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Atomic Energy Licensing Regulations (BSS) 2010 (Act 304)

require monitoring to be carried out on all personnel who work

in controlled areas (and selectively in supervised areas).

Occupational exposure can be delivered to personnel either

by sources outside the body in the form of external radiation

or by intake of radioactive contaminants.

Atomic Energy Licensing Regulations (BSS) 2010 (Act 304)

require the radiation exposures both from external and internal

sources be evaluated to represent an individual dose in a

year.

A devices that is accepted by the AELB are required by all

personnel to measure the radiation dose received while

working with radiation sources or working in classified areas.

IntroductionIntroduction



ToTo provideprovide informationinformation onon radiationradiation dosedose receivedreceived byby workersworkers..

ToTo observeobserve thethe trendstrends ofof exposureexposure historieshistories ofof individualsindividuals oror
groupsgroups ofof workersworkers inin orderorder toto assessassess thethe needneed forfor improvedimproved
standardsstandards ofof radiationradiation protectionprotection..

ToTo provideprovide informationinformation inin thethe eventevent ofof accidentalaccidental overover exposureexposure..

ToTo provideprovide informationinformation aboutabout thethe conditioncondition ofof radiationradiation levellevel atat
workplaceworkplace..

ToTo improveimprove thethe workersworkers attitudesattitudes towardtoward radiationradiation protectionprotection inin
orderorder toto reducereduce futurefuture exposuresexposures asas aa resultsresults ofof informationinformation
givengiven toto themthem..

ToTo demonstratedemonstrate thethe adequacyadequacy ofof supervision,supervision, trainingtraining andand
engineeringengineering standardsstandards..

ToTo provideprovide aa recordrecord ofof informationinformation whichwhich maymay bebe neededneeded forfor
legallegal oror epidemiologicalepidemiological purposespurposes..

Objective of Personnel MonitoringObjective of Personnel Monitoring



Personal monitoringPersonal monitoring

External monitoringExternal monitoring
(the measurement of dose due to 

sources outside the body)

Internal monitoringInternal monitoring
(the measurement of dose due to 

sources inside the body)

1. Whole body

2. Partial Body     

1. Whole body

Counter (WBC)

2. Partial Body     

Counter

BioassayBioassay
Whole body

monitoring

Whole body

monitoring

Partial body

(extremity)

monitoring

Partial body

(extremity)

monitoring

1. Film badge

2. TLD badge

3. Direct reading 

4. Others (OSL/RPL)

1. Film badge

2. TLD badge

3. Direct reading 

dosimeter

4. Others (OSL/RPL)

TLD ringTLD ring



Personal Dosimeters Personal Dosimeters 
(External Radiation)(External Radiation)



Film dosimeter @ film badgeFilm dosimeter @ film badge

 OneOne ofof thethe oldestoldest detectorsdetectors ofof ionizingionizing
radiationradiation..

 FilmFilm badgebadge consistsconsists ofof twotwo componentscomponents ;;
 AA holderholder (usually(usually mademade ofof plasticplastic andand

incorporatingincorporating filtersfilters ofof variousvarious materialmaterial ee..gg..
coppercopper andand leadlead filtersfilters forfor PTWPTW--typetype filmfilm holder)holder)..

 AA filmfilm packpack (e(e..gg.. AgfaAgfa--GeveartGeveart FilmFilm –– useuse twotwo
piecespieces ofof filmfilm ofof differingdiffering sensitivitysensitivity wrappedwrapped inin aa
lightlight tighttight paperpaper andand mountedmounted inin waterwater andand lightlight
tighttight plasticplastic envelope)envelope)

 AA sensitivesensitive filmfilm forfor normalnormal exposureexposure (low(low dose)dose)

 Less sensitive film for abnormal exposure (high doses of
up to 1Sv or 1000 mSv).

..



Personnel Monitoring Instrument for Personnel Monitoring Instrument for 
External RadiationExternal Radiation –– Film DosimeterFilm Dosimeter

The PTW film holder for personal dosimetry type 8621
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Film DosimeterFilm Dosimeter

TheThe emulsionemulsion consistsconsists ofof microscopicmicroscopic grainsgrains oror crystalcrystal ofof

silversilver bromidebromide (AgBr)(AgBr) disperseddispersed inin aa gelatingelatin layerlayer onon eithereither

oneone oror bothboth sidessides ofof filmfilm basebase (cellulose(cellulose acetate)acetate)..

GrainsGrains sizesize  00..11 mm (less(less sensitivesensitive film)film) –– 11 mm (sensitive(sensitive

film)film)..

