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Abstract

Skin cancer, other related skin effects and vidiapairment which can occur as result of exposuretcal
radiations have been a source of major concerhegdJK Government, European Union and the worldaegd. To
combat this negative health related issues, priofegisorganizations and scientist in various ingiiins and research
centre have investigated the level of contributmfhoptical radiation to global health threats usidifferent
radiometry techniques. The goal has always beemdstically reduce occupational exposure to a bangsmum,
but methods adopted by most researchers in theapastot adequate. This project work seeks to chexiae the
optical radiation sources by considering the geoynaft the optical radiation source and the deteatwvell as the
distance between them. The level of risk associaitdthe optical radiation sources at variousatises was found
to be increasing with increasing distances for mogel sources and decreasing with increasing dissafoe point
sources. The optical sources investigated appdaze safe in normal operation except for Bilurulsimp and Dental
curing lights. The control measures to reduce ifleassociated with these sources were presented.
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1. Introduction

Electromagnetic radiation can be broadly divided ionizing and non-ionizing radiation. Non-ionigimadiation is

a form of radiation that does not carry enough gynéo ionize atoms or molecules. It comprises diocavave and
optical radiation. The optical radiation can beler categorized into ultraviolet radiation (1004f), visible light
(380 — 780nm), and Infrared radiation (780nm — 1nifte ultraviolet may be classified into UVA (315460nm),
UVB (280 — 315nm) and UVC (100 — 280nm) while imé@ as IRA (780 — 1400nm), IRB (1400 — 3000nm), and
IRC (3000nm — 1mm) [7,5]. These classifications angtrary and differ from one discipline to théet depending
on the environment for which the measurement enidéed [2].

Sources of optical radiation are found naturallyhi@ atmosphere (the Sun for example) and artifyciia industrial,
consumer, scientific and medical applications. Tinportance of these sources in the aforementioiedsf of
application cannot be overemphasized. However, aisiysis must be carefully carried out so thathbalth of
persons involved is not compromised.

Due to its low energy, optical radiation can adebraffect only the human eye and the skin. Thelle? this effect
depends on a number of parameters [9]. Most hitgngity broadband sources produce IRC at very wels
compared with the emission at shorter wavelengthg&h implies that risk assessment of IRC can lgganted [7].

This research aims to assess the potential harand dccupational exposure to artificial broadbandoherent
optical radiation sources which are used for medipalications. Initially the exposure is of lessncern, but as a
result of new inventions in the field of medicalyplts and optical technology, there are some rasiens
concerning the health of the medical personnels Téads to the production of guidelines and divestito assist in
protecting the health of the employee in his wddcp. These guidelines include International Corsioison Non-
ionizing Radiation Protection (ICNIRP), Physical éus Directive (PAD), and American Conference of
Governmental Industrial HygienisACGIH) among others. The United Kingdom as a mengfeeuropean Union
is expected to comply with the PAD by"™#April, 2010 [5]. Assessment of optical radiatiasusces which are used
for medical and other applications will greatlyiass complying with the directive.

The aim of this research is to carry out risk amsent of the optical radiation sources used in Halspunder NHS
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Greater Glasgow and Clyde in order to review thesfide hazards and apply necessary control measihrisswill
improve the working condition to As Law as Reasdynétvacticable (ALARP)

Safety is the most important aspect in every ptdagork and so it needs to be taken with all sesimss. Spending
money on safety matters is indirectly saving aoooney in the long-term. The PAD is not stringgiving room
for member countries to come up with their diregtaccording to their specific findings. The resflthis research
will greatly assist the staff in NHS GGC and thenagement in particular to implement the requiremefthysical
Agents Directive.

2.MATERIALS

This work was carried out in Health Physics labomabf Gartnavel Royal Hospital, Glasgow. Equipnseased in
the research include:

« USB 2000 spectroradiometer (Ocean Optics Inc.)

¢ Glen spectroradiometer (Glen Spectrad Ltd.)

«  Thermocouple (with digital display)

e Optical radiation sources examined in this studyuide:

« Inspection lamps form Dermatology department SoutlBeneral Hospital

e Dental curing light from Glasgow Dental Hospital

¢ Infection control lamps from infection control defmaent in Gartnavel Royal Hospital

¢ Medical illustration lamps from medical illustratialepartment Gartnavel General Hospital
¢ Neonatal Phototherapy lamp from Children Hospitalkyiill

« Endoscopy lamps form Bioengineering departmentr@ae! General Hospital

2.1 Spectroradiometer

This is an instrument used to measure irradiancanobptical source within a narrow bandwidth, cerdeat
wavelength that is chosen by the operator. It c@saprof input optics, a monochromator and a deteEtwr hand-
held (USB) spectroradiometers all these comporemeteombined together in one single box.

