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Equipment

edited by
harald Apelt

Lamps 

Do divers really need underwater lamps?  

It is a simple question to which there is no 
simple answer, as it all depends... If you 
are mostly diving in southeast Asia or the 
caribbean where visibility is fantastic, during 
days of bright sunshine and in waters of 20m 
or less, you probably don’t need one. But 
if you plan on diving in lakes, doing night 
dives, penetrating wrecks or do any sort of 
technical dive, then a good lamp becomes 
an essential part of your diving gear.   

How to choose

By harald Apelt
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what makes an underwater 
lamp a good lamp? 

first of all, it needs to be bright and 
closely reproduce the colour of daylight, 
so it shows the colours as realistic as pos-
sible. for a long burn time, it needs to be 
equipped with a high capacity accumu-
lator. A short charging time is also essen-
tial, especially of you plan on having sev-
eral dives in a row. 

Size and weight is also of importance 
because of weight limitations and space 
restrictions when it comes to bringing it 
on an aircraft. It is not really a question 
of build quality, but rather of comfort, 
in how the lamp can be transported in 
an aircraft. Due to airline regulations the 
bulb or lamphead has to be transported 
separately from the accumu-
lator, so divers are normally 
required to detach the bulb. 

There is a wide variety of different lamps 
and techniques available. first of all, 
you will have to determine which sort of 
diver you are. As mentioned before, the 
requirements for a lamp are different, 
and that’s why you should decide which 
type of diving you are going to use it for. 
Do you need a system of extreme dura-
bility and power for extended cavern 
dives, or just a small lamp for your BcD 
pocket? 

Do you require a 10 Watt backup-light or 
a 100 Watt high performance spot? And 
which system will meet your requirements 
best? Is it a halogen-lamp, a Xenon-light, 
the “power pack” hID (high Intensity 
Discharge) or the LED-technique (Light 
Emitting Diodes)?

Underwater lamps can be classified into 
three basic categories:

There are handlamps with batteries, 
rechargable hand lamps with accumula-
tors or acculamps, and lamps with exter-
nal battery packs or accu-tanklamps. 
The operation of these three types are 
quite different. 

Those divers who need a lot of light for a 
long time, will become fans of an accu-
tanklamp. The canis- ter with 
the accumula-
tor is normally 
fixed on the 
side of 
the tank 

and is connect-
ed with a cable 
(umbilical) to a lamp 
head which is held in the 
hand. The lamp head 

quite often has a special 
grip—a so-called Goodman-
grip— which makes the use of 

the lamp head very comfort-
able. for cavern dives, there 
is also a special version that 

fixes the lamp heads to the 
helmet. These accu-tank lamp 

are often the choice of tech- and wreck 
divers. videographers also tend to pre-
fer the tank-system because of its high 
capacity.

The disadvantage of these lamps is their 
high price and their high weight. These 
are the main reasons why they are not 
widely used by classic sport divers. 

The powerful and high quality alterna-
tives to these complex systems are the 
accu-handlamps. They are normally 
made of aluminium tubes, have an inte-
grated accumulator-pack of different 
power, and they are available with all 
kinds of above mentioned bulbs. 

The cheaper alternative to this kind of 
lamps are the battery lamps. They are 
mostly made of plastic and can be used 
with rechargeable or normal batteries. 

These batteries—whatever is used—
can be easily removed and makes 
this type of lamp very comfortable for 

What makes an underwa-
ter lamp a good lamp?

The lamp head is connected 
to the battery canister 
via an “umbilical”

With a 
“Goodman-

grip”, you 
can carry the 
lamphead on the 

back of your hand

The bat-
tery pack 

can be 
attached 

to your 
tank with 
a clamp 

What do 
you need? 
Which lamp 
type is best 
for you? It all 
depends, as 
the article 
explains...

This tiny hID from Singaporian 
Aunoc is less than three 

inches long and will 
fit into any pocket, 
yet it boasts an 
impresssive output

The 
XhL-4500 
rechargable 
handlamp from 
Metalsub represents 
the mid-sized solution

The high-end lamp type. 
hIp Lamps like the h10 

from American Diverite 
with eight hours of burn 
time are the choice 

of many tech-
nical divers
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flight transportation. The lower price of 
the battery-lamps seems to be a good 
argument for scuba divers as well.

The biggest disadvantage of these two 
more professional types of lamps lies 
with the accumulator. They have to be 
handled with care. One highly impor-
tant aspect is quite often neglected 
by the owners: Reading the instruction 
manual. here you’ll find the important 
answers to which kind of accumulator 
is used in your lamp, how and in which 
intervals it must be loaded, and how 
to prevent the damages of memory 
effect or wrong long-term storage. 

New technology
The newest technological develop-
ment is a mixture of all three types 
of lamps. These modular systems 
are designed by several companies 
(for example Green force or TillyTec 
Lightsystem) with a lot of creativity and 
imagination. 

The lamp is divided in different seg-
ments, which is the reason why it is 
possible to interchange the different 
lamp heads with different accumula-
tor-packages, too. It is a big advan-
tage because now you can start with 
a “small” solution and “upgrade” later 
to a more powerful system. 

In the end, you are able to reduce 
or upgrade the battery-pack of your 
light-system, use two different lamp 

heads and set up the exact light-sys-
tem you need for your next dive.  
 
The limits to what you would like to 
invest in the best hobby in the world 
is really only set by the size of your 
budget. 

 

Scubapro’s bid for a 
modular lamp system. 
The lamp heads are 
available in halo-
gen, hID and LED

Durable, cheap and with 
good perfomance. Lamps 

like this battery LED lamp 
(left) and 10 W with rechar-

gable Nicad batteries have 
become commonplace

 
The LED lamp has a 
burn time of more than 
six hours on just three 
standard batteries. The 
lamphead is rated at 
+50,000 hours lifetime

Big battery 
packs can be 

mounted on 
the tank or on 

the harness
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http://www.divecochran.com/software/index.html
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http://www.divecochran.com/computers/EMC-14/index.html
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If the bulb is the heart of an underwater 
lamp, the accumulator is its soul. And as 
with humans, the soul can be difficult to 
comprehend. There are a lot of differ-
ent types of accumulators available for 
underwater lamps, but at present, none 
of them is absolutely perfect. All of them 
generate electricity through some chem-
ical process inside, and all of them have 
certain characteristics that affect them 
from being a perfect energy storage.