TheThe radiationradiation absorbedabsorbed byby individualindividual silversilver crystalcrystal willwill causecause

aa latentlatent imageimage whichwhich appearappear asas darkdark imageimage afterafter chemicalchemical

processingprocessing (( convertconvert AgAg++ ionsions toto AgAg atom)atom)..

TheThe darkeningdarkening ofof thethe filmfilm isis proportionalproportional toto thethe amountamount ofof

radiationradiation andand dependingdepending onon thethe typetype ofof radiationradiation qualityquality..

TheThe darkeningdarkening ofof thethe filmfilm cancan bebe measuredmeasured byby usingusing

densitometerdensitometer..

DoseDose toto thethe filmfilm isis determinedetermine byby measurementmeasurement ofof opticaloptical

densitydensity (O(O..DD..))..



Exposure Process Visible image

Film Dosimeter

( chemical solutions )

Chemical process – to convert the invisible latent 

image into a visible image with a range of densities. 



Thermoluminescence Thermoluminescence 

Dosimeter (TLD)Dosimeter (TLD)

AA smallsmall devicedevice usedused toto measuremeasure
radiationradiation byby measuringmeasuring thethe amountamount ofof
visiblevisible lightlight emittedemitted fromfrom aa crystalcrystal inin thethe
detectordetector whenwhen exposedexposed toto ionizingionizing
radiationradiation..

TheThe amountamount ofof lightlight emittedemitted isis
proportionalproportional toto thethe amountamount ofof radiationradiation
absorbedabsorbed (dose)(dose) byby thethe TLTL materialmaterial..



Thermoluminescence ProcessThermoluminescence Process

Stage 1 : Energy absorbed.

Radiation TLD

Stage 2 : Energy released.

Heat TLD Light



Personnel Monitoring Instrument for Personnel Monitoring Instrument for 
External RadiationExternal Radiation –– TLDTLD

TheThe processprocess involveinvolve ofof excitedexcited electronselectrons
getget trappedtrapped inin aa higherhigher energyenergy statestate..

WhenWhen heatingheating atat aa specificspecific temperaturetemperature
thethe trappedtrapped electronselectrons returnreturn toto theirtheir
normalnormal oror groundground state,state, releaserelease energyenergy inin
thethe formform ofof visiblevisible lightlight oror photonsphotons..

TheThe amountamount ofof lightlight releasedreleased isis
proportionalproportional toto thethe exposureexposure receivedreceived byby
thethe crystalcrystal..



Schematic Diagram of Thermoluminescence 
Process
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TLD Reader TLD Reader 

AA TLDTLD readerreader isis thethe instrumentinstrument usedused toto heatheat

thethe TLTL crystalcrystal andand toto measuremeasure andand recordrecord thethe

lightlight intensityintensity duringduring thethe heatingheating cyclecycle..

TheThe outputoutput displaydisplay ofof suchsuch aa readerreader cancan taketake

thethe formform ofof thethe luminescentluminescent lightlight outputoutput

versusversus temperaturetemperature graphgraph isis calledcalled aa ““glowglow

curvecurve””..

TheThe areaarea underunder thethe glowglow curvecurve isis usedused asas aa

measuremeasure ofof dosedose..

TheThe shapeshape ofof glowglow curvecurve dependsdepends onon thethe typetype

andand amountamount ofof impuritiesimpurities inin thethe materialmaterial..



Schematic diagram of a typical TLD readerSchematic diagram of a typical TLD reader



Typical Glow Curve 



TLD Materials

Personnel Monitoring Instrument for Personnel Monitoring Instrument for 
External RadiationExternal Radiation ––TLD DosimeterTLD Dosimeter

In form of TLD badge 

for whole body dose 

monitoring & TLD ring 

for extremity dose

 The materials that normally used for 

personal monitoring is Lithium 

Fluoride (LiF)



TLD BadgeTLD Badge

The filter configuration of TLD badge is

designed to agree with International

Commission on Radiation Units and

Measurements (ICRU) Hp(10), Hp(3) and

Hp(0.07) recommendations.



Personal dose equivalent : HPersonal dose equivalent : Hpp(d)(d)

Definition :Definition :

TheThe dosedose equivalentequivalent inin softsoft tissuetissue

belowbelow aa specifiedspecified pointpoint onon thethe bodybody atat

anan appropriateappropriate depth,depth, dd..

ThisThis quantityquantity isis usedused forfor thethe

measurementmeasurement ofof bothboth stronglystrongly andand

weaklyweakly penetratingpenetrating radiationradiation withwith

personalpersonal dosimetersdosimeters..



