No evidence of suitability of prophylactic fluids for
wildfire prevention at landscape scales
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Yu et al. (1) propose a viscoelastic fluid as a prophylactic fire-retardant treatment in landscapes at high
risk of wildfires. We argue that, while the idea is worth
exploring further, their data do not support its suitability for real landscape-scale applications.
First, they report their fluid is environmentally
benign because it is “biodegradable and nontoxic.”
No tests under field conditions were performed. Nontoxicity was assessed by changes in apoptosis of human cells in culture, and biodegradability by oxygen
demand and biochemical methane production tests in
the laboratory. Their tests did not assess effects of the
fire retardant on plant functioning, nor did they evaluate potential impacts on nonhuman animals or microbial communities (2–4). Effects on soils were also
overlooked (5), even though a substantial fraction of
the sprayed fluid is not retained on the vegetation
(figure 2B in ref. 1). Impacts on water quality or on
ecosystem services provided by vegetation were not
considered either (4, 6). The authors’ comment on the
“insignificant amounts of soluble phosphorus” released to the environment is not supported with data.
Second, to support their statement that the retardant has “persistent retention to target vegetation
throughout the peak fire season” the authors simulated weathering by dropping water on treated vegetation in the laboratory. This approach does not
provide an environmentally meaningful assessment
of the longevity of the product, as rain is uncommon
during the California fire seasons, and misses key aspects of weathering in natural settings, such as exposure to wind, sunlight, or extreme temperatures. Even
in the presence of rain, simulating precipitation events

using 0.64 to 1.27 cm of water does not adequately
reflect weather patterns in California, where diurnal
rainfall often exceeds 7 cm (7).
Third, the study does not include an assessment of
the economic feasibility of the treatment, production
costs, or details of how to apply the retardant at the
landscape scale. The authors propose its application
in “high-risk” areas; in their California example, highrisk areas cover about half of the state (figure 1 in ref.
1). Even if only the wildland–urban interface was treated,
this area would exceed 12,000 km2 (8).
Finally, once fire matures, the retardant becomes
ineffective (figure 6 in ref. 1); thus, it would only be
suitable for reducing ignition risk directly at the ignition source and, unlike conventional fuel reduction
treatments, would not be effective in reducing spread
of an approaching fire.
Human exposure to wildfire is an increasing
global concern. Projected increases of both severe
fire weather and wildland–urban population growth
in California, and in many regions worldwide, call
for fire research and management communities to
collaboratively provide society with tools to safely
coexist with fire (9). While research on alternative
mitigation treatments, such as that presented by
Yu et al. (1), is essential, their application should
not be promoted without a proper evaluation of
effectiveness, environmental impact, practical and
economic feasibility, and without considering their
usefulness in comparison—and integration—with
conventional fuel treatments and fire prevention
approaches whose costs and benefits are already
well understood (6, 10).

Downloaded at SWANSEA UNIVERSITY - SERIALS ACQ on December 15, 2020

1 A. C. Yu et al., Wildfire prevention through prophylactic treatment of high-risk landscapes using viscoelastic retardant fluids. Proc.
Natl. Acad. Sci. U.S.A. 116, 20820–20827 (2019). Correction in: Proc. Natl. Acad. Sci. U.S.A. 117, 1233 (2020).
2 A. Barreiro, A. Martı́n, T. Carballas, M. Dı́az-Ravi~
na, Long-term response of soil microbial communities to fire and fire-fighting
chemicals. Biol. Fertil. Soils 52, 963–975 (2016).
3 B. Seymour, N. Collet, Effects of fire retardant application on heathland surface-dwelling ant species (Order Hymenoptera; Family
Formicidae) in Victoria, Australia. For. Ecol. Manage. 257, 1261–1270 (2009).
4 R. Adams, D. Simmons, Ecological effects of fire fighting foams and retardants: A summary. Aust. For. 62, 307–314 (1999).

a

College of Science, Swansea University, SA2 8PP Swansea, United Kingdom; bCentro de Investigaciones sobre Desertificación, Consejo
Superior de Investigaciones Cientı́ficas, 46113 Montcada, Spain; cDepartment of Environmental Science and Policy, University of California, Davis,
CA 95616; and dPacific Southwest Region, US Department of Agriculture Forest Service, Vallejo, CA 94592
Author contributions: C.S., S.H.D., J.G.P., E.C.U., and H.D.S. wrote the paper.
The authors declare no competing interest.
This open access article is distributed under Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND).
1
To whom correspondence may be addressed. Email: c.santin@swansea.ac.uk.
First published February 20, 2020.

www.pnas.org/cgi/doi/10.1073/pnas.1922086117

PNAS | March 10, 2020 | vol. 117 | no. 10 | 5103–5104

LETTER

LETTER

Downloaded at SWANSEA UNIVERSITY - SERIALS ACQ on December 15, 2020

5 C. Michalopoulos, S. Koufopoulou, N. Tzamtzis, A. Pappa, Impact of a long-term fire retardant (Fire Trol 931) on the leaching of Ca, Mg, and K from a
Mediterranean forest loamy soil. Environ. Sci. Pollut. Res. Int. 23, 5487–5494 (2016).
6 E. C. Underwood, H. D. Safford, N. A. Molinari, J. E. Keeley, Eds., Valuing Chaparral: Ecological, Socio-Economic, and Management Perspectives (Springer
Series on Environmental Management, Springer, Cham, Switzerland, 2018).
7 M. D. Dettinger, F. M. Ralph, T. Das, P. J. Neiman, D. R. Cayan, Atmospheric rivers, floods and the water resources of California. Water 3, 445–478 (2011).
8 H. A. Kramer, M. H. Mockrin, P. M. Alexandre, V. C. Radeloff, High wildfire damage in interface communities in California. Int. J. Wildland Fire 28, 641–650 (2019).
9 M. A. Moritz et al., Learning to coexist with wildfire. Nature 515, 58–66 (2014).
10 A. D. Syphard, J. E. Keeley, T. J. Brennan, Comparing the role of fuel breaks across southern California national forests. For. Ecol. Manage. 261, 2038–2048 (2011).

5104 | www.pnas.org/cgi/doi/10.1073/pnas.1922086117

Santı́n et al.

