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Spencer Forsythe and Sheldon Gerlib prepare to study the colours in soap bubbles illuminated by a large
flashlight. The boys were part of a group of 17 campers at the BIG Little Science Centre’s Science Camp
Number 2. The photo was taken on the morning of Day 1 of the Camp. More Photos on Pages 8 and 9.

[Note the image of the flashlight formed by the top surface of the first bubble.]
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The Teaching Lab Room
Photos and Text by Gordon Gore

The fourth room at the BIG Little Science Centre has flat tables, a sink and a room full of
hands-on materials for our young visitors to use. There are also demonstration benches where
we can present topics other than Light and Colour. Teachers can bring their classes and let
them do any one of a number of curriculum-related science activities which we have designed
and for which we have equipped the centre. This is the room where we conduct our invitational
science camps for elementary and secondary visitors. Summer camps and other special events
like birthday parties are also done in this room. Workshops for teachers and Open House
demonstrations are conducted here. The science teaching lab room is well used!



Special invitational science camps have been sponsored by Applied Science Technologists and Technicians
of British Columbia (ASTTBC), by Kamloops Exploration Group (KEG) and by the Kamloops
Foundation. These camps have been extremely well received by student visitors and by their schools.



The BIG Little Science Centre has developed a large number of hands-on laboratory-based activities and
several exciting demonstrations for our visitors. The Teaching-Lab Room is a very popular destination. This is
where inquiry-based science takes place on a regular basis.



Ultraviolet Light: The Good, the Bad and the Necessary
Jim Hebden, Ph.D.

Ultraviolet (UV) light is one part of the electromagnetic spectrum. The electromagnetic spectrum is a
continuous range of energies which includes, from lowest to highest energies, all the following: radio waves,
microwaves, infrared (pronounced ‘infra-red’) waves, visible light, ultraviolet light, X-rays and gamma rays. In
general, the higher the energy of an electromagnetic wave, the more it can interact with matter (that is, the
basic stuff of which everything is made). Radio waves make all the free electrons in a conducting metal move
back and forth, creating a radio antenna.Microwaves cause individual molecules to madly rotate and can cause
the water molecules in food to absorb energy and cook the food when placed in a microwave oven. Infrared
waves cause molecules to vibrate back and forth, causing them to become hotter. Infrared energy from the sun
warms us on a summer day. Visible light causes electrons in matter to absorb energy and then give it off again
to produce all the colours of the rainbow. Ultraviolet light is the part of the electromagnetic spectrum that starts
to become destructive to matter when it causes easily removed electrons to be knocked completely out of atoms
to create ions (charged atoms) and free radicals (atoms having an odd number of electrons). X-rays remove
even hard-to-remove electrons from ANY atom, and gamma rays destroy some atomic nuclei.

Ultraviolet light gets its name because it is the part of the electromagnetic spectrum having energy just
beyond (‘ultra’) the highest energy visible light, violet.

A quick Internet check* shows that ultraviolet light is subdivided into 8 different regions, and that the
Sun’s UV output is concentrated in three particular regions: UVA (long wave UV or ‘black light’), UVB
(medium wave UV) and UVC (short wave UV). The UV light reaching the Earth’s surface is mostly UVA and a
bit of UVB; the more energetic type UVB is mostly absorbed in the upper atmosphere. All UV beyond UVB is
absorbed by air and does not make it to the Earth’s surface.

