double helices have A values about 1
A shorter than the single helices of
chondroitin 6-sulfate (17). This short-
ening leads to more obviously grooved,
helical structures (Fig. 2, ¢ and d) that
are apparently necessary to accommo-
date the second chain of a double
belix. In the lower-humidity form reg-
ular double helices of hyaluronate pack
9.9 A apart, which is essentially the
same as their distance of closest ap-
proach in the high-humidity form. This
distance is much closer than has been
observed for chondroitin 6-sulfate or
«-carrageenate, where the lattice has
to accommodate protruding sulfate
groups.

The conformational flexibility of the
extended single chains of chondroitin
6-sulfate is in marked contrast to the
relatively rigid molecular conforma-
tions imposed by the double helical
structures of hyaluronate and -car-
rageenate. The existence of double
helices for both of these shows that
sulfation or its absence is not a pre-
requisite for coaxial helices. Chemical
differences between chondroitin sulfate
and hyaluronate are amplified by their
secondary structures, which presumably
provide additional specificity for their
biological functions.
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Ferromagnetic Contamination in the Lungs
and Other Organs of the Human Body

Abstract. Contaminating particles which are ferromagnetic have been found in
the human body. Their distribution was measured by applying an external mag-
netic field to the torso for a short time, and then, in a shielded room, mapping
the steady magnetic field around the torso due to the magnetized particles. Maps
of subjects show various distributions, including particles in the stomach from
food cans and in the lungs from arc welding. The fields from these two sources
are strong enough to be detected with a flux-gate magnetometer, without
the need for a shielded room. This simplicity of detection of larger amounts of
ferromagnetic contamination suggests that this method may be used in two appli-
cations: in detecting the presence of large amounts of asbestos (ferromagnetic
and harmful) in the lungs of asbestos workers, and in tests of the condition of the
lung where FE;O, dust (ferromagnetic and harmless) would be used as an inhaled

tracer material.

In recent years my colleagues and I
have been investigating the steady (I)
magnetic fields around the torsos of
both humans and dogs produced by
natural, internal direct current (d-c).
Fields from d-c, although very weak,
have been of interest because it has
been believed that such fields can be
a measure of heart injury (2). In map-
ping these fields around the torso I
noticed that often there was another,
steady field that was not due to internal
d-c; instead, investigation showed that

this field was produced by ferromagnetic
particles in the lungs, stomach, and
other organs. These particles entered
the body through food and air. This
other steady field, therefore, was the
remanent field of these particles, mag-
netized by the earth’s field and other
sources. Since these particles are for-
eign to the body and also interfere with
the magnetic measurement of internal
d-c, they have been named ferromag-
netic contamination (FC). It was then
suggested (3) that magnetic measure-
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ment of FC in the human lung may be
medically useful. As a result, in order
to assess the range of normal and ab-
normal FC, I mapped the steady fields
over the torsos of some 30 subjects,
chosen both at random and for special
FC. In this report I explain the mea-
suring technique, briefly describe some
of FC phenomena revealed by the map-
ping, and suggest two clinical applica-
tions of FC.

The main problem in measuring mag-
netic fields produced by the human
body, either fluctuating or steady, is
the magnetic background. For example,
the magnetic pulsations from the hu-
man heart, which are about 10— gauss
at maximum, are much weaker than
the background fluctuations and are
most simply measured in a magnetical-
ly shielded room which reduces the
background fluctuations to far less than
10-¢ gauss. The M.L.T. shielded room
and SQUID detector (4), which have
been used to measure fluctuating fields
from the heart, brain, and muscle (5),
have also been used for the steady-field
measurements described here. However,
in contrast to the measurements of the
body’s fluctuating fields which require
the background fluctuations to be re-
duced below the level of these fields,
steady-field measurements can be made
in a steady background much higher
than the steady fields. Consequently,
for the measurements presented here,
the steady-field background in the room
was allowed to be ~ 1 X 10—* gauss,
much higher than the body’s steady
fields.

