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Ultraviolet (UV) rays are used in our daily lives for a variety of purposes, including detection of counterfeit bank
notes and passports, sterilisation in hospitals and water treatment plants, and in medical treatments for dis-
eases such as athlete's foot. However, a majority of students are unaware of UV rays and their effects. This
practical introduces students to the different types of UV rays and their effects on living things, using appro-
priate teaching materials and equipment. The effects of exposure to UV-B (fluorescent) and UV-C (germicidal)
lamps are demonstrated using bananas, duckweed and the fruit fly. Students can observe photoreactivation
when living samples are exposed to the UV-C followed by irradiation with the UV-B lamp.
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Introduction
Ultraviolet (UV) rays are utilised our daily life for various pur-
poses. For example, they are used for detection for counterfeit
bank notes and passports, sterilisation in hospitals, hair salons
and water filtering plants, medical treatment for athlete's foot
and tanning. Low intensity UV rays are also emitted from fluo-
rescent lamps, televisions and computer monitors. Thus, today
weare taking an increasing interest in UV rays as concern about
UV rays grows - it is known that the Atlantic ozone is decreas-
ing (Stolarki et al, 1986) and the phenomenon has called for
research on the effect of UV radiation on living things (Kerr and
Mcelroy, 1993).

Nevertheless, most students have little awareness of UV rays
and their effects, although most students seem to have some
experience of sunburn and tanning. Although the term 'ultravi-
olet ray' is familiar, the knowledge of their effects is limited
(Morimoto, 1999). Therefore, it is necessary to teach more
about UV rays, especially their effect on living things, including
human beings. Inevitably, this requires the development of
appropriate teaching materials and equipment.

Various teaching materials and equipment concerning the
effect of UV radiation on living things have previously been
reported, including E. coli [Nuttall, 1995), Vibrio natriegens
(Delpech, 2001), and yeast (Mayo and Friedrichsen, 1993).
However, the limitation of these materials is that they are
microorganisms, which are often not familiar to students even in
secondary school. It seems that more familiar materials - e.g.
visible animals and plants - are required in the classroom set-
ting. Also, UV radiation equipment should be simple so that any
school laboratory can perform the experiments.

In this paper, such materials and equipment are introduced.
The experiments use a banana, duckweed and fruit flies and a
simple UV radiation device.

Background knowledge and information
Through this experiment students are expected to learn the
effect of UV rays on living things. The experiments demonstrate
various damage resulting from UV rays and the repair systems
living organisms possess. In order to help students' understand-
ing, maintain interest and explain the importance of learning
about UV rays, it may be useful to provide students with some
background knowledge and information in relation to the
experiments presented in this paper. Such background informa-
tion concerns the characteristics of the three types of UV rays,
repair systems, exposure of human bodies to UV rays, and the
effect of UV rays on plants. The following paragraphs suggest
the information you could provide to students prior to demon-
strating the experiments:

The three types of UV rays

Ultraviolet rays are mainly divided into three parts by wave-
length - UV-C(200 - 280 nm), UV-B (280 - 315 nm) and UV-
A (315 - 400 nm). Though the sun emits all kinds ofUV rays,
only UV-A and UV-Brays reach the ground because the Earth's
atmosphere and ozone layer absorbs UV-C wavelengths. It is
known that UV-A causes the skin to tan and that UV-B causes
sunburn. Although UV-C is prevented from reaching the Earth
by the ozone layer, it is given out from welding arcs and also
arises from the reflection of the sun from snow at high altitude.
The depletion of the ozone layer has caused concern because of
the implications of less protection from the sun's rays.

UV-C is known to be a strong mutagen of DNA. UV radia-
tion with a wavelength of about 260 nm is absorbed strongly by
bases of DNA and one consequence is the photochemical fusion
of two adjacent pyrimidines into the cyclobutane thymine
dimer (pyrimidine dimer) and 6-4 photoproduct (Watson et at,
1987). Recently, it was said that UV-B is also quite harmful to
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living things as it can induce the similar dimer. The formula
E=hv(l/\) [E: energy; h: Planck constant; v: frequency; \: wave-
length], which calculates the energy of the UV rays, shows that
the UV-B energy is lower than UV-C energy, and that damage
by UV-B is little. However, UV-B deeply penetrates into the
body of living things. The cornea of the eye is particularly sus-
ceptible to UV-C, whereas UV-B damages the lens which can
lead to cataracts (Memmer 1989). UV-C and UV-B also cause
skin cancer - UV-Bdamages the dermis, while UV-C damages
the epidermis.

