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The Research Notes in this publication have been prepared by various CIE Technical 
Committees and Reporters within Division 6 "Photobiology and Photochemistry". Part of them 
were published in the 'CIE Journal' between 1986 and 1988. The reports draw on current 
knowledge and experience within the specific field of light and lighting described, and are 
intended to be used by the CIE membership and other interested parties. It should be noted, 
however, that thestatus ofthe reports is advisory and not mandatory. The latest CIE proceedings, 
CIE NEW, future issues in the "CIE Collection" Series or publication listings should be 
consulted regarding possible subsequent amendments. 

les rapports de recherches ont été préparés par différents Comités Techniques et Rapporteurs 
dans la CIE de la Division 6 "Photobiologie et Photochimie". Ils ont été publiés en partie dans le 
'CIE Journal' entre 1986 et 1988. Les rapports traitent des connaissances courantes et de 
l'expérience dans le domaine spécifique indiqué de Ia lumière et de l'éclairage, et ils ont été 
établis pour l'usage des membres de la CIE et autres groupements intéressés. II faut cependant 
noter que les rapports sont indicatifs et non obligatoires. Pour connaitre d'éventuels 
amendements, consulter les plus récents comptes rendus de la CIE, CIE NEWS, éditions futures 
de la série "CIE Collection" ou les listes de publications de la CIE. 

Die Forschungsberichte wurden von verschiedenen Technischen Komitees und Reportern der 
CIE in Division 6 "Photobiologie und Photochemie" ausgearbeitet. Sie wurden zum Teil im 'CIE 
Journal' in den Jahren 1986 bis 1988 veröffentlicht. Die Berichte behandeln den derzeitigen 
Stand des Wissens und Erfahrungen auf dem Gebiet Licht und Beleuchtung; sie sind zur 
Vewendung durch CIE-Mitglieder und durch andere Interessierte bestimmt. Es sollte jedoch 
beachtet werden, daß die Berichte Empfehlungen und keine Vorschriften sind. Die neuesten 
CIE-Tagungsberichte, das CIE NEWS, zukünftige Ausgaben in der Serie "CIE Collection" oder 
die Publikationsliste sollten im Hinblick auf mögliche spätere Anderungen zu Rate gezogen 
werden. 

Any mention of organisations or products does not imply endorsement by the CIE. Whitst every 
care has been taken in the compilation of any lists, up to the time of going to press, these may 
not be comprehensive. 

Toute mention d'organisme ou de produit n'implique pas une préférence de la CIE. Malgré le 
soin apporté à la compilation de tous les documents jusqu'à la mise sous presse, ce travail ne 
saurait être exhaustif. 

Die Erwähnung von Organisationen oder Erzeugnissen bedeutet keine Billigung durch die CIE. 
Obgleich große Sorgfalt bei der Erstellung von Verzeichnissen bis zum Zeitpunkt der 
Drucklegung angewendet wurde, ist es möglich, daß diese nicht vollständig sind. 
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CIE RESEARCH NOTE 
DETERMINING ULTRAVIOLET ACTION SPECTRA 

ABSTRACT: 
DETERMINING ULTRAVIOLET ACTION SPECTRA 

Background information on photobiological action spectra is provided as a general introduction to the 
five previously published research notes that appeared in the CIE Journal and are now conveniently 
republished as a CIE COLLECTION in Photobiology and Photochemistry. This note also provides 
current information on international guidance related to exposure to ultraviolet radiation, which 
supersedes earlier CIE recommendations regarding action spectra for photokeratitis and 
photoconjunctivitis. 

ZUSAMMENFASSUNG: 
BESTIMMUNG ULTRAVIOLETTER WIRKUNGSFUNKTIONEN 

Hintergrundinformation über photobiologische Wirkungsfunktionen wird als allgemeine Einleitung zu 
den fünf Research Notes gegeben, die im CIE Journal erschienen sind und jeta als CIE 
COLLECTION in Photobiology and Photochemistry neuerlich veröffentlicht werden. Dieser Artikel 
bietet auch aktuelle Informationen über internationale Richtlinien bezuglich ultravioletter Bestrahlung, 
die fmhere CIE Empfehlungen Ciber Wirkungsfunktionen für Photokeratits und PhotokonjunMNitis 
ersetzt. 

