Cloud seeding yields no statistical difference in concentration of
silver in soil survey across south-central Idaho
Tiffaney D. Jeske
Introduction

Figure 1.
Left: Single molecule of silver iodide.
Right: Silver iodide creates a crystalline lattice scaffold to which water vapor adheres.
Formed aggregates eventually precipitate in the form of snow.
Silver atoms are grey, iodine atoms are red.
Images created on ChemDoodle

Research Questions
•
•
•
•

What are the natural background concentrations of silver in Idaho soils?
What are the concentrations of silver in Idaho soils exposed to cloud seeding?
Is there a difference in concentration between sites that have or have not been
exposed to cloud seeding treatment?
Is there a relationship between the concentration of silver and the duration or
intensity of cloud seeding treatment?

Diameter of each circle represents the
concentration of silver in parts per trillion
(ppt).
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Figure 2 (above/right). Cold season cloud seeding illustrated and described by a 4-step process.
Courtesy: nawmc.org

Figure 3 (left). Map of Idaho. Inset: Dashed outline represents the study area within the context of the state. Courtesy: idahosbdc.org/regional-training/
Magnified map of study area illustrates project site map. Site map created on ArcMap
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Results
•
•
•
•

SNAKE R.
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Concentration of silver at negative control sites was 3.2 ppt (Fig. 4).
Concentration of silver at test sites was 7.6 ppt (Fig. 4).
Difference between negative control sites and test sites was statistically insignificant.
Correlation between silver concentration and years of treatment and application
intensity were both negative (Figs. 6a & 6b).
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Cloud seeding does not introduce a significant amount silver into soil.
Despite concentrations which were consistently higher from test sites, the difference
between the means was statistically insignificant. Differences might be affected by:
•
•
•
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Field: Natural background concentrations in orders of magnitude greater than what was introduced by cloud seeding.
Lab: Filter membrane material (Fig. 5).
Lab: ICP-MS limits of detection.
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Figure 4. Comparison of mean concentrations of silver between sites.
Means for the positive control, negative control, and test sites were
78.9, 3.2, and 7.7 ppt, respectively. Two-tailed T-test revealed no
statistical difference between the means. α = 0.05, p-value = 0.48.
N = 23 (1 positive, 10 negative, 12 test)
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Figure 5. Comparison of mean concentrations of silver using
different filter membrane materials.
Higher concentrations were observed using cellulose acetate.
Negative control and test sites were 504.3 and 64.5 ppt,
respectively, when filtered with cellulose acetate. The same sites
were 3.2 and 7.6 ppt, respectively, when filtered with nylon.
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Who, what, when, where, why, and how behind cloud seeding in Idaho:
Who: Idaho Power Company ® manages cloud seeding programmes in Idaho.
What: Cloud seeding is a form of weather modification that aids in fog dispersion, hail
suppression, rain enhancement, and snow augmentation.
When: Seeding began in the Payette River watershed in the late 1980s.
IdahoPower Co ® assumed management in 2003.
A typical season runs November - April.
Where: Current target areas include the Central Mountains (Payette, Boise, Wood River
basins) and the upper Snake River (Henry’s Fork, South Fork).
Why: Augmentation of the snowpack replenishes water levels in area reservoirs.
This water is then used to generate hydroelectricity.
It can also be diverted for agricultural use.
How: Cloud seeding is conducted by specially-equipped aircrafts or via groundbased generators (Fig. 2).
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Why do storm clouds in Idaho have residents searching for silver linings… literally?
When silver iodide is seeded into super-cooled clouds, vapor aggregates around the
particles and precipitation, in the form of snow, is formed (Fig. 1).1-4 Snowmelt is
economically important to the state as it replenishes local reservoirs and recharges
aquifers. Cloud seeding increases reservoir carryover by 10% and has improved the
productivity of the Idaho Hydroelectric Project by up to 13% in some areas.4-5
As seeding efforts intensify, so do concerns regarding potential environmental
effects. A history of research on acute toxicity and antimicrobial effects of silver exists,6-9
but few studies have investigated its relationship with cloud seeding activity. The
geochemistry of the environment generally restricts silver iodide to solid form. The
mobility of silver depends on the local geology, oxidation-reduction potential, soil pH, and
presence of organic material.6,10-12 The prevailing presumption is that any silver
introduced via seeding activity will be in orders of magnitude so slight that additional
products will be indistinguishable from natural background concentrations. To reasonably
support this claim, however, one must first know the background concentration of silver
in the environment, which is not a part of typical soil analysis.12-15
European studies have found cloud seeding with silver iodide to have no
environmentally harmful effect.1,12-13 While research on warm-weather, hail-suppression
studies in the Mediterranean are well studied, research on cold-weather, snowaugmentation studies in North America is lacking. To this end, this study compares the
concentrations of silver in soils across south-central Idaho.
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Presence of organic matter.
Soil composition type.
Lee effects.16

Future Directions:
• Compare results from different filter membrane materials.
• Research weather patterns, collect samples at transects to evaluate lee effects.
• Establish a baseline by which possible changes over time can be measured.
• If concentrations increase over time, test for biological significance.
Specifically, bioavailability, bioconcentration, and biomagnifcation should be evaluated.
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There is a negative relationship between the concentration of silver in soil and cloud
seeding history and application intensity.
Despite its comparatively short history and low application intensity, Wood River showed
the highest concentration of silver. Concentrations might be affected by:
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Figures 6a (left) & 6b (right). Coloured circles indicate targeted drainage basin.
a) Concentration of silver varied indirectly with years of exposed to cloud seeding activity. y = -2.0 x 10-6 + 0.0086, r2 = 0.2286
b) Concentration of silver varied indirectly with mass of silver used during cloud seeding activity. Calculations were based on data from the
Idaho Collaborative Cloud Seeding Program 2020-2021 Season Report. y = -4.0 x 10-4 + 0.0117, r2 = 0.5216

Advisors, collaborators, contributing laboratories, peer reviewers & research assistants:
• Kathleen Lohse, PhD, Professor of Biology & Geology, ISU
• John Dudgeon, PhD, Director or CAMAS & Associate Professor of Archeosciences, ISU
• Rebecca Hale, PhD, Associate Professor of Biology, ISU
• Molecular Research Core Facility, ISU
• Shaun Parkinson, PE, PhD, Water Resources Leader, IPC

◦
◦
◦
◦
◦

Derek Blestrud, Senior Atmospheric Scientist, IPC
Jeffrey Cooper, MS, Associate Professor of Water Resource Mgmt & Ag., CSI
Members of the Hale Lab at Idaho State University (ISU)
Students of the Field Ecology course at Idaho State University (ISU)
Erika Stewart, Bob Baird & Jody Jeske, Jr.

Methods
Methods adapted from Séguin et al.17, Lohse Lab, and Hale Lab.
Methods followed for each sample. Images not to scale.
1.

2.

3.
4.

Fifteen 10-cm deep core samples were randomly collected
(three sets of replicates per site).
Samples were subsampled.
3 grams of soil were mixed with 30 mL distilled water
then shaken in an orbital shaker for 8 hours.

Each sample was centrifuged at 1400 g for 15 minutes.
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Supernatant was filtered through a 0.2 μm nylon membrane.
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5.

Filtrate was acidified with 2 drops of concentrated nitric acid.

6.

Acidified filtrate was analysed for metal using
inductively coupled plasma mass spectrometry.
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