Repair sys tems
Though the DNA of skin cells exposed to normal sunlight
acquires thousands of dimers per day, they are removed by
repair systems. There are three kinds of repair system. The first
is an excision repair system, which removes damaged bases or
backbone segments of DNA. This excision repair system of
dimers and other bulky lesion damage is initiated by the Uvr
ABC endonuclease enzyme (Watson et al., 1987). This repair
system can run in dark conditions and most living things have
the system. The second repair system is recombinational. In this
system, when all information is lost at the site of damage it can
be recovered by taking a corresponding DNA segment from a
separate identical DNA molecule [Watson et al., 1 987).

The third repair system is called photoreactivation and is seen
in some living things such as fruit flies and bananas.
Photoreactivation is carried out by an enzyme called photolyase,
which binds pyrimidine dimers, using visible light, changing the
dimer ring back into individual pyrimidine bases.

Humanswho do not have these repair systems are diagnosed
with xeroderma pigmentosum, a rare heritable skin disease, and
tend to contract skin cancer because their skin is abnormally sen-
sitive to UV or sunlight. Duckweed is an example ofa plant lack-
ing a repair system and it is easily influenced and killed by UV
rays. Therefore, it is often used as an environmental indicator.

Exposure of human bodies to UV

The extent of exposure of human bodies to UV rays varies
according to lifestyle. According to Herlihy (1994), it is also
determined by sporting activities - yachting causes the highest
exposure and swimming the lowest. It is thought that the highly
irradiated dose received during yachting is related to reflection
from the water surface.

Osborne and Young (1998) report the extent of exposure to
UV rays in relation to age and sex. They found that irrespective
of sex, children less than five years old tend to be exposed more
than other age groups. They also report that while men are
highly exposed in their teens and 20s, women are highly
exposed in their 30s due to taking their children out of doors.
To reduce the influence of UV rays, it is effective to apply sun-
screen to the skin.

The effect of UV on plants

UV rays damage plants in various ways, by decreasing chloro-
phylls and inhibiting growth and bud germination. It is known
that when plants are exposed to various stresses, production of
stress proteins is induced to protect against the stresses. UV-B
induces the synthesis of flavonoids, which are found in epider-
mal vacuoles and function as filters by absorbing UV rays (Tenin
etal, 1991).

Materials and equipment
As well as describing the materials used in this study, it's appro-
priate to explain why they are particularly suitable for use in
secondary school laboratories.

Banana

A banana is inexpensive and widely available for purchase, so
can therefore be prepared in any secondary school.

In the experiment, an unripe banana was used because the
influence of UV rays is detected by peel colour change from
yellow to brown. It is difficult to detect the influence of UV
radiation on a mature banana, when peel already exhibits brown
spots. Also, rather than several bananas, one banana divided into
four sections was used, in order to compare different influences
of UV rays clearly.

Duckweed

Duckweed is easily obtained in ponds during spring and sum-
mer, is familiar to many students and is therefore considered a
useful material in school science. For example, Kawakami
(1 997) introduces duckweed as the indicator of the influence of
coins (i.e. metals} on living things.

The species used in this study was Lemna paucicostata
Hegelmaier. The culture solution was Murashige and Skooge
(MS solution), whose components are shown in Kawakami et al.
(1997). The duckweed was collected from a pond at Nara
University of Education. Its frond size was about 5 mm.Three
individual duckweed fronds were used.

Fruit flies
Fruits flies (Drosophila melanogaster) are popular teaching mate-
rials in school and are used for various experiments. The flies
can be purchased from educational institutes and teaching
materials companies and also collected using a banana trap.
Moreover, the existence of a lot of mutant strains of fruit fly is
an advantage. If a strain of fly deficient in the UV damage repair
system, or the photoreactivation system can be obtained, stu-
dents will be able to do advanced experiments, which this study
did not show. The species used in this study was Drosophila
melanogaster Meigen, and the strain was Canton S (Wild type).
The third instar larvae were used.

UV radiation device

The UV radiation device used in these experiments is shown in
Figure 1. The device includes a normal fluorescent radiation
device, a box and a blackout curtain. The UV-B lamp and UV-
C lamp replaced the normal fluorescent lamp radiation devices
-Toshiba health fluorescent lamp (FL20SE 20W) was used as
UV-B irradiation; Toshiba germicidal lamp (GL10 10W) was
used as UV-C irradiation.

The blackout curtain is used to prevent the leakage of UV
rays. Moreover, to prevent operator exposure to UV radiation
during the experiment, a special safely helmet and gloves were
worn during the irradiation steps.