Cont’dCont’d

DepthsDepths ofof dd == 1010 mmmm forfor stronglystrongly penetratingpenetrating
radiationradiation andand dd == 00..0707 mmmm forfor weaklyweakly
penetratingpenetrating radiationradiation areare recommendedrecommended..

TheThe personalpersonal dosedose equivalentequivalent atat 1010 mmmm
depth,depth, Hp(Hp(1010),), isis usedused toto provideprovide anan estimateestimate
ofof effectiveeffective dosedose..

TheThe sensitivesensitive cellscells ofof thethe skinskin areare consideredconsidered
toto bebe betweenbetween 00..0505 andand 00..11 mmmm belowbelow thethe skinskin
surface,surface, andand thereforetherefore Hp(Hp(00..0707)) isis usedused toto
estimateestimate thethe equivalentequivalent dosedose toto skinskin..



Position Purpose Filter

1 Energy 
discrimination

240mgcm-2ABS + 
91mgcm-2Copper 
equiv. 333 mg.cm-2

2 Deep dose @ 

Hp (10)

107mgcm-2ABS + 
893mgcm-2PTFE

equiv.1000 mg.cm2

3 Skin dose @ 
Hp(0.07)

Mylar 17 mg.cm-2

4 Len of the eye 
dose Hp(3)

ABS : 300 mg.cm-2

TLD Badge for Personal MonitoringTLD Badge for Personal Monitoring

Personnel Monitoring Instrument for Personnel Monitoring Instrument for 
External RadiationExternal Radiation

2 1

3 4

12

3 4

4.1cm

6.8cm

Acrylonitile-butadien-styrene (ABS) 

Poly-tetra-fluoro-ethylene (PTFE)



Comparison between film badge and TLDComparison between film badge and TLD

Film badge TLD badge

Permanent image record No image recorded, only recorded

the glow curve

Not reusable Reuseability (manufacturer spec.

500-1000 times)

Direction of radiation incident and

presence of radioactive

contamination can be detected.

Not possible

Less accuracy ( 30 % ) High accuracy ( 5 %)

Minimum detectable  200 Sv Minimum detectable dose  10 Sv.

Measurement of Dose Equivalent

only

For depth dose (dose equivalent),

skin dose & lens of the eye dose

Maximum of two years storage. No limitation period.



Cont’dCont’d

Film badge TLD badge

Sensitive to light Not sensitive to light

Sensitive to environment 

(temperature & humidity).

Less sensitive to environment

Not tissue equivalent material Certain TLD is tissue equivalent

material (Ex. LiF and LiBO4)

Relatively low cost High cost



General rules for using personal dosimetersGeneral rules for using personal dosimeters

1. The user must wear dosimeter all the time when working in

controlled area.

2. The dosimeter should be placed at the body location i.e.

between the waist and neck level.

3. The dosimeter must be worn only by the person whom it is

issued .

4. The personnel should used the film dosimeter with the same

identification number for the whole working life time or

otherwise notified.

5. Never use dosimeter badge/holder other than recommended by

the Nuclear Malaysia.

6. Never use a dosimeter without its holder.

7. Never use a dosimeter holder without a complete set of a filter.

8. Never allow any objects to shield the front of the dosimeter.



Cont’d

9. Dosimeters must not be worn during non-occupational exposure,

such as during treatments with medical x-ray.

10. Dosimeter should be protected against damage by heat, moisture,

pressure and contamination.

11. Dosimeters not in use should be stored in clean area (ex.

administration office).

12. Dosimeters shall be changed on a monthly basis or on a duration

as permitted by the authority.

13. Use the old dosimeters until the new one received. Change the

old with the new dosimeter at the beginning of the month. Return

the used dosimeters to the service center for dose analysis.

Note:

 Films returned over 1 (one) year beyond their expiry date will not be

processed.

 Finger dosimeter should also be used if hands are likely to receive

higher radiation exposure than other parts of body.

 In cases of radiation accident or a higher dose is suspected, return the

relevance dosimeter immediately to Nuclear Malaysia.



The direct-reading dosimeter should be treated as an 

additional or a supplementary to the approved type of 

personnel monitoring device. 

Pocket dosimeters are used whenever:

 Film/TLD dosimeter is inadequate in the RPO judgments 

 The radiation field is high and to prevent over exposure. 

 A person is temporarily exposed to radiation and only 

needs to be monitored for a few days for example visitors 

Personnel Monitoring Instrument for Personnel Monitoring Instrument for 
External RadiationExternal Radiation –– Pocket DosimeterPocket Dosimeter



Types of Pocket Dosimeter

Electronic personal dosimeter.

