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communtties. We iive within 17 miles of two reactors. Frankiin County is the second poorest
county in New England. Rowe, home 10 the Yankse Rowe reactor, was the poorest community
In Frankiin Courty. Now its the nohest.

color. As imiseration expands I the current poitical climate among diserfranchised pecpie
be they Native Amencans, Mexican Armencans in Texas, the rural POOr, O women who are
disproportionately impacted by toxic paliution cue to biclogical realities of the reproductive
process, communities will be hard pressed to vaiue heaith and safety over short-term financial
felief. It is unacceptabie to force people to choose between immediate economic sunvival and
the sacrrfice of future generations. Some of the ethical questions that poliuted communtties
must confront conceming decommisgioning are:

* Are communties served by enabling reactors to shut down and decommission rapidly by
* Are the processes of dismantiement less dangerous than standard Operation and therefore
288 Important to reactor communities?

* s {t acceptable for a corporation te control &Nnd contaminate our water and air on a routine
and regular basis?

* st reasonabie to contaminate the water earth, and air of anather community to clean our
community up?

* s 1t reasonabie that radioactive poliution be an acceptable by-product of nuciear energy
proauction and that communtties in the efMuent pathway, the poliution pathway, suffer
ncreases in disease?

* Why are the communtties chosen to suffer nuciear contamination routinely poor, rural ang
often pecpie of color?

The mounting press.ure tc move rad waste off site, both low ang high-level. comes from the
faiied policy of the Federal govemment and needs cf the Nuclear waste generators. Since 25
reactors face premature shut cown and decommissioning in the next ten years the closure of
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reactors will open the floodgates for rac-waste throughout the country. This is the nuclear
NAustry's crisis. The solutions proposec Dy Utilties prt sacrifice community against sacrifice
communifty, manipytate community's fears of comamination, support opportunism, and
ceveiop an iliusory fallacy- reactors, ciean when Operating, are now dirty ana dangerous ff
waste remains on-site as an interim or possibie permanent soiution to the waste problem why

Yankee Decommissioning

We are at a crossroads in decommissioning. At Yankee Rowe 80% of the radionuciide
INventory was removed from the site without a doeomm"woning pian approved by the NRC.
According to NRC regulations the plan s the only way to protect the health and safety of the
workers and the public. Over 136,000 curies were removed from Rowe including four steam
generators, the pressunzer, and reactor intemals. A million curie baffe was cut under water
and stored in the iradiated fuel pool.

Lock of Oversighf

t was clamed that the exposures o the workers aunng the CRP would be substantially lower
than standard operation. This proved 1o be inaccurate. The exposures were comparable to
slancard operation ang substartially larger than originally predicted. In addtion, the
increased worker exposures (310 contamination events from 1/1/84-12/31/84) and lost-time
accicents (the rate was higher than average construction industry rate) dunng the CRP/
Decommissioning might have been prevented had the NRC treateg this Gecommissioning as
a major faderal action and been on-sits.

There were 75 effluent releases into the Deerfield River during the CRP 23 reieases = rreg
N Aprit and May. Although releases were in micro anc Millicuries, we are concomec - © e
Cuiviative Coses incurred by local crizens over the 34 year release history of the reactor

The Appellate Court Decision
M

CAN repeatedly requesteq heanngs on the decommiss.oning process from the Fall, 1882,
winter. 1882, Spring, 1993, Summer, 1993 Fall 1993 winter, 1983 until CAN took the NRC
‘o Federal District Court to seek relief from the viclation of our due Process nghts. (o stop tre
'legal decommissioning of the reactor The precedent setting Component Removal Proect

o
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was scathingly rejected by Cournt. The Court ruled that the NRC was arbitrary, Capncious,

ana utterty irrational in their approval of the expenmental CRFP without a decommissioning
plan.

The Coun attacked the ‘toncerted bureaucratic effort {by NRC} to thwart the efforts of locai
ctizens 1o be heara about an event thar vtaily affects them and their chiidren The prospect
that this tactic may be used nationally as more nuciear POWer prants shut down  is, to put ot
miidly, disquieting” . In addition. the justices found the NRC actions iresponsibie ... "An
agency can not siirt NEPA or other statutory commancs by exempting a licensee from
compuisory compliance, and then §imply laeling its decision “mere oversight” rather than 2

najor faderal action. NRC was found 10 be in violation of the National Environmental Policy Act,
the Administriive Procedures Act and the Atomic Energy Act.

M2jOor Cecommigsioning activities at the reactor until an adjuducatory heanng was offerag.
Over 250 comments were received By the NRC from our community requesting that
decommissioning activity be hatted. a heanng be heid in our communtty, and a citizen advisory
boarg be convened to monitor decommissioning at the reactor The NRC Commissioners met,

I.Bsa.smmonYANxE:SrAmmosFoaDecormmomc
MIM

The danger of technology s that it operates outside of hurnan parameters; decision-making i»
based on mathematical formulations, but it is human Deings that are stuck with the
consequences. Therefore, Yankee Atomic can “clean Rowe up" by contaminating SBamwel!,
SC. This is llogical as weil as unacceptadble Reactor communties are reevaluating rapid
Cismantiment. Long-term coo! down provide the safest. cheapest ang sanest intenm solution
for the / mencan people.

