P 1} o u.u_um UAUYR0uig I8 YAIBaal JUNINPUO) S0 o = ] aNGoilGas; joueDN
. P & C s E P YR o) NS a3 uads oya punG Seamp | - 9 3 N
+ S o e 1 1 A M| Told Loavas Y - weey 7 suodnes pus samod iwej
. a5 -t R = e 35 e ! A0 F TNy
- P ik By Y P AL VI ST g e e s i e o n.len...zszn.o.....u‘_-h..
- .\“\\ " o .- l\\t\W‘V we oo ﬂn =" ” PR oy e -
9y~ e g R gl B e ' T pus ye emd jo _iseso) moidkere., o s o o
Afgly Jp . o A R\ o L &N .,.\\.".._. — .!i;. . Lum | pal W, wieg
Tt SRy W AN ot o S == GBS 45 e Bungood [INL w4 a
v 23 { i b A AR Lol 2 a\ 4. SaGaden PUN Lanog Jo Sunusuc) uep . 9 2
a3 ' e -, WUaiaa LT A g gy aed swnnd, 20e-G1 ¥ paiseis 3y Uaasy ejiuntp Sy W -
5 | Y i g AU .o o _\w “PUN 41 O 100 apeEd ¥
i 7 R Y A e TR s v TR L CRAR L YN W (aau qem men quiq walasp e -
"y " o iw § PR o | e e AY Y ) aiee) Spuws] [[eysany g peany
5L T Pt A ' F o ol SRS 4 cn..r/.l”u.r Ty puUB SPuUnCd 16e) IBIpRU Juayds SU PRty s W
4 l.l\ A i BBl 5 ' | '.,.Hf..,,.,m AV\\WH\- tlll-..o .fo.“.c.:e-ct-»uztzg.:iﬂu-. JURUU US e ANE
- . ‘ T o Ve S W& 0 Juwd O SUONEASN G PIEl »OLBDG Y 0 (UG Jeem #y) o
~ & : ‘ P AR g " e W NEE Asw BUONEN Uaa 3 PUS Bieq Npye- g
E sl ol AT 3 i e e 22wy B S AT wioqe] | N Yyooiy oy ' Lisuonapad-ad o B
~ =y e b e e ;LI»J.M.wA-!Bi!gv.!ininl.ti . @ wds ® P
‘mouwds ploury iq aep gy swe A3 RREAUS G PUE EIUIP U1 JNGOm (1P bl ans
~0fuIq U UONBIPSI O PiaY NS MR | ogup sam ¥ Jexdop Siy Pres _Buresm e pedum g
Ul DNl BuiDEe] Oml M: O () EE«-E%’-’II’ s —
e D028 [Biepa) AjuG 7.1:._...: _.-.._c...l..l.a‘x 4____-.__ “ u‘.ﬁ.l sdndid Fuipasesd
Wt ey Qoasasas uesiusanold - "
oy quiies apiaGid Ajuis
B el Y wape pwe vqe)

> 4 ..\ L Foage wumpd
uo ' 3 hp ' pom | lesmesod!
1. pesand ays pres ciogsg TN

\\
\ 1 ey i0m daid A JUGHIG T A3




REPRINT FROM

ENCYCLOPEDIA OF PLANT PHYSIOLOGY
EDITED BY W.RUHLAND
VOLUME XVI
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SPRINGER-VERLAG / BERLIN - GOTTINGEN « HEIDELBERG 1961
(PRINTED IN GERMANY)

lonizing radiations: Biochemical, physiological
and morphological aspects of their efleets on plants®.
By
J. E. Gunckel and A. IL. Sparrow.
With 1 figure.

I. Introduction.

Tle accumulation of information concerning the effects of ionizing radiations
on plants has been closely tied to developments in the physical sciences. The
discovery of X rays by RoENTGEN in 1805, of natural radioactivity by BECQUEREL
in 1896 and of »duced radioactivity by Cumie and Jorior in 1934, and more
recently the mony advancements associated with nucloar energy programs have
all contributed {0 and stimulated the investigation of the biological effects of
jonizing radiations. A measure of the growth of interest in plant radiobiology is
given in the recent literature survey by Seaxrow (1957) who noted that for the
first 25 years following ROENTGEN'S discovery an average of less than 10 papers a
year were published as compared with an average of at least 200 papers per year
for the years between 1950 and 1955 (see also SPARROW, BINNINGTON and Poxp
1058, for a listing of papers in plant radiobiology 1896-—1955). This trend seems
to be continuing.