Although the Earth’s ozone layer absorbs some of the UVA and most of the UVB light coming from the
Sun, a small amount of UV does reach the ground, and that is where trouble can start. Low energy UV light
(UVA) penetrates only a small distance into our skin, does not cause sunburn and only has a mild tanning effect
on skin, but does cause premature aging of the skin by damaging the collagen fibres that give skin its elasticity,
and also destroys the skin’s vitamin A, leading to further damage. New evidence shows that even UVA light
can cause skin cancer indirectly because the loss of vitamin A from the skin allows free radicals and harmful
forms of oxygen to attack the skin’s DNA and start a series of reactions ending in cancer. Medium energy UV
light, UVB, penetrates farther into our skin than UVA and has both good and bad effects. Some UVB is needed
to help our bodies make vitamin D and moderate exposure to UVB causes a small amount of damage to
exposed skin’s DNA, which in turn is quickly repaired, and triggers the production of melanin by our bodies.
Melanin is the pigment molecule responsible for tanning by darkening the skin. (People of African origin have
evolved the ability to produce large amounts of melanin in their skin to protect them from the otherwise-
harmful doses of UV light that are absorbed near the equator.) The melanin absorbs UVB and converts the UV
energy to heat energy. Sunscreens contain chemicals that also change UVB light into heat (like melanin, but
not as effective), but the chemicals are eventually destroyed by the UV light and must be re-applied. In addition,
most sunscreens do not block UVA and therefore are not a substitute for avoiding excess exposure to UV light
in the first place. An excess of UVB causes all the same effects as UVA and also causes sunburn and a highly
increased potential for skin cancer as a result of greater damage to the skin’s DNA. UVC is thought to be able to
cause severe health problems, including extensive DNA damage and skin cancers, but such UV light is only
given off by special lights sources (used to kill germs and other microorganisms) that are not intended to be in
contact with people. Interestingly, it is believed that an astronaut without a space suit could survive stepping out
into space for 10 seconds or so, even without an air supply — in order to jump from a disabled space capsule to
a functioning capsule, say. However, the brief exposure to UVC and even higher UV energies (‘far’, ‘vacuum’
and ‘extreme’) could give the unprotected astronaut almost lethal doses of UV energy.



While most people seem to associate too much exposure to UV light with sunburn and possible skin
cancer, there are other hazards that are less well known. Sustained UV light can damage the eyes, which is why
mountain climbers must wear special UV-blocking goggles to block the extra UV present at high altitudes.
Also, continued excess exposure to UV light can cause persistent skin problems and damage the body’s immune
system. Most of the Earth’s UV protection relies on the ozone layer at the top of our atmosphere. The ozone
molecule, O3, absorbs UV light and is decomposed into a regular oxygen molecule, O2, and a highly reactive
form of atomic oxygen, O. The atomic oxygen quickly recombines with an oxygen molecule to reform ozone
and the UV-absorbing cycle continues. Because of the thinning of the ozone layer due to the large-scale human-
related release of chemical compounds such as Freons (chemicals used for refrigeration that contain chlorine
atoms), the ozone layer has been extensively damaged over both the North and South Polar regions. People
living near the South Pole, at the tip of South America in a region called Patagonia, have found that many of
their animals are now getting skin cancers.

Humans cannot see UV light because our eyes lack the proper type of UV ‘photoreceptors’, but insects
have eyes that can see UV light. Many flower petals that look quite white and plain to us will fluoresce in
brilliant colours and patterns when a black light shines on them, and these colours and patterns attract the
insects that best pollinate the flowers. Because many insects are attracted to UV light, ‘bug zappers’ emit UVA
light to attract night-flying insects such as moths toward electric wires that kill them.

Ultraviolet light has other negative effects such as slowly destroying and crumbling the yellow
polypropylene ropes sold in hardware stores, and slowly destroying many dyes and pigments used in paints so
that the colours are changed. (High quality exterior house paints contain special chemicals that act like the
melanin in our skin to absorb the destructive UV light and convert it to heat.)

Science and technology take advantage of UV light in many positive ways. Crime scene investigators
use UV light to help reveal the presence of various bodily fluids such as blood. Chemists routinely use UV light
to analyze certain types of compounds. Mineralogists use UV light to help identify some minerals that fluoresce
with UV light (your teeth contain the mineral ‘apatite’ — calcium phosphate — which fluoresce a yellow colour
when illuminated with a black light). Special lights that give off UVC light are used to kill bacteria and sterilize
objects; for example, high school Chemistry labs routinely use cabinets with lamps emitting UVC light to
sterilize safety goggles used by students. In addition, UVC is used to sterilize water and some foods, and is used
in some fire detectors.

Although UV light appears to have more bad effects than good effects on our health, UV light in the
early days of life on Earth is now believed to have been responsible for an essential step in our having evolved
from being simple single-cell organisms. So … UV light has both bad and good effects, like many things in life,
and has allowed us to enjoy a life that is more exciting and rewarding than simply being a single-cell slime
mold living billions of years ago!