Decor .ssioning: Major component removal (CRP) should not be authorized before the
SUDMissioN ana approval of a decommissiong pian by the NRC. NRC must continue to cefine
decommissioning as a major federal action and require NEPA compliance. The atternpt 1o
streamline the process for the Utiity and dereguiate NRC requiremerts abaicates the NRC's
'esponsidiity to protect the heaith ang safety of the workers, the public, the environment. ang
also undermines ctizen due process

Prior Nofification " ties should provide pricr notfication o the public of any anc ail effiuent
releases iNto the water or the air ana any transpon snipments from the PoOwer station. Athcugn
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the efMuent releases to the nost community are smaller during decommissioning than auring
standard operation, at Rowe dunng decommissioning, there were over 70 releases into our
Tver. Since reactor communities are concemed with long term BXDOnBUre 1o iow-level radiation

Site Remediation e remediation of sites is central 1o reactor communtties. It is essential

conceming clean-up standards

Orrsite storage On Lte storage, allowing long-term cool Cown, 1s the least cangerous
expedient until a safer solutior is Geveloped. it limite the exposure of workers and the public to
ragiation. it reduces through natural ragioactive decay the eventual bunal valume of
radicactive waste Since the INaustry created the waste, they can maintain their responsidility
for t and hold it on site. Some sites may require rapid dismartiement and the removal of

expansion |s associated with environmental impacts. Structures for commungy invovernent
have not kept pace with technological advancement |n America, citizens depend on
cemocratic structures to influence events that vitaly effect them. Many have withdrawn from
the process. This presents the prospect of vita! cecisions dictated outside of democratic
safeguards This has been characterzed as the mett down of democracy. 't is exempiied in
the atomic power Industry.

Citizens mistrust anc fear advanced technological iInaustries which poliute and the Federa
reguiatory agencies mandated 1o protect the public heaith and safety. This is due to potertial
ecological devastation, the inability for the nuciear Industry ana the Federal government 1o
soive the probiem of the nuciear waste stream, the increase in disease in the effient pathway
and the confiict between the cost of mairmaining a profit for the utility and the cost of heatth ang
safety to the public

LS essenual that communities in the effiuent pathway have the opportunrty to participate in
matters that effect them This participation must ne meaningful  The pasave community
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participation developed by the Industry in which limited Information 1s fed to citizens to allay
their fears is ineflective. Citizens mus: create a substantive role for themseives in order to
clarfy, negotiate anc protect their community’'s interests and to satisfy the recuirements of a
constitutional democracy Ordinary citizens can understand the Ssues of the nuclear fue|

Cycle. The intimidation, created Dy science ang technology, has ied 1o the uncermining of the
democratic process

Parameters and Education of Board:

The parameters of the boarc woUid be cetermined by the board after s inception. inmat
aqucation should be created by NRC to nelp a communtty determine its needs. 'f a community
decides that an Advisory Board is needed, the NRC and canvenea stakeholders wouic
determine a trusted organization in the communty to inttiate the process. This shouid occur

monitoring of effluents from decommissioning
participation In the development of poliution prevertion and reduction procedures
* Nvestgating of heatth concems in community

Participants:

¢ Public interest groups and local representatives

* local governmertt

¢ ®actor representatives biue collar ang management
¢ DPH montoring and environmental heaith

¢ NRC/DOE

* Natve Amencan Tribes

Framework and context:

"eguiators in behalf of cominuntty's - It would create s own rules of order and conduct
Methoc's of accountability wouid be developed. It would hold regular meetings open to the
public. A public commant period shouid be providec. The Board would issue reports on its
work. Essential framework for the board should include

* democratic process
¢ Inciusive effective outreach program developed 0 reach stakeholders

¢ creation of formai2ed group

* Independent facilitation

* decision making by consensus with ability to vote f agreement unable to Le reached
¢ ecducators and ciarfiers of issues to communtty

*  mMutLal respect maintaned
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¢ performance based

Potential Issues of Concern

"he Board snould aetermine the issues of concem for the communtty. These will vary with
nevicdual sites. The Board may determine that issues relevant at the inception are no longer
‘elevant  Through education, the Board may realize other issues are their pAmary concerm.
Therefore the Board should be seen as an expenmental process rather than a ngid,
unchanging structure

Issues of importance for decommissioniig are:

DECON (rapid dismantiement) versus SAFSTOR (on site storage)
worker and public exposure

montonng of effluent releases

comarmination, pollution reduction prevention, and slean up

future use

oreparation for decommissioning’ economic impact /social impact
monntored retrievable storage for imadiated fuel and imadiated fuel pool

Membership/ Selection Procass

The selection of the composiion of the board must be a cemocratic process. A respected and
neutral local body cetermined on a ste specific basis should convene the stakeholders after a
determination that an advisory board is needed. The procedure for aefining a selection
process for board members should be developed from this convention The Board should
nciude a diverse array of community voices and concems.

representatives from communty in efiuent pathwary
representatives of public interest groups in community
Ex-officio . NRC, DPH, DOE. EPA

sustainable development Specialists

local government

Technical Assistance:

* funding for boarg to provide community ecucation
* funding for technical experts

¢ ‘unaing for faciitation

¢ funding for negotiator f needed

¢ funcing provided by: wtility, NRC, DPH, DOE and community
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GREEN PoOLICY FOR WASTE

Oy the concems of ordinary ctizens neeaing to protect their children and future generations
from expanding nuciear contamination

e A democratic process must be inttiated for an environmentaily safe solution to be
deveioped. A Blue Ribbon Commission on Waste shoukd be crested by President Clinton
Let us not sacrifice any more communtties. The waste we $hip out will retumn to haunt us

producec by the present generation of reactors aione Oﬁly 30,000 tons nas been
produced so far.

¢ Retumn a percentage of the Money in the Nuciear Waste Fund to the generators to
maintain on-srte storage. Acknowiedge the truth Classify nuciear sites as superfund sitas.
Provide funding to communities for education, medical training, montoning, and other
protective services

. m.m.rmmmmmmmm on sits storage as the preferred
decommissioning option for radicactive debris. This would aliow irradiated waste to remain
on-srte for thirty years. This is the essential first phase of waste reduction through natural
decay In thirty years the decommissioning waste needing removal to a rad waste dump
would decrease by one order of magntude.

