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Radiation is ¢ natural part ;)f our environment, When our planet was formed, radiation was
present—and radiction surounds it still. Natural rodiation showers down from the distant reaches of
the cosmos and continuously radiates from the rocks, soll, and water on the Earth Hself.

During the last century, mankind has discovered radiation, how to use it, and how 1o control it
As a resutt, some manmade rediation has been added to the natural amounis present in our

environment,

Many materols—both naturol and
manmade—that we come into
contact with in our everyday lives
cre radioactive. These materials
are composed of atoms that
release energetic particles or
ey waves as they change intc
= more stable forms. These
particles and waves are
referred to as radiation,
and their emissicn as
radioactivity. .

Sources of Radlatfion

RATURAL RADIATION a2y

As the chart on the left
shows, most environmenial
radiation (82%) is from naturc
sources. By fcrihe lcrgest
. source is radon, an odorless.
o coloriass gas given o Dy nature.

M
X

e radium in the Earth’s crust. While
NUCLEAR radon has aiways been present in the
DOUSTRY iy environment, its significance is better
- . understood today. Manmade radiation—

BTG, ) <% mostly from medical uses ond consumer
products—adds about eighteen percent fo our

total exposure.

TYPES OF IONIZING RADIATION

T e ~Radiation that has enough energy.to disturb the electrical balance in the atoms of substances it _

i passes through is called jonizing radiation. There are three basic forms of ionizing radiation. ™

Alpha

Alpha particles are the largest
and slowest moving iype of
radiation. They are easily stopped
br a sheet of paper or the skin.
Alphaparticles can move through
the air only a few inches before
being stcpped by air molecules.
However, alpha radiation is
dangerous tosensitive tissue inside
the body.

Bela Gamma

Beta particles are much
smaller and faster moving
than alpha particles. Befa
paricles pass 1h§ough paper
and can fravel in the air for
about 10feet. However, they

‘can be stopped by thin

shielding such as @ sheet of
aluminum foil.

Gaomma radiction is a type
of electrormagnetic wave that
travels ot the speed of light.
it tokes a thick shield of steel,
lead,orconcrete tostopgamma
rays. X rays and cosmic rays ore
similar to  gamma radiation.
X rays are produced by
manmade devices: Cosmic rays
reach Earth from outer space.
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Units of Measure

Radiation ccn be mecsured in a variety of ways. " Levels of radigtion are measured In various units.
Typicaily, units of measure show either 1) the total The level of gamma rediation in the airis meosured by
amount of radloactivity present In a substance, or the roentgen. This i ¢ relatively large unit, so

2 the level of radiation being given off.

measurements are often calculated in mllllroenfgeﬁs.
Radiation absorbed by hurmans Is measured in elther

The radloactivity of a substance Is measured in rad or rem. The rem Is the most descriptive because
terms of the number of transformartions (chcnges into It measures the ablity of the specific type of
more stable forms) per unit of time. The curie Is the radiation to do damage te blological tissue. Again,
standard unit for this measurement and is based on typlcal measurernents will often be In the millirem
the amount of radioactivity contalned in 1 gram of {mrem), or one-thousandth of a rem. range.
radium. Numerically, 1 cuie is equal to 37 bilion In the intemational scientific community, absorbed
transformations per second. The amounts of dose and blologlcal exposure are expressed in grays
radioactivity that pecple nomally work with are in and seiverfs. 1 gray (Gy) equals 100 rad. 1 seivert (Sv)
the millicure (one-thousandth of a curie) or equals 100 rem. Onthe average. Americans
microcurie (one-millionth of a curie) range, Levels of receive about 360 mrem of radiation a year. Most
radicactivity In the environment are in the picocurie, of this (97%) Is from hatural radiation and medical

or pCi (one-thllionth of a cure) range.

exposure, Specific examples of common sources of
radiation are shown in the chart below.

Cosmic Radiation

Cosmic radiation Is high-energy gamma rag-
iction that orginates n cuter space and fiters
through our atmosphiere.

S8Q LoVE! .. e 20 IEM/y0QL
nTeoset cioeut 172 mreem for #0ch oocNons 11D feet i sievanion)
Aflanta, Georgio (1,050 feet)

31 mrem/year

Denver, Colorado (5,300 feet)

50 mrem/year
Minneapolis, Minnesota (815 feet)

0 mrem/fyeaar
Salt Loke Clty, Utah (4,400 faat)

46 mremfyear

Terrestrial Radiation

Terreshial sources are naturally radicactive
elements in the soll and water such as wra-
nium, radium, and thorium. Average levels of
these elements are 1 pCl/gram of soil.

United States (averoge) ........... 26 mrem/fyaar
Denver. Colarado . 63 mrem/yect
Nie Detlta. Egypt ... ...350 mrem/yecar

Paris, France........... . 350 mrem/jyear
Coust of Kerala, India,.. . 400 mrem/fyear
McAipe, Brazil .......ccrem - 2,558 miem/fyear

Pocos De Caldas, Bl ...... 7,000 mrem/year

Buildings

Many bullding materlols, especialy granite,
contain naturally radicactive slemants.