Good price
The most widely used accumulators in 
diving lamps presently are nickel-cad-
mium-accumulators (Nicad). They have 

been used worldwide for many years, 
and because of mass produc-

tion, are reasonably 
priced.

But there are a few disadvantages with 
this technology. As cadmium is envi-
ronmentally problematic the European 
parliament has passed a ban using 
Nicad-accumulators in diving lamps in 
the European Union—and, as usual, at 
the same time they granted an exemp-
tion for the continued use of Nicad-
accumulators in power tools. The ban is 
going to take effect from October 2008.

Downsides
The technical disadvantages of Nicad-
accumulators include the need for new 
lamps to undergo up to ten cycles of 
charging and discharging before they 
reach their full capacity. Another prob-
lem is caused by the self-discharge 
effect, which is responsible for subopti-
mal shelf life. But the most noted disad-

vantage of Nicad-accumulators is the 
memory effect, which is due to mistakes 
and bad handling by the user when 
recharging the accumulator. Last but 
not least, at the end of its usable life, a 
Nicad-accumulator has to be disposed 
of as hazardous waste (and so do the 
other types of batteries).

The next generation of accumulators 
were the nickel-metal-hydride accumu-
lators (NiMh). They have a good rate of 
possible recharging cycles: 500 up to 
1000 charge cycles can be reached with 
these accumulators. Unfortunately, these 
accumulators tend to become weak 
once they get overcharged. They also 
tend to discharge during storage and 
react with a loss of capacity at low tem-
peratures around zero degrees celsius.

the options
So what is the best solution for our div-
ing lamps? for quite a while, the gen-
eral consensus seemed to be that the 
lithium-ion accumulators, which have 
proven their value in mobile phones and 
laptop computers, would also be the 
perfect solution for diving lamps. They 
are small, light weight and have a short 
charging time. They can be charged 
without opening their container, at any 
time, and in any state of charge. And 
they also work fairly well in the low tem-
peratures below freezing. In addition, no 
self-discharge and no memory-effect is 

Accumulators If the bulb is the heart 
of an underwater 

lamp, the accumulator 
is its soul

Batteries &

known in this technology. So, it seemed 
like a perfect solution until some cases 
of notebooks and cell phones caught 
fire, resulting in the closer scrutiny of this 
technology. Lithium-ion accumulators 
are indeed tricky to handle and can 
become dangerous, as they might react 
to physical damages with explosions and 
burnouts. The worst issue is that once 
they catch fire, they are nearly impossi-
ble to extinguish. 

The charging technology for these accu-
mulators is a complicated matter, espe-
cially when hID bulbs are used. Then, the 
operation of a lithium-ion accumulator 
becomes a very complex process. That’s 
why most of the manufacturers of lithium-
ion accumulators are not issuing any 
warrants for the usage of these accumu-
lators in diving lamps. Except Sanyo. This 
company is delivering their accumulators 
only to lamp producers, who ran a spe-
cial test and have integrated a special 
pcB-electronic device that powers down 
the accumulator in case of technical 
problems. Manufacturers like German 
Kowalski is using the Sanyo accumulators 

for the lithium-ion hID-lamp “maxum”, 
and they are in good company as some 
aircraft manufacturers have chosen to 
use the same cells in their airliners. This 
and the certification by the federal 
Aviation Administration (fAA) ensures 
that the technology is considered safe 
and can be used without problems, pro-
vided that the safety and processing 
issues are being handled correctly.

Nearly the same technology is used in 
the lithium-manganese accumulators. 
They keep their efficiency in cold water 
and a good shelf life. Another advan-
tage is that they don’t need safety elec-
tronics and may be charged in closed 
containers, too. They are said to be 
safer, but they are not as powerful as the 
lithiom-ion versions, and long-time stor-
age without use might reduce lifetime of 
these accumulators. 

Which type of accumulator is best for 
you depends on your intended usage—
as well as the size of your wallet. 

charging 
your lamp

Do you have 
to open it to 
charge it, ex-
posing the deli-
cate innards to 
the elements? 
You also have 
an o-ring to look 
out for and 
make sure it 
is watertight 
every time 
you close the 
lamp after 
each charging 
session

Extermal charging is 
more practical

cadmium, 
which is used 
in rechargable 
batteries, is also 
an environ-
mental hazard
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U.S. patent 
0,223,898 by 

Thomas Edison 
for an improved 
electric lamp, 
January 27, 1880

Just imagine. you are out on a 
night dive somewhere nice with 
a group. you switch on your 
new 50 or 75w dive lamp flood-
lighting the whole reef for eve-
ryone to see, instantly making 
you the person of the day. 

Thanks to a little help from tech-
nology and the latest develop-
ments in light bulb manufactur-
ing, we now have an impressive 
output at our fingertips. It has only 
been a few years since the LED-
technology (Light Emitting Diodes) 
was the laughing stock, but now 
it’s on the cutting edge. State-
of-the-art used to mean halogen 
bulbs. Later, Xenon bulbs became 
the buzz word, and then—as seen 
in cars—hID-bulbs (high-Intensity-
Discharge) were all the rage.

