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After the Fire: Soil Management	Comment by Tori Renae Norville: Overall comment – maybe a few more picture…happy to help figure out a way to create pictures/stage pictures if needed.
After a wildfire, soils can be impacted in a number of ways, including chemical and heavy metal contamination, alteration of nutrients, organic matter content  and pH, an increase in erosion hazard, and altered water holding capacity. The cumulative effects of these changes can modify soil productivity and biological diversity, as well as pose health risks to humans and animals. Urban soils in particular are at an increased risk for chemical and heavy metal contamination post-fire because households tend to have features and contain products that leach these contaminants when impacted by fire. Examples of potential contaminants include debris from lead-based paint and pipes, common household chemicals, pesticides, and petroleum-based products. All of these contaminants have the potential to impact soil and human health and the organisms that interact with it. 	Comment by Katie Low: Suggest adding a sentence explaining context of the factsheet.
Understand Your Site History	Comment by Tori Renae Norville: I would recommend numbering these heading and making it clear that there are steps.	Comment by Alison Deak: Agreed, and an introduction saying to the following section explaining that people should take the following steps.
When evaluating your soil health post-wildfire, the first thing to do is understand the history of your site. One way to learn about what may have impacted a site is to visually inspect the area, as it may provide some evidence. For example, if the site is next to buildings built before 1978, lead may be a potential hazard, especially if you see that the paint is chipped or peeling. Determining past use of the site can also be helpful. Past land use of the site can be This can be done by accessed throughingthroughingaccessingaccessed throughingaccessingaccessed throughingaccessing public records online or at the library, consulting Sanborn maps and aerial photographs of the area from the past, or asking neighbors who may have been there before you. If soroundingsurroundingsorounding harzdous materials are identified as potentital sources of contamination, submitingsubmittingsubmiting a soil sample for chemical analysis will help determine the severity of the contamination.   .	Comment by Andre S Biscaro: ‘Soil health’ is a trendy term meant for different purposes than contaminants, including quantifying respiration of microorganisms and soil organic matter content. Using a different term related to safety or well-being would address the ambiguity. 	Comment by Bruno Jl Pitton: I agree. I would say “evaluating your soil post-fire”	Comment by Tori Renae Norville: What about asbestos? Is that a concern for soil?  Asking because I just don’t know and older homes have it.	Comment by Bruno Jl Pitton: Asbestos naturally occurs in soils in california. It is an inhalation concern when disturbing soils with asbestos	Comment by Tori Renae Norville: This sentence seems repetitive with the “first thing to do is understand the history of your site”.  My suggestion would be to remove and just move onto the next idea… 	Comment by Alison Deak: Can we link to this??	Comment by Tori Renae Norville: Why do we need to know past land use?  What does that matter?  How far back to we need to go?
[image: ]Testing Your Soil
Testing is the next thing that needs to happen in order to understand how wildfire may have affected your soil. Laboratory soil testing is recommended, especially if the soil is currently being used or going to be used for urban agriculture or is going to be in the future. Residents impacted by fire can access post-fire soil test results from their clean-up contractor or seek out testing themselves. While DIY soil test kits sold at retail stores can sometimes yield provide basic information,, lab tests yield reliable and precise results. To learn more about lab-based and at-home soil testing options, visit UC ANR’s Healthy Soils for a Healthy California website (https://ucanr.edu/sites/soils/ ) or the California Environmental Laboratory Accreditation Program (ELAP; https://www.waterboards.ca.gov/drinking_water/certlic/labs/).	Comment by Ellie Andrews: (Some DIY tests are not worth doing in my opinion because they are inaccurate, misleading a waste of time, etc. Others are okay but as you said, basic and less precise and reliable. Definitely agree with that.)	Comment by Andre S Biscaro: I think the main concern here is contamination with heavy metals, right? If so, then I am not aware of any DIY kit that can address that. Commercial labs are the best option because they provide accurate analysis of the elements of interest.	Comment by Ellie Andrews: Here is an up to date list of labs maintained by UCCE Viticulture Advisor Chris Chen: 
https://cesonoma.ucanr.edu/viticulture717/Selected_Plant_and_Soil_Laboratories_in_Northern_and_Central_California/Interactive_List_of_Selected_Labs_-_Services/ 	Comment by Mimi Enright: Perhaps a suggestion to reach out to your local Cooperative Extension office or Master Gardener program for soil testing lab referrals since this is a statewide resource. 
Figure 1: Collecting a composite soil sample. PC: Surls et al. 2016

