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ABSTRACT 

The results of investigations into reported problems with plants and animals 
which may be related to the operation of and accident at the Three Mile Island 
Nuclear Power Station are presented. The kinds of problems reported are listed, 
and potential areas of concern (such as the release of radioactive gases and 
drift from cooling tower plumes) are discussed. Specific case histories are 
examined, and probable causes attributed. While in some instances not enough 
data were available for a detailed evaluation to be made, none of the reported 
problems could be linked to TMI and no general pattern of effects could be seen. 
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FO REWORD 

Overa l l respon s i b i l i ty for th i s  report was as s i gned to Geral d Gears and D r .  
Ge rma i n LaRoche o f  t h e  staff of t h e  Nucl ear Reg u l atory Commi s s i o n (NRC ) .  I n  
conducti ng the i nvesti gat i ons  for thi s report , they began by coordi nati ng t heir 
acti v i t i es  w i th those of  the Pennsy l van i a  Department o f  Agric u l ture (PDA ) . 
Mr . Robert Furrer and Dr .  John  Cab l e of  the PDA parti c i pated i n  the i nterv i ew 
of  owners o f  an i ma l s wh i ch reportedl y had or  we re hav i ng heal th p rob l ems re l ated  
to  TMI . I n  tho s e  few case s  where i nd i v i dual s were not  i nterv i ewed , an attempt 
was made to i nfo rm those  i nd i v i dual s of  the i ntere s t  i n  these  prob l ems and to 
s ugge s t  that they contact the authors to arrange an i nterv i ew .  Because  on l y  
tho se  i nd i v i dual s who reported prob l ems were contacted , t h i s report shou l d i n  
no way be thought of as an ep i demi o l og i cal  study s howi ng the i nc i de nce and dis t r i ­
but i on  of  an i ma l  heal th p rob l ems i n  the TMI area . .  

Afte r the NRC s taff comp l e ted the i n i t i a l i nterv i ews and gatheri ng of data , 
the data were presented to D r .  Bernard Jaro s l ow ,  a rad i ob i o l ogi s t  w i th Argonne 
Nati onal  Laboratory , for ana l y s i s  and fi ndi ngs concern i ng pos s i b l e radi o l ogical 
and patho l o g i ca l  causes o f  these  prob l ems . D r .  Jaro s l ow brought i n  two pers o n s  
t o  ai d i n  h i s ana l yses : D r .  Donal d Smi th , a vete r i nari an  w i th the U . S .  Environ­
menta l  Protecti on Agency , Env i ronmental Mon i tori ng Sys tems Labo ratory , Las Vega s , 
and D r .  John  Cab l e (menti o ned above) , a vete r i nari an  wi th the PDA , both o f  w hom 
have expert i se i n  radi ati on b i o l ogy .  I n  add i t i on  to rev i ewi ng the data s upp l i ed 
to it by the NRC , th i s team i ndependently  i nterv i ewed farmers i n  the TMI region  
and  gave the  NRC  a report o f  i ts f i ndi ngs o n  the pos s ib l e re l at i ons h i p s  betwee n  
l ocal  an i ma l  hea l th and the operat i on of  TMI . The team • s f i ndi ngs have been 
i ncorporated i n  thi s report . The concl u s i o n s  concern i ng the effects of re l eases 
of rad i oact i ve mater i a l s i n  gaseous  effl uents from TMI , as  we l l  a s  postu l ate d  
cause s  of l ivestoc k prob l ems , are based on  t h e s e  fi ndi ngs . 
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EXECUTIVE SUMMARY 

I n  the months fo l l owi ng the March 1979 acc i dent at the Three Mi l e  I s l and Nuc l ear 
Power Stati o n  many quest i ons  have been as ked and many concerns  voi ced : did 
the acc i dent--o r  even  the normal operat i on  o f  the p l ant--have any effect on 
an i mal and p l ant l i fe i n  the vi cini ty of the p l ant? 

Thes e  questi o n s  and concerns certai n l y  are understandab l e .  I n  attempti ng to 
provide fu l l and adequate answers , the authors o f  th i s pap e r  made every effort 
to l ook  i nto reports o f  unus ual prob l ems experi enced wi th an i ma l s and p l ants 
i n  the area s u rround i ng TM I .  Unfortunate l y , there were cases  that cou l d not 
be i nvestigated i n  depth because not enough  data were ava i l ab l e .  I n  some 
i nstances , for examp l e ,  the bod i es  o f  an i mals wh i ch had bee n  deformed or wh i ch 
di ed under unusua l  c i rcums tances had been destroyed before any stud i es  cou l d  
b e  performe d .  A s  a res u l t ,  the f i ndi ng s  are not a s  detai l ed a s  the staff wou l d 
prefe r .  Nonethe l ess , concerned citizens may be ass ured that i n  keep i ng with 
i ts m i ss i on to safeguard the pub l ic  hea l th and safety , the staff of the Nuc l ear 
Reg u l atory Comm i ss i on (NRC) wi l l  conti nue to i nvesti gate reports of unu s ua l  
prob l ems exper i e nced wi th p l ants and an i ma l s ,  and any pert i nent f i ndi ngs wi l l  
be made ava i l ab l e. 

I n  the repo rt that fo l l ows , the authors have addressed the quest i ons  rai sed by 
the pub l i c. Some of thes e  questi ons , and the authors' responses , are : 

1 .  D i d  any s i c knes s and disease seen  i n  l ivestoc k, pets , and wi l d  a n i ma l s  
resu l t from radi ation  that they rec e i ved e i ther duri ng operati on of the 
reactors or from the acc i dent at Un i t  2? 

No reasonab l e connecti on cou l d be made between  the operat i o n  of TMI and the 
hea l th prob l ems of l ive s toc k and pets that were brought to the attenti on of 
the staff of the Nuc l ear Reg u l atory Commissio n .  The s ame holds true for the 
aftermath of the acc i dent .  The l evel  of rad i at i o n  expos ure as cal c u l ated for 
the worst case (at M i dd l etown, 100 mrem) was l ess than 1/lOOOth of that which 
m i ght have caused c l i n i ca l l y  detectab l e effects i n  the animal  popu l at i o n  tha t  
was exposed t o  rad i at i on. Furthermore , there was no apparent re l at i o n sh i p  
between t h e  reported prob l ems and the p redom i nant wi nd patterns  duri ng the 
acc i dent .  

2 .  If the  reported l eve l s of rad i at i on  were wrong, c ou l dn't the an i mal s 
actual l y  have rece ived enough radi ati on to make them s i c k? 

I f. the l eve l of radi at i on exposure after the acc i dent was much greater than 
reported , say by a tho usandfold , comp l a i nts about an i mal heal th prob l ems  would 
have been di fferent from those made .

· 
There wou l d  have been many anem i c anima l s, 

spread throughout the TMI area , and , more frequently , in the path of the rad i o­
active p l ume (whi ch tended to be north-northwest , east- northeast, and south­
southeast of the p l ant· s i te); thi s  was not the case. 



3. Did the salt drift from the cooling towers make the minerals in the soil 
unavailable to the livestock, thereby producing a mineral deficiency? 

The deposition of neutral salts from the drift--primarily sulfates, carbonates, 
and chlorides--adds only a small increment of salt to what is naturally present 
in the soil. It would not have acidified the soil or caused the 11 binding11 of 
selenium to the soil (which could have intensified the problem of dietary 
insufficiency of selenium) ; moreover, it would not measurably affect the 
chemistry of selenium in the soil. 

4. If radiation and salt drift were not the cause of the reported sicknesses, 
what was the cause? 

The most likely causes of the reported animal husbandry problems are nutritional 
deficiencies and infectious diseases, as indicated by disease symptoms as well 
as by the improved health of livestock that were given feed supplements. 

5. Although the radiation dose was small, couldn't it have been enough to cause 
cancer or mutations? 

Some experts believe that any dose of ionizing radiation can potentially cause 
cancer or mutations, although the possibility of it occurring might be 11 one in 
a million. 11 None of the animals brought to the attention of the Pennsylvania 
Department of Agriculture in connection with TMI were diagnosed as having cancer. 
The deformed animals that owners called mutants were most likely the victims 
of infectious disease suffered in the womb. 

2 



1.0 INTRODUCTION 

INVESTIGATIONS OF REPORTED 
PLANT AND ANIMAL HEALTH EFFECTS 

IN THE THREE MILE ISLAND AREA 

The Three Mile Island Nuclear Power Plant (known as TMI) is situated in a part 
of central Pennsylvania that contains productive farmland, as well as several 
small and medium-sized cities. The TMI region has rich, fertile valleys and 
rolling hills; agriculture contributes in a major way to the area's economic 
well-being. As an indication of the importance of farming in this area, it 
might be noted that in 1974 Lancaster County ranked 18th among all U. S. counties 
in value of agricultural products sold (Ref. 1). Dairy- and beef-cattle 
operations are the most common farming enterprises in the area. Dairy-herd 
size averages about 75 cows per operation, while beef herds are generally 
smaller, with herds averaging 10 to 20 animals per farm. In the four-county 
(York, Lebanon, Dauphin, and Lancaster) area surrounding TMI, the number of 
large domestic farm animals exceeds three-quarters of a million. 

After the TMI accident on March 28, 1979, the Pennsylvania Department of 
Agriculture (PDA) conducted a number of surveys to determine whether there 
were any unusual agricultural problems which could be related to TMI. The PDA 
Bureau of Animal Industry inspected farms in the vicinity of TMI, most of them 
within 5 miles of the site. Bureau officials found that of 96 farms containing 
between 9,000 to 10,000 head of livestock (horses, cattle, swine, sheep, and 
goats), only 11 farms reported problems (Ref. 2) .  An individual residing in 
the area told of some additional cases, and the Bureau of Animal Industry 
received a number of complaints from a variety of other sources. The PDA has 
investigated these problems and, to date, has found no evidence to connect 
them with TMI. A veterinarian with a long-established practice in the 
agricultural areas immediately west of TMI testified before the Pennsylvania 
Public Utilities Commission (PAPUC) (Ref. 3). His testimony outlined abnormal 
increases in reproductive, bone, and muscle problems among farm animals. 
Accounts of these animal health problems, as well as of other terrestrial 
(land-related) problems, have appeared in newspapers (including The Paxton 
Herald, February 27, 1980; The New York Times, March 27, 1980; and The 
Baltimore News-American, July 20, 1980). During NRC public meetings at 
Middletown and Baltimore regarding cleanup of TMI, comments were made about 
unusual animal health problems in the TMI area. The following report is i n  
response to public concern in this regard, not only in connection with the 
accident at TMI, but also with the normal operation of the plant. (A similar 
report on aquatic impacts from the TMI accident was published in November 1979 
(Ref. 4).) 
2. 0 PROBLEMS REPORTED 

Sources of information for this document include reports issued by the Common­
wealth of Pennsylvania, interviews with the professional staff from the 
Pennsylvania Department of Agriculture, discussions with experts from state 
and private universities, testimony given before the Pennsylvania Public 
Utility Commission concerning animal health effects, and field interviews with 
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people who have expressed their concern about possible links between TMI and 
animal health problems. In addition, more than 100 practicing veterinarians 
were contacted by letter, asking them for any information concerning animal 
health problems possibly related to TMI. 

