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Re·sil·ience

\ri-’zil-yen(t)s\

The ability to recover from or 

adjust easily to misfortune or change
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The “Mountain State” 
Seceded from Virginia in 1863

Population 1,850,000 

State capital: Charleston 
Legislature meets once a year 
Industries: tourism, chemicals 

and coal mining

The Whelton 
Group

January 9, 2014, 8:16am 
Resident tells West Va. DEP 
and stated “something in the 

air at the 77-79 split each 
morning when he comes into 
work. He said it is coating his 

wife’s throat.”
• nking water treatment 

plant

11:15am – West Va. DEP finds spill
12:05pm – Freedom Industries 
reports spill to WV DEP hotline
12:00-12:30pm – Water utility 
notified, PAC feeding begins
4:00pm – Water plant overwhelmed, 
water enters distribution system
5:36pm – Do Not Use order issued

The Whelton 
Group

Freedom 
Industries Spill 

January 9, 2014

No plant shutdown: 
Public safety concerns

300,000 people
9 counties

15% of West Va. pop.

2,200 mi. water mains
107 water tanks

>90,000 buildings

8 days after the spill:
366 miles downstream
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GroupThe Liquid Spilled was a Complex Mixture

Crude MCHM & Stripped PPH

2,500 gal initial estimate, then >10,000 gal

17+ ingredients, most lacked toxicity data

Most ingredients lacked water sampling and 
analysis methods

Utility, State, Federal agencies keyed in on    
4-methylcyclohexane methanol (MCHM)
isomers, but other chemicals were present

The Whelton 
Group

Chemicals in 
Tank 396 Liquid

MSDS Est. Chemical Analysis by Others

EastM
1/98

FDM
1/12

CDC
1/14

REIC
3/14

WVTAP
3/14

USGS
12/14

ATTY
4/15

4-MCHM (a.k.a. MCHM) 68 to 89%

88.5%

79.6% Detect 77-89% 940 g/kg
4-MMCHM 4 to 22%
Water 4 to 10%
MMCHC 5% 1.6% Detect
DM14CHDC 1%
Methanol 1%
1,4–CHDM 1 to 2% 5.6% Detect
Polyglycolethers (9d after spill) 100% 7.3%
PPH
DiPPH 11.3%
Formaldehyde 86 ppm
Methylene chloride 13,621 ppm
Water 4.2%
2-Methoxyethoxybenzene Detect
Cyclohexanemethanol 1.8% Detect
1,4-CHDADME Detect
4-MMECHCA Detect
Other unidentified compounds < 5%

Officials Did Not Fully Characterize the Spilled Liquid
or Fully Understand what was in the Water

McMillan et al. 2015

The Whelton 
GroupJan. 9: West Va. Asked the CDC to Determine the Safe 

Drinking Water Level for 4-MCHM
Concerns from the Public: 

Infants, expectant mothers, immunocompromised persons, 
toddlers, healthy adults, pets, livestock, fish

Adams et al. 2014.

Minnow, 48 hr acute toxicity (Crude MCHM)
Daphnia, 48 hr acute toxicity (Crude MCHM)

Environmental biodegradation (Crude MCHM)
COD, BOD (Crude MCHM)

Ames assay for mutagenic activity on cells (Crude MCHM)
Rat, 14 day acute oral studies (pure MCHM)

Guinea pig, 48 hr acute dermal study (pure MCHM)
Rabbit, acute dermal irritation (eye) study (pure MCHM)

Rat, 14 day acute dermal study (pure MCHM)
Rat, 28 day acute oral study (pure MCHM)
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10 Noezeyn and Suffett (2014)

Chemically… Pure MCHM and Crude MCHM 
were NOT the same

The Whelton 
Group
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“…Occasionally we have had reports 
of an odor previously….”

