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ABSTRACT

Estimates based on information in medical and meteorological literature indicate that Agl in the air
and in precipitation does not pose a danger to people in the target area. Although the concentration of
Agl near the generator is much larger, interviews with operators who have heen seeding on 2 large scale for
many years fail to disclose any instances of ill effects from Agl.

1. Introduction

Concern has been expressed (Sargent, 1969) about the
possible dangers resulting from the widespread intro-
duction into the atmosphere of Agl particles for the
purpose of cloud seeding. Battan (1962) has stated,
“silver iodide is toxic and must be handled with care.”
Because the danger to man depends in a complicated
way on such poorly evaluated variables as the concen-
tration of silver and iodine, and the response of living
materials to these substances, it is not possible to give
an unequivocal answer to the question of environmental
effects of Agl cloud seeding. Enough information is
available, however, to make estimates.

We will consider several ways human beings might
be affected by Agl cloud seeding: drinking water con-
taining Agl cloud seeding material, breathing the Agl
aerosol, and handling the concentrated Agl solution
used in the generator.

2. Toxicity of Agl to man

Our knowledge of the effects produced by Agl on the
human body is derived primarily from the experience in
the 1930’s when, on physicians’ recommendation, many
patients used as nasal sprays a 1-4% colloidal suspen-
sion of Agl. While there is no evidence that occasional
use of this medication produced adverse effects, pro-
longed usage resulted in a permanent generalized ashen
pigmentation of the skin (argyria) as the result of the
deposition of silver. The medical literature contains
reports of 17 patients who developed argyria after using
Agl at least several times a week for several years
(Royster, 1932; Lundy, 1933; Woodward, 1933;
Berkley, 1934; Gaul and Staud, 1935; Hill and Pills-
bury, 1939; Brinton, 1949; Gerbasi and Robinson,
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1949). We estimate that the patients who developed
argyria used a total quantity of Agl ranging from at
least 2 gm to about 50 gm. It is important to note that
there were no adverse effects due to Agl reported for
any patients except argyria, a condition which, while
regrettable, is “of significance only from the standpoint
of cosmetic appearance” (Hill and Pillsbury, 1939).
The biological effects of Agl, unlike those of many
compounds, seem to be primarily those of one of its
elemental constituents, silver. The maximum allowable
concentration of silver in drinking water is 50 ng ml™
(Public Health Service, 1962). This figure is derived
from the assumption that a total intake of silver in any
form in excess of 0.9 gm may produce argyria (Hill and
Pillsbury, 1939). One should note that 0.9 gm is the
amount of silver that may produce argyria when taken
in addition to the background concentration of silver
ingested in the diet and from miscellaneous sources such
as silverware, coinage, and dental fillings. The American
Conference of Governmental Industrial Hygienists has
recommended that the maximum allowable concentra-
tion of silver in air be 10 ug m—2 (Sax, 1968). We do not
expect that ill effects due to iodine in AgI will be as
important as those due to silver, partly because adverse
effects due to iodine in the Agl nasal spray were not
reported, and partly because iodine is essential to the
human diet. The recommended dietary allowance of
iodine for adults is between 100 and 150 ug day!
(Holvey, 1972). Over the lifetime of a 70 year old man,
the total recommended dietary intake of iodine would
be 3 gm. Studies show that chronic ingestion of iodide
by human beings at a much larger rate of at least 18
mg day! induces goiter (Wolff, 1969). The concentra-
tion of iodine in maritime air is about 1 ng m™® (Duce
et al., 1967); the maximum allowable concentration of
iodine in air has been given as 1 mg m™® (Sax, 1968).
Agl is not listed as being poisonous in the references
on toxicology. It has been stated that because of the low
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solubility of Agl in water, ~3 ng ml™! (Linke and
Seidell, 1938), the compound is ‘“‘essentially non-toxic”
(Deichmann and Gerarde, 1958). One reference lists the
dangerous properties of Agl merely as those of a silver
salt (Sax, 1968), while another fails to include toxicity
information on this compound (Stecher, 1968). It would
appear from the foregoing data that Agl does not repre-
sent an outstanding hazard to human health.

Many generators employ solutions containing one-
half mole of either Nal or KI 1o each mole of Agl to
increase its solubility in acetone (Vonnegut, 1950).
These will release sodium or potassium into the atmo-
sphere in addition to Agl (de Pena and Caimi, 1967).
The concentrations of these common alkali elements re-
leased by cloud seeding are.trivial compared to those
already present in man and his environment and can,
therefore, be safely neglected.