U.S. Copitol Bullding ................. 85 Mremy/ysar
Base of Statue of Ubem/ w325 MreMfyear
Grand Central Station . ..525 mrem/year
The VoHCON .wrimimenenees 800 mrermn/year |
Radon

Radon levels In bulldings vary, depending on
geographic location, from 0.1 to 200 pCV/iter.
Average indoor Radon Level....... 1.5 pClAiter
Occupational Working Umk ..... 100.0 pCl/iter

RADIATION INTHE  Consumer Goods

Cigareftes-two packs/day

ENVIRONMENT - ®olontum=-210) ....cconeeenene... 8.000 mrem/year

Because the radicactivity of Color TOleVISION ....ccceveerereeeenarersens <1 mramy/year
Individual samples vares, the Gas Lonten Mantle

numbers glven here are (thorUM=232) .. irccemercresessansrnens 2 mrem/yecr
approximate of represent an Highway Construction .. Y- B o ) V0-To o VA7 Tol
average. They are shown to Alrplane Travel at 39, coo feet

(cosmic) 0.5 mrem/hour

provide a perspective for
concentrations cnd levels of
radioactivity rather than dose. (radon-222) ....... rersenerserenerenenasnasanars

Natural Gas Heating end Cocking
2 mrem/year

Phosphate Farfilzers ......cemmmennen. 4 mrem/year
mrem = miitem
Natural Radloactivity In Florida Phosphate
pCi = picocurle Fetilzers {in pCl/grarm
Nommnal Concenfioted &

F i Supemphosphate| Superphosphcte YPIUT

Ra-226 213 21.0 33.0
Food confiibutes on average of 20 |
mrem/fyear, mostly from potassum-40.| |y.238 20.1 58.0 60
carbon-14, hydrogen-3, radum-226,
ond thortlum-232, Th-230 189 48.0 13.0
1= =T TN 390 pCl/ittet
Tap Water ... 20 pClftiter ™h-232 0.6 13 c3
Milk ....cene e 1,400 pClter
Salag Olf ..4.900 pCi/Bter
WNISKOY 1uereerssnereeseacrasmene Porcelain Denfuras
Brazl Nuts (16 [g11F:1.4) RO 1.500 mrem/yecr
Bancnas.... Radiciuminescent Clock
FOUL wrrvsiirssaossrsmerssssanserns C.14 pCl/g (Eromethium-147) wwvenen.... <1 MIGM/yECT
Peanuts & Peanut Butter ..0.12 pClyg | Smoke Detector
foq..... ) 0.40 pCl/g {omerclum-241) .................C.01 mtemfyear

; Intemational Nuclear Weapons Test

Medical Treatment Faliout from pre-1980 atmaospheric

The exposures from medical diagnosis | tests
vary widely according to the required

procedixe, the equipment and fim (average for a LS. citizen) ......1 mrem/yaar
usad for X rays, and the skiil of the

operator.
Chest X RAY .crivircensinensnress 10 MIOM
Dental X Ray Each ... 100 mrem

Reletences

Elfect of lonizing Rodiation on Human Hea!th. The. Arthur C, Usrton. New York Univenity Medieol Canter. Alomic industrol Forum, 1984,

Effects on Popuittiors of Expouxe 10 Low Levelt of lonking Rodkation: 1980, Committes on the Biological Efects of lonking Rodiation. Nationdl Acoderny Press, 1984

lonizing Rodiation Bxpoture of he Population of the United Statex Report Number 93, National Councl on Radkation Protection ond Mecaurements, 1987,

Rodation Expoture of the LLS. Popuiation trom Cotmumet Procuctt ond Misceloneous Sources Repod.-Numbet 95, Nmbrd&uﬂonnoddmholocfbnaﬂmmmnh 1982,

Rockation In Medkcine ond iIndsty. AP, Jocob ond G.P, Sokok

vy, 1980,

Rociooctivty In Consumaer Products, U5, Nuciecr Reguikatory Commimeion, 1978,
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The curie is a standard measure for the intensify cﬁ" rddiooc:ﬁvh‘y contained in a
sample 'of radioactive material. it was named after French scientists Marie and Pierre
-Curie for their londmark research into the nature of radioactivity.

The basis, for the curie is the radioactivity of one gram of radium. Radium decays at
a rate of about 2.2 tilion disintegrations (2.2X10?) per minute. A picocurie is one
trillionth of a curie. Thus, a picocurie represents 2.2 disintegrations per minute.

To put the relative size of one frillionth into perspective, consider thot if the Earth
were reduced to one tillionth of its diameter, the “pico earth” would be smaller in
diameter than a speck of dust. In fact, it would be six times smaller than the thickness

of a human hcir.

The difference between the curie and the picocurie |s so vast that other metric units
are used befween them. These are as follows:

Milicusie = 1,000 (one thousandth) of a curie
Microcutie = WG'(IT,WO (one millionth) of @ curie
Nanocurie = WO%O—OFﬁ (one billionth) of a curie
Picocurie = 1,000.002),000,000 (cne trllionth) of a curie

The following chart shows the relative differences between the units and gives
analogies in dollars. It also gives examples of where these various amounts of
radioactivity could typically be found. The number of disintegrations per minute has
been rounded off for the chart.