While it is obvious that no scientific investigations concerning the effects of
man-made ionizing radiations on plants could have been undertaken before the
discovery of these radiations, it is equally obvious that the naturally occurring
ionizing radiations (e.g., cosmic rays and those from radioactive elements) were,
nevertheless, producing their biological effects since time immemorial, and that the
cumulative effect of these radiations might conceivably be of considerable evo-
lutionary significance. The recent concern over small increases in background
radiation due to radioactive fall-out reflects the opinion of many biologists that an
increase in the background level of radiation, if continucd over long periods of
time, may produce significant biological effects, mainly genetic. However, since
this paper is not prim-.rily concerned with genetic effects we shall not discuss this
aspect further. Recent reviews of the very extensive literature on the genetic
effects of ionizing radiations on plants include those of Axauro Careio (1955),
Koxzax (1057), Smrra (1958) and of a number of authors in Acta Agriculturac
Scandinavica (vol. 4, 1954), Brookhaven Sympesia in Biology (no. 9, 1956), and
in the Proceedings of the International Conferences on the Peaceful Uses of Atomic
Energy held in Geneva in 1955 and 1958,

This review is mainly concerned with the non.genetic effects of ionizing
radiations on plants. The literature in this general area has been reviewed earlier
by several authors (GAGER 1936, Jouxson 1036a, BRESLAVETS 1946, ScurLy 1953,

* Research carried out at the Brookhaven Nationa' Laboratory and at Rutgers, The
State University (contract no. AT-30-1.1120) under the auspices of the U. 8. Atomic Energy
Commission,

(9 ¢
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UNITED STATES
NUCLEAR REGULATORY CONVMISSION

WASHINGTON, D C. 20555

August 13, 1985

NOTE TO: B1i11 Travers, Deputy Program Director
FROM: Mike Masnik, Technical Assistant

REPORT OF BOTANICAL ABNOKMALITIES IN THE YICINITY OF THMI-2

At the July 18, 1985 Advisory Panel Meeting in Lancaster, PA, 1 was
given a packet of documents by Ms, M. Osborn, In that packet was 2
report on botanical abnormalities in the vicinity of TMI-2. The
documents alleged that the abnormalities were the result of radiation
released from TMI-2., During the course of the meeting Ms. Osborn, who
requested that the information be provided to the Advisory Panel,
approached me and requested that the document acdressing the botanical
abnormalities be returned to her. I expressed my own as well as the
staff's interest in this matter, particularly the report of aberrantly
large dandelion, Taraxacum officinale, and returred the document. I
2sked if she would mind being contacted by 2 staff biologist concerning
the abnormalities and in particular the aberrant dandelion. She said
she would be happy to talk to the biologist and gave me her telephone
number. I provided the number to Dr. G. LaRoche, EEB, who arranged for
a site visit to examine the abnormalities first hand. The trip was
scheduled for August 1, 1985, On July 31, 1985, Ms., Osborn callec me at
work and informed me that she would 1ike to cancel. She said she talked
it over with some other people and agreed that they would rather not
show the plants to us at this time. 1 expressed my disappointment and
offered to reschedule sometime in the future convenient to her. She

said she would Tet me know.
Vi
) / )
/’/KQ Vi (D, oo 4:

Mike Masnik, Technical Assistant

cc: G. LaRoche
A. Osborn
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

October 29, 1985

Ms. Mary Osborn
4951 Highland Street
Swatara, PA 17111

Dear Ms, Osborn:

I received your letter and as I have mentioned before both Dr, G. LaRoche
and 1 are still interested in meeting with you to examine some of the plant
abnormalities you have brought to our attention.

In your letter you spoke of inviting Dr. James Gunckel on the field trip.
We encourage you to include Dr. Gunckel; however, we are not in a position
to pay for his traveling or other expenses.

s of :
-2:85 . Either Dr. LaRoche or I will give you a call next week concerning the
0 (ML possibility of getting together in th2 near future.

Attached is @ copy.ef Dr. LaRoche's professional qualifications; also, EEB
is the initiais of Dr. LaRoche's organization - the Environmental
Engineering Branch.

We have added your name to the distribution 1ist for the Advisory Panel.

Sincerely,

Michael T. Masnik, Ph.D.

Technical Assistant

Three Mile Island Program Office
Office of Nuclear Reactor Requlation

Attachment:
As stated
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oa PROFESSIONAL QUALIFICATIONS

Dr. Germain LaRoche
U.S. Nuclear Regulatory Cormission

Washington, D.C.

14

As a Land Use Analyst in the Terrestrial Resources Section of the Environmental
Engineering Branch of the Division of Engineering, USNRC, I evaluate the
potential environmental impact on terrestrial ecosystems and land use.

Prior to being employed by the NRC 1 was director of Terrestrial Ecology for
a private consulting firm for three years. In this capacity I directed and
conducted baseline studies of proposed nuclear or fossil fuel power plants,
and large urban and re-reational develcpments. For ten years I taught at
colleges, attaining the rank of Associate Profecsor of Biology. These
colleges were: Empire State College, Albany, N.Y.; State University College
at New Pxltz, N.Y.; Manhattan College and Bronx Community College, Bronx, N.Y.;
and Holyoke Community College, Holyoke, Massachusetts. Among the graduate
and/or undergraduate courses I taught were Ecology, Plant Physiology, Plant
Taxonomy and General Biology. I have also conducted forest and range manage-
ment research with the U.S. Forest Service in Florida for 2 years,

