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Summary

The Radiation and Public Health Project (RPHP) has collect-
ed and measured the amounts of radioactive strontium (¥Sr)
in baby teeth in several areas in the United States. ®Sr with.its
long half-life of 28 years is an accurate measure of radiation
exposure, not influenced by race, income, occupation, smok-
ing or lifestyle. ™Sr follows the route of calcium and is taken
up in the bones of adults, children, and the developing foetus.
*Sr releases beta particles which damage cells in various
ways. Documented increased levels of *Sr correlate with areas
of increased childhood cancer including a small area where
children have developed an excess of thabdomyosarcoma,
Current levels of *Sr, probably emitted by nuclear power
facilities, eompare with historic levels released from nuclear
bomb testing. Eur. J. Oncol., 5, suppl. 2, 119-125, 2000
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Introduction

The global epidemic of cancer has not lessened despite improve~
ments in diagnesis and treatment (Bailar Y1 and Gornik, 1997).
Cancer is costly to the person, the family, and society. Few
resoutces are allocated for primary prevention. In this context,
information gained from determining radioisotope levels in baby
teeth may angwer significant questions such as: Is there a link
between strontium-90 {¥Sr) and cancer in adults and children?
Which geographic areas have lesser or greater levels of #Sr? Does
a child with elevated *Sr bave medical problems such as cancer,
learning disabilities, birth delects and other illnesses? Does the
mother of such child have an increased sk for breast cancer or
other illnesses? What interactions, chemical and radiologic, are
fueling this epidemic?

22303, USA

Riassunto

1I Radiation and Public Health Project ha raccolio.e misura-
to la quantith di steonzio radioattive (%Sr) nei denti dei ban-
bini in diverse aree degli Stati Uniti, Lo *Sr, con la sua langa
emivita di 28 anni,& un indicatore attendibile dell’esposizione
a radiazioni, non essendo influenzato da razza, reddito, pro-
fessione, fumo o stile di vita, Lo S libera particelle beta che
danneggiano le celiule in vari modi. Un incremento di *St- &
stato osservato in aree con aumentats incidenza di tumori ih-
fantili, compresa una piccola area in cui i bambiii hanno svi-
luppato un eccesso di radiomiosarcomi. I livelli attuali di *Sr,
verosimilmente cineirso da centrali nucleari, sono simili ai li-
velli storici provecati da test atomici. Eur, J. Oncol., 5, suppl.
2, 119-125, 2000

Parale chigve: stronzio-90, cancro, bambini, rabdomiosarco-
ma, radiazioni nucleari

The chemical and biological characteristics of *Sr and its petsis-
tence makes it an ideal marker to measure radiation pollution, *Sr
did not exist in natuie untit the advent of the atomic age. ™Sr and
a myriad of radioactive isotopes are produced by the fission of
urarium during the detonation of nuclear bombs and emitted dur-
ing operation of nuclear power plants. These isotopes are carried
by the winds and fall to earth with rain and snow where they
accumulate and are taken up in food.

Strontium belongs to the alkaline easth series of elements that
inclides beryllium, magnesium, calcium, barium and radium, and
form ionmic bonds with non-metallic elements, including oxygen
(Faure and Powel, 1972). The stable isotopes of natural strontivm
(*Sr, ¥5r, #Sr and #Sr) make up less than 1% of the eartl’s rocks.
The toxicity of *Sr was undersicod before the first atomic bomb
was detonated, when Enrico Fermi proposed to use the bone-seek-
ing isotepe to poison the food supply of Germany (Rhodes, 1986).
With a half-life of 28 years, *Sr is persistent in the environment and
in the bodies of humans. The uptake of radioactive strontium (*Sr)
follows that of caléiam and becomes deposited in bones and teeth.
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The newborn’s calcium and ®Sr are derived from the mother’s
dietary intake and from her bone stores durin g pregnancy. Addi-
tional caleinm and *Sr is contributed by the infant’s diet during its
year after birth (Reiss, 1961; Rosenthal, 1969). Deciduous teeth,
usually shed at ages 5 to 12, represent a tissue similar to booe,
with stable mineralization.