Let’s take a closer look at the dif-
ferences.

halogen
The halogen lamp is similar to the 
conventional non-halogen incan-
descent lamp in that it employs a 
tungsten filament in a gas-filled, 
light-transmitting glass-shell and 
produces the same type of light. 
It has a colour temperature of 
about 3600 Kelvin, which means 
it emits a slightly red and “warm” 
light. (See next page for explana-
tion of “colour temperature”).
 The major difference is that 
a halogen vapour (Iodine or 
Bromine) is added to the inert gas 
inside the glass bulb, and the gas 
pressure and bulb temperature 
are much higher than in non-
halogen lamps. Also, the bulb is 
made of fused quartz, high-silica 
glass or aluminosilicate “hard” 
glass, which is capable of with-
standing the high operating pres-
sures and temperatures. 

tungsten
Tungsten-halogen lamps oper-
ate in a “halogen regenerative 
cycle”, which maintains constant 
light output and colour tempera-
ture of about 3600 Kelvin through-
out the life of the lamp. The 
halogen cycle permits the use of 
more compact bulbs than those 
of conventional tungsten-filament 
lamps of equal ratings, and also 

Bulbs 
permits either increasing 
lamp life to approximately 
twice that of conventional 
tungsten filament lamps hav-
ing comparable wattage and 
colour temperature. 

Xenon
The halogens were succeeded 
by the Xenon-lamps. These are 
similar to halogen-lamps, only 
filled with Xenon gas instead. 
This makes the filament burn at a 
higher temperature, resulting in 
an increase in output of about 50 
percent. That’s why Xenon bulbs 
seem to be brighter and whiter 
than halogen bulbs. They, too, 
can be used with over voltage 
that increases the light efficiency 
as well. The downside is that the 
higher working temperature, and 
the over voltage reduces lifetime 
of the bulb. The nominal lifetime 
of a Xenon bulb is only around 
100 hours. halogen-bulbs will last 
up to ten times as long. 

hID
hID-technology was first widely 
used in cars. hID stands for high-
intensity discharge, which is the 
technical term for the process 
which produces the light by strik-
ing an electrical arc across tung-
sten electrodes housed inside a 
specially designed inner fused 
quartz tube. This tube is filled with 
both a gas and metals. The gas 
aids in starting the lamp. When a 
hID-lamp is switched on, an igni-
tion spark of about 25,000 volt 
ionizes the gas, which is under 
high pressure. The metals produce 
the light once they are heated to 
the point of evaporation, forming 
plasma. 

Note that a hID bulbs are, in fact, 
also filled with Xenon gas which 
may lead to some confusion. 

A hID bulb 
for a car, 

clearly show-
ing the glass 

tube and 
the elec-

trodes across 
which an 

electric arc 
is struck

The Xenon bulb in 
Kowalski’s XR mini-X 

produces a light with 
a white to bluish tint

halogen 
bulb on a 
dive lamp
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After ignition a rather complex 
piece of electronic circuitry 
adjusts the voltage from the high 
ignition levels down to a process-
voltage of about 60 to 90 volt. 
Once running, the arc produces a 
better and brighter light than the 
lamps with filaments while using 
less energy. 

By comparison hID bulbs produce 
between 2,800 and 3,500 lumens 
using between 35 and 38 watts 
of electrical power, while the per-
formance of halogen filament 
bulbs lies between 700 and 2,100 
lumens while consuming between 
40 and 72 watts at 12.8 volt.

Why it is called colour temperature?

As we know from the glow of i.e melting iron it changes colour according to how hot it is. This phenomenon is used 
to link colour with temperature. The colour temperature of the thermal radiation from an ideal black-body radiator 
(a hypothetical material that reflects or emits no other light) is defined as equal to its surface temperature in Kelvin 
degrees. 5500 K is widely considered “standard daylight”

Scanning 
Electron 

micrograph 
of a light 

bulb 
filament 

(75x(

Another advantage of hID-lamps 
over halogens is their much longer 
lifetime of about 5000 hours. In 
addition, the colour temperature 
of hID lamps of 5500 to 6000 Kelvin 
closely resembles that of daylight 
(5700K) making it near ideal for 
photo- and videography. This is also 
why these lamps have gained such 
popularity with indoor gardening 
and made it practical, especially 
for plants that require a lot of light, 
like vegetables and flowers. They 
are also used to reproduce the 
intense tropical sunlight for indoor 
aquariums. 

The light from hID lamps has a dis-
tinct bluish tint when compared 
with tungsten-filament headlamps. 
The bluish tint is less absorbed by 
water so the hID-beam has a bet-
ter penetration than a compara-
ble halogen beam. 

hIDs are well suited for cave and 
wreck diving. But not optimal for 
the casual diving on reefs in day-
light in depths of no more than 
10-15m. As the red parts of the 
light spectrum are being absorbed 
first by the water with the blue col-
ours being filtered last, what you 
mostly need at these shallower 
depths is boosting the red tones. 

consequently you are  not 
looking for the neutral or even 
bluish colours of hID lamps for 
normal scuba dives at day-
time. 

By contrast the higher colour 
temperature of hID-lights photo 
and video purposes makes them 
the choice of photo- and videog-
raphers. Especially when it comes 
to illuminating the shady parts of 
the reef on day dives and to the 
illumination of wrecks and caverns 
the advantages of hID-technology 
really shows.

Arc

Electrode Glass tube

BallastA.c.voltage

Amalgam

Diagram over a hID bulb

The halogen bulb 
emits a reddish light
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‘Laughable’ LeDs
for many years LED’s were simply 
thought of as small and dim lights 
in electronic devices and signal 
lamps. how times have changed. 
There are quite a lot of techni-
cians and scientists who now 
believe that the LEDs will be the 
lights of the future. 

LEDs are characterised by a low 
energy consumption, extremely 
long life span, compact dimen-
sions, and they are shock and 
vibration resistant. Another advan-
tage of this innovative illuminant is 
that it has a very low failure rate 
and emits no ultra-violet or infrared 
radiation. In recent years, there 
have been significant develop-
ments with substantial improve-
ments in this technology. Recently, 
a major breakthrough took place 
with the development of the 
Osram Ostar light emitting diode. 

Thanks to a new production 
technology this substrate 
can be removed and the 
surface of the light gen-
erating layer coated with 
a thin metal film. This met-
allised side now serves as 
a reflector and is placed 
close to the top of the LED. 
The result is that the LED can 

emit almost all of its light at 
the top, which causes a major 

increase in brightness.

