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The Booklet
This boo k l et devel oped by the

F l orida Dep a rtm ent of He a l t h
( DOH) and the Agency for Tox i c
Su b s t a n ces and Disease Regi s try
( ATS D R ) ,a n s wers qu e s ti ons and
con cerns of s ome re s i dents of t h e
Ta rpon Spri n gs / Ho l i d ay com mu n i-
ti e s . It also is inten ded to provi de
basic edu c a ti on for the gen eral pub-
lic con cerning rad i a ti on .

Du ring 1999, m eeti n gs were hel d
to plan health edu c a ti on abo ut the
form er Stauffer Ch emical ph o s ph o-
rus produ cti on fac i l i ty, wh i ch is
n ow a U. S .E nvi ron m en t a l
Pro tecti on Agency (EPA) Su perf u n d
s i te , and other issu e s . The site is the
su bj ect of a new ATSDR publ i c
health assessment and rel a ted data
is curren t ly being revi ewed .

Pa rticipants in the Ta rpon
S pri n gs Edu c a ti on Work Gro u p
m eeti n gs , in ad d i ti on to abo ut 12
re s i dents of the Ta rpon
S pri n gs / Ho l i d ay com mu n i ti e s , were
health edu c a tors from the DO H
Su perfund Health As s e s s m ent and
E du c a ti on Secti on , ATS D R ,a n d
s t a f f f rom the co u n ty health dep a rt-
m ents in Pinellas and Pa s co Co u n ty.

This boo k l et focuses on the low -
l evel rad i a ti on found at the site and
in of f - s i te slag. ( Slag is a by - produ ct
m ade du ring the process of ex tract-
ing el em ental ph o s ph orus from

ph o s ph a te ore . Slag was produ ced at
the ch emical plant du ring its opera-
ti on.) 

The Questions
Most of the qu e s ti ons are word-

ed just as they were asked . Som e
qu e s ti ons came from let ters and e-
mails from local com mu n i ty mem-
bers . However, l ocal re s i dents wh o
p a rti c i p a ted in the edu c a ti on work
group meeti n gs asked most of t h e
qu e s ti ons du ring those meeti n gs .

Ma ny of the qu e s ti ons are abo ut
rad i a ti on in gen era l . Some are abo ut
s pecific con cerns rel a ted to the site .
Ot h er qu e s ti ons ad d ress the rad i a-
ti on levels of f - s i te from the use of
slag in con s tru cting bu i l d i n gs and
road s . Ma ny qu e s ti ons have been
ra i s ed abo ut the health risks from
the slag. A few ex tra qu e s ti ons were
ad ded to provi de gen eral inform a-
ti on abo ut rad i a ti on .

The Answers
An s wers to the qu e s ti ons were

provi ded by a panel of govern m en-
tal ex perts on rad i a ti on whose cre-
den tials are provi ded in a bri ef
bi ogra phical sketch at the end of t h e
boo k l et . Di l i gent attem pts to get
i n p ut from non - govern m ent rad i a-
ti on ex perts were unsu cce s s f u l .

Preface
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Review of the Booklet
Pri or to gen eral distri buti on , a

d raft of the boo k l et was the su bj ect
of p u blic com m en t . Ch a n ges rel a ted
to technical com m ents were incor-
pora ted in this vers i on of the boo k-
l et . However, o t h er com m ents that
fell out s i de the scope of this boo k l et
were forw a rded to ATSDR for con-
s i dera ti on , wh ere they are likely to
be con s i dered in the new PHA now
u n derw ay for the site and in su b s e-
qu ent health edu c a ti on .

Additional
Information Sources
About radiation
Florida Department of Health,
Bureau of Radiation Control
Call: (850) 245-4266

About radiation testing of homes
Florida Department of Health,
Bureau of Radiation Control,
Environmental Laboratory in
Orlando
Call: (407) 297-2095 and ask for
Charlie Adams or Jerry Eakins

About radon
Florida Department of Health,
Bureau of Facility Programs,
Radon Section
Call toll free: (800) 543-8279

About the new public health
assessment currently underway
Agency for Toxic Substances and
Disease Registry (ATSDR),
Division of Health Assessment and

Consultation, Steve Richardson
Call: (404) 498-0438

About the original 1993 on-site
public health assessment
Florida Department of Health,
Bureau of Environmental
Epidemiology,
Superfund Health Assessment and
Education Section,
Randy Merchant
Call toll-free (in the state of
Florida): (877) 798-2772

About the 1999 off-site slag public
health assessment
Agency for Toxic Substances and
Disease Registry (ATSDR),
Division of Health Assessment and
Consultation, Mike Brooks
Call: (404) 498-0360

About community issues
Florida Department of Health,
Bureau of Environmental
Epidemiology,
Superfund Health Assessment and
Education Section, Beth Copeland
Call toll-free (in the state of
Florida): (877) 798-2772

About this booklet
Florida Department of Health,
Bureau of Environmental
Epidemiology,
Superfund Health Assessment and
Education Section, Lu Grimm
Call toll-free (in the state of
Florida): (877) 798-2772
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1. What is radiation?
Rad i a ti on is en er gy traveling in

the form of p a rti cl e s or w ave s .
Th ree com m on types of p a rti cl e s
a re a l ph a , bet a , or neutron s . Wave s
a re bu n dles of en er gy call ed ph o-
ton s . Some examples inclu de
m i c row aves used to cook food ,t h e
radio waves for radio and tel evi s i on ,
l i gh t , and x-rays used in med i c i n e .

2. What are atoms made of?
An atom consists of a cen tra l
nu cl eu s . The nu cl eus is made up of
n eutron s and p ro ton s . The el ec-
tron s orbi t , or go around the
nu cl eu s . Pro tons carry a po s i tive
ch a r ge . Neutrons are el ectri c a lly
n eutra l . Th ey have no ch a r ge . E ach

el ectron carries a nega tive ch a r ge .
Most atoms in natu re are el ectri c a l-
ly neutra l . Th erefore , the nu m ber of
el ectrons that su rround the nu cl eu s
is the same as the nu m ber of pro-
tons in the nu cl eu s .

