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Abstract Cloud seeding, a form of weather modification that disperses seeding materials into
clouds to induce precipitation, has been widely implemented to alleviate drought and manage
water resources. Most previous studies on cloud seeding have focused on evaluating its effi-
ciency in increasing precipitation, while research on the environmental impacts of seeding mate-
rials has been extremely limited. This study provides a comprehensive review of the
environmental impacts of silver iodide (Agl), the most widely used glaciogenic agent in cloud
seeding. Since its introduction in the mid-20th century, Agl has been applied globally to
enhance precipitation, yet concerns remain regarding its long-term ecological effects. A synthe-
sis of international and domestic literature indicates that, at current application levels, Agl rarely
results in detectable toxic effects, with post-seeding concentrations typically in the order of a
few parts per trillion (ppt), comparable to or below natural background levels. Nonetheless, lab-
oratory studies have demonstrated that free silver ions (Ag") can exert acute and sublethal toxic-
ity on aquatic organisms. These findings highlight the dual reality that Agl is generally safe at
operational concentrations but cannot be completely excluded from long-term ecological risk.
Institutional assessments, including those by the World Meteorological Organization (WMO)
and national agencies, similarly conclude that while Agl poses minimal short-term hazard, sys-
tematic monitoring and transparent reporting are required to address scientific uncertainties.
Based on these insights, this review emphasizes the need for long-term ecological studies, quan-
titative release scenarios, and optimized seeding strategies that minimize material use while
maximizing efficiency.
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Table 1. Summary of environmental impacts from Agl-based cloud seeding studies.

Study Area/Type Medium Ag Concentration Impact Summary Reference
USA/ Agl exists mainly as an insoluble particulate form, with
. Not quantitatively specified (focus on  very low bioavailability and minimal direct toxicity; Cooper and Jolly,
Laboratory & Water, biota . . oot . .. . ..
field review solubility and bioavailability) potential toxicity arises only when Ag’ is released under 1973
specific water chemistry conditions.
Negligible ecosystem impact at estimated deposition
USA/Field Atmosphere, 0.3 g/ha/year (estimated deposition) rates; potential vegetation effects under extreme Weaver and Super,
Ecosystem . 1973
snowfall increase.
USA Atmosphere, Rainwater Ag up to 4.5 pg L™ Temporary increased Ag levels in rainwater during Wisniewski et al.,
Florid a/F’iel d Precipitation/ (seeding), background 0~0.02 pg L™");  seeding, but no significant long-term soil/vegetation 1976;
Rainwater released up to 20 kg Agl per day impact. ATSDR, 2010
. Rainwater 0.01~1.0 pg Lfl, Slight increase compared to non-seeded area; much WMA, 2009;
Precipitation 21 .. Cardno ENTRIX,
Background 0~0.3 pg L lower than the EPA drinking water standard (100 pg/L) 2011
. .. WMA, 2009;
USA, Sierra Surface Water Mean Ag ranged from 0.0005~0.06 ng  Ag levels similar to or below natural background; no
. . 3 .o Cardno ENTRIX,
Nevada/Field (Rivers/Lakes) L measurable ecological impact. 2011
' ‘ L'ong-tetm momtormg over decades showed no WMA, 2009;
Soil/Sediment - significant accumulation of Ag. Most Ag remained in .
. . . e Eisler, 1996
insoluble form with low bioavailability.
USA/Field Air Ag emissions from 1970s seeding: ~3 ~ Emissions extremely small compared with other Eisler, 1996;
tons/year (3,000 kg per year) industrial sources; Far below air quality standards. WMA, 2009
Laboratory Water, Biota Lethal: 1.2~4.9 pug L™ (free Ag") Free Ag" is toxic to aquatic organisms at very low
(Global, review of  (plants, invertebrates, ~Sub-lethal: 0.17~0.6 pg L' (free Ag") concentrations; risk strongly influenced by water Eisler, 1996

toxicology studies)

vertebrates)

Safe threshold: > 50 pg L™ (humans)

chemistry (hardness, pH, ligands).

Europe, Spain/

Laboratory

Aquatic organisms
(Soil bacteria/algae)

Up to 1.5 ug L™ of free Ag” released
from Agl suspensions

Toxicity observed in sensitive organisms at
environmental levels (~46 pg L") under direct exposure
to Agl particles; worst-case scenario.

Fajardo et al.,
2016

Europe, Moldova,

Air: 6.4 x 10°~0.043 mg m ™,

Ag levels well below air/water quality standards;

Korneev et al.,

North Air, Water ) 3 . .
Caucasus/Field Water: 1.7~7.4 ng L environmental impact extremely low. 2017
Europe, Soil. Water <0.01 mg kg™ (soil), No evidence of accumulation after replacing Pbl, with Potapov et al.,
Moldova/Field ’ <0.01 mg L™ (water) Agl; Agl evaluated as environmentally safer. 2016

Note: Most field studies report that the environmental impact of Agl is minimal, with silver concentrations at or below natural background levels. However, some

laboratory studies have demonstrated toxicity under specific conditions, highlighting the need for continued long-term monitoring.

0L



Ao 71

Table 2. Summary of domestic studies on the environmental impacts of cloud seeding in South Korea.

Study Site / Region Study Period Key Findings Notes Reference
Statistically significant trends observed
after seeding: increase in water
(ﬁjgscgzzg 10 £ 1997~2023 temperat.ure and EC, and décrejase in LZE%ZZZZQ:ZT Jung (2025a)
CPOS) (March & October) DO. Indicates thermal and ionic comparison
changes within the influenced
watershed.
Significant increases in water
Odaecheon-1 temperature and EC, and a decrease in
(impact zone) vs. 19972024 DO, were observed only at Spatial comparison
Bukcheon (March) Odaecheon-1, while no significant (impact vs. Jung (2025b)
(reference site) changes were detected at Bukcheon. non-impact zone)
Suggests possible downstream
transport of seeding materials.
After the onset of seeding experiments,
1997~2024 correlations between EC-TN and EC- Correlation-
Odaecheon-1 (before seeding: NO; -N strengthened markedly, .
(downstream of 1997~2005; whereas WT-BOD weakened. structur.e analysis Jung and
CPOS) after seeding: Indicates structural reorganization of and 1mpact Hyun (2026)
2006~2024) parameter relationships and collapse of evaluation

traditional eutrophication linkages.
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