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Dear Colonol Yeenstras
:.nd I.
"rnnin.
" (-as glad to havo your letter of Dco:t.er 23, 1953. Dr.
have Leon interested in Coin.- over tho clculations nado by Kr. o-ndhaus.
flora coploto aonitorin: data then Las ,vai-able i.cn Dr. Tumnin: no
his calculzttions Lndicate3 dit th ficu.arc3 for the monitor's (otc r-to
readin at Cedar City uze-l irj flr. Sondkhus ire r.,ch to* lo:. Thi,
neturally rosults in calculated do)saCo frxA Ioino-131 1Io tho l!rch 2!4
In V. report that I ax erclocin.: :-r v.ur
shot v.ich is much too lit.
inor-nation account has teen taken of t.%oprobable dasaco fro.. Icriiratl32.
We reco ico tl-at a fi,-uro of 20 eq. ft. of vo'et-ton arew.od to be3
or ln,.cr
gracod over (aily is an catL-ito and that talc could bo h .rd6r.ondins on ch do.,;ity of the ro-ytation. It is doub.Pful thiat Cll
1.1iA1
La
in',catcd.
ot-etion
and
on
t?;o
vor
vaild
rernin
tLea
activity
of
larger areas ni, t hjvo ton zrewd ovcr 1 it Lo al.o-t terUin ti.at not
e rprcbaili;r of
Cal of ,o activity vzuld h.v* boon w:Tcsted. Thts,
gra:in,: over a lorror trea ould lioly La cutc:-lalnraccd ii r.11 .1C'cr
vero mado for tho fact that not. 11 of t.o activity irauid bo iu,-s" -,A,
The calculated values of possible activity in tne tons re fa" hi:lc'Uaan has LCcn fourd in actuiai ector-,natino of rad(;ioactivity ini avaro3.

bons s.cL-mns Pro.i afectod 1ords.

In cdditicn to ry report on tho veep loasca, I 0a ro-ttn, you a coy;
r,-e'tlly
of a report fro. tho loo t.lt.,o3 t.cicntiflc L abratory onw;.
I'roducod :eta Loions 1- Lhap, -and a rcport fr.l i.-Jford on Io-inc-13
Toxicit, in c:.Cup.You 1;11. lcao probt.ly he intcrmatcd in scatin- the
c',ap w-" bs-ot.to:ent rndo ay th vario, -c, -a I:ho exy-d-rd t c':e

Sinceroly yours,
ceuDr. Gordon Dunn
S.
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Annex 35 to Appendix E
COMMENTS RECEIVED FROM THE DEPARTMENT
OF ENERGY, AND THE REPLY THERETO
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Department of Energy
Washington, D.C. 20545
March 20,

1980

Ms. Dale Eberwein
Special Assistant
'Subcommittee on Oversight and
Investigation
2323 Rayburn House Office Building
Washington, D.C. 20515
Dear Ms. Eberwein:,
This is in reply to your telephone request for Department of Energy
comments on the report, "Sheep Deaths in Utah and Nevada Following
the 1953 Nuclear Tests", dated August 1, 1979, by Dr. Harold Knapp.
Last fall Dr. Knapp requested that we forward his report, which was
assumed to be a final document, to a number of the individuals who
participated in an earlier investigation of this matter in the
1950's for comments. Some comments on the report have been received
and forwarded to Dr. Knapp. In addition, Dr. Knapp has been in
personal contact with a number of the individuals to whom the
report was sent. Dr. Knapp also has provided us with copies of his
correspondence with these individuals, including comments from the
Department of Health, Education and Welfare and from the Defense
Nuclear Agency. Furthermore, we have discussed this report with
staff of the Environmental Protection Agency and have been told that
their comments may consist of several reports over a period of time.

3,

Inthe letter forwarding the report to the Honorable Edward H. Kennedy,
United States Senate, the Honorable Bob Eckhardt, United States House
of Representatives, and to the Hinorable Scott H. Matheson, Governor,
State of Utah, Dr. Knapp states, "Forwarded herewith is a report which
concludes that the unusual and unexplained deaths of thousands of
sheep in areas downwind of the Nevada Test Site in the spring of
1955 can be attributed to fallout from nuclear tests". (We believe
that Dr. Knapp meant 1953 and not 1955.) Dr. Knapp implicates fallout
as the primary cause of death of the sheep. However, the comparative
contribution of fallout as a cause of death versus other possible
causes of death for the sheep and lambs is not developed by Dr. Knapp
in any rigorous way. Other possibilities that could explain the death
of the sheep are mentioned, but are not pursued.

E-35-1

1101
3

It is expected that in the course of conducting and completing this
review, the issues raised by Dr. Knapp will be addressed.
We vil be pleased to keep you informed on this matter.
Sincerely,

Tommy F. McCrar
Physicist
Office of Health and
EavIroimental Reaearch

Office of Znvironmnt
cc:

Dr. Harold Knapp

Dr.
Dr.
Dr.
Dr.
Dr.

AV~

John arley, EML
McDonald S. Wrenn, U. of Utah
John Auier, ORNL
Le K. Sustad, Wash. St. U.
Roger 0. McClellan, Lovelace

Dr. L.R. Anspaugh, LLL
Dr. John H. Rust, University of Chicago
LCol. Ed in T. Still, AFRI
Dr. H. Goldman, UCLA

TYcCraw/bh
3/18/80
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RESPONSE TO THE COMMENTS RECEIVED FROM
THE DEPARTMENT OF ENERGY
These comments are helpful in clarifying the issues and
in gaining perspective on what did or did not cause unusual
deaths of sheep following the 1953 nuclear tests.
To facilitate this response, the paragraphs of Mr. McCraw's
letter have been numbered.
Paragraphs 1 and 2 require no response.
Response to 3. The typographical error 1955 for 1953 was
corrected and the correction provided to the DOE on 15 August
1979. With respect to whether fallout was the primary cause
of death or a contributing cause of death in conjunction with
environmental stresses which were evidently especially severe
in 1953, I see no reason to argue, nor do I see any way in which
I, or anyone else could hope to separate the relative contribution of the various possible causes of death, in even a nonrigorous way--the unknowns are simply too great. In asserting
that the sheep deaths could be attributed to fallout, it was
meant that there, exists a reasonable and straightforward set
of assumptions--not considered by the AEC at the time--as to
the quantities of radioactive material ingested, and the resultant biological effects on pregnant ewes and fetal lambs, by
which fallout could have been responsible for the unexplained
deaths of about 12 percent pf the pregnant ewes and 24 percent
of the newborn lambs. It is not claimed that it has been proved
rigorously that fallout was the sole cause of death, or the
primary cause of death--only that fallout is the simplest explanation of the primary cause of death, and, as noted in the
response to Dr. Still (Annex 31 to Appendix E), I'm perfectly
E-35-4

1103
willing to accept the argument that fallout was only a contributing cause of death in the sense that the deaths might not
have occurred in such unusual numbers had the range conditions
not been especially severe in 1953. With respect to rigorous
arguments, the AEC managed, in its extensive original investigation, to completely avoid considering the dominant biological
effects on the pregnant ewe and the fetal lamb from ingestion
of fresh fission products, namely the gross beta dose to the
GI tract of the ewe, and the effects of radioiodine on the
thyroid of the fetal lamb.
Paragraph 4 is correct.
Response to 5. The lack of reports of digestive disturbances in the sheep is important, but for the reasons discussed
in the responses to Dr. Taylor (E-30-32 thru 37, E-30-57 thru
60) it does not seem to me they are conclusive. The sheep which
died were not the sheep examined; there is some doubt that the
sheep examined were representative of the ones which had been
afflicted and recovered. Monroe Holmes is not wholly consistent
on this point ( paragraph 1 v. paragraph 3, page E-14-7). The
attorney for the sheepmen indicates that the sheep which survived were not typical of the ones which died (Appendix 1 to
this Annex). The possibility that the sheep could have been
affected by blue tongue (E-30-42 thru 45) which might not have
been recognized or considered at the time can be dismissed.
It was considered and not concluded to be the cause of the
sheep's affliction (page E-17-9, last infectious disease listed).
But again, it is not intended to argue that factors other than
fallout could not have contributed to the sheep's death. It
should be noted, however, that even though the cause of death
was not explained at the time, it was generally recognized not
to have been attributable simply to malnutrition or other
straightforward environmental stresses. Something unusual
happened, and in view of what can now be stated about the matter, it is difficult to avoid the obvious, namely that the
unusual element was the radioactivity ingested by the foraging
sheep.
E-35-5
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Response to 6. The original AEC investigation very much
considered (and emphasized) the exposure of the thyroids of
adult sheep. It was known, however, from the Hanford experiments that irradiation of the thyroids of adult sheep could not
have been responsible for their death on the time scale experienced by the Utah range sheep.
What the AEC scrupulously avoided
was any discussion of the effect of the exposure of the thyroids
of fetal lambs, except to be misleading as to the effects about
which it had experimental data. This aspect of the original
investigation is discussed in detail in Annex 31 (E-31-28 thru
34), Annex 33, and Annex 34 to Appendix E, and in the final
letter of transmittal to the House Committee on Oversight and
Investigations.
Response to 7.
It is also Dr. Knapp's view that the explanation of how the sheep died has not been supported by the
persons who have commented on the paper thus far. But the
comments received have all been carefully, and hopefully
convincingly, responded to, so that everyone concerned, including
Dr. Knapp, can now sit back and review the whole matter once
again, and see if we are perhaps not in reasonable agreement.
But again, in response to the last sentence of paragraph 7, it
is not contended that fallout was the sole cause of death of
the sheep, nor is it contended that it has been rigorously
and scientifically proved that fallout was even a necessary contributing factor. What is claimed is (1) that there exist a
reasonable and straightforward set of assumptions which permit
one to attribute the cause of death to fallout or to fallout in
conjunction with environmental stress, and (2) that the arguments whereby the AEC concluded that the death of the sheep
could not be attributed to fallout did not take into account
the simplest and most dominant mechanisms whereby pregnant ewes
and fetal lambs would first die as a result of eating fresh
fission products, namely the reasons summarized by Mr. McCraw
in paragraph 4 of his comments.