“…I would appreciate it if we could 
wrap this thing up…”
January 10, 2014, 5:30 pm

The Whelton 
Group
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16
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690
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Do Not
Use
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Issued

Raw Treated

MCHM Levels were Monitored at the 
Affected Water Treatment Plant

Jan 9: CDC issues 
1,000 ppb 4-MCHM 
ingestion limit; No 
exposure duration 
or inhalation limit

CDC Screening Level

Jan 9: WV decides 100x more safety 
factor needed. Sets 10 ppb (MDL) for 
system flushing

Jan 15: CDC cautions 
pregnant women; avoid 

until “nondetectable” 
(MDL=10ppb)

Jan 13: Building 
flushing started; Do 
Not Use Order begins 
to be lifted

Jan 10: ATSDR advises WV to 
“flush until odor no longer 
observed”

Whelton et al. 2014. Environ. Sci. Technol.
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“One hour before I was to bathe they 
announced the water was not safe, they 

had bathed my new born baby ….”

Anna Belcher, Born: January 9, 2014

The Whelton 
Group

14

4 Days After the Spill: 
Utility Recommends the 
Population Flush their 

Plumbing Systems

WVAW. 2014.

The Whelton 
Group
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Safety Precautions 
for Flushing Water 

Lines

January 13, 2014

Guidance issued to 
school staff only

“Avoid contact”

“Minimize your exposure by leaving areas 
while lines are being flushed”

“proper PPE”

“good ventilation”

Washington, D.C.
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To clarify confusion 
related to flushing 

and cleaning of 
pipes impacted…

January 13, 2014

Guidance issued to 
school staff

NOT the public

“Avoid contact”

“Minimize your exposure by leaving 
areas while lines are being flushed”

“proper PPE”

“good ventilation”

The Whelton 
Group

17

While Flushing Plumbing Systems - January 16, 2014

The Whelton 
GroupIs the 

Water 
“Safe?”
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On the Ground… 
in Affected Homes

Rob Goodwin
WV Clean Water Hub

Maya Nye
PCACS

Resident interviews
In-home water testing

Home flushing

7 Days After the Spill (Jan 17): We drove 
to West Va. and Teamed with NGOs

The Whelton 
Group

20

The day we arrived

The Whelton 
Group

21
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Plumbing Systems Were 
Complex (plastics, metals, 
glass, hot, cold, tanks …)

22

The Whelton 
Group
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OUR MODIFIED FLUSHING RECOMMENDATIONS
Shutoff hot water heater and allow to cool before flushing

Flush 1 room at a time
Use fans and open all windows (and doors) to expel contaminated air

Flush, not once, but multiple times

Krista
Bryson

The Whelton 
Group

0
10
20
30

County
Syndromic

Surveillance 
Patients

Jan. 2014

Symptom Onset Date

Flushing begins

0
10
20
30
40
50CDC/State

Emergency 
Room Record 

Review
Patients

Apr. 2014

Symptom Onset Date

Flushing begins

Do Not Use Order Issued

Medical Data Showed Residents Became Ill When 
Plumbing System Flushing was Recommended

Whelton et al. 2014. ES&T. 49 (2), 813–823
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Former Resident Charleston, West Va.

Flushed her premise plumbing 3x per guidance

Diagnosed with adult onset asthma 
after flushing her house

The Whelton 
Group
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Whelton et al. 2014. ES&T. 49 (2), 813–823

The Whelton 
Group

Weidhass et al. 2015. Presented at the WV Taskforce  Symposium. Morgantown, WV.

Others Found Residential Flushing Had Mixed 
Effectiveness
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CDC’s “safe” 
ingestion level

Plumbing system design 
not considered in 
building flushing 
procedure!

“…after you have flushed each hot water faucet for 15 
minutes, your water heater will be safe for use.” 

- West Virginia American Water, 2014

Casteloes et al. 2015. ES: Wat. Res. Technol.