The Ostar high brightness LEDs are 
built with a multichip-onboard-
technology with four- and six-chip-
versions. The LED is the first LED to 
exceed 1000 lumen in output—
and that is just with the 15 Watt ver-
sion. That means that diving lamps 
equipped with this chip will pro-
duce the brightness correspond-

The technical innovation lies in a 
perfect interplay between various 
manufacturing techniques. LEDs 
consist of semiconductor crystals 
that grow on a substrate during 
manufacture. Up to now, the sub-
strate remained in the diode after 
manufacture, where it absorbed 
much of the light produced. 

What is:  Lumen? 
the lumen (symbol: lm) is the SI 
unit of luminous flux, a meas-
ure of the perceived power of 
light. Luminous flux differs from 
radiant flux, the measure of the 
total power of light emitted, in 
that luminous flux is adjusted 
to reflect the varying sensitivity 
of the human eye to different 
wavelengths of light.

A standard 100 watt incandes-
cent light bulb emits approx-
imately 1700 lumens in North 
America and around 1300 
lumens in 220 V areas of the 
world. 

Definition
1 lm = 1 cd·sr = 1 lx·m2

SOURcE: WIKIpEDIA

1. Epoxy 
Dome Lens

Making white light with the LEDs

2. LED semi- 
conductor 
chip

3. cathode

4. Anode

ing to that of a 50 Watt halogen 
lamp. The first prototype is already 
built, and the output is perfect. 
German lamp constructor Michael 
Bienhaus from mb sub is the first to 
introduce a diving lamp based on 
the new Osram Ostar LED. he has 
already marketed an underwater 
hand lamp, the “photon”. It comes 

mb sub is the first 
to introduce a diving lamp 

based on the new Osram Ostar LED

LEDs as most of us know them.  
Omnipresent, innocous, not sexy at all

The Osram Ostar LED chip packs 
six LED in an array
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with a two stage dimming and 12.6 volt 1.6 
Ah LiMn (lithium-manganese) accumulator. 
This power package has a burning time of 
about 60 minutes followed by an additional 
30 minutes of emergency lighting. All this 
just weighing in at a little more than half a 
kilogram of weight—a big step towards opti-
mizing dive gear. As the LED module costs 
about 37 Euro, the complete hand lamp will 
be sold for 472 Euro. 

pushing the envelope
Sources have also informed us that a group 
of German lamp nerds have already con-
structed a 20 Ah tank lamp with this tech-

But with a burning 
time of about five hours  
and a whopping output of 3200 
lumen—which is about 200 percent more 
than a strong hID burner makes—it is now 
possible to illuminate an entire reef at 
night and in bright colours. (for more 
information’s about this lamp project see 
www.tauchfunzel.de—unfortunately, only 
available in German). 

The next revolution of underwater lamp-
technology has just begun in earnest. 
And at least in this regard, the future looks 
bright indeed. ■

 

LEDs are characterised by a low energy consumption, 
extremely long life span, compact dimensions and 

they are shock and vibration resistant.

1.  first consider which kind of dives you 
want the lamp for. Then find the type 
of lamp that will match the require-
ments.

2.  Next, try and get an overview of which 
lamps are on offer in this segment and 
select some “candidates” to your lik-
ing. Don’t put emphasis on look and 
aesthetic design, but on the technical 
details.

3.  purchase a lamp with a high quality 
accumulator from a shop with good 
reputation. Why? Because accumu-
lators have a limited life span, and 
you want to make sure that your new 
lamp hasn’t already been spending a 
good part of it sitting on a shelf in the 
back of a shop.

4.  Your charging device should have an 
integrated quick charge circuit and 
a total discharge protection to make 
sure that use of the lamp and the 
charging will be done with considera-
tion.

5.  Lamps with exterior charging should 
be preferred. You shouldn’t need to 
open a lamp to charge it with the risk 
of subsequent leaks or damage to the 
delicate parts while open. 

How to shop for an 
underwater lamp
10 tips for beginners

6.  The lamp should be dimmable or 
have two or rather three different 
power levels. 

7.  for the sake of safety reasons, the 
lamp should have an integrated auto-
matic SOS signal generator 

8.  Ask your dealer for technical data 
on the lamp such as burning time, 
recharging time and light perform-
ance presented in a data sheet or a 
manufacturer brochure.

9.  If your budget allows a more con-
venient solution, you should prefer 
a modular system where you can 
upgrade your accumulator or use dif-
ferent lamp heads.

10. Decide upon the weight of your lamp. 
Each kilogram counts when checking 
luggage in at airports, and the weight 
limits will only become more of an issue 
in the future. Also, as airline regulations 
already require that accumulator and 
bulb must be transported separately, 
it is an advantage having a modular 
lamp system. ■

nology. Into the small 
lamp head they inte-
grated four of the new Ostar 
LEDs. Due to the extreme proc-
ess temperatures, this lamp can 

only be used in water. 

“Boys with toys”

Divers with good 
lamps have 

more fun

Reliable lamp 
systems are 

essential when 
it comes to the 
more demand-

ing types of 
dives. Don’t 

skimp on quality
The 

‘Revolution’ 
from mb sub is equipped 

with three 3 Watt LEDs (left). There are three 
interchangable heads available in the sys-
tem. The two others are halogen and hID
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Edited by 
peter & Gunild Symes

whales &
dolphins

Humpback and fin whales 
spotted north of Alaska
humpback whales have swum into the 
Beaufort Sea off Alaska’s northern coast, 
far beyond their usual range. Some of 
the whales were spotted by observers 
involved with the oil industry.
 US federal officials monitoring the 
waters say it’s too soon to determine 
whether it’s a trend or an anomaly. No 
one was expecting humpbacks near the 
activity connected to Outer continental 
Shelf lease sales, said Brad Smith, a 
protective resources biologist for the 
National Marine fisheries Service.
 fin whales have also been detected 
by acoustic monitoring in the chukchi 