A black (ultraviolet) light makes some highlighter writing fluoresce.

*(http://en.wikipedia.org/wiki/Ultraviolet
http://www.stmary.ws/physics/uv_1.htm
http://www.unified-eng.com/news/uv.html)



Summer Science Camp Number 2

Avery and Ashley Aliza-Marie and Olivia Jimmy

Spencer and Sheldon Jett and Alexander Terrance McVeigh

Ceius and Hugh Devin and Glorielle

Anthony Ethan and Austin Anthony and Jimmy



Austin Ethan Hugh

Alexander Glorielle Devin

Jenna Swift (Our NewVolunteer) Tom Giroday (Staff) with a pinhole viewer

The first morning of the second summer science camp at the BIG Little Science Centre featured activities with
light and colour. The youngsters watched Gordon Gore’s light and colour show, and did a variety of activities
including pinhole viewers, images formed with a simple lens (a Florence flask full of water), and shadows.
They have a busy but entertaining week ahead of them. Helping out on the first day were Susan Hammond
(who coordinated the camp), Gord Stewart, Heather Neave, Tom Giroday, Adele Stapleton, Renée Taylor,
Eric Wiebe and Jenna Swift (our new volunteer).



ANTIOXIDANTS AND RADICALS
David McKinnon Ph.D.

Perhaps the name of antioxidants is a bit misleading, as they don’t prevent oxidation. Rather they perform the
mopping up of some of the radicals, which are undesirable chemical products of oxidants and the consumption
of oxygen in our bodies.

We cannot avoid radicals, because oxygen is necessary for our lives. Unfortunately, the same living
processes that make oxygen we breathe from the air available to the cells in our body also make harmful species
called free radicals. Radicals are very reactive and the body has several specialized chemicals called enzymes
that further break down these radicals so that the oxygen can be used by the body, but some radicals are not
completely destroyed, and they get to parts of the cells where they can cause damage.

Two of the radicals that could be formed are called superoxide and hydroxyl. These radicals can do a
number of possible reactions, but one reaction has the most effect. That is the radicals alter some biomolecule in
the living cell to change its overall shape.

In turn, because the shape of the molecule controls how it reacts, this affects the abilities of the
biomolecules to participate in the normal chemical reactions going on within the cell. Thus, there is cell damage
and, unless the cell has ways to fix itself, the products and effects of these reactions will accumulate in the cells.
Some possible effects are aging, or mutations and perhaps cancer, poorer cell function, and changes in the
energy production in the cell.

Certain metals may also help form radicals, but the effects of at least one of these, iron, cannot be
avoided, as iron itself is a necessary part of our diet, being a constituent of some of the enzymes involved in
oxygen utilization. Radioactivity also causes radical formation with cell damage. In fact, this can be used
beneficially to kill cancer cells by radiation. Vigorous exercise requires more consumption of oxygen than
usual, and thus may lead to increased free radical formation. This may also be the case for activities that require
breathing pure oxygen.

Antioxidants are substances that combine easily with radicals and effectively remove them from
circulation. The reactions of the radicals with the antioxidants make stable low-energy species that don’t readily
react further, so that damage is effectively stopped.

Various naturally occurring antioxidants are:

• Carotenes and lycopene (tomatoes, red peppers);
• Flavanoids (red wine, tea, cranberries, purple grapes);
• Polyphenols (flax seed, oatmeal, rye and barley);
• Vitamin A (carrots, squash and green vegetables such as broccoli);
• Vitamin C (fresh fruit and vegetables);
• Vitamin E (avocado, seeds and nuts, spinach, vegetable oils and wheat germ); and
• Organic sulfur compounds (garlic, onions, cabbage and broccoli).

Polyunsaturated fats and oils would be good radical traps, but as these are involved in cell wall lipids,
formation and combination of radicals from them would affect the cell walls.

So eating lots of fruit and vegetables may be good for you, but there are suggestions that the natural
radical destroying enzymes in the body may become less active when large amounts of antioxidants are
consumed.