E-35-6
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Response to 8, 9. The writer is gratified that the
Department of Energy will conduct additional reviews in the
matter of the sheep, and he is appreciative for the assistance
given to him by the Department to date, and to the specific
efforts of Dr. Burr and Mr. McCraw. The response of Dr. Bustad
(Annex 33) has been instructive; it was hoped that Dr. Dunning
and Dr. Pearson might have clarified what appears now to have
been major omissions in the original investigative effort, most
specifically the question as to the quantities of fresh fission
products which could reasonably have been ingested by sheep
grazing in the fallout pattern of the NANCY shot, and the effects
of the isotypes of radioiodine in fresh fission products on the
thyroids of fetal lambs. But I would emphasize to them that its
easy for me to be critical in retrospect, and perhaps even easier
to misconstrue the problem. They were there at the time and
struggled with the problem; I was not. Perhaps everyone who is
inconvenienced by an effort to reconsider the sheep 27 years
after they died can at least take some wry satisfaction in the
opinion expressed by Dr. Trum in a letter to Dr. Lushbaugh
dated November 4, 1953:1 "I have no hope of ever finding a single
cause of these deaths or symptoms at this late date."

1

(Pages 2484-2485, Reference 8 of Annex 34 to Appendix E).
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March 5, 1980
Dr.

Harold A. Knapp.CMI-A"

21900 Davis Mill Road
Germantown, Maryland 207671

Re:

.PC."CH

Sheep Cases

Dear Dr. Knapp:
I apologize for the delay in my response to your letter
dated January 15, 1980. We have been attempting to identify
the name of the Colonel requested in your letter. I have now
decided to give you the answers that we do have.
With reference to the sheep utilized for pathological
studies, you are advised that the sheepmen did not participate
or designate the ones so selected. In every instance, they were
sheep which had survived and were not typical of the ones which
had died several weeks earlier. Unfortunately, the ones
which obviously had the most trouble were already dead and
were not therefore available.
As to diarrhea, the sheepmen indicated that this is
common with sheep and occurs whenever there is a change of
feed. Diarrhea involving five or ten (5-10%) percent of the
flock would not be unusual and would therefore not receive
special attention or comment.
None of the sheepmen were of the opinion that blue-tongue
was present at this time of the year. They were all familiar
with the symptoms for this disease, but stated that it was not
present or common for the spring of the year.
As to the statement by Monroe Holmes that the first
skin lesions were observed on March 20, all were of the opinion
that this date was not the date given to him. All of them stated
that the sheep were trailed towards the lambing grounds In April
and that the statement of lesions being noticed as early as March
20th is totally inaccurate. Although you stated you had statements
from the various sheepmen, I am enclosing photocopies of two
E-35-8
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Dr. Harold A. Knapp
March 5, 1980
Page Two

documents given to me at the meeting in Cedar City which bears
on this issue.
As to the nature of the forage, all were of the opinion
that your estimates were conservative and more than likely twice
the area would have to be covered to sustain each of the sheep.
By this time you should have been contacted by one of the [in-law]
relatives of the sheep ranchers who works for the Bureau of Land
Management in Cedar City, Utah concerning more detail data in this
regard.
When you state that the beta radiation to the gastro-intestinal
tract was a contributing case, you are accurate in legal parlance so
far as liability is concerned. One does not need to show that a
particular cause was the sole proximate cause or the only cause.
Legally, it is sufficient if it was a substantial or material
contributing cause. Therefore, it is proper to take into consideration
the debilitated condition of the sheep because of range conditions,
strain and stress because of pregnancy and trailing into the home
base, and any other such factors so long as they do not completely
eliminate the cause or effect of radiation. Certainly sheep in
that condition would be more susceptable and could not withstand
the harmful effects of radiation, but would rather be more susceptable t, traumatic effects because of their condition. There was
no doubt in my mind when I tried the case nor today that radiation
was a significant and material contributing fact. No similar syndrome
was ever observed before and there had not been any observed since.
Only those principal sheep involved in the two principal detinations
were affected.
I
time of
and the
commend

am sorry that we cannot be more precise, however, since the
the fallout the memories of those still living have blurred
specific details are uncertain. Nevertheless, I wish to
you for all of your effort and your assistance.
Sincerely,
KI

$CONKIE

Dan S. Bushnell
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Or. Artnur H. 'off, D.V.rI.
Associate &udn for Rsearc¢
School of Ptuollc a-hltn
University or Illinols dt te ;eoical Ctr.
P.O. Box oQJ
Chicapo, Illinois WO
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Dear Dr. iolff:
Recently ur. Paroled Knapp has reexamined tnfor.oton relatln9 to sleep
etnjis in auiiasmu kevoaa folowinj tne 1L3 nuclear tests. ie lis
asKeu If we woula provide a copy of nis sxuuy to those of you wiio
contrioutu to tit earlier lnvastitjtion of tis :md.tter so that you
migint COi..:llL or otter suyqjstions. we also wish to ootain coL e.ilts
trota mdouitionai experts ,) tnls rtelu.
Weare enclosing a copy of his report for your review. Please seala
your corh'.nws on tis report to mr. To~:y iicCraw, Operdtional and
Environmental Satety Uivision, Office of Environs,,ont, E-cul, Oepartient
of Enzry, F1asitington, u.C. zo-,
y Septe,.wer 6j, W9. If you nvav
questions re6ruin j this Literial, lican oe reached at 30l-4b3-372I,
or FTS eJJ-3/21.
we appreciate you assistance.
Sincerely,

we W19
Burr, g%-MD., Director
Office of mealth- and Environmental
Research, Office of Envlroraaent
Enclosure:
As stated
bcc: 40.00cCraw, EV-123
EV-1 Reader File
EV-30

. EV-30
BURR:kw
9/6/79

Identical letters sent to those
on attached list.

1109
List of Addressees:
Dr. Arthur H. Wolff, O.V.M.
Associate Oean for Research
School of Public Health
University of Illinois at the Medical Ctr.
P.O. Box 6998
Chicago, Illinois 60680
Lt. Col. R. J. Veenstra, Retired
402 Zia Street
Alamogodo, New Mexico 88310
Dr. Stephen L. Brower
Professor, Graduate School of Management
Brigham Young University
Provo, Utah 84602
Dr. Gordon Dunning
P.O. Box 1153
Green Valley, Arizona

85614

Dr. John H. Rust
Professor of Radiology and Pharmacology
University of Chicago
950 East 59th Street
Chicago, Illinois 60637
Dr. Harry Kornberg
Electric Power Research Institute
3412 Hillview Avenue
P.O. Box 10412
Palo Alto, California 94304
Dr. Lyle B. Sasser
Comparative Animal Research Laboratory
1299 Bethel Valley Rd.
Oak Ridge, TN 37830 '
Dr. Paul B. Pearson
Department of Family and Community Medicine
University of Arizona
Tucson, Arizona 85721
Mr. Nat Greenhouse
Brookhaven National Laboratory
Upton, New York 11973
Mr. J. E. Dummer
University of California
Los Alamos Scientific Laboratory
P.O. Box 1663
Los Alamos, New Mexico 87545
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2Mr. Bruce W. Church
Chief, Radiological Branch
Nevada Operations Office
Dr. John A. Auxier
Director, Industrial Safety and
Applied Health Physics Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
Dr. Leo K. Bustad
Dean, School of Veterinary Medicine
Washington State University
Pullman, Washington 99163
Dr. Edward Wrenn
Department of Anatomy
University of Utah
College of Medicine
Salt Lake City, Utah 84112
Dr. Charles Mays
Department of Anatomy
University of Utah
Salt Lake City, Utah 84112
Dr. Marvin Goldman
Director, Laboratory for Energy
Related Health Research
University of California
School of Veterinary Medicine
Davis, California 95616
Dr. Roger 0. McClellan
Director, Inhalation Toxicology Research Institute
Lovelace Foundation for Medical Education a Research
P.O. Box 589U
Albuquerque, New Mexico 87115
Dr. L. R. Anspaugh
Environmental Sciences Division
University of California
Lawrence Livermore Laboratory
P.O. Box 8)8
Livermore, California 94550

E:-3s*-

.
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3
Dr. John H. Harley, Director
Environmental Measurements Laboratory
U.S. Department of Energy
376 Hudson Street
New York, New York 10014
Dr. Robley 0. Evans
4621 East Crystal Lane
Scottsdale, Arizona 85253
Reynolds Electrical & Engineering Co.
ATTN: Jay Brady M/S 543
P.O. Box 14400
Las Vegas, Nevada 89114
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ANNEX 36 TO APPENDIX E
COMMENTS RECEIVED FROM THE ENVIRONMENTAL PROTECTION AGENCY,
AND THE RESPONSE THERETO
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D.C.