Measurements of ®St deposited in bones and teeth began after the
onset of above-ground nuclear bomb fests in Nevada and were
carried out by various governments, including the US (Kulp, Eck-
elmann and Schubert, 1957; Weiss e al., 1964: Barratta, Ferri and
Wall, 1970; Klusek, 1984). An independent, comprehensive study
by the Committee for Nuclear Information, measured *Sr levels
in about 60,000 baby teeth collected from children in St Louis,
USA (Reiss, 1961; Commoner, 1972), Comparing 1954 births
with those in 1964, “Sr levels increased in concentration from
0.77 pCi to 11.03 pCi per gram of calcium. The risk (o hieaith from
this contamination and concern for the health of children world-
wide led to a ban on above ground nuclear testing by the US and
USSR, signed by Kennedy and Khrushchey,

More recent testing followed Chernobyl releases, when the Qtto
Hug Insiitute in Germany documented a ten-fold increase in ®Sr
levels in baby teeth for children bomn in 1987, compared with
those born in 1983-85 (Schotz). These elevated levels are compa-
rable to those documented in the St. Louis children at the hei ght
of above-ground nuelear bomb testing. Tn 1990, for unknown
reasons, the US EPA programme of reporting levels of barium-
140, cesium-137, and iodine-131 in pasteurized milk in sixty
cities was discontinued after 33 years of montoring (US EPA,
1991).

In the Cheruoby? fallout area, compared to radiation-free ferrito-
ries with similar social and economic characteristics, ill health has
been wide-spread. Children have a marked inciease in thyroid
dysfunction and thyroid cancer, an increased incidence of mental
retardation and birth defects, and immunolegical Hnpairment
{Brulakova, 1996, Infant leukeamia following in utere exposure
1o Chernabyl fallout is reported at 2.6 times that of unexposed
infanits (Petridou er al., 1996).

The eancer/radiation pattern oceurs worldwide, invalving expo-
sure {0 both X-rays (Stewart ef af., 1970) and fission products
(Sternglass and Gould, 1993). Thyroid cancer in children younger
than 15 living near Chernoby! in the Ukraine rose seven-fold
after the 1986 accident (Stajakhko, Tsyb and Tronke, 1995) and
an increase in leukaemia in Greek, German and American infants
rose by 160%, 48%, and 30% respectively for those born 1986-
87 when low-level Chernoby! fallout was added to the environ-
ment (Petridou, ef al, 1997 Mangane, 1997; Michaels and
Katetsch, 1697). Leukaemia in childien younger than 10, living in
four Comnmecticut/Towa counties rose 20% after start-up of reactors
compared to other counties without reactors (Jublon, Hrubee and
Boice, 1991) and childlood leukaemia near the Sellafield nuelear
processing plant in western England rose significantly after the
plant opened (Gardner, ef af., 1990).

There was a near-deubling of breast cancer rates in Utah women
who lived in the fall-out path from the Nevada bomb test site
(Johnson, 1984) and increases in breast cancer in areas downwind
from multipie US nuclear reactors (Gould, 1956), There was an
increase in leukaemia, lung cancer and all malignancies in those
living in the vicinity of the Three Mile Island nuclear reactor
(Wing, ¢t al., 1997} and increased cancer incidence downwind
from the US nuelear test site in Nevada (Johnson, 19843,
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In Europe, there was g 406 increase in the age standardized inc

dence of breast cancer in En gland and Wales for the period 197¢

1992 (Quinn and Allen, 1995), an increase in testicular cance

in young men and leukaemia in children, and an 80 year-lon

incredse in mortality from breast cancer in Scotland (Swerdlow ¢
al., 1998), Elsewhere in Europe, there was a 10% to 30% overa

increase in cancer incidence for both sexes and various ag
groups for the period 1974-1993 in the Swiss canton of Vau
{(Levi, Randimbison and La Veechia 1996) and in France, z
increase in large bowel and lung cancer in women, with breas
cancer accounting for one third of all newly diagnosed cancer
(Menegoz et al., 1997), Curiously, the Jast citation, despite beity
published in a joumal with prevention in its name, states: “Tlie
aims of the European Network of Cancer Registries {ENCR) arc
to improve the quality, comparability and availability of cance)
registry data in Enrope”, Specific exposure data such as ™S it
the teeth of children are needed to buttress statistical data with &
vivo exposures, and te overcome the lack of emphasis on preven:
tion.