RESUME: 
DETERMINATION DES SPECTRES D'ACTION ULTRAVIOLETS 

D'autres informations sur les spectres d'action photobiologiques sont données comme introduction 
générale aux cinq Research Notes parus dans le CIE Journal, qui sont maintenant republiés comme 
CIE COLLECTION in Photobiology and Photochemistry. Cet article fournit également une 
information actuelle sur les guides internationals concernant le rayonnement ultraviolet, remplaçant 
les recommendations précédentes de la CIE portant sur les spectres d'action pour photokératite et 
photoconjonctivite. 

i INTRODUCTION 

The purposes of this brief introductory note are to provide the reader with the fundamental concepts 
characteristic of all photobiological effects, to explain the difficulties of obtaining action spectra, to clarify 
the limitations of biological action spectra, and to update CIE recommendations regarding the use of 
"standard" photobiological actions spectra. This report is intended to provide background information 
which should be useful in interpreting the conclusions of two previous CIE research notes (10612 and 
106/3) [I, 21. 

2 ACTION SPECTRA 

In any quantitative description of a photobiological effect, it is absolutely critical to obtain the acfion 
spectrum. The action spectrum describes the relative effectiveness of monochromatic optical radiation 
to elicit a given biological response. The most familiar photobiological action spectrum is the CIE visual 
response function, V,, which forms the basis for the system of photometric units. However, 
photobiological action spectra exist for photokeratitis (an ultraviolet-induced inflammatory response of 
the cornea of the eye), erythema (sunburn), etc. In addition, an action spectrum is useful in optimizing 
the use of ultraviolet radiation (UVR) in any photochemical effect, such as UVR-curing of inks or paints. 

This CIE Research Note was prepared by Division 6 Director, D. Sliney [US Army Environmental 
Hygiene Agency, Aberdeen Proving Ground, MD 21 O1 0-5422 USA. 
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Photochemical (including photobiological) effects have a fundamental characteristic that the 
interaction at the molecular level results from one photon interacting with one molecule to alter or break 
the molecule into two new molecular species. Since a certain minimum photon energy O,, is required to 
produce the molecular alteration, any photochemical process necessarily will have a long-wavelength 
cut-off where photon energies are less than a critical value Qcrit and insufficient to cause the 
molecular change of interest, since: 

Q, = hcA Pl 

where h is Planck's Constant (approximately 6,6 X 
3 x I 08 m/s). 

Jas) and c is the velocity of light (approximately 

3 BUNSEN-ROSCOE LAW 

A photochemical reaction will also exhibit reciprocity between irradiance (exposure dose rate) and 
exposure duration. This is termed the "Bunsen-Roscoe Law." That is, a given radiant exposure in J/m2 
is required to elicit a given response regardless of exposure duration over a wide range of exposure 
durations. Repair mechanisms, recombination over long periods and photon saturation for extremely 
short periods will lead to reciprocity failure. The product of irradiance E in W/m2 and exposure duration f 
is the radiant exposure H in Jim2, ¡.e., 

H = E-t Pl 

While both E and H may be defined over the entire optical spectrum, it is necessary only to weight these 
quantities over the extent of the action spectrum for photochemical effects. 

4 EFFECTIVE IRRADIANCE AND RADIANT EXPOSURE 

In the same manner that spectroradiometn'c measurements of a light source can be used to calculate 
photometric quantities such as illuminance by spectrally "weighting" the spectral irradiance by V,, so too 
can a source spectrum be "weighted" by other action spectra to calculate an "effective irradiance," which 
may be used to estimate the exposure duration necessary to produce the given effect. With modern 
computer spread-sheet programs, one can readily develop a method for spectrally weighting a source 
spectrum by a large variety of photochemical action spectra. These computations can be tedious, but 
straightfoward and take the form: 

where A, may be any action spectra of interest. One then can compare different sources to determine 
relative effectiveness of the same irradiance from several lamps for a given action spectrum. 