A major difficulty encountered in this study was a determination of what con­
stituted unusual animal health problems. There is a lack of background 
information on the incidence of a large number of animal diseases and other 
animal health problems. The incidence of dangerous transmissible diseases 
(such as tuberculosis, rabies, and hog cholera) that can devastate the live­
stock industry or cause serious human health problems is well known; large 
sums of money are spent annually to identify and eradicate these diseases. 
However, other animal diseases and health problems have not generated 
sufficient concern within the livestock industry to warrant the cost of an 
indepth animal morbidity and mortality data collection and evaluation program. 
Information on the incidence of these diseases and health problems is usually 
available only from the memories of local veterinarians and farmers. Except 
for those animal diseases that have been designated dangerous transmissible 
diseases, no long-term documented information is available on animal health 
problems. Therefore, the use of the terms 11unusual 11 or 11abnormal 11 to describe 
animal health problems in this report cannot be supported by long-term 
documented data, but rather reflects the opinions of those interviewed. 

All the events described in this report occurred within 20 miles of TMI; most 
occurred within 5 miles (Figure 2.1). The farms reporting these problems were 
located in 11 communities in 4 counties, but they were not evenly distributed 
in the area covered in this report (Table 2.1). Most occurred in York County, 
generally west of TMI. The number of farms reporting animal health problems, 
by year, is given in Table 2.2 

Table 2.1 location and number of farms reporting domestic animal 
problems within a 20-mile radius of TMI 

Number of farms reporting 
County Community domestic animal problems 

York Goldsboro (Etters) 11 
York Haven 2 
Manchester 2 
Mount Wolf 1 
Lewisberry 1 
Newberry 1 

lancaster Marietta 2 
Bainbridge (Canoy) 2 
Elizabethtown 1 

Dauphin Middletown 6 
lebanon Annville 1 

Total 30 

4 



Table 2.2 Number of farms reporting unusual problems with domestic animals, 
by year 

Year 

1977 
1978 
1979 pre-accident 
1979 post-accident 
1980 

Reports 

5 
17 
14 
22 

1 

As a result of the staff investigation, a listing of domestic animal health 
problems claimed to be related to TMI was compiled. This listing for large 
domestic animals is shown in Table 2.3 and for small domestic animals in Table 
2.4. After an initial review of the reported events, the various domestic 
animal problems were classified in three broad categories, as outlined in 
Table 2.5. In addition, other terrestrial problems were reported in the TMI 
area. These are shown in Table 2.6. A discussion of all of these events is 
provided in Section 4. 
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Figure 2.1 Geographic distribution of farms reporting animal health problems within 20 miles of Three Mile Island. 



Town 

Etters 
(Goldsboro) 

Mount Wolf 

York 
Haven 

Newberry 

Manchester 

Middle­
town 

Marietta 

Bain­
bridge 

Elizabeth­
town 

Table 2. 3 Health problems of large domestic animals claimed to be related to TMI--location, number, time, and type 

Farms 
Farms* 
Reporting 
Problems 77 78 

10 

9 

4 

4 

1 1 

1 

4 

Milk 
Cattle 

2 calves died, 
4 aborted. 
Stillbirth, 
cancer 
reported 

1 calf died. 

2 calves died. 

1 cow, 
1 calf died. 

Reproduction 
problems, 
weakened live­
stock, nervous 
disorders 
reported. 

1 cow could 
not breed. 
1 cow aborted. 
3 cysts, 
2 stillbirths, 
1 premature 
birth, res pi ra­
tory problems 
reported. 

Breeding pro­
blems reported. 

4 heifers 
unable to 
conceive. 

Slight 
increase in 
mastitis. 

1 cow died. 
4 aborted. 
1 had tumor in 
uterus 

2 cows, 3 
calves died. 

7 cows, 
1 2  ca 1 ves died. 

Beef 
Cattle 

Steer broke 
hip. 
Calf died. 

2 steers died. 

1 steer down, 
1 steer ok. 

2 steers blind; 
1 of these 
cracked pelvis 
and died; the 
other was sent 
to New Bolton. 

2 steers blind, 
had soft bones. 

1 steer lost con­
trol of hindquar­
ters. 

Steers lost con­
trol of hind­
quarters. 
1 broke hips, 
1 lost control 
of hindquarters. 

1 steer 
lost control of 
hindquarters.· 

6 calves died, 
1 dwarf born. 

2 steers died. 

2 steers died. 

Horses 

2 foals died, 
2 ok. 
7 rebred: 
1 delivered, 
6 did not. 

3 aborted. 
1 foal 
stillborn. 

1 foal stillborn. 
1 remained in heat 
1 onger than usua 1 . 
1 had abnorma 1 
milk gland. 

Sheep 

Breeding 
problem 
reported. 

Colt had leg_ �owed. 

4 had stiff 
joints. 

2 ewes, 4 new­
born lambs died. 
3 ewes died. 

Lamb born 
with 1 eye. 

Goats 

1 aborted. 

1 aborted. 
Same goat 
delivered 
twins 6 
months 1 ater. 

Hair fell 
off, raw sores 
deve 1 oped. 1 
kid stillborn. 

1 aborted 
twins. 
2 died when 
pregnant. 

Sore feet 
reported. 

No kids 
produced. 

14 kids born. 
Some nannies 
stopped giv­
ing milk 6 
months after 
giving birth. 

Kids healthy, 
except 1 had 
breathing 
difficulty. 
2 nannies 
sick. 

Pigs 

Slow to 
develop. 
Breeding pro­
blem reported. 

11 died. 

Breeding 
problems 
reported. 
1 died. 

Stillbirths, 
breeding 
problems 
reported. 

*This number represents the total number of different farms reporting reporting problems during this period; some farms reported problems in more 
than 1 year; some of these farms also are among those reporting problems with small animals (Table 2.4). 

'*The staff has no reports of TMI-related problems before 1977; the figures for 1979 post-accident include 1 report from early 1980. 



Town 

Etters 
(Goldsboro) 

Lewis­
berry 

Middle­
town 

Annville 

Table 2.4 Health problems of small domestic animals claimed to be related to TMI--location, number, time, and type 

Farms* 
Reporting 
Problems 

Farms Reporting Prob 1 ems 
Each Year** 
79 pre- 79 post-

77 78 accident accident 

4 

2 

4 

1 

Rabbits 

Died. 

1 died. 

26 died. 

2 aborted. 
False 
pregnancies 
reported. 
1 litter died. 

Cats 

10 kittens died. 
1 cat died. 

4 sick and dying. 

1 died, 2 ok. 

Breeding problems 
reported. 
1 kitten died, 
2 ok. 

5 kittens died. 

2 kittens had 
muscle problem. 

kittens died. 

1 itters died. 

3 bred with no 
results. 

1 litter died. 

Mutation, 
casper. 

Litter died. 

4 litters 
aborted. 
1 litter 
stillborn. 

2 litters died, 
1 cat miscarried. 

8 cats, 
litter of 
kittens died. 

3 developed 
leukemia (viral 
form). 

Dogs 

1 had cancerous 
lymph node. 

1 born without eye 
socket. 
Poodles bled 
excessively when 
in heat. 

9 puppies died. 

Chicken, 
Geese, and Ducks 

Low reproduction 
rate, mutation in 
ducks reported. 

No reproduction 
in ducks 
reported. 

Mutations reported. 
Ducks had digestive 
problems. 

No reproduction 
in geese 
reported. 

Goose eggs did not 
hatch; geese 
stopped sett i ng. 

6 geese died. 

Guinea Pigs 

19 died. 

*This number represents the total number of different farms reporting problems during this period; some farms reported problems in more than 1 year; 
some of these farms also are among those reporting problems with large animals (Table 2.3). 

••The staff has no reports of TMI-related problems before 1977; the figures for 1979 post-accident include 1 report from early 1980. 

8 



Table 2.5 Classifications of animal health problems claimed to be related to TMI. 

NatlVe & 
Milk Beef Domestic Guinea 

Problem Cattle Cattle Horses SheeE Goats Pigs Birds Ducks Rabbits Cats Dogs Pigs 

Reproductive problems 
Prolonged heat cycle or no heat periods X X X X X X X X X 
Reproductive rate very low X X X X X X X X 
Sterility X X X X X X X X X 
Abortions X X X X X X X X 
St i 11 births X X X X X X X 
Lack of dilation--Caesarean needed X X X 
Mutations X X X X 
Premature birth X X 
Milk glands did not function properly X X 

(stopped giving milk) 

Bone and muscle problems 
Multiple fractures (broken bones) X X 

� Muscle disorders X X X X X 
Enlarged joints--arthritis X X 
Soft bones (bow legs) X X 

Miscellaneous 
Blindness X X 
Hair fell out--raw sores 
Mastitis X 
Cancer--tumor X 
Death from unknown causes X X X X X X X X 



Table 2 .6 Additional terrestrial problems reported in the TMI area 

Reported effects on wildlife 

Fewer starlings and robins were seen during the spring and summer of 1979. 

Small game animals (e.g., squirrels, rabbits, and pheasants) were fewer 
in number. 

No 11hop toads11 were seen in the last 2 years. 

Reported effects on vegetation 

Individual trees of many species had dead branches and/or leaves. 

Two pears trees produced less fruit than they did in previous years, 
and one of these trees is dying. 

Plants beneath a cemetery wire fence are dead. 

Plants around a watering trough were dead. 

Report of a 11glowing fish11 

Reports of a 11white powder11 

3.0 AREAS OF POTENTIAL IMPACT 

Three potential impacts on livestock derive from TMI: one is from radioactive 
gaseous releases from the plant during normal operation (see Section 3.2 .1), 
the second is from radioactive gases released during and after the accident at 
TMI-2 from March 28,  1979 to April 7, 1979 (see Section 3.2 .2 ), and the third 
is from fallout of chemical salts in the drift from cooling tower plumes during 
operation (see Section 3.3). Each of these hazards will be discussed in detail 
in this section. 

It should be noted that many of the reported concerns about effects on animals 
or vegetation were related to events that occurred before the accident at TMI. 
Several of the farmers who were interviewed specifically blamed the plume from 
the cooling towers as contributing to their problems. 

To prepare the reader for the discussion of the three potential areas of impacts 
on livestock, a short explanation of the biological effects of radiation is 
provided below. 
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3.1 General Biological Effects of Radiation 

3.1.1 Description of Radiation Dose Rates 

In the discussion of radiation exposure from the TMI reactor, it might help 
the reader to recall what doses of radiation are received each year from natural 
sources. (These doses are called 11background radiation.11) In the Harrisburg, 
Pennsylvania area, a short distance from TMI, the natural or background radiation 
is about 120 millirems per year (mrem/yr); it varies throughout the United States 
from 70 to 310 mrem/yr (Ref. 5). 

To evaluate the potential hazards posed by the radioactivity released during 
operation and during the 10 days following the accident, it is necessary to 
consider the amount of radiation that might be received by an animal (dose) 
during these periods and then to estimate the degree of injury, if any, that 
might be expected from that dose. The injury that an animal might receive from 
a given dose is estimated on the basis of carefully controlled laboratory experi­
ments, by scientists throughout the world, in which animals were given predeter­
mined doses of radiation and their injuries then studied. 

Dose is a measure of the amount of energy deposited in tissue as radiation 
passes through it. A radiation dose of 1 rad is equivalent to the deposition 
of 100 ergs of energy per gram of tissue. A millirad (mrad) is 1/1000th of a 
rad. Certain types of radiation have either a greater or lesser biological 
effect for the same dose. For example, the destructive effect to biological 
tissue from high energy protons can be about 10 times greater than from gamma 
or beta radiation for the same dose. The concept of 11dose equivalent, 11 measured 
in rems, was created so that doses from different types of radiation could be 
measured in a universal unit. 