Atoms with different nu m bers of
pro tons are call ed el em en t s . Th e
nu m ber of pro tons in a nu cl eu s
determines the el em ent of t h e
a tom . For example the nu m ber of
pro tons in neon is 10 and the nu m-
ber in ura n ium is 92.

Neutrons provi de a means to
“glu e” the pro tons in place .
Wi t h o ut neutron s , the nu cl eu s
would split apart because the po s i-
tive pro tons would repel each other.

Your Questions
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E l em ents can have different nu m-
bers of n eutrons in them . For
example hyd rogen , wh i ch norm a lly
has on ly one pro ton in the nu cl eu s ,
can have a neutron ad ded to its
nu cl eus to form deuteriu m , or have
t wo neutrons ad ded to cre a te tri-
tiu m , wh i ch is ra d i oa c tive . Atom s
of the same el em en t , wh i ch va ry in
n eutron nu m ber, a re call ed i s o-
tope s . Some el em ents have many
s t a ble isotopes (tin has 10) wh i l e
o t h ers have on ly one or two.
Rad i oactive isotopes are call ed
ra d i oi s o tope s or ra d i onu cl i de s .

3. What is radioactivity?
Ra d i oa c tivi ty is a natu ral and

s pon t a n eous proce s s . Un s t a bl e
a toms of an el em ent emit or rad i a te
excess en er gy in the form of p a rti-
cles or wave s . These em i s s i ons are
co ll ectively call ed i onizing ra d i a-
ti on . Depending on how the nu cl e-
us loses this excess en er gy, ei t h er a
l ower en er gy atom of the same
form wi ll re su l t , or a com p l etely
d i f ferent nu cl eus and atom wi ll be
form ed . Rad i oactivi ty can be natu-
ra l . An example of this would be
u ra n iu m . It can also be man-made .
An example would be the rad i onu-
cl i des produ ced by fission of u ra n i-
um in nu clear re actors .

4. What is ionizing radiation?
Rad i oactive el em ents produ ce

en er getic rad i a ti on capable of
rem oving el ectrons from atoms or
m o l ecules or ionizing them . Su ch
rad i a ti on is call ed ionizing rad i a-
ti on . This type of rad i a ti on is of
very high en er gy. Wh en this en er gy
i n teracts with materi a l s , it can
rem ove el ectrons from the atoms in
the materi a l . This ef fect is the re a-
s on why ionizing rad i a ti on is haz-
a rdous to health. This ef fect also
provi des the means by wh i ch rad i a-
ti on can be detected .X - rays ,
gamma rays , and alpha and bet a
p a rti cles are all forms of i on i z i n g
rad i a ti on . Non - i onizing ra d i a ti on ,
su ch as radio wave s ,l ack the en er gy
to ion i ze atom s .

5. What are alpha particles?
Alpha particles are made up of

two neutrons and two protons that
have been ejected from the nucleus
of a decaying radioactive atom.
Alpha decay only occurs in very
heavy elements such as uranium,
thorium, and radium. These atoms
have a lot more neutrons in their
nucleus than they do protons.
Having more neutrons than pro-
tons in their nucleus makes emis-
sion of the alpha particle possible.
After an atom ejects an alpha parti-
cle, a new daughter atom is
formed. The daughter atom has
two less neutrons and two less pro-
tons. This creates a new element.
Thus, when uranium-238 (which
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has 92 protons and 146 neutrons)
decays, thorium-234 is created.
Thorium-234 has 90 protons and
144 neutrons. Alpha particles are
the heaviest radiation and very
energetic. The two protons mean
the particle carries two positive
charges that interact strongly with
electrons in the material. Such
interaction causes much ionization
in a very short distance. Because of
the many interactions in a short
distance, typical alpha particles will
travel no more than a few centime-
ters in air. A sheet of paper can
stop alpha particles. The outer
layer of skin can also stop alpha
particles. This means that alpha
particles are not harmful unless
they get inside the body by inges-
tion (eating) or inhalation (breath-
ing) or through a wound.

To cause harm inside the body,

alpha emitting radioactive material
must be in a chemical f orm that
allows the material to be carried to
and concentrated in critical
radiosensitive tissues of the human
body (such as bone marrow). Many
alpha emitting radionuclides have
radioactive decay daughters that
also emit alpha particles during
radioactive decay.

6. What are beta particles?
Beta particles are electrons

emitted from the nucleus of a
radioactive atom. Because this elec-
tron is from the nucleus of the
atom,it is called a beta particle.
This is the only thing that distin-
guishes it from the electrons that
orbit the atom.Like alpha decay,
beta decay occurs in isotopes that
have more neutrons in their nucle-
us than they do protons. When a
nucleus ejects a beta particle, one
of the neutrons in the nucleus is
transformed into a proton. Since
the number of protons in the
nucleus has changed, a new daugh-
ter element is formed. The new
daughter element has one less neu-
tron but one more proton than the
parent. Beta particles have a nega-
tive charge. They weigh only a
small fraction of a neutron or pro-
ton. As a result, beta particles inter-
act less readily with material than
alpha particles. Depending on the
beta particle’s energy (which
depends on the radioactive atom),
they will travel up to several meters
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in air. Thin layers of metal or plas-
tic stop beta particles. The more
energetic beta particles can cause
burns if beta-emitting materials
remain on the skin. They can also
cause harmful effects if they are
taken into the body and concen-
trated in a sensitive organ (Iodine
131 in the thyroid).

7. What are gamma rays?
Af ter a dec ay re acti on , the nu cl e-

us is of ten in an exc i ted state . Th i s
means that the dec ay has re su l ted in
producing a nu cl eus that sti ll has
excess en er gy to get rid of . Ra t h er
than em i t ting another beta or alph a
p a rti cl e , this en er gy is lost by em i t-
ting a pulse of el ectrom a gn etic rad i-
a ti on call ed a gamma ray. Th e
gamma ray is iden tical in natu re to
l i ght waves or microw ave s . However,
it is of very high en er gy. L i ke all

forms of el ectrom a gn etic rad i a ti on ,
a gamma ray has no mass and no
ch a r ge . Gamma rays interact wi t h
m a terial by co lliding with the el ec-
trons in the shells of a tom s . Bec a u s e
the co ll i s i ons are ra re , t h ey are abl e
to travel significant distances before
s topp i n g. Depending on their initi a l
en er gy, gamma rays can travel from
one to hu n d reds of m eters in air.
Gamma rays can easily go ri gh t
t h ro u gh peop l e . It is important to
n o te that most alpha and beta em i t-
ters also emit gamma rays as part of
t h eir dec ay proce s s . However, t h ere
is no su ch thing as a “p u re” ga m m a
em i t ter. Because of t h eir high en er-
gy, gamma rays are easy to detect .
An important gamma em i t ter is
tech n etiu m - 9 9 m , wh i ch is wi dely
u s ed in nu clear med i c i n e .