The optical radiation needs to be measured beaHus® reasons. Steady radiation exposure mustdetained on
patients, animals or plants for a long period ofetiwithin a local laboratory. Secondly, the measaet of optical
radiation will allow comparison of results from faifent laboratories. The first reason requires qmbcision, of
which the spectroradiometer used has to be staldealong time. For the second application, battision and
accuracy are important. This demands that apam fitee stability of the spectroradiometer, the valdesplayed
must be traceable to an accepted laboratory otlatds (for example National Physical Laboratory) [3

2.2 Principle of operation

When optical radiation is collected at the inputicqp it enters the monochromator through a stiated at the focal
point of collimating mirror. The incident radiatios reflected as a beam from the mirror onto aefisipg element
(prism or diffraction grating) which separates tical radiation in to a spectrum. A second mirfimlescope
mirror) receives the optical radiation from thepgissing element at a particular angle and focuses the exit slit

of the monochromator. This final radiation will Hetected at the exit slit using an appropriateaeteFigure 3.1).
The detectors are normally Photo diodes, chargegled devices (CCD) or Photomultiplier tubes (PMeu The
signal will be integrated depending on the collactime selected and transferred to a microcomdotestorage,
analysis and display [4]. This is for USB 2000 spmadiometer, but in the case of Glen spectrormaédter (Glen
Spectrad Ltd.) which has double grating in its mammomator, it utilizes four collimating mirrors artdio flat
mirrors fixed at 45 One facing the entrance slit and the other fatliegexit slit. After the light has been dispersed
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by the first grating it will further be dispersedain by the second grating to further purify thereand focus the
selected wavelength out of the monochromator thrahg exit slit (Figure 2.1). Glen spectroradiomédtas a focal
length of 220mm, dynamic range of 280-804nm andlugi®n of 0.2nm at 500nm.

Exit Slit *i‘

\“_** Entrance slit

Figure 2.1 Optical layout of Glen spectroradiometer

G1 and G2 are first and second diffraction gratings

M1 is the plane mirror at 4%vhich reflects the light to collimating mirror

M2 is collimating mirror reflecting light to the fiiaction grating

M3 is collimating mirror collecting the dipersioedm from diffraction grating in to the second phase

The USB2000 spectroradiometer is a 2048 elemesalitCCD array with wavelength range of 200-1100mu a
optical resolution of 0.3-10 nm FWHM. lIts integmtitime varies from 1ms to 65s. It performs a ®ngtan at
about 1ms depending on the integration time, sniogtand averaging applied. Both the two equipmé@ien
spectroradiometer and USB spectroradiometer) hafileea optic cable and a diffuser block (figure2 2nd 2.3).
One end of the fiber optic is connected to theastte of the optical bench while the other end ected to the
cosine corrector via SMA905 (in case of USB 2000).

2009/08/31

Figure 2.2 Complete spectrometer system
consisting of the optics, detector, fibre-optic
cable and cosine corrector.

Figure 2.3 Optical bench of Glen
spectroradiometer consisting of detector,
input optics and fibre-optic cable

The CC-3 cosine corrector is constructed form afP#iffusing material and is optimized for applicets from 200-
1100nm. Cosine correctors are spectroradiometrigpag optics, designed to collect optical radiatiover 180°,
thus eliminating optical interface problems assciavith the light collection sampling geometry énént to other
sampling devices. The cosine corrector is screwei the end of the SMA905 terminated optical fiber
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3.METHODOLOGY

Data was collected by measuring the irradiance ftrenoptical sources using the Glen spectroradiem@len
Spectrad Ltd.) which is calibrated against sourtaseable to National Physical Laboratory (NPL) UKhe
gquantities measured include radiance and irradiambese quantities are required to be measured svel
wavelength intervals for assessment of hazardeeffects vary with wavelength. Factors that déecathe quality
of data include wavelength calibration, bandwidtinay light radiation, polarization, angular depemck, linearity
and calibration sources [3]. The use of a suitaigheit optics and double-grating monochromator wilprove the
wavelength discrimination. Since the stray lighecton is not efficient with single monochromataxmmpared with
double monochromators, inserting some filters atitiput to block the stray light component redutesstray light
for single monochromator [10].

