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* Peer Example of Radiation Safety Plan Dose Calculations



CDPHE - Rules & Regulations

WOTICE TO EMPLOYEES

Instructed in health protection problems associated with exposureto
radiation

Purposes and functions of protective devices employed.
Instructed in applicable provisions of rules and regulations

Instruction will commensurate with potential radiological health
protection problems



Occupational Dose Limits for
Radiation Workers

Whole Body Dose Limit = 5 rem or 5000 mrem I W

Extremity or Skin Dose Limit = 50 rem or 50,000 mrem

Lens of the Eye Limit = 15 rem or 15,000 mrem



Occupational Dose Limits

Dose Limit for Minors — Under 18 = 500 mrem

Dose Limit for Unborn Fetus = 500 mrem

X-ray room

@ <=
Dose Limit for General Member of Public = 100 mrem M’

w



e Purpose
« Policy
* Responsibilities

RADBIATION




RADIATION USE APPLICATION

Must clearly show the calculations for the expected deses for
all project members. Include both internal and external
calculations. List and normal use scenarios.




Major Types of lonizing Radiation

Alpha, Beta, Gamma
|II*

—> Large Mass (nuclel)
Range 1-2 centimetersin air

Alpha Particle — Helium Nucleus that has a +2 charge

Beta Particle — electron that originates from inside the nucleus

Small Mass
(subatomic particle)
Range 0-2 metersin air

el VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
and X-Rays

Electromagnetic Radiation — No mass; Range of metersin air

° >
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Sin Biology: Epidermis

e Outer layersof dead
cells constitute 25%
of the epidermis
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ESTIMATION OF EXTERNAL

o RADIATION DOSE
Dead Skin Layer'0'07 mm

Alpha Particle

*External doses not generally required;

Minimum of 7.5 MeV to penetrate dead skin layer

*Thorium has 8 MeV alpha, yet no dose effects are observed even at
high doses

«Contact RCO for high energy a particles



ESTIMATION OF EXTERNAL
B RADIATION DOSE

NOT IN CONTACT WITH SKTN

*Rule of thumb, valid over awide range of beta energies

« (,_radOm*) A Activity (Ci
D-(Z? ]F y (C)

Ci Llhr

Distance from
Dose Rate (rad/hr) source (m)

 A'sSumes point source and no attenuation to air or source material

*EXxpect large errors beyond 1 m (overestimates absorbed dose)



EXTERNAL 3 RADIATION DOSE
IN CONTACT WITH SKIN

Use this formula: Dose Rate Conversion Factor
\ 2 )

A <— Activity on skin (uCi)

DoseRete(radhr)  —> [ DY C, —
9@l < Areaof contamination on skin

(cm?)
To use the formula, some additional information 1s needed:

Thereisa 0.07 mm (7 mg/cm?2— density thickness) dead skin layer that acts as shield to the betas
Complex empirical formulas are used to compute skin dose for beta radiation
Recommend using the Varskin ™ Chart to determine the Dose Rate Conversion Factor (C)

The Varskin Chart isused for:
Infinitely thin area sources (liquid on skin) and for several shield thicknesses

7 mg/cm? > dead skin layer shield
20 and 30 mg/cm? > dead skin layer + latex gloves




EXTERNAL 3 RADIATION DOSE
IN CONTACT WITH SKIN

Varskin Dose Correction Factors for Commonly Used

Isotopes
5
x| 6
= @ Bare Skin
;E S 20 mg/cm’2
= 30 mg/cm’2
S -
E
Tl 3
-
-
;. 2
L. e
[
0 ! I I——"———
0.157 0.167 0.249 0.258 0.546 1.71 2.281
C-14 S-35 P-33 Ca-45 Sr-90 P-32 Y-90

Maximum Beta Energy (MeV) and Radioisotope



ESTIMATION OF EXTERNAL (3 RADIATION DOSE
IN CONTACT WITH SKIN

Varskin Dose Correction Factors for Commonly Used Isotopes

G
= ® Bare Skin
= 20 mylcnf2
é 30 mg/cm2
i
E
(&)
-
-
E
L
L
0.157 0.167
C-14 S-35

Determine Isotope and Skin
Shielding factor to be used —
(here S-35 on bare skin)

6.03

0.034

0.249 0.258 0.546 1.71 2.281
P-33 Ca-45 Sr-90 P-32 Y-90

Maximum Beta Energy (MeV) and Radioisotope

<— Determine activity on skin (uCi)

<— Estimate area contaminated (cm?)