8. What are x-rays?
X-rays are identical to gamma

rays except they have slightly lower
energies and are produced by
machines. X-ray production occurs
when high-energy electrons strike a
heavy metal target such as tungsten
or molybdenum. When electrons
hit this material, some of the elec-
trons will approach the nucleus of
the metal atoms. At that point they
are deflected since they have oppo-
site charges. That means the elec-
trons are negative and the nucleus
is positive. This causes the elec-
trons to be attracted to the nucleus.
This deflection causes the energy of
the electron to decrease. This
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decrease in energy then results in
formation of an x-ray. X-ray
machines are important diagnostic
tools in the medical field and also
have many industrial applications.

9. How do we measure
radioactive material?

Wh en given a certain amount of
rad i oactive materi a l , it is custom a ry
to refer to the qu a n ti ty based on its
activi ty. The activi ty is based on the
nu m ber of d i s i n tegra ti ons or tra n s-
form a ti ons the qu a n ti ty of m a teri a l
u n der goes in a given peri od of
ti m e . A com m on unit of activi ty is
the c u ri e . The curie is a very large
amount of activi ty, so we of ten talk
in terms of m i ll i c u ri e s , m i c roc u ri e s
and picoc u ri e s . A curie is equal to
37,000,000,000 disintegra ti ons per
s econ d . A mill i c u rie is equal to
37,000,000 disintegra ti ons per sec-
on d . A microc u rie is equal to
37,000 disintegra ti ons per secon d .

10. What units do we use to
measure radiation levels?

Di f ferent units are used to
m e a su re rad i a ti on level s ; a com-
m on unit is the rem . A rem meas-
u res the bi o l ogical damage from
i onizing rad i a ti on . L i ke the curi e , a
rem is a large amount, so we of ten
talk in terms of m i ll i rem and
m i c rorem . For ex a m p l e , the aver-
a ge back ground rad i a ti on in
F l orida ra n ges from 6 to 12
m i c rorem per hour.

11. What is half-life?
Ha l f - l i fe is the time requ i red for

the qu a n ti ty of a material to be
redu ced to on e - h a l f its ori gi n a l
va lu e . All rad i oi s o topes have a par-
ticular half-life . In some cases, a
h a l f - l i fe can be very lon g. Ot h ers are
ex trem ely short . For ex a m p l e ,u ra-
n ium-238 has su ch a long half-life ,
4.5 bi ll i on ye a rs , that on ly a small
f racti on has dec ayed since the eart h
was form ed . In con tra s t , c a rbon - 1 1
has a half-life of on ly 20 minute s .

12. What is background
radiation?

Background radiation is pro-
duced from naturally occurring
radiation that has been present
since the formation of the earth. It
also includes any fallout from
nuclear weapons testing over the
past 50 years. On average,
Americans receive about 360 mil-
lirem annually from all sources of
ionizing radiation. Of that amount,
82 percent (300 millirem) results
from radon and other natural radi-
ation sources.A major source
(about 40 millirem per year) of
naturally occurring radiation
comes from inside our bodies—in
the form of potassium-40, a
radioisotope of potassium. A
breakdown of the sources of typi-
cal radiation exposure for the aver-
age individual per year is:
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13. How do we get exposed
to radiation?

Exposure to radiation can occur
in three ways: by (1) contamina-
tion, (2) irradiation, or (3) a com-
bination of both.

14. What is contamination?
Contamination means that

radioactive material in the form of
gases, liquids, or solids, is released
into the environment. This
radioactive material may be
unwanted in the particular loca-
tion. These materials contaminate
people externally, internally, or
both. Coming into contact with
radioactive material can contami-
nate an external surface of the
body. If the radioactive material
gets inside the body through the

lungs (by breathing), stomach (by
ingesting), or through open
wounds, it can become deposited
internally. Internal contamination
will cause absorption of some of
the radioactive material into the
body’s cells, tissues,and organs,
including bone, liver, thyroid, or
kidneys. If radioactive material gets
inside a person, it is distributed
throughout the body according to
its chemical properties. For exam-
ple, carbon (C) and potassium (K)
atoms are found throughout the
human body. A very small number
of these atoms are naturally
radioactive. That means that these
naturally occurring radioactive
materials (C-14 and K-40) are
incorporated into cells, tissues, and
organs throughout the body. On
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Average annual
effective dose
equivalent

Sources (mrem)

Natural Sources:

Inhaled (Radon and Decay Products) 200

Other Internally Deposited Radionuclides 39

Terrestrial Radiation 28

Cosmic Radiation 27

Cosmogenic Radioactivity 1

Rounded total from natural sources 300

Artificial Sources:

Medical X ray 39

Nuclear medicine 14

Consumer products 10

Total 363
(rounded off to 360)



the other hand, radioactive stron-
tium (Sr-90) has chemical proper-
ties similar to calcium (Ca). If
radioactive strontium is taken into
the body, the bones absorb most of
it much in the same manner as cal-
cium from milk. Similarly, the thy-
roid gland needs iodine (I) to func-
tion properly. That is why iodine is
added to salt. The thyroid will also
absorb radioactive iodine (I-123,I-
125, or I-131). When a person’s
thyroid is not working correctly,
radioactive forms of iodine might
be used to identify (I-123) or treat
(I-131) the problem.

