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Wildfires
• Approximately two thirds of 

municipalities in the US rely on water 
from forested watersheds 

• Wildfires can abruptly and adversely 
impact watersheds which generally 
provide high quality source water

• The effects of wildfires on a 
watershed are complex and long 
lasting
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Changes in Water Quality
• Effects include:

– Enhanced mobilization of nutrients and metals
– Increases in turbidity
– Changes in concentration and reactivity of dissolved organic matter
– Algae growth and associated issues

• Responses from water treatment perspective
– Modification of treatment steps
– Potential upgrades to system
– Increase monitoring
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Wildfires
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Outline

• Turbidity/sediments
• Nutrients
• DOM
• DBP
• Treatment impacts
• New issues related to 

contamination



Turbidity/sediments

• Changes to slope vegetation result 
in enhanced sediment 
mobilization, resulting in potential 
for high turbidity events

• High turbidity events are triggered 
by rain events

• Potential impacts to infrastructure



Murphy et al., 2012

Turbidity



Case Study: High Park Fire, 2012

Hohner et al., 2016



Turbidity
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Turbidity

• Turbidity values after wildfires can be quite high, 
creating challenges for utilities

• Turbidity values can spike as a function of 
localized rain events

• Consider adding early warning systems, 
sedimentation basins
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Nutrients Exports

• It is well documented that 
nutrients exports can 
increase after a wildfire

• Impacts can be long lasting 
and related to severity

Rhoads et at., 2006



Nutrients Exports
Hohner et al., 2016



Nutrients Exports

coagulation. The leachates had similar raw water turbidity and
DOC concentrations, but the heat-altered DOM was less
amenable to coagulation, and even at optimal alum dosing only
24 ± 4.8% DOC removal was achieved compared to 55 ± 6.7%

removal for the control samples (Figure 8). That is, 0.03 and
0.09 mg of DOC removed/mg of alum for the heated and
control samples, respectively. It is evident that low temperature
heating imparted clear changes in DOM composition that

Figure 5. Seasonal mean nitrate, total dissolved nitrogen (TDN), dissolved organic carbon (DOC), and total suspended sediment (TSS)
concentrations from four catchments burned by the 2002 Colorado Hayman Fire and two nearby, unburned catchments. Burn Extent classes as
follows: High Extent: >60% burned, Low Extent: 30−60% burned, and unburned. Means were derived from 2015 and 2016 monthly samples for
two catchments per Burn Extent class (n = 12 for each season). The dashed line on the TDN panel denotes the proposed TN threshold
concentrations for least-impaired reference streams in the Western Forest Region.52 Reproduced with permission from ref 51. Copyright 2018
Springer Nature.

Accounts of Chemical Research Article

DOI: 10.1021/acs.accounts.8b00670
Acc. Chem. Res. 2019, 52, 1234−1244
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• Enhanced mobilization of 
nutrients can result in 
eutrophication



Dissolved Organic Carbon
• DOC is a complex mixture of 

organic compounds found in 
surface waters

• DOC impacts different aspects of 
treatment process

• DOC dynamics in watersheds after 
wildfire are complex



Dissolved Organic Carbon
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Dissolved Organic Carbon

• DOC mobilization does show a distinct 
temperature profile

• Previous work done on soils (mineral layer) 
indicate that the mobilization of DOC resembles 
a gaussian distribution
– For litter (organic layer), the effects of 

temperature are more complex



Laboratory Simulation
• Soil sampling

– Boulder county
• Processed samples

– Drying at 100 ºC
– Homogenization
– Heating for 2 hours at given temperature
– Leached into laboratory water and filtered



DOC Mobilization
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Wilkerson and 
Rosario-Ortiz, 
2021

3.2 | C-DBP yields

CHCl3 was the dominant THM formed at every heating
temperature for samples collected from both NED and
FLG (Figure 3). Trace concentrations of other THMs
were formed; however, the concentrations were either
below the detection limit or below commonly observed

values. Total trihalomethane (TTHM) concentrations are
principally constituted of CHCl3, thus indicating a deficit
of bromine in the samples. Control CHCl3 yields for both
NED and FLG were 43.2 and 59.6 μgDBP/mgDOC, respec-
tively, which correspond to a range of CHCl3 yields found
in another study using humic isolates and similar chlori-
nation conditions (Reckhow et al., 1990). Interestingly,

(a) (d)

(b) (e)

(c) (f)