X(460

OFFICE OF
AIR. NOISE. AND RADIATION

SMAR 3

1980

Honorable Bob Eokhardt
Chairman, Subcommittee
on Oversight and Investigations
Committee on Interstate and
Foreign Commerce
House of Representatives
Washington, D.C. 20515
Dear Mr. Chairman:
A copy of the report by Dr. Harold A. Knapp on the deaths of sheep
in Utah and Nevada as a result of the 1953 nuclear weapons tests was
transmitted to my office for review by your letter of August 21, 1979.
In that letter you requested an evaluation of the scientific evidence on
the cause of sheep deaths in Utah and Nevada as compiled in the report.
In addition, in a second letter dated September 10, 1979, you requested
that the Bioeffects Analysis Branch of the Office of Radiation Programs
comment on the implications of Dr. Knapp's conclusions for human health
hazards In residents of the area downwind from the teat site during the
1951-53 period. The report titled "Sheep Deaths in Utah and Nevada
Following the 1953 Nuclear Tests," with Appendixes A to E and Annexes
El to E28, has been reviewed by our Office of Research and Development
Las Vegas Laboratory (ORD/LV) and by the Office of Radiation Programs
(ORP) in Washington. Comments prepared by the staff of the Office of
Research and Development (Las Vegas), Animal Investigation Program, are
. appended as Enclosure 1 and those prepared by Office of Radiation
Programs' Bioeffects Analysis Branch are appended as Enclosure 2.
From this review, we conclude that there Is not sufficient
information in Dr. Knapp's report to discriminate between postulated
effects of fallout on the sheep and the normal spectrum of diseases and
clinical conditions that develop in pregnant sheep on range. Further,
we conclude that Dr. Knapp's estimate that 20$-40% of the fallout was
deposited on forage and later eaten by the sheep is too large. We
estimate that the maximum amount of such fallout that the sheep would
have eaten Is about 5$ in a year of good forage and even smaller in a
drought year such as described in the report. Therefore, the doses
received by the sheep would be considerably smaller than estimated by
Dr. Knapp.

E-36-1
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3.

In addition we conclude that there were anomalies In the clinical
and pathological responses attributed to the effects of fallout in the
sheep; for example, the symptoms of hypothyroidism in exposed sheep were
reported by Dr. Knapp as appearing within about 30 days of exposure to
fallout 1-131. Sheep given comparable doses of 1-131 under laboratory
conditions do not show symptoms of hypothyroidism for 60 to 300 days.
Moreover, the pathology observed in surviving "representative" Utah
sheep is not consistent with the exposures Dr. Knapp calculated but
rather suggests lower exposures. Based on the physiology and clinical
veterinary medicine of sheep, radiation exposure is on-'of the less
likely explanations of the causes of the sheep deaths reported in Utah
In 1953.

9.

We doubt that Dr. Knapp's conclusions, even if correct, would have
much effect on estimates of human health hazards from this period of
atmospheric weapons tests. The sheep considered in Dr. Knapp's report
were not on ranges near population centers or large groups of humans.
Since his report concerns grazing animals, exposure estimates for the
sheep would not be relevant for estimating human exposure. Human
exposures in areas having a disproportionate amount of fallout, "hot
spots," similar to those where sheep were exposed were discussed in
testimony at hearings of the Joint Committee on Atomic Energy in 1963
by Dr. Knapp and Dr. Charles W. Mays of the University of Utah, and by
Gordon M. Dunning of the Atomic Energy Commission. This current report
by Dr. Knapp does not increase the 1963 estimates reported by these
scientists of human exposure due to hot spots from the 1951-53 nuclear
weapons tests.
Sincerely yours,

David 0. Hawkins
Assistant Administrator
for Air, Noise, and Radiation

ki k2

Enclosures

co: Dr. Harold Knapp
Institute for Defense Analyses

1115
2
Dr. Knapp's conclusion is that a simple explanation of the effects of
fallout on the sheep was overlooked by the original investigators,
and that this oversight can explain why the sheep and lambs died;
namely, that the primary cause of death in lambing ewes was beta irradiation of the gastrointestinal tract from ingested fallout
particles, and that the dose to the thyroid of lambs in-utero from
ingestion of radioiodine (i.e., 1-131) by ewe sheep was a factor in
the death of lambs.
,

To date, scientists who have reviewed the report have commented that
the grazing and eating habits of the sheep were normal until they died,
and that no digestive disturbances or diarrhea were reported by sheep
herders or by those who examined the sheep. It was suggested that
diarrhea would have been a very obvious and visible symptom if the more
than one thousand ewes that died had received a lethal beta dose to the
gastrointestinal tract. Furthermore, autopsy findings, including those
for convalescent sheep, are considered to be inconsistent with
Dr. Knapp's conclusion. Reviewers cite other stresses as important
factors contributing to the loss of the sheep: poor range conditions
resulting from one of the worst droughts in many years, the fact that
sheep will eat poisonous plants when the range is poor, and the possible
presence of a viral infection known as blue tongue.

6#

The earlier investigation in the 1950's did consider the exposure to
sheep thyroids from the ingestion of radioactive iodine; consequently,
this factor was not overlooked at the time.

7,

The scope of Dr. Knapp's evaluation is continuing to enlarge, and new
questions on fallout effects, some unrelated to sheep, are being
introduced as a result of correspondence generated by the review
process. It is our understanding that all of this correspondence will
become a part of Dr. Knapp's report. Our preliminary view is that
Dr. Knapp's explanation of how the sheep died (i.e., as a result of the
beta dose to the gastrointestional tract as a consequence of the ingestion of gross fission products from fallout) is not supported by those
who thus far have commented on the report. Therefore, it appears that
a technically defensible mechanism identifying fallout as the sole
cause of death of the sheep in 1953 has not been shown.
The Department of Energy is in the process of contacting a number of
scientists considered emminently qualified to conduct a comprehensive
review of all of the pertinent information available on the death of\
the sheep in Utah in 1953, including laboratory research records,
hearing and trial transcripts, interviews with surviving participants,
re-examination of necropsy records and slides, and such other
relevant material as may be available.

E-35-2
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U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH ANO DEVELOPMENT
ENVIRONMENTAL MONITORING SYSTEMS LABORATORY-LAS VEGAS
P.O. BOX 15027. LAS VEGAS. NEVADA 89114 0 702/736-2969 (FTS 595-2969)

Oat@: OCT 2-2. 1979
Reply to
Attn
of:

NRA

Subject

"Sheep Deaths InUtah and Nevada Following the 1953 Nuclear Tests"
1979 Knapp report

To: William H. Ellett
Office of Radiation Programs, ANR-460
The 1979 Knapp Report, "Sheep Deaths inUtah and Nevada Following the
1953 Nuclear Tests,' was reviewed by Dr. Donald Smith and Dr. Gilbert
Potter of our Laboratory. Their comments are enclosed.

Richard E/Stanl y
Acting Director
2 Enclosures

E-36-3
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COMMENTS BY D. D. SMITH ON THE REPORT BY HAROLD A. KNAPP
"Sheep Deaths in Utah and Nevada following the 1953 Nuclear Tests."

h Through voluminous

documentation, Harold Knapp has made a case to implicate
radiation from Ingestion of fresh fallout as the primary etiological agent
for the Utah-Nevada sheep dieoff of 1953. I feel that these same documents
could be used to develop an equally strong case implicating malnutrition
and associated metabolic disturbances and/or diseases.
Throughout the paper; there are numerous references, i.e., page E-14-5, to
a severe drought, the worst in years. Forage was scanty and of low nutritive
value. Lesions found in necropsied sheep (pages E-2-1, and E-3-1 1 2) included serous atrophy of perirenal fat, of thymnic fat and of the bone marrow,
and atrophy of the skeletal muscles. All are characteristic of starvation.
Although unlikely, a Vitamin A deficiency from the low quality forage could
result in failure to produce living lambs and in ocular lesions.

3,

As stated on page E-14-5, flocks belonging to Thorley and P. Webster showed
no abnormal losses. The Webster flock was removed from the range in February because of poor quality forage, and the Thorley flock received supplemental feed. Granted these flocks were not exposed to the heavier fallout areas
of Nancy (page 14) or Harry (page 4) but neither were the flocks of Nelson
Webster, J. S. Pace and Douglas Corry. These latter flocks all reported
heavy lamb and ewe losses. Some of the ewe and lamb losses could have been
due to pregnancy toxemia, which is caused by undernutrition in late pregnancy.
(Merck and Co., 1973).

)I, The facial and oral lesions described are similar to those reported in
contagious ecthyma, lip and leg ulceration and bluetongue (Marsh-1965). In
bluetongue (see attached #1) a distinct red line around the hoof at the
coronet is not always present, but is characteristic. This lesion was noted
on many of. the sheep (E-21-5). This disease was first identified in the
United States in 1953, therefore, it would have been unfamiliar to the
examlin Veterijnarians.
The Stewart brothers cattle losses (E-20-3 & 4) near Papoose Lake could have
been due to grass tetany (hypomagnesania), whichh
Is seen in both undernourished cattle suddenly stressed or in cattle grazing lush green pasture.
(Merck & Co., 1973). This is especially logical for the two-year old heifer
that collapsed while being driven. I have seen similar cases inthe Nevada
Test Site experimental beef herd that responded to the intraveneous injection of a calcium-magnesium solution. Unexplained cattle deaths continue to
occur in the Groom Lake-Papoose Lake areas. (See enclosure 2).
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I agree with Dr. Wolff (E-26-3) that the extrapolation of gross fission
products per square mile from the amount found on a square inch of sheep
skin isvery, very, tenuous and of questionable validity. I also agree
with M. C. Bell (E-28-2) that it isextremely doubtful that sheep would
ingest 20-40% of the actual fallout ina contaminated area. If this is
so we have discovered a new way to aid inthe decontamination of an area.
No gastro-intestinal lesionswere found in necropsied sheep (E-14-7).
These would be expected if they ingested 'hot particles."

