


ENVIRONMENTALHEALTHCRITERIAFORLASERSANDOPTICAL

RADIATION10

1.SUMMARYANDRECOMMENDATIONSFORFURTHERSTUDIES...13

1.1Summary13
1.1.1Scope13
1.1.2Opticalradiationexposure13
1.1.3Presenthealthandsafetystandards...18

1.2Recommendationsforfurtherstudies19

2.DEFINITIONSOFOPTICALRADIATION23
2.1Theelectromagneticspectrum23
2.2Interactionofelectromagneticradiation
withmatter25
2.2.1Interactionataninterface26
2.2.1.1Reflection26
2.2.1.2Refraction27

2.2.2Interactionwithamedium28
2.2.2.1Transmission28
2.2.2.2Attenuation28

2.2.3Interference,diffractionand
scatteringeffects29
2.2.3.1Interferenceanddiffraction...29
2.2.3.2Scattering30

3.SOURCESOFRADIATION31
3.1Molecularandatomictransitions32

4.LASERS33

4.1Thelasermedium33
4.2Thepumpingsystem34
4.3Theresonantopticalcavity34
4.4Typesoflasers34
4.4.1Activemedia35

4.4.2Temporalmodesofoperation36

4.5Spatial(TEM)modes38
4.6Beamcharacteristics39
4.6.1Beamdiameter39
4.6.2Beamdivergence39
4.6.3Beamirradianceversusrangefor

acircularbeam40
4.6.4Hotspots41
4.6.5Coherence42



5.RADIOMETRICCONCEPTS42
5.1Radiometricandphotometricterminology....42

5.2Extendedsourcesversuspointsources42
5.3Inversesquarelaw42

6.RADIOMETRICANDPHOTOMETRICMEASUREMENT46
6.1Introduction46

6.2Measurementinstrumentation47

6.2.1Thermaldetectors48
6.2.2Quantumdetectors49

6.2.3Detectorstoresolveshortpulses....49
6.2.4Safetymeters50
6.2.5Spectroradiometers50

6.3Biologicalweightingof

spectroradiometricdata51

7.BIOLOGICALEFFECTS52
7.1Thermalinjury52
7.2Photochemicalinjury52
7.3Thresholdofinjury53
7.3.1Meansofdeterminingthresholdsof

injury54

8.EFFECTSOFOPTICALRADIATIONONTHEEYE55
8.1Anatomyandphysiologyofthehumaneye....55
8.1.1Thecornea56
8.1.2Thelens57
8.1.3Theretinaandchoroid57

8.2Spectralpropertiesoftheeye59
8.3Injurytotheanteriorportionoftheeye...60
8.3.1Effectsonthecornea61
8.3.2UVRlenticulareffects63
8.3.3Infraredcataract64

8.4Retinalinjury65
8.4.1Determiningtheretinalexposure....67

8.4.1.1Pupilsize67

8.4.1.2Spectraltransmissionofthe
ocularmediaandspectral

absorptionbytheretina
andchoroid68

8.4.1.3Opticalimagequality69
8.4.1.4Smallimages70
8.4.1.5Retinalpigmentepithelium

(RPE)absorption70

8.4.2Chorioretinalthermalinjury71
8.4.3Locationofretinalburns72



8.5Photochemicalretinalinjury72
8.5.1Verylong-termexposure72

8.6Flashblindness75
8.7Discomfortglare76
8.8Flashinglights76

9.THESKIN78

9.1Anatomy78
9.2Bodyheatregulation78

9.3Opticalproperties79
9.4Penetrationdepthandreflection80
9.4.1Injurytotheskin81
9.4.2Thesensationofwarmthandheatflow..83
9.4.3Thermalinjurythresholdfortheskin..84
9.4.4Delayedeffects84
9.4.5Ambientenvironmentandheatstress...84
9.4.6UVReffectsontheskin85
9.4.7Photosensitization85
9.4.8Photoallergy85

10.LASERSAFETYSTANDARDS;
RATIONALEANDCURRENTSTANDARDS87
10.1Introduction87
10.2Laserhazardclassification87

11.EXPOSURELIMITS90

11.1Rationale90
11.2Assessmentofthe"safetyfactor"91
11.3Environmentalconsiderations92

11.4Limitingapertures93
11.4.1The1-nunaperture93
11.4.2The11-mmaperture93
11.4.3The7-mmaperture94
11.4.4The80-mmaperture94

11.5Spectraldependenceofexposurelimits94
11.6Repetitivelypulsedlaserexposure95
11.7Restrictionforspecialapplications
(Class3a)96

11.8Presentstandardsofexposure96
11.8.1Laserstandards96

11.8.1.1Exposurelimits101

11.8.1.2Repetitivelypulsedlasers..102
11.8.1.3Extendedsourcelaser

exposure103
11.8.1.4RestrictionsonELs104

11.8.2Standardsfornon-lasersources104
11.8.2.1Introduction104
11.8.2.2UVRcriteria106
11.8.2.3Retinalhealthcriteria....109



11.8.2.4Retinalthermalrisk
evaluationIll

11.8.2.5Retinalblue-lightrisk
evaluation.....Ill

11.8.2.6IR-Ariskanalysis112
11.8.3Infraredstandards112

12.RISKEVALUATION114
12.1Laserhazardclassification115
12.2Environmentalconsiderationsincluding

reflectionandtheprobabilityofexposure..115

12.2.1Reflections116
12.2.2Retroreflection117

12.2.3Opticallyaidedviewing117

13.ACCIDENTALINJURIES119

14.CONTROLMEASURES120

15.HAZARDSOFLAMPSOURCESANDPROJECTIONSYSTEMS....122

16.PROJECTIONOPTICS125

17.SAFETYGUIDELINESFORHIGH-INTENSITYSOURCES126

18.WELDINGARCS128

19.EYEANDSKINPROTECTION129
19.1Lasersafetyeyewear129

19.2Welders'filters129
19.3Eyeprotectionforfurnaceradiation130
19.4Eyeprotectionfiltersforsolarradiation...130
19.5Skin-protectingagentsforUVR(Sunscreens)..131
19.6Protectivegarments131

20.MEDICALSURVEILLANCE(RATIONALE)132

21.FORMALTEACHINGFORLASERWORKERS132

REFERENCES133

GLOSSARY147




	page1
	page2
	page3
	page4
	page5
	page6