I received the Ph.D degrc: in Bot. .y-Plant Ecology from the University of
Massachusetts at Amherst in 1969, the M.S. in the same areas from The Catholic
University of America in Washington, D.C. in 1958, and the B.A., in Biology
from The Catholic University of America in 1957. In 1950 I graduated from

the Stockbridge School of Agriculture of the University of Macsachusetts as

a a Floriculture major,

I have also attended the following Symposia and Institutes:

- Coastal Mapping Using Remote Sensing
- Biological Evaluation of Environmental Impacts

- Land Capability Classification and Integrated Inventories for
Land-Use Planring

- Physiological Adaptation to the Environment

- Primary Productivity and Mineral Cycling in Natural Ecosystems
- Environmental Analysis Workshop

- Remote Sensing for Natural Resources

- Rare and Endangered Plant Species

- Energy Sensitive Land Development
- Bayosian Reliability Analysis
- Intergrated County Level Data



R

The Use of Remote Sensing Technology in Environmental Studies
- Water Resources - The Role of the University Community

- The Economic and Social Impact of Environmenta) Changes in the
Great Lakes Region ]

- Summer Research Participation Program for College Teachers
- "Isotopes and Radiation Science"

- "Evolution in Vascular Plants"

Chemical Ecology of Animals

I was elected to the Society of Sigma Xi in 1958, have been a member of the
Ecological Society of America since 1957 and of the Society of American
Foresters since 1972.

L4

Publications:

LéaRoche, Germain "An experimental study of pcpulation differences in leaf
morphology of Aquilegia canadensis L. (Ranunculaceae)" 1978. American
Midland Naturalist 100:341-349,

“Effects of Light 1nteﬁsity. photoperiod and gibberellic acid on leaf
characteristics of Aquilegia canadensis L." Bulletin of the Ecological
Society 57 (1):26, 1976, Abstract.

"The effects of restricting root growing space on the phenetics of Aquileaia
canadensis.” Bulletin of Ecological Society 54(1):22, 1973, Abstract.

1972 Report of a grant from the State University of New York Research
Foundation entitled, “Determining the speed of germination in seeds of
Aouilegia canadensis L.

"The ecology of red columbines in Western Massachusetts" Ph.D. Thesis 1969,

"Secondary Succession", pp. 113-115 in Research Problems in Biology
Investigations for Students, Series 2, 1963, Anchor Books. Doubleday & Co.,
Inc.

“A phytosociological study of the aliuvial floodplain forest community in the
Patuxent Wildlife Refuge.” M.S. Thesis 1958,

Seminars Presented:

1976 at York College, City University of New York entitled, "Decifering the
ecological control mechanisms of Aquilegia canadensis' geographical distribution,

1972 at the University of Montreal entitled, "Technique de diffarenciation des
controles génétiques des contrbles environnementaux dans les variations
morphologiques d'Acuilegia canadensis LU.*




Below are ex:ergts from the booklets DOr. Gunckel cave us. This
explains why even knowledgeable people have difficulty in accepting the
fact that radiation camage occurred in the plants aroung TMI.

Most of the radiation effects described are guantitatively
rather than qualitatively different from those known to occur
in unirradiated plants. (273)

You have mothing that is not known in nature - you seem
to be speeding up the frequency of these events. (279)

Most, if not all, radiation induce effects are teratological
responses observed in nature, but the frequency of such events
is markedly accelerated. (373)

A large variety of leaf anomalies has been noted in irradiated
plants. In any given species, one or more of the following
changes may appear; dwarfing, thickening, roughened or urieven
texture, puckering of blade, curling of leaf margins, distorted
venation, fusions, cup-shaped or tubular leaves, color changes,
and premature abscizsion. (272)

Irradiated flowering plants may show: increassd height, thick-
ening & fasciation of floral stalks, delayed and/or reduced
flowering, premature or increased flowering, color changes and
somatic changes, or high degree of sterility and modification
in form and number of floral parts. (597)

Fasciation of stems, while not uncommon in unirradiated plants
occurs so frequently in irradiatec plants that it may be
considered a typical radiation effect. (375)

It should be emphasized that the results fnr one species should
not be extrapolated to another, as the responses of different
species or even different forms or varieties within a species
may vary. (595) An example was given-if you have an apple
orchard with many different kinds of apple trees, and they
were all exposed to equal doses of radiation, some trees could
be injured while other trees are unaffected.

Dr. Gunckel and Dr. Sparrow wrote in 1961, "it is obvious that
the naturally occuring ionizing radiations were producing their biological
effects since time immemorial, and that the cumulative effects of these
radiations might conceivably be of considerable evolutionary significance.
The recent concern over small increases in background radiation due to
radioactive fallout reflects the opinion of many biologists that an
increase in the background level of radiation, if continued over long
periods of time, may produce significant biological effects, mainly

genetic.” ((4.555)
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February 20, 1989
|

CERTIFICATE OF SERVICE
This is to certify that SVA/TMIA application for en appeal motion
for a stey, comments to the Nuclear Reguletory Commissioners anc
notification of temporery change of eddress have been sent this 21st dey

of February 1969 by first cless prepaid mail to the enclosed service list

and to the Nucleer Regulatory Commissioners.

Frances Skolnick