7,

,

There is much contradictory data in the report. For example, one investigator will state that elevated temperatures were not observed in the
sick sheep, while another reports frequent 1070 temperatures. Central
nervous system symptoms were denied in.one area of the report and mentioned in another.
In summary, I feel it is impossible to detemine, with any degree of
certainty, what caused the deaths of these sheep. Many of the flocks were
certainly exposed to elevated levels of radiation as evidenced by the
thyroid, bone and pelt analyses. But they were also highly stressed by
malnutrition, trailing and advanced pregnancy, which made them susceptible
to diseases (Bluetongue?) and metobolic disturbances (pregnancy, toxemia, grass tetany). Their radiation exposure could have been an additional stress that they were ill equipped to handle, but I feel that it
isunlikely that radiation was the sole cause of death.
Inhindsight, more sheep should have been necropsied with extensive
histopathological examinations of lesions and radtoanalyses of organs
and tissues. Hemotological, sereology, and bacteriology studies would
also have aided a diagnosis.

2 enclosures
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BLUETONGUE
(Catarrhal Fever)
Blietongue is an infectious, but noncontagious disease of ruminants,
occurring principally in sheep, caused by a virus and characterized chiefly
by ulcerative inflammation of the mucosa of the mouth, nose, and gastrointestinal tract.
History. This disease has been recognized in sheep in South Africa since
1876 and was described by Hutcheon and Robertson (1902) and Spreull
(1905) as malarial catarrhal fever. Theiler (1906) and others in South Africa
have investigated the disease in sheep extensively under the name of bluetongue, and in 1934 Bekker et al. reported the disease in cattle. Bluetongue
has also been reported in Southwest Africa, British East Africa, French
West Africa, Morocco, Ethiopia., and South America.
In 1949 Gambles reported bluetongue in Cyprus, stating that the disease
had existed on that island since 19241, and Komarov and Goldsmith (195 1)
identified the disease in b)th sheep and cattle in Israel. In 1956 there were
extensive outbreaks of bluetongue in Portugal (Manso Ribeiro et al.,
1957) anti Spain (Campano Lopei, 1957).
In the United States bluctongue was first identified in California in 1953
by McKercher el al. but was present in Texas in 1918 and probably for
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many years before that date, where it was known as "soremuule" (Hardy
and Price, 1952). It has now been identified in sheep in 15 states, principally in the southwest region.
Etiology. Theiler (1906) showed that the causal agent of bluetongue is a
filtrable virus. It is present in the blood and visceral organs of affected
4
animals, and may persist in the blcx of recovered animals as long as
months. It is resistant to drying, and has retained its infectivity in 50 per
cent glycerin at room temperature for R5 years (Neitz, 1948). Neitz showed
that there are several antigenically different strains of the virus.
The second factor in thie etiology of bluetongue is a necessary vector,
as the virts is not transmitted by contact. Du Toit (1914) showed that species of Culicoides (gnats, sandfl~es) are the natural vectors.
Symptoms, After an incubation period of about I week, there is elevation of temperature of 104 to 108* F, which usually persists only a few
days. In some cases, this may be the only sign of infection. In the acute
form, there is depression, nasal discharge and salivation. There is edema
of the lips, which may extend to include the whole f;ce and the ears. The
buccal mucosa is hyperemic and later may be cyanotic. After several days
of fever, there are erosions of the epithelium of the buccal mucosa of the
lips, cheeks, and tongue, followed by ulceration and necrosis. The nasal
mucoia is also involved, with mucopurulent discharge and encrustations,

LT.;
of lips, and discharge from no and mouth.
ft. 34. Bluctongue. showing edcnma
(Monlana I'elerinary_fesearchLaboralory)
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interfering with respiration. There may be diarrhea, sometimes blood.
stained. There may be inflammation of the coronary band aidsensitive
laminae of the hoof. A dislnrt red incsrotnd the hoof at the cor onULix
not alwayjpireenL but_ is charUcterh'i&- There is rapid loss of weight and
general weakness. The course of the acute disease is usually from 6 to 14
days and, in fatal cases, death occurs within that period. In the nonfatal
cases, the debilitated condition ,nay persist for several wcks.
The morbidity rate varies widely but averages from 30 to 40 per cent.
The mortality varies from 2 to 30 per cent, with losses as high as 90 per
cent being reported.
.
Lesions. In addition to the lesions in the mouth already noted, the alimentary tract shows hyperemia of the mucosa of the rumen, the abomasum
and the intestine. The liver, kidneys, and heart also show hyperemia. The
skeletal muscles are hyperemic, and show degeneration and loss of striation
of the fibers. There may be serous and gelatinous infiltration into the musdes.
Diagnosis. The clinical picture, lesions, and seasonal occurrence indicate
a diagnosis which may be confirmed by inoculation of blood taken in the
early stages into susceptible and immunized sheep. A complement fixation
test can be made, using an antigen prepared from tissue culture of the
virus (Shone et al., 1956). Type-specific serum neutralitation of the cyto.
pathogenic effect in tissue culture can also be used in diagnosis (Haig el al.,
1956).
The clinical symptoms could be confused with those of foot and mouth
disease but bluetongue can be distinguished by its failure to spread by
contact and by the absence of vesicles. Bluetongue must also be differentiated from contagious ecthyma, lip-and-leg ulceration, and mucosal dis.
ease.
Epizootiology. Since there is no evidence that bluetongue virus is transmitted by contact with infected animals or contaminated premises, and
since the only known vectors are species of Culicoides, the distribution of
the disease appears to depend on the distribution, habits, and life-cycle of
these insects. The presence of surface water in ditches, ponds, and marshes
is favorable to the flies. The vectors are not active during cold winter
months, which accounts for the seasonal occurrence in summer and early
autumn.
The reservoir of infection is not definitely known. It is known that recovered sheep may retain the virus in the blood for as much as 4 months
and that apparently normal cattle may harbor the virus. Du Tuit (1962)
demonstrated the presence of the virus in pools of blood from groups of
25 cattle taken at random from a hcrd of 500 in an area where bluetongue
existed. The samples were taken at I to 2 week intervals. Virus was present
de
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Fi. $35.Bluciongue. showing ulceration on tongue. (Blaine McGowan, Cornell Veler.
inerisn,

J, 195). p. 215.

in all pooled samples during four summer months, but was not present
during the winter months. Cattle have not been shown to be responsible
for the winter carry-over of the infection.
Control. Movement of sheep from known infected areas should be restricted, particularly during the fly season. The most effective method of
control in fecte areas isthe
s
vaccination of all possibly exposed sheep.
Theiler (1906, 1908) developed a vaccine, using the blood of sheep inoculated with virus which had been attenuated by serial passage through
sheep. This vaccine was used in South Africa for many years. Alexander
and his associates (Alexander. 1947; Alexander et al., 1947; Alexander
and Haig, 1951) propagated bluetongue virus in chick embryos, and attenuated the virus by serial passage in chick embryos. This work resulted in
the development of a polyvalent avianized virus, which is in use on a large
scale in South Africa. It produces practically no Yeaction in sheep and con-'fers a solid immunity. Annual vaccination is recommended.
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In the United States several strains of virus isolated in Texas, Arizona,
and California have been shown to be antigenically identical (McKercher
el at., 1954). An avianized live virus vaccine prepared from American
strains (McKercher et al., 1957) is in general use for the control of bluetongue in the United States.
Price (1954) notes the African finding that lambs in infected flocks have
temporary protection from antibodies in the colostrum of their immune
others. He also notes that in Texas there is recognized a so-called "range
stiffness" in lambs which is considered to be a mild form of bluetongue.
As the African workers have also found that young lambs cannot be successfully vaccinated, Price suggests periodic spraying of lambs between
3 and 7 months of age to protect them against infection until they can be
vaccinated.
It has been found in California thit there is a hazard in vaccinating
pregnant ewes. Shultz and DeLay (1955) report serious losses of lambs
'from ewes vaccinated when they were from 4 to 8 weeks pregnant. Many
lambs were born dead or showed evidence of imperfect brain development.
It is therefore recommended that breeding ewes be vaccinated at least
3 weeks before breeding or else after the first ' months of pregnancy.
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She fils
as June 20, Hr. Jerll7 Dorm 1 off1-ieo altew NOR, wee informed by
Area 51 security personnel, of a recent erise of deaths among the cattle
that vnd r onto the Area 51" complex from the bards of Mr. Stave Medinm
Vh0 reaches to the east. The security personal had noted eaf
tarcasses.
witbia thi past two weeks.

After consultation with ft. ERest D. Ca.tell of USA/0, It was decided
that Hr. Dar and t should Investigate and attamt to dateraine the
cause or causes of death of these aoinsl. , Pa arrival at the Area 51
colex at 1100 hours on June 21 end talked to security perzocaI
(kir. Krause). They furnishl u with a mp showing the locations of the
ceresaes
(sso enclosure). They stated that numbrs 1, , and 3 had mes
noted about two weeks before and the rovallnsg animals had died within
the last week (Probely sate Friday).