The technique I used consists of
making a sequence of several magnetic
maps, usually three, of the front of each
subject’s torso. The quantity mapped
is the component of the steady
magnetic vector that is normal to the
skin, called B,, measured about 3 cm
from the skin. The first map is made
after a 60-hz magnetic tape eraser (6)
has been slowly wiped over the torso;
this map is due to d-c and to particles
which cannot be completely demagne-
tized (7). Next, another map is made
after a steady magnetic field has been
applied in a direction approximately
normal to the skin, and then removed;
this second map is due to d-c plus the
field of the magnetized particles. Final-
ly, by subtracting the first map from
the second, a new map is prodiced
which is due only to the magnetized
particles. The quantity B, at any point
on this map is a function of the amount
of ferromagnetic material behind that
point, provided that B, has a “positive”

746

polarity. As an example, consider one
particle only, magnetized in a field nor-
mal to the skin of the chest. Leaving
the chest side of the particle, a line
of force would pass through the skin
of the chest normally, eventually bend
over, return through the skin some
distance away, and bend over again to
enter the back side of the particle.
Hence this particle produces two polar-
ities of B, on the torso front: the polar-
ity on leaving the skin, here defined as
positive, and the negative polarity of
the displaced return path. Only the
positive B,’s locate underlying material;
negative B,’s contain secondary infor-
mation.

In order to accumulate the data for
a map, a grid (5 by 5 cm) is marked
on the front of the torso. Then, with
the arrangement shown in Fig. 1, the
following measurement is made at each
grid point: the subject stands away

Mounting
system __

Detector
T~—.in tail

1
LA

B
oo M
—
2 sec IIX10"° gauss
Fig. 1. (A) Arrangement for recording

magnetic maps in the shielded room. The
detector responds to the horizontal com-
ponent of the magnetic vector, normal to
the skin. The subject’s clothing must be
free of magnetic material, such as metal
zippers, snaps, and shoe nails. (B) Three
typical detector outputs from one subject.
The shift in each is Ba. The first, showing
a negative B., is from a location on the
abdomen somewhat displaced from the
stomach, after the subject had eaten
canned food, as displayed in lower Fig.
2A. The next two outputs, with positive
B., are from a stomach location, before
and after the subject had eaten this canned
food. The torso was magnetized in all
three cases. The bandwidth (0 to 30 hz)
allowed the heart’s pulsating field to be
seen on each trace.

from the detector, then moves forward
(first dot in Fig. 1B) and stands for a
few seconds with the appropriate grid
point close to the detector as in Fig.
1A, and then moves back again (second
dot in Fig. 1B). The shift of the de-
tector output is B, at that grid point,
which is finally displayed as a square
on a sketch of the torso.

Representative maps of three sub-
jects are shown in Fig. 2. The subjects
fell into three groups. The first group
consists of those who showed almost
no FC in the lungs but a moderate
amount in the abdomen, as in upper
Fig. 2A. Most subjects tested were in
this group, which I therefore call the
normal group. The second group con-
sists of those who had voluntarily in-
gested some FC for these studies, either
in food or as an inhaled dust. An ex-
ample is shown in lower Fig. 2A of a
subject who ate some canned green
beans; this example illustrates the source
of much of the FC in the gastrointes-
tinal tract. Most food cans are made
from a ferromagnetic alloy, and micro-
scopic particles are deposited into the
canned food when the top is opened.
The dust which was inhaled consisted
of a small, controlled amount of mag-
netite (FegO,) particles, which are
harmless but strongly ferromagnetic.
The purpose was to evaluate the use of
magnetite as a diagnostic tracer in the
lung. Some results of the inhalation
tests are presented below.

Before discussing the third group,
the two maps of Fig. 2B, which are
not produced by FC, are interjected
here. They illustrate two common
events, due to d-c, which can contribute
to the map of the erased state. Upper
Fig. 2B shows a pattern often encoun-
tered from currents in the abdominal
region, of unknown origin. Lower Fig.
2B shows the typical pattern developed
by most people after drinking cold
water. This is the largest type of d-c
event so far encountered, at times pro-
ducing a steady field of > 20 X 10—7
gauss. The source of this reflex current
is also not known.

