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The size of fires increasing (nifc.gov)



Fires attack drinking water system 
assets and property plumbing

 This threatens the health, safety, and 
economic security of communities



IMAGE: 2:00 pm (Maxar, 2022) 

Image source: Fischer & Wham et 

al. GEER. The 2021 Marshall 

Fire, Boulder County, CO.

Lafayette

The 3 largest communities
Louisville: 21,266
Superior: 13,094
Lafayette: 30,411

6 regulated water systems 
impacted

December 30, 2021

11:06 am, Fire in Boulder Co.

12:10 pm, Fire in Superior

12:50 pm, Fire in Louisville

1:00pm, 1,000 acres

60,000+ evacuation ordered 

Louisville

Superior

10 min
To Boulder

30+ min
To Denver

2021 Marshall Fire: 90 to 102 mph wind gusts



Wildfires cause 
widespread or partial 

structure damage 
across communities

2021 Marshall Fire



2018 Camp Fire

153,336 acres ~13,972 residences destroyed
86 fatalities 14,793 structures destroyed

3 firefighters injured

96% of all 
residential 
buildings 
destroyed

95% of all 
commercial 

buildings 
destroyed

Town of Paradise Limits

Before fire: 26,000+ people
After fire:   ~1,500 people



3 Ways water distribution 
systems become contaminated 

after a wildfire
Hypothesis 1. Biomass and 

structure combustion

Hypothesis 2. Plastic thermal 
degradation

Hypothesis 3. 
Contaminated water 

back siphonage

Secondary Sources: Infrastructure desorption

Depressurized



2020 Santiam Fire

80% 
structures 
destroyed



Utilities experience power loss, asset damage and destruction, 
pressure loss, and safety hazards 

Pressure, utility network and building plumbing: Leaking, destruction

Power: Electric poles down, shutoff by provider, natural gas generators destroyed, lacking fuel

Telecommunications: Outages inhibit tank level, pressure, chemical feed, and pump status monitoring

Personnel: Hazard situations, unable to respond due to staff availability

Contamination: Chemicals and microbiologicals drawn into the water system, immediate health risk

Support firefighting
Isolate damage 

Maintain pressure
Water use warnings

Personnel surge
Restore control, pressure 

Repeated sampling
Laboratories

Personnel surge
Repeated sampling

Laboratories
Decon, remove, replace



Hurricane Dora, 60-80 
mph gusts onshore

Olinda Fire: 1,081 ac, 2 structures

Kula Fire: 202 ac, 544 structures

Lahaina Fire: 2,170 ac, 2,207 structures

Puelho Fire: 5,300 ac, 0 structures

Deadliest wildfire incident in 
modern U.S. history

Maui Wildfires
August 8, 2023

Patrick T. Fallon/AFP via Getty Images Patrick T. Fallon/AFP via Getty Images



Lahaina Sys. Pop. 20,065
Elev. 1 ft.

28% White alone
Median income: $80,035

Median-value home: $0.72M
Seat of Hawaiian Kingdom

Kula Sys. Pop. 7,686
Elev. 1,000-3,600 ft.

54% White alone
Median income: $86,938

Median-value home: $1.1M

County 
Seat



2. Advise Maui County 
Utilities on how to respond 

to and recover their 
damaged water systems

1. Conduct free in-home 
drinking water testing for 
Lahaina, Kula, and Olinda 
households and survey 

needs

3. Assist the State of 
Hawai’i Veterinarian 

investigate damage and 
contamination of ranch 

water systems



• Minimal to no drinking water use 
permitted for standing buildings 
because sewer service lacking

• Inspection, flushing, and vac truck 
of collection system to remove 
debris

• USEPA took responsibility for 
managing sewer inspection and 
repair

Power was lost, lift stations stopped, structure destruction 
prompted debris entry into collection systems



During the initial response, Maui County and Hawai’i DOH screened for 21 
VOCs (some fire-related), not the 51 fire-related VOCs. After we got 
involved and learned best practice, they adjusted their approach.

4 months after the fire, drinking water had been found to be 
contaminated in both Lahaina and Upper Kula public drinking 

water systems

Most common chemicals Lāhainā  PWS Upper Kula PWS

Benzene 40 (exceeded MCL) 3.8

Dichloromethane 3 3.8

Ethyl benzene 2.5 Not most common

Total xylenes 2.4 Not most common

Bis(2-ethylhexyl) phthalate 1.4 Not most common

Styrene Not most common 1.8

Toluene Not most common 1.6



Chemicals exceeded a drinking water exposure

limit for at least 1 sample, maximum 

concentration in ppb

Percentage of water samples where a chemical 

was detected greater than 50% of the time, 

maximum concentration in ppb

The top 5 chemicals detected at the highest 

concentrations found, in ppb

Trichloromethane* (MCL 80 ppb TTHMs) 195 Acetone* 84% 178 Methyl ethyl ketone (MEK)* 293