When collecting soil samples to send out for testing, youyoutakeyou may consider takingetake separate samples from multiple locations with different characteristics throughout the property  at your site, label each sample bag, and map them for your records (Figure 1). This can help determine if any potential contaminants found are localized or widespread across the site. Each sample should be composed of 15-20 subsamples collected throughout the sampling area, mixed thoroughly oninon a bucket and placing about one pound of soil in a clean bag labeled appropriately. (Figure 1).. Should each sample be placed in its own bag?  Do you label the bags?  Is all of this information on the test kit?  What PPE should someone wear while testing their soil (put a reference to BMP 1. Below)?	Comment by Tori Renae Norville: Maybe give direction on how to map.  Either using a google earth, avenza or drawing?  	Comment by Bruno Jl Pitton: Each composite sample from areas with different traits should be placed in it’s own bag and labeled with a scheme that you will remember. I don’t know about PPE for normal soil testing but it should probably be the same as is recommended in the produce safety/consumption pub.

 The U.S. Environmental Protection Agency (U.S. EPA) recommends that for urban areas, “at a minimum, the soil test should include pH, percent organic matter, nutrients, micronutrients, and metals, including lead” (U.S. EPA 2011b). This level of testing is adequate for a site that has been residential or a green space. Most commercial soil labs can test for the most important heavy metals, including lead, arsenic, cadmium, chromium, and nickel. 	Comment by Tori Renae Norville: I think this needs to be its own paragraph. It is more of what should be in the test results than what a landowner should do for collecting 	Comment by Alison Deak: You could also consider putting this list of what needs to be tested in a call out box or table

More testing may be needed for sites with a history of industrial or commercial use. These sites have the potential to be contaminated by a wider range of heavy metal and polycyclic aromatic hydrocarbon (PAH) contaminants that will require more extensive testing to detect. An EPA-recognized laboratory is the best choice for this level of testing. 	Comment by Tori Renae Norville: Do we have a list to refer to?
Ways to Remediate Your Soil	Comment by Katie Low: Would recommend adding some photos illustrating BMPs or remediation methods.
After determining the history and state of your soil, the next steps will depend on what soil testing results indicate. If your soil testing indicates that no contaminants have been found exceeding allowable levels, no further action is needed. If your soil testing indicates that contaminants have been found at or exceeding allowable levels, consider the following remediation strategies:	Comment by Ellie Andrews: It might be helpful to distinguish between contaminants and basic soil fertility metrics (like pH, SOM, nutrients, etc.). For instance, maybe they don’t find any contaminants, but if pH is low then that should be corrected thru amending the soil. So that would be an action to take. So maybe you could define/distinguish routine soil fertility testing vs. testing for contaminants a bit more clearly? 	Comment by Mimi Enright: We should add information about how to find what allowable levels are such as Prop 65 in State of California and local County government.  	Comment by Alison Deak: How can people know what the allowable levels are - maybe this could be included in a table with what exactly should be tested? 
Work with Your Existing Soil
Working with existing soil is most feasible for sites with no history of industrial use and whose soil test results came back with moderate levels of contaminants. Existing soil should be diluted, maintained at a neutral pH, and amended with appropriate additions of organic matter. 	Comment by Alison Deak: This could be included in the table as well	Comment by Ellie Andrews: Maybe this wording could be clarified? Diluted makes me think of water, but maybe that’s just me. Could say, “diluted with quality soil”?	Comment by Ellie Andrews: I added “appropriate” here because some backyard growers go way overboard with organic matter amendments, which can cause other issues (plant stunting, nitrogen deficiency, etc).

· Contaminants are often concentrated in the top two inches of soil and can be diluted by digging and mixing the soil deeply and thoroughly. 

· Soil pH should be maintained at or close to neutral (6.5-7.0). Soil nutrients are most available to plants at this pH, while lead and some other heavy metals are less available. 