Another form of data was collected from published anpublished literatures including books, jousnglidelines,
directives and accident reports relating to hospieasonnel. The Physical Agents Directive wasrttagor source of
secondary data.

3.1 Measurement Technique

The value of irradiance was measured by placing détector at various distances from the sourcectBye
distributions were also determined for various eagif orientation of the detector from the optirdk of the source
[6]. To be able to carry out a comprehensive riskeasment, two spectroradiometers were used; libeatian for

one of which is traceable to NPL to allow data cangon for validation. The laboratory has all traemtials to

carry out the measurement. Where an optical radiatource cannot be taken to the Health Physicgddry for

the purpose of measurement, the USB2000 spectoonader was used to carry out the measurement.

3.2 Risk Evaluation

Following the guidelines set by the Physical Agdbiiective as well as that of International Comriaason Non-
ionizing Radiation Protection, each source was yaeal and also characterized. The following werestalnto
consideration:

3.3 Source Identification

The dimension of source, receiver and geometry éetvthe source and receiver play a vital role aratterizing a
radiation source; this only apply to sources emittiadiation in visible and infrared range [8]. Kvledge of the
lamp type and the wavelengths of its emissionssis important (i.e. fluorescent, tungsten filamefD etc.).

3.4 Exposure Distance

Considering the mode of application of the soutice exposure distance was assessed and the disttnebich the
measurements were to be carried out decided. Foe sources the best distance is about 0.01 m Wdrilethers it
can reach up to 4 m. The use of a single distamicallf sources will not allow a realistic evaluatiof the potential
hazards.

3.5 Exposure Limits

The hazard evaluation is concerned with only nomecent radiation that has a direct effect on ey sldin. The
exposure limits are set for worst case (for exarspheing at an optical source for a period of 8rear more). The
limits for occupational exposure to visible and@méd radiation incident on the eye or skin regtheeknowledge of
irradiance and exposure periods. These exposuits linvolve the use of hazard weighting functiomsyelength
dependence of UV radiation)3( wavelength dependence of blue light radiatiok) Bd wavelength dependence of
visible and infrared radiation R)). All these are dimensionless quantities and wesed to determine the effective
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values of radiance and irradiance, as well as axpdsnit.

3.6 Geometric Factors

For sources emitting infrared or visible light, trediometric quantities and exposure limits willpdad on the
geometric factors. These factors were determinedrding to [1]. But for sources emitting only UVRge geometric
factors are immaterial as UVR does not penetrateduthan the cornea and lens.

3.7 Preliminary Assessment

In the assessment of white-light sources, a dettaipectral data is not required if the luminancesdaot exceed 10

cd m? or 1cd cnf. This is also applied to unfiltered incandescéngrescent or arc sources, which did not exceed
retinal injury exposure limits and with luminancetrmore than 10cd m? [8]. Therefore a preliminary test was
performed on the sources that fall within this gatg, so as to determine whether it is necessafyltpinvestigate
their potential to present hazard to the eye an.skhe meters that can give the value of luminastioectly were
used to make the preliminary assessment fasteeasidr.

3.8 Data

Though the spectral range of optical sources coffen® 100nm to 1mm, the wavelength range was chosen
according to the nature of the source and the rah@ehich it has non-zero emission. The range attwha source
has zero emissions was ignored. The most impodiatatis spectral irradiance or radiance that ighted using the
hazard functions.

3.9 Comparison

The data obtained after necessary analysis andiai@l was compared to the exposure limit valuds/{®)
published by the European parliament and ICNIRPek&'tthe limits are exceeded, a more realistic assas was
carried out. If the hazard still exists control mig@s were suggested.

4. RESULTSAND DISCUSSION

Nine different optical radiation sources emittingtioal radiation at different wavelengths were geatl. The guide
provided by the International commission on Nonizorg radiation protection as well as the Physidgents
Directive published by European parliament was teethalyse the data collected from the sourceseve.

The total irradiance was obtained by integratinggrothe wavelengths of interest. The biologicallyeetive
irradiance was calculated by multiplying the irtie value at each wavelength by a function (tledogical
weighting function).

4.1 Analyses of Optical Radiation Sources

Having mentioned the procedures for risk assessmeach source was scanned with Glen spectrad dsasvéhe
portable (USB 2000) spectroradiometer where necgsEae results are presented in the followingeabl

4.2 UVR HAZARD
Dermatology Wood’s Lamp

The lamp is used for Irradiation of skin lesionstwlJV and the viewing of fluorescence, in dermafgyio
departments and skin clinics. Diagnosis of varigis disorders can be achieved by employing flumese
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phenomenon. Application include determining theeaktof infection, identifying areas of microbialnsaling,
evaluating treatment response, and differentiabietyveen Erythrasma (which fluoresces coral-red umded’s
light) and ringworm (which does not).

