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The Weather Modification Association (WMA) is occasionally asked to comment on 
questions regarding the environmental effects of silver iodide aerosols used in cloud seeding, 
which include silver iodide aerosol complexes such as silver iodide-silver chloride.  Silver iodide 
is the primary component of silver iodide-based ice-nucleating complexes used in cloud seeding, 
and all these complexes will be referred to as silver iodide (AgI) in this statement.  The published 
scientific literature clearly shows no environmentally harmful effects arising from cloud seeding 
with silver iodide aerosols have been observed; nor would they be expected to occur.  Based on 
this work, the WMA finds that silver iodide is environmentally safe as it is currently being 
dispensed during cloud seeding programs.   

 
Background 

Silver and chemical compounds containing silver are used by various industries and small 
portions of this silver are emitted into the environment as a process waste product. Industrial 
sources were much larger in the past than they are today; notable sources include silver emissions 
from the photographic and electrochemical plating industries, urban refuse, sewage treatment 
plants, specialty metal alloy production and electrical components.   In 1978 an estimated 2,740 
metric tons (metric ton = 1,000 kg) of silver were released into the US environment. This led the 
US Health Services and EPA to conduct studies regarding the potential for environmental and 
human health hazards related to silver.  These agencies and other state agencies applied the Clean 
Water Act of 1977 and 1987 to establish regulations on this type of pollution.  Standards were 
established for industry and laboratory disposal practices of drain water into sewer systems, safe 
silver limits in the public water supply, and thresholds of adverse effects of silver on the 
biosphere.  In 1978 cloud seeding activities were the source of about three metric tons of silver 
(as silver iodide) released into the environment, or about 0.1 per cent of the total (Eisler 1996).  
About the same amount of silver iodide is being used annually for cloud seeding activities in the 
U.S. and Canada today.   Cloud seeding activities release silver iodide to the atmosphere over 
specific areas of the western states of the U.S., Canada and some other areas around the globe to 
augment rainfall, augment snowfall or reduce hail damage.  Environmental impact studies related 
to silver iodide usage in cloud seeding were conducted starting in the 1960s and continue to be 
conducted today; all findings to date indicate no adverse environmental and human health impacts 
(ASCE 2004, 2006; WMA 2005; WMO 2007).   
 
How much silver is released into the environment by cloud seeding? 
 Silver iodide is usually sold by commercial chemical company distributors in granular or 
powder form.  It is used in combination with various other chemicals, most often salts, and has 
been used for half a century as a glaciogenic agent (microscopic sized particles, referred to as ice 
nuclei, ice forming nuclei, or occasionally freezing nuclei, that spawn ice crystal formation). 
Silver Iodide is considered water insoluble (solubility constant at 10-9 g[of Ag] g-1 [of solvent-
water]; see units note), which means that if one gram of the chemical is added to one gram of 
water, roughly one billionth of that gram of silver iodide would dissolve in to the water; the 
remainder will stay in the water undissolved. This property allows the silver iodide particles to 
maintain their structure prior to contact with supercooled (colder than freezing) cloud droplets.  
Silver iodide, as used in cloud seeding, is either dissolved in a flammable solution or combined 