Ships Asked to Avoid Whale Route
The endangered right whale is to get extra pro-
tection from collision with container ships, which 

are seen as a key threat to the species. 
Despite being protected since 1937, the 

right whale is close to extinction, with 
scientists estimating a global popula-
tion of only 400.
A new1,800-sq-km zone, the 
Roseway Basin south of Nova 
Scotia, has been set aside as a 

safe haven from shipping after the International 
Maritime Organization (IMO) ratified a canadian 
proposal to designate the zone an “Area to Be 
Avoided”. The voluntary restriction asks ship cap-
tains to steer around the area.
 It is close to a major shipping route between 
North America and Europe, and scientists say the 
slow-moving mammals have been killed in collisions 
with huge cargo vessels.
 The restrictions will apply between 1 June and 

31 December, 
when whales are 
known to congre-
gate in the area.
 Though the des-
ignation is voluntary, 
conservation groups 
say other such protected 
areas have seen a drop in 
shipping traffic. ■

Scientists are on the verge of pos-
itively identifying the first known 
breeding and calving area for the 
elusive blue whales.
 Researchers with Oregon State 
University’s Marine Mammal 
Institute in Newport hope to confirm 
that a remote nutrient-rich region in 
the tropical pacific Ocean, south of 
Mexico and about 750 miles west 
of costa Rica, is the critical habitat 
for the endangered whales, which 
is the largest animal on the planet.
 If the researchers finds the site, 
the team hopes the international 
community will take steps to ensure 
the area—far outside any nation’s 
jurisdiction—is protected.
 The area of upwelling where 
some blue whales gather in the 
winter shifts from year to year may 
have prevented whalers from pin-
pointing exactly where the whales 

were each winter. Bruce Mate, an 
OSU professor and the institute’s 
director said the blue whales—from 
the eastern north pacific stock—are 
going to be 400 to 1,000 miles west 
of costa Rica.
 “There’s never been a known 
breeding and calving area for blue 
whales in the entire world,” Mate 
said. “But because we’ve tracked 
animals now for a number of years, 
this is where we expect them to 
be.”
 Once the whales are found, the 
researchers will study the whales’ 
behaviors, including whether the 
animals are feeding and the inter-
action between mothers and 
calves. They also will do a com-
plete examination of the water, 
taking salinity and temperature 
measurements as well as collecting 
samples of the marine organisms. ■

Quest tracks nursery of Blue whales
Sea north of the Bering Strait this 
summer. The fin whales were 
recorded as far north as point Lay, a 
coastal Inupiat Eskimo village of 
235 about 700 miles northwest of 
Anchorage.
 Environmental groups say the 
presence of humpbacks hun-
dreds of miles north of their usual 
habitat is likely another sign of the 
effects of global warming and 
the shifting Arctic ecosystem. 
They are calling for 
more study of the 

endan-

gered animals’ habits before indus-
trial activity is allowed to expand off 
Alaska’s northern shores. ■

Beaufort 
sea

chukchi 

sea 

Bering sea

pAcIFIc oceAN
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whales &
dolphins

It may sound like 
wops, thwops, grunts, 
moans and squeaks 
to the human ear, but 
it is the complex con-
versations between 
remarkable ocean 
mammals.

Over the past three years, 
researchers from University 
of Queensland have 
recorded and analysed 
thousands of hours of hump-
back whale sounds off the 
coast of Queensland. And 
what their analysis points to 
is that a secret and ancient 
language of the deep sea 
does indeed seem to exist—
a finding that hardly comes 
as any surprise to the many 
admirers of the famous 
humpback whales songs.  
 from high-pitched 
squeaks, shrieks and cries to 
purrs, groans and low yaps, 
at least 34 recurring sounds, 
which can be correlated to 
different specific social set-
ting, have now been identi-
fied. Some last less than one 
second, while others stretch 
for more than ten. Some 
noises represent aggression 
and competition, others 
affection and concern.    
 “I think their communica-
tion system is a lot more 
complicated than we 
gave them credit for,” lead 
researcher Dr Rebecca 
Dunlop said. “I’ve found 

that they have this massive 
repertoire.”
 While only humpback 
males are known to perform 
the famous whale “song”, 
the social sounds are made 
by all humpbacks—males, 
females and calves.
 The “wop”, for example, is 
common in mother and calf 
pods. “It’s one of the most 
common that you’ll hear,” 
she said. “It’s probably a 
mum-calf contact call.”  
 Other, higher-frequency 
signals are used when 
males are competing for 
the affections of a female.  
“These high-frequency 
cries and screams (are also 
heard) when they’re having 
a bit of a row,” she said.
 Dr Dunlop describes the 
male “purring” sound as 
a “c’mon baby” call to 
females, used as a mat-
ing signal. “The lower the 
sound, the bigger you are,” 
she said.
 The sounds are recorded 
using an antenna attached 
to a buoy about one kilom-
eter offshore.
 Dr Dunlop’s paper, co-
authored with the UQ’s 
Michael Noad and pub-
lished this month in the 
Journal of the Acoustical 
Society of America, cata-
logues the vocalisations of 
migrating east Australian 
hump. ■

SOURcES:   
ThE TELEGRAph, JOURNAL Of ThE AcOUSTIcAL 
SOcIETY Of AMERIcA 

Orcas off Washington State 
in the pacific Northwest 
are so full of pollut-
ants that it is mak-
ing them sick, 
researchers 
have found.  
 Writing in 
the Marine 
pollution 
Bulletin, 
U.S. and 
canadian scientists have 
reported that the levels of 
pcBs, a long-banned industrial 
chemical in blubber from orcas 
that frequent puget Sound, 
was still high enough to cause 
health problems.  
 The chemicals cling to fat 
and can cause reproductive 
and immunological problems. 
While the researchers noted 
a slight decline in the level of 
pcBs over time, the chemical 
lingers on 30 years after it was 
banned,  
 Another recent publication 
predicted that problems from 
pcB contamination would 

Whale conversation decoded
Parlez-vous Whelsh?