The wood’s lamp is a low intensity ultraviolet laramitting UVA and some blue light, covered withiaie light
absorbing glass filter commonly known as “blacksgla Its dimensions are 7.1 cm by 4.6cm, and a2eaeht. The
angular subtense > 11 mrad, so radiance is used for assessmenarétaio the eyes of operator and patient are
expected from ultraviolet and blue light.

Glen Spectroradiometer measurements of spectaali@mce were performed at 10 cm, 30 cm and 60 & rdsults
are displayed in table 4.1.

Table 4.1 effective values of irradiance evaluated for U\é&hrd from Dermatology wood’s lamp

Distance (cm) Ee (W m?) Exposure Limit (J m?) Exposuretime (h)
10 6.3 x 1d 30 13

30 1.2x1d 30 > 24

60 0.5x 10 30 > 24

4.3 UVR and Blue Light Hazards
Infection Control Lamp (Portable)

This is a portable lamp used as an educational lydefection control departments. It uses UVA flescent lamp
for the illumination and inspection of surfaceshands to show poor hand washing techniques. The tasted was
an HF4T5/BLB, 4 Watt lamp. Source dimensions wdrerh x 1 cm, area 11 cm2. Angular subtense is § rad

> 11 mrad, so radiance is used for the assesstdirdviolet and blue light hazards may only aff¢lce eyes of
operator and patient.

Spectral irradiance measurement was taken usinGl#re Spectroradiometer at 10 cm source to detéittance.

Exposure to the direct beam from the lamp at 10diimat cause any harm to the eyes or skin (takit}. Exposure
limits cannot be exceeded by this type of lampislused for illumination of the skin for the exawtiion of
fluorescence. Such lamp would not normally be okesedirectly, although this might occur for shoetipds of time.
The irradiance/radiance is below the level at wiii@re is any risk from UV or blue light exposure.

Since the source is not used with the operatoritgpdirectly at the lamp, the likelihood of an espee exceeding
the limit is RARE and the potential consequencesmfra single exposure to the blue light hazard are
NEGLIGIBLE .Therefore overall the risk is LOW.

Infection Control Lamp (Fixed)

This is a UVA fluorescent lamp used for the ideatifion of fluorescence associated with bacternahgsion on
hands. The lamp is located in infection control atépents of Hospitals and clinics. Lamp tested wwas
FL15T8BLB, 15 Watt, with dimensions 41.2 cm x 2tB,@rea 103 cfn

The angular subtense is 21.85 rad, i.e. > 11 nmsadadiance is used for assessment of blue ligharba The
hazards are from ultraviolet and blue light expedorthe eyes and skin of the operator and patient.

Glen Spectroradiometer measurements of specteali@mce were taken at 10cm, and reflection was unedsat
40cm from above the lamp cover to check for leakage

Maximum exposure times were calculated based oralV/blue light exposure limits. Exposure to direeam of
this lamp must be limited to times indicated at distances quoted in table 4.2. Exposure limitsiftdVR may be
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exceeded and therefore exposure of skin at distafit@cm must be limited to 2h.

Table 4.2 Maximum exposure limits form infection control lam

Source | Pat Number | Distance| UV Egg uv Skin | Max UV | Lg Max exposure
" Exposure Limit| exposure 5 time (blue
(cm) (W m) @ m?) time (h) (V_\{\ m?) | light) (h)
Potable | HF4T5/BLB | 10 1x 10" 30 > 24 0.01 >24
Fixed FL15T8BLB| 10 0.004 30 2 0.016 > 24
40(refle | 8 x 10° 30 > 24 0.001 > 24
ction)

4.4 Blue Light Hazard
Dental Curing Light

These hand-held units produce a visible spectrutpuband are used for curing dental resins appliedn filling
teeth. The setting crystal contained in the dergsin composite is sensitive to and is activatedhiy particular
spectrum of light. Exposure times clinically are4®s, usually in four exposures of 10 seconds €lebre should
not be a need to operate these lamps when thalirated towards the eyes as they are used ins&mouth. The
lamp is used in most of the dental departmentsdandial clinics.