The 11dose equivalent11 is calculated by multiplying the dose times a 11quality 
factor11 which is a measure of the relative biological destructiveness of the 
radiation. The quality factor for gamma and beta radiation is about 1, and 
for high energy protons is about 10. For example, the cumulative dose equiva­
lent from a dose of 1 rad of gamma radiation and 1 rad of high energy proton 
radiation would be 11 rem. Since practically all the radiation dose from TMI 
was due to gamma and beta radiation, both of which have a quality factor of 1 ,  
the concepts of dose and dose equivalent are used interchangeably; hence, 
1 rad = 1 rem. 

3.1.2 Kinds of Radiation 

In order to understand the effects of ionizing radiation, it is necessary first 
to know some of the properties of the different kinds of radiation. For instance� 
X-rays and gamma rays have much greater penetrating powers than beta or alpha 
particles. At the high energy level of gamma rays, 70 percent of the radiation 
passes through a person•s body (a 20-centimeter thickness of biological tissue), 
while 30 percent of the energy will be absorbed and cause injury to the tissue. 
Beta radiation is almost completely absorbed within a few millimeters to a 
centimeter of tissue thickness, and alpha radiation can be almost completely 
absorbed by a thickness of tissue equal to a few sheets of paper. Special 
radiation-measurement devices, called dosimeters, are used to estimate the dose 
of each type of radiation. 
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3.1.3 Kinds of Radiation Effects 

Ionizing radiation can damage living cells. While much of the injury can be 
repaired by the cells themselves, when the radiation dose is large, many cells 
may be killed. If enough cells in an important tissue or organ are killed, 
serious damage can result. For example, if enough bone marrow cells are damaged, 
the animal can become anemic and die. If the dose is less, fewer cells are 
killed, and the animal may be able to repopulate the blood with red and white 
cells after a period of anemia. Doses resulting from TMI were not high enough 
to cause these levels of injury. 

At very low doses, few bone marrow cells die, but some may be changed in ways 
which are not fully understood after they repair the initial radiation damage. 
Many years later, these cells may change into leukemia cells, and the animal 
may develop a cancer called leukemia. A similar sequence of events takes place 
in other tissues and organs, but in vertebrates, bone marrow stem cells are 
among those most sensitive to external radiation. Because these changes do 
not involve reproductive cells, this type of injury is not transmitted genetically 
to further generations. 

When the cells affected are reproductive cells (eggs or sperm or their predeces­
sor stem cells), events occur which are somewhat similar to those experienced 
by bone marrow cells. If the reproductive cells are killed or severely injured 
with a large dose of radiation, the animal may become sterile or at least less 
fertile. If the genetic material in a reproductive cell is damaged, the cell 
will contain an altered genetic structure (mutation), which may or may not result 
in an effect in a future generation. 

If the altered reproductive cell unites with an unaltered counterpart repro­
ductive cell, the offspring will carry the mutation. The fact that the offspring 
carries a mutation does not necessarily mean that the animal will exhibit·a 
characteristic different from its parents. That is, the characteristic may 
not be expressed in any observable fashion. Most mutations which occur are 
not expressed (they are so-called 11recessive11). 

Because animal species have developed over long periods, most species popula­
tions have a genetic system which can tolerate some mutation; therefore, most 
mutations which occur--while they may be harmful to the individual animal or 
to its offspring--may not be harmful to the species population. Hence, in 
certain cases, a mutation may be beneficial, or at least neutral, and ultimately 
become fixed in the population. For example, a mutation which results in a 
change in eye color and improved vision would be beneficial. If vision were 
impaired, the chance for survival would be decreased. If the change in eye 
color did not improve or impair vision, it would be a matter of chance whether 
or not the change would become fixed in the population. 

Sickness or injury that is observed within a few months after exposure to radia­
tion is classified as acute radiation syndrome. There is generally a large 
variation in sensitivity to radiation injury within a population of a single 
species because of age variation, as well as health and environmental variations. 
This makes it difficult to assign an exact dose range that will cause a specific 
radiation syndrome. In humans, 50 rems (50, 000 mrem) or less of whole body 
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rad i ation  genera l l y  produces no obvious  s i gns of  i njury . At 100 rems ( 100 , 00 0  
mrem ) , a sma l l pe rcentage o f  peop l e wi l l  s how m i l d  b l ood c hange s; a t  2 0 0  rems 
( 200 , 000 mrem ) , most  peop l e wi l l  s how s i gns  of b l ood changes , and the mos t  
sens i t i ve wi l l  d i e .  A t  600 rems ( 600 , 000 mrem) o r  more , a l mo s t  a l l exposed 
perso n s  wi l l  d i e ,  un l e s s  they have i ntens ive medi ca l  as s i s tance . 

The obs e rvab l e characteri s t i cs  of acute radi ation  syndrome are about the s ame 
for most  mamma l s ,  but the dose  requ i red to produce each set  of symptoms vari e s . 
Wh i l e  dos e s  re s u l t i ng from the TMI acc i de nt were very smal l i n  compari son to 
the l eve l s needed for the s e  characte r i s t i c s  to appear , i t  i s  i nterest i ng to 
compare the re l ati ve senst iv i ty of various  spec i es .  The re l ative rad i ation  
sens i t iv i ty of common an i ma l s and b i rds can  be bro ken  down i nto four major 
groups ( Re f .  6 ) : 

· 

(1 ) mos t  s e n s i t i ve :  goats , swi ne , dogs , cats , man , and burros 
(2)  l es s  s e n s i t i ve :  gu i nea p i gs , cows , and horses  
(3) s t i l l  l e s s  s e n s i t i ve :  rabbi ts , rats , and  m i ce 
(4) l east  sens i t ive : b i rds 

For l ow radi ation  dos e s , some ce l l s  exposed to rad i at ion  may s uffer s ubt l e 
d i s ab i l i ti es that , i n  a l ong- l ived an i ma l , may not be expressed for many years . 
For reasons not c l ear l y  understood , some i ntrace l l u l ar event  tri ggers a change 
i n  the se  ce l l s ,  and the damage becomes apparent as , for examp l e ,  a cancer .  
Such  a change i s  c l assi fi ed a s  a 1 1 l ate nt effect . 1 1 

Rad i at ion  i nj ury to embryos and fetus e s  may appear as b i rth defects , but , as 
menti oned above , u n l ess the reproductive ce l l s  are affected , these defects are 
not pas s ed on to s ucce s s ive generations . The type of defect that i s  observed 
depe nds upon the s tage of deve l opme nt duri ng i rradi ati o n .  Genera l l y  the ear l i er 
the deve lopmental  stage , the more s e n s i t i ve the deve l op i ng organi sm i s  to rad i a­
t i on . For examp l e ,  effects s uch as  spontaneous  abort i o ns ,  s t i l l b i rths , o r  
deve l opmental abnorma l i t i es can occur  i n  some an i ma l s  exposed to dos es of  
rad i ation  i n  the womb on the order of 5 rems ( 5000 mrem) or  more ( Re fs .  7 ,  7a) . 

The symptoms and d i seases that are assoc i ated wi th radi ati o n  effects can  a l s o  
b e  caused by a vari ety o f  chemi cal s ,  trauma , and i nfectious organ i sms . Howeve r , 
no s i ng l e agent causes the same spectrum of  abnorma l i t i es as i on i z i ng rad i at i o n . 

''•. 

I n  regard to i njury to vegetat i o n , l ethal  radi ati on doses for p l ants are usua l l y  
hundreds of t i mes  l arger than those  for mammal s .  An expe r i ment at the  B roo khaven 
Nat i onal  Laboratory on Long Isl and ( Re f .  8 )  has s hown that oak l eaves become 
mi sshapen o n l y  after expos ure to 7 rems ( 7000 mrem ) per day over severa l  wee ks 
duri ng the t i me the l eaves are deve l op i ng .  I t  too k some 6 months exposure at 
60  rems (60 , 000 mrem) per day to  ki l l  the oak trees in  the Long Is l and exper i ment. 

Those i nteres ted i n  a s hort , nontech n i ca l  exp l anat i on  o f  the b i o l og i c a l  e ffects 
of  radi ation are refe rred to an art i c l e by M. H .  Barnett; 1 1The B i o l og i c a l  Effects 
of I o n i z i ng Radi ati on : An Overv i ew . 1 1  I t  may be obtai ned from the U . S . Department 
of Heal th  and Human Serv i ces ,  Food and Drug Adm i n i strat i o n , Bureau o f  Rad i o l o g i cal 
Heal th , Roc kv i l l e ,  MD 20857 . 
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3 . 2  E ffects of the  Re l ease of Radioactive Gas es  from TMI 

3 . 2 . 1 Re l ease  o f  Radi oactive Gases  During Normal Ope ration 

All nuclear powe r p l ants produce l ow l eve l s o f  radioacti ve gas es  during norma l 
operati o n  wh i ch must  be re l eased . The cal c u l ated re l eases  of  radioactive 
mate ria l s  in  gas eous  effl uents from TMI Unit 2 during norma l operat i on are s hown 
i n  Tab l e  3 . 1 .  T h e  ca l c u l ated dos e  t o  a 1 1 maximum exposed  i ndividual 1 1 a t  the 
s i te bou ndary wo u l d not exceed 6 . 0  mrem/yr from radioi odine and partic u l ates 
(inc l udi ng radioactive carbon 14C and trit i um 3H) ( Re f .  9 ,  Tab l e  5 . 10 ) . A 
''maxi mum exposed i nd i vidual 1 1  i s  de f i ned as one  who is in  re sidence at the site 
boundary 24 hours  a day without s he l ter or c l oth i ng .  

Tab l e 3 . 1 Cal c u l ated re l eases  of  radioactive material s in  
gaseous  eff l uents from TMI-2 during normal  operation 

Mate ria l 

Krypton 

Xenon 

Tri tium 

Argo n 

Carbon  

Iod i ne 

Coba l t ,  Iron , Manganese , 

Re l ease 
( i n  Curies/yr/unit) 

397 

6322 

560 

25  

8 

0 . 02 

Ces i um ,  and Stronium 0 . 002 

Source : U . S . Nuc l ear Regul atory Commi s sion , 11'Fina l Envi ro nmenta l  Statement , 
Ope ration of  the Three Mi l e  Is l and Nuc l ear S tat i on , U nit 2 , 1 1 NUREG-0112 , -· 
1976 . 

G i ven  the emis s i ons  s hown above , an animal l i ving at the site boundary without 
s h e l te r wou l d  have received , at maximum , a dose  ca l c u l ated to be l es s  than 20 
mrem/yr during operati on  of both TMI-1 and TMI-2 (Re f .  9 .  p . 5- 16). 
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These figures are for the site boundary. The dose would be greatly decreased 
with distance and with intermittent exposure. For example, animals living at 
Goldsboro would have received less than 0.8 mrem/yr when both reactors were in 
operation (Ref. 10). The reported cases of animal sickness were in areas 1.5 
to 2 0  miles from the site; consequently, their exposures would have been far 
less than the maximum of 2 0  mrem/yr indicated above. Many of the cases were 

-from farms in the vicinity of Goldsboro; these animals would have received less 
than 0.8 mrem/yr, a very small fraction of natural background radiation. In 
fact, the year-to-year variation in natural background radiation can be 10 or 
more mrem/yr. In view of these·facts, the 0.8 mrem resulting from the operation 
of TMI could not have caused the sicknesses that are described in Section 7 
and Tables 2 .4, 2 .5, and 2 .6. 