THE FUTURE: DEMOCRACY N THE USA

There is no pro or anti-nuciear. There is waste with no cost-free solution |t is Amenca's
problem, not just the industry's. Citizens must be incluced in the probiem-soMng process t0
determine the eventual storage for rac waste. To effectively participate in democracy, ctizens
must be preserted with the full range of scienttic Opinion conceming low-leve! radiation rag.
waste and nuclear power |f we can understand that the worid is our neighbor, then we can
end the cycle of contamination and sacrfice
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Cirzens Awarzvess Ne-work

INTRODUCTION

var the past two decades, residents of the Deerfield River Valley in Massachusens surfered

alarming heaith problems: an incraased cancer rate, miscarriages, and a ten-‘old increase

in Down's syndrome (a congenital disease charactenzed by mental retardation and bodily
malformation). Local health authonties vsere unable or unwilling to account for the region's grow-
ing pattern of health anomalies.
Attention soon tumed to questionable safety of the procedures at the nearby Yankes Rowe muclear
power station—ihe nation’s fire “experimental” commercial reactor——and the effectiveness of the
standard nuclear safety guidelines of the Nuclear Regulatory Commission (NRC). Dunng a senes of
public meetings, area residents learned that the Yankee Rowe reactor had used the nearby Deerfield
River a5 a radicactive waste dump over the past thirty years.

Concemed citizens, realizing that the river had been widely used for weil water, crop irrigation, and

recreational purposes, bagan 10 question whether the increases in disease were due to the reactor's
regular releases of radioactive materials into the river.

It was at this point that the Citizens Awareness Network [CAN) was formed as a grassrootls organizs-
non primanly concerned with the health and safety of its community.

The Citizens Awareness Network began to investigate effluent releases from the Yankee Rowe reac.
tor into the Deerfield River, and compiled a 30-year history of such releases. CAN founa that large
quantities of tritium had been released into the river, given its size and the degree of contact the
community routinely had with its water,

The Massachusetts Department of Public Health IMADPH] initially demied that there was any cause
for concem. Aker continuing pressure from CAN and the local community, MADPH agreec 10 a
preliminary invastigation of the discases.

With the professional assistance of epidemiologist Dr. Sidney Cobb, and the work of concerned ¢ 1.
zens, CAN coordinated research into state health statistice. effluent reports and meteoroiogical data
Or. Cobb analyzed the raw data and concluded that an epidemic indeed existed in the Deecd
River Valley, and that a full-scale epidemiological study was warranted.

An analyws of statewide statistics provided by MADPH confirmed a statistically significant rcrease
in vanot =, pes of cancer in the Deerfield River Vailey.

CAN, community leaders and local legislators are working to create & new statewide bmh Zew iy
regisry. which was promptea by the deficiencies in MADPH's recards for the inciaence of Zown s
Syndrome.
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The Citizens Awareness Network has meanwhile continued its nvestigaton of the nuclear reactor,

'eading (0 Our current research on tibum, one of the nuciear isotopes regularly released into the
Deerfield River

We present this research with the experience of successfully influencing legislators and health
officials thry thorough investigation and awareness. We believe that ordinary citizens can — and
must — undersiand the scientific and social issues related to the production of nuclear power

CAN believes that the standard operation of a nuclear power station causes untold harm, sickness
and death. The focus on individual accidents resuits in misleading and diversionary arguments over
the safety and effectiveness of existing technology. We believe that Yankee Rowe has been one of
the “safest” reactors in the country, accordir.g to NRC guidelines. It is the MRC guidelines that need
re-evaluation.

The epidemic of disease in the Deerfield River Valley did not become apparent until 25 to 30 years
after operation began. We are now beginning to see the health effects of long-term exposure to low
level radiation in our community, and in communities throughout the world.

We have all participated in an experiment withaut our knowledge or our consent. The data that can
be ascertained from the investigation of Yankee Rowe and other nuclear facilities will provige the
information to educate citizens as to the affects of radiation on the heaith of their generation and
future generanions.
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TRITIUM

fitium s a radionuchide emited as waste from pressurized water reactors, heavy water nuciear
Tructorn and the new generaton of nuciear reactors. It has peen an integral part of the nuclear
weapons industry: (ritium was released into the atmosphere as pan of weapons testing in the
1950's and 60’s. It is & beta emiter and has a half life of 12.5 years. it decays 10 an isotope of

helium, releasing a neutrino and a beta parucle (an electron). The electron ' slow-moving and has
a very short range.

Tritlum was believea to be a relatively berign radionuciide because of the weakness of the beta
radiation emitted whan it decays. The beta electron is a small particle that passes readily through
most darriers. The dangers of tntium come from inhalation, ingestion, and absorption.

Tritiated water (HTO) passes through the human body in 12 days. Mowever, when the radionuclide
unites with carbon in the human body, plants, or animals, it becomes organically bound (OBT) and
can remain in the human body for 450 to 650 days. One study found traces of tritium in the body
10 years after exposure. 34

As rinum makes its way up the food chain it may tecome more concentrated. (16 Pigs fed with ti)-
ated food themselves became tritiated, as did their offspring.  The blood, heart, and kidneys of the
piglets were more Uitiated than the food they were fed. 23

Tritium 15 carcinogenic, mutagenic, and teratogenic. ') Human beings can receive chronic expo-
sure to OBT through the ingestion of plants and animals exposed in an effluent pathway, in addition
10 direct uptake through inhalation, absorption and drinking contaminated water Especially sensi-
tive to the effects of tritium are rapidly growing cells such as fetal tissue, genetic materiais and blood
fom;ns m;.\l. 1,90, 8

Tritium 15 dense and has a short track length. It releases all its acuvity at one time. This makes it
more potent and similar to soft xwrays which are more effective than hard x<ays. 'S When and
where it depasits its radicactivity, it creates at least one lesion in the cell. This lesion must be
repaired within 24 hours or wien the cell eventually divides, it will be carcinogenic (26 30
There may be a threshold below which the repair mechanism is not activated in the bady: (3. 15 27
32 thereby, low levels of chronic radiation exposure can accumulate in the body without the reparr
system being activated. (' 28,27,30,32. 38

