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PREFACE

The medical use of radiation involves the offsetting of a risk against a
benefit that a patient will derive in early diagnosis or treatment of his or her
ailment, Similarly, the individual choice of working in institutions using
radiation also carries the offsetting of a small risk against financial benefits
of employment, The information in these pages is given so that an individual
can make intelligent judgments about the risks or benefits of use of radiations
at Baystate Medical Center, Inc.

The risk-benefit equation is particularly hard to balance in the case of
future genetic risks because those who receive the benefits and those who run
the risks are not the same people.

However, it is incumbent upon users of radiation to minimize the risks of
radiation exposure and obtain maximum benefits to the patient, the public
and employees. Thercfore, the radiation safety program at Baystate Medical
Center is designed to assure radiation safety for patients, the public and
employees with an ultimate goal of maintaining radiation exposures ‘‘as low
as reasonably achievable’’ (ALARA). The ALARA concept is strongly
suppotied by Management, the Radiation Safety Committee, the Department
of Radiology, the Medical Staff and other Professionals at Baystate Medical
Center, Inc.

Radiation Safety Committee, BMC




INTRODUCTION
Medi. - ' sics and Radiation Safety Services

At Baystate Medical Center the Medical Physics service and Radiation
Safety Program are centralized under the Division of Medical Physics and
Radiation Safety in the Department of Radiology.

The Medical Physics Services relate to instrumentation, education, quality
assurance and computer operations in diagnostic x-rays, radiation therapy, |
nuclear medicine, ultrasound, CT scanning and use of other radiations and
radioactive isotopes at Baystate Medical Center, Inc.

The Medical Physics Services are designed to be in compliance with guide-
lines of the American College of Radiology (ACR), American Association of
Physicists in Medicine (AAPM), American College of Nuclear Physicians
(ACNP), College of American Pathologists (CAP), Nuclear Regulatory
Commission (NRC), Centers for Radiological Physics (CRP), and the
Department of Radiology.

The Radiation Safety Program relates to safe use of radiations at Baystate
Medical Center. The Radiation Safety Program is designed to be in compliance
with rules, regulations and conditions of our Nuclear Regulatory Com-
mission (NRC) Broad License, two teletherapy licenses, special nuclear
material license and diagnostic x-rays registration. The Radiation Safety Pro-
gram is also in compliance with requirements of the Department of Public
Health (DPH), Joint Commission on Accreditation of Hospitals (JCAH),
Bureau of Radiation Health (BRH), Food and Drug Administration (FDA),
Occupational Safety and Health Act (OSHA), Environmental Protection
Agency (EPA), National Council on Radiation and Mvasurements (NCRP),
recommendations of Radiation Safety Committee (RSC) and guidelines of the
Department of Radiology.

A comprehensive Radiation Safety Manual has been written which includes
procedures for handling and safe use of radiations by physicians, nursing
staff, technologists, paramedical staff, students and other employees at Bay-
state Medical Center. The written procedures for specific areas are distri-
buted to area supervisors for use. The Operational Radiation Safety Update
Series are designed to meet the need of each area supervisor and these are
scheduled by appointment at any time during the year. In addition, a radiation
safety instruction program is given once a year for all employees.

The professional statf of Medical Physics and Radiation Safety is available
for consultations and guidance in the safe us of all radiations at Baystate
Medical Center, Inc.

The present information booklet is an updated version of previous booklet
“Radiation Safety - Questions and Answers' published in 1980, The resource
materials used are listed in the reference section.
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What is radiation?

There are two main types of radiation:

lonizing radiation produced by x-ray machines, nuclear reactors, and
radioactive materials, It gets its nam> from its ability to knock electrons out
of atoms, creating electrically-charged ions. In the human body, these
ionized atoms can affect normal biological functions.

Monionizing radiation, such as microwaves, sound waves and light,
damages living tissue by other means.