1,2,3-Trichloropropane (MCL 0.6 ppb) 11.2 Trichloromethane* 80% 195 Tetrahydrofuran* 217

1,2-Dibromoethane (MCL 0.04 ppb) 10.3 Bromodichloromethane* 71% 19.3 Trichloromethane* 195

Carbon tetrachloride* (MCL 5 ppb) 10.0 Dibromochloromethane* 68% 23.0 Acetone* 178

1,2-Dichloropropane* (MCL 5 ppb) 10.0 Bromoform* 68% 33.9 Bromoform* 33.9

Vinyl chloride* (MCL 2 ppb) 9.80 1,2-Dichlorobenzene* 67% 10 Other notable chemicals detected for at least 1 

sample, maximum concentration in ppbMethylene chloride* (MCL 5 ppb) 9.72 Methylene chloride* 63% 9.72

1,1-Dichloroethane* (MCL 5 ppb) 9.73 Bromomethane 57% 10.4 Bromoform* (MCL 80 ppb TTHMs) 33.9

1,2-Dibromo-3-chloropropane (MCL 0.04 ppb) 9.62 1,3-Dichlorobenzene 56% 9.79 Dibromochloromethane* (MCL 100 ppb) 23.0

1,2-Dichloroethane* (MCL 5 ppb) 9.50 Iodomethane* 56% 8.50 cis-1,2-Dichloroethene* (MCL 70 ppb) 18.0

Benzene* (MCL 5 ppb) 8.56 Toluene* 56% 7.99 Bromomethane (MCL 80 ppb TTHMs) 10.4

1,2,4-Trichlorobenzene* 55% 8.73 1,1,2,2-Tetrachloroethane (HA 2,500 ppb) 10.3

m-/p-Xylene* 54% 9.30 1,1,2-Trichloroethane* (MCL 200 ppb) 9.48

trans-1,3-Dichloropropene (1,3-D)  (RSL, 60 

ppb)
9.39

Data as of December 2023

Asterix (*) indicates the chemical was found in wildfire damaged drinking water systems 

outside Hawai’i prior to the 2023 wildfires in Maui. 

University of Hawai’i private property drinking water results were more 

expansive and indicated more MCLs were sometimes exceeded



VOC

Chemical Screened for by the 

Organization
Home Test Kit Name, Cost, and Minimum Detection Limit for Chemical 

in ppb

State of Hawaiʻii
University of 

Hawaiʻi 
Safe Home ULTIMATE Drinking 

Water Test Kit, $379

City Check Deluxe, 

$329

Extended City 

Water Test, $675
ΧAcetone Yes 50 10
Χ,*,ΔBenzene Yes Yes 1 1

Bromochloromethane Yes 1 0.5

Bromodichloromethane Yes 1 2 1

Bromoform Yes 1 4 1

n-Butylbenzene Yes 0.5

sec-Butylbenzene Yes 0.5

tert-Butylbenzene Yes 0.5

Carbon disulfide Yes 5

*Carbon tetrachloride Yes Yes 1 1 0.5

*Chlorobenzene Yes Yes 1 1 0.5

Chloromethane Yes 1 2 0.5

4-Chlorotoluene Yes 1 0.5

Dibromochloromethane Yes 1 4 0.5

*1,2-Dichlorobenzene Yes Yes 1

*1,4-Dichlorobenzene Yes Yes 1 0.5

1,1-Dichloroethane Yes 1 0.5

*1,2-Dichloroethane Yes Yes 1 1 0.5

1,1-Dichloroethene Yes Yes 0.5

1,2-Dichloroethylene Yes Not Screened By Any Kit

*1,2-Dichloropropane Yes Yes 1 2 0.5
ΧEthanol
Χ,*Ethylbenzene Yes Yes 1 1 0.5

Some 
households 
sought out 
their own 
water test 
kits, but….



Two Weeks After the 2023 Maui Wildfires

1) After the evacuation order was lifted, 

above/below ground smoldering continued

2) Interviewed households had received no 

government communication; All used drinking 

water before hearing it was unsafe to use.

3) Home drinking water tests revealed 

contamination utility tests did not; Consumers 

use pool test kids and bought at-home kits, but 

could not find all fire-related chemicals.

4) Agricultural water system damage was like 

residential systems. 50,000 ft of HDPE animal 

watering pipe destroyed at 1 property.

5) Public health recommendations provided.



What do we know about where, 
and the degree, chemical 

contamination is impacting 
drinking water?



