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Mog animas meet ther vitamin D needs through diet or exposure to ultraviolet (UV) radiation.

However, rickets and osteomaacia, classc consequences of cacium and vitamin D deficiency, are
problems in a number of captive species, including certain basking reptiles and nurang primates, when
little or no access is provided to naturd sunlight.>** Vitamin D deficiency may occur even when diets
contain 2,000-3,000 U vitamin Ds/kg, an amount which gppears to meet the needs of most other
gpecies. Intakes of vitamin Dy may be insufficient or some pecies may be unable to utilize detary
vitamin D, and exposure to UV radiaion may be a necessity. Artificid light is commonly used to
promote the hedlth of animals housed indoors. Asde from generd illumination and photoperiodic
effects, a potentid benefit of providing atificid light is the promotion of vitamin D synthess. However,
to be effective and safe, the lamps used must emit radiant energy of gppropriate UV waveengths and
intengty.

Light and Vitamin D

The spectrum of light is composed of eectromagnetic waves, whichmay be divided into severd ranges
or bands. Ultraviolet radiation extends from 100 to 400 nm and is subdivided into three distinct bands.

UVC is the lower (100-280 nm), UVB the middle (280-315 nm), and UV A the upper band (315-400
nm). Vishble radiaion (400- 700 nm) presents a spectrum of color, which isaresult of differencesin the

# Adapted from Bernard, J.B. 1995. Spectral Irradiance of Fluorescent Lamps and Their Efficacy for Promoting
Vitamin D Synthesisin Herbivorous Reptiles. Doctoral Dissertation, Michigan State University, East Lansing, MI.
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relaive energies and discernible colors of the light emitted. Above visible radiaion is infrared (700-
3,200 nm) which contributes radiant heet. Natura sunlight which reaches the earth's surface includes
near infrared, vigble light, UVA and some UV B, whereas wavelengths below 285 nm and above 2,500
nm are normdly filtered by the earth's amosphere.

Vitamin D; is formed in the skin, of most species sudied, with gppropriate UV exposure. The
conversion of 7-dehydrocholesteral (vitamin D precursor in the skin) to previtamin Ds generdly occurs
upon irradiative exposure between 285-315 nm. Previtamin D; is then thermdly converted to vitamin
Ds. Thus, the critical range of waveengths for vitamin D; biosynthesis fals within the UVB range, and
more specificaly, the mogt effective energies are from 290-300 nm. Other wavelengths may, however,
have some regulatory effects on vitamin D production.

Characteristics of Light Sources

Many lamps are marketed specificdly for anima use, and even larger numbers of lamp types are
utilized in zoos. Incandescent lamps emit light from filaments that glow as they are heated by their
resstance to transmisson of dectricity. Light emitted from commercidly available incandescent lamps
tends to be primarily visble and infrared radiation. Incandescent sunlamps that emit UV light are no
longer commercidly available in the United States due to serious hedlth risks. FHuorescent lamps emit
light from fluorescing powders, or phosphors, that coat the inner walls and that are activated by energy
generated by amercury arc. The spectrum of light emitted is a function of the nature of the phosphors
and the light-transmitting characteritics of the envelope that surrounds them.

Sdection of a fluorescent lamp to promote the cutaneous production of vitamin 3 and to
illuminate anima exhibits properly requires some knowledge of the lamp's visud qudities and its energy
output at various wavelengths. Color baance is established by the relaive energies of bands of light in
the visblerange. FHuorescent lamps designated warm white have a reddish tone, cool white lamps have
a blue hue, and daylight lamps have more of a white gppearance. Blacklights provide a high intengity of
UVA, usudly with little visble light or UVB.

The qudity of light emitted by a lamp may be described by the correlated color temperature
(CCT), which is a comparison of the color of light emitted from a lamp to that emitted by a reference
gandard, and is expressed in degrees Kelvin (K). CCT is not, however, a measurement of actua
temperature. As color temperature increases, color shifts in a continuum through the color spectrum
from red to blue-white. The sun is consdered a reference standard with a CCT generdly between
5,000 and 7,000° K.

The quality of light emitted by alamp may aso be described by the color rendering index (CRI).
The sun is given a CRI of 100 and is the bass againg which dl lamps are measured. The CRI of
fluorescent lamps labeled "full spectrum™” can be as high as 94. While such a lamp may provide
gopeding illumination of animd exhibits, the labd "full spectrum” is often mideading. The spectrd
balance of most of these lamps does not include sufficient energy in the UVB range to promote vitamin
D synthesis.

Lamps

The spectrd irradiance (250- 700 nm) of 15 commonly used, commercidly available fluorescent lamps
and 5 experimenta fluorescent lamps has been examined. While afew of the commercidly available



lamps may be effective in promoting vitamin D; biosynthess if an animd is very close for extended
periods of time, there are currently no commercidly available “full spectrum” lamps which have been
demonstrated to be safe and effective in providing sufficient UV energy for vitamin D synthessin alarge
exhibit.

The experimental lamps, containing varying proportions of the Sylvania 2096 UV B-emitting
phosphor (Sylvania Lighting, Danvers, MA), were very active in promoting vitamin Dy biosynthes's.
Additiondly, the most recent verdon of the experimenta lamp provided appropriate color baance
(CCT 5,600° K; CRI 91) for display purposes. This lamp was shown not only to be effective at
converting 7-dehydrocholesteral to vitamin Ds, in vitro, at distances as great as 213 cm (approximately
7 ft), but has aso been demondrated with green iguanas (Iguana iguana) to be effective and safe, in
Vivo, a distances as close as 61 cm (approximately 2 ft). The UV output of thislamp was desgned to
be within the limits of safety for 8 hr of exposure established for humans by the Nationd Inditute for
Occupationad Safety and Hedth (NIOSH).®  Unfortunatdly, this lamp is not currently commercialy
available.

Recommendations

When vitamin D requirements cannot be met by diet, direct solar exposure is the most effective method
of promating biosynthesis of vitamin D. An dterndive, if environmental and physica circumstances do
not permit direct exposure, is solar exposure through windows or skylights, made of materid such as
Solacryl UVT® (Polycast Technology Corporation, Stamford, CT) that tranamits near infrared, visible,
UVA, and UVB radiation. For those Stuations where direct or indirect solar exposure is not possible,
artificid lighting may be necessary.

Mog “full spectrum” lamps offer excdlent generd illumination, but provide very little UVB.
However, the GE Chroma 50 (Genera Electric Lighting, Cleveland, OH) offers acceptable genera
illumination and emitted aufficient UVB to sugtain serum vitamin D metabalites in hedthy green iguanas
when they were within 46 cm (18 in) and irradiated for 12 hr/day. The Sylvania Design 50 has a6-fold
higher energy output in the critica wavelength range (290-300 nm) than the GE Chroma 50 and should
be more effective in supporting vitamin D synthes's, but has not been tested on animals.

Blacklights, by definition, are UVA emitters and emiit little, if any, UVB. However, thereis a
blacklight which has been identified that enits more UVB than other commercidly avalable lamps
sudied, the Sylvania 350 Blacklight. Reasonable amounts of UVB and acceptable generd illumination
may be provided by use of two-lamp fixtures containing the Sylvania 350 Blacklight in combination with
adaylight or “full spectrum” lamp. While this combination has not been tested on animals, it is likely to
be more efficacious than other atificid lighting options. To assure sufficient vitamin D synthedis, it may
be necessary to encourage animals to bask near the lamp by dtrategic placement of a supplementa heeat
source. Additiondly, a shaded area should be provided to which animas may retreat from extended
atificid light exposure, just as they might escape prolonged solar exposure in their naturd habitat.
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