15. What is irradiation?
Irradiation can be external,

internal, or both. External irradia-
tion occurs when all or part of the
body is exposed to ionizing radia-
tion from an external source.
During an exposure, the body can
absorb this radiation, or the radia-
tion can pass completely through
the body. A similar thing occurs
during an ordinary chest x-ray.
Following external exposure,an
individual does not become
radioactive. Internal irradiation
results from internal contamina-
tion. When radioactive material
gets inside the body, it irradiates
the surrounding cells, tissue, and
organs and will continue to do so
as long as the material remains in
the body.

16. What is the difference
between radiation and
chemicals?

A chemical is a substance made
up of atoms or molecules.
Radiation is energy. More about
radiation is discussed in this book-
let in Question 1 through 12.

17. What is the potential for
cumulative effects from multi-
ple radiation exposures?

The potential for multiple radi-
ation exposures posing an
increased risk for adverse health
effects depends on four things:

• the exposure level or dose,
• the type of radiation,
• the exposure pathway (exter-

nal or internal), and
• the time between exposures.

When someone is repeatedly
exposed to radiation,it can cause
cumulative effects (also known as
additive effects) to a person’s body.
These are effects that build up over
time. The main adverse effect of
radiation to the human body is
damage to the DNA, the genetic
recipe for a cell. Minor damage to
DNA can be repaired. However, the
damage also can be serious enough
to cause cell death. Between these
two extremes,a mutation, or per-
manent change in the DNA,can
occur. The change is the result of a
DNA repair that has gone wrong.
This is called incorrect repair.
Mutations can be passed on to off-
spring. These changes in the DNA
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might not kill someone, but muta-
tions might build up in cells. This
build-up can increase the chance
the person may become ill. Cell
mutations in the human body have
been linked to an increased risk for
developing cancer. Mutations in
reproductive cells might also occur;
this type of mutation has been
linked to heritable disease, which
can be passed on from parents to
offspring. The chance for this type
of mutation increases with each
exposure to radiation.

Because cancer cells divide more
rapidly and are more sensitive to
radiation than healthy cells, radia-
tion is used to treat cancer. Other
rapidly growing cells that are likely
to react to radiation are the cells
that make blood and skin. Cells in
the stomach, intestines, eyes,
ovaries, and testes are also more
likely to be affected by radiation
than other cells.

Cells can repair damage caused
by radiation. However, being
exposed to radiation time and time
again before the body can repair
itself may result in more damage.
Effects may build up and can
increase the chance for illness.

18. What is a total body bur-
den test? When is a total
body burden test for radia-
tion appropriate? Are most
doctors aware of this type of
test?

A total body burden test meas-
ures levels of radioactive material
inside the body. The levels of
radioactivity are measured using
external detectors or by analyzing
biological samples, such as urine or
blood.

It is rare that a person will be
exposed to radioactive materials at
levels that require a total body bur-
den test. This test can be used
when radioactive material has
entered someone’s body by inhala-
tion,ingestion, or when it enters
the body through the skin or by
other means. It is not a way to
measure radiation exposure from
sources outside the body. It is not
appropriate following external
exposure to x-ray or gamma radia-
tion. After such exposures,no radi-
ation remains in the body.
However, while radiation does not
remain in the body following an
exposure, effects from the radiation
exposure may remain.

This test might not be one a
general practice physician would
know about. However, if someone
has been exposed to excessive
amounts of radioactive materials, a
doctor can refer a patient to a spe-
cialist for such a test.

19. What is the difference
between long-term versus
short-term radiation expo-
sure?

Being exposed at a certain level
for a long period of time produces
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a greater dose than exposure to the
same level for a short period of
time. However, usually we think of
long-term exposure as occurring at
lower levels. With radiation, an
example of a typical long-term
exposure is the background radia-
tion to which a person is exposed.
This includes how much radiation
someone is exposed to during his
or her entire life. An example of a
short-term exposure is the dose
received during an airplane flight.
This is due to greater cosmic radia-
tion at higher altitudes. Other
short-term exposure examples are
dental or chest x-rays. It should be
noted that the total dose o f radia-
tion received over a long period of
time, such as a year or years, may
produce no health effects; however,
the same total dose received in a
short period of time, such as min-
utes, may be harmful.

20. What is a dosimeter? Is it
m o re appropriate to use a
dosimeter to measure person-
al, actual exposures, rather
than estimating exposure s
based on mathematical pro-
j e c t i o n s ?

A do s i m eter is an instru m en t
u s ed to measu re rad i a ti on do s e .
Wh en properly used , do s i m eters
can provi de acc u ra te inform a ti on
a bo ut most types of rad i a ti on
ex po su re for the peri od of time that
t h ey are used . However, m a t h em a ti-
cal proj ecti ons are good tools that

can be very useful wh en do s i m eters
cannot be (or were not) used .

In most cases, it is best to have
an ex act means of m e a su ring the
actual ex po su re a pers on receive s . A
do s i m eter can do this. However,
c a re is needed to make su re that it
is used correct ly. It is also impor-
tant to be su re that it can acc u ra tely
m e a su re the pers on’s do s e . This is
even tru er if the levels of rad i a ti on
a re low. In many rad i a ti on ex po su re
s i tu a ti ons in the past, do s i m eters
were not used because the ex po su re
was not ex pected or was thought to
be too low to be of con cern .
Th erefore , m a t h em a tical proj ec-
ti ons were and sti ll are being used
to esti m a te low - dose ex po su res and
ex po su res wh ere do s i m eters were
not used . These are esti m a tes that
use a formula to figure out a do s e .
Con s erva tively, t h ey tend to overe s-
ti m a te the actual dose to help pro-
tect human health.

21. How can people limit or
avoid exposures to radiation?

It is impossible to completely
avoid radiation exposure because
everyone is exposed to background
levels. Individuals can limit their
exposure to other sources of radia-
tion by using the three basic prin-
ciples of radiation protection. The
principles are time, distance and
shielding. You can limit the time
you are near a source, you can
increase the distance you are from
the source, and you can place a
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shield, such as a concrete wall,
between you and the source. These
steps will help reduce your expo-
sure.

The easiest way to reduce expo-
sure is to test your home for radon
and if levels are too high, steps can
be taken to reduce them. By
removing radon from the home,
the distance from the radon to the
individual is increased.