Tritlum has a ransmutational effect which 1s mutagenic. After the particle releases its radicact vity
nto the cell, a helium ion is formed. The helium springs away from the B-parucle and severs tne
bond with the compound to which the tntium had attached itself, The compound acquires 3 posi-
tive charge and becomes chermicaily actve. 32

it then can atach itself to a ring of a protein precursor that wi'l make up the chromosomal stranas
the DNA. Depending on the ring it attaches to, it can affect the protein precursors and damage ne
ONA. This would create a mutatona) effect. 2¥
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Radiclogical research has found a correiation between tritium and cumulative genetic injury. (21
There was found in successive generations a reduction in relative brain weight, reauction in |iner
size, and increased reabsorption of emoryos. Correlations have been found in epidemioiogical

research berween ritium and Down's syndrome. Associations have also been found berween low-
level radiation and Down's syndrome. 6. 7.8, 10, 31)

The Deerfield River Valley (DRV)

Nuclear power stations must dispose of waste 10 operate. For pressurized water reactors (such as
Yankee Rowe), the main effluent release is into a body of water. Thus the Deerfield River Valley
becomes 4 radiation waste dump for the Yankee Row -~  When ritium is released into such an envi-
ronment, plant, animais, and human beings in the vicinity can be contaminated.”'?. 24

The Deerfisld River is a small winding river in western Massachusetts. 1t has white water and is fast
running.  The valley through which the river runs is 800 feet on either side, creatng a tunnel in

which inversions are heid. Fog hangs in the valley for days at a time. There are air inversions more
than 34% of the time.

The river has been used for recreational purposes over the 31 year history of the Yankee Rowe reac-
tor, the naton’s first “expe. mental” commercial reactor. Citizens swim, fish and boat in the river.
Wells and cropland are adjacent to the river, and in Umes of drought, river water s used to irmgate
crops. Each year 500,000 peopie use the river .

For 31 years the Deerfieid River has been a dumping ground for low-level radicactive waste. During
the 1960s and early 704, Yankee Rowe had problems with fuel rods and dumped large amounts of
iritium into the river. Up to 1,800 cunes a year were releasad, nominally witin NRC guidelines.

Ouring the tme of operation the estimated concentrations of tritium were 1,000 times greater in the
DRV than outside the valley. There were approximately 5 batch releases per month. Peopie in the
community were generally unaware that the river was radioactive, although it had been notea that
since the reactor opened, the river had never frazen.

Epidemic of Disease in DRV

Increases in miscacriages, mental retardation, cancer and other health problems began to be notea r
the 19803 through 1990s. There have been 10 children born with Down's syridrome since the
'980s, all to mothers under the age of forty. Affactead families live within a three mile radius of each
other in the effluent pathway, or have had extensive CONACT with the river ouring their pregnancies.

Down's syndrome cccurs on average in one of 700 to 1,000 live births. Of the approximately 2.000

ive births within the valley in the last 20 years, the incidence of Down's syndrome is ¢/ oser 1o ane
in 100. There have been six chromosomally damaged children conceived during the same ©me

-l



03/25/96  08:857 FAX 4133398788

Cirzens Awansness N srwoix

TRITIUM

period. Two of these children were bom.  One died at 6 months; the other five years old with
Down's syndrome features. Another of the chromosomally damaged fetuses was trisomic. The
Massachusetts Department of Public Health has begun a preliminary investigation of the environs
around Yankee Rowe, in the prstine rural environmental of the DRY.

There is a 50% 'crease in five diMerent cancers: a 40% increase in heart disease: and a 110%
increase in infectious Cisease leading to mortaiity.

Citizens Awareness Network (CAN) and Nuclear information Resource Service (NIRS) have demand-
ed that NRC fund an independent epidemiological investigation of the DRV. This would enta| an
effluent pathway study of the river. We have also demanded that NRC reevaluate their inadequate
and unfounaed dosimetery standards for tritium.

To understand the effects of tritium exposure—the effects of organically bound titium (OBT), and -
tiated water (HTO) must be calculated. Since the effects of tritium are on a cellular level rather than
an organ level, microdosimetry is required.

The issues raised in this report about the operation of the Yankee Rowe plant have been forwarded
to the Inspector Ceneral of the Nuclear Regulatory Committee for invesugation.
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BIBLIOGRAPHY

Annotated bibliography of lowdevel radiation
studies and tritium research

Down’s syndrome

1 E Alberman, | A Polani, Fraser Roberts, C.C. Spicer, M. Elliot, E. Armsirong, “Parental
(@ X-irragiabion ana Down's Syndrome.” London: Ann. Mim. Cenet. 36 (1972) - 19S.

Effect of ragiation on increase in Down's syndrome was Breatest in subgroup where X-ays were
receved more than ten years before conception. There was significant Increase of “ever” X-rayed
mothers in Down's syndrome gmoup. The size or dose of X-ray was iess Important than the
cumulative effect, as if damage was net followsd by reparr.

Exposure

2 V. Beir, "Health Effects of Exposure 10 Low Levels of lonizing Radistion.” National Academy
Press. 1990,

Report staied that there was no threshold for the effects of radiation when the brain is in its most
sensitive sage of development. This was especiaiy rus flom 8-15 weeks through 22 weeks of
gestation.

3 Susan Harap, “Down's syndrome in West jerusalem.” Amencan journal Epidem, 97 No. 4.
pp. 225-232.

Ressarch found thar there were environmental factors involved in the etiology of Down's
syndrome. Mariap compared rates of Down’s syndrome in different groups in Israel. For mothers
aged under 35, the age-adjusted nsk of Down'’s syndrome 15 iIncreased eightfold in one group
who used the ritual baths while for older mothers difference in risk 15 less than threefold.

4 N Kochupillai,iC. Verma, M5, Crewal, V. Remalinggaswami, “Down’s syndrome and relatec
abnormalities in an area of high background radiation in coastal Kerala.” Nature, 262 (1976 .
60-61.

Research compared high background population © control with low background radiztion. The
observed frequency was higher than in controls and significant. Higher frequency of cases of
Down's syndrome bomn to mothers aged 30-39  Association suggesisd between low dose
radialion exposure of older malemnal age dependence suggess that the damaging event
ceMrales 0OCYIR ABINg and Causes Primary (Pisomy rather than (ranslocation trsomy.