The monitoring records of radioactive releases during normal operation, sent 
by the Metropolitan Edison Co. (operator of TMI) to the NRC Office of Inspection 
and Enforcement, Region I, show two instances when radioactive emissions exceeded 
the control station values.* These emissions were about 1/1 000th of the maximum 
permissible concentration limit stated in Title 1 0  of the Code of Federal Regula­
tions, Part 2 0, for members of the public, and none of the TMI-1 Technical Specifi­
cation limits were exceeded (according to letters from W. M. Creitz, President 
of Met-Ed, to J. P. 01 Reilly, NRC Office of Inspection and Enforcement, Region 
I, October 2 4, 1975 and January 2 ,  1976).- In all respects, emissions were in 
accord with design objectives. The radiation release data, therefore, suggest 
that the operational emissions were at levels well below that which could have 
caused the reported animal sickness. 

3.2.2 Release of Radioactive Gases During the Period of the TMI Accident and 
Possible Consequences 

During. the period of the accident at TMI (March 2 8  to April 7, 1979), the princi­
pal radioactive materials released were Xenon-133 and Xenon-135, plus traces 
of Iodine-131. Some short-lived Krypton isotopes may have been released in 
small amounts (Ref. 5). 

The exposure of animals to radiation from the accident at TMI-2 was: 10-25 
mrem in the Etters area, 1-5 mrem at Lewisberry, about 1 00 mrem at Middletown, 
10-2 5 mrem at York Haven, 1-5 mrem at Mount Wolf and Bainbridge, 0.1-1.0 mrem 
at Marietta, and less than 0.1 mrem at Mt. Joy and in Lebanon County (Ref. 5). 
The exposure rates at distances beyond 1 0  miles from the plant were extrapolated 
from a curve drawn through the plotted exposure measurements as a function-of 
distance within 10  miles of the plant, because exposure rates beyond 1 0  miles 
were too low to measure. 

As can be seen from the �iscussion in Section 3. 1. 3, none of the health problems 
in animals and wildlife that were reported could have been caused by exposure 
to radiation released from the TMI accident at the levels reported and 
calculated. 

*A control station is one which is located so that it is not affected by plant 
releases. 
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If the mea s u re s  o f  radiation expos ure after the acc i dent were gro s s l y  under­
estimated ( say by more than a thousandfo l d ) , reports of  animal hea l t h  prob l ems 
wou l d  have come from many who had no pre-acc i dent complai nts , and the  symptoms 
wo u l d have been dif fe rent . The most  sensiti ve response  to a large , -_acute dos e  
of  radiation is  o b s erved i n  the bone marrow. Therefore , if  rad i ation  had been 
the caus e o f  the repo rted prob l ems (in animal reproduction ,  musc u l ar  weakne s s , 
and britt l e bones ) ,  veterinarian s  wou l d  have found many anemic anima l s .  Thes e  
animal s wou l d  have been  found throughout t h e  TMI area , a n d  more freq uentl y i n  
t h e  path o f  t h e  rad i oactive p l ume , wh i ch tended t o  be either north-northwe s t , 
east-northeas t , o r  s outh-southeas t .  Such was not the cas e .  ·In s tead , the com­
p l aints afte r the accident at TM I centered , p rimarily , around h u s bandry p rob l em s  
a n d  prob l ems  with  reproduction; the majo rity o f  repo rted cases came from farms 
west and wes t- s o uthwest of  TMI . These prob l ems are simi l ar to tho s e  voi ced 
by some o f  the s ame i nd i vidua l s before the accident and are fewe r i n  numbe r .  

3 . 3 Effects o f  the Dri ft from the Coo l ing Tower P l umes Duri ng Plant Operation  

Farme rs i n  the Etters-Newberrytown-Reesers S ummit triangle have expressed concern  
that mi neral  def i ci e nc i es observed in farm an i ma l s after the  s ta rtup of  TMI we re 
caus ed by the operat i on of  the coo l ing towers  at TMI . These farmers reported 
that the emi s sion s  of c hemica l s  ( e special l y  c h l o rides )  from the TMI coo l ing 
towe rs have accum ulated in the s oi l s and are chemica l l y  bind i ng the s e l enium 
to the soi l . Bindi ng o f  s e l e nium to the s oi l  cou l d  restrict p l ant and crop 
intake of t h i s l i m i ted e l ement and , thus , res u l t in  s e l e nium de f i ciencies i n  
an i ma l s which eat these  crops . 

3 . 3 . 1  Composit i on o f  Coo l i ng Towe r Water and Steam 

Coo l ing towe rs p rov i de one means  of discharging was te heat from nuc l ear and 
fos s i l -fue l power p l ants . During the comb i ned operati on  of  TMI Units 1 and 2 ,  
four natural d raft cool i ng towers were in operation .  The steam vap o r  emi tted 
from the towers conta i ned a vari ety of  chem i ca l  elements and compounds , termed 
dr i ft . S i nce the Susquehanna R i ver was the s o u rce o f  water u s e d  i n  the coo l i ng 
towers , the basic chemi stry o f  the water i n  the coo l ing tower s  refl ected the 
Susquehanna R i ver wate r c hem i stry .  However , because the river water i n  the 
towers was recirc u l ated and s ome was l os t  by evaporation from the top o f  the 
towers , these chem i ca l s became concentrated about 6- fo l d .  In  addi tion , c h l o r i ne 
was added to the coo l ing tower wate r to prevent b u i l dup o f  b i o l og i c a l  s l imes  
i n  the cooling circu i ts , and s u l furi c ac i d  was added for pH contro l . 

Therefo re , the three sources of  c hemical s  i n  the coo l ing tower water we re : 

(1) d i s s o l ved chem i ca l s from r i ver wate r , concentrated about 6-fo l d 
( 2 )  s u l fur i c  acid ( so l ub l e  s u l fates )  
(3) c h l or i ne reacti on products 

The concentrati ons  of  c hemi cals i n  the coo l i ng towers are s hown i n  Tab l e 3 . 2 .  
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Tab l e 3 . 2 Concentrations of  chemical s  in  TMI coo l ing towers 

Mate rial 

( 1 )  concentrated dis s o l ved s o l ids from river  
water 

( 2 )  added s u l fates as  s u l furic acid 

( 3 )  added c h l o rides to contro l fou l ing 

Amount 

1110 parts per mi l l i on 
(ppm) * .  Contained i n  this 
val ue are 440 ppm s u l fates , 
70 ppm c h l oride s , and 30 ppm 
carbonate s ( Refs . 9 ,  10). 

28 ppm (Re f .  9 ) .  

1 ppm ( Re f .  9 ) . 
*Average river  water dis s o l ved s o l ids  concentration is 195 parts per mi l l ion (ppm) . 

Concentration  factor for coo l ing towers used  was 5.6 ( 195 x 5 . 6 = 1109 ppm). 

3 . 3 . 2 Observations  of  Simi l ar  Coo l ing Towers  

The  average chemical  sa l t concentration in  the TMI coo l ing towe rs  is  cal c u l ated 
to be 1140 ppm . For purpos e s  of comparison , towers using brac ki s h  o r  s a l t (sea) 
water have concentrations ranging from 12 , 000 to 35 , 000 ppm . The NRC routinely 
monito rs nuc l ear p l ants using fre s h  wate r coo l ing towers ( l i ke TMI) to deter­
mine if offsite vegetative damage res u l ts from the deposition of  these c h emica l s 
from fa l l out from coo l ing tower dri ft . (The s e  p rograms were initiated in  1974 
fo r TMI . )  A review o f  the coo l ing tower monitoring reports for TMI (inc l uding 
ae rial  infrared and natura l co l or photograp h s) indicates that there has been 
no effect o n  vegetation from the chemical  drift deposited by these  tower s  (see 
Section 4 . 2 . 2 ) .  This finding coincides with monitoring data gained at a wide 
variety of  other nuc l ear faci l ities  and from the l i terature for fos si l - fu e l  
p l ants throughout the worl d which emp l oy natural  draft coo l ing towers ( Re f .  11) . 

I n  fact , in  a l l NRC monitoring programs which  l oo k  at different type s  o f  coo l i ng 
towe rs under a wide variety of conditions , damage has been detected at o n l y  
the Pa l i s ades Nuc l ear P l ant on  the s hore of  La ke Mic higan . The towers at 
that p l ant are different from tho s e  at TMI i n  that they are l ow in  pro f i l e  (65 
feet high ver s u s  370 feet for TMI) and are s urro u nded by sand dunes o n  which 
there are trees ta l l er than the towers  thems e l ve s . These trees are s o  situ ated 
(within several  hundred feet of  the tower s) that the coo l ing tower p l ume impacts 
them direct l y .  Trees wi thin 300 feet of  the Palis ades tower s  exh i bit damage 
from ice in the winter and from c hemical  drift in  the s ummer .  This damage can 
be c l ear l y  observed in the aerial  infrared photographs ( Re f .  12) . Ana l y s es o f  
soi l  co l l ected within 200 feet o f  t h e  Pal i s ades  towers s how s l ight increases 
in s u l fate l eve l s  ( Re f .  13) . Damage to the tree fo l iage has been  attributed 
to high l eve l s of  s ulfates from the c hemical  drift .  There have been no biolo­
gical  o r  s oi l  e ffects demonstrated beyond 500 feet of  the s e  towers ( Re f .  13). 
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3 . 3 . 3 E ffects o f  Coo l ing Towe r P l ume Drift on  Soi l  

A s  noted ear l ie r , some residents o f  the Etters- Newberrytown - R e s s ers S ummit area 
s uspect that c hemica l s  from the towers are restricting s e l e nium upta ke by c rops 
and fo rage p l ants , thereby causing nutritiona l de ficie ncies in  the anima l s which 
eat them ( Re f .  14 ) .  

Two specific coo l ing tower chemica l s  have been questioned , c h l orides and s u l fates . 
NRC cal c u l ations  fo r TMI indicate re l ative l y  l ow l ev e l s o f  c h l o rides as  we l l 
as  o f  carbonates in  the coo l ing towe r water , in comparison  to s u l fates (71 ppm 
c h l o rides and 468 ppm s u l fates) . Moreover , neither ch l o rides nor carbonate s 
contribute impo rtant ly  to s e l enium chemistry in soi l s ( Re f .  14 ) .  Therefore , 
the discussion that fo l l ows wi l l  concentrate primari l y  on p o s sib l e  s u l fate­
se l en i um interactions . 