ESTIMATION OF EXTERNAL (3 RADIATION DOSE
IN CONTACT WITH SKIN

Estimation of Skin Dose using the preceding formulaisNOT
Valid for the following beta emitting isotopes:

H-3 does not have a maximum energy beta high enough to penetrate the
dead skin layer. Thus, thereis
No external dose associated with H-3.



Dose Units and Quantities.
Alpha, Beta, and Gamma

To thispoint, all of our doses are calculated in units of rac SN must
convert rad/ hr to when analyzing a radiation dose to a human
being. Thiswill be shownin alater dlide.

“Rad” is an acronym that stands for “Radiation Absorbed Dose”. Itisa
measurement of the amount of energy deposited by any type of radiation
In any material. It does not take into account the biological effectiveness
of different radiations into the human body, thus we must convert to
” which stands for “ " or

The unit “Roentgen” (R) is ameasurement of the specific ionization of
air molecules by photons. It only appliesto gamma or x-ray photonsin
air. Seethenext dide.




ESTIMATION OF EXTERNAL
Y RADIATION DOSE

-
*Unshielded point source
Activity (Ci)
/ _
Exposure Rate (R/hr) Distance from

source (m)

Specific gamma-ray constant provided in table (R m?2)/(hr Ci))



Specific Gamma-Ray Constant for Some
Commonly Encountered Gamma Emitters

Nuclide

-
(R m?)/(hr Ci)

Nuclide

-
(R m9)/(hr Ci)

0.24

125|

0.07

0.116

131|

0.22

0.33

192| r

0.48

0.09

0.47

1.32

0.825

0.23

1.20




Converting a Gamma-Ray Exposure Rateto Dose
Equivalent Dose Rate
|||||||Q

Threedepths
1.0cm used for “Deep” absorbed dose
0.3cm used for dose to lens of the “Eye”
0.007cm  used for “Shallow” or skin dose

Dose Equivalent rate (rem/hr)

T |:| =C d).(<— Exposure Rate (R/hr)

Conversion factor from table (rem/R)



Rem/R Conversion Factors (C,)

Photon Energy
(keV)

Conversion Factors at Depth (rem/R)

1.0 cm
(*Deep’)

0.3cm
(Lens of Eye)

0.007 cm
(“Shallow”)

15

07>

0.67

0.9

20

tors

0.79

0.94

30

ease

1.07

1.11

40

(128> W/ Photon 129

1.34

50

&>

1.46 Ene

oy

1.46

1.50

1.4D

1.47

>

70

1.45

prse Case

1.50

80

1.45
CI4D  Fag

1.43

1Se Factor

1.48

90

(141D  Dect

1.41

e thisfor

1.45

(139> w/P

1.39

culations

1.43

(137>  Ene

1.37

1.40

1.35

1.35

hoton

1.36

1.33

1.33

rgy High

1.34

1.32

1.32

Factors

1.32

1.30

1.30

—qual

1.30

137




Example Calculations

3 External Dose Equivalent Dose Rate
Unshielded, Not in Contact With Skin for 3P

. ;)
What is the Dose Rate to a person who sits 30 cm from 10 microcuries

of 32P? (Assumethereisno shielding from air or the source vial)

2 %* 2 -6
27radDm)A D-:[27rad m j10x10 Ci

CiOhr |d? hrOCi ) (0.3mY

N\

ST NLES) 30 cm from the source

Converting from
Absorbed Dose to
Dose Equivalent is done
By multiplying the Abs.
Dose by a Quality Factor

For beta particles, Q=1



Example 3 Calculation - External Dose Equivalent
Dose Rate Unshielded, In Contact With Skin

The latex had athickness of 5 mils and only one pair was worn

glove was removed after 10 seconds.