Electroscope personal dosimeter (pen/pocket 

dosimeter) 

Personnel Monitoring Instrument for Personnel Monitoring Instrument for 
External RadiationExternal Radiation –– Pocket DosimeterPocket Dosimeter



DirectDirect--Reading DosimeterReading Dosimeter

Silicon diode detector for X-ray & 

gamma ( 60keV – 3 MeV )

Electronic Personal Dosimeter Electroscope Personal Dosimeter with 

charger (pen dosimeter)



Pocket / Quartz Fiber DosimeterPocket / Quartz Fiber Dosimeter



Monitoring for internal contamination 

Required to be carried out on personnel who work with 

open or unsealed radioactive sources or in places 

where contamination is confirmed to be present.

Radioactive materials can enter the body through:

Personnel Monitoring Instrument for Internal Personnel Monitoring Instrument for Internal 
Radiation Radiation 

Inhalation Ingestion Absorption through 

skin/cut/injury/openings



Monitoring for internal contamination.

There are two common methods used to 

determine the internal contamination 

namely:

bioassay; and 

whole body/partial body counting

Personnel Monitoring Instrument for Internal Personnel Monitoring Instrument for Internal 
RadiationRadiation



Bioassay Bioassay 

Indirect method used to assess intake of radioactive Indirect method used to assess intake of radioactive 

materials into body. materials into body. 

Common method used to assess intake of alpha, Common method used to assess intake of alpha, 

beta and low energy gamma emitters, e.g. radiumbeta and low energy gamma emitters, e.g. radium--

226, strontium226, strontium--90, phosphorus90, phosphorus--32, tritium and 32, tritium and 

iodineiodine--125. 125. 

Examples of bioassay material, urine, Examples of bioassay material, urine, feacesfeaces and and 

sweat.sweat.

Personnel Monitoring Instrument for Internal Personnel Monitoring Instrument for Internal 
RadiationRadiation



ContCont..

•• MeasureMeasure radionuclideradionuclide concentrationconcentration inin BecquerelBecquerel thanthan
convertconvert toto radiationradiation dosedose usingusing standardstandard tabletable givengiven inin
AtomicAtomic EnergyEnergy RegulationRegulation (BSS)(BSS) 20102010..

•• TheThe measuredmeasured radionuclideradionuclide concentrationconcentration cancan bebe tracedtraced
backback toto thethe actualactual amountamount atat thethe timetime ofof intakeintake usingusing thethe
standardstandard excretionexcretion raterate ofof humanhuman beingsbeings.. ThisThis estimatedestimated
amountamount ofof intakeintake isis comparedcompared withwith thethe allowableallowable AnnualAnnual
LimitLimit ofof IntakeIntake (ALI)(ALI) stipulatedstipulated inin thethe BasicBasic SafetySafety
StandardStandard..

Personnel Monitoring Instrument for Internal 
Radiation



Whole body counting

Direct method of measuring intake of radioactive materials into the 

body.

whole-body counting system and is designed primarily to detect 

penetrating radiation emitted by radionuclides that have been taken 

into the body 

These systems use spectrometry-quality detectors, such as sodium 

iodide or sometimes germanium, in conjunction with multichannel 

analyzers.

The systems usually incorporate software to quantify the amount(s) 

of specific radionuclides detected under the assumptions of certain 

predetermined counting efficiencies. 

System is made sensitive enough to detect and measure weak 

transmitted gamma radiation emitted by radionuclides deposited in a 

particular organ in body. 

.

Personnel Monitoring Instrument for Internal Radiation



- Whole body detector scan

along the entire length of the

body or with stationary

detectors and a movable bed.

One type of popular whole-

body counting system uses

large stationary sodium iodide

(NaI) or hyper pure

germanium (HPGe) detectors.

Conts

New WBC –Nuclear Malaysia

Hyper pure germanium (HPGe) detector



Shape of a chair with three

detectors positioned in the

directions that allow for

optimum measurement of

radionuclides deposited in

three critical organs, namely

lung, stomach and thyroid.

To minimize interference

from the background

radiation, the system is

normally provided with

adequate thickness of

shielding material on both

the detectors and the

subject to be measured.

Personnel Monitoring Instrument for Internal Radiation

Partial body counter -Chair Type



Chair 

geometry

Detector



Measurement of radioactivity in 

the lung



which is primarily intended to detect which is primarily intended to detect 
radionuclide contamination on the radionuclide contamination on the 
external surface of the body or external surface of the body or 
clothing. clothing. 

Personnel contaminated externally  is Personnel contaminated externally  is 
monitored using a portable radiation monitored using a portable radiation 
monitor or a fixed monitor called hand monitor or a fixed monitor called hand 
and foot monitor. and foot monitor. 

