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Introduction

* This module focuses on the measurement and detection of ionizing radiation.
+ Theinstruments coveredwill be the most commonly used in a hospital setting.

+ After completing this module, youwill be able to measure radiation and quantify radioactivity
using severaldifferent methods
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Outline

« Units of Measure for lonizing Radiation
« Measurement Instruments: Gas-Filled Chambers
« lonization Chamber

« WellCounter and Dose Calibrator
* Measurement Instruments: Scintilation Detectors
* Ludium 44-3
+ Measurement I nstruments GM Counters
« Ludium 44-88
« Ludlum 44-9
« Ludium 44-38
« Ludlum 26-1 DOSE
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Units of Measurement
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Radioactivity Quantity Units, u
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*These units are not interchangeable.

How To Use Various Units of
Measurement

Units Deseribing RadationField
Exposure Contamination Occupational Dose
Roentgen (R) dpmimCifBq Roentgen EcuivalentMan rem)
+ UseRoentgen (R when descriting anexpasureinair or mih for eqoaure ratein air
+ “Exposure’ measures howmuchradation ispresentin ait
+ Measured withanionchamber ora GM ratemeter
Sorrelease measuremerts,

+ Usedpmwhendesciibirg bowmuchrad,

activity or cortamirationis present
+ Dpmis “disintegratiors per mintte”1mCi = 2228 dpm; 189 =160 dpm
+ UseaGM ratemeter toquartify contamination onawipesample (See Module 7 formare ctails)

+ Dpm=cpm/efi wherecpmis the

oS per minuteont e GMratemeter and effis the eficiency forthe isctopein question

+ Useremor Sievert (S when descritingthe ‘occupato el dese,

cal effect tothe human body as ag
er induction probability

nits are usedtocommunica

iskin ter s of can,
Sv=100 rem)
+ Thisis the unityou will seecn your chsimetry or cccupational badge feport.
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Gas-Filled Chambers

The general principle of a gas-filled chamber or radiation detector:
+ Avoltageis applied between ananode and cathode with gas in between

« Theanode is a positively charged element and the cathode is a negatively charged
element which createsa potential between the two elements.

« Thefonizing radiation interacts with the gas,creating electrons which are then attracted by the
positive side of the applied voltage.

« The charge is then collected and counted.
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Gas-Filled Chambers (continued)
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Thereare six regions as a function of voltage for gas-filled chambers. The two flat regions are of
interest: the ionizationchamber regionand the Geiger-Miiller (GM)region

THE SIX-REGION CURVE FOR GAS-FILLED DECTORS
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lonization Chambers

The simple diagram below shows anion chamber measuring lonization eventsin Coulombs (C)/kg
per unit. time.

+ Coulombs/kg per unit time can be converted to Roentgen or milliroentgen per unit time, or
mR/hfor true exposure rate.

Beta Shield
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lonization Chambers (continued)

utized ionchamber

Fluke P4SE F izedionchamber

ive
URh to Rh
toR

Typical natural backgroundreadng 15 Typical natural backgraundreadng 5
to 20 uRh t0 20 pRh

The ionization chamber measures radiation in termsof exposure rate in mR/h.

These measurements can be used for release criteria after patients are treated with radioactive
materials.
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lonization Chambers (continued)
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« Thegraphs below represent the energy response curvesfor the Victoreen Model 451P and the
Ludlum 9DP ionization chambers The x-axisis energy inkeV, and the y-axisis relative response
as a percentage.

« Forthe case of ¥l with a 364 keV photon emission, the relative response is high for both models
The blue arrows correspond to 1 primary photon energy.

MODEL 451P MODEL 9DP
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lonization Chamber Use

« Toproperly use anion chamber.
1. Turn the unit on.
Wait approximately 30seconds for the unit to stabilize.
Capture the background rate (usually 20 microroentgen/hour, or 20 uR/h)
Make your measurements froma known distance from the source of radiation (gross rate)
Capture the net rate:
Net Rate = gross rate - background rate

nAWN

+ lonchambers are required to be calibratedannually

Exposure rate

Power button
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Dose Calibrators

« The dose calibrator is the tool used to validate the activity present in a radiopharmaceutical or
radiotherapeutic container.