The blue LED lamp with 5W power remains on for aiqe of 10 s and has a diameter of about 5 mm,eangl
subtense at 10 cm < 11 mrad. Since the angle déssb is less than 11mrad, assessment is basdtk danp
irradiance. The hazard from the source is Bluet highich can affect the eyes of operator and patient

Glen Spectroradiometer measurements of spectadiaimce were made at 10 cm, 20cm and 25 cm. Maximum
exposure times were determined based on exposuits.liOutput depends on state of charge of the lantbmay
vary by~ = 10%. Exposure to direct beam from the lamp didated at the distances quoted in table 4.3. At a
distance of 10 cm the exposure limit could be ededeén 5 — 10 s. There is a potential risk for esxpe at the start
and completion of each treatment.

Table 4.3 Effective irradiance values measured from outfutemtal curing light

Distance from source (cm) | Effective Irradiance (W | Maximum exposure time
L) T i (9)

10 13.5 7

20 3.3 30

25 2.1 48

There is also potential for exposure to reflecigttiduring the treatments. The sources should balyised when
in-situ inside the mouth and should never be digt¢owards the eyes of the patient, the operatangrassistant.
Protective filters may be used. Exposure of theséy@nly likely to result from careless use of ligat source. The
likelihood of an exposure exceeding the limit is IUKELY. The potential consequences from a singlpasure to
the blue light hazard are MINOR and therefore ovéna risk is MEDIUM
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Bilirubinaemia Lamp

This lamp is used for the treatment of neonataidgizae. The baby is placed in a cot or a purposk-ttadiation cot

with lamp above the baby. When the canopy is naisiethe device is attached to a height adjusttatel which is
also mobile. The baby’s eyes are covered with aléaga (or filters are used) during the treatmeravimid exposure
to blue light. Treatment procedures vary; but mgjds six hours exposure followed by two hours. dfhe serum
blirubin level is assessed every 8-12 hours ansl miy last for up to 6 days depending on the sgvefithe

condition [2]. Several lamps could be used over aste There could be 2 or 3 infants undergoingttneait in one
room. The lamp is made from a small bank of bluergscent lamps, with cover to avoid direct expesireyes for
operators. The unit tested was a Bilicompact BAMIBR, power 140 W. The bank of lamps was 46 cm lamd
17.5 cm wide. It contained 10 fluorescent lampshdamp was regarded as the source and measufedriix 1 cm,
area 11.5 cf Angular subtense is < 11 mrad, so a value 5f0.01sr was used for the assessment. Hazardnigié

only from the blue light to eyes of operator antqyd.

Glen Spectroradiometer measurements were madea@h200 cm and 100 cm source to detector distanobtain
spectral irradiance. Maximum exposure times weteutated based on blue light exposure limits. Expedo the
direct beam from the lamp should be limited to snmaicated at the distances quoted in table 4.4.

Table 4.4 Maximum exposure times to Bilirubin lamp at vasalistances

Distance (cm) b (W m?srh) Max exposure time (blue light) (min)
40 1110 15
60 550 30
100 240 70

Staff members should not have unprotected expasfultee eyes to the source at a distance of 1 nmfure than 1
hour per day. If staff members are caring for thfant, and come within 0.5 m, and will be below teeel of the
lamp, then they should switch off the lamp for geziod of care. There should be little from expestar reflected
light during the treatments and the sources areised with operator looking directly at the lamp.

The infants should wear appropriate eye protedimng treatments or their eyes should be covered.

Staff should restrict periods spent within 1 m ofscfor infants undergoing treatment for bilirubéngia to one hour
per day. Staff should also monitor infants and sifmn protective eyewear if it slips out of place.

The likelihood of an exposure exceeding the limiPIOSSIBLE, but if the necessary procedures atewfet, the
potential consequences from a single exposuregdlhe light hazard are MINOR. Therefore overaé tisk is
MEDIUM.

For units with integral blue light sources, it scommended to have at least one daylight lamp sorthrsery
personnel can detect bluish complexion due to tHobxygen in the blood circulating through the skBecause it
emits no heat in the direction of the patient,l#mep can be placed on the canopy of incubator bed.