§ ON Rasmey, Eliis, and Zeaily, “Down’s syndroma in the Lothian Region of Scotland 1378 1o
1879.° Biomed & Pharmacother 45 (1991) . 267.272.

Observable increases in Dow:: s s55ndrome were noted in Lothian Region of Scotlana aher the
accdant 3 Chemobyl. The highest rate of 27.12 in 1987 was significantty higher than average
5¢ 'e whale period. Increase in incidence peaked in late 1987 and subsequently returmed 10
pre-1986 levels.

6 Sheehan, M. Patricia and 8. Hillary irere, *An Unusual Cluster of Babies with Down's syndrome
Bom to Former Pupils of an Insh Bosrding School.” British jour. Med. 1) Dec. 1983 . 287

Sheehan found a cluster of chiidren bom with Down's syndrome (8} 1o mothers who anended 3
girts schoo| as adolescents. during the Winascale fire at that reprocessing reactor "he school
was in the effluent pathway ana the radionuclide released was tritum. There were 30 binth
abnormalities in all in this small population.
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AT Sigler, er a/ “Radiation exposure in parents with children with mongolism (Down's syndrome).*
Bulietin of John Mopkins Haspita, 2 (1968) ; 1045.1049

Radiation exposure increased the risk of mongolism in parents. There was validation of the view
conceming cumulative radiation damage to genetic matenal. Exposure was result of fluroscopic and
therapeutic radiation

K. Sperlind, |. Pel2.RD. Wegner, |. Schulzke and E. Srruck, “Frequency of Trisomy 21 in Cermany beiore
and after the Chernoby| accident.” Biomed & Pharmacother 45, (1991) : 255.262

Increased in Down's syndrome were observed in Cermany after the Chernoby! accident. There was a
peak (n inCidence in january 1987. This peak s highly significant.

irene and Elizabeth Uchida, and |. Curtis, “A Possible Association Between Matermal Radiaton and
Mongolism.” Lancet (10/14/61] : 848-850.

There 1s a sirong association between the incidence of mongolism and » history of maternal abdominal
radiation. Radiation effect may be age<spandent

T. Zufan and W. Luxin, “An Epidemiclogical Investigation of Mutational Diseases in the High Background
Radiation Area of Yangiang, China.” /. Radiat Res. 17 (1986) : 141.150,

There were increases in Down's syndrome found in high background radiation ares. Increases in cancer
ware not found. Average background dose was 330 mR/Ayw and 114 mR/yr in control group. There was a
highar rate of cancer in control group which had received a greaier numoer of medical X-rays.

Tritium

11 DF Cahill and C.L, Yuile, "Tritium irradiation of Mammalian Fetus.” Radiation Research 44 (1970, 727

Offspring conceived by parents subjected 10 low level lifetime exposure manifest efects ai MTO activity
ievels 10-100 times lower than those required dunng exposure in utero only.

L.A. Camian and 5.L. Cummerfored, “Dominant Lethat Mutations in Mice Resulting from Chronic Tritiates
Waler ingestion.” Radiation Resesrch 66 (1973) ; 609.

Two succassive generations of mice were exposed (0 continued ingestion of tritiated waler. 'n second
geveration famales, there was a significant reduction in the number of viable embryos.

AL, Carstan, ot al, * 1989 Summary Updaie of the Brookhaven Tntium Toxity Program with Emphasis on
Recant Cytogenic and Lifstime—Shortening Studies in Proceedings of the Third |apane-LUS workshop on
Tritum Radiabiclogy and Health Physica * (Edited by §. Okada), Institute of Plasma Physics Nagoya
University, Nayoga, japan. IPP)-REV.3.

There may be an effect at very low doses where the radiabion inhibits the repar maechanism. T»'s may
occur dunng tntium iradiation. Theory consistent with the track structure calculations of Coodhead _s g
very waak X-rays. There was significant reduction in the number of viable embryos resuiting from ma: ~2s
between animals maintained on ritium diet. Thare was no effact on breeding effectiveness

R L. Dabson and M.E. Coopar, “Tritium Toxity - Effacts of low-level 3HOH Exposure in Develooing
Femala Cerm Cells in the Mouse,” Radiation Research 58. p. 91

Aduit female mice were maintained on triuum levels 8.5, 0.85 and 0.085 Ci/m| of body water 'r=m day
fertilization. In femaie offspnng exposad to tritym from conception and sacrificed at 14 days primasy
cocytes were decreased beiow control number by 90% at 8.5, and significantly at 0.085 leve
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15 D.7 Coodhead and M. Nikjoo, “Current Status of Ullrasoht X-ray and Track Structure Analysis as Tools for
Tesung and Developing Biopysica: Madels of Radiation Action.” Radiat Prot Dos. 31, No. 1/4 (1990)
343-352.

Authors conclude that ultrasoft X-rays are more effeciive than equal doses of hard X-rays. Their RBEs

Increase with decreasing X-ay energy down 10 very small track lengths of 7 nm. Low enaergy elecron
track ands are a predominate cause of cell inactivation n all low LET radiations. (Ultrasoft X-rays are very
similar in enevges and track lengths w0 mitium B-ragiation).

16 Kirchman, ef 2/, “1973 Studies on the Food Chain Contamination by Tritium.” In Tritium, editors Moghissi
end Cater, Messenger Craphics, Phoenix, AZ, US.

Tritiated grass eawen by cows has been shown to be effectively transferred 1o their milk. OBT levels n their
milk were 10 imes higher in cows fed on ritiated grass than cows fed on HTO.

17 D. Macintosh, 5. Lung, F. Tsai and |. Spengier, “A Preliminary Assassment of the Potential Human
Exposure 1 Tritium Emissions from the Yankee Atomic Electric Company Nuclear Power Facility Located
Near Rowe MA." Harvard University School of Public Health, Dept. of Enviconments! Health 7 (1993).

Craduste stugents, under the supervision of . Spengler. conducted  preliminary assessment of potential
exposures and doses to the [Ceerfield River Vallay residents to ritium, released from the Rowe nuclear
power reactor. Concentrations of tritium wers found 10 be 1,000 time greater in the valley than the
surrounding area. Researchers suggesied that an investiganion be undertaken 10 study the effects of
crganically bound tritium, the effect of the rver rapids and falls on HTO evaporation, and 08T
aerosolization.