FIGURE 1 Dissolved organic carbon (DOC) concentration (bar graphs, left y-axis) and water-extractable carbon (WEC) (line graphs,
right y-axis) in unburned and heated mineral soil samples. Graphs with orange and red bars represent samples from Nederland (NED) and
Flagstaff Mountain (FLG), respectively. Subsites are identified by the letter in the top left corner of each graph. Unburned samples are
labeled as control (cntl). Error bars for DOC represent the SD of n = 4 experimental replicates, while error bars for WEC represent the
propagated error. Data for these graphs can be found in Table SI-1
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DON Mobilization
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control CHCl3 concentrations, measured in samples from
NED and FLG, were between the mid and higher range
of TTHM concentrations reported by the UFC method
after a 3-day reaction period (Summers et al., 1996). How-
ever, it should be noted that the DBP yields reported by
the authors should not be used as representative values
in a common treatment setting but rather as an indica-
tion of DOM reactivity. At NED, there was a significant

decrease in CHCl3 yield when samples were heated at
150, 350, and 450 !C, relative to the control. However,
statistically similar CHCl3 yields were observed between
the unheated control samples and samples heated to 250
!C. On the other hand, FLG CHCl3 yield did not decrease
when heated to 150 !C as it did at NED but rather
remained statistically similar to the control. FLG CHCl3
yield did significantly decrease from control to 350 and

(a) (d)

(b) (e)

(c) (f)

FIGURE 2 Dissolved organic nitrogen (DON) concentration (bar graphs, left y-axis) and water-extractable nitrogen (WEN) (line graphs,
right y-axis) in unburned and heated mineral soil samples. Graphs with green and blue bars represent samples from Nederland (NED) and
Flagstaff Mountain (FLG), respectively. In addition, the subsite can be identified by the letter in the top left corner of each graph. Unburned
samples are labeled as control (cntl). Error bars for DON represent the SD of n = 4 experimental replicates, while error bars for WEN
represent the propagated error. Data for these graphs can be found in Table SI-1
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DOC 
Mobilization

coagulation. The leachates had similar raw water turbidity and
DOC concentrations, but the heat-altered DOM was less
amenable to coagulation, and even at optimal alum dosing only
24 ± 4.8% DOC removal was achieved compared to 55 ± 6.7%

removal for the control samples (Figure 8). That is, 0.03 and
0.09 mg of DOC removed/mg of alum for the heated and
control samples, respectively. It is evident that low temperature
heating imparted clear changes in DOM composition that

Figure 5. Seasonal mean nitrate, total dissolved nitrogen (TDN), dissolved organic carbon (DOC), and total suspended sediment (TSS)
concentrations from four catchments burned by the 2002 Colorado Hayman Fire and two nearby, unburned catchments. Burn Extent classes as
follows: High Extent: >60% burned, Low Extent: 30−60% burned, and unburned. Means were derived from 2015 and 2016 monthly samples for
two catchments per Burn Extent class (n = 12 for each season). The dashed line on the TDN panel denotes the proposed TN threshold
concentrations for least-impaired reference streams in the Western Forest Region.52 Reproduced with permission from ref 51. Copyright 2018
Springer Nature.

Accounts of Chemical Research Article

DOI: 10.1021/acs.accounts.8b00670
Acc. Chem. Res. 2019, 52, 1234−1244
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Rhoades et al., 2018

• DOC mobilization trends 
have been observed 
numerous times in lab and 
field experiments



Modeling of DOC

• Analyzing sedimentation and water quality 
response in a 3D matrix of controls

rainfall intensity

burn intensity
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Brucker et al., In Prep



Modeling of DOC
• Study location: the Cache la Poudre Basin near Fort 

Collins, CO
• Soil samples collected with intact soil structure in 

steel containers



Wildfire Simulation
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Rainfall Simulation
• Created variable-intensity rainfall simulator, 

closely approximating natural rainfall kinetic 
energy, droplet size, and distribution



DOC Mobilization

• Simulation confirms 
lab and field work

• Will expand to look at 
sediments



DOC Mobilization

• Enhanced mobilization of 
DOC at some 
temperatures

• How different is this DOC?

• We have performed 
enhanced analytical work 
to understand DOC 
mobilization
– Using NMR and MS

28

Wilkerson and 
Rosario-Ortiz, 
20213.2 | C-DBP yields

CHCl3 was the dominant THM formed at every heating
temperature for samples collected from both NED and
FLG (Figure 3). Trace concentrations of other THMs
were formed; however, the concentrations were either
below the detection limit or below commonly observed

values. Total trihalomethane (TTHM) concentrations are
principally constituted of CHCl3, thus indicating a deficit
of bromine in the samples. Control CHCl3 yields for both
NED and FLG were 43.2 and 59.6 μgDBP/mgDOC, respec-
tively, which correspond to a range of CHCl3 yields found
in another study using humic isolates and similar chlori-
nation conditions (Reckhow et al., 1990). Interestingly,

(a) (d)

(b) (e)

(c) (f)