Examining the data fo r Pa lisades and TMI , it appears that the coo ling towe r 
wate r of  both powe r p l ants has simi l ar s u l fate concentrations  ( Pal isades  435 
ppm and TMI 468 ppm ) . Based a l so  upon the Pa l i s ade s • soi l  data mentioned above , 
any s uspected increases  in  s oi l - s u l fate l eve l s  at TMI wou l d  be found withi n  
3000 t o  5000 feet o f  t h e  towers . (The distance o f  3000 feet i s  as s umed t o  ta ke 
into acco unt the increased height of and , therefore , the i ncreased dispe rsion  
of chemica l drift f rom the  TMI towe rs . )  Mode l ca l cu l ation s  and f i e l d mea s u re­
ments a l so  indicate that the larges t  proportion o f  drift f rom natural draft 
towers fa l l s  out  within 1 mi l e  of  the towe r ( Re f .  12) . Areas bounded within 
the !-mi l e radius  of  the TMI towers inc l ude She l l ey Is l and in  the we s t  and a 
sma l l shore segment on  the east which is comprised o f  farms interspe rsed with 
sma l l housing deve l opments . A review of  monito ring data and  natura l  co l o r and 
infrared aeria l p hotographs  of  these areas shows no signs of vegetation damage 
simi l ar to that at the Pa l isades site . Therefo re , it appears  that the areas 
within the Ette rs- Newberrytown- Re s s ers  S ummit triang l e  are beyond the distance 
whe re o ne wou l d  f i nd l eve l s o f  s u l fates o r  c h l o ride s deposited from the TMI 
coo l ing towers s ufficient to change soi l  chemica l  paramete r s  and contribute to 
s e l enium deficiency prob l ems . Furthe r , the increased soi l - s u l fate l eve l s at 
Pa l isades were found in p redominantl y  downwind areas . The predominant wind  
patterns at  TMI do not coincide with the  l ocation o f  the  E tte rs- Newberrytown­
Res sers  S ummit triang l e .  I n  fact , according to N RC meteo ro l ogis ts , wind  
direction into this area is  wester l y , from the  towe rs , l es s  than  20 percent  of  
the time (Tab l e 3 . 3 ) . The  l ow frequency of  wind from the  towers  into thi s  area , 
combined with the l ac k  of fo l iage damage near the towers , l eads to the staff • s 
conc l usion that significant soi l  acc umu l ations  o f  drift c hemica l s  which wou l d  
res u l t in the s u s pected s e l enium prob l em are not reasonab l e .  This conc l u sion  
is  fu rther reinforced by a study made at  Cha l k Point , Mary l and , whe re b rac ki s h  
water is  used as a coolant . Dur i ng 4 years of ope ration t h e re was no increase 
of s a l ts i n  the soi l  o r  damage to vegetati on ( Re f .  11) . 
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Tab l e 3 . 3 O nsite wind d i rection and frequency mea s u red at  the 100- ft l eve l , 
1 972- 1975* 

Wind from 

ENE 
E 

ESE 

F requency ( percent) 

4 . 6 
7 . 2 
6 . 2 

*For  complete wind direction and frequency , see  1 1 Draft P rogrammatic I mpact 
S tatement re l ated to decontamination and dispo s a l  of radioactive wastes 
res u l ting f rom March 28 , 1979 accide nt at Three Mil e  I s l and N uc l ear Station , 
U nit 2 , 1 1 NUREG-0683 , J u l y  1980 . 

4.0 CASE H I STOR I ES AND DETAILED D I SCUSSION O F  P ROBLEM AREAS 

Thi s  section p resents  those  indiv i dual  case histories  reviewed as  part of  the 
preparation of  thi s  report . The events i nc l uded were examined and diagnosed 
as  to etiology as  much  as pos sib l e  from avai l ab l e informati o n .  They were t h e n  
ana l yzed t o  determine whether t h e  hea l th e f fects cou l d reasonab l y  be re l ated 
to the operation  of  the reactors or  the accident at TMI , based o n  c l i nical  o r  
experime ntal o b s ervation s. 

4 . 1 Reported Dome s tic Anima l Hea l th Prob l ems 

Descriptions  of the reported domes tic anima l health incidents inves tigated are 
based on owne r interviews or  depo sitions and avai l ab l e l aborato ry tes t  res u l ts .  
Mo s t  o f  the i n fo rmation was col l ected after the fact and i s  retrospective . 
Each cas e was eval uated o n  the basis of  avai l ab l e information . 

A major difficu l ty e nco untered in  eval uating these  reported animal heal t h  p rob­
lems is that v e ry few of these an i ma l s were avai l ab l e for diagno s tic p u rpo s e s  
o r  had been presented t o  either Pennsyl vania's  S umme rdal e  Diagnos tic Laboratory, 
the Pennsyl vania State U nivers i ty ,  or  the Veter i nary Medici ne Schoo l o f  the  
U nivers i ty of  Pennsyl vania . In the few case s  that  were presented to the l abo ra­
tories , there was no evidence of  radiation damage , nor  was there any evidence  
that radioactive material s  were i nvo l ved in  any heal th  prob l em .  

Repo rted individual  domes tic anima l case histories are grouped into t h e  three 
broad categories  outl ined in  Tab l e 2 . 5 .  When  possib l e ,  eval uations  have been 
made for eac h reported case . 

4 . 1 . 1 Reproductive Prob l ems 

Episodes of  farm anima l s requiring caesarian de l ivery of  yo ung were repo rted 
after the accident .  According to reports , pigs  wou l d de l iver part o f  their 
l itter and then s top . Veterinary as sis tance wou l d then be req uired to comp l et e  
de livery .  The frequency o f  the need for thi s  type of  veterinary a s si s tance  
was  said to  be higher than  u s ua l  for the area  ( Re f .  3 ) . Recurrence o f  this 
specific prob l em was not evident in 1980; however , an inc rease of  s ti l l bi rths 
in  pigs was reported during the s p ring o f  1980 . 
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S i m i l ar prob l em s  i n  goats and s heep we re a l s o  reported , but i nc reases  i n  the 
n umber  o f  st i l l b i rths  i n  the s e  an i ma l s we re not observed . Agai n ,  the s e  p rob l ems 
do not appear to be  rec u rr i ng events . Ste r i l i ty and l owe r reproducti ve rates , 
especi a l l y  i n  duc ks and goats , have been repo rted , but not c o n f i rmed .  

Case  1 
Descr i pti o n :  

Eva l uat i o n :  

C a s e  2 
Descr i pt i o n :  

Eva l uat i on :  

Case  3 
Des c r i pt i o n :  

Eva l uat i o n :  

Case 4 
Desc r i pti o n :  

Eval uat i o n :  

Horse  breed i ng was u n s ucce s s fu l : poor concept i on rates , 3 
spo ntaneous abo rt i ons , 1 st i l l b i rth , 2 foa l s d i ed .  

The vete r i nar i an for the farm attri buted the p rob l ems t o  c h ro n i c  
rep roducti ve system i nfect i o n s  and other p rob l ems commo n l y  fo und 
i n  mares o f  the same age , type , and condi t i o n .  

A s e r i e s  o f  b reedi ng prob l ems wi th da i ry cows and goats for the 
years 1975-1979 and a poor hatc h from duc k eggs i n  1978 we re 
reported .  

An  ana l ys i s o f  the  b reedi ng p rob l ems by the  l oc a l  b reeders • 
coope rat i ve s howed that the record was about ave rage . The 
coope rat i ve offered to eva l uate the herd further  to determi ne 
how the concept i on rate cou l d  be i mproved . At  the t i me of the 
i nte rv i ew fo r th i s  report ( May 2 9 , 1980 ) , contact betwee n  the 
owner of the herd and the cooperati ve had not yet been e s tab l i s hed . 
No data regard i ng the duck  egg hatch were avai l ab l e .  

Reproducti ve p rob l ems , muscu l ar weakne s s e s , and nervous  d i s o rders  
i n  mi l k  cows ( ear ly  1979 , before the acc i de nt at TMI )  were 
reported .  

These  reports  were s i m i l ar to others i n  the  area  i n  wh i ch the  
symptoms we re as s o c i ated wi th m i nera l  def i c i e nc i es .  I n  th i s  
case there have been no prob l ems  s i nce the farme r added m i nera l  
s upp l ements t o  the feed . 

Seven l i tters o f  ki tten s  d i ed o r  were abo rted between  1978 and 
May 1979 . 
O f  100 goose  eggs i nc ubated i n  1978 , there was o n l y  1 hatch l i ng 
and i t  d i ed .  
O f  a n  u n known n umbe r  o f  eggs l a i d  i n  January 1979 , none hatched . 

The spec i f i c  cause o f  the l os s  o f  these ki tte n s  i s  u n known , but  
common v i ra l  d i seases  o f  cats , s uch as  fe l i ne pan l e u kope n i a ( cat 
d i stemper)  and res p i ratory d i seases , cause h i gh mortal i ty i n  
young cats . 
Ava i l ab l e  i nformati on was i ns uff ici ent for a d i agnos i s  o f  why 
the goose  eggs d i d not hatc h , but the prob l em cou l d  be i nfert i l e  
eggs o r  heati ng o r  c h i l l i ng o f  eggs dur i ng i nc ubati o n .  
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Case 5 
Descri ption :  

Eval uation :  

Case 6 
Description : 

Eva l uati on : 

Case 7 
Description : 

Eva l uation : 

Case 8 
Descri ption :  

Eval uation :  

Case 9 
Descript i o n :  

Eval uation : 

Goats had l ow reproductive s ucce s s  from 1976 to 1978 . 

O r .  Samue l Gus s , former extens i on vete r i nar i an  for the Penn sy l ­
vania State University , diagnosed the l ow reproduct i ve rate a s  
a genetic trait that i s  as soci ated with infert i l ity . A new b uc k ,  
wi thout the specifi c geneti c  trait a s s o c i ated with i nferti l i ty ,  
was obta i ned i n  1979 . Reproducti on i s  now s atis factory .  O n e  
goat died from toxemi a of  pregnancy , according t o  records at 
the New Bo l ton Center of  the U n i vers i ty o f  Pennsy l van i a  Scho o l  
o f  Vete ri nary Medicine . 

Seven cows d i ed and 12 cal ves were either aborted or  sti l l bo r n  
i n  t h e  spri ng o f  1979 ( beginning Apr i l 3 ,  1979 ) . 

A thorough eval uat i on of  the farm • s anima l s ,  p l ants , and manage­
ment p ractices  was made by the Pennsy l van i a  Department of  
Agri c u l ture , the  Pennsyl van i a  State U nivers i ty ,  and the  Schoo l 
of  Veter i nary Medic i ne of  the Unive rs i ty o f  Pennsyl vania . Feed , 
water , so i l , b l ood , mi l k , and an i ma l s were exam i ned and ana l yzed . 
Radi oact i ve mate r i al s were not the cau s e  o f  any o f  the farm • s 
p rob l ems . The major catt l e herd prob l em ,  i nc l u d i ng the abo rt i o n s  
and s t i l l b i rths , was a v i rus d i sease (infec t i o u s  bov i ne r h i n o­
trac he i tis ) ,  accord i ng to a memo from J. M .  Dic k ,  D .  V .  M . , 
Catt l e Heal th D i vision , PDA , to J. A .  N i ko l o f f , POA , Apri l  7 ,  
1979 ( Re f .  2 ) . 

Two l itters o f  ki ttens died in  1978 . 

Ins uffi cient i nfo rmati on to diagnose the cause  o f  l os s  of  k i tte n s , 
but cat di s temper  and resp i ratory diseases  common l y  ki l l  w ho l e 
l itters of  kitten s . 

Ducks l a i d  290 eggs without a hatch i n  1978 . S i nce Apr i l 1979 , 
1 goat has aborted , and 26 rabbits and 19 guinea p i gs d i e d .  

N o  c l i n i ca l  data have been obtaine d .  Reported l y ,  the duc k egg s  
had b e e n  kept in  a n  i ncubato r .  D r .  Samue l Gus s , fo rmer ext e n s i on 
veteri nar i an for the Pennsy l van i a  State Un i ve r sity ,  s uggests 
two reasons  why eggs  do not hatch :  eggs are not fert i l i zed o r  
e l ectr i c  power f l uctuations t o  the i nc ubator can caus e  a s l i ght 
heati ng or  coo l i ng o f  eggs . 

Breed i ng p rob l ems with 6 rabb its  expe r i e nced s i nce 1976 ; s ome 
l itters  d i ed ,  and s ome conge n i ta l  mal format i o n s  were seen . 

No c l i n ica l data were avai l ab l e .  The b reed i ng h i sto r i e s  of the 
6 rabb i ts s howed s ome s ucce s s  and s ome fai l ures . The data were  
i nadequate to show any unus ua l  l ac k  of  s ucce s s . L itte r deaths  
and  ma l format i ons  are  not uncommon i n  rabbi t s . 
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Case 10 
Description : 

Eval uation : 

Case  11 
Descriptio n :  

Eval uation : 

Case  12 
Descriptio n :  

Eval uation :  

Case 13 
Description : 

Eval uation :  

Case 14 
Description :  

Eval uation :  

B reeding p rob l ems in  a herd o f  48 dairy cows appeared t o  b e  more 
s evere during the l as t  3 years . 