18 ). W. Laky, ot ai, “Some Efects of Lifetime Parental Exposure 10 Low-Levels of Tritium on the £2
Ceneration.” Radiation Research 56, (1973) : 171,

Research done on effects of low-level expasure © tritiated water. Continues exposure calculated as wholk
body dose rates 1 to 3,000 mrady/day produced 2 30% reduction in adult F1 maie testes, but no
mpairment in growth or reproductive ability. Statistically significant effects on F2 neonstes were:
reduction in relatrve brain weight, decreased body weight, decreased lifter 3120 and increased resorprion.
Brain and testes contained approximately 100% and 50% greater tntium activities than the average in
other tissues.

19 |.W. Lasky, and 5.|. Bursian, Radiation Research 67, (1976) : 314,

Rats were exposad 1o constant tritium activities of 10 uCVm| of bady water for 42 days beginning first day
of pregnancy or binth. In males exposed rrom birth or first day, there was a significant eduction in the
mates waight and sperm content. |n lemales exposed there was a significant reduction n F2 litier size and
an increase in the number of reabsorbed embryos. The group most sensitive (c low-leve! exposure was (ne
one exposed from first day of pregnancy.

20 D). Mewissen, “Cumulative Cenetic Effects from Exposure 10 Male Mice to Tritium for Ten Cenerations
IAEA Symposium on Biological Implications of Radionucides Released from Nuclesr Industres, (1979)

Data established the existence of cumulative genetic injury and the existence of cumulative genetic iniury
al the 9th generanon. Their F2 offspring (unexposed) exhibited a significant increase in gominant ethal
mutations resulting in a decrease in litter size.

21 T Straume, “Heak" Risks from Exposure 1o Trittum.* UCRL-LR-105088, Lawerencs Livermore Laborziary
Livermore, Califorrnia, US 94550, (1991).

Trtium 1s more hazargous (o health than other types of low-level radiation. Triium is about 1 5 ' mes s
carcinogemc, 2-5 times as mutagenic, and 2 times 25 teralogenic.
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22 C. Tislajar-Lentulis, P Hennenberg and . E Feinendegen, “The Oxygen Enhance
A : ment Ratio for Singie and
Doubie Strand Breaks Induced by Tritium iIncorporated in DNA of Cuitured Human T1 Cells. lmgo'ct on
the Transmutation Efect.” Radiation Research 94, 1983) : 41.50.

Researchers found that a third of single strand DNA breaks caused by the decay of tritium n Sethymidine
were due 10 Danemutation. This is over and above the radiationa| effect '

23 M. Van Hews, #f 4/, “Ratention in Young Pigs of OBT Civen Dun ancy and Lactation * Radi
Prot dos. 16, no 1-2, (1971) * 123126, ng Pregnancy adiat

Pigs fod with (rinated food themseives became tritiated. They passed on tritium 1o their offspnng. The
blood, hean, and kidneys of the young piglets were more tntiated than the tniiated foods fed their motiver.

24 M. Wasserman, and K. Solomon, “Killing Our Own,” N.Y. Dell. (1982) : 190.193,

Thaere is & long residency penod in the body of very low concentrations of ritium. A 1981 study of former
American atomics workars showed a majonty with tritrum levels still ten umes above normal. Study found
that tritilum can remain in the body for up 10 ten years.

Low-Level Radiation

25 KF. Baverstock, D. Papworth, and |. Vennart, “Risk of Radiation at Low Dose Rates.” Lancer, 1, (1981)
430433,

Researchers siudied worken involved in assemblage of instrument-dials made |um nescen: with radium
Significance found for breast cancer induced by gamma radiation. Exposure at rate of 0.1 rad pear 8 hours,
allowing adequaie time for repair from exposure. Although the |uminizer 3ppRars (0 be a high dose study,
it demanstrates the inability of the body 1 adequately repair after exposure 1 (ow-level radiation.

26 M.A. Bender, “Significance of Chromosome Abnommalities.” (1984) : 281.289 in bowce

Bender investigated the repair of chromosome breaks incurred through exposure to radialion. In
discussing repair of chromosome breaks, he reports repair half times which are “typical of the order of 1 or
2 hours.”

17 LW. Brackenbush, and L A. Brady, “Microdosimetric Basis for Exposure Limits.  Health Physics 55
(1988) : 251-255.

Researchers state that “Since most cells repair radiation damage with 3 characteristic ime ranging from a
fow minutes 1o a few hours, il is evident tha imeparable or mispaired damage must dominate the low-ET
radiation effect at low dose rawes.*

28 1.D. Brom, et 4/, “A Dosage Response Curve for the One Rad range: Adult Risk for Diagnostic Rad ation °
Amer. jour. Pub. Heaith, €9, no. 2, (1979).

Bross invesagated the effects of diagnostic medical trunk Xrays on 220 men with non-lymphatic eukem 2
and 270 controls. Research: suggests that most heart disease s “prompted” by radiation exposure. ™
doubling dose of radiation for leukemia to be § Rems.

29 Sidney Cobb, MD MPM._, “Heaith in the Deerfield River Valley. Some Preliminary Looks,” 9/29/1992

Dr. Cobb analyzed raw health statistics on the Oeerfieid River Valley 1o determine whether 3 (ull
epidemiciogical invesagation shouid be undertaken. cobb investgaled available data for cancer
ncudence, Down syndrome, and morality. rHe found a S0% greater overail mortaiity, a 50% greater
mortality from cancer (), a 40% greatar mortality in heart dissase, & 70% greater mortality from “other
causes in the Deerfield River Valley. Thers was suggestive evidence that thare mignt be an excess in
Down's syndrome.  His conclusions were that the heaith problems deserve immediate anention. ese
problems were consisient with radiaton injury incurmed between 1960 and 1972,
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M. Evans, K.E. Buciaon, C.E. Mamiiten and A. Caro.ners, “Radiation-induced chromosome abberations in
nuclear<dockyard workens.” Nature, 277, (Dec. 1979) . §31.534.