Methods

The Radiation and Public Health Project (RPHP) initiated the col-
lection of baby teeth to assay for *Sr fevels in 1996 (Brown er al,
1999). The purpose of this study is 1o document present levels and
historic trends of *St in children covering the time since the end
of above-ground bomb tests. This will allow comparisens of his-
toric *Sr levels from 35-50 years ago when most *Sr emanated
from bomb fallout, with cunent *Sr levels, released primarily
from nuclear power reactors,

Baby teeth are solicited and received from the entire US to pro-
vide various geographic areas for ®St comparisons, Persons wish-
ing information or to contribute teeth may contact RPHP via a
toli-free telephone number (1-800-382-3716), and on the World
Wide Web {(www.radiation,org.).

The iitral geographic study focused on Suffolis County, located
at the eastern end of Long Island, New York, a 922 square mile
area with a 1990 pepulation of 1,321,864, This is an area with a
documented high rale of breast cancer (Rulldortf er al., 1997),
which prompted the US government o commission the Long
Islaind Breast Cancer Study Project (US Congress, 1993}, For
unknown reasons, assessruent of radioactive materials is not a
part of the study, despite the area being dowawind from roulti ple
nuclear power reactors and the home of Brookhaven National
Laboratory, a major nuclear research facility. The fatler is docu-
mented to have leaked radivactive materials into the air and
water (New York State Environmental Radjation Monitering
Program, 1996; IT Corp 1998).

Farailies living in areas with reported increases in childhood can-
cer having potential for expesure from nuclear reactors were ini-
tially contacted. The areas included eastern Sitffolk eounty on
Long Tsland, mid-coastal New Jersey, and greater Miami, Florida.
Notification was made via mass mailings to 15,000 randomiy-
selected households with children aged 6 to 12, A population with
potentially Jess exposure included parts of Queens, New York,
and northwestetn New Jersey,

Each donor receives information describing the study. An enve-
lope in which the deénor can send teeth to RPHP is enclosed.
Donors are assired of 1he confidengality of all information



identifying mothers and children. The following information is

requested:”

~mother’s name

— phong number

— address

— child’s name

— child’s birth date {month, day, year)

~ birth weight (pounds, ounces)

- location where mother carried the baby (city, state, county, zip
code)

~ location where child was born (city, state, county, zip code)

~ location during first, second and third years of life (city, state,
county, zip code)

— waler source (well, muaicipal, boutled water, other)

-~ mother’s age at birth of child

~ age of child when tooth was lost/or date of tooth logs.

Upaon receipt of envelopes containing teeth, RPHP stalf assigns a

unique coatrol number to each tooth and fogs the information

into a computerized data base, The teeth are ceded and sent in

batches to a radiochemistry Iaboratory in Waterloo, Ontario,

Canada where personnel assay each tooth for ®Sr activity in pico-

curies and calciem in weight (pCifg Ca). Waterloe researchers are

blinded as te any information concerning each tooth,

*Sr readings for each tooth at the time it was shed by the child are

converted to levels at birth, creating a standardized measure that

can be compared regardless of the age of the individual tooth,

Resulis

As of | October 1999, approximately 1500 teeth have heen
received, and & tolal of 513 teeth have been analyzed for *Sr con-
centration. Of this number, 476 teeth were from children born
during the years 1979-1994, Because of the 6+ year delay in chil-
dren shedding tceth, only 15 teeth have been analyzed for the
period beginning in 1993, an insufficient aumber to provide
statistical reliability for these last years.

Table 1 shows the following: geographic distribution of the teeth,
based on where the mother lived when pregnant with the child;
the five areas that account for 422 of the teeth; and the averuge
and maximum concentrations of "Sr.

The mean eoncentration for all 476 children's teeth s 1.50 pCi
%81/g caleium, roughly equivalent to the amount in the children
from St. Louis bom in 1956, five vears after almospheric bomb
testing commenced in Nevada.

