SCIENTIFIC CORRESPONDENCE

Magnetic compass orientation

SIR — Recent behavioural evidence sug-
gests that the mechanism underlying
magnetic compass orientation in newts is
light-dependent!?. Among these results
are: (1) when newts are orienting mag-
netically, the direction in which they are
moving changes when the animals are
exposed to certain specific wavelengths
of light'; and (2) newts orient mag-
netically under full-spectrum light but
not in the absence of visible light®. Such
results are consistent with models pro-
posing that magnetoreception involves
a modulation of the response of retinal
photoreceptors to light, and therefore
cannot occur in darkness.

Light is not necessary, however, for
magnetic compass orientation in all
vertebrates. Recent experiments with
loggerhead sea turtle hatchlings have
demonstrated that tethered turtles
swimming in complete darkness can
orient to the Earth’s magnetic field®.
I have recently repeated this finding
in both loggerhead hatchlings and in a
second species of marine turtle, the
leatherback Dermochelys coriacea (un-
published data). Representatives of
two other vertebrate classes (fish* and
mammals®) also probably orient magnet-
ically in darkness, as do several in-
vertebrates®”. These results suggest that
light-independent magnetic compasses
are phylogenetically widespread.

The light-independent compass of sea
turtles and the light-dependent compass
of newts may or may not rely on the
same transduction process. The turtle
compass®, however, resembles the mag-
netic compass of shorewards-orien-
ting newts’ in that both compasses are
axial and based on field-line incli-
nation rather than on field polarity.
Thus, light-dependence is apparently
not a universal feature of vertebrate
magnetic compasses, of invertebrate
magnetic compasses, or of inclination
compasses.

Magnetoreception in darkness may
still occur in photoreceptors if the trans-
duction process relies on magnetic field-
dependent biochemical reactions'® that
are independent of light. In principle,
such reactions could occur anywhere in
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the body, but the photoreceptors are an
appealing location because the retina
provides an ordered array of receptor
molecules. At present, however, there is
no direct evidence for such a light-
independent biochemical transduction
mechanism, either in photoreceptors or
elsewhere. Further research is required
to  determine  whether  magnetic
compasses capable of functioning in
darkness rely on different receptors from
the apparently light-dependent magnetic
compass of newts, or whether all of
these compasses in fact share similar
underlying receptor mechanisms.
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Electrochemical
mercury detection

S1R — Concern about the environmental
dangers of mercury pollution has led to
remarkable efforts towards developing
analytical methods for this metal. To
determine the environmental levels of
mercury, which can be of the order of a
few parts per trillion (10'?) (p.p.t.),
highly sensitive and selective methods
must be used. However, most ap-
proaches require a preconcentration or
a pretreatment step owin§ to their low
sensitivity or selectivity’>. We report
here on the application of a glassy
carbon electrode (GCE) spin-coated
with 4,7,13,16,21,24-hexaoxa-1,10-diaza-
bicyclo[8.8.8]hexacosane (Kryptofix-222)
for very selective determination of ultra
low levels (<1012 M) of mercury.

The figure shows the voltammetric
analysis of sea water (Mediterranean
Sea, Israel) obtained with a modified
electrode without further treatment. The
anodic stripping Osteryoung square
wave voltammograms (OSWYV) reveal a
clear anodic peak at 0.1 V, associated
with the oxidation of predeposited mer-
cury (5 min deposition time at —0.5 V).
Electrodes were electrochemically re-
generated after each experiment (soak-
ing in solution for 1 min at 0.3 V) and,
as a result, could be applied for nu-
merous experiments. The concentration
of mercury in sea water was estimated
as (1.01 + 0.03) x 107" M (2 p.p.t.)
using a standard addition method.

Optimizing the various parameters
that affect the sensitivity of mercury
determination, such as potential and
time of deposition, resylted in a linear
dependence between the stripping peak
current and concentration of Hg(1) in
the range of 1.5 X 1072 t0 1.2 x 101!
M. The detection limit is less than 1072
M (0.2 p.p.t.) with a relative standard
deviation of 3.3%.

To confirm our results as well as to
verify the application of the developed
method to the analysis of natural waters,
simultaneous analyses have been accom-
plished by our method and by cold
vapour flameless atomic absorption. Ex-
cellent agreement between the results
obtained from both methods has been
found. For example, the concentrations
of mercury in two samples were 0.75 *
0.06 and 82.2 + 0.1 p.p.b. as compared
with 0.90 and 89.5 p.p.b., respectively,
obtained by flameless atomic absorption.
These samples had to be dituted by 450
and 45,000 times, respectively, before
voltammetric analysis could be pursued.

The fact that the results obtained from
the analysis of natural samples by our
method were in good agreement with
another analytical method suggests that
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a, 0SWV of a modified electrode in a solution of 0.01 M
acetate buffer (pH 4.0) relative to Ag/AgCl standard
electrode: 1, sea water; 2, addition of 7.7 x 10712 M
Hg(n); 3, addition of 1.5 x 10~ M Hg(u); 4, addition of
2.9 x 107 M Hg(i). Scale bar, 1 pA. b, Anodic peak
currents of mercury as a function of mercury concentration
in sea water before and after standard addition.
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