3. Agl in precipitation

We can evaluate the concentration of silver in water
from cloud seeding by considering the theoretical ex-
pectation and measurements of the concentration of
silver in precipitation. If single Agl particles of size
1.0-0.02 um serve as nuclei for raindrops of 1 mm diam-
eter, we can expect resultant concentrations of silver
in rainwater from 5 ng mi~* to 0.04 pg ml=%.

To evaluate the amount of silver introduced into
precipitation by Agl cloud seeding we must, of course,
determine the extent to which the concentration of
silver in precipitation from seeded clouds exceeds the
background concentration measured in precipitation
from unseeded clouds. One would expect that, after
adding Agl to a cloud, the precipitation from it would
contain more silver than from an unseeded cloud. This
is supported by most measurements. Warburton and
Maher (1965) found concentrations of silver in rain
from seeded clouds which ranged from 48 pg ml™! to
less than 2 pg ml™?, the average of 63 samples being ~7
pg ml~%. The amount of silver was undetectable in all
but 3 of 23 samples of rain from unseeded clouds; one
of these “high” concentrations was explained as con-
tamination at the collection site. Silver could not be
detected in samples of snow collected in a region where
Agl cloud seeding was not conducted ; the concentration
was probably less than 10 pg ml™ (Warburton and
Young, 1968).

The background concentration of silver is not always
found to be negligible: Parungo and Robertson (1969)
found that the background in their samples was about
139% of the average concentration in seeded samples.
They reported an average concentration of silver in
snow from seeded clouds to be 0.95 ng ml~, with values
ranging from 8.0 to less than 0.01 ng ml=! in 73 samples.
Nineteen determinations of silver in unseeded snow
yielded concentrations which ranged from 1.2 to less
than 0.01 ng ml—%

The expected relationship between concentrations in
seeded and unseeded precipitation was reversed in one
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case. During the 1966 Project Hailswath the average
concentration of silver in unseeded precipitation was
180 pg ml~, twice the concentration found in precipita-
tion from seeded areas (Warburton and Young, 1968).
These occasional anomalous background values may
originate because supposedly natural precipitation may
actually have been contaminated by some unrecognized
seeding operation, or silver may have been inadvertently
introduced during collection and laboratory procedures.

Although the experimental data spans four orders of
magnitude, it is still consistent with theoretical esti-
mates made earlier. Hence, they can serve as a rea-
sonable basis on which to estimate the possible toxic
effects from Agl cloud seeding. The maximum reported
concentration is a factor of 6 below the maximum allow-
able concentration set by the U. S. Public Health Ser-
vice for silver in drinking water. It is clear that a person
could drink water produced as a result of Agl cloud
seeding exclusively throughout his lifetime without risk-
ing argyria.

A different perspective for evaluating the possible
contamination of the earth’s water by AglI cloud seeding
is afforded by considering the amount of silver and
iodine already present in the ocean. The concentration
of silver in stream and ocean water is about 0.3 ng ml™*
(Kharkar et al., 1968; Schutz and Turekian, 1965), and
the concentration of iodine in the ocean is about 50
ng ml™! (Sverdrup et al., 1942). There is a reservoir of
about 4X10' gm of silver in the ocean, which is much
larger than the annual world production of silver—only
8X10° gm year™ (Long, 1968). We can see that the
entire global production of silver could be added to the
ocean for 5X10° years before the present concentration
would be doubled. This, of course, does not imply that
levels of silver that might cause concern could not de-
velop in localized areas. Because iodine is much more
plentiful than silver in the ocean, we are not concerned
about the addition of iodine to the ocean by Agl cloud
seeding.