with other flammable solids to produce seeding flares or other devices, which are burned to 
release submicron-sized, virtually invisible, silver iodide aerosol complexes into the atmosphere.  
These complexes are plentiful in number and increase the probability of ice crystals forming 
when they reach cloud environments at temperatures near or colder than the AgI ice nucleation 
(or crystallization) temperature threshold (about -5°C).  This is significantly warmer than the 
threshold of most naturally occurring ice-forming nuclei, which commonly have thresholds near -
15°C and colder.  
 Only small quantities of seeding material are released from individual cloud seeding 
generators typically in the range of 5-25 grams of silver iodide per hour from ground generators 
and up to a few kilograms per hour from aircraft depending on the size of the target area.  
Moreover, this is being done only during certain periods and locations of precipitation-producing 
weather systems.   The reason that such small quantities can be used is that AgI dispensing 
systems generally produce up to 1015 (see power of 10’s note) ice forming nuclei per gram of AgI 
expended (e.g., ASCE 2004, 2006).  This means small amounts of AgI seeding material can 
produce tremendous numbers of ice crystal seeds that can create ice crystals, which can grow into 
snowflakes. The insolubility of AgI is a crucial factor for such small particles that allows them to 
maintain their identity (structure) intact and not condense water (and thus lose their structure) 
inside a cloud droplet.  Without this property there would be no cloud seeding effect.  
 As a metric of cloud seeding chemicals, silver concentrations have been measured in the 
snowpack of several cloud seeding target areas in the western U. S.  The average concentrations 
throughout the snowpack have generally ranged from 4-20 x 10-12 g[of Ag] g-1[of solvent-water], 
rarely exceeding 100.0 x 10-12 g g-1 (Warburton et al. 1995a,b, 1996; McGurty 1999).  Since 
seeding clouds could lead to rain (if snowflakes melt during their fall to earth) measurements of 
seeding chemical concentrations in the rainwater have also been done and found to be in similarly 
low concentrations (e.g., Sanchez et al. 1999).  
 
Why is there concern about using silver iodide in cloud seeding?  

It is well established that silver in some forms can be toxic to lower organisms without 
being toxic to higher animals (Kotrba 1968).  Numerous controlled laboratory studies have shown 
that silver, silver nitrate and even silver iodide when added to laboratory aquariums, even at trace 
levels, can be toxic to some fish and other aquatic life when exposed over long time periods; the 
toxicity is related to specific compounds, concentrations and other factors such as water hardness, 
etc (e.g., Davies & Goettl 1978).  However, these laboratory conditions bear little resemblance to 
outdoor freshwater bodies where the mobility of any of these silver compounds is essentially zero 
and these compounds are rapidly converted to less toxic compounds by the presence of other 
chemicals found in nature. Hence, they are not freely bio-available to the environment. 
Laboratory results derived from biological studies cannot be taken to imply any meaningful 
information about silver iodide used in cloud seeding because its insoluble nature makes it nearly 
impossible to dissociate sufficiently or rapidly enough to ever achieve toxic levels. Meaningful 
evaluation must include the specifics of the chemical form of silver (i.e., ionic silver, silver 
nitrate, silver iodide), the quantities involved, and the chemical, even physical, nature of the 
environment. Hence, care must be taken when comparing the potential impact of silver iodide on 
the environment as used in cloud seeding programs with the impact of silver or soluble silver  in 
laboratory settings, which are not representative of the natural environment where cloud seeding 
is conducted. 
 
Basis for asserting that cloud seeding using silver iodide has negligible environmental impact. 

The potential environmental impacts of cloud seeding programs using silver iodide have 
been studied since the 1960s. These studies have all concluded that ice-nucleating agents, 



specifically silver iodide as used in cloud seeding, represent a negligible environmental hazard, 
(i.e., findings of no significant effects on plants and animals), (e.g., Cooper & Jolly 1970; Howell 
1977; Klein 1978; Dennis 1980; Harris 1981; Todd & Howell 1985; Berg 1988; Reinking et al. 
1995;  Eliopoulos & Mourelatos 1998; Ouzounidou & Constantinidou 1999; Di Toro et al. 2001; 
Bianchini et al. 2002; Tsiouris et al. 2002a; Tsiouris et al. 2002b; Christodoulou et al. 2004; 
Edwards et al. 2005; Keyes et al. 2006; Williams & Denholm 2009).   

