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duced from soil containing these VLS- 
type stalks would then contain metallic 
iron needles of the single domain or 
pseudo-single domain type (5). 

Since VLS-type growth has probably 
occurred in many impact situations on 
the lunar surface, it may have been an 
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early accretionary history of the earth, 
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preciable oxidizing atmosphere, and on 
other planets. 
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beryllium can be hazardous. 

The users of mantle-type lanterns, 
while familiar with the fire risks 
associated with them, may be unaware 
of another very serious hazard, namely, 
the emission of toxic fumes from the 
mantle. The mantle is made up almost 

entirely of the oxides of thorium (95 
percent), magnesium, aluminum, cer- 
ium, beryllium, and silicon. It is the 
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Fig. 1. A plot of airborne beryllium emis- 
sion versus time for two single-mantle 
and two dual-mantle lanterns. 
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presence of beryllium which poses the 
greatest threat. 

The results of an analysis of the 
beryllium content of eight new, unused 
mantles were reasonably consistent, 
with values ranging from 550 to 700 
jug with an average content of 650 ytg. 
After 1 hour's use in a lantern, the 
mantle residues were found to contain 
from 112 to 288 jug of beryllium, with 
an average content of about 200 /,g. 
Most of the missing 400 /eg of beryllium 
had volatilized and become airborne 
in the first 15 minutes of mantle use 
(see Table 1). 

Another potential hazard arises from 
radioactive thorium (and its daughters), 
even though the mantles are in no way 
labeled to suggest the presence of radio- 
active elements. The thorium can emit 
from 150,000 to 300,000 alpha parti- 
cles per minute. Although the thorium 
in the mantle does not appear to 
volatilize and become airborne during 
use, certain of the daughter products 
do. These products decay fairly rapidly. 

It is useful to review some details 
of the construction and operation of 
these mantles. The mantle is prepared 
by dipping rayon fabric into a solution 
of the nitrates of thorium, cerium, and 

beryllium. Magnesium, aluminum, and 
silicon are also present in small 

quantities. The thorium is the material 
which incandesces when the mantle 
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is heated to a high temperature. The 
cerium's function is possibly to improve 
upon the whiteness of this incandes- 
cence, and the beryllium is added to 
harden the delicate ashlike structure of 
the mantle. After drying, the mantle 
is coated with nitrocellulose to "fix" 
the salts to the fabric support material. 
The nitrocellulose also assists in the 
preburning of the mantle. Preburning is 
carried out with a match but in the 
absence of fuel to prepare the mantle 
for its initial use. This simple ignition 
is kindled by the combustible nitro- 
cellulose coating and burns away the 
fabric support material, converting the 
thorium, cerium, and beryllium nitrates 
to their respective oxides. 

I sampled the airborne beryllium 
content by placing the lantern in a trans- 
parent enclosure [2 cubic feet (0.056 
m3) in volume] that was open on the 
bottom and set over a honeycomb 
material to diffuse the incoming air. 
The chamber had an opening at the 

top through which air samples could be 
taken. Air was swept through the 

opening at the bottom of the container 

past the lantern so that any particles 
of beryllium in the air would be 

deposited on the paper in the sampler. 
This paper was then analyzed for 

beryllium by fluorometry or atomic 

absorption spectrophotometry, or both. 
In two of these tests (tests 1 and 2, 

Table 1) the initial samples were taken 

during the preburning, during which 
smoke and soot are given off. I 

suspected that beryllium might be 

Table 1. Airborne beryllium emissions from 
gas lanterns containing new, unused single 
mantles. 

Sample Beryllium 
time collected 

(cumulative) (cumulative) 
(minutes) (ag) 

Test 1 
30 1.25 No fuel 
45 181 Fuel 
66 189 Fuel 
96 195 Fuel 

126 198 Fuel 
Test 2 

5 0.25 No fuel 
35 177 Fuel 
66 182 Fuel 

156 189 Fuel 
Test 3 

16 182 Fuel 
32 196 Fuel 
63 202 Fuel 
93 205 Fuel 

124 207 Fuel 
155 209 Fuel 

Test 4 

is heated to a high temperature. The 
cerium's function is possibly to improve 
upon the whiteness of this incandes- 
cence, and the beryllium is added to 
harden the delicate ashlike structure of 
the mantle. After drying, the mantle 
is coated with nitrocellulose to "fix" 
the salts to the fabric support material. 
The nitrocellulose also assists in the 
preburning of the mantle. Preburning is 
carried out with a match but in the 
absence of fuel to prepare the mantle 
for its initial use. This simple ignition 
is kindled by the combustible nitro- 
cellulose coating and burns away the 
fabric support material, converting the 
thorium, cerium, and beryllium nitrates 
to their respective oxides. 