The Whelton 
Group
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Field data: KS Casteloes, X Huang, J Hawes, RH Brazeau, AJ Whelton (9/2015)

NEW RESULTS:
Our 2015 Field Testing Demonstrated that Our New Water 
Heater Flushing Model Works

40 Gallon Water Heater in a Two Story Home 
[Qin = 4.2 GPM; Chlorine Cin = 0.6-0.9 mg/L]
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NEW RESULTS:
Our Indoor Air Exposure Modeling Results Show 
EPA’s 4-MCHM Air Health Limits were Exceeded

Kitchen, Bathroom, Half-bath, Dishwasher Scenarios

4-MCHM indoor air health limit exceeded for bathrooms

Only opening 1 or multiple windows insufficient to prevent 
indoor air levels from exceeding the 4-MCHM health limit

Countermeasures should have been implemented: 
Mechanical ventilation, Protective wear, Building 

evacuation 

Lead Investigation: Dr. Pinar Omur-Ozbek, Colorado State Univ; Akalp, Whelton, Omur-Ozbek. 2015. In Prep.
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The Water Company Flushed its Distribution System and 
the National Guard Flushed Government Buildings

Feb 5: CDC uses the word 
“safe” for the first time

Feb 10: WV Gov. authorizes the 
WVTAP scientific investigation

Jan 29: Marshall Univ. Prof testifies 
residents “breathing formaldehyde 
gas” from breakdown products

Jan 31: 2nd Freedom Ind. Site 
spill occurs

Feb 5,6: 16 schools closed 
due to odors/health impacts

Feb 1: 5 schools report 
licorice odors

Jan 22: Our  team departs

CDC Screening Level

WV Screening Level

Jan 21: Freedom Ind. Stripped PPH Jan 22-Feb 
25: USGS 

finds MMCHC 
in drinking 

water

Whelton et al. 2014. Environ. Sci. Technol. 49 (2), 813–823

The Whelton 
Group

32

The Whelton 
Group
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“Dr. Tierney, Is the Water Safe to Drink?”

“That’s, in a way, is a difficult thing to say…”

February 10, 42 days after the spill
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Team:
Jeffrey Rosen, CEC

Andrew Whelton, Ph.D. 
Michael McGuire, Ph.D., McGuire, Inc.

Jennifer Clancy, Ph.D., CEC
Tim Clancy, CEC 

Tim Bartrand, Ph.D., CEC
Andy Eaton, Ph.D., Eurofins

Craig Adams, Ph.D., Utah State University
Jacqueline Patterson, TERA

Michael Dourson, Ph.D., TERA
Patricia Nance, TERA

And the Expert Health Effects Panel

WVTAP was 
Authorized because 

of Unexplained 
Illnesses, Chemical 
Levels, and Odors

Rosen et al. 2014. JAWWA.

The Whelton 
Group

Freedom Spill Site

WVAW Intake

Elk Valley WWTP
[Upstream]

CSB WWTP
[Downstream]

Environmental Impacts Remain Poorly Understood

The Whelton 
Group

36

Citizens and businesses organized to protect water supplies
Maya Nye, People Concerned About Chemical Safety
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Senate Bill 373, The Water Resources Protection Act
March 2014

The Whelton 
Group

38

Multiple tanks leaking before January 9, 2014
Chemical Safety Board, 2014

Inside out:
Daylight!

The Whelton 
GroupCommunities in 4 States, 700 Miles 

Downstream were Impacted by the Spill

 Huntington WV: 4-MCHM finished water level = 9 ppb
 Numerous communities downstream

 Shut their intakes 
 Conducted odor monitoring of their raw and drinking waters

Novy, Beebe, Whelton. 2015. In Prep.
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NEW RESULTS:
Initial Toxicological Information on Crude MCHM,           

and Pure 4-MCHM Limited, No Data for Tank Liquid

= = ?
Crude MCHM 4-MCHM Tank Liquid

1:2 cis:trans

Mixture

2:1 cis:trans

Pure standard

1:2 cis:trans

Mixture + 
Stripped PPH

Officials relied on crude MCHM SDS, Eastman Chemical 
Company toxicity data, and data for Stripped PPH to make 

decisions
Officials assumed: Toxicity of these 3 liquids was equal

Novy, Beebe, Whelton. 2015. In Prep.

The Whelton 
Group

NEW RESULTS: 

Our Toxicity Testing: D. magna

D. Magna cultures
growing in a dark room

a.k.a. “water flea”

Indicator species, model organism

Acute toxicity tests commonly used 
to assess potential harm 

Experimental Design
3 tests per liquid

48-hr,18-22°C, 16 h light
EC50,NOEC calculated

USEPA toxicity protocol
Eastman toxicity protocol

Novy, Beebe, Whelton. 2015. In Prep.