The U.S. Public Health Service established a concentration limit of 50 micrograms of 
silver per liter of water in public water supply to protect human health (e.g., Erdreich et al. 1985). 
The concentrations of silver potentially introduced by modern cloud seeding efforts are 
significantly less than this level. The literature embodies tens of thousands of samples collected 
from cloud seeding program areas over a thirty-year period showing the average concentration of 
silver in rainwater, snow and surface water samples is typically less than 0.01 micrograms per 
liter.  More importantly, these measurements represent the total amount of silver contained in any 
given sample and are not specific to the form of silver present in a sample.  Nevertheless, these 
measurements show that silver is virtually undetectable in any form in the vast majority of the 
tens of thousands of samples collected from these areas. 

More than 100 Sierra Nevada lakes and rivers have been studied since the 1980’s (e.g., 
Stone 1986); no detectable silver above the natural background was found in seeded target area 
water bodies, precipitation and lake sediment samples, nor any evidence of silver accumulation 
after more than fifty years of continuous seeding operations (Stone 1995; Stone 2006). Many of 
these alpine lakes have virtually no buffering capacity, making them extremely susceptible to the 
effects of acidification and sensitive to changes in trace metal chemistry.  Therefore studies were 
conducted as part of environmental monitoring efforts to determine if cloud seeding was 
impacting these lakes. No evidence was found that silver from seeding operations was detectable 
above the background level.  There was also no evidence of an impact on lake water chemistry, 
which is consistent with the insoluble nature and long times required to mobilize any silver iodide 
released over these watersheds. Comparisons of silver with other naturally occurring trace metals 
measured in lake and sediment samples collected from the Mokelumne watershed in the Sierra 
Nevada indicate that the silver was of natural origin (Stone 2006).  Similarly, Sanchez et al. 
(1999) analyzed the chemistry of water bodies and rainwater from samples collected during a 
summer cloud seeding program in Spain, and determined the silver input from cloud seeding to be 
indistinguishable from natural inputs. Greek scientists studying the effects on soils, plants and 
their physiology, atmospheric precipitation, plankton, animals and man, as well as the impact of 
irrigation and organic matter to AgI leaching from the Greek cloud seeding activities found 
similar results following the analyses of 2500 soil samples (e.g., Tsiouris et al. 2002a; Tsiouris et 
al. 2002b). 

 
Summary  

The published scientific literature clearly shows no environmentally harmful effects 
arising from cloud seeding with silver iodide aerosols have been observed, nor would be expected 
to occur.  Based on this work, the WMA finds that silver iodide is environmentally safe as it is 
currently being used in the conduct of cloud seeding programs.   



Bibliography  
ASCE (2004).  “Standard Practice for the Design and Operation of Precipitation Enhancement 

Projects”. ASCE(American Society Civil Engineers) /EWRI Standard 42-04, Reston, VA.  
ASCE (2006).  “Guidelines for Cloud Seeding to Augment Precipitation”.  2nd Edition.  American 

Society Civil Engineers(ASCE)/EWRI, Reston, VA.  
Berg, N.H. (1988). A Twelve-Year study of environmental aspects of weather modification in the 

Central Sierra Nevada and Carson Range. The Sierra Ecology Project, Unpublished report on 
file at Pacific SW Res. Station, Forest Service USDA, Albany CA. 

Bianchini, A., M. Grosell, S.M. Gregory, C.M. Wood (2002).  Acute silver toxicity in  
aquatic animals is a function of sodium uptake rate, Env. Sci. & Techn., 36, 1763-1766. 

Christodoulou, Μ., S. Tsiouris, I. Papadoyannis, F. Aravanopoulos, I. Vlemmas, D. Mourelatos, 
S. Mourelatos, H.-L. Constantinidou (2004). Determination and impact of silver iodide on 
terrestrial and aquatic ecosystems of areas where cloud seeding has been applied. Proceedings 
of the 7th Panhellenic (International) Conference of Meteorology, Climatology and 
Atmospheric Physics, Volume A, 195-203.  

Cooper, C.F., W.C. Jolly (1970). Ecological Effects of Silver Iodide and other Weather 
Modification Agents: A review.  Water Resources Research, 6, AGU, 88-98. 