More than 20% (106 teeth) had levels of 2.0 pCi or higher, which
is 10 to 20 times greater than the projected values of 0.1 t0 0.2
pCifg Ca. Twenty six pereent of the tecth measured the expected

'lhhle l Baby teeth analyzed from children born 1979-1994 by geographic
area {as of 1 October 1999}

Area No. teeth Average pCi
#Srfg Ca
Wa,stem SutTolk C‘onunty, NY (ZIP ll’?) 185 1.56 = 0.05
Eastern Suffolk County, NY (ZIP 119} 119 102 £ 000
New York City, NY 21 168 +0.15
Florida {imainly Dade County) 35 301010
New Jersey {roainly Ocean County) 55 [.64+0.11
All other US arcas 54 1.06 % G:10
All focations 476 1.50 £ 0:03

"Br in baby teeth and childbiood eancer

0.2 pCi *St/g Ca, and given a standard error per tooth of + 0.7,

about one-third were below a value of Q.5. The largest single
value was 1787 pCi pL‘Srﬁl(];’g Ca,

While the *Sr levels in teeth from Dade County are highest at
3.01 pCi/g Ca, the average for the entire period 1974-94 for al}
five areas closest to a local nuclear reactor is 1.55 + 0.03, which
greatly exceeds 0.1 to 0.2 pCi *St/g Ca the fevél that would be
expected if post-Test Ban TFreaty (1964-1970) declines observed
in St. Louis teetl had continued {fi ig. 1)

Annual averages of *Sr levels in both baby teeth and adult diets
reached peak levels in certain years for which there is an expla-
nation: the peak reached in 1964 for both baby teeth and adult di-
et was the year following the terminatien of above-ground bomb
tests. Fig. 2 shows that in 1964, the *Sr in baby teeth averaged 11
pCi/g Ca, or approximately one-third of the adult diet of level of
30 pCi/g Ca. In most years the level in baby teeth averaged
between 20 atid 50% of the adult level. From 9641970 both
indicators declined cach year ai the rate on average of 15.7% in
the absence of *St emissions from US/USSR above ground tests,

Projecting this rate of decline after 1970, it is evident that by 1982
both indicators should be less than 1.0 pCi/g Ca.

Suffolk County children account for g sufficient number of teeth
(304) o allow for analysis of their annual *Sy {evels and the epi-
demic rise of childhood eancer in that county since 1984 (fig. 3).
For the years 1983~1985 the Suffolk Counly cancer incidence
rate for 41 children aged 0 to 4 years was 15.34 eages per 100,600
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Fig. 1 - *8r in St. Louis baby teeth, 1949-1970 and observed in 273 children,
1980-93).

g

ACAILY LUPTAKE

"t RPHP NGHEST
VALUES

RPHE AVERAGES

PICOCURIES PER GRAM CALCIUM
&
1

1048 1857  19es 1979 198t 1884
1953 1881 1668 1617 1888 1983
—— STLOUIS SREI  —w— RFHP AVERAGE

s RPHE HIGH —— ADULT SRE0 CIET

Fig. 2 - *5r in baby teeth and adult diet trend. 367 RPHP baby teeth,
1980-93.

121



J.M. Gowddl et al.

18— I 26.00
515 ; A ' 24,00 g
o B R T L B . LRARARERD v \ ™
E , %\ S 7
[} . [N
gu  RReeLTLTL T EET R RN S PP 2200 P
(7] &
513 B LRy O PNV, WY JU PP S 2600 ¥
& . T
P 4
L1172 wemmmmm oo e 18.00 ¢
[ . o
2 1=.52, =001 ¥
o R e N AR L LR LA A SE 18.00 il
z Z

14,00 Y

1881 1863 1665 ta8y 1664 1881 1893

it 5RE] e CANCER PER 100000

Fig. 3 - "Sr in Suffolk children, 1981-93 and Suffolk childhood cancer
0-4 years,

and rose 63% to 24.97 per 100,000 for 76 children diagnosed with
cancer for the years 1994-96. With refatively small numbers, a
three year moving average is used to diminish annual chance vari-
ation and preserve turning points. This is employed here because
the average cancer rate in 1984 rose to an initial peak of 25.52
case per 100,000 in the years 1988-90 and then declined thereafter
by 24% to 19.29 cases per 100,000 for children aged 0 to 4 diag-
nosed in 1991-93.

Assuming that it takes an average of three years for a child
exposed in wero 10 carcinogens 1o develop a detectable cancer,
we see that the Suffolk County ™Sr baby teeth values exhibit a
sintilar rise and fall but with a three year lag. Thus for 13 tecth
from children born in the years 1981-83, centered in the year 1981
(three years before 1984), the average ™Sr level was 1.01 pCifg
Ca, which rose by 50% to an average level of 1,50 for 70 children
born in the years 1985-87 and then declined thereafter. This tise
and fall clesely matches the rise and fall in childhood cancer rates
wiih a three year Jag.