Rep resentatives o f  the PDA Bureau of  Anima l Indus try visited 
the farm . Whi l e there was not s uf ficient information avai l ab l e  
for them to ma ke a n  eval uation at that time , the farmer was 
info rmed o f  the capabil ity of  Pennsyl vania ' s  S ummerda l e Diagnostic 
Labo ratory ' s  to he l p  him with his herd prob l em s . 

Breeding prob l ems with s ows we re repo rted; pigs we re sti l l born 
( Re f .  2) . 

Representatives o f  the PDA Bureau of  Anima l Industry visited 
the farm . Whi l e  the re was not s ufficient in formation avai l ab l e  
for them to ma ke an eva l uation at that time , the farme r was 
informed o f  the S umme rda l e  Laborato ry ' s  capabi l ity to he l p him 
with his pigs . 

Breeding prob l ems with swi ne were reported . 

No eval uation was made; insufficient data we re avai l ab l e .  

1 cow died , 3 aborted ( Re f .  2) . 

No eval uation was made; insufficient data we re avai l ab l e .  

A pood l e was born without one eye socket ( o ra l report by a 
p rivate citizen ) . 

This  was probab l y  a deve l opme nta l ma l formation ,  cause un known . 

4 . 1 . 2 Bone and Musc l e  Pro b l ems 

Bone and musc l e  dis o rders i� anima l s ,  especial l y  catt l e ,  we re a l s o  frequent l y  
reported . A n umbe r  o f  ca l ve s  we i ghing between 200 and 500 pounds  we re cited 
as  having bro ke n  bones or  musc l e-contro l prob l ems . These anima l s  we re often 
de-sc ribed as " downers " because  they were not ab l e  to stand up or wa l k without 
s tagge ring. They we re said to exhibit poor weight gains and poor  deve l opment . 
Reportedly , many o f  these  anima l s died o r  had to be s l aughte red . There were 
also  occasional  repo rts of anima l s which experie nced respiratory prob l ems 
s ho rt l y  befo re they died .  

As  the case histories in this section i ndicate , s everal anima l s were diagnosed 
as  having minera l  deficiency prob l ems . Some o f  the farme rs who started to feed 
their l ivestoc k mineral  and vitamin s upp l eme nts have not seen  a reappearance 
of the s e  prob l ems . A farme r who recen t l y  reported the l o s s  of  a cal f with 
broken  pe l vic bones was not feeding his l ivestock a vitamin/minera l s upp l ement .  
Farme rs who had been  regu l a r l y  feeding s upp l ements did not  repo rt any unus ua l  
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heal th prob l ems  as sociated wi th nutr i tional  deficiencies . Descr i ptions of  
muscu l ar weakne s s , in  s ome cas es , re semb l ed symptoms as sociated with s e l e n i um 
defi ciencie s  ( Re f .  15 ) .  Because  s o i l s  and associated fo rage c rops in  the regior  
around  TMI are  considered to be l ow i n  s e l enium , it  is  pos sib l e that s e l e ni um 
deficiencies wou l d  appear in  l i vestoc k not given p roper feed s upp l ementation  
(Ref . 16 ) . 

Case  15 
Description :  

Eval uat i o n :  

Case 16 
Descripti on :  

Eval uation : 

Case 17 
Description : 

Eval uat i o n :  

Case  18 
Descripti on :  

Eva l uation : 

Case 19 
Descri pti on : 

Three young steers had difficu l ty in  wa l king . One  s u ffered a 
broken  l eg in  the winte r of  1977 and one had a b ro ken  pe l vi s  in  
the w i nter o f  1978 . 

One  of  the animal s was diagnosed by the Scho o l  o f  Veterinary 
Medicine o f  the University of  Pennsyl vania a s  having osteop o rosis 
(rickets ) .  I t  i s  l i ke l y  that the others had the same p rob l em .  
M i neral s upp l ements were recommended by l oc a l  veterinarians , 
b ut the anima l s conti nued to receive o n l y  home-grown feed without 
mineral  s upp l ements . 

Stee rs with weak hindquarters , l amene s s , and e n l arged j o i nts  
were repo rted in  1979 . 

No  c l inical , l aborato ry , or  autop sy data we re avai l ab l e .  The 
exte ns i on vete r i nar i an o f  the Pennsy l vania State Unive rs i ty 
recomme nded that a s e l e n i um- ca l c i um s uppl eme nt be used .  S i nce 
feeding the s upp l ement , there have bee n no p rob l ems . Th i s  
s trong l y  s uggests  that the prob l em was a m i neral  de f i c i ency .  

Two steers  wh i ch d i ed i n  1978 s u ffered from muscu l ar weaknes s .  
Some kitten s  die d .  

The vete r i narian  s ugges ted that the re was a m i neral  de f i c i e ncy 
i n  the d i et o f  the s teers . No c l i n i cal  info rmation is ava i l ­
ab l e  o n  the dead ki tten s . 

Two s teers  and a co l t had h i ndquarter wea kn e s s  and broken  bone s 
in  1978 and 1979 . 

The Schoo l  o f  Veterinary Medic i ne o f  the U n i versity of  Pen n sy l ­
van i a  d i agnosed  the probl em a s  r i c kets , wh i ch i ndicates a 
nutri t i onal  defi c i ency .  The hay c rop the s ummer before the 
p rob l em began was not good .  The re have been no prob l ems s i nce  
the feed has been  i mp roved and  mi neral  s upp l ements u s ed .  

Two s teers s u ffered from l os s  o f  contro l o f  h i ndquarters ; one  
d i ed in Decembe r  1978 and the other i n  January 1979 . Four  cats  
had symptoms of  ac ute dehydrat i o n , e nd i ng i n  death . 
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Eval uation :  The s teers • case  histories re semb l e those for instances o f  m i nera l  
de ficiency that we re reported a n d  diagnosed. No c li nical data 
were avai l able on  the cats , but the verbal de s c r i ption of the 
symptoms , given by the owne r ,  s uggests  that the cause was highly 
in fectious , ac ute fe l ine distemper. 

4. 1. 3 Misce l l aneous Repo rted Domestic Animal Hea l th Prob l ems  

4. 1. 3. 1  Deaths for Which the  Precise  Cause Is  U n known. 

Case 20 
Descriptio n :  

Eval uation : 

Case 21 
Description :  

Eval uati on  

A l mos t  a ll  of  a l arge comme rc i a l c o ll ection o f  500 birds (para­
keets , canaries ,  coc katie l s ,  etc. ) di ed wi thi n  a 2- hour period 
o n  May 2 ,  1979. They we re housed i n  an enc l o s ed space , venti­
l ated by a fan. 

The PDA d i agnosed the deaths  of  the 500 birds i n  a 2-hour  period 
as mo st  probab l y  res u l ting from toxic fumes or ove rheating ; there 
was no i nd i cat i on  o f  any specific disease , nor  does there appear 
to be any pos sib l e scenario in which the radiation re l eased during 
the accident cou l d have been respon s i b l e. In  an experimental  
g0udy , 30 para keets were exposed to a l ethal dose of  who l e- body 

Co  irradi ation (3400 R ) , and the i r deaths occurred between 4 
to 8 days afte r expos u re (Ref. 17 ) .  I f  the parakeets in  that 
exper i ment had been exposed  to a dos e  of radiat i on  that wou l d 
cause  deaths  aro und 30 days after expos ure (the  approximate time 
between the accident at TMI and the death of the b i rds ) , then 
the deaths wou l d have been spread over days i ns tead o f  2 hours.  
I n  the same experiment , the dyi ng birds s howed signs of  weakne s s , 
diarrhea , and anemi a  for days before death , and , at autopsy , 
nec rosis o f  the l ive r and kidney were seen. The patho l ogis t • s 
report on  4 parakeets o f  the 500 b i rds that die d  o n  May 2 stated 
that no speci f i c disease was found ; bacter i o l ogical , vi ro l ogical , 
s e ro l ogi cal , toxico l ogica l , and h i s topatho l ogic a l  tests did not 
produce signifi cant res u l ts (according to the res u l ts of examina­
ti o n s  by C. D. C l ark , D. V. M. , C hie f , Divis i on of  Labo ratori es , 
Pennsyl van i a  State Veteri nary Diagnos tic Laborato ry , Case H-49461 , 
May 30 , 1979). Radiati on from TMI must be exc l uded as a cause  
o f  death because  l ethal dos e s  wou l d  not ki l l  a l l birds i n  2 hours , 
and the birds s howed no sign s  typical  of  radiation injury � 

From Apri l  9 ,  1979 to Marc h 5 ,  1980 , 15 ind iv i dua l s brought into 
the Bureau o f  An i mal  Industry about 84 dead birds of m.any species 
(parrots , parakeets ; s tarl ings , rob i ns , finche s , etc. ) from a 
20-m i l e  rad i us  around TMI. 

· 

Dead b i rds i nspected by the Bureau o f  Anima l I ndustry were found 
to have di ed  from a var i ety of  causes , inc l udi ng  traumati c inj ury , 
po i s on i ng � and hepatitis (according to a memo from D. S .  I ngraham , 
D. V. M. , o f  the PDA , to J.  A .  N i kol off of  the PDA P re s s  O ff i ce , 
J u l y  5, 1979). Radiati o n  scans conducted on  three samp l e s  s howed 
noth i ng unusua l . 
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Case 2 
Desc r i pti o n :  

Evaluat i o n :  

Case 25 
Descri pti on : 

Evaluati o n :  

Dead cats and a dead rabb i t  we re reported i n  197 8 .  A neuro l o g i c  
problem i n  a cat and ma lformat i on i n  a duc k we re a l so  repo rted . 

Veter i nari an exami ned one cat , b ut no d i agno s i s  was g i ve n .  
Insuff i c i ent data we re ava i lab l e  fo r the other cats or  for t h e  
rabbi t .  
T h e  ki tten and duc ks s uffered devel opmental mal formati o n .  T h e  
desc r i pti on  of  t h e  ki tten ' s  problem res emble s fe l i ne cerebe l l ar 
atax i a  seen i n  ki tte n s  i nfected i n  the womb wi th fel i ne d i s temper  
v i rus ( Re f .  15 ) .  

Two cows d i ed i n  J anuary 197 9, one cal f i n  February , and two 
calves  i n  Ap r i l  o f  the s ame yea r .  

Th i s  mortali ty i s  cons i dered wi th i n the normal range f o r  a h e rd 
th i s  s ize ( 105 head ) . 

4 . 1 . 3 . 2  Cancers and Tumors i n  M i l k  Cows and Lo�s  of  Ha i r i n  Goats 

Case 2 
Descri pti o n :  

Evaluat i o n :  

Case 13 
Descri pti on : 

Evaluat i o n :  

A goat lost  hai r i n  spots o n  i ts bac k i n  1979 . A cow was 
d i agnosed as hav i ng cancer .  

N o  d i agnos i s  was g i ven regard i ng the goat , because  s uffi c i e n t  
data were not avai l ab l e fo r an  evaluat i o n .  

Uter i ne tumors were found i n  m i l k  cows . 

Avai l ab l e data were i ns uffi c i ent to make an eval uati o n .  

4 . 1 . 3 . 3 Mastiti s 

Case 26 . .  

Descri pti o n :  

Evaluat i o n :  

Sl i ght i nc rease i n  mas t i t i s reporte d .  

