SCIENTIFIC CORRESPONDENCE

Ferromagnetism and EMFs

SIR — The question of whether weak,
extremely low-frequency electromagnetic
fields (EMFs) can cause cancer always
generates heated debate (see, for exam-
ple, refs 1-3). In addition to epidemiologi-
cal studies, a substantial body of literature
exists on EMF stimulation of cells grown
in vitro (for example, refs 4, 5). Although
numerous effects have been reported,
many have been difficult to replicate (see
refs 6, 7), and no clear biophysical
mechanism has emerged. Many of the
proposed mechanisms, like ion cyclotron
resonance®, have drawn criticism for being
physically unrealistic (see ref. 9).

From developments in a totally un-
related field, there may be a much
simpler, as yet overlooked, mechanism for
explaining many of these in vitro EMF
cellular effects. For the past two decades,
the study of the biologically precipitated
ferrimagnetic mineral magnetite (Fe;O,)
has relied heavily on the use of ultrasensi-
tive superconducting quantum interfer-
ence device (SQUID) magnetometers to
quantify trace levels of magnetite
in various biological and laboratory
materials'!!. Tt rapidly became clear that
unique clean-laboratory techniques were
required for this work because of the
ubiquitous presence of ferromagnetic con-
tamination. This contamination included
ferromagnetic particulates present not
only in the dust in the air, but also
adsorbed onto the surfaces of laboratory
equipment, present within glass and plas-
tics, and even in reagent-grade laboratory
chemicals and water.

We have encountered the same prob-
lem in our recent attempts to grow cells in
tissue culture for an investigation of their
magnetic properties. It is customary to use
disposable, pre-sterilized plastic labware
(flasks, pipettes, centrifuge tubes, and so
on) and commercially prepared culture
media in tissue-culture experiments
because of their convenience and the
assumption of a high level of quality con-
trol and cleanliness. We have found that
none of these materials is free of
ferromagnetic particulate contamination.
Liquid-transfer manipulations, typical of
cell-culture protocols, wash these particles
from the surfaces of flasks and pipettes,

and concentrate them with the cells dur-
ing centrifugation. As an example, in a
sham experiment we used 50 ml of leuko-
cyte culture medium to rinse ten plastic
T-250 flasks, ten 10-ml pipettes and ten
50-mli centrifuge tubes. After final cen-
trifugation, we detected the equivalent of
160 ng magnetite in the rinsate, and the
magnetic data indicated that the contami-
nants are small particles, usually in the
sub-100-nm size range. As 160 ng mag-
netite equates to about 32 million 100-
nm®, this can be compared to the
approximately 1 million cells that would
have been produced in an equivalent cul-
ture volume.

Magnetite particles, 100 nm in dia-
meter, either naked or coated with bovine
serum albumin, are readily taken up by
human white blood cells, including non-
phagocytic lymphocytes as well as phago-
cytes’”.  Because the ferromagnetic
particles interact strongly with magnetic
fields, their presence in cell cultures, at a
number density far higher than that of the
cells, may provide a simple mechanism to
account for links between EMF exposure
and in vitro biological effects. A simple
calculation shows that the mechanical
energy present in a single 100-nm mag-
netite crystal exposed to a 60-Hz, 0.1-mT
magnetic field is many times the thermal
background noise’. Such particles, if
adsorbed on cell surfaces or ingested by
the cells, could conceivably transfer this
energy to contiguous cell structures such
as mechanically activated ion channels
(which operate with a gating force close to
the thermal noise limit'*'?), and thereby
alter cytoplasmic ion concentrations suffi-
ciently to produce the observed biological
effects.

We are not aware that the authors of
any of the published studies of in vitro
EMF effects have either controlled for, or
attempted to reduce the levels of, ferro-
magnetic contamination. Although this is
understandable, because the particles are
difficult to detect and quantify except by
sensitive magnetometry, their existence
should not be ignored. In vitro studies may
ultimately provide the information that
will explain the connection between EMF
exposure and biological effects, and as
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such they constitute roughly half of the

projects at present being sponsored by the

5-year, $65 million NIEHS/DOE research

programme on the biological effects of

EMFE. However, any effect of EMF

exposure on cultured cells, if it is due to

the presence of ferromagnetic contami

nants, would have no relevance to in vivo

biology. Data used to establish human

exposure standards to electromagnetic

fields must rely on properly controlled

experiments.
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Extant fauna of
ancient carbon

SirR — We have found that organisms of
the rich, freshwater biological community
involving sponges, flatworms and other
benthic species near a thermal vent at the
bottom of Lake Baikal are built of ancient
carbon lacking **C.

The vent occurs at a depth of 420 m in
Frolikha Bay (55°31' N, 109°46’ E)'”
It was found earlier that the carbon of
its benthic organisms was produced
by methanogenic bacteria, as revealed
by the very small values of 3°C (—60
to —72%oc)*. However, the age of this
carbon was not known.

Using a Tandetron accelerator mass-
spectrometer, we measured the con-
tents of “C in carbon of two Bdellocephala
flatworms and a sponge collected on a
bacterial mat of Frolikha vent, and found
them to be equal to 0.43, 0.34 and 0.28 of
that typical of modern organic matter,
corresponding to apparent radiocarbon
ages of 6,860 = 260, 8,740 = 80, and
10,200 + 220 years before present (BP),
respectively.

Hence, about 60-70 % of the carbon of
the near-vent organisms has originated
from ancient methane, rather than from
modern atmospheric CO, due to photo-
synthesis or methanogenesis. The source
of ancient carbon was also not limestone,
as is sometimes the case in freshwater
systems, since the uppermost layer of
Baikal sediments is known to have an
apparent radiocarbon age of less than
1,000 years Bp at many locations (see ref. 3
and T. N. ef al., unpublished data).

Frolikha vent arises from meteoric
water seeping through Baikal sediments®
that are known to contain high concentra-
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