What is the dose incurred by spilling 50 uCi of P32 on agloved m’P

Calculate the Density Thickness of the glove:
First, calculate the thicknessin cm (‘mils’ = “milli-inches’) = 0.005” = 0.0127 cm

Second, we will assume that the density of latex is equal to that of water, or 1 g/cm?

Density Thickness is calculated by multiplying the two together:
X, = pX = (1 g/cm?3) (0.0127 cm) = 0.0127 g/cm? = 12.7 mg/cm?

Total shield from glove and dead skin layer:

/

Xmtot = (12.7 +7) mglcm? =

Maximum energy of 3°P beta =




D=

Example 3 Calculation (Continued)

Varskin Dose Correction Factors for Commonly Used Isotopes

6.03

® Bare Skin " 5 5
20 mylcnm2 19.7 mag/cm? (20mag/cm

somgenre | Total Calculated Shield

0.157 0.167 0.249 0.258 0.546 @ 2.281
C-14 S-35 P-33 Ca-45 Sr-90 P-32 Y-90
Maximum Beta Energy (MeV) and Radioisotopé
Activity on skin=50 uCi  For beta particles, Q=1 Maximum beta energy

— =614 nrem
1cm? hr hr  3600sec/ hr ———

Skin area contaminated = 1 cm?

hr Oy Ci

2 .
[4_42rad Cem jSO/JCI _,yqfad _ ., rem, 10sec



Exampley Calculation External Dose Equivalent
Dose Rate Unshielded for 13’Cs

-
What is the dose rate from a 0.53 uCi 13’Cs source that is 30 cm away
From the individual ?

Maximum energy of 13’Cs gamma =
Specific Gamma-Ray Constant for 13Cs

Nuclide

(R m?)/(hr Ci)

_

Rem/R Conversion Factors (C,)

Photon Energy Conversion Factors at Depth

1.0cm 0.3cm 0.007 cm
(“Deep”) (Lens of Eye) (“Shallow”)




Exampley Calculation External Dose Equivalent
Dose Rate Unshielded for 13'Cs

Exposure Specific gamma-ray Actim'%
Rate (R/hr) constant provided intable = 0.53 uCi

Distance from

hr OCi ) (0.30m) < Sy

R O ] 0.53x10°°C;j

X =1.94 x 108 R/hr

® o &
H=C X = 2.00 prem/hr
/)

Natural Background from
Conversion factor from table = 1.03 (rem/R)

Cosmic Radiation = 15-20
urem/hr



Reducing External Radiation
EXposure

e Time:
reduce time spent in radiation area

e Distance:
stay as far away from the radiation source as possible

e Shielding:
Interpose appropriate materials between the source and the
body



Reduction of Exposure Time

e Training: )
training Improves efficiency snould include full renearsal of
the procedures outside of the radiation area to 1mprove
efficlency and confidence

* Power and automated equipment

|_ab design
allows easy access to the eguipment and components

e Task modifications from ALARA review



Control of Distance

D
 remote operation

manipulating devices, remote handling tools

* moving away from sources
remain near a source only when it is being used

e remove other radiation sources
waste containers
unnecessary sources



Shielding

Basic principle: S
Place materials between the source and person to absorb
some or all of the radiation

0 radiation: no shield required for external exposures,
dead skin layer stopsa’s

(3 radiation: ranges of metersin air; some can penetrate
dead skin layer; thin plexiglass shields adeguate

ex and y radiation: highly penetrating, best snields are
high atomic number materials (Iead)



Other Methodsfor Controlling
External Exposure

Inventory Limitations:
Reduce activity stored in work area
Separate into multiple containers and store el sewhere
Centralize storage

Good Practices.
Restrict access
Limit personnel
Post areas
Post procedures
Buddy system



INTERNAL RADIATION
EXPOSURE

Deposited in the body

Pathways
|nhalation of dust, mistsor fumes
| ngestion of contaminated food or water
| njection via puncture wound
Absor ption through skin or via a wound



