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skin photosensitivity.'® Until a few years ago, commer-
cial thermopiles were hand-made, expensive, and frag-
ile devices. A major advance came with the production
of multiple junction thermopiles based on thin-film
technology. These devices are rugged and much less
expensive and typified by the Dexter range of thermo-
piles (Dexter Research Center, Michigan) which have
found a role in dermatological photobiology. 192

A. Calibration

Thermopiles measure absolute radiant power and cali-
bration can only be achieved satisfactorily by national
standards laboratories, such as the National Physical
Laboratory in the U.K.21.22

VII. Radiometer Stability

It should be remembered that the sensitivity of all
radiometers will change with time; frequent exposure
to high-intensity sources of light will accelerate this
change. For this reason it is always a sound policy to
acquire two radiometers, preferably of the same type,
one of which has a calibration traceable to a national
standards laboratory. This radiometer should be re-
served solely for intercomparisons with the other
radiometer(s) used for routine purposes. A measure-
ment of the same source is made with each radiometer
and a ratio calculated. It is the stability of this ratio
over a period of months and years which indicates
long-term stability and good precision.

VIIIL. Personal Ultraviolet Radiation
Dosimetry

We have seen that UVR is generally measured with
thermal or photon detectors, often used in conjunction
with optical filters. A different yet complementary ap-
proach is the use of various photosensitive films as UVR
dosimeters. The principle is to relate the degree of dete-
rioration of the films, usually in terms of changes in their
optical properties, to the incident UVR dose. The princi-
pal advantages of the film dosimeter are that it provides
a simple means of integrating UVR exposure continu-
ously and that it allows numerous sites, inaccessible to
bulky and expensive instrumentation, to be compared
simultaneously. Personal ultraviolet dosimetry can be
useful in establishing the effect of photoprotective agents
in the treatment of photosensitivity.?

A. Requirements of Personal UV
Dosimeters

Ultraviolet dosimeters designed for personal use should
have the following characteristics:

1. The physical or chemical change produced in the
dosimeter (e.g., increase in optical absorbance)

should, ideally, increase linearly with UV dose. If
not, the dose response curve should at least be
monotonic, that is, any given dosimeter response
is effected by only one radiation dose.

2. The dosimeter should exhibit photoaddition; each
wavelength acts independently and the effect of
polychromatic radiation is the sum of the effects
of all wavelengths involved.

3. The dosimeter response should depend only on
dose and be independent of dose rate.

4. The spectral sensitivity of the dosimeter should,
ideally, match the action spectrum of the photo-
biological effect being monitored.

S. The dosimeter response should be independent of
temperature and humidity; it should exhibit no
“dark effect” {(continuing response when radiation
exposure terminated); it should be stable on long-
term storage. ‘

6. The dosimeter should be easy to handle and not
impose restrictions on the activities of the wear-
ers.

7. The dosimeter should not require laborious pro-
cessing and should be easy to convert the physi-
cal or chemical response to a measure of ultravio-
let exposure dose.

8. The cost per dosimeter should be low so that
large-scale monitoring is feasible.

B. Types of Personal UV Dosimeters

1. Polysulfone Film

Perhaps the most commonly used material for studies
of personal UV dosimetry has been the thermoplastic,
polysulfone, which was first suggested as a possible
dosimeter for UVR by Davis et al.?* Since then, the use
of polysulfone film as a personal UV dosimeter has
been exploited for monitoring both environmental and
artificial UVR.25 The basis of the method is that, when
film is exposed to UVR at wavelengths less than 330
nm, its UV absorption increased. The increase in ab-
sorbance measured at a wavelength of 330 nm in-
creases with UV dose. In practice the film (40 pm thick)
is mounted in cardboard photographic holders and
normally worn on the lapel site.

2. Plastic Films Incorporating Photosensitizing
Drugs

In field studies of drug-induced photosensitivity the
possibility of using a dosimeter which incorporates the
relevant drug is an attractive proposition. To this end,
several drugs which are known to have photosensitiz-
ing effects in humans have been incorporated as the
chromophore in a polyvinyl chloride (PVC) film.
Photoactive drugs which have been used in this way
include phenothiazine,?® 8-methoxypsoralen,?” nalid-
ixic acid,?® and benoxaprofen.?
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3. Diazo Systems

Diazo systems, which are based on diazonium com-
pounds, are one of the oldest photochemical non-silver
processes. The two fundamental properties of the diazo
type process which make it suitable for use as a UV
dosimeter are

. the ability to be decomposed by ultraviolet radiation

. the ability of the undecomposed diazonium com-
pound to couple with a color former to produce a
stable image

| o I

Diazonium compounds are sensitive principally to the
UVA and blue regions of the spectrum. Their spectral
sensitivity, together with the simplicity, economy, and
convenience of the diazo system, have led to their use
as film badge dosimeters for UVA and blue radiation.30:3!

4. Photosensitive Papers

One drawback of the film dosimeters described above is
that they require laboratory equipment to facilitate read-
out. An alternative approach is to use a system whereby
the photochemical process initiates a color change so
that visual comparisons with stable printed color stan-
dards enable the user to obtain a reasonably accurate
and continuously readable integrated measure of his
exposure to UVR. An example of a dosimeter based on
this principle has been described by Zweig and
Henderson.3 This dosimeter is a polycarbonate film
matrix incorporating a chromophore which converts to
a red photoproduct following exposure to UVR of wave-
lengths less than 350 nm. The depth of red color
developed depends solely on the radiant exposure.

" Another type of photodosimeter is based on the
reversible color change of photochromic aziridine for-
mulations.® The colorless aziridine undergoes isomer-
ization following ultraviolet exposure to form the blue-
colored azomethine slide.

Photosensitive papers form the basis of dosimeters
designed for consumer use while sunbathing.3+

5. Thermoluminescent Materials

Several thermoluminescent (TL) materials have been
investigated as possible UV dosimeters. Many materi-
als (e.g., LiF:Mg; CaSO,: Tm; CaF,: natural} require
pre-irradiation with high doses of gamma radiation
and partial annealing before showing sensitivity to
UVR (so-called “transferred thermoluminescence”),
whereas other materials (e.g., MgO; A1,0,:Si; CaF,:Dy)
have proved to be directly sensitive to UVR. It is
probably true to say that TL materials have yet to find
an established role as dosimeters for UVR.

6. Polycarbonate Plastic

On exposure to UVR the transparent plastic, CR-39

(allyl diglycol carbonate), alters its optical properties.
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These changes are the basis of its use as UVR dosim-
eter.5 After exposure the plastic is etched in 6 N KOH
at 80°C for 3 hours, rinsed, and allowed to dry..The
degree of UV dose-dependent front surface damage,
visible as opacification, is quantified by measuring the
transmission at 700 nm. A novel use of this material
has been to construct CR-39 contact lenses which can
be used for measuring ultraviolet exposure to the front
surface of the eye.3¢
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