UV radiation dose (J/m2s: Joule per square meter second) is
determined by the distance between the material and the lamp,
and radiation time. Table 1 shows the distance and time that are
required to deliver certain UV radiation doses. For example, to
deliver 1000 J/m2 rays by a UV-C lamp, it is required that the
distance between a material and UV-C lamp is 22 cm and time
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Figure 1 The UV radiation device.

is 224 seconds. The data shown in Table 1 are based on values

measured by a UV dosimeter (UVR-2, Topkon Japan).
Thus, this study used a simple and safe device, which any sec-

ondary teachers can assemble and use easily.

Table 1. Radiation time and distance between materials and lamp for
each dose of UV radiation.

UV-B uv-c
Dose J/m2 Distance cm Time sec Distance cm Time sec
1 0 0 2 6 2 3 3 3 3 3

5 0 0 2 6 1 1 5 3 3 16 5

10 0 0 1 5 1 5 2 2 2 2 2 4

15 0 0 1 5 2 2 8 2 2 3 3 6

2 0 0 0 1 5 3 0 4 2 2 4 4 8

Methods 蝣 IU V radia tion o f b anan a

In order to perform the var ious t rea tments on one banana, the
top quar ter of the banana, including the s tem, wascovered by
aluminium foil pr ior to any UV treatment and used as the con-
trol sec t ion. The second sect ion wascovered by aluminium foi l
af ter UV radia t ion, the thi rd sect ion had sunscreen
(NeosunscreenNANESSA Shiseido Japan) appl ied to i t and was
subsequent ly covered by aluminium foil af ter UV radia t ion. The
lower quar ter sect ion was exposed to two fluorescent (UV-B)
lamps at a dis tance of 14 cm for 24 hours at 25°C fol lowing UV
radia t ion. This t rea tment is cal led photoreact ivat ion t rea tment .
UV treatment was del ivered at a dose of 1000 J /m2 (UV-C).
The treated banana was then stored under dark condi t ions at
roomtemperature for f ive days .

UV radia t ion of duckweed

Duckweed fronds were put in the cul ture medium (about
20 ml) in a glass pet r i d ish (9 cm diameter) and UV radia t ion
wascarr ied out in the UV radia t ion device . UV radia t ion doses
on separa te samples were 0 J/m2 (no radia t ion) , 10k J /m2 (UV-
B) and 2k J/m2 (UV-C). After UV irradia t ion, the duckweed
was transferred to a 500 ml beaker conta ining the cul ture
medium.The number of fronds were measured according to
Miura and Hirahara (1 979) . Af ter each UV irradia t ion, cul tures
were lef t under a windowsi l l . The number of fronds was
counted everyday at three o 'c lock in the af ternoon. When the
amountof cul tured solut ion had reduced due to evaporat ion,
dis t i l led water wasadded to mainta in the volume.

UV radiat ion of frui t f ly
A smal l amountof water waspoured into a glass pet r i d ish (9
cmdiameter) and 10 third ins tar larvae were placed in i t . UV
irradia t ion was performed in the UV radia t ion device under
exper imenta l condi t ions . After UV radia t ion, the frui t f l ies were
t ransferred to bot t les conta ining standard medium.In the pho-
toreact ivat ion exper iment , the UV-ir radia ted larvae were then
exposed to two fluorescent (UV-B) lamps at dis tance of 14 cm
for 24 hours at 25°C. Both sets of larvae were then stored in the
dark at 25°C unt i l they reached matur i ty . The survival of UV-
ir radia ted larvae to adul thood was observed respect ively every
day. The exper imenta l procedure is shown in Figure 2.

Figure 2 The UV rad ia t ion procedure . I -* 3 -* 4 - UVrad ia t ion on ly ;
l - * 2 -* 3 -* 4 = photo reac t iva t ion t rea tmen t .

Results and discussion
Banana

Figure 3 shows the resul ts of banana on the fi f th day fol lowing
ir radia t ion. The top quar ter of the banana is yel low and dot ted .
As this sect ion was not irradia ted by any light , i t i s l ike ly that
the colour change is due to matur i ty . The colour of the next sec-
t ion is brown, and UV damage to the banana can be seen. I t
resembles a human suntan, and from this resul t , the s tudents
wil l unders tand the effect of UV radia t ion on living things . Only
the banana peel is af fected; the banana itse l f is not harmful for
humanconsumptionand is therefore edible . When the peel was
cut ver t ica l ly , the colour change wasobserved in only a few lay-
ers on the surface of the frui t . This shows that UV rays cannot
penetra te the banana deeply . I t is thought that the reason the
banana peel changes colour is that the banana conta ins a lot of
phenol compounds .The third sect ion is a l ight b rown colour
and the protect ive nature of sunscreen to UV is clear ly shown.
The lower quar ter sect ion is a lso a l ight brown colour . This sec-
t ion was irradia ted by the f luorescent lamp af ter UV irradia t ion
and thus displays photoreact ivat ion. I t is c lear that dur ing the
f luorescent lamp treatment the UV damage was repai red.
Though the damage to this sect ion did not recover complete ly ,
it can be seen that damage wascer ta in ly reduced. The resul t can
demonstra te the photoreact ivat ion phenomenon,which many
students wil l not have been awareof .