The Whelton 
Group

Tox.
End 

Point
(mg/L)

Crude MCHM Analytical
Grade

4-MCHM
(2014)

Freedom
Industries

Tank
Liquid
(2014)

1998 
Eastman

Study

2014
Eastman
Method

2014
USEPA
Method

EC50 98.1* 56.8 ± 5.3 50.8 ± 11.7 84.3 ± 7.9 94.0 ± 9.5

NOEC 50* 6.25 ± 0 16.7 ±7.2 33.3 ± 14.4 41.4 ± 14.4

NEW RESULTS: 

Crude MCHM spilled in 2014 was much More 
Toxic compared to Crude MCHM in 1998

Novy, Beebe, Whelton. 2015. In Prep.

Highest 4-MCHM level in stormwater: 76 – 190 mg/L
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The Whelton 
GroupNEW RESULTS: 

Several Important Discoveries

2014 Crude MCHM 
was more toxic 
than…

Possible
Reason(s)

Implication

1998 Crude MCHM Mixture composition
MSDS used by responders did not 
representatively describe toxicity 
of crude MCHM in Freedom tank 

2014 Analytical MCHM 
standard

Pure vs. mixture;
Isomeric ratios and 

properties

Assumption by responders and 
gov’t that liquids were equally 

toxic invalid

2014 Freedom Industries
tank liquid

Crude MCHM diluted
with stripped PPH

Toxicity of complex mixture is not 
simple

Additional testing ongoing to examine sublethal effects to daphnids

Does existing toxicological data available today 
represent that of products in commerce today?

Novy, Beebe, Whelton. 2015. In Prep.

The Whelton 
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Reporters influenced information disclosure, and 
notified the public of our results

Charleston Gazette: Ken Ward, Jr. David Guttman
Charleston Daily Mail: David Boucher

Associated Press: Jonathan Mattise
NPR All Things Considered: Melissa Block 

West Va. Public Radio: Ashton Marra, Dave Mistich
CBS Evening News: Jeff Pegues

WOWK: Alanna Autler
WCHS: Kallie Cart
And many more…

The Whelton 
Group
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The Elk River Spill 
Catalyzed Action Across 

the US including in 
Washington, D.C. 

…and Indiana

Indiana

S. 1961 - Chemical Safety and Drinking 
Water Protection Act of 2014, 113th 

Congress (2013-2014), Introduced January 27, 
2014

H.R. 4024 - Ensuring Access to Clean 
Water Act of 2014, 113th Congress (2013-

2014), Introduced February 10, 2014
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INDIANA
Approximately
10,000 known
chemical tanks 

Thousands very close to 
drinking water intakes

More than 2 million people 
served by surface water

Economy relies on these 
sources

10 LARGEST SYSTEMS
Indianapolis, Fort Wayne

Gary-Merrillville
Evansville, Hammond
Muncie, Bloomington
Kokomo, Richmond

Michigan City

The Whelton 
Group

47

…chemical fate in premise plumbing
… premise plumbing decon
… indoor air chemical exposure
… chemical properties
… environmental fate
… transformation products
… toxicity
… social media
… risk communication
… T&D for large volumes of contaminated water
… rational decision process for incident responses
… legal responsibility for disaster response actions
… and more

Looking Forward: Research for Improved 
Chemical Spill Resilience

The Whelton 
Group

Water Infrastructure Testing & Evaluation (T&E) Facility

Recreate field conditions, Evaluate system design and 
contamination scenarios, Explore material-contaminant 

interactions, Challenge decontamination aide effectiveness
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Washington, DC
370 buildings
December 2014

Quebec, CN
230,000
January 2015

The Frequency of 
Water Contamination 

Incidents is Increasing

Glendive, MT
5,500
January 2015

Toledo, OH
500,000
September 2014

The Whelton 
Group

Re·sil·ience

\ri-’zil-yen(t)s\

The ability to recover from or 

adjust easily to misfortune or change
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The Whelton 
Group
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National Society of Professional 
Engineer’s CREED:

Hold paramount the safety, health, and welfare of the public.
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Thank you

Visit www.WheltonGroup.org 

awhelton@purdue.edu

52

The Whelton 
Group

EXTRA SLIDES

53

The Whelton 
Group
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What Next?