Fig. 3 displays a significant correlation (0.71, p <(1001) between
w3r levels and childhood cancer iates since 1981 with the
assumed three year lag between both indicators, The childhood
caricer rate in Suffolk County rose again in the 1990s. *Sr levels
are not yet available becavse children born in 1993 will net shed
their feath until ¢he turn of the century.

Qur data suggest that if RPHP had hundreds of teeth measured for
each year, as was true of the St. Louis study, a three year moving
average would not be needed to reduce statistical variation, A
three year delay between *Sr measurements at birth and cancer
incidence ¢ te 4 years in Suffolk County gives the best statistical
fit. This is in agreement with the observation that the major share
of childhood malignancies {leukaeniia and brain cancer) are most
frequently diagnosed between the second and fifth years of life.
Thus build up in the pregnant mother of *Sr and other short- and
long-lived radioactive emissions for the period 1981-93 are
matched with cancer incidence for 1984-96.

By contrast lo nuclear bomb tests, which prolong the release of ra-
dicactive elements by dispersion into the stratosphere, emissions
from puclear power reactors are dispersed at low atmospheric lev-
els and are brought down by rain and snow in a matter of days to
weelks; thus, St enters the water and feod chain rapidly, *Sr is
accompaniced by isotopes such as argon, xenon, krypton, cesium,
barium and iodine that have shori-half lives and subsequent
radioactive decay products that exposes the embrye and foetus to
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significant risk. *Sr’s stability and long haif-life is a refiable mea-
sure of contamination, and a proxy for other radivactive fission
produets from bemnb fatlout and power reactor emissions.

From 1964 to 1970, following the ban on above-grouid bomb
testing by the US and USSR, *Sr levels in baby teeth fell about
58%. Average pCi levels of *Sr per gram of calcium jn Saint
Louis baby teeth by year were: 1964 - 11.03; 1965 - 8.42: 1966 -
7.82; 1967 - 4.68; 1968 - 4.40; 1969 - 4,80; and 1970 - 4.60. How-
ever levels ceased declining from 1967 to 1970 when the baby
tooth study was haited, suggesting other new sources were adding
*Sr 1o the environment. '

Radieisetopes accumulate in various parts of the body and pro-
duce damage as they decay by release of alpha, beta or gamma
energy. An isotopes’ path througli the body and its site of accu-
mulation 15 dependent upon the chemical family to which it
belongs. Beta particles ave quickly slowed by collisions with
tissne elements and their kinetic energy cenverted to thermal
energy (Faure and Powell, 1972), Tt is this energy, released during
nuclear decay, that causes disruption of cellular membranes,
alteration of DNA, changes in enzvmes, and other adverse effects.
The foetus 1s especially vilnerable to harm from exposure {o tox-
ic chemicals or radioactive isotopes. Throughout intrauterine life,
the developing foetus undergoes rapid cell growth, self-pro-
grammed cell death (apoptosis), and cell rearrangement, all time-
and space-dependent; The developing infant is particularly sus-
ceptible to cellular and metabelic damage. Unrepaired damage
becomes magnified with time, increasing the risk of cancer, con-
genital malformations, impaired imumunclogical and intéllectnal
function, birth of underweight and prematuce babies, ay well as
foetal and infant deaths {Shennan, 1999)

At ten weeks of development when the foetus is a little over 4 cm
(1,5 inches) in length, the enamel ergans and dentzl papitlae form.
Bone formation begins two week earlier, when the foetus is less
than an inch in length. (Aiey, 1954). Stem cells of haemalopoietic
systern criginate in the bone marrow beginning at about 12 weeks
of prenatal development (Fitzgerald and Fitzgerald, 1994) giving
rise to the B-lymphoeytes whose progeny make huineral antibod-
jes, and the T-lymphocytes invelved in cellilar immune respons-
es {Carson, 1994).

Al forms of cancer can be indueed by radiation; the incidence
increases with cumulative dose; and younger aged individuals,
human and animal atike, are more sensitive to ionizing radiation
than adults {Gofiman and Tamplin, 1970; Gofman, 1981; Upten,
1985; Gofman, 1990).