INTERNAL RADIATION
EXPOSURE

*Rarely any method to reduce exposure once in the body
o|f long physical and biological half-life, may irradiate
individual for rest of life

Estimates of dose are complex
*Quantity of intake usually not known
Complex biological process of elimination and
concentration
*High biological variability
Fraction of energy released deposited in other organs



INTERNAL DOSIMETRY
CALCULATIONS
II*

Two aspects make dose estimate methods very different
compared to external exposures:
*Metabolic processes areimportant in eliminating and/or
concentrating radioactivity

*Exposureinternally may continuefor alifetime



DOSE EQUIVALENT
QUANTITIES

Differencesin radiosensitivity are addressed using risk
based weighting factors. Effective Dose Equivalent

Duration of exposure isaddressed by integrating the
exposure over 50 years. Committed Dose Equivalent

*Both problems are simultaneoudy addressed using the
concept of Committed Effective Dose Equivalent



DOSE EQUIVALENT

OI’ ganS a.nd T|SSU€S )
HT = QDT

EFFECTIVE DOSE
EQUIVALENT

Sum of products of dose equivalent to organ or tissue (H-)
and weighting factors (w;) applicable to each organ or
tissuethat isirradiated:

He = zT'wTHT



WEIGHTING FACTORS (w-)

Proportion of risk of stochastic effects r esulting.fkem
iIrradiation of that organ or tissueto thetotal risk of
stochastic effects when the whole body isirradiated

uniformly

Organ or Tissue Wr
Gonads 0.25
Breast 0.15
Red Bone Marrow 0.12
Lung 0.12
Thyroid 0.03
Bone Surfaces 0.03
Remainder 0.30

Whole Body 1.00



COMMITTED DOSE
EQUIVALENT

H+ 50 IS the dose equivalent to an organ or tissue (T) that will
be recelved from an intake of radioactive material by an
Individual during the 50-year period following the intake:

Determined by physical decay of the nuclide and metabolic models:
*Models based on reference man include:
respiratory tract model
gastrointestinal tract model
Bone model
Systemic biokinetic and excretion models



MODELS

Mathematical descriptions of the transfer of materialsaadthin
the body and their elimination

Depend on:
- Impacts on solubility and transfer to and from
the blood
- distribution for inhalation which impacts where
the particles lodge in the respiratory tract

First principle calculation beyond the scope of this course.
An easy to use quantity isthe ALI (Annual Limit on Intake)



COMMITTED EFFECTIVE
DOSE EQUIVALENT

He 5 IS the dose equivalent to an organ or tissue (T) that will
be recelved from a single intake of radioactive material that
Addresses both the radiosensitivity of the organsto a
particular 1sotope as well as the time duration of exposure over
a 50-year period following the intake:

CEDE = (A/ ALI) x 5rem for whole body exposure

CEDE = (A/ ALI;) x50rem for atarget organ



ANNUAL LIMIT ON INTAKE
(ALI)

Derived limit for the amount of radioactive material taken into
the body of an adult worker by inhalation or ingestion in a
year.

ALl isthe smaller value of intake of agiven radionuclidein a
year by reference man that would result in:
ea committed effective dose equivalent of 5rem
or
ea committed dose equivalent of 50 rem to any individual
organ or tissue



READING ALl TABLES

ChemlCal fOrm . SGlf-eXpl anatory ||||||||_

Classes - inhalation for an aerosol with median diameter of 1
um and for 3 retention times in the pulmonary region of the
lung:

D - days - clearance half-times <10 days
*\V - weeks - clearance half-times of 10 to 100 days
Y - years- clearance half-times > 100 days

|f organ islisted then 50 rem limit to that organ applies
|f organ isnot listed then 5 rem limit applies



ALl TABLES

Part 4 Appendix B of the State Rules and Regulations

Examples
Atomic No. Radionuclide Class Oral
Ingestion Inhalation
ALl ALl
(LCi) (LCi)
6 Carbon-14 Monoxide : 2E+6
Dioxide - 2E+5
Compounds 2E+3 2E+3
53 |lodine-125 D, all compds 4E+1 6E+1