“I think their 
communication 

system is a lot 
more complicated 

than we gave 
them credit for”

M
A

Rc
EL

O
 M

A
M

M
A

N
A

plague the local orcas for at 
least 60 more years.
 Also troubling was the 
increase in the amount of com-
monly used flame retardants 
called pBDEs, or polybrominated 
diphenyl ethers, which are struc-
turally similar to pcBs and can 
cause similar ailments. Thousands 
of tons of pBDEs are added to 
Tvs, computers and furniture 
cushions among other items to 
make them fire-resistant. They 
can last for years in the environ-
ment. 
 Washington leaders earlier this 
year approved a ban on some 
uses of the chemicals because 
of health worries. ■

Orcas full of PCBs
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science

Editted by
Michael Symes

For example, sucrose, c12h22O11, has 
molecular weight of 342.30. A 1% solution 
is water will therefore contain 1/342.30 
0=0.00292 moles of sucrose. This is very 
small compared with the 1000/18 = 55.5 
moles of water in a litre of solution. from 
the molar point of view, it is a concentra-
tion of 1 in 19000 i.e. very dilute. 

Text by Michael Symes

we have written much here in 
this magazine about the differ-
ent properties of water. some 
of them, such as surface ten-
sion, are of importance to the 
ability of aquatic fauna to 
function in their given environ-
ment. For example, surface 
tension permits water skaters 
to skate on the surface of the 
water where its habitat is nei-
ther the water below the sur-
face nor the air above. 

however, more than a purely 
physical phenomenon, osmo-
sis is of importance for life 
itself, for no physical phe-
nomenon has any greater 
importance in biology than 
does osmosis. without osmosis 
neither animal cells nor plant 
cells could function. Not only 
this, osmosis also appears in 
many different guises in our 
everyday existence. so, what 
is this strange phenomenon?

osmosis
first, a definition: osmosis is the pas-
sage of a solvent from a region of high 
solvent concentration through a semi-
permeable membrane to a region of 
low solvent concentration. In by far the 
majority of cases, especially biologi-
cal, the solvent will be water. 

Now, although this definition of osmo-
sis is complete in itself, it is rather 
abstract for the general reader, and 
therefore, requires some amplifica-
tion. What it means is this. If there is 
a concentrated solution of sugar, 
say, on one side of a suitable mem-
brane (see below) and a less con-
centrated solution on the other 
side, then water will pass from the 

less concentrated side through to the 
other side where it will attempt to ‘thin’ 
the concentrated solution. The flow of 
water will cease when an equilibrium is 
established where the pressure on both 
sides of the membrane is the same. 

the osmosis relationship
The basic relation for osmosis for a dilute 
solution is the van’t Hoff equation:

 pv = npRT

where p is the osmotic pressure and np 
is the amount of solute in moles in a vol-
ume v of solvent. R, the gas constant, is 
8.314 J K-1mol-1 and K is the absolute tem-
perature.

Assuming ideal conditions, the osmotic 
pressure produced by a 1% sucrose solu-
tion in water at room temperature (23ºc) 
is thus given by:-

p = 0.00292 x 8.314 x 296 / 0.001 Nm-2

   = 7186 Nm-2

   =  ca. 0.72 atmospheres pressure

A crucial phenomenon for living organisms

The osmotic pressure produced by 
a 1% sucrose solution in water at 
room temperature is ca. 0.72 bar

The surface tension 
of water is a visible 
physical property 
of water which per-
mits water skaters to 
skate on the surface 
of the water

Osmosis is less visible 
but more important. 
Without osmosis and 
the passage of sol-
vents across mem-
branes, neither ani-
mal cells nor plant 
cells could function

Marine zooplankton 
like this Nauplii have 
to survive living in 
sea water of another 
solvent convent con-
centration, which it  
has inside

NOAA
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for many technical purposes 
semi-permeable membranes can 
be tailored from synthetic poly-
mers to permit specific molecules 
to pass through. 

picked vegetables 
If you like your pickled gerkins or 
onions crisp, then use osmosis. 
When vegetables are put into 
brine, osmosis will occur through 
the semi-permeable cucumber 
or onion skin, so that the water 
inside the vegetables will pass out 
into the concentrated brine. This 
will give the pickles that desired 
crunchiness.

preservation of food stuffs 
If there are bacteria or yeast cells 
present in concentrated sugar 
solutions, then they will dehydrate 
due to osmosis and either die 
or become inactive. This is why 
sugar is used to preserve fruits in 
jams, etc.

As one atmosphere can support 
a column of water 10m in height, 
this means that a 1% solution of 
sucrose could support a column 
of water 7.2 m in height. Thus, 
such a solution of sucrose could 
pump water to the top of a 7m 
high tree. 

It is evident from the equation 
that if the osmotic pressure is 
known for a given concentra-
tion of solute, then it is possible to 
determine its molecular weight. 
It should be noted that this is not 
only true for water as the solute 
but also for other solvents. for 
example, the molecular weight 
of polyvinylchloride (pvc) can be 
determined by osmotic pressure 
measurements in cyclohexanone 
solution. 

semi-permeable 
membranes
Semi-permeable membranes are 
very thin films of a material, such 
as cellulose, that permit some 
molecules to pass through while 
hindering others. The molecules 
are separated from each other 
by their size, so that a small mol-
ecule such as water can eas-
ily pass through the membrane 
whilst large molecules such as 
sugars cannot. Semi-permeable 
membranes can occur in nature 
either as a plant cell walls or ani-
mal cell walls. from the point of 
view of osmosis, the main differ-
ence between these two is that a 
plant cell consists of a cell mem-
brane supported by a strong cell 
wall while an animal cell has no 
cell wall, only a membrane. 

osmotic balance  
in animal cells
It is clear that if an organism is 
to function efficiently, if at all, 
then an osmotic balance must 
be maintained between the 
contents of its cells and their sur-
roundings. This can be especially 
difficult for animal cells as, unlike 
plant cells, they do not have a 
strong supporting cell wall, only a 
cell membrane. 

This means that if a blood cell, 
for example, is introduced into a 
hypertonic solution i.e. one with 
a higher concentration of solutes 

than that found within the cell 
cytoplasm, it will lose water by 
osmosis, and shrink. This can occur 
in the case of diabetes, where 
the sugar concentration in the 
blood becomes too high. 