Mesenchymal malignancies in children are of particular concern
because they are aggressive and result in death of approximately
50% of those affected. Bone, teeth, blood cells, lympheid tissue,
fat cells, muscles, and fibrous tissue all eriginate from the mes-
enchymal layer during foetal development (Arey, 1954).
Leukaemia and sarcomas are malignancies derived from mes-
enchymal cells (Gofman, 1981) the latter accounting for five per-
cent of paediatric cancers (Rudolph, 1996). Rhabdomyosarcoma
(RMS) is a rare formi of sarcoma; derived from skéletal muscle
cells (Helman, 1999) with an annual inciderice of 4.5 per million
children 15 years of age or younger (PDagher and Helman, 1999),
An animal mode] with characteristics similar to nevoid basal cell
carcinoma (Gorlin syndrome) and rhabdomyosarocmia found in
humans can be induced in radiadion-sensitive mice which subse-
quently develop both teratogenic and malignant changes (Hahn é¢
al., 1998). Rhabdomyosarcoma has been induced by exposure to



*Sr beta radiation applied to the skin of test animals, Out of 50
mice, 27 developed skin and subcutaneous tumours, including 12
sarcomas. Nine of 12 tumours had rhabdoid histelogy and ex-
pressed biochemical characteristics establishing the diagnosis of
rhabdomyosarcoma (Gupta ef al., 1999).

In & small area of Suffolk County, on New York’s Long Island, at
least 19 children have developed rhabdomyosarcoma {Table 2).

Table 2 - Rhabdamyosarcoma diagnosed in children in Suffoli County -
Long island

Deceased

ID code of Year of Apgeat Postal
child dingnosis diagnosis zip code
1 1994 14 11804 Yes
2 1996 3 11767 %
3 1996 4 H780™
4 1994 4 11750
3 1982 12 11741 Yes
6 1995 16 11968 Yes
7 Unknown Unknows 11727
8 1994 23 11752 Yes
9 1994 6 11767
14 1994 10 11784 Yes
11 1996 7 11951
12 1950 16 11784
13 1997 1 (1030
4 1995 3 11949
15 1996 G 11733 Yes
16 1997 13 11763
17 Uninown Unkunewn 11961711727
18 1998 15 11787
19 1599 a 11780

“ Children from 8 postal zip codes near Brookhaven National Laboratory
The expected US rate of thabdomyosarcoma in children ages 0 to
14 vears is 4.5 per million, and for children O to 10 years the rate
3 per million. Seven children younger than 10 years diagnosed
with rhabdomyosarcoma, from 1994 to 1999, lived in an area of
8 postal zip codes located 10 miles west-north-west of
Brookhaven National Laboratory.

According to the 1990 census the total population of this area was
119,150, Chitdren ages 0 to 10 years made up approximately 15%
of that population, or 17,873 individuals, thus the expected rate of
rhabdomyosarcoma was 3/1,000,000 X 17.873 X 6 years, or (0.32
cases. The actual annual rate is 65.3 cases per million, indicating
a significant increase thabdomyosarcoma in this area: 22 times
greater than expected.

Discussion

In additien to ®Sr and accompanying nuclear releases, other fac-
tors adversely impacting children, aduits and the unbomn are
chemicals released from various industrial processes, pesticides,
and emissiens frém incingrators and dunps. Harm from contam-
inants and radionuclides are each dependent upon thie environ-
mental half-life, as well as the path of intake, deposition within
and excretion from the body. Repeated small exposureés (o
radionuclides and to many industrial and agricultural chemicals
produce additive and sypergistic effects, resulting in greater
toxieity than a single equivalent dose. Polychlorinated biphenyls
(PCBs), dioxins and pesticides such as DDT, chlordane, tiep-

"Sr in habyy teeth and childhood cancer

tachlor, I_inc[ane, chlorpyrifos, dibromochloropropane (DBCP),
etc, are lipid-soluble. These chemicals have environmental and
biological half-lives varying form years to decades, and accumu-
late within the fatty parts of the body for extended periods of time,
producing changes in enzyme sysiems, immunological and neu-
rological impairment, alterations of hormonal function, and irre-
versible damage to cells, resulting in cancer, and birth defects
(Sherman, 1994),

Geographical deposition of radioisetopes is not uniform, whether
it is derived from bomb testing, nuclear power plants, or catas(ro-
phes, such as Chernobyl and Three Mile Island. Various mea-
surements of radioactivity in rain, soil, air, and in food have con-
firmed the uneven distribution of *Sr fallout on the ground (US
Congress, 1959). Measurements of *Sr, *'Cs, and plutonium fall-
out from the Chernobyl reactor demonsirate a gradient of deposi-
tion related to distance from the source, and depending upon
wind, rain and geography (Ilyin, 1989).