N o  eva l uati on made ; i ns uffi c i ent data ava i l ab l e .  

4 . 1 . 3 . 4 S h i pp i ng Feve r 

Case 22 
Descri pti o n :  

Eval uat i on :  

Case 24 
Descri pti on : 

Four steers di ed- between February and Apri l 1979 . 
The owner s tated that the an i mal s d i ed from s h i pp i ng fever . 
When a representati ve of  PDA_ v i s i ted the farm , he was to l d  that 
there was no prob l em (accord i ng to a memo from J .  M. D i c k ,  D . V . M . , 
to J .  A .  N i ko l off , PDA Pres s  Offi ce , Apri l 7, 1979) . 

Rece ntly purchased cows became s i c k .  
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Eval uation :  S hipping fever ( bovine pne umonia pasteure l l o si s ) or  virus 
infection was diagnosed by the Bureau o f  Anima l Indus try .  

4 . 1 . 3 . 5 Foot Rot in Sheep 

Case 23 
Descriptio n :  

Eval uatio n :  

Sore feet i n  s heep were repo rted .  

A veterinarian treated s heep and  goats for  foot  rot , and  the 
animal s recovered . 

4 . 2  Additional  Reported Terrestrial  Prob l ems in the TMI Area 

4 . 2 . 1 Repo rted E ffects on  Wi l d l ife 

Description : 

Eval uatio n :  

Obse rvations repo rted were : ( 1 )  fewe r s tar l ings and robins we re 
seen during the spring and s umme r of  1979; (2 ) sma ll -game anima l s 
( e . g . , squirre l s ,  rabb its and pheasants ) were fewer in  number , 
and ( 3 )  no hop toads have been seen in the l as t  2 years . 

Mr .  Da l e  E .  Sheffe r , C hief o f  the Division o f  Game Management 
of the Pennsy l vania Game Commis sion , and D r .  C .  J .  McCoy , who 
specia l izes in the study of amphibians and repti l e s  at the 
Carnegie Museum o f  Natu ra l  History ,  Pittsburgh , Pennsy l vania , 
were contacted . In  addition , bird watc hers (hobbyi s ts ) from 
both side s of the Susquehanna River we re contacted , and copies 
of  thei r  society news l ette rs we re obtained . 

In his l ette r o f  May 20 , 1980 , Mr . Sheffe r c o n fi rms  the l ow 
numbe rs o f  smal l and medium- sized game seen. Howeve r , he 
attributes these smal l e r pop u l ations to reduced habitats which 
are the re s u l t o f  increased h uman pop u l atio n , changes in  farming 
methods , and the p ro l onged severe winters of 1976-77 and 1977-78. 
Mr. S heffer a l so  s aid that the white- tai l dee r pop u l ation has 
been maintained at about the s ame l eve l since 1957 . 

In his l ette r of  May 30 , 1980 , D r .  McCoy states that he is not 
s u rp rised that re side nts of  Yo rk  County have noticed a dec l ine 
in  abundance of toads . He s ays  that a ge nera l dec l ine has been 
reported by a great many ob servers , over many parts of  
Pennsy l vania and the eastern  U nited States , over  the past 20 to  
30 years . D r .  McCoy attrib utes this dec l ine p rimari l y  to  the 
treme ndous  increase in  the use  of  chemica l  p e s ticides in both 
agric u l tura l  and househo l d app l ications  since abo ut 1945 . He 
adds , 1 1 U n fortunate l y  we l ac k  the prepesticide- e ra bas e l ine data 
on toad pop u l ations  that wo u l d  pe rmit us  to a s s e s s  the impact 
of  chemical  pesticides on the toads . 1 1 

Bird hobbyists  keep very c l ose  watch on  bird pop u l atio ns . 
Besides their  we l l - p u b l icize�_Christmas bird counts , they pay 
special  attention to spring and fal l migrations , conduct breed­
ing bird s u rveys , and maintain l ists  of  a l l birds species seen  
and confi rmed by bird watc her society members fo r each  year .  
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They have not reported 
pop u l ati ons  for 1979 . 
events o r  var i at i o n  i n  
attr i buted to TMI . 

any reduct i o n  i n  the s tarl i ng or rob i n 
They a l s o  have not reported any unus ual  
the  b i rd pop u l ati ons  that co u l d be  

4 . 2 . 2  Reported E ffects on Vegetat i on  

Desc r i pt i on :  

Eval uat i on :  

Observat i ons  reported we re : (1 )  i nd i v i dual  trees o f  many spec i es 
had dead branc hes and/or l eave s ; (2 ) two pear trees  p roduced 
l es s  fru i t  than they d i d i n  p rev i ou s  years , and one  i s  dy i ng ; 
( 3 )  p l ants beneath a cemetery wi re fence are dead ; and ( 4 )  p l ants 
around a wateri ng trough we re dead . 

Both co l o r and b l ac k- and-wh i te photographs  of i nd i v i dua l trees 
and gro ups  of  trees  were s tud i e d .  The two pear trees were 
exam i ned , and the cemetery v i s i ted .  The farm wi th dead p l ants 
around the wate r i ng tro ugh was not v i s i ted becaus e  the farme r 
repo rted that the area was revegetated . The P l ant D i sease  C l i n i c  
at the Pennsyl van i a  State Un i vers i ty was contacted . The reports 
and  aeri a l  p hotograp hs  of  the mon i to r i ng of  the e ffects o f  coo l i ng 
towe r operati on  on  vegetati on wh i ch had been s ubmi tted by 
Metropo l i tan -

Edi son  Company s i nce 1974 were rev i ewed .  

T h e  Penn State P l ant D i s ease C l i n i c  p rov i ded comp uter pr i ntouts 
o f  a l l p l ant spec i me n s  s ubm i tted there from Dauph i n ,  Lancas te r , 
and York Counti es  for 1978 and 1979 . These  pri nto uts s how that 
93 p l ant spec i mens  were s u bmi tted to the P l ant C l i n i c  i n  1978 , 
and 94 spec i mens  i n  1979 . I n  1978 , 4 o f  the s amp l e s  were i nade­
q uate , and fo r 3 s amp l e s  the causal  agent of the p rob l em cou l d  
not be spec i fi cal l y  i denti f i ed . I n  1979 there we re 2 i nadequate 
s amp l es  and 10 that c o u l d not be i denti f i ed as  to cause  of  i nj u ry .  
The damage to a l l other spec i me n s  was i denti f i ed by the C l i n i c  
as  attri butab l e  to norma l b i o l og i ca l  o r  envi ronme nta l factors . 

The P l ant C l i n i c  repo rted that there was heavy i n fe s tat i on of  
fi re b l i ght (a  bacte r i a l  d i sease)  i n  pear trees  thro ughout the 
state i n  1979 . In  the spr i ng of  1980 , spec i me n l eave s were 
co l l ected from the two pear trees (menti oned abov e )  and we re 
s ubm i tted to the P l ant C l i n i c .  The C l i n i c  ana l ys i s  of  the dark 
spots on  the l eave s  i nd i cates that they were caused by e i ther  
red  sp i der or  pear- s l ug feed i ng .  

A s  part of the condi ti ons  f o r  operati ng coo l i ng towers  at TMI , 
the NRC has req u i red annual  s urveys of  the vegetati o n  s i nce 1974 . 
These  s urveys cons i st o f  ae r i a l  i n frared and natural  co l or photo­
graphs  o f  a 25- square-mi l e  area , as we l l as on- the- ground reco n­
nai s sance by road a l ong 8 transects on  the east s i de of  the 
S u s q uehanna R i ver and 14 tran s ects on the west  s i de o f  the r i ve r .  
The photograp hs and reports s how that l ocust  l eaf mi ner  was the 
predomi nant source o f  vegetati on stres s ,  fo l l owed by antracnose  
d i sease , caused by mars s o n i na j ug l andi s ,  a l eaf spot d i s ea s e  o f  
nut trees . A l l vegetat i on s t re s s  was attri butab l e  to natura l  
caus e s . 
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The cemete ry was v i s i ted , and the vegetat i on under the who l e  
l ength o f  the fence exam i ned . There was no i nd i cat i o n  of p l ants 
dyi ng under the south or  west  fences . Under the who l e  l ength 
of the north and east fence s , an area some four i nches  wi de l ac ked 
p l ants . Thi s denuded area ran a l ong one s i de of the fence , then 
s udden l y  cro s sed under the fence and ran a l ong the other s i de 
o f  the fence fo r ihe rema i nder of  i ts l ength . It  appears that 
th i s  denuded area represents  1 1 a n i ma l  runways 1 1  or 1 1 pas s ageways 
for an i ma l s .  • i  

4 . 2. 3  Report of a 1 1 G l owi ng F i s h 1 1  

Descr i pt i o n :  

Eval uat i o n :  

In  a May 2 ,  1979 report on  TMI emergency exte ns i on acti v i t i es , 
the Dauph i n  County Agri c u l tura l  Exte ns i o n Agent re l ated the 
fo 1 1  owi ng : A housewi fe bought a s hag _ _ at the s up e rmarket_.  She  
cut  i t  i n  p i eces , and  her hus band too k  it  to  the basement to 
put i t  i n  the freezer .  The re was no l i ght i n  the basement , and 
the man noti ced that the f i s h  g l owed i n  the dar k .  The housewi fe 
as ked i f  th i s  cou l d be rad i oacti v i ty .  The agent  s a i d h e  d i d 
not thi n k  s o , but s ugge sted that s he contact the Pennsyl van i a  
Bureau o f  Foods and Chem i s try . 

Dur i ng the course  o f  the i nvest i gati on  fo r th i s report , i t  was 
not pos s i b l e  to f i nd anyone at the Pennsy l van i a  B u reau of  Foods 
and Chemi s try or  at the Department of  Env i ronmenta l Resourc e s  
who was fami l i ar wi th th i s  cas e .  I t  s hou l d be noted that typ i ca l l y  
fi s h  p urchased i n  s upermarkets i n  the TMI area wou l d not come 
from the Susquehanna R i ver i n  the v i c i n i ty of  TMI . H owever , 
even i f  the f i s h  had been exposed to i on i z i ng radi at i o n , i t  wou l d  
not g l ow .  The g l ow o r  l um i nescence cou l d have been caused by 
mari ne ( sa l t water) bacter i a .  

4 . 2. 4  Reports o f  1 1 Wh i te Powder1 1  

Descr i pt i o n :  

Eval uat i o n :  

Res i dents o n  both s i de s  o f  the Susquehanna R iver  report see i ng 
a 1 1Wh i te powde r . 1 1  Some report see i ng i t  after rai n s , s ome s ee 
i t  duri n g  the growi ng  season , and s ome see  i t  year round . Others 
i n  the area have never seen i t ,  and no s amp l es were avai l ab l e .  