4. Agl in air

People will also take in Agl by breathing air contain-
ing particles from generators. We can estimate the con-
centration downwind in the target area from the cal-
culation that 5X10* nuclei m™ produce dramatic
changes in a supercooled cloud (Jiusto, 1971). If we
assume 0.1 um size Agl particles, this yields a concen-
tration of silver in air of 0.1 ng m=3. This is a factor of
10° below the maximum allowable concentration and
should not be a cause for concern. The margin of safety
is not nearly as large at the generator site, where, before
mixing and diluting, the concentration of Agl will be
many orders of magnitude greater. It can be calculated
that the Agl aerosol will not be diluted by mixing to the
maximum permissible concentration of silver discussed
earlier until the aerosol has been carried at least 50 m
downwind from a generator emitting silver at a rate of
1 mg sec™ in a 6° plume in a 5 m sec™? wind.
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5. Untoward effects in generator operators

If Agl cloud seeding were to produce untoward effects
in human beings, these ill effects should appear in
people who operate Agl generators long before symp-
toms appear in the general public. To investigate this
we interviewed by telephone seven cloud seeding oper-
ators (Eugene Bollay, Robert Elliott, Lewis Grant,
Thomas Henderson, Wallace Howell, Irving Krick,
Gerald Smith) who have had extensive experience with
Agl. None knew of any person who had suffered ill
effects due to Agl. The remarks of Howell are worth
quoting: ““. . . I’ve gone with my hands yellow with
it [Agl] for weeks at a time, and I certainly don’t have
argyria, and none of the people that I’ve worked with
have ever reported any symptoms.”

We are aware of only two cases in which untoward
effects were attributed to AgI aerosol. One of us (B. V.)
recalls that in New Mexico in the early 1950’s a tech-
nician claimed that breathing Agl from a ground based
generator aggravated his respiratory allergy. This indi-
vidual may well have been sensitive to any particulate
matter ; therefore, his reaction alone does not necessarily
incriminate Agl. In another instance Douglas (1970)
has stated that an individual who remained within a
few meters of a generator for 6 hr “suffered a skin rash
which, while inconvenient, was not serious enough to
cause loss of work.”

6. Agl on skin

Technicians risk exposure to large amounts of Agl
when handling concentrated Agl solutions. Agl imparts
a yellow stain to the outer layers of the skin, which has
not been reported to cause injurious effects. Unlike
argyria, the yellow stain is superficial and will gradually
disappear after the individual’s skin is no longer exposed
to Agl.

7. Inhalation of acetone

Henderson told us that he was more concerned about
generator operators breathing the acetone from the
unignited Agl solution than about possible poisoning
from Agl itself. While references on toxicology mention
that inhalation of the pungent acetone vapor can cause
headaches and drowsiness, “‘serious poisoning is rare”
(Stecher, 1968). Reports of six patients who developed
acute acetone poisoning by inhaling the solvent used in
plastic casts indicate that some people are highly sensi-
tive to acetone so that concern appears justified (Strong,
1944; Chatterton and Elliot, 1946; Fitzpatrick and
Claire, 1947; Pomerantz, 1950; Harris and Jackson,
1952; Renshaw and Mitchell, 1956).

8. Effects on other organisms

We have not attempted to assess the biological effects
of Agl on organisms other than human beings. Cooper
and Jolly (1970) have suggested that silver will be more
toxic to algae, fungi, bacteria and fish than to man. In
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addition, Gerald Smith has mentioned to us that al-
though the leaves of a peach tree 8 m downwind from an
Agl generator turned black and the tree bore no fruit,
it returned to normal the following year. He suggested
this might have been a result of sulfur in the coke fuel
rather than Agl.

9. Conclusions

Although there appears to be no immediate reason
for believing that Agl is causing harmful biological
effects, consideration should be given to other possible
cloud seeding agents that might pose even smaller
hazards to health or ecology. It is worth pointing out
that any assessment of the possible dangers from the
seeding agent involves not only the toxicity of the
agent, but also the size of the particles that must be
dispersed into the atmosphere to serve as nuclei. For
example, if particles of a substance must be 10 um in
diameter in order to nucleate ice, 1 ton of this material
must be dispersed into the atmosphere to produce the
same effect obtainable with 1 gm of Agl dispersed as
0.1 um particles. It is possible that, even if such a sub-
stance were less toxic, the fallout of the large amounts
that would be required could cause more damage than
that which would result from a much smaller amount
of Agl.

In summary, we present the following conclusions
and recommendations:

1) On the basis of presently available information,
there appears to be no danger in drinking water or
breathing air in the target area.

2) Although no ill effects have been reported by gen-
erator operators, further studies are desirable to deter-
mine the hazards associated with inhaling AgI aerosols.

3) More biological studies are needed to determine
the effects of Agl on vegetation, fish, and other
organisms.

4) Any person knowing of argyria or other symptoms
resulting from Agl cloud seeding is encouraged to pub-
lish this information as a guide and warning to others.
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