How do we protect ourselves from these radiations?
a. External Exposure Protection

The means of protection from exiernal radiation exposure are a combi-
nation of three things: Time, distance, shielding. That is to say, protection
is provided by:

1. Controlling the length of time of exposure to radiation.

2. Controlling the distance between the individual and the source of
radiation,

3. Placing an absorbing material (e.g. lead aprons and shields, etc )
between the individual and the source of the radiation.

b. Internal Exposure Protection

Keep your hands out of ““HOT"" material.

Wash up before you eat and before you go home.

Do not eat, drink or smoke in an area where radioactive materials are
processed.

Cover containers of ““HOT" material when being handled or moved.

What is ALARA?

In addition to providing an upper limit on an individual's permissible
radiation exposure, the NRC also requires that its licensces maintain exposures
“‘as far below the limit as is reasonably achievable’’ (ALARA). This means
that every activity at a nuclear facility involving exposure to radiation should
be planned so as to minimize unnecessary exposure (o individual workers
and also to the worker population. A job that involves exposure to radiation
should be done only when it is clear that the benefit justifies the risks
assumed. All design, construction, and operating procedures should be
reviewed with the objective of reducing unnecessary exposures.

Paragraph 20.1 (¢) of 10 CFR Part 20, “‘Standards for Protection Against
Radiation,” states that licensees should make every reasonable effort to
keep radiation exposures, as well as releases of radioactive material to
unrestricted areas, as far below the limits specified in that part as reasonably
achievable. Regulatory Guides 8.10, 8.18 and NURFEG-0267 set forth the
philosophy and general management policies and programs that licensees
should follow to achieve this objective of maintaining radiation exposures (o
employees ‘‘as low as is reasonably achievable' (ALARA),




What is RAD? What is Rem?

How are radiation dose 1imits established?

How is a radiation worker's radiation dose determined

What is meant by prompt effects, delaved effects







How does radiation cause cancer?

What is a ""Low Level™" exposure

[

)

Why arc low level radiation effects so difficult to demonstrate

What populations are exposed (o snusually high levels of background radiation?

f K

What are the Low-Dose (10 rads) results in A-Bomb survivors
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Reduction Due to Protective Devices: Special Procedures

Reduction
Radiation _Exposure Without With (%)
1. Heavy Lead Gloves 7.78 R /miin 144 mR /min 98
2. Flexible Lead Gloves 7.78 R/min 4.3 R/min 45%
3. Hanging Glass 390 mR /hr
Shield (1/2") (fluoroscopy) 4 mR/hr 9997
5875 mR /hr
(cinefluoroscopy) 165 mR /hr 97%
4. Portable Glass
Shield (1/2'") 228 mR/hr 2.7 mR/hr 9907
$. Thyroid Collars 46 mR /hr 3. 4mR/hr 930%

"

|| 99 % reduction
with portable shield

Reduction of personnel radiation exposure due to use of portable lead shield.

LT



47n;R/rw without lead opron
20 mR/hr with oprg

I
Radiation Exposure Levels in x-ray fluoroscopy patient procedure.
Reduction of personnel radiation exposure due to use of lead apron and
hanging lead shield. For portable x-ray and mobile C-arm fluoroscopy refer
to the table of measurements.

99% uducnon\mth portable shield >§>

’v-- W : /
W % reduction with gloves
, n

Radiation Exposure Level in x-ray unc-ﬂuomsmm patient procedure in
Cardiac Catheterization Laboratory. Reduction of personnel radiation exposure
due to use of portable lead shield, hanging lead shield, lead apron, thyroid
lead collar and lead gloves.
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Analvsis of Radiation Monitoring of Medical Workers

Permanently ¢l Medica rkers in Spec

Annu ] I mR

Rules of Safety: Portable X-rays




BAYSTATE MEDICAL CEMNTER

Policy for Pregnant Nonradiological “-mployet

Radiation Dose Limit




BAYSTATE MEDICAL CENTER

for Pregnant Radiological Employes
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BAYSTATE MEDICAL CENTER
NURSING INSTAUCTIONS & RADIATION SURVEYS FERMANENT IMPLANTS & ISOTOPE THERAPY