5 PHOTOCHEMICAL VS. THERMAL EFFECTS 

It is not uncommon for photochemical effects to be confused with thermal effects. For example, 
erythema ("sunburn") occurs after a critical radiant exposure as a result of a photochemical injury 
mechanism, rather than thermal injury, although one frequently senses warmth when exposed to 
sunlight. Two key factors distinguish a photochernical process from a thermal process. Thermal injury is 
a rafe process and is dependent upon the volumic absorption of energy across the spectrum. By 
contrast, photochemical effects occur only over a given spectral range in accordance with an action 
spectrum and for a given threshold radiant exposure ''dose." 
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6 PHOTOKERATITIS AND PHOTOCONJUNCTIVITIS 

In the first two of the following CIE Research Notes, the action spectra for photokeratitis (inflammation of 
the cornea) and photo-conjunctivitis (inflammation of the surrounding conjunctiva) arereprinted. These 
two Research Notes provide a good review of the literature and present the range of published data [l, 
21. Both notes conclude with a recommended action spectrum for use by lighting engineers for each 
effect based upon these reviews. The Note, Photokerafífjs, erroneously attributed support for the 
recommended action spectrum to the World Health Organization [3]. The Note, Photoconjunctjvitjs, 
proposes an action spectrum based on no biological data from ocular studies, but on an hypothesis that 
the conjunctiva should behave as the skin debtided of stratum corneum. Both notes implicitly assume 
that each effect has only one ("correct") action spectrum. This seems to be a very reasonable first 
assumption. However, because of different biological (or clinical) endpoints use to define the effect, 
multiple action spectra actually exist! 

The confusion over multiple action spectra arises because the photobiologist must define an 
obseivational threshold for the effect in terms of the "grade" or degree of seveflty of the tissue response 
and must also specify the time of assessment. Furthermore, different optical examination aids and 
biochemical markers may be used in the assessment. Ail of these factors can lead to a different 
threshold at each wavelength; hence, a different action spectrum [3]. When the physical scientist is faced 
with what appears to be different action spectra from conflicting sources, he or she is most likely to 
assume that one action spectrum is in error because of improper radiometric measurements or other 
physical errors. This variation of action spectra based upon the time of assessment (e.g., 4 hours, 8 
hours, 24 hours, 48 hrs. etc.) and intensity of skin redness was first shown very clearly for erythema by 
Hausser in 1929 [3, 41, and the lack of understanding of differing endpoints led to conflicting action 
spectra being published in the 1960s by several authors [5, 61. For this reason, it has been necessary to 
derive a CIE reference erythema action spectrum [7], which is the third of the following republished 
notes. On the other hand, CIE Division 6 can no longer recommend the reference action spectra for 
ocular effects that were published in 1986. Since that time, other international bodies have 
recommended exposure limits which are more restrictive than in the Research Notes [8]. 

The differences in action spectra for photokeratitis exist largely because of different biological 
endpoints and also different responses for human and animai species used in the studies. The endpoint 
and threshold radiant exposures used by Cogan and Kinsey [QI and Pitts [lo] differed. Pitts used a very 
sensitive threshold criteria which was a slight change in the number of vacuoles in the corneal epithelium 
(outermost layer of the cornea); whereas, Cogan and Kinsey used a more severe inflammatory response 
to term "threshold." Hence, it is not surprising that a lower threshold was reported by Pitts compared to 
Cogan and Kinsey. The latter action spectrum is more indicative of what the average person would 
sense as an uncomfortable keratitis; whereas, the Pitis' action spectrum probably provides the must 
sensitive endpoint for showing any effect. Hence the groups which have defined exposure limits (ELs) 
for safety have used the Pitts' action spectrum and thresholds for defining safety [8, 111. As noted in the 
original CIE Research Note [1], the actual exposure of the human eye out-of-doors is frequently very 
close to the threshold dose reported by Pitts [IO], but this does not disprove the data of Pias. One must 
consider the eye's squint and the generally low reflectance of most terrain which greatly limit the chances 
of developing threshold photokeratitis ['í2]. 

New sources of UVR now exist which are being used to further define action spectra. The Argon- 
fluoride excimer laser was recently used to determine the threshold for photokeratitis at 193 nm for the 
rabbit cornea 112). The threshold for a very mild form of photokeratitis characterized by a mild 
superficial corneal haze in the rabbit cornea has been found to lie between ?,O and 1,5 J/cm2 at 193 nm. 

Further studies regarding repeated ocular exposures of the cornea and studies of lenticular damage 
all point to the need for limiting UVR exposure of the cornea below the levels cited in the 1986 Research 
Notes [i, 21, because of potentially additive effects [i3-161. 

7 CONCLUSIONS 

The action spectra recommended previously [I, 21 probably define acute, clinically significant injury of 
the cornea and conjunctiva, and may be used to estimate the likelihood of experiencing this effect when 
exposed in a single incident to a source containing UVR. However, the reader is advised to consutt other 
international guidelines for repeated human exposure to UVR. The UVR EL values promulgated by the 
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