I sampled the airborne beryllium 
content by placing the lantern in a trans- 
parent enclosure [2 cubic feet (0.056 
m3) in volume] that was open on the 
bottom and set over a honeycomb 
material to diffuse the incoming air. 
The chamber had an opening at the 

top through which air samples could be 
taken. Air was swept through the 

opening at the bottom of the container 

past the lantern so that any particles 
of beryllium in the air would be 

deposited on the paper in the sampler. 
This paper was then analyzed for 

beryllium by fluorometry or atomic 

absorption spectrophotometry, or both. 
In two of these tests (tests 1 and 2, 

Table 1) the initial samples were taken 

during the preburning, during which 
smoke and soot are given off. I 

suspected that beryllium might be 

Table 1. Airborne beryllium emissions from 
gas lanterns containing new, unused single 
mantles. 

Sample Beryllium 
time collected 

(cumulative) (cumulative) 
(minutes) (ag) 

Test 1 
30 1.25 No fuel 
45 181 Fuel 
66 189 Fuel 
96 195 Fuel 

126 198 Fuel 
Test 2 

5 0.25 No fuel 
35 177 Fuel 
66 182 Fuel 

156 189 Fuel 
Test 3 

16 182 Fuel 
32 196 Fuel 
63 202 Fuel 
93 205 Fuel 

124 207 Fuel 
155 209 Fuel 

Test 4 
33 157 Fuel 
63 178 Fuel 
94 183 Fuel 

125 187 Fuel 
175 191 Fuel 

SCIENCE, VOL. 181 

33 157 Fuel 
63 178 Fuel 
94 183 Fuel 

125 187 Fuel 
175 191 Fuel 

SCIENCE, VOL. 181 

Toxic Metal Fumes from Mantle-Type Camp Lanterns 

Abstract. The mantle of a gas lantern contains about 600 micrograms of toxic 
beryllium metal. Most of the beryllium is volatilized and becomes airborne during 
the first 15 minutes of use of a new mantle. The inhalation of this quantity of 
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carried off with this particulate matter. 
However, an insignificant amount of 
beryllium was found in the sample taken 
without fuel. When the lantern was 
lighted with the fuel turned on, most 
of the beryllium appeared on the sample 
paper in the first few minutes. In two 
of these tests (tests 3 and 4, Table 1) 
the initial samples were taken with the 
fuel turned on. In these tests the beryl- 
lium evolved at once. Sampling at 
varying intervals revealed that the 
beryllium emissions were immediately 
high and decreased rapidly. The total 
beryllium collected from each mantle 
was rather consistent at about 200 jug 
(Table 1). When the sampling period 
was shortened to 1-minute intervals, I 
observed that most of the beryllium 
was evolved in the first 2 minutes after 
lighting (Fig. 1). Actually the beryllium 
was released so fast that the quantities 
collected in the first minute of use 
equaled or exceeded the amount of 
beryllium subsequently emitted (Fig. 1). 

Under these test conditions the 
sampler was exhausting air through the 
box at a rate of 25 cubic feet (0.70 m3) 

per minute. This resulted in 12 changes 
of air per minute in the enclosure. These 
conditions do not occur in the normal 
use of the lantern. In normal use, less 
beryllium would be expected to evolve 
from the lantern with deposition being 
the greatest on the inner surface of the 
lantern cap. A gentle cleaning of the 
cap after 30 minutes of cumulative use 
over a period of 4 months produced 
100 /tg of beryllium. 

The dual-mantle type of lantern 
emits about 50 percent more beryllium 
than the single-mantle type of lantern. 
When such a dual-mantle lantern was 
functioning properly so that it burned 

brightly at once, half of the beryllium 
that was emitted was given off in the 
first minute of a 10-minute test. In one 

experiment I had difficulty maintaining 
a brightly burning mantle because of a 

faulty fuel gasket. In this case the 

beryllium emissions were lower, but the 
mantle continued to evolve beryllium 
for a prolonged period. This resulted in 
a near equal total beryllium release 
over the 10-minute period (Fig. 1). 