The *Sr deposited in bones and teeth releases bela radiation as it
deeays 10 radiosytirium (*Y). The rate of radioactive decay is
proportional to the number of parent atoms present (Faure and
Powell, 1972} thus there is.an increase in *Y as “Sr decays. ®Y is
also unstable and decays, releasing beta radiation as it becomes
dispersed in the soft tissues of the body, including the breast and
the pituitary gland, the latter governing hormone funetion
throughout the body. The commionly held notion that reactions to
chemicals and jonizing radiation fellow a linear dose-response
curve is not supported by fact. While a reaction may be propor-
tional at high doses that impair or kiill, a straight-line dose-
respense is not bome ont at low-dose exposures (Staffa and
Mehiman, 1979) nog when an insult occurs at a ciitical period of
foetal development. Exposure fo such chemicals and radionu-
clides below the level that kills a cell is critical: such sub-lethal
exposures can alter cellular function or structure and if not
repaired become expressed as cancer or functional alteration. The
DES-daughters and sons are prime examples. Diethylstilbestrol
{DES} was administeréd to pregnant womien in the misguided
idea that it would protect against foetal loss during preghancy.
Many children and grandchildren were born with anatomic and
functional genital abnormalities and developed genital cancers
when they reached adulthood (Sherman, 1994b).

Furthennore, the term “low-level” is misleading when the expo-
sure is to radionuclides and chemicals with long half-lives. ®Sr
and other nuclides with long half-lives accumulate in the envi-
ronment and in the bedy. While a 0.01 of a p(i is dismissed as an
insignificant amount, a daily intake of this amount of isotope over
a period of a year will accumulate 3.65 pCi, minus of course, that
small amount that decays to Y90. When one considers intake
from milk alone, and omits that in water, vegetables, meat and
other food and drink, the EPA-measured intake ig 1.5 pCi of 81~
per day for a total of 544 pCi per year. This is based on an aver-
age of 1.49 pCiflitre of pasteurized milk measured in 45 cities in
the continental US, with the highest reading at 3.5 pCi (National
Adr and Radiation Environmental Laboratory, 1993} Very low
levels of radiaion exposure have demonstrated an enhanced,
supra-linear effect due to the release of free radicals, resulfing in
functional and physiological effects, not necessarily die to genet-
ic or mutational akteration (Petkau, 1968; Sternglass, 1974),

Beta radiation is a high speed electron, a physical particle,
released [rom the pucleus of an anstable atom undérgoeing decay.
As the beta particle travels througlt tissue, it releases its energy
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to the cells, causing damage. Beta particles can penetrate
approximately the distance across 3 te 4 cells, altering or killing
the cells as the particle passes through. Such eperay has the
potential to disrupt those portions of multicellular organisms that
maintain tissue organization and cellular communication, the
parenchyma or stroma of an organ. Radiation-induced injury is
compatible with the thesis of Sonnenschein and Soto that “units
of tissue maintenance and/or organization are present in all organs
and are the ulimate targets of carcinogenic agents,” They posit
“that teratogenesis, developmentat tumors, and “spontaneous’ and
induced carcinogenesis, oecur because of miscommunication
amonyg cefls and tissues” (Sonnenschein and Soto, 1999). What
more effective way to disrupt cellular communication than that of
nuclear radiation! '
The epidemic increase in childhood and adult cancer has ocourred
since World War I when both chemical and radiological pellution
spread over the world. There is no longer any doubt that
radioisotopes, in concert with industrial chemicals, have caused
thiz epidemic (Sherman, 1999b). The RPHP has demenstrated
increased *Sr levels in areas with increased childhood cancer.
If the personal, soeial, moral, and economic costs of the world-
wide epidemic of cancer are to be ended, we must invoke the pre-
cautionary principle and act on the considerable information we
have already at hand. Prevention is imperative economically and
ethically.

“In this now universal contamination of the environment,

chemicals are the sinister and little recognized partners

of radiation in changing the very nature of the world -

the very nature of life.

Rachel Carson, Stlent Spring, 1962.
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