Thyroid  Thyroid
(1E+2) (2E+2)



EXAMPLE CALCULATION

Accidental ingestion of 1 uCi #C labeled organic compound
Heso = (AJALI)5 rem

|ntake activity (UCi) / \

Thereisno target organ so 5 rem is used

ALI fromtable (uCi)

He 50 = (1 uCi /875 pCi)(5 rem) = 5.7 mrem



EXAMPLE CALCULATION

Accidental inhalation of 1 uCi 1 in the elemental form

chyroid 50~ (A/ALI1,)50 rem

Intake activity (LCi) KALI from table (UCi)

Thereisatarget organ so 50 rem is used

Hipyroigs0 = (1 HCi /60 puCi)(50,000 mrem) = 833 mrem

He 50 = (1 pCi /200 pCi) (5,000 mrem) = Zi mrem



Control of Internal Exposure

D
* Expend effort to prevent any intake of radioactive material

2 Types of contamination must be controlled
removable surface contamination

airborne contamination
* SUSPENsion
* resuspension
o sputtering of fluids
e vVaporization



Methods for Control of
Contamination -

» design features associated with the lab
* routine contamination surveys
 decontamination of objects and individuals
e alr-sampling and air-monitoring
e use of PPE
e administrative guidelines



Example of Dose Calculations
From alLab (External)

D
The license or registrant shall demonstrate compliance with the dose limits by
summing external and internal doses.

Procedure Activity Distance Time Number
(uCi) (cm) (secs) of Procedures

1) Open Bottle 1000 10 0.5 1

2) Removeb5 pl 1000 10 2 2

3) 5ulinreaction 50 10 5 2

4)  Mix compnents 50 3.5 10 2

5) Thermal block 50 3.5 5 2

6) Remove reaction 50 3.5 5 2

7) Pipette reaction 50 3.5 10 2

8) Mixtubecontents 8.4 3.5 5 12

9) Remove tube 8.4 3.5 10 12



Example of Dose Calculations
From alLab (External)

(LCi)

Procedure Activity
10)Cap indiv. tubes 2.1
11)Moveto cycler 2.1

12)Remove tube fr. cycler 2.1
13)Place tube in heat block 2.1
14)Load Aliquot. 2.1
15)Remove gel 8.4
16)Discard gel 8.4

(Continued)

Distance
(cm)

3.5
3.5
3.5
3.5
3.5
80

50

Number

of Procedures
48

48

48

48

48

1

1



Example of Dose Calculations
From alLab (External)

Procedure mrem/hr Total
1 2700 0.4 MM
2 5400 3
3 270 4
4 2204 6.1
5 2204 3.1
6 2204 3.1
7 2204 6.1
8 2222 3.1
9 2222 6.2
10 2222 3.1
11 2222 1.2
12 2222 3.1
13 2222 1.2
14 2222 3.1
15 0.4 0.0
16 0.9 0.0

Total 43.1



Example of Dose Calculations
From alLab (Internal)

o
Accidenta oral ingestion of 1 uCi of %P

HE,50:£ LC jSOOOmrem:167mrem

304Ci

Accidental inhalation of 1 uCi of 32pP

HE,50=( Ly jSOOOmrem:5.55mrem

9004 Ci




Example of Dose Calculations
From alLab (Internal)

5 volumes handled and amounts on previous pages for *?Pin DNA
seguencing procedures

Whole Bottle

L abeling Reaction
Sequencing
Reaction

One Deoxy
Reaction

One Loading on
sequencing gel

Activity (LCi)

1000
50
10
2.5

1

Committed
Dose Equiv.
Oral Ingest.
8333

417

83

21

8

Committed
Dose Equiv.
|nhalation
5556

278

56

14

6



e Questions ??7? e
See our Website — http://www.ehs.col ostate.ed

u/rﬂ lon
Please Feel Free to Contact: The Radiation Contr Ice

[
2 133 General Services Bld.
@{?ﬂiﬂe i
& CSU Main Campus
N8 Fort Collins CO. 80523-6021

d Environmental Health Services. 491-6745
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