no snimals bad been oted to be sitck. water was readily avaLlla at the
Ara S1 recreation ae ad at a corral eprozimately one mile beyed the
eat gate. Water had also bee valuable for the last several weeks due
to raft rasoff on the dry lake bed.
Hr. Dnoa s I oxmined eac of the carcasses.
all ess
o
putri factl
was so -advaned to make a maocopay or sample collection impractical- A
d
ptam of each rca L t
ollI
- ,
a. Animal
tr
Is An ag" Nureford cow i advanced state of decay
(estimate of two veeks) located on e4de of dry lake bed. No visible saiga
of tramsm of atoa struggling. lrX W an left side adoeibeale..
b. Animal Nuebor 2s Dtahee-cros cow with brand D/A an lft
side.
Estimated dead on week. Age umkown s could sot a teeth for a sots.
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2
c. Animal Number 3: Your- to five-year-old Brabman-cross cow.
About same stage of decay as number 2. No visible signs of trauma or
agonal struggling. Sam brand as number 2.
d. Anial Number 0: Aged Hereford cow lying on dry lake bed.
--- Advanced decomposition of carcass indicated death about two weeks ago.
No signs of agonal struggling or trauma. Water sample collected from
lake bed about 100 ya&s:-fforthUa.niyal.
e. Animal Number 5: Aged Hereford cow in advanced stage of
decomposition. Desiccation of carcass had begun which indicated it had
been dead about two weeks. Again no signs of agonal struggling or trauma.
f. Animal Numboe 6: Hereford cow dead within last week. Too many
maggots to examine teeth. Some slight signs of struggling by rear feet.
All six of these animals were lying on sides with neck and head extended
and four feet fully extended. No signs of trauma or agonal struggling
were visible. My impression was all animals died suddenly.
An Angus bull in the same area appeared n6rnal and was in good condition.
Craze appeared adequate. Drinking water vas readily available. Area 51
personnel denied any severe electrical storms in the last few weeks. No
poisonous plants wore noted except for scattered Halogeton along the
roadways.
Water samples were collected at the dry lake bed and the recreation lake
and were submitted for analyses. Area 51 personnel were asked to report
any other deaths to me promptly so a necropsy could be made.
Security personnel were going to notify Hr. Hedlin of the deaths of his
cattle that evening and secure his permission to bury thea.
The cause or causes of death af these six animals was not readily apparent.
Possible causes might include one or more of the follpwing:
a. Lightening strikes-not too likely in so many different locations
at different tines.
b. Trauna-(veicle or bullets)--no external evidence.
c. Toxins-toxic plants not overly abundant. Water-sources have
bean used for years previously. However, Hr. John Titus, EPA employee;-......
said that *basn he was seventeen he rode for a cattle company that ran
cattle over the Groom Lake area, and that about 30 or 40 cattle died
whose deaths were attributed to drinking the water standing on the dry
lake bed after a rain. Water samples were collected for analyses.
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d..

Infectious disease--so history of sickness--other animals in area

appear healthy.
e.

Starvation-good graze, readily available rater.

g. Metabolic disturbances-bloat, grass tetany, etc., not likely.Hopefully, if any other deaths occur, a more prompt investigation wii
shed more light on the causation agent.

ORIGINAL SIGNED BY
DONALD D, SMITH
Donald D. Smith
Chief, Farm and Animal
investigation Branch
Monitoring Systems Research
and Development Division
Enclosure
cc: v/enclosure
Dr. R. E. Stanley, MSD
Mr. N. D. Campbell, ERDA/NY
Mr. G. V. Doran, MOR
bce:

Mr. C. F. Costa, MOR
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Subject X-ray Analysis of Water Samples from NTS-Ferm
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D. D. Smith, Chief
Fare and Animal Branch
THRU:

E. W, Bretthauer
Chief, MSM

4

j

The two water samples suspected of containing high levels of arsenic
have been analyzed by x-ray emission, and the results are listed below.
The solid components in the "muddy" sample were separated from the
water and analyzed separately.
Likewise, solid components in the
"clear" sample (plant debris) were analyzed separately.
Specimens of
the water residues were prepared by evaporating twenty-five milliliter aliquots of each sample on Mylar tape.

SEDIMENT

WATER

(RELATIVE)

(PiR/ml)

Copper
.17
Zinc
1.00
Arsenic
,0.01
Mercury
.50
Lead
.66
Cadmium
.21
Antimony
<0.04
eCounting error only

0.06
0.12
<0.03
2.4
c0.03
0.31
0.33

± 0.02*
1 0.03
t 0.1
1 0.07
± 0.1

PLANT DEBRIS
Qgl)
90 ± 10
690 _ 20
< 20-.-.
"140 ± 50
390 ± 20'
<40-<60

WATER
<0.03
<0.03
<0.03
0.34 t 0.08
<0.03
<0.06
<0.07

The concentrations listed are considered to be only semiquantitative.
The sediment samples were judged as being too thick for accurate analysis.
For this reason the concentrations in the sediment are listed
relative to zinc. With the apparent absence of arsenic, other toxic
elements of interest are listed.

H. Kelley
Physicist, HSM
cc:
D. Scott
E-36-16
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June 19, 1978

SK
Analysis of Groom Lake Water Samples for Nitrate
Dr. Don Smith
Chief, MSF
The two samples which you submitted on 3/30/78 for nitrate analysis
have been analyzed.

Some difficulty was experienced with the clay

content of the submitted colloidal suspensions.
sults were:

(expressed as vg/l N)

#1 2.8
12 <0.02

.D. R. Scott, Acting Chief
Methods Development and
Analytical Support Branch
Monitoring Systems Research
and Development Division
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COMMENTS BY G. D. POTTER ONTHE REPORT BYIIAROLD A. KNAPP
"Sheep Deaths in Utah and Nevada following the 1953 Nuclear Tests."
In this report, Knapp has certainly collected a plethora of original data
reports, observations and personal recollections from individuals during the
post-shot investigations. However, I feel that he has allowed his objectivity to be influenced by personal opinion.
1. 1 find that the constant reiteration, in one form or another throughout the report "that this was the worst year inmore than twenty
years" tends to discredit the thesis that the sheep kills resulted
from the added burden of radiation exposure from the nuclear testing
program -i.e. Knapps statement inE-28-11. "-that itf
fallout were
the only straw that broke the camels back - etc.' does not necessarily coincide with reality since the facts pointed out by Knapp and
all the locals identify 1953 as the worst year inover 20 years and
inview of the fact that no other Information isavailable for years
previous to about 1930, one can assume that range conditions may
never have been worse, or that 1953 may have been the worst year
since the area was settled! Ifthis is indeed the case, the remainder of the arguements -may be moot.
2. Pathologic and histopathologic findings for the sheep reported in
the document are almost useless for the diagnosis of radiation
injury. Both gross and microscopic observations on animals which
had died only appear to reflect post-mortem changes and tissue
autolysis because of late collection. Tissues from the animals
which were sacrificed showed essentially no radiation - related
pathology. According to the report on (E-8-2) the latent period
for beta burn lesions to appear was approximately 10 days or more.
However, the first appearance of lesions observed on the Bullock
farm (E-14-15) was on 3/20, just after the "Annie" shot on 3/17
(Table B-2) and before Nancy on 3/24. According to Knapps discussion the two events which were primarily responsible for damage were,
%Nlancy" on 3/24 and, "Harry" on 5/19. Therefore, itwould appear
that these skin lesions may have resulted from an infectious agent
partially as a result of the poor condition of the sheep. However,
beta burns on very small foci or multiple focii could also result in
local microscopic lesions, which when infected would give rise to
much larger, fused lesions for which itwould be difficult to distinquish the cause. Avitaminoses - especially A and C would also
affect such lesions and slow healing.
Itis the opinion of this reviewer, using hindsight, that in-depth
studies including gross and microscopic pathological and radiochemical studies should have been made at earlier times, on much
larger sample numbers of animals and tissues. Because of the negative findings from the pathology it isimpossible to come to any
definite conclusions regarding radiation injury.
3. Severe nutritional deficiencies can and do result In additional
stress, especially inpregnant animals and will result in fetal
death, resorbed fetuses, etc. In addition, severe nutritional
E-36-18

47-916 0 - 80 -

72

1132
deficiencies will have a direct effect on lactation, and will reduce
both the quality and quantity of milk produced and even stop milk
production altogether. Insuch cases this would lead directly to
either malnutrition or starvation of suckling lambs and the refusal
of the dams to nurse them - ergo - dead lambs!