Researchers demonstaled a significant dose depandent incraase in chromosome abberations 1n penpheral
blood leukocyte chromosomes in a popuiation of manitored nuckesr-dockyard workers, subject o
OccupAtional radialion exposure within maximum parmissible |imits § rem per year. The obsarved
'NCredsa ir dicentric abberatiors is fu’ lange but 1s a direct expression of increased genetic damage caused
by radiation @xposure. It is possibie 10 detect a biological effect at the chromosome leve ! (o ionizing
radiation below the internationally agreed maximum permissible levels,

L.E. Feinendegen, ot 4/, “Biochemical and Callular Mechanisms of Low-Dose Radiation Effects *
Inermational journal of Radiation, Bioiogy 53, no. 1, (1988) : 23.27.

Researchars studied the ability of iradiated cells 1o repair themse ives. Feinandgen siates, “Wherwas the
majority of single-sirand breaks and base changes are very efficiently and quickly repaired with half-times
less than 1 hour, the reconstitution of a double-strand break probably lasts much longer, parhaps up 1o
seversl hours, and not all double-strand breaks are fully repasred *

J. Gentry, et al, “An Epidemioiogical Study of Congenital Malformations in New York Stats.* Amer jour.
Pub. Health, 49, no. 4, (4/1959).

Congenital mallormation rates were studied in association with high and low background areas in New
York Staw. The areas with the highest background radiation had the highest rates of malformabons (17 §)
For unlikely rural areas the rate was 12.5. there was 2 relationship batwean malformation rate and use of
water from weils ard springs as opposed to large surface areas (lakas and riven). A doubling of the
prevalence of severe mental retardation was found. Them was also a sharp increase in the incidence of
Down's syndrome. AEC estimates that background radiation levels associated with igneous rock
fromations ranged from .07 to .11 Remy/yr,

0.T. Coodhead, “Spatial and Tempora! Distribution of Energy.” Health Physics, 55, (1988) - 231-240.

Coodhead studied the ability of cells 1o repair themselves afier exposure o radiation. He suggests 1nat the
repair system may need a “kick” 10 get started. Me states: *...it s concevable that the cell would repair
relatively mors efficienty if there were more damage to stimulate its repair process.”

A.l. Crosovsky, and |. Little, “Evidence for |ineas response for the induction of mutations in the human
calls by Xvay exposures below 10 rads.” Proc. Natl. Acad. Sci., USA, Genetics 82, (April 1985, -
2092-209S.

The induction of thioguaning resisNCe was siuGed in CONtINUOUS human lymphoblast cultures exposed 10
dally X-ray axposures of 1, 2.5, 5 or 10 rads for periods up 1 one month. The effects of small daily
fractions wem additive suggesting that dosas as small as | rad are muagenic in human lymphoblasts A
linar increase in mutanon frequancy was observed over this dose range with no apparent threshold.
Rasults suggest that for human lymphoblass, the mutagenic risk of low dose of X-rays can be accurate'y
cotimaned by linear extragolation from high dose effects.

M. Otake, and W. Schull, “in utero exposure 10 Abomb radiation and mental retardation; an assessment
Bnitish Jowr. Radiol., 57, (May 1984) ; 409414,

Otake and Schull studied the incidence of mental retardation in Japanese A-bomb survivors. They (ound
that the 8th through the 15th week of gestation was especially signfficant. Implication that ! rad azsomen
by the fatus dunng this period may double the rate of ment | reamdation.
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36 A Upion, *Prevention of Work-Related Injuries and Disease: Lessons from Expenence with lonizing
Radiation.” Amer. jour. Indust. Med., (1987} : 300-301.

Upton analyzed the effects of ionizing radiation and the incidence of breast cance: in women from
different sources, 1.e., A-bomb radiation. therapeutic irradiation for postpartum masiilis, muitiple
fluoroscopic examinations, exposure occupationally to external gamiAa radiation in the painting of
fuminous clock ana dials. Upton states that “The similanty of the dose-incidence relationships in all four
groups of women, in spite of marxed differences....in the duration of axposure, implies that the
carcinogenic effect of a small dose on e breast is largely imeparable and that the effect of successive
doses are additive.” He states “... thare may ba no threshold in the dose-incident relationsnip.”

37 C. Waldren, et a/, “Maasursments of luw-levels of X<ay mutagenesis in relation © human disease.”
Cenetics, B : 48394843,

Waldren and coworkers stucied the direct measurement of the effects of low doses of radiation and other
mutagens. Extrapolation pmcedunes wers not used 10 estimate effects. The data demonstrale “that the
true mutageniesis efficiency at low doses of onizing radiauon that approximate human exposures s more
than 200 times greater than those oblained with conventional methads.” With increasing dose. a point
reached, where the mutational effect can not be detecad in the chromosomes because the ceil is <illed
off. Unequivocal mutagenes:s ok place for dose as low as 2.4 rads. Waldren states that “observed
mulations; efficiency at low doses 1s considerably higher than that observed at higher doses.”
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A activity - The number of atoms of a adioactive substance that disinlegrate per unit time

air Inversion - A condition in which & dense substance |ies over 4 less dense substance. |n an atmos.
phenc temperature inversion, the air lemperature INCreases and therefore the density decreases with
height. Such nversions occur iocally in very sull air ang tend 1o be stable because rising air, warmed
ar the surface, l0ses its buoyancy and is rapped when it meets air at the same temperature and gens:-
ty a5 iself so tanding 10 reinforce the inversion. Pollutants srenng the ar close (o the ground level

are similarty trapped, and 0 empersture inversions are ometimes associated with severe pollution
incidents.

alpha particle - A positively charged particle emined by certain radioactive matenal congisung of two
NeUIrons and fwo protons, the nucleus of a helium atom. A dangerous carcinogen when inhaled or

Ingested.

atom ~ The smallest unit of an elemant, consisting of a dense central, positively charged nycleus sur-

rounded by a system of electrons. The structure & usually slectrically neutral and is indivisible by
chemical reactions.

anulicmdu—ﬂumndmom,tmpoudolmwm

alomic waste ~ Radicactive solids; gases and comtaminated liquids produced by nuclear reactions
Generally classed as high, intarmediate, or low-level wasa dependant on cure per litter count.