The DOH Bureau of Facility
Program’s Radon section provides
information about radon, its health
effects, as well as information
about how to test for and reduce
levels of radon. The owner or resi-
dent usually pays for testing of
homes. Call (800) 543-8279 for
information on how to test for
radon, where to get test kits, or
details on testing companies.

22. Why are there different
ways to measure radiation
levels? What do the different
ways mean? What is a safe
level?

Each of the three types of radia-
tion (alpha, beta,and gamma,
described above) requires a differ-
ent instrument to measure.One
survey instrument cannot accu-
rately measure all types of radia-
tion.A survey instrument only
measures whether radiation is
detected and its levels. A portable
ion chamber measures ionization
that can be converted to dose.
ATSDR’s Minimum Risk Level

(MRL) for ionizing radiation is 100
millirem per year above back-
ground. The MRL is an estimate of
human exposure—by a specified
route and length of time—to a
dose of chemical or other agent
that is likely to be without measur-
able risk of adverse, non-cancerous
effects. An MRL should not be
used as a predictor of adverse
health effects. (Note: background
includes the dose from building
materials).

It was previously stated that the
average American receives an
annual radiation exposure of 360
millirem per year. But what does an
exposure of 360 millirem per year
mean? Radiation is harmful and
sometimes fatal. Measurable harm-
ful effects occur at doses of about
100,000 millirem or more. The res-
idents of Hiroshima and Nagasaki
received such levels at the close of
World War II from atomic bombs.
But scientists disagree about the
risks of lower levels of radiation.
Some scientists assume that the
exposure risk from radiation is in
proportion to the dose. They
assume that the exposure risk from
each millirem is just 1/100,000 of
the known exposure risk from
100,000 millirem. According to this
theory, called the linear no thresh-
old (LNT) hypothesis,no amount
of radiation is safe. This position is
the most conservative. It is the
hypothesis that is used by govern-
ment agencies to set standards, as it
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provides the greatest margin of
safety. It is also the easiest to use in
calculating exposure risks at low
levels. No one has ever been able to
demonstrate harmful effects at lev-
els below 10,000 millirem. At such
low exposure levels, the exposure
risk becomes statistical, based on
extrapolation from what happens
at higher doses.

Many reputable scientists and
physicians reject the LNT hypothe-
sis as unscientific for calculating
harmful effects from low doses of
radiation. They argue that radia-
tion is the only thing we assume
has no safe dose. But after more
than 40 years of research, science
still cannot prove or disprove the
existence of radiation-induced
heath effects in humans from low-
level exposures.

Lacking a clear consensus on the
question of safe radiation exposure
levels,most agencies continue to
regulate ionizing radiation from a
conservative position. These agen-
cies, including ATSDR,assume that
there may be a risk associated with
low-level radiation exposures. This
is the basis for the ALARA philoso-
phy. This philosophy says that facil-
ities that possess and use radiation
must maintain radiation exposures
as low as reasonably achievable
(ALARA). The concept balances
the costs of controlling doses
against the many benefits we get
from radiation.

23. How is the possibility or
p robability of risk from radia-
tion exposures assessed?

The public health risk from ion-
izing rad i a ti on is assu m ed to be
d i rect ly proporti onal to do s e . Th i s
is a rel a ti on based on a con s erva tive
a s su m pti on (meaning it errs on the
s i de of c a uti on to pro tect health).
The In tern a ti onal Council on
Rad i a ti on Pro tecti on (ICRP) and
the Na ti onal Council on Rad i a ti on
Pro tecti on and Me a su rem en t
(NCRP) have both stated that an
i n d ivi du a l ’s risk cannot be calculat-
ed . However, an indivi du a l ’s ex po-
su res can be measu red . But the
m e a su rem ent cannot be direct ly
t a ken to mean specific health ef fect s
wi ll occ u r. That is because other
f actors , su ch as hered i ty and
l i fe s tyl e , must also be con s i dered .
Som etimes these factors may be
u n k n own . We assume that any
amount of rad i a ti on , no matter
h ow little, causes some ef fect .
However, the ef fect may be som e-
thing that cannot be seen .

S c i en ce has stu d i ed groups of
people who received a large rad i a-
ti on dose to provi de the data that is
u s ed to figure ri s k . These gro u p s
i n clu de Japanese bom bing su r-
vivors , rad ium dial painters , peop l e
ex po s ed for medical purpo s e s ,a n d
u ra n ium miners .
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24. Reports have been made
of thick clouds of gro u n d -
level dust that were emitted
f rom the Stauffer plant during
its operation, and concern s
have been raised about what
may have been contained in
that dust. Would former
workers, neighbors, and
passersby have been exposed
to radionuclides, including
alpha-emitters, in the plant
e m i s s i o n s ?

Com mu n i ty mem bers have
reported clouds of dust of f - s i te
du ring the plant’s opera ti on . Th e
plant cl o s ed in 1981. However,
t h ere is no qu a n ti t a tive data from
air mon i toring on what rad i oactive
el em en t s , i f a ny, the clouds of du s t
m ay have con t a i n ed . Th erefore , n o
one can pred i ct what ef fect s ,i f a ny,
t h ere may have been from som eon e
h aving been ex po s ed to the du s t .

In 1995, a DOH health con su l t a-
ti on (HC) revi ewed air- m on i tori n g
data co ll ected by the Pinell a s
Co u n ty Dep a rtm ent of
E nvi ron m ental Ma n a gem en t
bet ween 1975 and 1979. The HC
l oo ked at sulfur diox i de in parti c u-
l a r. The HC determ i n ed that there
was not en o u gh qu a n ti t a tive data
ava i l a ble to esti m a te ex po su re and
that there was very limited tox i c i ty
i n form a ti on ava i l a ble at the ti m e .
Th erefore , the 1995 HC could not
determine the health risk to per-
s ons who may have been ex po s ed .
However, it recom m en ded that

i n d ivi du a l s , p a rti c u l a rly asthmati c s ,
or anyone who may have becom e
s en s i tive to the ef fects of su l f u r
d i ox i de , avoid ex po su re in the
f utu re .