SPRINGFIELD HOSPITAL UNIT LI WESSON WOMEN'S UNIT [ WEBSON MEMORIAL UNIT
Parwnt's Narne 3 Physician’s Neme =W g1 twotogw =
Tots Actwity 4 - Dawe of Bssay Time of Away = g
Theraoy Stertes  Date Time > . Koom #

1 HUII!NO INSTRUCTIONS Comply with all checked (A (twms)
Parient must have private toom and mey not leave 1oom
Visitons, smployees ang other pecsannel under 18 veats are not perimitted
Pregoant visiturs, employees antd other personng! ais not peomitied
Vistindg time permit ed minutes
Viwitans must reman e feet from pavent
Place laundey 10 hinen Dag ant ave
Herain all dsposable iems used by whant
Rathaton: moniion must be wor
D Howsekin ey fmay D08 anter the tosm
A thumissal tadiatinn monitonng moy' be done efore getient & diucharged
LA e must e 0 the roan, unil OK'd by Radation Satety Officer
(] Chsposabie gloves must e worn duting patient care
L1 Do not exceerd the accupancy hines 8t each location gven tiolow
Puiebatomy work must be defeced ar least for AR houes
I Patient shall be ducharged only when activity i lew than
Mitehotomy teehrnicians should call RSO for astiuctons
L Othae nsteueions
NOTE 1 Follow all the routine (ahation (recautions n nursing care of -«Omoum' patient
7 Wher the patient is discharged from hosputal phy or hiy must the detals of item 111 below {
3 Ater the patient i ducharged from unit, please tetum the completed form to
wunu M BHAHMAVAR PHD

Physics & R Satety Service
1 INITIAL HADIATION SURVEY |
Date Time Room # o Surwmy By & = k.
USE AND COMPLETE THE FOLLOWING YMJS
! Door L] Chant Bt | Oniver ¥
Survey Moter : Date of Calibration -
ENTRANCE ADJACENT ROOM ¢
LOCATION BEDSIOE ERITA 6FEET DOON SR r
mR M
OCCUPANCY TIME ] i
(100 R iwk )
1 RADIATION MONITORING & PATIENT DISCHAKGE
1SOTOPE
ASSAY DATE .
ACTIVITY mime at Y m
N ‘ . ' '
PATIENT mis
ACTIVITY AT DISCHARGE SHALL BE LSS THAN Ly o me
Activity at Diseharge § Imumn ; ! d;l' it - 'hmu _ >;

Hadton manitonng of (aom and patienty (tems indheated no u.\nl-um r.dumm lﬂcu |nnc0| mn thv mum
| Diseharge strueons were given 10 the patient regarding houssholid memisery
Raiation Maonitoning By E Pavent Discharge By

IV RADIATION SAFETY OFFICE
Rachation Satery (Mhcer Insprection i : L s Date
tams of Non Complunce \ " " L None

Covmerve Action
B0 Y anoSHECT PARK FREM & Ok




What is meant by risk”
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Probabilistic exposure Deterministic exposure

Getting stung NS Routine dental

by a bee X-ray
v >
Those engaged 1n normal day to-gday activities
do not usually get stung by bees bul there s Exposure 10 dental Xrays (8 deterministic
alwoays 8 small exposure probabiidy. Once in that the patien! chooses 10 have the pro
stung. most people simply have a painiul cedure done The possible health effects from
bite, but a litethreatening allprgic reaction exposure 10 low level radiation are inharently
i possibie prababilistic
Being on top Spending December |
\

of 1 large gas: ==

on an arctic ice-fioe |
£ main explosion |

in a tennis outiit

\/ Qr

Exposure to a big gasmain explosion is The only way to get on an arctic floe in a
claarly probabilistic and very low for members tennis outtit in December 18 inlentionally
of the general pubiic Those however wh Once one has been thaere & monih the
happen 1o be standing right above one will situation s etfects are clearly deterministic

certainly be kilipd

Risk involves the exposure to a chance of injury or loss. The chance or
probabilistic aspect of risk can be introduced through exposure processes,
effects processes, or both, yvielding four possible combinations of exposures
and effects. (From Morgan, 1981, p. 63. Copyright 1981, IEEE.)