The third group consists of those
whose lungs had accumulated a signifi-
cant amount of FC as a result of their
occupations, such as the welder in Fig.
2C. Upper Fig. 2C shows no abdominal
currents in the erased state, which is
uncommon; there is a small negative
field at the chest which is due to eras-
ing, in this case, outside the shielded
room in the earth's field, which gave a
small “set” to the abundant FC in his
lungs. This FC is easily seen in lower

SCIENCE, VOL. 180



Fig. 2C. The subject in this group with
the most FC, about five times as much
as the welder, had worked for many
years at processing asbestos.

The coarseness of the spatial resolu-
tion of the maps of Fig. 2 is partly due
to the magnetization method. The sub-
jects were magnetized by a 500-gauss
field, approximately normal to the torso
front, from an available “pancake” coil,
against which their backs were placed.
With this magnetization, lower Fig. 2A
and lower Fig. 2C show that the lungs
and stomach can be roughly outlined.
Better resolution is possible by using a
more advanced scheme such as a uni-
form magnetizing field, and mapping

in two orthogonal directions, and by
using a computer technique to sort out
the information contained in the return
paths.

In estimating the quantity of FC
which produces a particular B,, it was
assumed that the FC is pure magnetite
(8); magnetite and magnetically similar
maghemite (y Fe,O4) are the major
ferromagnetic components in industrial
dust, occurring either pure or in com-
bination with magnetically inert mate-
rial, as in asbestos (9). For the lungs,
an integration was performed, yielding
p=2X 10-2 B,, where p is the mag-
netite density in micrograms per cubic
centimeter of lung in the region behind

a solid square, and B, is in units of
10—7 gauss. In lower Fig. 2C, there-
fore, the region of lung behind D29
contains 0.6 ug of magnetite or mag-
hemite per cubic centimeter of lung.
The lowest density which can readily
be determined by this method is based
on a field of 0.5 X 10—7 gauss; 'this is
the lowest B, which is measurable with-
out special care and yields 0.01 ug per
cubic centimeter of magnetite or mag-
hemite as the lowest density. In dis-
tributions more compact than those
found in the lung, such as those found
in the stomach, it was assumed that the
FC is concentrated at a point, which
yields, for the mass in micrograms:

Fig. 2. Magnetic maps of three subjects. The grid junction L25 is always at the xiphoid. The areas of the squares are propor-
tional- to B, the normal magnetic component. Solid squares are positive and-indicate underlying FC; open squares are negative
and of secondary interest. The two numbers marked on each map are the largest and smallest (nonzero) B, values on each map,
in units of 10 gauss. (A, upper) Map due to the magnetized minus the erased state in a young man, showing a normal distribu-
tion of FC; (A, lower) map due to the magnetized state, recorded 10 minutes after the subject had eaten several forkfuls of
canned green beans, minus (A, upper), showing the particles from the can in the stomach. (B, upper) Map of an erased state
of a man in his 40’s; (B, lower) map due to the erased state, recorded 10 minutes after the man had drunk cold water, minus
(B, upper), showing the typical pattern produced by d-c from the “cold-water effect.” (C, upper) Map of the erased state of an
arc welder; (C, lower) map due to magnetized minus the erased state, which shows the accumulation of FC in his lungs.
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m = 10—2 d3 B,, where d is the distance
to the detector in centimeters. There-
fore, in lower Fig. 2A, by assuming
d =6 cm, N27 indicates that there are
a total of about 60 ug of can particles
in the stomach (8).

Fields larger than about 20 X 10—7
gauss, as in lower Fig. 2A and lower
Fig. 2C, can be detected with the sim-
ple and relatively inexpensive flux-gate
magnetometer (I0), in an urban en-
vironment, without the need for a
shielded room. Because of this, two
applications of this simple technique
for the measurement of FC are sug-
gested.