Burst
On the other hand, if the cell is in 
a hypotonic solution i.e. a solution 
with a lower concentration of sol-
utes, then it will swell up and even 
burst under the osmotic pressure. 

In either case there is a problem, 
so animal cells must always be 

bathed in an isotonic solution 
i.e. a solution having the same 
osmotic strength as their cyto-
plasm. The maintenance of such 
an isotonic solution is biologically 
very complex, being controlled 
by the kidneys under the influ-
ence of mechanisms in the brain 
which control the feeling of thirst, 
for example. 

the challenge
The maintenance of osmotic bal-
ance is especially very difficult for 
marine animals. In most marine 
invertebrates, the salt con-

tent of the blood and body fluids 
is about the same as in seawater 
of average salinity. In the teleosts 
i.e. the bony fish, the salt concen-
tration of the blood is only about 
50% or less of the ambient salin-
ity. This has physiological conse-
quences, especially for aquatic 
animals migrating between sea-
water and freshwater. 

The anadromous fish (from the 
Greek anadromos, running 
upwards) like the salmon, stur-
geon, and sea lampreys migrate 
up rivers to breed in freshwater 
and their young then migrate to 
the sea. On the other hand, there 
are the catadromous fish (from 
the Greek katadromos, running 
down) which migrate down to 
the seas to breed but spend most 
of their adult life in freshwater, for 
example, the American and the 
European eels. It is also a problem 
for aquatic animals inhabiting 
estuaries where the salinity can 
change rapidly.

The cell membrane is 
a semi-permeable lipid 
bilayer common to all 
living cells. It contains a 
variety of biological mol-
ecules, primarily proteins 
and lipids, which are 
involved in a vast array of 
cellular processes  

Different concentrations 
of salts on either side 
of the membrane cre-
ates an osmotic pressure 
that tends to drive water 
through the membrane.  
Maintaining this difference 
requires a lot of energy

MARIANA RUIz

In bony fish living 
in the sea, the salt 

concentration of the 
blood is only about 50 

percent or less of the 
ambient salinity, causing 

them to lose water from 
their tissues through osmo-

sis. To counteract this, they 
excrete salt across their gills

If the cell is in a solution with 
a higher concentration of solutes 

than that found within the cell 
cytoplasm, it will lose water by 

osmosis, and shrink. 

In a lower concentration 
of solutes, it will swell up 

and even burst under the 
osmotic pressure
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Because of the difference in salt concen-
tration between blood and the ambient 
water, osmosis will cause teleost fish to 
lose water. Their internal salt concentra-
tion will therefore increase so that several 
mechanisms have evolved to counteract 
this problem. for example, most marine 
fish secrete salts across the gills as they 

only excrete very small amounts of 
urine.

applied to the concentrated side of the 
membrane. Reverse osmosis thus occurs 
when the water is forced through the 
membrane against the concentration 
gradient, from the lower concentration 
to the higher. Ions such as Na+, ca++, and 
cl-, and larger molecules such as sugars, 
urea and bacteria cannot pass through 
the semi-permeable membrane. The 
impurities will thus collect on one side of 
the membrane while clean water will col-
lect on the other.

Reverse osmosis is therefore often 
used in water purification. It can 
be used, for example, to 

desalinate seawater, 
although it requires 
large amounts of 
energy. pressures 
of up to 40 to 70 
atmospheres are 
required because 

the natural osmotic 
pressure of 24 atmos-

pheres arising from the 
salts concentration has to be over-

come. As brackish water contains a 
much lower concentration of salts, the 
purification of fresh and brackish water 
requires much lower pressures of about 
10 atmospheres.

It can also be used to remove water as 
an impurity from other liquids, for exam-
ple from ethanol, or for removing medi-
cal and industrial contaminants from 
fresh water.

Dialysis
This is a very important application of 
osmosis, which is used for purifying blood 
with loss of kidney function. In a dialysis 
machine, the patent’s blood is passed 
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through tubes 
made of a semi-
permeable mate-
rial. The tubes are 
flushed externally 
with a sterile solu-
tion of sugars and 
other components. 
The corpuscular 
cells of the blood, 
such as the red and 
white blood cells, 
are too big to pass 
through the membrane of the tubes. 
however, urea and salt can pass though 
into the sterile solution and are thereby 
removed from the blood. 

electricity from osmosis
An interesting project is being carried 
out in Norway to enable electricity to 
be produced from sea water by using 
osmotic pressure. When salt water and 
fresh water, from a stream or a river, are 
separated by a semi-permeable mem-
brane, an osmotic pressure will occur. 
As stated above for reverse osmosis, this 
pressure can be up to 24 atmospheres. 
A column of water can thus be pro-
duced, which theoretically can be 240 m 
high. The potential energy of this water 
column, like that from a dam, can be 
used to drive a turbine, which 
can then be used to drive a 
generator. The production 
of electricity by this method 
has no apparent ecologi-
cal consequences, with the 

fresh water and salt water being mixed 
in the water column in the same way as 
would occur anyway at the mouth of the 
stream.

The potential for this form of ecologically-
friendly energy is large, as such genera-
tors can be built anywhere that 
fresh water meets salt water, 
for example at 
the out-
flows 
from 
existing 
hydro-
electric 
genera-
tors. ■

Salt power plant 
as envisioned by 

Norwegian energy 
company Statkraft

Seabirds 
and sea 
turtles, for 
example, have 
also evolved various 
means of maintaining 
osmotic balance in their envi-
ronments. Marine birds drink sea 
water to obtain water, but their kidneys 
are unable to produce concentrated 
urine. They therefore have special salt 
glands situated above the orbit of the 
eye, which can secrete salt. Marine 
mammals, on the other hand, do not 
have specialised glands for excreting 
salts. They avoid drinking seawater and 
get their water from the metabolism of 
food, depending on their kidneys for 
osmotic balance.