For decades, VOCs and SVOCs have been well-known 
products of plastic thermal degradation

On the Topic of Fire
✓Wildfire ground level and structure fire 

temperatures 200 °C to > 800°C 

✓Temperatures function of fuel and 
environmental conditions

Key Terms

• “Combustion”: Oxygen present

• Pyrolysis: Little to no oxygen

• Flaming combustion: Flame, oxygen 
present

• Smoldering combustion: No flame, oxygen 
present, surface oxidation

(Santoso et al. 2016; Richter et al 2020)

History and Theory
For decades the plastic waste management 
sector has known VOCs and SVOCs are 
created due to HDPE, PP, PVC, and CPVC 
thermal degradation: BTEX, chlorobenzene, 
naphthalene, among others.

PE vs. PVC (no HCL vs. yes HCL)

Literature VOC/SVOC generation theories
• Polymer chain scission
• Aromatization



Thermally damaged plastic drinking water pipes can 
be a source of drinking water contamination

Heating at 200-400°C for new HDPE, PEX, PVC, 
CPVC, & PP pipes generated VOCs & SVOCs

Benzene generated by heating all pipes except PP

Once plastic cooled, chemicals leached into water

Kris Isaacson et al. 2020. Env. Sci. Wat. Res. & Technol. 

https://doi.org/10.1039/D0EW00836B  



Wildfires can contaminate drinking 

water systems both by thermal damage 

to plastic pipes and intrusion of smoke 

Characterized target and nontarget VOCs and 

SVOCs in water from 1 contaminated service 

line after the Camp Fire.

New PVC, PEX, and HDPE pipe heating 

experiments conducted

Results

PVC pipe heating: 32 compounds 

HDPE/PEX pipes heating: 28 compounds

Service line: 55 compounds for uncontrolled 

burning of biomass and waste materials. 

Buried depth will impact 
thermal vulnerability

Mathematical Thermal Modeling Results 

• Upper limit temperature for pressure 

service of the pipelines was exceeded 

at depths up to 0.45 m (1.5 ft). 

• Upper limit temperature will be 

exceeded at least 50% of the time at 

depths up to 0.19 m (0.6 ft). 

Metz et al. 2022.  Fire Technology. Draper et al. 2022. ACS EST Water. 



Pilot Study on Fire Effluent Condensate from Full 
Scale Residential Fires

Horn et al. 2023. Fire Technology. 

ppb Room 1 Room 2

Room 1 Room 2 Room 1 Room 2

****They looked for a limited list of chemicals in the condensate



The type of virgin PE 
resin used impacts VOCs 

found in water 

The presence of AOX 
decreased VOCs released 

but increased levels of 
AOX degradation 

products detected 

CB had complex impacts 
on VOCs found in water

When CB ↑, benzene ↓
When AOX1 ↑, benzene ↓
When AOX2 ↑, benzene ↓
When CB + AOX, benzene =

24

PE resin type, antioxidant loading, and carbon 
black influenced VOCs found in water

Kris Isaacson et al. 



Science to Practice

The drinking water contamination risk 
requires system managers and operators to 
investigate, warn customers, then find, and 

remove the health risks



Pressure, utility network and building plumbing: Leaking, destruction

Power: Electric poles down, shutoff by provider, natural gas generators destroyed, lacking fuel

Telecommunications: Outages inhibit tank level, pressure, chemical feed, and pump status monitoring

Personnel: Hazard situations, unable to respond due to staff availability

Contamination: Chemicals and microbiologicals drawn into the water system, immediate health risk

Concept of 
Operations Plan 

(CONOPS) for Water 
Distribution 

Response and 
Recovery

Support firefighting
Isolate damage 

Maintain pressure
Water use warnings

Personnel surge
Restore control, pressure 

Repeated sampling
Laboratories

Personnel surge
Repeated sampling

Laboratories
Decon, remove, replace

There are 3 main phases of water utility response decisions



Drinking Water System Assets can Experience Extreme 
Contamination

Microorganisms

(ex: E. Coli)
Heavy Metals

Semi-Volatile 

Organic Compounds 

(SVOCs)

Volatile Organic 

Compounds

(VOCs)



Different scales of wildfire property damage will relate to the potential 

for contaminated drinking water. Water utilities should rate customer 

buildings to assess their potential for being a SOURCE of the 

contamination.

Least
Likely

Most
Likely

Least
Likely

Most
Likely



Water utilities should issue a drinking warning to customers ASAP, if 

necessary, (i.e., Boil Water Advisory, Do Not Use Order). It must be 

protective of the specific health threats.

InhalationDermal contactIngestion

Boil Water OrderDo Not Drink (DND)Do Not Use (DNU)

Exposure 
Routes

Water Use 
Warnings

(i.e., Adults, children, 
infants, etc.)



Overall Decision Flow Chart
No advisory v. Boil Advisory v. Do Not Use Advisory? 