4. I do not understand the remarks on E-14-5 regarding rainfall. The
report states that there was 0.64 of an inch of rain at Crystal
Springs from October 1952 to July 14, 1953. The table indicates
about 1.9 inches over the same period for Caliente.
5. The weights of sheep thyroids as estimated by Knapp seem somewhat
large (goitrous?). Van Middlesworth (Health Physics 9; 1205, 1963)
gives 2 gins
for a lamb or 50 mg/kg. This value ismuch closer to
the values I have observed. This would be about double the iodine
concentration per gram of tissue since uptake isa fraction of the
of the administered (absorbed) dose.
6. Observations by trained personnel estimate that even in a good year
the vertically exposed ground cover is about 25% of the area in
question and that at maximum only 20% of the ground cover could be
ingested by sheep. This would result ina high estimate at 5% of
the fallout ina good year being ingested by the sheep, and even
less ina poor year, as contrasted with the 40% estimate by Knapp.
It is certainly an established fact that sheep will crop close and
ingest a certain amount of soils, but if low forage (grasses etc)
are not available as in a poor year, they will probably ingest a
larger percentage of foliage from shrubs which would not be close
to the ground and would result in reduced soil ingestion. Inaddition, it isunlikely that there would have been surface moisture
(dew) on the foliage and foraging sheep would tend to shake deposited particulates off the surface, thereby reducing the radioactive
contaminants ingested to considerably less than the 5%estimated
above which I consider to be a high value. Winds could remove even
more.
7. With regard to the bioavailability of radionuclides from debris or
fallout - There may often be great variability in the bioavailability of radionuclides from different types of nuclear detonations
depending on the specific conditions under which the detonation
took place. Radiolodines from high atmospheric detonations would
generally be more available than those from surface or tower shots.
This isdue to the fact that many of the radionuclides produced in
surface shots are fused or entrapped in debris particles which are
often glasses or fused silica particles. This would also be the
case with iodine precursors such as tellurium. For example, in a
tgical
experiment using a dairy cow the ingestion of carrier-free
I would result in the transfer of about 6-8% of the ingested
iodine to milk with about 60% being excreted in urine and 16% in
the feces over 144 hours. The remainder (approximately 14%) would
primarily have been found inthe thyroid with some inthe liver,
kidney and blood (as circulating thyroid hormone). This latter
value issomewhat less than Knapps estimated 30% inthe thyroid.
E-36-19
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However, in the case of feeding nuclear debris, transfer of radioiodine to the milk may result in only 1-6% of the oral dose and is
usually closer to 3%with the amount to urine being 14-50%, the mean
being about 30%. Fecal excretion of iodines after debris feeding
may vary between 35 and 80% of the ingested dose. Therefore, this
would indicate that the radionuclides, specifically radioiodines,
from most detonations at or near ground level would have a bioavailability of less than half that of orally administered carrierfree radioiodines because of entrapment of the iodines and their
precursors infused debris.
8. Summary of Comments.
There is no good evidence inthe report that the sheep would ingest
even as much as 5% of the fallout deposited per square meter, much
less the 40% estimated by Knapp. A better estimate would probably
be less than 2%. Over the first week, probably about 90% of the
particulate material deposited on foliage would have been removed
by weathering (wind) and physical disturbance by the sheep. Therefore, I would suggest that all GI tract dose, fetal dose and thyroid
doses be recalculated on a more rational basis since Knapps estimate
may be as much as 1-2 orders of magnitude high. I cannot see any
major problem with the external dose calculations, even though these
are worst possible case estimates.
The pathology and histopathology are inadequate for any assessment
of radiation damage and as they stand would tend to refute this
thesis.
The skin lesions may be associated with beta burns vAich could have
been greatly exacerbated by secondary infections, etc. Hotever,
since the first lesions appeared insheep prior to the major damaging shots claimed by Knapp and inview of the 10 day latent
period for development of skin lesions described inthe report,
the other observations are also open to question.
The sheep deaths, stillbirths, and lamb deaths could all easily be
attributed to malnutrition, avitiminoses, poisonous forage, infection,
etc.
Therefore, I feel that this hole problem needs a more systematic
study prior to its release. I might mention that the 1963 Knapp
report was a much clearer presentation.
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Comments by Neal S. Nelson, D.V.M., on the Report
"Sheep Deaths in Utah and Nevada Following the
1953 Nuclear Te.ts" by Dr. Harold A. Knapp
, The report discussing possible effects of the 1953 Upshot-Knothole
weapons test series (17 March to 4 June) pays particular attention to
the NANCY Shot (24 March 1953) and the HARRY Shot (19 May 1953). The
report, however, is severely hampered by the absence of information
directly related to the question posed--did fallout from the 1953
weapons tests cause the death of some sheep? The basis for inferring
that fallout is a factor is an extremely lengthy, tenuous chain of
assumptions based on calculated exposure and dose. Doses are calculated
on the basis of assumed exposure situations and human physiology.
However, no measurements of radioactive material in the body or diagnosis
of cause of death are available for the sheep that died, only for a few
sheep from the same flocks that did not die. Also, no consideration is
given to range conditions or the effect of management practices.

C2 1

Dr. Knapp uses a chain of assumptions, with calculations based on
any one assumption serving as the numerical basis for calculations In
the next assumption. Since there are no measurements on the sheep that
died, there is no way to check the chain of assumptions and calculations.
Depending on the magnitude of error for any single calculation in the
chain, Dr. Knapp's dose estimates could be.low or they could be high.
Information in Appendix E of Dr. Knapp's report suggests that his dose
estimate is high.
Consumption of Fallout by the Sheep

3*

In his analysis of consumption of fallout and its possible effects
on sheep (p. 31, et peq.), Dr. Knapp draws heavily on human data and
extrapolations from small animals to man. Much of this is either
irrelevant, improperly applied, and/or not numerically correct for sheep.

't- The estimate of fallout consumption is based on a 70 Kg sheep
eating 2 Kg (air-dried weight) of forage a day. While this is
numerically correct, good range management practice would be to feed
10% to 20% of the 2 Kg as a copcjatrate supplement to insure proper
nutrition (The Merck Veterana y-T0a-, Merck & Co., Inc., Rahway, 1955,
et seq.).
'
Dr. Knapp uses this 2 Kg dry-weight forage intake to estimate the
area grazed by a sheep each day. However, the dry weight of forage per
acre used in the calculation is based on an estimate for Southern
England pasture land probably not even appropriate for estimating
Eastern U.S. pastureland (Garner, J., personal communication). The
areas where sheep were ranged in Nevada were probably sagebrush grass or
salt desert shrub type range with grazing capacities of 9-15 acres per
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animal-unit-month and 18-20 acres per animal-unit-month, respectively
(Grass, USDA Yearbook of Agriculture, 1918, p. 208). If there are 5
sheep 2 per animal-unit, this would mean 243-405 m2 /day/sheep to 486540 m /day/sheep would be required In average seasons.
This is
consistent with Bureau2 of Land Management estimates for this area,
i.e.,
2
there are about 6 g/m of edible dry matter of vhich about 3 g/m
are readily available to sheep for grazing (Keith Miller, BLM, personal
communication).
6# If range is in fair condition, these estimates of area should be
doubled; if in poor condition, increased by a factor of about three
(Grass, USDA Yearbook of Agriculture. 19418, p. 524-525). Dr. Knapp
estimated that about 71 m2 /day/sheep would be grazed (pi 33).
Reasonable estimates for required area on good range are 3 to 8 times
larger than his estimate; on fair range, 6 to 16 times greater; and on
poor range, 10 to 25 times greater. Much of the range land north of the
test site is about 20% shrubs and grass, usually in clumps, and about
80% bare land.(Keith Hiller, BU4, personal communication; Final Caliente
Environmental Statement, Bureau of-Land Management, Department of
Interior, Washington, 1979).
7. While the interception value for fallout on the desert-type plants
is not reported, at least not on the basis of edible foliage, the
particle size of the fallout will be important for estimating retention.
Particles 5u would be about 100% retained, during the first week after
deposition and progressively larger particles progressively less well
retained. Studies of interception values for pasture plants around the
test site has been reported to be from 0.1% to 11% (Romney, E.M., et
al., Ecology, 44:343-349, 1963).
Interception by desert shrubs should
be even lower. However, even the most optimistic interception value
with 100% retention does not support the estimate in Dr. Knapp's report
that 20% to 40% of deposited fallout was ingested by the sheep (p. viii,
p. 33).
Physiology of the Sheep
16
In the report, human physiology and anatomy are used as surrogates
for those of the sheep. While there is a rationale for using human data
to estimate physiology, anatomy and effects in sheep if there are no
data on sheep, species-specific data should be used where possible.
T@
Some of the data on sheep that were referenced are probably in
error though. For example, the dosimetrio calculations in Garner's
paper (Garner, R.J., Health Physics, 10:297-301, 1964) is based on a
46 liter sheep gastrointestinal tract: 26 liters in the reticulo-rumen,
20 liters in the rest of the tract. This is similar to that described by
Dukes (H.H. Dukes, The Physiology of Domestic Animals, Comstock, Ithaca,
1955) and represents measurement of the volume of the stomach at a
standard overpressure of water. A more realistic estimate of the volume
of the stomach of the sheep is given by Sisson and Grossman (S. Sisson

E-36-22

1136
3
and J.D. Grossman, The Anatomy of the Domestic Animals, W.B. Saunders,
Co., Philadelphia, 1950). In this determination, the volume of the
reticulo-rumen is 13 liters, omasUM and abomasum 2.3 liters, giving a
gastrointestinal tract volume of about-13 liters In the raticulo-rumen
and about 18 liters in the rest of the tract. This estimate should be
reasonable for a normally maintained animal, not a pressurized system,
and is consistent with estimates that the reticulo-rumen represents 50%
of the gastrointestinal tract volume with about 35% of the fresh weight
or 60% of the dry weight of digesta (Church, D.C. et al., Digestive
Physiology and Nutrition of Ruminents, Vol. 1, Oregon State University,

1972).

10, Elimination of nonabsorbed materials by the sheep follows
first-order kinetics (Grovum, W.L. and Williams, V.T., Brit. J. Nutr.,
)0:231-240, 1973).
Although mean halftime for passage from the
reticulo-rumen is 811 minutes; from the abomasum, 37 min; and from the
caecum-colon, 413 minutes, the passage of insoluble material through the
sheep digestive tract can be represented by two compartments, the rate
limiting reticulorumen with a mean halftime of
800 min. and the rest
of the tract with a mean halftime of
250 min. (Grovum, W.L. and
Williams, V.J., Brit. J. Nutr., 30:231-240, 313-329, 1973). In the case
of soluble material the mean halftime for the reticulo-rumen is
650
mn. and the rest of the tract,
250 min (Grovum, W.L. and W'lliams,
V.J., Brit. J. Nutr., 30:313-329, 1973).
It Both compartments should b~ onsidered in calculation of the dose
to the fetal lamb. The reticulQrumen would be adjacent to the uterus
all along the left side of the 00rus and the rest of the gastrointestinal tract would be adjacent to the anterior pole, upper end right
sides of the uterus, with only the posterior pole and lower surface of
the uterus not being adjacent to some part of the gastrointestinal
tract. (Sisson, S. and Grossman, J.D., The Anatomy of Domestic Animals,
W.B. Saunders Co., Philadelphia, 1950).
120 These specific volumes, mean transit halftimes and anatomical
locations should be used in estimating internal doses in the sheep, not
the values taken for humans.

/3.