Reverse osmosis
Osmosis can be slowed, stopped and 
even reversed if sufficient pressure is 

Reverse 
osmosis is 

often used 
in water 

purification
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perhaps you think you know 
most of the amazing dive sites 
in the world from the carribean 
to the maldives, from Asia to 
micronesia. Are you looking for 
something new? we’ve discov-
ered some hidden pearls in the 
mediterranean sea that you 
probably have never heard of 
before. starting in the next issue 
of X-RAy mAG, we will present 
our insider tips to you and take 
a closer look at some of the 
mediterranean’s most beauti-
ful little picturesque villages and 
their stunning dive sites. Be pre-
pared to be inspired.  
What qualities makes a diving holiday 
great? Is it the variety of dive sites? The 
accommodation? Or is it the location? 
In our opinion, it is the total sum of these 
three parts and how the mixture comes 
together. There are so many good rea-
sons to combine a trip to Europe with a 

visit to one of our “hidden pearls” at the 
Mediterranean Sea. Why? Because you 
will fall in love with these locations, their 
special mélange of historical charm, inter-
national atmosphere, mild climate and 
good diving. The multicultural nations at 
the Mediterranean shoreline offer a col-
ourful mixture of culinary delights—a sea-
oriented cuisine with roots in the kitchens 
of Africa, Asia and Europe.
 The Mediterranean Sea is enclosed by 
the landmasses of no less than three con-
tinents: by Europe to the north, in the east 
by Asia and in the south by Africa. There 
are 22 countries in all connected by this 
sea, which historically, has had a big 
influence in the development of cultural 
exchange and trade.
 Although the Mediterranean Sea cov-
ers about 2.5 million square kilometers, 
it does not belong to the seven seas. 
Officially, it is a part of the Atlantic  
Ocean to which it is connected with the 
Strait of Gibraltar, a 14-kilometer wide 
strait between Africa and Europe. There 
are 107 islands in the Mediterranean big-
ger than one square kilometer, and thou-
sands of little islands and rocks that are 
worthwhile diving.

TOp: calella de palafrugell at Spanish costa Brava is one of the Mediterranean’s “pearls” 
RIGhT: The Mediterranean presents exiting moments like the discovery of the 

artefacts of old Alexandria harbour at Egypt coast by franck Goddio

Pearls of the Mediterranean

Text by harald Apelt 
photos by harald Apelt, christoph Gerigk, Wolfgang pölzer and peter Sutter

fRANcK GODDIO / hILTI fOUNDATION, phOTO: chRISTOph GERIGK

pETER SUTTER
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the swimming pool
In the high season from mid June 
to the beginning of September, 
the Mediterranean is the “swim-

mingpool” of the Europeans. 
Scandinavians, Germans, 
Dutch—and since the fall of the 
iron curtain more and more tour-

ists from eastern 
Europe—journey 
down in droves 
by car on the 
packed highways 
to the shores of the 
Mediterranean. 
But you should not 
share this experi-
ence of being just 
one of a million at 
the beach resorts, 
hotels, camping 
grounds and over-
crowded beaches 
during the intense 
weeks of midsum-
mer vacation.
 You should visit 
the lovely shores of 
Turkey, enter one 
of the numerous 
Greek islands or 
discover the west-
ern Mediterranean 
coastline, from 
Italy’s Liguria via 
france’s cote 
d’Azur to the 
Spanish costa 
Brava in late spring 

or in early September. You will 
meet hospitable, relaxed and 
friendly people. Outside the hec-
tic main season, everybody slows 
down. This is exactly the right time 
to spend your holiday down there. 

Diving
Divers will find good diving condi-
tions throughout the season, which 
runs from April until the end of 
October. But the Mediterranean is 
a sea of very special conditions. It 
can be quite cold up to the end 
of April, and sometimes it can 
have quickly changing weather 
conditions and visibility. 
 It has diverse marine flora and 
wildlife. The western part of the 
Mediterranean Sea around north-
ern Spain, south of france and the 
Italian coast can be quite colour-
ful. The awesome reefs, covered 
with colour changing sea fans 
and sponges are an unforgettable 
spectacle even for divers who pre-
fer the tropics. 
 Big fish are not very often seen, 
however. The big groupers have 
been hunted for many years by a 
huge number of harpoon-divers. 
Sharks are quite rare because of 
the high salinity of this sea. Despite 
this fact, the biggest Great White 
ever caught by a sport fisher was 

ABOvE AND LEfT: colourful impressions are awaiting divers, 
especially in the western part of the “Med” 

pearls of the 
mediterranean

NASA

WOLfGANG pöLzER

WOLfGANG pöLzER

Rare moments at the Mediterranean: clouds over southern Italy. On the left side of the map, you see the narrow entry 
from North Atlantic to the Mediterranean—the Strait of Gibraltar
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caught in the Mediterranean Sea. 
 Since opening of the Suez 
canal in 1869, which con-
nects the Red Sea with the 
Mediterranean Sea, a con-
tinuous migration of plants and 
animals from the Red Sea has 
colonized the eastern part of the 
Mediterranean Sea. Thus, step 
by step, invasive species from 
the Red Sea entered the east-
ern Mediterranean region. They 
are now endangering more and 
more endemic Mediterranean 
species.  
 What makes diving really 
unique in the Mediterranean 
Sea are the leftovers of thou-
sands of years of human 
activity, which are still hidden 
under the surface of the sea. 
historical ruins and amphora 
fields are mute witnesses of 
forgotten civilisations. One of 

the most spectacular discover-
ies was made by frank Goddio 
and his team at the northern 
Egyptian coastline right in front 
of Alexandria. At the bottom of 
the bay of Abukir, he discovered 
remnants of ancient Alexandria. 
And further to the east, in front 
of the Turkish coastline, many 
historical sites have been found 
by divers. finally, numerous WWII 
wrecks are located all over the 
Mediterranean and guarantee 
some exciting dives. ■

pearls of the 
mediterranean

pETER SUTTER pETER SUTTER

WOLfGANG pöLzER
WOLfGANG pöLzER

cOUNTER-cLOcKWISE fROM LEfT: vis harbour at the croatian island of vis is 
a lovely place to spend summer time; conger eel patrols WW II wreck; Divers 
meet these species on nearly every dive—Scorpionfish and cup corals (inset)
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