Duckweed
The number of duckweed fronds counted dur ing the exper i -
ment is shown in Figure 4. Duckweed under 0 J/m2 (no radia-
t ion) increased its number of fronds gradual ly . The numberon
the 12th day was 63. In contras t , the number of UV-ir radia ted
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Sunscreen UV radiation Control

Figure 3 The banana, exposed to UV-C 1000 J/m2, shown on the fifth day
after UV radiation exposure.

duckweed fronds (UV-B 10k J/m2; 2k J/m2) increased only
slightly. Some fronds lost their green colour and some turned
brown. UV irradiation is likely to have induced this effect. The
results of this experiment demonstrate the influence of UV rays
on plants, especially plants without a repair system.

0 k j /m 2 U V -B 1 0 k j /m 2 - * U V -C 2 k j / m 2

N u m b er o f fr o n d s

7 0

6 0

5 0

4 0

3 0

2 0

1 0

0 '" ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H

0      2 1 0     1 2

D a y s

Figure 4 Change in number of duckweed fronds after UV radiation expo-
sure. æf O J/m2; å¡ UV-B 10K J/m2; A UV-C 2K J/m2

Fruit fly
Figure 5 shows the result of UV-B irradiation on fruit flies. The
survival rate is almost zero at 1 000 J/m2 under UV-B irradiation
only. On the other hand, during photoreactivation treatment,
the survival rate didn't decrease to zero until around 2400 J/m2.
Similarly, Figure 6 shows the result of fruit flies under UV-C
irradiation. The survival rate is almost zero at 300 J/m2 under
UV-C irradiation only, but during photoreactivation treatment,
the survival rate didn't decrease to zero until around 700 J/m2.
This demonstrates the effectiveness of photolyase in repairing
UV damage to the fruit flies during the photoreactivation
process. It is reported that pyrimidine dimers are the major
cause of UV-induced lethal phenotypes in excisionless
Drosophila larvae (Ryo and Kondo, 1986] and it's hoped that
through this practical students can learn about the photoreacti-
vation system of fruit flies.

Figure 7 shows the dead fruit fly that was observed using a
microscope. The stage at death was pupa - this fruit fly could
develop from larva to pupa, but it could not develop further to
the adult stage. Black spots that resembled sunburn were
observed and abnormal eye rudiment was observed in another
dead pupa. It is known that excisionless larvae show a high inci-
dence of somatic eye colour mutation after UV irradiation (Ryo

-6*b
300 600 900 1200 1500 1800 2100 2400

Dose J/m2

Figure 5 Fruit fly survival rate in UV-B radiation. æf UV radiation only;
å¡ Photoreactivation.

100 200 300

Dose J/m
400

,2

500 600 700

Figure 6 Fruit fly survival rate in UV-C radiation. æf UV radiation only;
å¡Pho toreactivation.

Figure 7 The dead body offruitfly pupa, observed under microscope (x 20).

and Kondo, 1986] and it is thought that the phenomenon
observed in this experiment is similar to that documented. As
the wild type fruit fly was used in this experiment, only a few
dead bodies with abnormal eye rudiment were observed.
Abnormal eye in adult fruit flies is induced by various mutagens.
Therefore, in order to detect effects caused by some mutagen,
observing the eye may be effective method.

Conclusion
This study attempted to develop teaching materials suitable for
use in secondary schools, to demonstrate the effect of UV rays
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on living things. The experiments introduced in this paper use a
banana, duckweed and fruit flies and a simple UV radiation
device, which are simple, safe and easily obtainable.
Additionally, the time required to obtain experiment results is
relatively short. The experiments have been shown to demon-
strate various phenomena concerning UV rays and help stu-
dents' understanding of the effect of UV rays on living things.

There is scope for further more advanced experiments to sub-
sequently be developed, and the experiments presented in this
paper will hopefully inspire teachers in secondary school biol-
ogy classes.
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