The report used human metabolic data on 1311 although Dr. Knapp
later reports that using the proper, 14-day, biological half-life for
1311 in sheep does not change the calculated dose by much (118.5 rad
In report vs 79.3 rad for correct sheep thyroid biological half-life,
P. 79). However, along with the 14-day half life, a thyroid uptake of
about qO% is appropriate (Stara, J.F., etal.,
Health Physics, 20:113137, 1971) not the 30% uptake suggested for humans (p. 77). The uptake
will, however, vary with the amount of stable iodine in the diet and the
age of the animal at exposure (McClellan, R.O., et al., Health Physics,
2:1363-1368, 1963; Stara, J.F., et al., Health Physics, 20:113-137,
1971).
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No None of this data could be used to estimate the fetal thyroid dose
from 1311 (p. 73). Since, although it is correct that late In
pregnancy the fetal thyroid has an iodine uptake 4 to 5 times greater
than its dams, the fetal thyroid half-life must be much different than
young or adult sheep. Limited data on human fetuses suggests fetal
thyroid biological half-life for 1311 Is between 0.67 and 1.17 days
(Aboul-Khair, S.A., et al., J. Clin. Set., 31:415-424, 1966). This is
orders of magnitude Faster than the 138-day half-life reported for adult
humans and effective half-lives would be 7.6 days in adults and about
0.85 days in fetuses. If a similar change in effective half-life occurs
in the sheep fetus, then the increased uptake may be more than
compensated for by the decreased efFective half-life and maternal and
fetal thyroid doses would be equivalent."
15% Dr. Knapp's continued use of human physiology, pathology, and
effects estimates as surrogates for the information in sheep does not
help clarify the questions (see pages 67-80 In the report), since
correlation of human and sheep responses is not available. ICRP
reference man is not a good substitute for a sheep particularly since
specific data on the sheep are available.
6,, Regardless of possible errors or miscalculations in the chain of
assumptions, there are numerous items in the report and its appendices
which are anomalous to the argument that the effects observed in the
sheep were radiation related.
Anomalies in Time Sequence of Events
ilf First In Appendix E, page E-13-2, it is noted that the owner
Bullock suffered losses similar to those of other owners. However, this
owner first noted skin lesions (beta burns in the argument for radiation
effects) on March 10, 7 days before the first shot of the series and 14
days before the NANCY shot. If the lesions were typical of those
observed by other owners, they are unlikely to be related to the weapons
test series, since anticipatory beta burns have not been reported yet.

I,

Likewise, owner Lambeth started to trail back to Utah on March 23,
the day before the NANCY shot. Unless the flock trailed through a
continuous series of hot spots, the radiation exposure of these sheep
should be quite different than that of other flocks, yet the mortality
is similar.

)q.

There are also temporal anomalies In some postulated effects of
radiolodine ingestion. On page 39, Dr. Knapp calculates radloiodine
consumption by sheep as 1.12 to 4.48 mCi during the first week (as
13111i Signs of hypothyroidism could be expected in sheep fed 0.24 mCi
-of I1I per day (1.68 mCi per week) after 6 to 10 months'and in sheep
fed 1.80 mCi per day (12.6 mCi per week) after 2 to 4 months
(Garner, N.J., Health Physics, 2:1333-1339, 1963). The wool was not

E-36-24

1138
5
significantly changed in these experimental animals. Since dates in
Appendix E, page E-13-2, indicate lambing and shearing occurred between
April 20 and May 11, only 28 to 49 days after the initial exposure, it
is unlikely the sheep would have even developed a hypothyroid condition
when effects, such as wool pulling out, were supposedly noted.
kO, Lambs exposed in utero experimentally in dams fed 14.4 mCi of
1311 (0.24 mCi per day) during the last 2 months of pregnancy
developed hypothroidism in a few months, but are not reported as dying
shortly after birth, while if the dams were fed 33.6 mCi of 1311
(0.24 mCi per day) during the entire gestation period, lambs were born
dead or died in a few days (Garner, op cit.).
Anomalies in Reported Pathology
ol|s There is an anomaly in the pathology reports. Necropsy records,
Appendix E, Annexes 2 and 3, do not show pathology consistent with the
proposed ingestion of fresh fallout. Dr. Knapp estimates the sheep
consumed from 90 to 360 mCi of fallout during the first week (page 44).
Studies at Oak Ridge have shown that feeding 60 Kg sheep 142 to 461 mCi
of 9 0 Y fallout stimulant across a 3-day period causes lesions in the
rumen and abomasum (Bell, H.C., et al., Rad. Res., !U:71-82, 1970).
These lesions have been quite severe; even penetrating the wall of the
ruen or abomasum or leaving scars, often stellate shaped scars
(Bell, H.C., et al., Oak Ridge Annual Report, ORO-678, pp. 58 to 64,
1970). The necropsy reports in Appendix E do not report any similar or
even any striking pathology in the rumen or abomasum. The supposition
of 90 to 360 mCi fallout intake is thus not supported by the reported
pathology.
dP, The histologic pathology reports on the thyroids do not show any of
the signs of exposure to radiation similar to those observed experimentally at doses of 24,000 rads or more (McClellan, R.O., et al., Health
Physics, 9:1363-1368, 1963) even though Dr. Knapp estimates exposures as
high as 39,776 rads may have occurred. The gross and histologic
pathology in the necropsy reports cited in Appendix E do not support the
highest exposure calculated by Dr. Knapp and it is questionable if they
could support his lowest estimate. Thus, the temporal sequence of
exposures and proported effects and the reported histopathology and
gross pathology fail to support the sequence of events suggested by
Dr. Knapp.
al3 In general, there is no need to resort to radiatioa effects of
fallout to explain the losses of sheep in Utah in 1953, and no
radioassay or histopathologic findings to suggest a massive radiation
exposure in those animals that were examined. Given the reported range
conditions in that year and the reported demographicss" of deaths within
the flocks along with the temporal relationships of events, there are
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simpler explanations of the deaths. Poor range conditions, leading to
overgrazing or range and malnutrition in the ewes, led to pregnancy
disease in ewes and underdevelopment in full-term fetuses. At the same
time, the overgrazin& forced the ewes to consume some photosensitizing
(e.g. horse bush) and other toxic plants (e.g., loco-weed) known to be
present on the range (p. E-14-4). These plants are not normally
consumed unless range is overgrazed (Keeping Livestock Healthy, USDA
Yearbook of Agriculture, 1912). Then any scenerio can be superimposed,

assuming debilitated animals, to Include various infectious diseases
that might cause symptoms like those observed or reported in the sheep
that died.
A, Such'symptoms and effects as reported in' the 'sheep and the limited'
necropsy data and laboratory tests reported are consistent with a
multitude of possible causes, not just radiation. For example, the
lambs were abnormally small at birth (p. E-14-3) and many died in the
first week after birth (pp. E-20-7, E-20-8). Lamb losses averaged about
25% (p. E-14-15). Although the percent loss is rather high, higher than
the 15%-20% loss reported in other situations, the symptoms are consis-

tent with the syndrome of dysmaturity, caused by poor nutrition in the
ewe during the last third of the gestational period, and with starvation
of the lambs. (Dennis, S.M., Compendium on Continuing Education, 1:S17326, 1979).
d,

Although not enough information is given on the ewes (p. E-14-7,

E-14-12), the general description of the nutrition of the animals and

the lack of a high mortality in nonpregnant animals suggests that
toxemia of pregnancy (ketosis) may have been a contributing factor to
the high losses of pregnant ewes.

The anterior lobe pituitary necrosis observed in the two ewes
necropsied (Annex 2 and 3, Appendix 9) might also provide an explanation
for continued losses of ewes mentioned in Annex 24 (Appendix E).

In

humans an acute necrosis of the anterior pituitary occurs secondary to

post partum hemorrhage (Sheehan's Syndrome). This pituitary necrosis
causes symptoms of hypopituitarism, such as: failure to establish
lactation, cold-intolerance, reduced thyroid and adrenal function, etc.
to develop. The sheep pituitary has similarities to the human pituitary
such that it should be susceptible to an ovine analog of Sheehan's
Syndrome (Adams, J.H., et al., Acta Endocrinol., Suppl. 81, 1963).
Acute necrosis of the anterior lobe of the pituitary developing post

partum could explain effects and deaths observed in some of the ewes
after lambing.

Conclusions

.27.

Although the dosimetric calculations made by Dr. Knapp to support
his contention that 1953 sheep deaths in Utah and Nevada were caused by
weapons test fallout are numerically correct, there is no evidence that
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the assumptions on which the calculations are based are correct. There
is, in fact, evidence that many of the assumptions are incorrect.
;
Human physiological and metabolic parameters were used as
surrogates for sheep data in some calculations. Preliminary evaluation
of calculations using species-specific data for sheep suggests
calculated doses will be lower than those obtained using the human
parameters.
;ja Studies of weapons tests fallout that have been reported do not
support the intake values assumed for sheep in Dr. Knapp's model but
suggest much lower values.

30,

Studies done on surviving sheep from the same flocks do not show
the gross or microscopic pathology of the gastrointestinal tract or
thyroid that would be expected at the exposures calculated by Dr. Knapp.
The pathology suggests much smaller exposures.

31#
There are anomalies in the reported time sequence of events where
attributed radiation effects are occurring before the weapons tests or
more rapidly than could be supported by observed results in experimental
animals. These sequences also suggest that exposure was not the same as
that calculated by Dr. Knapp.

321

In summary, Dr. Knapp appears to have' overestimated the probable
exposure and effects of fallout on the sheep, if there was any
appreciable fallout exposure at this time.

310 The simplest explanation of the cause of death in the ewes is
malnutrition and stress under extremely adverse range conditions; not
irradiation from ingested fallout (p.vi).

311

The simplest explanation of the death of the lambs is poor
nutrition in the ewes during gestation due to the drought conditions on
the range, not irradiation from radioactive material in the ewes gastrointestinal tract and radioiodine in the fetal thyroid (p. vi),.

E-36-27

1141

" m

PQCK
u FMIi.

,

wd.?t
.
.
•,.k

,.,
('a...
Co
Tw

' I .MM

,,HOUSE

CONGRESS OFTHE UNITO STATES
Of REPRrSVTATIVES
su~oMiw*rvt on 0MISIGHTANDC
INVUTIGATO*NS
COMWMC%m TEST&T9 J ACN

C

a.,-WASNGT0.