Wildfire

Test the water source 

of the zone

Evaluate potential 

damage and make 

necessary repairs or 

install necessary 

treatment

Below 

drinking 

water 

limits?

Multiple burned 

structures in a 

zone?

Pressure loss?

Hydraulically 

receives water 

from wildfire 

impacted zones?

No

Yes

Pressure loss?

Path 1 – Burned 

structures zone 

with pressure loss

Path 2 – Burned 

structures zone 

with NO pressure 

loss

Path 3 – 

Hydraulically 

impacted 

undamaged zone 

Path 4 – Boil 

water advisory

No

No

Yes

Yes

No

No

Yes

Yes

Maintain

service



“Fire package” list of chemicals to screen – 

BOLD and RED exceeded health limit (list as of March 2024)
Acetonitrile Chlorodibromomethane Ethyl benzene ¥Toluene**

¥Acetone Chloromethane Ethylene dibromide (EDB) ** 1,2,3-Trichlorobenzene

Acrolein 4-Chlorotoluene Ethyl-tert-butyl ether (ETBE) 1,2,4-Trichlorobenzene

Acrylonitrile Dibromochloromethane Iodomethane 1,1,1-Trichloroethane

¥Benzene **
1,2-Dibromo-3-

chloropropane (DBCP) **
Isopropylbenzene 1,1,2-Trichloroethane

Bromochloromethane 1,2-Dichlorobenzene Methylene chloride** Trichloroethylene

Bromodichloromethane 1,4-Dichlorobenzene ¥Methyl ethyl ketone (MEK) ** Trichloromethane **

Bromoform 1,1-Dichloroethane Methyl iso butyl ketone (MIBK) 1,2,3-Trichloropropane (TCP) **

n-Butylbenzene 1,2-Dichloroethane ** Methyl-tert-butyl ether (MTBE) ** 1,2,4-Trimethylbenzene

sec-Butylbenzene 1,1-Dichloroethene ¥Naphthalene** 1,3,5-Trimethylbenzene

tert-Butylbenzene cis-1,2-Dichloroethene ¥Styrene** Vinyl chloride **

Carbon disulfide trans-1,2-Dichloroethylene tert-Butyl alcohol (TBA) ** ¥ortho-Xylene

Carbon tetrachloride ** 1,2-Dichloropropane ** Tetrachloroethylene ¥meta-Xylene

Chlorobenzene ¥Ethanol Tetrahydrofuran (THF) ** ¥para-Xylene



Inside Buildings…Private wells… Agricultural water 
systems…

Environmental 
health basics…

20212021 20232023



Final Wildfire Mitigation and Management Report to 
Congress: Chapter 2. Safeguarding Community Water Supplies

37. Expedite funding to water utilities in both immediate and long-term 
wildland fire recovery to maintain water delivery to consumers.

38. Authorize and incentivize flood mitigation, water quality, and source 
water protection projects in existing wildfire mitigation and wildfire 
recovery programs to protect community water supplies

39. Increase funding and technical assistance to state, local, Tribal and 
territorial public health agencies and water provider partners to increase 
local capacity for wildfire preparedness and resilience planning

40. Equip state, local, Tribal and territorial public health agencies and water 
provider partners to provide resources and support to residents to ensure 
access to safe drinking water after wildfire

41. Support identification of public health risks associated with exposure to 
wildfire-contaminated water and development of evidence-based water 
use recommendations

2023, Infrastructure Investment and Jobs Act

Enhancing Mitigation and Building 
Effective Resilience Act introduced June 
20 by Sen. Kelly (AZ) and Sen. Romney 

(UT) and includes water issues!



What needs to be done?

1. For water utilities…

• Defense: Setbacks, BFPDs, zoning, storage, 

interconnects, automatic shutoffs, backup power, training

• Respond: Damage isolation, mutual aid, correct water 

testing support practices

2. For households and businesses, seek and ask for help

3. For elected officials, listen, support and fund action

4. For research, conduct studies to better understand… 

• Contaminant fate in water systems and plumbing 

• Exposure at fixtures and health risks

• Relationship between water system impacts and 

household health and economic resilience

• Agricultural water system and animal/crop impacts

Raw water line
2020 CZU Lightning 

Complex Fire





.

✓ Post-fire chemicals to test for

✓ Brief videos for emergency 
managers and health officials

✓ Guidance for private well owners

✓ Guidance for building owners

✓ Government agency resources

✓ FEMA mitigation guidance

✓ Other training resources

www.PlumbingSafety.org
www.CIPPSafety.org



.

Thank you 
Andrew Whelton

awhelton@purdue.edu 

A Special Thanks To…

and more…

@TheWheltonGroup Paradise, CA

mailto:awhelton@purdue.edu
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