25. How can a community be
a s s u red of safety unless all
the slag has been located
t h roughout a community/are a
and tested?

Without testing every home and
piece of land in the community it
cannot be said that there is no one
being exposed to radiation from
the slag at levels above the guide-
lines. However, the Department of
Health’s Bureau of Radiation
Control performed many surveys
and tests on the slag throughout
the Tarpon Springs/Holiday area.
The results have assured ATSDR
that the outdoor areas of slag (in
roads and driveways) are not a
health hazard. There is little varia-
tion in the slag from place to place.
Also, slag found in building mate-
rials of homes has shown only a
few areas that are near levels of any
concern. The bureau is available to
survey homes for radiation upon
request. Please call the
Environmental Laboratory in
Orlando at (407) 297-2095. Private
consultants may also be called to
do surveys.
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26. To protect public health, is
it necessary to clean up those
areas identified as having the
highest radiation levels in the
community to reduce overall
exposures and limit multiple
exposures?

Yes, when the areas exceed
health-based cleanup standards, it
is necessary. The need to clean up
an area should be determined con-
sidering the radiation dose for the
maximally exposed individual. The
National Council on Radiation
Protection and Measurement
(NCRP) recommends a cleanup if
the dose for that individual exceeds
500 millirem in a year. A cleanup
should occur when it would limit
someone being exposed to high
levels. For example, a cleanup
should occur in areas where many
people are likely to be exposed.
Such areas may be cleaned up
before other areas where levels are
higher but it is unlikely anyone
would be exposed.

27. Why would the
Environmental Protection
Agency (EPA) Record of
Decision (ROD) say radon is in
slag at the Stauffer site and
the Agency for Toxic
Substances and Disease
Registry (ATSDR) Public
Health Assessment (PHA) says
it is not?

Testing has shown that most of
the radon in the slag is trapped.

That is because of the slag’s gl a s s -
l i ke ch a racteri s ti c s . The ATS D R
Pu blic Health As s e s s m ent state s ,
“Th ere is no radon gas com i n g
f rom the slag containing rad iu m .”
This is not con trad i ctory to the
s t a tem ent by the EPA . The radon is
in the slag because of the rad iu m
pre s en t . Typ i c a lly, radon is a
rad i oactive noble (or rel a tively sta-
ble) gas that is produ ced from the
rad i oactive dec ay of rad iu m .
However, the radon is tra pped in
the ph o s ph a te slag produ ced by
S t a u f fer and is not rel e a s ed due to
the physical natu re of the slag.
Th erefore , the radon in the slag in
this case does not repre s ent a haz-
a rd .

For more information about
radon,call the Florida Department
of Health, Bureau of Facility
Programs, Radon Section toll free
at (800) 543-8279.

28. Why was background
radiation not included in the
full exposure report?

Any time radiation is measured;
the background level is automati-
cally included.

29. Why would elemental
phosphorus slag at another
site in a different state (i.e.,
Idaho) be found to be dan-
gerous in Idaho (in terms of
radiation), but not here?

The slag at the site in Idaho was
found not to pose a health risk.
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Removal of phosphate slag in
Idaho was due to politics rather
than public health. No slag in
Idaho was removed for health rea-
sons. The exposure to slag was
evaluated under Graded Decision
Guidelines and no slag was
removed based on these guidelines.

30. Why are there diverse ref-
erences for how much radia-
tion is allowable—OSHA,
NIOSH, EPA, ATSDR?

The references are diverse
because each agency provides dif-
ferent government services for dif-
ferent reasons. Therefore,each
agency views radiation protection
from different viewpoints. The
Occupational Safety and Health
Administration (OSHA) and the
National Institute of Safety and
Health (NIOSH) are both con-
cerned with worker safety. The
Environmental Protection Agency
(EPA) is concerned about the envi-
ronment and all living things,
including one-celled animals and
plants. The Agency for Toxic
Substances and Disease Registry
(ATSDR) looks at the effects of
environmental exposures on
human health issues. Discussions
of radiation levels often refer to
various standards in order to pro-
vide more information regarding
radiation.

31. What is the difference
between regulations and
standards, and academic and
governmental standards
regarding radiation?

A regulation must be met.Law
requires regulations. Standards are
levels that government regulators
aspire to meet. However, no law
requires that standards be met.
Standards are considered to be
good practice. Standards and
guidelines are the same thing. Both
come from various sources, includ-
ing government and academia.

32. How are standards set?
Do standards imply safety?

Standards are set by agencies
that regulate public health. That
includes the EPA and the Florida
Department of Environmental
Protection (DEP).A give-and-take
process that includes public input
develops standards. Typical radia-
tion standards relate to public
health and safety. Standards do not
imply that no risk exists.

Standards are established after:
• A health and safety need is

shown,
• Research, including a great deal of

testing, shows that the proposed
level makes sense and is cost-
effective,

• Public comment and hearings are
conducted, and 

• All necessary approvals are
obtained.
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33.What is the difference
between radon in drinking
water and radium 226 in
drinking water? Why are the
acceptable levels different?

Radon and radium 226 are both
radioactive. However, they are two
different radioisotopes. Both are
taken into the body differently.
Radon is a gas. As discussed in the
question 35,it escapes from water
and primarily enters the body
when it is breathed in. In the lung,
radon emits alpha particles that
could damage lung tissue. Radium
226 is a solid at normal air temper-
atures. It is mostly dissolved or sus-
pended in tap water. Radium 226
can enter the body through drink-
ing water with radium in it.
Radium 226 is absorbed like calci-
um. It can replace calcium in the
body. In the bones, its decay results
in emission of alpha particles that
could damage bone cells.

34. What about radium 226 in
wells? What is the health risk
of radium 226 in drinking
water?

As discussed in question 33,the
risk of drinking radium 226 in
water is that it can replace calcium
in the bone. Studies of people with
high-level radium 226 exposure
show that particles emitted when
radium 226 decays damages bone
cells. This type of exposure can
cause cancers of the bones. It can
also cause leukemia. It is not very

likely that there are high enough
levels present in local drinking
water to cause these effects. The
Florida Department of
Environmental Protection (DEP)
regulates testing of municipal
drinking water. There is a conser-
vative health-based level for radi-
um 226 in water called an MCL, or
Maximum Concentration Level.
MCLs are enforceable.A city can-
not supply water that contains
chemicals above the MCLs.