Davies, P.H., J.P. Goettl, Jr. (1978).  Evaluation of the potential impacts of silver and/or silver 
iodide on rainbow trout in laboratory and high mountain lake environments. In: Environmental 
impacts of artificial ice nucleating agents. Klein, D.A. (Ed.). Dowden, Hutchinson and Ross 
Inc., Stroudsburg, PA.  

Davies, P.H., J.P. Goettl, Jr., J.R. Winley (1978). Toxicity of silver to rainbow trout (Salmo 
gairdneri). Water Res., 12, 113-117.  

Dennis, A. S. (1980).  “Weather Modification by Cloud Seeding”.  International Geophysics 
Series, 24, Academic Press, New York, NY, 21-22.  

Di Toro, D.M., H.E. Allen, H.L. Bergman, J.S. Meyer, P.R. Paquin, R.C. Santore (2001). Biotic 
Ligand Model of the acute toxicity of metals. 1. Technical basis. Environmental Toxicology 
and Chemistry, 20, 2383-2396. 

Edwards, R., A. Huggins, J. McConnell (2005). “Trace Chemistry Evaluation of the Idaho Power 
Company Operational Cloud Seeding Program 2003 to 2005”. DRI Publication #41223. 

Eisler, R. (1996). Silver Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review, 
Contaminant Hazard Reviews, 32, Patuxent Wildlife Research Center, U.S. National 
Biological Service, Laurel, MD.  

Eliopoulos P., D. Mourelatos (1998).  Lack of genetoxicity of Silver Iodide in the SCE Assay in 
vitro, in vivo, and in the Ames/Microsome Test. Terratogenesis, Carcinogenesis and 
Mutagenesis, 18, 303-308.  

Erdreich, L., R. Bruins, J. Withey (1985). Drinking Water Criteria Document for Silver (Final 
Draft). U.S. EPA, Washington, D.C., EPA/600/X-85/040 (NTIS PB86118288). 

Harris, E. (1981).  “Environmental Assessment and Finding of No Significant Impact”. Sierra 
Cooperative Pilot Project, Bureau of Reclamation, Denver, Co. 

Howell, W. E. (1977).  Environmental impacts of precipitation management: Results and 
inferences from Project Skywater. Bull. Amer. Meteor. Soc., 58, 488-501. 

Keyes, et al. (2006). “Guidelines for Cloud Seeding to Augment Precipitation”.  2nd Edition.  
American Society Civil Engineers, Reston, VA.  

Kotrba, G. (1968). "The Encyclopedia of the Chemical Elements", Hampel, C. A., Editor, 
Reinhold Book Corporation, New York, Amsterdam, and London. 

Klein, D.A. (1978). "Environmental Impacts of Artificial Ice Nucleating Agents" Colorado State 
University, Dowden, Hutchinson & Ross, Inc. Library of Congress Catalog Card Number, 78-
7985. 

McGurty, B. M. (1999). Turning silver into gold: Measuring the benefits of cloud seeding. 
HydroReview, 18, 2-6. 



Ouzounidou G., H.-I.A. Constantinidou (1999). Changes in growth and physiology of tobacco 
and cotton under Ag exposure and recovery. Are they of direct or indirect nature? Arch. 
Environ. Contam. Toxicol., 37, 480-487.  

Reinking, R.F., N.H. Berg, B.C. Farhar, O.H. Foehner (1995). “Economic, Environ-mental, and 
Societal Aspects of Precipitation Enhancement by Cloud Seeding,” Manual 81, Guidelines for 
Cloud Seeding to Augment Precipitation, ASCE, Reston, VA, 9-47. 

Sánchez, J. L., J. Dessens, J.L. Marcos, J.T. Fernández (1999).  Comparison of rain-water silver 
concentrations from seeded and non-seeded days in Leon (Spain). J. Weather Mod., 31, 87-90. 