+ Dose calibrators are capable of quantifying radioactivity for radioisotopes used in nuclear medicine.
Channel settings are prescribed by the manufacturer to match the emissions of the isotope to be
quantified

« The unit itselfis a gas-filled well The radioactive sample s lowered into the well, then counted on
the appropriate satting/channel.

+ The operator presses the proper isotope button or channel setting to
quantify their sample.

+ Each manufacturer is different. Refer tothe user manual or contact the
manufacturer to determine the proper channel for the isotopes used.
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Dose Calibrator Quality Control
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+ Quality controlshould follow the most recent ANSI standard N42T
+ Dally Background Checks

o This testisdoneto c
+ Dally Constancy Checks
o This test is donewith 57Co and 57Cs

re net activity and subtract out natural background

ndard sources to veriy that response is accurate over time.
+ Quarterly Linearity
o This test isdoneto ensure thedosecalibrator responseis linear over all ranges used by thefacility.
Annual Accuracy
o Typically completed bya physicist, this test makes surethe each clinically used channel is
accurate,
+ Initial Geometry
o The geometry test iscompleted for all shapes and sizes
thedose calibrator is responding appropriately for al

ofvials or capsules used at the facility to ensure
inically used geometries.
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Scintillation Detectors

+ The scintillation detectoris a unique case for ionizing radiation detection that turns the ionizing
radiation into visible light to enable counting of the interactions

« A photon enters the scintillation crystal, visible light iscreated, then photomultipliers are used to
increase the output signal.

+ These instruments have outstanding response times and are very senstive tolow-level x-raysand
photons (10-90keVrange)

Scintillation Detectors (continued)

« The scintillation detector is typically used for gross leakage, or gross contamination
detection. Itis anexcellent inspection tool to verify that contamination has not left the
nuclear medicine department.

+ Scintilation detectorshave poor or no detection capabilty for electronsor beta particles, but they
are excellent for low-energy gamma raysand x-rays.

« The Ludlum 44-3 /Ludlum 44-2 is the most common handheld scintillation detector used in
human and veterinary nuclear medicine
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Geiger-Muller (GM) Counters
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+ The GM ratemeter or counter is the quintessential device used todetect radiation. Itis rugged and
versatile, andit is capable of detecting very energetic alpha particles, beta particles (electrons), and
photons.

+ A photon enters asmall gas-filled chamber, charged particles are created, then the charged
particles are attractedtoan anode, where a charge and thereforea signal is created. A thin mylar
window coversthe probe, which can come in the_ form of a handheld” pancake (Ludium 44-9) or a
cylindrical probe (Ludlum 44-88). Both units are the same size and geometry.

_——a. I B

b
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Geiger-Muller (GM) Energy-Compensated
Counter

Another GM probe s the Ludlum 44-38 energy-compensated probe. Ithasa similar energy response
tothat of the ion chamber and is therefore desirable for regulatory exposure rate measyrements. It is
also anideal tool to use/hen receiving radioactive packages.

LUDLUM MODEL 944-38

#|[OLYMPIC




Geiger-Miiller (GM) Counter: Ludlum
26-1DOSE
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The Ludlum 26-1 DOSE is another example of a GM ratemeter

« Digital device that comes with a dose flattening filter that can be used forrelease
measurements.

+ Canalso beused for contamination assessment with the flattening filter removed,
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Instrument Usage

1 Check battery condition: needle should go to BAT TEST line onmeter.

2 Turn range switch tothe lowest scale, then turnon audio function.

3 Conduct “check source” test (typically affixed to meter)

4. Note meter “background” reading in a location away from radiation source or radioactivity.

s Place probe (window face down) about ¥ inch fromsurface being surveyed. Never let probe
touch survey surface.