· Add organic matter such as high-quality compost to the soil and continue to do so with each planting that follows. By adding organic matter, Hheavy metal contaminants will bind to organic matter and become less available to plants. Organic matter also improves soil structure, infiltration, and water-holding capacity, creating a better environment for plant roots. Additionally, biochar and charcoal can be used to improve existing soil, however, adding these can raise soil pH, which could pose a problem if the soil being treated is already alkaline from exposure to ash and other contaminants. 	Comment by Andre S Biscaro: And clean soil from non-affected areas?
Use Raised Beds or Other Containers
A common approach for sites with contaminated soil is to install or build raised beds and fill them with clean soil. If building your own frames, use sturdy materials that won’t leach contaminants into the soil, like redwood or other non-treated lumber, brick, concrete, or rocks. Water-permeable fabrics can be applied as a barrier between the existing site soil and the imported soil going into the beds. 	Comment by Bruno Jl Pitton: This changes soil properties from a typical raised bed to like growing in a container. A typical raised bed is connected to the soil below and drains through gravity and capillary action from the soil below the rootzone. For these types of raised beds, it is recommended to amend native soil with fifty percent compost to attain best physical properties. A water impermeable layer will require drain holes or something. With drain holes, the plant roots will figure out how get into the native soil. And this type of raised bed will require a coarser potting media to accommodate the perched water table and provide adequate air-filled porosity.

· When importing soil, consider purchasing topsoil or planting mix certified by the Organic Materials Review Institute (OMRI). Local urban farmers or gardeners may have additional recommendations. Some vendors may be able to provide documentation that soil has been tested. If not, you can send soil samples to the lab for testing. 	Comment by Andre S Biscaro: Not sure this is necessary as there are good sources that aren’t OMRI certified. Also, the high prices may steer people away from importing soil.

· Other types of containers besides raised beds can be used as well. Some commercially available examples include growing systems that would be appropriate for smaller-scale projects, and mesh “socks” that are filled with growing medium and placed on top of the soil. Avoid using items as planting containers that could contaminate soil as they degrade over time (e.g., tires). 
Remove Contaminated Soil
Soil removal is the most common practice and the most extreme when dealing with contaminated soil. This process involves removing the existing soil from a site and replacing it with soil that is certified safe. The contaminated soil should be disposed of according to law. While this strategy is helpful for assuaging fears of contamination, it isn’t necessarily accessible, as it is an expensive process to excavate soil, remove it, and replace it. 		Comment by Bruno Jl Pitton: This may not be as onerous area of edible plants production area is small. If the top two inches are contaminated then removing that for the area of edible production is not that much soil. For 1000 ft^2, that equals six cubic yards of soil. It would still be heavy, weighing up to 75 kg per m^2 but could be reasonable. Typical ornamentals will be able to survive in post-fire soils, maybe not immediately but after pH has stabilized. I am not certain because I have not reviewed the literature but I think post-fire pH is temporary, the main drivers being the soil parent material and the irrigation water source, with fertilizer having some effect. 	Comment by Bruno Jl Pitton: Alternatively, the removed soil could be relocated to somewhere else in the yard and wouldn’t have to be removed off site at all.	Comment by Alison Deak: Could we link to a CA site showing what this is
Best Management Practices for Near-Home Garden Soil
If you are concerned about inhaling or ingesting chemical contaminants from plants, produce, or soil, use the following best management practices for interacting with soil that has been potentially affected by wildfire:

· Wear gloves, boots, eye protection, a long-sleeved shirt and long pants when interacting with contaminated soil to prevent ingestion and direct contact. 	Comment by Tori Renae Norville: This should be referenced during the sampling portion.

· Use raised garden beds and import clean soils to avoid inhalation, ingestion, and plant intake of contaminants over time. 

· Amend soil with clean, high-quality compost (OMRI) to bind and dilute potential contaminants. High-phosphate compost will bind and dilute potential contaminants, particularly heavy metals.	Comment by Ellie Andrews: I’d recommend adding a short statement about applying the appropriate rate of compost. (Just because I see so many problems with people who try to grow plants in straight compost—sometimes it’s okay, but it usually causes problems.) 	Comment by Bruno Jl Pitton: Plants have awesome ways of extracting phosphorus from soils including exuding acid from roots. So it is possible that binding of these heavy metals may be short term with plants extracting the precipitated phosphorus later.

· Use mulch to cover the soil to prevent airborne soil and dust up-splash.

· Promote good drainage and use drip irrigation to prevent up-splash, particularly at the bottom of slopes that burned and after long wet periods. Contaminants can accumulate in these areas under wet conditions.

· Be mindful not to track contaminated soil into your home.
		
· Wash hands before and after harvest and wash your produce before it is consumed. White vinegar can be used to lift soil particles off produce, particularly for leafy greens and root crops.	Comment by Tori Renae Norville: Just harvest or anytime you are working are the soils. 

Is this referencing the produce that might that went through the wildfire or the produce that was grown in the soil post wildfire?  
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Learn more about the UC ANR Fire Network by visiting our webpage at https://ucanr.edu/sites/fire/
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