Stone, R.H. (1986).  “Sierra Lakes Chemistry Study.” Final Report to Southern California Edison  
Co., Contract No. C2755903. 

Stone, R.H., K. Smith-Miller, P. Neeley (1995).  Mokelumne Watershed Lake Water and 
Sediment Silver Survey.  Final Report to the Pacific Gas and Electric Company, Technical and 
Ecological Services, San Ramon, Ca.  

Stone, R.H. (2006).  “2006 Mokelumne Watershed Lake Water and Sediment Survey.”  Final 
Report to the Pacific Gas and Electric Company, Technical and Ecological Services, San 
Ramon, Ca.  

Todd, C.J., W.E. Howell (1985).  “Weather Modification”.  In Handbook of Applied 
Meteorology, David D. Houghton, Editor, John Wiley and Sons, Chapter 38, 1065-1139.  

Tsiouris E.S., A.F. Aravanopoulos, N.L. Papadoyiannis, K.M. Sofoniou, N. Polyzopoulos, M.M. 
Christodoulou, F.V. Samanidou, A.G. Zachariadis, H.-I.A. Constantinidou (2002α).  Soil 
Silver Content of Agricultural Areas Subjected to Cloud Seeding with Silver Iodide. Fresenius 
Environmental Bulletin, 11, 697-702. 

Tsiouris E.S., A.F. Aravanopoulos, N.L. Papadoyiannis, K.M. Sofoniou, F.V. Samanidou, A.G. 
Zachariadis, H.-I.A. Constantinidou (2002b).  Soil Silver Mobility in Areas Subjected to Cloud 
Seeding with AgI. Fresenius Environmental Bulletin, 12, 1059-1063. 

Warburton, J.A., L.G. Young, R.H. Stone (1995a). Assessment of seeding effects in snowpack 
augmentation programs: Ice nucleation and scavenging of seeding aerosols. J. Appl. Meteor., 
34, 121-130. 

Warburton, J.A., R.H. Stone, B.L. Marler (1995b). How the transport and dispersion of AgI 
aerosols may affect detectability of seeding effects by statistical methods. J. Appl. Meteor., 34, 
1929-1941. 

Warburton, J.A., S.K. Chai, R.H. Stone, L.G. Young (1996). The assessment of snowpack 
enhancement by silver iodide cloud-seeding using the physics and chemistry of the snowfall. J. 
Weather Mod., 28, 19-28. 

Weather Modification Association (2005).  “Weather Modification Association Capability 
Statement.” WMA; www.weathermodification.org/capabilities.htm.  

Williams, B.D., J.A. Denholm (2009).  Assessment of the Environmental Toxicity of Silver 
Iodide-With Reference to a Cloud Seeding Trial in the Snowy Mountains of Australia. . J. 
Weather Mod., 41, 75-96. 

World Health Organization (2002).  “Concise International Chemical Document 44 (CICAD44):  
Silver and silver compounds: Envionmental Aspects.” WHO; www.inchem.org/documents/ 
cicads/cicads/cicad44.htm 

World Meteorological Organization (2007). “WMO Statement on Weather Modification.” WMO; 
www.wmo.int/pages/prog/arep/wmp/documents/WM_statement_guidelines_approved.pdf. 

NOTES: 
    Following are intended to help non-technically trained readers understand information provided above.   
Power of 10’s note:  Very large and very small numbers are often expressed in scientific or powers of 10 notation.  
The 1015 stated in the WMA statement means that 1 is 10 multiplied by 10, 15 times and it equals 
1,000,000,000,000,000.  When 10 is raised to a negative power it means 1 divided by 10 the power number of times; 
for example, 1 x 10-1 equals 0.1. 
Units note:  g g-1  as used here means grams of  chemical divided by grams of water in the sample, so that 1 x 10-12 g 
g-1 means 0.000000000001 grams of silver per 1.0 grams of water.  