& Survey workarea by sowly moving probe over surfaces listen toaudible “clicks’ from survey
meter speaker.

7. Takeinto account efficiency to determine actual amount of radioactive material,

(cpm—bkg)
Disintegrations/min = (Counts/min - backgroundyieficiency ~ ——> dpmfm
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Contamination

Contamination is simply unwanted radioactive materials.
+ There are two categories of radioactive contamination:
« Fixed

« Removable

- Your radioactive materials (RAM) license sets two limits for removable contamination in the areas whereyou
use unsesled radioactivity
1 Fora‘controlled area” such asyour hot lab, whereaccess is restricted

For an *uncontrolled ares” such as your OR, wheremore people have

s

+ Wipe tests aretaken per unit

Typical Removable Cortamination Limits

Here weuse 00cm?, which is about thesize ofapostcard.

ControlledArea 10,000 dpm/iccm:
Uncontrolled Area 1000 dpm/0Qem:
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Monitoring for Contamination
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* Wipe Survey
= Checksfor removable contamination —
* Wipe tests are required wdaak for all areasof
unsealed use
+ Direct Instrument Survey
* Checksfor contamination ona surface
* Convenient to use
» Easily detects gross contamination
* Uses different radiation probes connected toa
survey instrument
= Use an in-calibration instrument
= Direct surveys are required aiad in areasof
unsealed use
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Daily Closeout Surveys

« Daily closeout surveys are conducted inareas of use where youire looking for
+  Sourcesor waste not appropriately shielded
+  Contaminated areas
*+  Any other radiation or source of radioactivity which shouldrit be exposed
«  Daily closeouts canbe completed with an ion chamber ora GM ratemeter.
= The preferredequipment s the Ludium 26-1 DOSE.

= Theunit should be used with the dose-flattening filter for daily closeouts and release
measurements.

= Itshould be used without the filter for contamination assessment.

Typical Exposure Rate imi
Contmlled Area SmR/h
Uncontolled Area 02mR/h
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Daily Closeout Surveys (continued)

Daily closeout surveys are completed with a GM ratemeter.

Take a background reading with your GM counter in mR/h (typically 0.02-0.05 mR/h)

Slowly move your GM probe over the surfaceswhich must be surveyed (areaswhere you used
unsealed RAM)

= You will hear the audible “clicks’ using the audio function.

(Grossrate - background rate) = net exposure rate
Example:
Gross reading =05 mR/h
Background = 0.05mR/h
Net rate =05 mR/h- 005 mR/h= 045 mR/h
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Dose Limits & Dosimetry

Annual Limit
Whole Body (TEDE) 5000 mrem 50 mSv
Extremities & Skin (SDE) 50,000 mrem 500 mSv
Lens of Eye 15000 mrem 150 mSv
Declared Pregrant Workers 500 mrem 5mSv
Members of thePublic 100 mrem

2 mrem in any1 hour
This is for occupationally exposed staffonly This does not apply to patients!!!
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Dosimeters

* May beissued monthly or
quarterly
¢ TLD vs Film
* Practical Tips
+ Storein alow
background area
* Wear outside of your
lead, if applicable
* Only wear your badge!
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Pocket Dosimeters & Pocket Chambers

maveable peliows
fiber

L e =

1 1
eyepiece  geale objective on charging
lens. lens chamber contact

pin
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Summary of Module 5: .
Radiation Detection Instrumentation
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There are mary different instruments used to measure and quantify radiation and
radioactive material.

“Exposure” describes how muchradiation is present in air. It canbe measured withan
ion chamber or GM ratemeter.

“Disintegrations per minute” (dpm) describes how much radioactivity is present in the form of
contarmination. It can be measured with a calibrated GM ratemeter, dose calibrator, or a
scintillation detector.

The GM ratemeteris the most versatile instrument for measuring both radiation and
radioactivity.

A‘OLYMPIC

10