153 hnl.m radiation - Ambient radiation from outer space (cosmic) and masenials found at the surface of
the earth.

bata - A type of radiation
beta-emitter - A radioactive element characterized by its beta radiation.

beta particle - A high energy electron emitted by decay in » radicactive nucleus. Can cause skin burns
and, when ingesied, cancer.

C  carcinogen - A cancer causing substance or agent.

chromosomal strends -
curies - (radiation unis). Lnits of measurement used to express the acovity of a radionuciide ana me
dose of ionizing radiation.

D dwcay - Gradual disincegranon of radicactive material over time.

DNA - (deoxyribonnucleic acid). The genetic matenal of most living organisms which 15 a macr = n.
stitvert of the chromosomes within the cell nucleus and plays a central role in the determ naion o
hereditary charactensocs.

dase - The amount of energy absorbed in a unit mass, organ, or individual from (radiation.
Dowar's syndrome ~ A congenital condition characterized by mentsl deficiency and related (o he - ¢ rg
of certain human chromosomes.
E cfMuew - Liquia discharge from & nucleus.

effluert pathway - Fluid emitted from a source. A waste fluid produced by an agricultura o = 2.7
process.
elactron = A negatively charged atomic pamticie, lighter than s proton or neutron

epidemiology ~ A branch of medical science that deals with the incidence, distnbution and ¢~ » +-
ease I a population,



03/285/86  08:87 FAX 4133398763 CAN

Crmzins Awansvess Ne-work

GLOSSARY

Io

etiology - All of the causes of a disease or abnormal condition.
exposure - Beng exposed 10 radiation
flassion - The splitting of 2 nuclkeus into two lighter fragments, accompanied by the release of energy and

generally one or more neutrons. Fission can occur either sponAneously or as a consequence of
absorpuion of a neutron.

flusroscope = An instrument used chiefly in industry and medical diagnosis fnr observing the nternal
structure of opague objects (as the (iving body).

fuel rod - A single tbe of cladding filled with uranium fusl pailet.
pamema ray - High energy, shom wavelength, electromagnetic radiation em ifted by a nucleus.

hal-{ie -- The ime it lakes lor haif of any radioactive subsance 1 disintegrate. Half-iives range from sec.
onds to millions of years.

lan ~ An atom, molecule, or elementary particle that has lost or gained one or more electrons, therefore
laking on an elecirical charge. A pasitive 1on has lost ons of more electrons; a negative ion has
gained one or mon electrons.

ienization - The process of adding or removing electrons 50 as 1o form ions. lonization can be caused by
high temperatures, ¢lecrical discharges, or nuclear radiation.

ionizing radiation - Alpha, beta, or gemma radiation, which, when passing through matter can onize it
lonizing radiation can cause cell damage &s it passes through tissue.

irvadiated - Having been exposed o or trested with radiation.

isctope - A radioactive variant of a common elements with a different atomic weight but equivaient
alomic number. [solopes are generally created by the fission process.

latent peniod - The amount of elapsed time betwwen exposurs and the first sign of disease sympioms
lowdevel - Refers o radioactivity of low intensity.

micredosimetry - Dosimetry involving microdoses of radiabion or minute amounty of radioactive
matenals.

millieam [me] — One thousandth of 3 em.
melecule - A group of atoms held together by chemical forces.
mongolsm - See Down's syndrome.

mugtation - A sudden variaton; offspring differing from its parents in one or more heritable characiersics
due (o changes within the chromosome or the gene.

neutrine -~ A subatomic particle of negligible mass, named by Enrico Fermi.

neutron - A uncharged panicie in the nucleus of every atom heavier than hydrogen. A free neutron s
unstable. With haif life of 13 minutes, it will decay e a proton, clectron and a neuinno

nondisiunction - Failure of two Chromosomes 10 eparate subsequUent 10 Meta phase In MEIDs's OF 105
%0 that one daughter cell has botVand the other, neither of the chromosomes.

nuclide - Any atom (hat exists for 8 measurable length of ime. A nuclide can be dertified oy s atomic
weght, atomic number, and energy stale.

Qo2
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O  cocyte - Anegg before maturation: a lem.  gemetocyte.
organically bound - ~eld in chem.cal or p. . ical combination.
P photon ~ A “packst” of energy with energy with no mass, which travels al the eed of ight. Photons

range from very low energies (such as infrared and visible light!, moderaie enargies (Ultraviolet and
Xerays| to high energy (gamma.

pressurized water reactor [PWR] - A reactor in which the heat from the nuclear come s transferred © a
heal exchanger Undér CONSLAN pressure 1o achieve & high water temperature without boiling. A sec-
ondary circuit produces sieam for the generators.

proton - A elementary particle with a single posttive charge that 1 a part of all neuc|i.

23 rad -~ A measure of exposure 10, or the absorbed dose of r2. stion.
rad waste ~ radioactive waste,
radiation - The emission of neutrons, alpha particles, beta or gamma rays from a radicactive cource.
rem — The unit messuring an absorbed dose of on:2ing radiabon in biological matter: abbreviated from
“Reentgen Equivalen, Man.”

& roft xays - (soft radiation) lonizing radiation of low penetating power, usually used in refereace (o
x-rays of long wavelerigth.
T tersirogenic - (leratrogen) Any environmental factor that acis on a fetus b cause congenital abnormalit:

tranmmutational - The transformation of one element into ancthwr by bumbardment of nucleus with part; .
cles. For example, prutonium 1s obtainad by the neutron bombardment of uranium.

tritham - A radicactive nuclear by-product, also known as H?, consisting of & hydrogen nucleus, or
proton, with two sdditional neutrons.

-d -