The first involves the asbestos work-
er. This subject in my measurements
had been processing chrysotile asbestos
(9) at a Quebec mine. His map showed
B, ~ 150 X 10—7 gauss at 'the lungs,
but his chest x-ray was normal. This
implies that a magnetic measurement
can be a more sensitive indicator of
FC actually present in the lungs, in-
cluding asbestos, than an x-ray. (The
arc welder of Fig. 2C also had a nor-
mal x-ray.) Therefore, if the ratio of
magnetite to asbestos is known, flux-
gate measurements may be useful in a
mine area to monitor the accumulated
asbestos in miners’ lungs, in order to
avoid the harmful effects of extreme
accumulation (71). To check the sim-
plicity of this technique, the magnetic
field of the subject was measured out-
side the shielded room with a flux-gate
magnetometer, and indeed the lung field
was easily seen, well above the noise.
The asbestos density, estimated from a
field of 150 X 10—7 gauss (8), is 75
pg per cubic centimeter of lung.

The second application is the use of
magnetite inhalation as a harmless
tracer in determining rates of lung
clearance and other processes. In the
past, radioactively tagged (nonmagnet-
ic) « Fe O3 dust has been used to
measure lung clearance rates in humans
(12), which gave knowledge of how
the lung cleansed itself of fine dust.
The magnetite inhalation tests presented
here yield maps which resemble that of
the welder in lower Fig. 2C, with lung
fields of about 25 X 10—7 gauss; with
the inhalation of a larger amount of
magnetite, these fields would have been
readily measurable with the flux-gate
magnetometer outside the shielded
room. The inhaled magnetite particles,
as well as any FC in the lungs, show
an interesting new phenomenon which
is seen when a sequence of maps of a
subject is recorded during the first few
hours after a magnetization. The phe-
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nomenon consists of the continuous de-
crease of all B,’s, which drop by as
much as a factor of 6 during the first
hour; the decrease is most probably
due to continuous rotations of the par-
ticles by some viable process in the
lungs. The resulting relaxation curve is
reproducible for each subject but varies
from subject to subject; hence, this
curve presumably contains information
on both the particles and the condition
of the lung. These results suggest that
magnetite inhalation offers a new and
useful probe of the lung.

Davip CoHEN
Francis Bitter National Magnet
Laboratory, Massachusetts Institute of
Technology, Cambridge 02139
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Iguanid Lizard from the Upper Cretaceous of Brazil

Abstract. Pristiguana brasiliensis, new genus and species, from the Upper
Cretaceous Baurt Formation of Brazil, is the oldest fossil referable to the living
lizard family lguanidae. It resembles living primitive South American iguanids in
some features, but also shows similarity to members of the related family Teiidae.
Iguanid fossils do not appear in North America until the early Eocene, probably
by waif dispersal from South America during the late Paleocene or early Eocene.
A southern continental (Gondwanan) origin of iguanids is more plausible than

the northern one often suggested.

The lizard family Iguanidae is a primi-
tive group distributed today in South
America, Central America, and south-
western North America; two genera
also occur on Madagascar and one on
the Fiji and Tonga islands. The few
fossils correctly referable to the family
are currently being studied (7). Most of
these fossils are North American forms
that do not antedate the early Focene
{2, 3), a situation unusual in view of the
present extensive Neotropical radiation
and generic diversity among iguanids
(at least 55 Recent genera are currently

recognized). Fossil iguanids occur in the
Paleocene of Brazil (1, 4), but the speci-
men described here is of particular in-
terest because it is the first Mesozoic
record of the Iguanidae and the earliest
record of the family.

Class Reptilia
Order Lacertilia
Family Iguanidae

Pristiguana brasiliensis

n. gen., n. sp.

Holotype: Divisdo de Geologia e Min-
eralogia (DGM) No. 552, portion of a
disarticulated skeleton of one individual,
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