COMUII9

IS

September 10, 1979

Honorable Douglas MI.Costle
Administrator
Environmental Protection Agency
401 \1Street, S.W.
Washington, D.C. 20460
Dear Mr. Costle:
On August 21, 1979, the Subcommittee on Oversight and
Investigations transmitted a copy of Dr. Harold Knapp's report,
Sheep Deaths in Utah and Nevada Following the 1953 Nuclear
Tests, to the Environmental Protection Agency. The Subcommittee
re-iqusted the Agency's scientific evaluation of the report's
conclusion that nuclear radioactive fallout was the primary
cause of the sheep deaths which occurred in Utah and Nevada
during the Upshot-Knothole nuclear tests in 19S3. It is my
understanding that the report has been forwarded to the Agency's
Las Vegas office for comment.
To assist the Subcommittee in analyzing the data, I would
appreciate a review of the report's conclusions by the Agency's
Office of Radiation Programs. Specifically, the Subcommittee
requests the comments of the Bio-effects Analysis Branch regarding the implications of this report's conclusions for the human
health hazards posed to residents who lived downwind from the
test site during the government's conduct of atmospheric nuclear
tests during 1951-19 3.
Sincerely,

Chairman
Subcdamittee on
Oversight and Investigations

E-36-28

1142

Utow"AO?.fty. Crnan

r
'(.

±,,
L.
"
(.~rnvc..3Mfrrge

,, .~

"* S 0

,,I.

CONGRESS OFTHE' UNITED STATES
HOUSE
OFRUCRES4TATIVES
44

Oansw
s

O1uSTrnGATuanS

OMMflT
ON4TUSTA't "D,MD" COMU
MM
WASHiGTON,
DC. USII

August 21. 1979

/

'-'

Honorable Douglas M. Costle

Administrator
Environmental Protection Agency
401 %1Street, S.W.
Washington, D.C. Z0460
Dear Mr. Costle:
The Subcommittee on Oversight and Investigations has held
four hearings in its investigation of the hazards posed to downwind residents as a result of the atmospheric nuclear tests
conducted at the Nevada Test Site during 1951-1963. These hearings have formed the initial phase of the Subcommittee's study
of the health sf.ects of low-level ionizing radiation and the
government's responsibilities for nuclear development, radiation
research, and public health and safety.
During the last hearing held on August 1, 1979,
Dr. Harold Knapp, a scientist formerly with the Atomic Energy
Commission, presented testimony regarding the numerous sheep deaths
which occurred in Utah and Nevada during the Upshot-Knothole nuclear
tests in 19S3. Dr. Knapp concluded:
"The simplest explanation of the primary cause of death,
not considered at the time, is irradiation of the sheep's
astrointestinal tract by all the fission products present
n the fallout particles which were ingested along with
open range forage. Irradiation of the sheep's thyroid
and other internal organs from the radioactivity of specific nuclides included in the fallout, coupled with the
severity of the range conditions in this particular year,
were undoubtedly contributing factors."
To assist the Subcommittee in analyzing the data, I would
appreciate your Agency's evaluatio, of the scientific evidence
as compiled in the enclosed report, Sheep Deaths in Ut3h and
Vevada Following the 19S3 Nuclear TeOts.
Specifically, the.
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Hon. Douglas M. Costle
Page Two
August 21, 1979
Subcommittee requests your Agency's comments as to the scientific
verification of Dr. Knapp's conclusion that nuclear radioactive
fall-out was, in fact, the primary cause of the sheep deaths in
Utah and Nevada.
Sirnely,

Chairman
Subcommittee on
.Oversight and Investigations
Enclosure
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Response to the Comments of the
Environmental Protection Agency
These comments, and most particularly those of Dr. Nell
Nelson, have been especially helpful in focusing on the critical
issues of the quantities of radioactive materials which could
reasonably have been ingested by the Utah and Nevada sheep
following the spring tests of 1953, and in clarifying the
effects of ingested radiolodine on fetal lambs. A separate
annex to this appendix (Annex 34--Additional Considerations
Concerning the Effect on Fetal Lambs of Fallout From the 1953
Nuclear Tests) has been prepared to review, revise, and clarify
the issues raised by Drs. Nelson, Smith and Potter in a systematic way, and constitute the basic response to the comments
transmitted by Mr. Hawkins. The reply made here is accordingly
accomplished in large part by reference to specific sections of
Annex 34 to Appendix E.
To facilitate the reply, the numbers of the paragraphs
of the various portions of the comments of the EPA have been
numbered.
Response to Letter From Assistant Administrator Hawkins
to Congressman Eckhardt 1. No response required.
2. It Is assumed in the paper, and I believe it was generally
conceded by all concerned at the time, that there was something
unusual and left unexplained about the sheep losses which
occurred in the vicinity of the Nevada Test Site in the spring
of 1953. This is, for example, the tacit admission of the
findings by the AEC (See, for example, paragraph 3 of Annex
38 to Appendix E). It was further not possible to identify the
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cause or causes of the unusual losses, even taking into
account the severity of the weather. A variety of sheep
diseases, including bluetongue, were specifically considered
and not concluded to be identifiable as the cause of the
losses (E-17-9). So I do not think it now convincing to
advance the suggestion, as I believe Mr. Hawkins suggests,
that somehow the "normal spectrum of diseases and clinical
conditions that develop in pregnant sheep on range" may,
after all, be responsible for the effects experienced in
1953.
There is a straightforward misunderstanding, discussed
in detail in section VI of Annex 34, concerning the fraction
of deposited fallout which can reasonably be expected to
have found its way into the.sheeps mouth. The 20-40 percent
used in the computations refer to that fallout deposited on
actually foraged areas-for example, on isolated clumps of
grass grazed by the sheep--and not to the fallout deposited
on (say) the 80% of the desert area which is bare sand. The
basic assumption is that the maximum initial rate of consumption of freshly deposited fallout is 28.6 square meters worth
of deposited fallout particles per sheep per day, and that
this would occur, for example, when the sheep has to graze
over an actually foraged area of 71.5 square meters per day.
In a desert like area, this would mean the actual geographic
area grazed was 5 times or more gieater than 71.5 square meters.
When this consideration is taken into account, it will be
noted that the estimates of forage density and retention
provided by Dr. Nelson are not inconsistent with the quantitative estimates of ingested fallout material used in the
computations.
3. As detailed in Annex 34, the exposure of fetal lamb following
the NANCY shot of 24 March 1953 occurred approximately 50
days prior to lambing. As the experiments of Bustad et al
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show (Annex 34, Section IX, lst generation lambs of ewes
fed 1800mc 1-131/day during the last 50 days of pregnancy;
none survived beyond 5 days), 50 days is sufficient for a
fetal lamb to develop hypothyroidism severe enough to be
lethal at birth, as a result of 1-131 ingested by its dam,
even though the dam may survive for 450 days of feeding at
a level of 1800mc 1-131/day.
It is precisely this emphasis
on the time and quantity of 1-131 required to cause lethal
effects on the adult sheep when the question is interest in
the time and quantity required to cause lethal effects on
the fetal lamb which I find so inexcusable in the AEC presentation of its dates obtained at Hanford before the 1953
Nevada Tests. See in particular the results of Case #5,
Section IX, Annex 34, the discussions on pages E-31-28 thru
34, and the correspondence of Annex 33.
4.

Some of the measurements of fallout on the backs of

sheep and the reported experience of sheepmen and other
.,,,.ihabitants of the areas downwind of the test site (Report,
pages 16-30, E-31-14 thru 20, and Section XI of Annex 34)
do shed new light on the possibility of rather severe hot
spots (external gaweax.Noses in.tH6'range of 30-100 rads)
in limited areas as far as 160 miles from the test site.
Another worrisome biological threat to humans from the Nevada
test,.-comes from the exposure of infant and fetal thyroids
to radioiodihe-1tnthqmilk of cows grazing in the areas.where
external gamma dose was in iht'range of 1 to 5 rads. As can
be seen from the Commissions-map on page 'A:6i'-fal1.: ot was
especially severe in the 1953 test series. See also Annex'25.
and the discussions on pages E-31-18,19 and E-31-25,26 concerning the extent to which this hazard was understood
at the time.
Response to the Comments of Dr. Smith
1. See response to 1. of Mr. Hawkins.
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2. There is no argument with the assertion that environmental
stresses were especially severe in the spring of 1953.
3.

See response on pages E-30-61,62, and E-30-38,39.

4.

When the possibility of bluetongue was first raised by

Dr. Taylor (see pages E-30-42 thru 45) the writer was much
concerned that perhaps this disease-was in fact unfamiliar
to the examining veterinarians. That concern would had been
removed had he read his own report more carefully. See pages
E-17-8,9; the last item listed at the top of E-17-9 is bluetongue.
5. No argument. However, I assume that Dr. Smith still
allows that they may also have been fallout related.
6. I also agree with Dr. Wolff. This tenuous computation
was made because, so to speak, it was there, and because
at the time it was the only scrap of information the writer
had--or thought he had--which could be used to check the
uptake model, and it seemed.better to make it than not to
make it. The surprising thing is tbat the infinite dose
computed thereby (1 rad) was only a factor of 2 higher than
the infinite dose given for Cedar City in Figure 2. With
respect to the misunderstanding concerning the 20-40% uptake,
section VI of Annex 34 to Appendix E.
7.. Agreed.
8. Understood. Hopefully the more detailed developments
not available to Dr. Smith at the time of his review (all
Annexes to Appendix E following No. 28) permit him to
conclude that the conclusions finally reached are not unreasonable. See Annex 31 and 35,with respect to the writers
position that he does not argue'that radiation is either
the sole cause of death, or that it has been scientifically
proved that radiation was a necessary contributing factor.
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