UNIT OF DISINTEGRATIONS DOLLAR EXAMPLES OF

RADIOACTIVITY | SYMBOL| PER MINUTE ANALOGY RADICACTIVE MATERIALS
. - 2 Times the Annuagl .
] C e C 12
e L | FI0Ter2Tlon | ederol sudget Nucleor Medicine
1 Millicurie mCi 2x1(_J° ‘or 2 Bilion Cost of a New Interstate | Amount Used for a Brain

Highway from Atlantato | or Liver Scan
San Francisco

1 Microcurie pCi 210° or 2 Million | All-Star Baseball Player's | Amount Used in Thyroid

Sailary Tests
1 Nanoccurie nCi Z10*or2Thousand{ Annual Home Energy | Consumner Products
) Costs
1 Picocutie pCi 2 Cost of a Hamburger and | Background Environmental
Coke Levels :

Chart provided by W.L Back, Bechtel National, inc, © .
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Companson of 1992 Results to DOE Gmdelmes
Maywood Interim Storage Site

Radon in Air
Thoron in Air |
External Gamma Rad1at1on
Dose (above background)

Thorium-232 in Water
Total Uranium in Water
Radium-226 in Water

Thorium-232 in..Surface Soils
Radium-226 in Surface Soils

DOE Guidelines

3.0 pCi/L
3.0 pCi/L
100 mrem/yr.

50 pCi/L
600 pCi/L
100 pCi/L

5 pCi/g
5 pCi/g

1992 Results

<0.4 pCi/L
1.4 pCi/L

0.6 mrem/vyr.

1.5 pCi/L 0.2 pCi/L
3.3 pCi/L 0.4 pCi/L

0.5pCi/L 0.3 pCi/L

Sediments -
1.0 pCi/g
0.5 pCi/g

Groundwater Surface Water

lehe0 !



HISS GRID

STERN RAILROMD '\

n

NEW YORK, SUSOUEHANNA, & ¥E

frmm—in. )

—

t + {

T r
+ 1 T

GROYE AVENUE

NOTE

L MORITORING LOCATION
LOCATIONS 13 AND 15 CONTAIN

+ \ d
1 %\
1 \2
| 5
e mm—n — VESTNIER NEME ooy
R S
o i \
'701 - \
V1 \
[ T,
STEPAN 1‘
e ‘ 205 MAYWOOD
R S S e ; AVENUE PROPERTY
|
t
[]
i : - == e
Wl

RADON/THORON DETECTORS ONLY.
SCALE —— === PROPERTY LINE
L. mmmeeeees UNDERGROUND CONDUET
? 1§0 3?0FEET ——-+-— SURFACE DRAINAGE DeSAUSSURE
¢ 45 90 METERS +—t——t- RAILROAD - PROPERTY \
1387 537,000 i

Onsite Radon, Thoron, and External Gamma Radiation Monitoring Locations

n601

A
b

11



A\

. ® 530%020 ~ MEV YORK, SUSQUEMANNA, & VESTERM RAILROD \: \: ,
g bttt =T o S S \
v e me—m - T (A
v - ——— 1 ] PA
= ] " %
‘; s %
, ) | | I WEST HUNTER AVENUE :"
/o L H - —— — - -
et S B38N180 i = X
-7 HISS-1B \ MIS Y SN, ity L-- - 1 [ \
N f =" ] ll ‘ v
3 HISS 144 \ SN t10d L \
NG i
\___._’ = ) L_L;-—-—]
Qs I e .' 205 MAYWOOD
+ : 1
‘\ Tt e T |. AVENUE PROPERTY
H
N s @ ‘
\\ MISS-3A  B38W038 :
) "\ B3I \ |
/f' ‘s\mss—ss \
- R —— e .
P
H
GROVE AVENUE ! ..
]
®  HONITORING WELL !
SCALE s PROPERTY LINE '\
--------- UNDERGROUND CONDUIT x
! 10 30 FeET =+ SURFACE DRAINAGE DesusSURE_/\
0 45 90 KETERS “+————+ RAILROAD PROPERTY ‘
130130, 00%

Groundwater Monitoring Well Locations

1EHQ01



.
1
-

RN e TR

A
TRRA ND

7 A

T
|-

18

KISS GRID

STEPAN

SURFACE WATER AND SEDIMENT
SAKPLING LOCATION

A

. BACKGROUND RADON/THORON AND EXTERNAL
GAMMA RADIATION MONITORING LOCATION

3 \
NDTEt RADON/THORON AND EXTERHAL GAMMA . % - >
SCALE RADIATION MONITORING : = Lo ™5

LOCATION 14 IS A7 THE PUBLIC ‘.
¢ 300 680 FEET HEALTH BUILDING N PATERSOM, KJ -
| { 7 BETWEEN VAN HOUTEN ST, AND BROADWAY .
° 90 180 METERS AYE,, 5.5 MILES ¥EST OF NISS, -

A 7
138PKTA2. 06N

Cffsite Radon/Thoron, External Gamma Radiatlori, Surface Water,
and Sedimerit Monltoring Locations In the MISS Area
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