FIGURE 1 Dissolved organic carbon (DOC) concentration (bar graphs, left y-axis) and water-extractable carbon (WEC) (line graphs,
right y-axis) in unburned and heated mineral soil samples. Graphs with orange and red bars represent samples from Nederland (NED) and
Flagstaff Mountain (FLG), respectively. Subsites are identified by the letter in the top left corner of each graph. Unburned samples are
labeled as control (cntl). Error bars for DOC represent the SD of n = 4 experimental replicates, while error bars for WEC represent the
propagated error. Data for these graphs can be found in Table SI-1
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DOC Mobilization

CHO Class Abundance Comprised of Few Formulas at High Intensities (BPCAs) 



DOM Mobilization
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Thurman et al., 2020



DOM Mobilization
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Field Data
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33

Compounds detected in ash leachates and water samples.  
Retention time, chemical structure, observed ions, and 
their corresponding accurate mass are shown.  Black is in 
positive ion mode and red is in negative ion mode.

Putative identifications of compounds found in ash leachates 
and water samples.  The chemical structures, observed ions, and 
their corresponding accurate masses are shown.  Black is in 
positive ion mode and red is in negative ion mode.



DBPs

• The impact on DBP formation is also complex, 
showing different temperature dependencies 
based on temperature



DBP Formation-Field Data
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DBP Formation-Field Data
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Results for DBP Mobilization

FIGURE 3 Legend on next page.
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organic matter. SUVA254 displayed a positive linear trend
as heating temperature increased from 150 to 450 !C at
NED and FLG (Figure 5). A consistent, albeit insignifi-
cant, decrease in SUVA254 occurred when the samples
were heated to 150 !C, relative to the unburned samples.
This behavior was also noted by McKay et al. (McKay
et al., 2020). This occurrence is suspected to be attributed
to the soil-processing procedure, in which unburned sam-
ples were dried at 100 !C. For this reason, control
SUVA254 values were removed from the linear regression
shown in Figure 5. Finally, SUVA254 values were rela-
tively high (>5.00 L mgDOC

−1 m−1) in samples heated
higher than 250 !C. This could be an indication of inor-
ganic interferences (such as iron); however, the authors
believe these values are indicative of low-molecular-
weight aromatic compounds formed through thermal
alterations (Almendros et al., 1990; Cawley et al., 2017;

Knicker et al., 2005; McKay et al., 2020; Thurman
et al., 2020).

For both NED and FLG, CHCl3 yield displayed a neg-
ative linear relationship with SUVA254, while both TCAA
and DCAA yields displayed positive linear relationships
(Figure 6). The negative relationship between CHCl3
yield and SUVA254 contrasts with the positive linear rela-
tionship observed in previous studies (Chow et al., 2008;
Hua et al., 2015). On the other hand, the positive linear
relationship between the yield of the two HAAs and
SUVA254 corroborates with observations from the previ-
ously mentioned studies (Chow et al., 2008; Hua
et al., 2015). Linear relationships between SUVA254 and
TCP, DCAN, and chloropicrin were investigated; how-
ever, they were either nonexistent or heavily influenced
by leverage points. From observing the R2 values, the
strength of the linear correlations between CHCl3 yield

FIGURE 4 The yield of two nitrogenous disinfection byproducts (DBPs) as heating temperature increased. Samples from Nederland
(NED) and Flagstaff Mountain (FLG) are shown as blue and red bars, respectively. The species of DBP can be identified in the y-axis labels.
The x-axis of each bar graph is identical; however, the y-axis range varies between species of DBP. Error bars represent the SD of the
arithmetic mean of the three DBP yields representing each subsite. Data for these graphs can be viewed in Table SI-2. Additionally, specific
DBP yield for each subsite can be viewed in Figures SI-3 and SI-4. DCAN, dichloroacetonitrile
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Impact of Wildfire on Water Treatment
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Becker, et al., JAWWA 2018



Case Study: High Park Fire, 2012

Hohner et al., 2016



Water Treatment

40



Performance of coagulation
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Hohner, et al., 2018
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Issues with Contamination

NY Times, October 2, 2020
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Issues with Contamination

NY Times, October 2, 2020
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Issues with Contamination

Proctor, et al., AWWA Water Science, 2020
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Issues with Contamination

What about sources within the watershed?
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Issues with Contamination

• Collected samples 
from Cameron Peak 
fire

• Developed methods 
for 12 compounds

• Analyzed several 
samples collected 
from the watershed



47

Issues with Contamination



Summary

• Wildfires impact water quality and treatment
• Enhanced nutrient and DOC mobilization
• Changes in DBP formation
• Enhanced treatment costs

• Additional work is still needed to continue to improve our 
understanding of the complex effects of wildfires on 
water quality and treatment
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