The Pinellas and Pasco County
Health Departments have done
some limited sampling of selected
private drinking water wells within
about a quarter mile radius of the
site. The analysis included the fol-
lowing radionuclides: gross alpha,
Radium 226 and Radium 228.
Sampling of these wells is ongoing
on a quarterly basis, analytical data
is being compiled,and trends will
be evaluated.

35. Why would the contami-
nation levels for radon in
drinking water be handled
differently from other radia-
tion contamination in drink-
ing water?

Radon is an inert gas. That
means radon in drinking water is
not chemically bound to the water.
Most of it escapes into the air as
the water is used. Radon escapes as
it passes through the aerator on the
kitchen faucet. It also escapes when
it sprays from the showerhead or
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into the dishwasher. Radon escapes
when it agitates in the washing
machine. Unlike some other
radioisotopes that may be in drink-
ing water, radon is an alpha emit-
ter. Alpha emitters damage soft tis-
sue, such as lung tissue. Because we
breathe much more air than we
drink water, our greatest soft tissue
exposure pathway is through inhal-
ing indoor air. If radon levels in a
home are found to be high, a vent
system that takes the indoor air
outside helps to lower levels.

36. What is the MCL for radon
in drinking/tap water?

The EPA has proposed an MCL
(maximum contaminant level) for
radon in drinking/tap water of 300
picocuries per liter. MCLs refer to
the concentration of a chemical
that cannot be legally exceeded in a
public drinking water supply sys-
tem. The MCL is devised and
enforced by the EPA.

Radon is an alpha emitter. As
mentioned in question 33, this type
of emitter can damage lung tissue.
Therefore, the main health concern
for radon in tap water is that it
may escape and enter indoor air. It
can then be breathed into the body.

37. Can radon in drinking
water be emitted during hot
showers?

Yes, and during cold showers,
too. Radon is emitted through any
use of water. Aeration of the water

allows the radon to escape. Radon
is released from its physical combi-
nation with water during its first
splash from a faucet just like car-
bonation is released when pouring
a soft drink into a glass.

38. How do seasonal levels of
radon vary?

Many of today’s homes are
tightly closed for heating or cool-
ing. This can trap radon gas inside
a home. Therefore, radon levels
tend to be higher in summer and
winter. Radon levels in homes also
can vary depending on the outside
barometric pressure. The indoor
pressure of a home can affect
radon levels. If the inside of the
home is at a lower pressure than
the outside, radon can be drawn
out of the ground into living areas
in the house. This occurs mostly in
tightly insulated homes heated by
gas or oil furnaces during the win-
ter. Rain can also push radon gas
from the ground into homes.

39. How do ventilation rates
(i.e., in a closed room versus a
room with cross-ventilation)
affect radon concentrations?

Home ventilation with outdoor
air dilutes the radon concentra-
tions in indoor air. A room with
cross-ventilation allows radon gas
to move outside. This reduces the
radiation levels.
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40. How can people who are
interested in getting their
home tested (for radiation)
get it done?

The Department of Health,
Bureau of Radiation Control will
provide a screening survey of
homes upon request.Please call the
Environmental Laboratory in
Orlando at (407) 297-2095 and ask
for Charlie Adams or Jerry Eakins.
There is no cost for the survey.

41. Where can people go to
get resource information or
ask for referrals about
radiation?

General information about radi-
ation can be found at the local
public library. One can also request
a copy of ATSDR’s Toxicological
Profile for Ionizing Radiation by
faxing a request to (404) 498-0057
(Attention: Information Center). In
addition, the Department of
Health’s Bureau of Radiation
Control is a good source of infor-
mation. They have area offices
located around the state; the office
nearest to Tarpon Springs is in
Tampa. The phone number is
(813) 873-4831. The DOH
Environmental Radiation Section
and Lab is located in Orlando,
(407) 297-2095. The main office is
located in Tallahassee, (850) 245-
4266.

You may also refer to the radia-
tion websites listed in this booklet.
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There are a number of websites
that provide information on radi-
ation-related issues. Here is a
sampling of sites:

American Lung Association
Radon Fact Sheet
http://www.lungusa.org/air/envrad
on.html

Baylor College of Medicine
Radiation Health Effects Research
Resource
http://radefx.bcm.tmc.edu/

U.S.Environmental Protection
Agency
Health Effects from Ionizing
Radiation
http://www.epa.gov/radiation/
ionize2.htm

U.S.Environmental Protection
Agency
Ionizing Radiation Fact Sheet
http://www.epa.gov/radiation/
ionize.htm

U.S.Environmental Protection
Agency
Radiation: Risks and Realities
(Booklet)
http://www.epa.gov/radiation/rrpa
ge/rrpage1.html

U.S.Environmental Protection
Agency
Students and Teachers’ Radiation
Protection Pages
http://www.epa.gov/radiation/
students

Federal Emergency Management
Agency
Three Ways to Minimize Exposure
http://www.fema.gov/fema/min-
rad.htm

Health Physics Society
Measuring Radioactivity (Fact sheet,
requires Adobe Acrobat Reader)
http://www.hps.org/documents/me
asuringradioactivity.pdf

Health Physics Society
What is Radiation? (Fact sheet,
requires Adobe Acrobat Reader)
http://www.hps.org/documents/wh
atisradiation.pdf

Idaho State University
What You Need to Know about
Radiation (book)
By Lauriston S. Taylor
http://www.physics.isu.edu/radinf/l
stintro.htm

Radiation Questions & Answers • 20

Radiation Websites



Radiation Questions & Answers • 21

Idaho State University
General Radiation Page
http://www.physics.isu.edu/radinf/

National Institutes of Health
What We Know About Radiation
http://www.nih.gov/health/chip/od
/radiation/

Nuclear Regulatory Commission
Biological Effects of Radiation
http://www.nrc.gov/NRC/EDU-
CATE/REACTOR/06-BIO/radbio-
effects.html