All personnel working in radioactive All personnel working in radioactive 
work places must check for work places must check for 
contamination on their clothes, tools contamination on their clothes, tools 
and body and to ensure that they are and body and to ensure that they are 
clean before leaving the areas.clean before leaving the areas.

Example: Hand & foot monitor Example: Hand & foot monitor (unit (unit 
Bq)Bq)

Personnel Monitoring Instrument for External Personnel Monitoring Instrument for External 
Radiation ContaminationRadiation Contamination

Personnel Contamination MonitoringPersonnel Contamination Monitoring



 Scintillation Scintillation 

counter for counter for 

surface surface 

contamination contamination 

and body part and body part 

that prone to that prone to 

contaminationcontamination



The second types of The second types of wholewhole--body body 

contamination monitorscontamination monitors intended for intended for 

external surface contamination external surface contamination 

detection are most often of the standdetection are most often of the stand--in in 

or walkor walk--through types that use large through types that use large 

area detectors to provide high area detectors to provide high 

sensitivity. sensitivity. 

Unlike wholeUnlike whole--body counters for internal body counters for internal 

radioactivity assessment, these systems radioactivity assessment, these systems 

attempt to look at the body surfaces, attempt to look at the body surfaces, 

often with accommodations specifically often with accommodations specifically 

for the hands and feet, body parts that for the hands and feet, body parts that 

are most prone to contamination in are most prone to contamination in 

many work environmentsmany work environments. . The detectors The detectors 

used in many of these systems may be used in many of these systems may be 

scintillation types or gasscintillation types or gas--filled detectors filled detectors 

and may be sensitive to beta radiation and may be sensitive to beta radiation 

as well as gamma radiation. as well as gamma radiation. 



All dosimeter are characterized by the manufacturer at the time of production.

It is compulsory that the dosimeter be calibrated periodically as stipulated by 
the appropriate authority.

Purpose of the calibration:

-Film dosimeter and TL dosimeter are not absolute dosimeter and do not 
provide direct reading.

- Film sensitivity decreases with storage time due to environmental exposure 
therefore recalibration is required for every six months.

- Sensitivity of TLD may decreases with the number of use, it may due to the 
mishandling of the TLD material (TLD chip) –surface scratch, deterioration of 
teflon (TLD binder) in TLD card. Recalibration is recommended for every 6 
months

- to adjust or determine the response or reading of a dosimeter relative to a 
standard or to a series of conventionally true values. (pocket dosimeter)

Calibration and Quality ControlCalibration and Quality Control



Calibration facilities of Film/TLD Dosimeter

Expose to 90Sr/90Y source
Expose to gamma sources Expose to 60Co source.

Calibration and Quality ControlCalibration and Quality Control



Uncertainty of MeasurementsUncertainty of Measurements

BetweenBetween ––5050%% andand ++100100%% atat thethe 9595%% confidenceconfidence level,level,

forfor annualannual dosedose equivalentsequivalents inin thethe rangerange ofof oneone--fifthfifth ofof

thethe derivedderived limitlimit..

shouldshould notnot exceedexceed ––3333 %% andand ++5050%% atat thethe 9595%%

confidenceconfidence level,level, forfor valuesvalues inin thethe orderorder ofof annualannual dosedose

limitslimits

*(Reference*(Reference:: BasicBasic PrinciplesPrinciples forfor OccupationalOccupational RadiationRadiation

Monitoring,Monitoring, SafetySafety SeriesSeries NoNo.. 8484,, IAEA,IAEA, Vienna,Vienna, 19871987))..

For routine individual monitoring of external radiation, 

results are subjected to uncertainties:



Record keepingRecord keeping

The processed films will be kept for at least 5 years.The processed films will be kept for at least 5 years.

The dose report, LPTA/BM/5 (Section B) shall be kept The dose report, LPTA/BM/5 (Section B) shall be kept 
for 30 years, effective from the date of the last data for 30 years, effective from the date of the last data 
entry.entry.

Radiation workers should have access to their own Radiation workers should have access to their own 
records at all times.records at all times.

Dose record for individual is usually provided to Dose record for individual is usually provided to 
radiation workers when they transfer from one place radiation workers when they transfer from one place 
of employment to another or submitted to appropriate of employment to another or submitted to appropriate 
authority for retention.authority for retention.



SummarySummary

Objective of Personnel Monitoring

Personnel Monitoring Instrument for External Radiation

Film badges, 

Thermoluminescent Dosimeters (TLDs) badges and 

Direct-reading dosimeters.

Personnel Monitoring Instrument for Internal radiation

Bioassay Method

Wholebody Counting

Calibration and Quality Control



Thank YouThank You
for your attentionfor your attention