In  an attempt to i denti fy the wh i te powder ,  a n umber o f  i nd i v i dual s 
l ivi ng i n  the v i c i n i ty o f  TMI were i nte rv i ewed , and meteoro l ogi sts  
from the  fo l l owi ng organ izat i ons  were cons u l ted : 

( 1) Bureau o f  A i r Qua l i ty Contro l 
Pennsy l van i a  Department  of  Env i ronmenta l Res o u rces  
Harri sburg , Pennsy l van i a  

(2 ) Argonne Nat i onal  Laboratory 
Argonne , I l l i no i s 

( 3) Emi s s i on Measurement a nd 
C haracter i zat i o n  D i v i s i on 

E nv i ronmenta l Protecti on Agency 
Research Tri angl e Park, North Caro l i na 
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( 4 )  Pennsyl van i a  Power a n d  L i ght Company 
A l l entown , Pennsyl van i a 

( 5 )  Ari zona Pub l i c  Serv i ce Company 
Phoen i X ,  Arizona 

( 6 )  Hydro l ogy-Meteoro l ogy B ranch 
U . S .  Nuc l ear Regu l atory Commi s s i on 
Was h i ngto n , DC 

Because  no o ne i nterv i ewed had c o l l ected a samp l e of  t h i s wh i te 
powder ,  a def i n i t i ve i denti f i cat i on  i s  i mpos s i b l e .  The three 
most  l i ke l y  pos s i b i l i t i es are p o l l en ,  fly ash , and coo l i ng tower 
d r i ft . Some i ndi v i dual s c l a i m  to have seen  the wh i te powder 
thro ughout the . year ; therefo re , th i s  wou l d s eem to ru l e out p o l l en .  
It has been reported that whe n  th i s  powder i s  s t i rred i nto water  
( as i n  an an i ma l • s  water i ng trough ) , the wate r  turns  mi l ky wh i te .  
Wh i l e  po l l en wi l l  p roduce th i s  e ffect , smal l quant i t i es o f  f l y  
a sh wi l l  not ; i t  prec i p-i tates out .  However , l arge quanti t i e s  
o f  f l y  a s h  wi l l  turn water a mi l ky co l o r , a s  common l y  seen  i n  
a s h  ponds . 

Accord i ng to the Pennsyl van i a Bureau of  A i r Qua l i ty Contro l , 
the o n l y  l i ke l y  l ocal  source o f  f l y  ash i s  the Brunner I s l and 
coal - f i red power p l ant . · Th i s  p l ant i s  l ocated 4 m i l es s o uth­
s o utheast of  TMI . Wh i l e  i t  has p rec i p i tator s  that col l ect f l y  
ash , some i s  s t i l l  re l eased . The f l y  ash that does manage to 
pas s through the p rec i p i tators i s  p ri mari l y  m i c roscop i c ,  s o  that 
a quant i ty wou l d  appear as  a fi ne dust and not a powder .  Beca u s e  
of i ts smal l s i ze ,  f l y  ash i s  read i l y  d i spersed  by the wi nd . 
The further the f l y  ash trave l s ,  the more d i l ution occurs , s o  
that afte r trave l i ng 4 to 5 m i l es ,  quantiti e s  capab l e o f  b e i ng 
seen or  of  turn i ng water mi l ky are very u n l i ke l y .  

The Pennsyl van i a  Bureau of  A i r Qual i ty Contro l mon i tori ng p ro g ram 
has not i denti f i ed any pos sib l e source for the white powder .  
Moreover , N RC mon i to r i ng o f  fresh water cool i ng towers throughout 
the country has not shown any ev idence of  wh i te powder .  

5 . 0 CONC LUSIONS 

Based on  the avai l ab l e data , i t  appears that none o f  the reported p l ant, and 
an i mal  health effects d i scus sed above can be d i rectly  attri b uted to the oper­
ati on  of or the acc i dent at the Three Mi l e  I s l and Nuc l ear Power Stat i o n .  

5 . 1 Effects o f  Rad i o l ogi ca l  Re l eas e s  

Rad i o l ogi cal  re l eases from TMI. wou l d  n o t  res u l t i n  the type s  o f  prob l ems repo rted ; 
the l eve l  of  rad i ati on  exposure from TMI was l es s  than 1/1000th of  that which 
mi ght cause  c l i n i ca l l y  detectab l e  effects i n  the an i ma l  pop u l ation whi ch was 
exposed (see Secti ons  3 . 2 . 1  and 3 . 2 . 2 ) . The comp l ai nts are re l ated to reproduc­
ti ve prob l ems , bone probl ems , and a ser i e s  o f  m i sce l l aneous  p rob l ems . A l tho ugh 
s ome of thes e  symptoms can be  produced by rad i ati on  doses  exceedi ng 50 , 000 mrem , 
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there are no s u b s tanti ated expe r i mental  data that s how that any of  thes e  
symptoms wou l d  have been caused i n  an i ma l s exposed  t o  the l eve l s of  radiation 
rece i ved by the an i ma l s i n  question .  Acco rding t o  the report o f  a n  advi s ory 
commi ttee to the  Nat i onal  Academy of Sciences  o n  the bio l ogi ca l  e ffects o f  
ion i z i ng rad i at i o n s , 1 1 The e ffects of  very l ow l eve l s - m i l l i rads p e r  day - of  
conti nuous  radiation on ear l y  deve l opment have been  l itt l e exp l ored experi­
menta l l y , but e v i dence at hand has s hown no harmfu l e ffect s 1 1  ( Re f .  7 ) . ( See 
a l s o  Section 3 . 1 . ) 

The i s o l ated reports o f  deve l opmental ma l fo rmat i o n s  that were l abe l ed as  mutants 
are mo s t  l i ke l y  to have res u l ted from nongenetic factors wh i ch are known to 
caus e  them ( e . g . , infect i on , mal nutr i tio n , etc . ) ( Re f .  15 ) .  The probab i l ity 
that they cou l d have been caused by rad i ation from the reactors i n  norma l ope r­
ation i s  extreme l y  l ow because of the extreme l y  sma l l addit i ona l annual  expo s ure · 
rate . ( Se e  a l s o  Section 3 . 2 . ) 

None o f  the vegetat i on prob l ems d i s c u s s e d  above cou l d have been  caused by TMI . 
As noted in Sect i on 3 . 1 ,  p l ants are u s ua l l y  much l es s  sensit i ve to rad iation 
damage than anima l s ,  and so  are  even  l e s s  l i ke l y  to have expe rienced any e ffects 
from re l eases  from TMI .  

5 . 2  Effects o f  the D r i ft from Coo l ing Towe r P l ume s 

Acco rd i ng to NRC  s taff meteoro l ogists , wi nds from the easter l y  q uarte r wo u l d  
b l ow dri ft to the wes t  l es s  than 20 percent o f  the t i me .  This wou l d  dec rease  
the amount o f  s a l t depos i t i on i n  the  area  wes t  o f  TMI where mos t  o f  the  com­
p l aints we re repo rte d .  The re is l itt l e po s s i bi l i ty that there wou l d  have been  
a b u i l dup of s a l t f rom coo l ing towe r d r i ft i n  the s o i l dur i ng  operation .  

Because  there was n o  damage to vegetat i on from depos i tion from the Cha l k Point 
p l ant ( whic h  u s e s  bracki s h  wate r ) , it i s  high l y  u n l i ke l y  that vegetati o n  damage 
wou l d  res u l t whe n  the coo l ant is fre s h  wate r ,  and , i n  fact , none has been  
observed at  TMI . 

The s ugge s t i on  has been  made by o ne o f  the farme rs that the s a l ts from coo l ing 
towe r dr i fts have decreased the avai l abi l ity o f  s e l e nium in  the soi l , which i s  
margi na l  fo r s e l e n i um content . The argument that the sa l ts are s i gnificant l y  
bind i ng s e l e nium t o  the s o i l i s  h i gh l y  u n l i ke l y .  S u l fates w hich are known to 
bind s e l e n i um are present i n  the coo l i ng towe r dri ft . Howeve r ,  the addit i o n 
o f  s u l fate from dr i ft i s  extreme l y  sma l l and not detectab l e  beyo nd a very s hort 
d i stance from the towe rs ( s ee Secti o n  3 . 3 . 3 ) .  C h l orides and  carbo nate s do not 
contri b ute i mpo rtantl y  to s e l e n i um c hemi s try in s oi l s ( Re f .  14) .  

5 . 3 Postu l ated Caus e s  of  Reported S i c kne s se s  and Deaths 

Many of the reported l i vestoc k p rob l ems we re probab l y  the res u l t of nutritional  
defic i ence s . Several  an i ma l s were diagnosed  by l aborato ry tests  as having 
r i c kets . Afte r seve ra l  of  the farme rs s tarted giv i ng their  l ivestock mineral  
and  v i tami n feed s upp l ements , the re was no reappearance of  the prob l ems o f  bone 
and muscu l ar weakne s s  ( see Case s  16 and 18 , Section 4 . 2 ) . Farme rs who have 
been feed i ng the p roper s upp l ements a l l a l ong d i d  not report any prob l em s  
a s s oc i ated wi th nutr i ti onal  defi c i ency .  The U . S .  Food and D rug Admini s t ration 
has recent l y  approved the add i t i o n  o f  0 . 1 ppm s e l e n i um to the d i ets of bee f 
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and da i ry catt l e .  S e l e n i um s upp l eme ntat i on of the feeds for pou l try and swi n e  
we re app roved i n  1974 and for s heep in 1978 ( Ref .  18 ) .  

The des c r i ptions of  musc u l ar weakne s s  in some cas es  resemb l ed the symptoms s e e n  
with se l e n i um de f i c i ency .  This  deficiency i s  assoc i ated with s ke l eta l and m u s c u­
l ar weakne s s , reduced fe rti l i ty ,  and reduced re s i stance to disease ( Refs . 15 , 
19 ) .  Because  the s o i l s  around TMI are known to be de fi c i ent in  s e l en i um , i t  
is p o s s i b l e  that s e l enium def i c i ency d i sease wou l d  appear i n  l ivestock not giv e n  
feed s upp l ementat i on .  

Accord i ng a vete r i nari an con s u l ted i n  many o f  the cases d i s c u s s ed i n  this repo rt , 
i n  the l ast  year there has been an increase of  prob l ems with reproduct i on in  
s heep , goats , and  cows ( Ref . 4 ) . Thes e  p rob l ems s uggest  a nutri tional  defic i e ncy; 
howeve r ,  furthe r research and epidemi o l ogi cal  i nvesti gati on are needed to exp l a i n  
and s uppo rt these observati ons . 

The symptoms des c r i bed in the many cases of  cat and ki tten deaths  s ugge s t  that 
infect i ous  d i seases  were the caus e .  The cyc l i c  r i s e  and fa l l of  the popu l at i o n  
of  farm cats i s  we l l  known to veterinar i ans , and fe l i ne d i s temper v i rus  i s  o n e  
of  the common caus e s . Moreove r ,  the atax i a ( l ack  of  coordi nat i o n )  des c ribed 
in some ki tte ns  i s  characte risti c of in- the-womb (or neonata l ) i n fecti on  wi t h  
fe l i ne d i stemper virus . 

The l ac k  of  hatc h i ng of  duc k and goo se  eggs cou l d have come about because  o f  
f l uctuat i o n  in i nc ubator temperature s where i ncubators were used .  It i s  
i mpos s i b l e to ma ke a d i agnosis from the i n fo rmati o n ava i l ab l e .  

5 . 4  S ummary of  the TMI S i tuat i on 

To s ummari ze , whi l e many of  the symptoms reported are characteri s tic of  rad i at i o n  
s i c kne s s  a s  we 1 1  as many other common  d i seases , the neces sary spectrum of  symptoms  
which wou l d estab l i s h a causa l  l ink  between the  repo rted pro b l ems and  TM I was 
not i n  evidence . Taken in conj uncti on wi th the l ac k  of  any sys tematic geograp h i c 
patte rn of  reported prob l ems and the powe r p l ant , as we l l as  with the fact that 
many of  the prob l ems were d i agno sed as  common occ urrences i n  domesti c and wi l d  
an i ma l s ,  the staff has conc l uded that no re l ations h i p can be e s tab l i s hed betw e e n  
the ope rat i on of  TMI or  the acc i denta l re l eases of  rad i oactiv i ty and t h e  rep o rted 
hea l th e ffects . 
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