The inhalation of beryllium may pro- 
duce two forms of beryllium disease. 
The chronic form can develop from 

exposure to low concentrations of 
beryllium over a long period of time, 
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8-hour period (1). This level is set for 
the protection of those whose occupa- 
tion requires that they work with beryl- 
lium. Nonoccupational limits, for people 
of varying susceptibility who may be 
exposed to this environment 24 hours a 
day, are much lower, 0.01 .jg of beryl- 
lium per cubic meter of air averaged 
over a month. 

The acute form could result from a 
single exposure to a high concentration 
of beryllium for a brief time. To pro- 
tect against this form, it is recom- 
mended (1) that concentrations in ex- 
cess of 25 /tg of beryllium per cubic 
meter of air never be exceeded. A large 
camper has a volume of approximately 
14 m3. If the 260 jug of beryllium col- 
lected from a dual-lantern mantle (Fig. 
1) were distributed uniformly through- 
out this volume, the average concentra- 
tion would be 18 jug per cubic meter. 

The process of lighting a new mantle 
can be particularly hazardous since it 
involves working the cleaning wire and 
slowly opening the fuel valve full as 
the mantle begins to burn brightly. This 

requires from about 1 to 2 minutes, the 
period during which the new mantle 
is emitting most of the beryllium. To 
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carry out this operation the user usually 
places his face in close vicinity to the 
mantle and can inhale emissions from 
the mantle. Furthermore, when replac- 
ing and disposing of the old mantles, 
one should attempt to contain the light 
fluffy residue in order to limit contami- 
nation of the area. This is particularly 
important if the lantern is permanently 
installed in a camper or trailer. 

The company which produces the 
brand of mantle tested manufactures 
17 X 106 mantles each year. It is rea- 
sonable to assume that this number is 
sold and used each year. It is quite 
likely that many people are unneces- 
sarily exposed to the dangers associated 
with beryllium inhalation simply be- 
cause they are unaware of the hazard 
present during the first few minutes 
after the lighting of a new mantle. 

KYLE GRIGGS 

Lawrence Livermore Laboratory, 
University of California, Livermore 
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Mercury in the Greenland Ice Sheet: Further Data 

Abstract. New data support the contention that the mercury content of Green- 
land glacial ices has not increased dramatically in recent years but rather is 
distributed nonhomogeneously through the ice sheet. 
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Weiss et al. have reported measure- 
ments of the mercury content of Green- 
land glacial ices by neutron activation 
techniques (1). On the basis of data 
obtained from two separate sites (Camp 
Century and a "virgin site"), they con- 
cluded that a doubling of the mercury 
content had occurred in recently de- 
posited ice layers. Dickson has pointed 
out that the data from the two sites did 
not overlap in time, which prevented 
an intersite calibration (2). 

We have analyzed ice core samples 
from Camp Century (77?10'N, 
61 08'W) and site 2 (76?59'N, 

Table 1. Total mercury concentrations in four 
Greenland glacial ices. 

Sample Depth Date Mercury Sample Date (m) (ng/liter) 

Camp Century 56.94 1850 13 ? 10 
Site 2 54.12 1870 169 ? 15 
Site 2 21.59 1930 100 ? 12 
Camp Century 13.75 1940 50 - 10 
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56?04'W) by flameless atomic absorp- 
tion spectrometry (3). Our data allow 
an intersite comparison because an 
overlap in time exists in the data. The 
"virgin site" is roughly midway between 
Camp Century and site 2 (4). 

A distinct difference can be seen be- 
tween the mercury content of the two 
sites, a finding that lends support to 
Dickson's contention that the horizontal 
distribution of mercury through the ice 
cap is heterogeneous (2). Siegel et al. 
have reported a high mercury content 
in volcanic ash from Icelandic volcanic 
sources and indicated that winds do ex- 
ist which could transport this mercury 
to Greenland (5). Correlations between 
the mercury content of ice and world 
volcanic activity are tenuous at best, 
although volcanic chronologies are 
available (6). 
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