4.5 Blue Light and Infrared Hazard
Endoscopy Lamp

The lamp contained in a box is used with a fibeicogelivery system to illuminate internal organs €lose detailed
examination of inner parts of the body which indadsullet, stomach, duodenum and large bowelnitesinserted
into the body through natural openings like anus thmoat or through a small surgical incision madthe skin. The
endoscope may be rigid or flexible fiber optic @ning a light source and a video camera, dependmghe
application and the operator technique. In somescHe rigid endoscope is used which has an obgeleths at one
end and eye piece at the other end. The lamp waildormally be observed directly, although thisldaoccur for
short periods of time if an endoscope was withdrawith the lamp still illuminated, or if the expogsuswitch was
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depressed accidentally, or during testing in tleetebnic workshop. It is the light reflected frorssue back through
the endoscope which will be viewed by the Endosstopi

The white xenon lamp, shone through the endosdbpe dptic system (OlympusCLV-S20 and other modelgre
tested with a rigid endoscope. Light was emittexnfrtip of borescope 1cm in diameter, area 0.8. &missions
were also measured through the viewing eye-pieae lias a diameter of 0.8 cm and an area (.5&mgular
subtense is > 11 mrad, so radiance is used foagbessment. The hazard associated with this loghts is that of
blue light and thermal to eyes of operator andepétiThere is a small amount of UV, but this isiielow any limit
and can be ignored.

Glen Spectroradiometer measurements of spectealigmmce of the direct beam were made at 10 cm 8nch8
source to detector distance. Measurements forctifle at 38.7 cm (the length of the rigid endosgopere also
made through the endoscope eyepiece by placingite waper in front of the objective lens to createeflection.
Maximum exposure times were based on blue lightthadnal exposure limits.

From the results shown in table 3.5, there is @lysk from direct viewing of endoscope light. Egpoe limits
cannot be exceeded by this type of lamp in norrrabmstances as the source is not used with opel@ai&ing

directly at the lamp and the lamp is not normajwei@ted outside the body. When they are testeg,ateedirected
away from other individual. Thus caution shoulddmephasized to the operators and they should bendeaithat
the lamp should not be directed at others. Thdili@ed of an exposure exceeding the limit is RARE dahe
potential consequences from a single exposureetdltie light hazard are NEGLIGIBLE. Therefore oViaitze risk

is LOW.

Dermatology inspection lamp (DL-122 Ring Handhekbnifier)

Spectral irradiance was obtained using the GlertBpadiometer taking measurements at 10 cm, 2@rni30 cm
of broad spectral emissions between 420 and 700Anreflection measurement was taken at a distaficom
from the lens while the lamp was fixed at 10cm fribra reflector. White paper was placed at a digtasfclOcm
from the lamp to represent the skin reflection. Maxm allowable exposure times were calculated basebtlue
light, visible and infrared exposure limits. Thésmps would not normally be observed directly, @ligh this might
occur for short periods of time when others aragishe lamps. It is the light reflected from thensthat will be
viewed by the Dermatologist under magnification.

There is a potential for exposure to reflectedtlighring the treatments, but the irradiance lesehuch lower and
should not provide any hazard.

Exposure limit at the distances quoted cannot lseeded by this type of lamp as indicated in tatbe 4
Table 4.5 Maximum exposure times for Blue light and Infrafemm Endoscopy and Inspection lamps

Source Distance(cm)Lg (W m? | Max  exposureg Lg (Wm?sr?) | Exposure Limit
srh) time (blue light) (Wm? srt)

ESPRIT 500 20 230 1 to 1.2x18

(CW) Lamp 50 43 6 10 3x 10
100 11 24 16 3x10
Reflection | 4 >24 1,500 1.3 x f0
mode

Pulse Mode 0.3 20 1pulse/s 200 6 X 10

Inspect. Lamp | 10 1.3 >24 16 2.8 10
20 1.3 >24 16 2.8x fo
30 0.8 >24 10 2.8x %o
Skin 0.6 >24 5 2.8 x 10
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5. CONCLUSION

Apart from continuous wave sources, pulsed sounckflickers are also used in medical diagnosis ta@atment.
Ophthalmologists for example, used the combinatibrilicker and pulse to study photopic and scotoggion
functionality in the human eye. Physical Agentsebiive has not given a clear guide on how to parfarrisk
assessment of these types of sources. It is tlwesnreended that the Health protection Agency andtheafety
Executives should come up with a clear guide oragsmssment of pulsed sources as well as flickers.

All the measurements in this study were taken wfitb detector facing the optical source directlywitl be
important to also study the effect of radiatiordidfterent angles. This will give a more realistigpaoach, so that the
level of hazard associated with a particular sowitlenot be exaggerated.

Among the nine (9) sources of optical radiationeassd, Bilurubin lamp and Dental curing lights appd to have
more harmful effect. But if the suggested contr@asures are implemented, it is expected that peetand
patients who are exposed to these optical souritelsersafe within the normal operation.
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