Risk: How People See 1t

The public's idea of what is most risky usually differs widely from the
estimated mortality for each activity. When three groups were asked to rank
30 products or activities from most to least risky, they came up with the
ordering below,

League Business and
Activity and Deaths of Women College  Professional
per year (Est.) Voters Students Club Members
1. Smoking (150.000) 4 3 4
2. Alcoholic beverages (100,000) 6 7 5
3. Motor Vehicles (50,000) 2 - 3
4. Handguns (17,000) 3 2 1
5. Electric Power (14,000) 18 19 19
6. Motorcycles (3,000) b 6 2
7. Swimming (3,000) 19 30 17
8. Surgery (2,800) 10 11 9
9. X-rays (2,300) 22 17 24
10. Railroads (1,950) 24 23 20
11. General (private)
aviation (1,300) 7 15 11
12. Large construction (1,000) 12 14 13
3. Bicycles (1,000) 16 24 14
14, Hunting (800) 13 18 10
15. Mome appliances (200) 29 27 27
16. Furefighting (195) 11 10 6
17. Polic> work (160) K 8 ¥
18. Contraceptives (150) 20 9 22
19. Commercial aviation (130) 17 16 18
20. Nuclear Power (100) 1 1 8
21. Mountain climbing (30) 15 22 12
22. Power mowers (24) 27 28 25
23. High school and college
football (23) 23 26 21
24, Skiing (18) 21 25 16
25, Vaccinations (10) 30 29 29
26. Food coloring® 26 20 20
27. Food preservatives® 25 12 28
28. Pesticides* 9 4 15
29. Prescription antibiotics® 28 21 26
30. Spray cans* 14 13 23

* Data on mortality from these sources 2re 100 uncertain to estimate.




How can we compare radiation risk to other kinds of health risks?

Perhaps the most useful unit for comparison among health risks is the
average number of days of life expectancy lost per unit of exposure io each
particular health risk. Estimates are calculated by looking at a large number
of individuals, recording the age when death occurs from apparent causes,
and estimating the number of days of life lost as a result of these early
deaths. The total number of days of life lost is then averaged over the total
group observed.

Several studies have compared the projected loss of life expectancy re-
sulting from exposure to radiation with other health risks. Some representative
numbers are presented in the following table.

Estimated Loss of Life Expectancy
From Health Risks

Estimates of Days of Life

Health Risk Expectancy Lost, Average
Smoking 20 cigarettes/day 2370 (6.5 vears)
Overweight (by 20%) 985 (2.7 years)

All accidents combined 415 (1.2 years)

Auto Accidents 200

Alcohol consumption (U.S. average) 130

Home accidents 95

Drowning 41

Safest jobs (such as teaching) 30

Natural background radiation, calculated K
Medical x-rays (U.S. average), calculated 6
All catastrophes (earthguake, etc.) 3.5
4 rem occupational radiation dose, calculated 1

(industry average is 0.34 rem/yr)
1 rem/yr for 30 years, calculated 30
S rems/yr for 30 years, calculated 150

These estimates indicate that the health risks from occupational radiation
exposure are not greater than the risks associated with many other events or
activities we encounter in normal day-to-day activities.

Fquivalent Risks
| T¢-99m brain scan 3 Packs of cigarettes
18 Chest radiographs 10 Pieces of pie (a-la-mode)

Small bowel x-rav study 3 Years in Denver

C ohen and Lee, Beir 1980, MIRD
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Nobel laureate Dr. Rosalyvn Yalow ¢ Hioactive Waste Disposal

Dr. FEdward Teller on Radiation Expo
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