Nuclear Regulatory Commission
Natural and Man Made Radiation
Sources
http://www.nrc.gov/NRC/EDU-
CATE/REACTOR/07-
NATURAL/naturalsources.html

University of Michigan Student
Chapter of the Health Physics
Society
Radiation Information Page
http://www.umich.edu/~radinfo/

Uranium Information Centre
(Australia)
Radiation and Life (booklet)
http://www.uic.com.au/ral.htm

World Health Organization
Ionizing Radiation Safety page
http://www.who.int/peh/Radiation/
radindex.htm
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Mi ch a el D. Broo k s ,C H P, M S H P, Health Phys i c i s t , has been certi f i ed by the
Am erican Ac ademy of Health Phys i c s , and has been a Health As s e s s or wi t h
the Agency for Toxic Su b s t a n ce and Disease Regi s try (ATSDR) since Ju ly
1 9 9 1 . Previ o u s ly he perform ed re s e a rch and de s i gn ed microw ave com po-
n ents for aero s p ace app l i c a ti on s . He also served 3.5 ye a rs as Re actor
Con trols Officer aboa rd a nu clear powered Fleet Ba ll i s tic Missile Su bm a ri n e .
He received his under gradu a te degree in Phys i c s , an MS in Phys i c s , and an
MS in Health Physics from the Geor gia In s ti tute of Tech n o l ogy, in At l a n t a .

Mi ch a el Gill ey is an Envi ron m ental Ad m i n i s tra tor for the Flori d a
Dep a rtm ent of He a l t h , Bu reau of Fac i l i ty Progra m s , in the Radon and
In door Air Toxics secti on . His ac ademic training is in indu s trial hygi ene and
health phys i c s . He has been invo lved in re s e a rch , eva lu a ti on , and miti ga ti on
s tra tegy on envi ron m ental rad i a ti on and indoor air envi ron m ental issues for
m ore than 25 ye a rs . Cu rren t ly, he is a mem ber of the Con feren ce of
Rad i a ti on Con trol Program Di rectors In corpora ted , Com m i t tee on Radon
and the Am erican Wa ter Works As s oc i a ti on Re s e a rch Proj ect Fo u n d a ti on
Advi s ory Com m i t tee .

We s l ey Na ll has worked for the Polk Co u n ty Health Dep a rtm ent for more
than 24 ye a rs , 23 of wh i ch have been with the Rad i o l ogical Health Secti on ,
wh ere he has su pervi s ed activi ties for the past 11 ye a rs . He has a BS degree
in mathem a tics from Stet s on Un ivers i ty. His health physics training has
been pri m a ri ly thro u gh con ti nuing edu c a ti on co u rses of fered by the
Un ivers i ty of F l ori d a , the Nu clear Reg u l a tory Com m i s s i on , and the Oak
Ri d ge As s oc i a ted Un ivers i ti e s . The Polk Co u n ty Health Dep a rtm ent is on e
of t wo co u n ty health dep a rtm ents in the state with a Rad i o l ogical He a l t h
Secti on .

Bi ll Pa s s et ti is the Ch i ef of the Bu reau of Rad i a ti on Con trol in Flori d a’s
Dep a rtm ent of He a l t h . The bu reau is re s pon s i ble for several statewi de rad i a-
ti on programs that inclu de rad i oactive materi a l s ,x - ray mach i n e s ,
Rad i o l ogical Tech n o l ogi s t s , em er gency re s pon s e , and envi ron m ental rad i a-
ti on mon i tori n g. He received his BS degree in Rad i o l ogic Scien ce from the
Medical Co ll ege of G eor gia and has more than 20 ye a rs of ex peri en ce in
m edical and reg u l a tory rad i a ti on safety issu e s .
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in the field of health physics. He was originally certified by the American
Academy of Health Physics in 1982, and has been a Health Assessor with
the Agency for Toxic Substance and Disease Registry (ATSDR) since July
1998. Previously he spent 13 years as a health physicist and radiation safety
officer for the Center for Devices and Radiological Health, part of the Food
and Drug Administration, working in the Office of Health Physics and the
Division of Mammography Quality and Radiation Programs. Prior to that
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Name of Site: Stauffer Chemical Company
Location: Tarpon Springs, FL

Please complete the following that best describes your feelings for each statement, based
on the information provided in this booklet:

I am more aware about radiation. ❑ Yes ❑ No ❑ Don’t know

I understand radiation better. ❑ Yes ❑ No ❑ Don’t know

I read the entire booklet. ❑ Yes ❑ No 
If no, what parts did you read? (Please specify) 

Were your health questions about radiation answered? ❑ Yes ❑ No
If no, what questions do you still have?

Is there information in the booklet you found confusing? If so, what area was confusing? 

Is there any information you found unnecessary? If so, what information? 

Which of these categories would best describe you?
❑ Community member  ❑ A government employee  ❑ Health Care professional
❑ Other (please specify)__________________________________________________________

How did you get your copy of the booklet? (Check one)
❑ Mailed to me by Department of Health   ❑ Read library copy  ❑ Received from friend
❑ Other (please specify)__________________________________________________________

Any other comments?

If you would like someone to call you to discuss your concerns, please provide your name
and telephone number:

Name:_________________________________________________________________________

Phone #: (___) ____________________________

Please remove this survey from the booklet, fill out, stamp, and mail.



please remove this page and mail

Place
stamp
here

fold here with address out and tape on open edge

Name

Address

City State Zip

Florida Department of Health
Bureau of Environmental Epidemiology
Superfund Health Assessment & Education
4052 Bald Cypress Way, Bin# A-08
Tallahassee, FL 32399-1712

The Department of Health, Bureau of Environmental Epidemiology, Superfund Health
Assessment and Education section would like to thank you for completing the
attached questionnaire. In our efforts to prevent exposure and adverse health effects
from toxic substances from hazardous waste sites, we are concerned about the
impact of our educational efforts.

We work together with the Agency for Toxic Substances and Disease Registry (ATSDR)
in coordinating a response to all aspects of hazardous site evaluation including health
assessment and consultation, health education, community involvement and exposure
investigations.

To find out more about us, please call us toll-free in the state of Florida at 
877/798-2772.