Download and use our 
free premise plumbing 
flushing model.  Copy of 
associated study
also free online.

Adopt a step-wise process for rapid investigation, response, and 
recovery … how-to outline coming 2016

Identify safe plumbing system cleaning agents … coming 2016

Develop and adopt indoor air chemical exposure model for  premise 
plumbing flushing … coming 2016

Practice stepwise investigation for incident response and recovery
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A Variety of Aquatic Toxicity Tests 
Have Been Completed and are Ongoing

Tank 396 liquid 

2014 Crude MCHM 2014 Stripped PPH

Tests in Isolation
Tank 396 Liquid
2014 Crude MCHM
2014 Stripped PPH
Pure 4-MCHM
Pure DMCHC
Pure 1,4-CHDM
Pure PPH
Pure DiPPH
And others…

Aquatic Organism Toxicity Responses Detected
[E. coli, Salmonella, Yeast, Daphnid, Fathead minnow, Zebrafish, Frog]

Acutely toxic
DNA damage; Metabolites more toxic

CNS defects, growth cessation
Neurotoxic, Embryonic malformations

Animal Toxicity
Responses Detected

[Rat, Rabbit, Guinea pig, Mouse]

Acutely toxic
Dermal, oral, eye exposures
kidney and liver responses

The Whelton 
Group
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Responder Water Distribution Data Sometimes Did Not 
Match In-Home Concentrations

0.0
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Residences
Schools
Restaraunts
Hotels
Government Offices
Max in Utility Infrastructure

>2,500 responder water distribution water samples vs. much fewer samples from 38 buildings
Neither distribution sampling or building sampling was statistically designed

Max of Utility & Responders

McMillan & Whelton. In Prep.
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Symptom

Our 
Home
Survey

1/14

KCHD
Phys.

Records
1/14

WVTAP
Home
Survey

2/14

CDC &
WV ER

Records
3/14

WV
Phys.

Records
3/14

KCHD
Tel. 

Survey
4/14

CDC
Home
Survey

6/14
Dermatologic

Skin irritation - 40 - - - 60§ 53
Rash 12 47 40 28 21

§
43

Itching - - 10 19 60 - -
Eye irritation 12 25 10 14 13 24 5

Gastrointestinal
Nausea 31 21 30 37 - 24∆ 12

Vomiting 0 13 10 28 8 ∆ 5

Abdominal Pain
6 -

- 24 8 25Φ 5

Diarrhea 6 16 0 24 5 Φ 12
Respiratory

Unspecified - - - - - 15 -
Sore Throat - 9 - 14 8 - 10

Cough - 6 - 12 15 - 15
Orientation

Dizziness 18 - 40 - - 22ε 7
Headache 12 13 30 21 11 ε 10

Other 12 - 80 - - 14 23
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Constituent
Log Kow Water Solubility, mg/L Vapor Press., mmHg

5 21 60 5 21 60 5 21 60

CRUDE MCHM

4-MCHM 2.77 2.43 1.71 1,340 2,900 14,900 0.01 0.07 1.50

4-MMCHM NF NF NF NF NF NF NF NF NF

M4-MCHC 2.81 2.54 2.51 508 924 964 0.11 0.44 4.46

D1,4-CHD 1.65 1.58 2.02 8,210 9,550 3,330 0.002 0.014 0.220

Methanol -0.58 -0.58 -0.59 10,000 10,000 10,000 48.7 118.9 633.5

1,4-CHDM 0.78 0.62 0.17 15,200 28,100 176,000 <0.0001 <0.0001 0.0017

CHM 2.27 1.98 1.38 3,630 7,040 27,600 0.027 0.140 2.580

2-MEB 2.70 2.44 2.39 1,370 2,510 2,790 0.021 0.110 1.290

STRIPPED PPH

PPH 2.49 2.19 1.88 2,020 4,620 11,300 0.0009 0.0059 0.2000

DiPPH NF NF NF NF NF NF NF NF NF

58

Higher Water Temperature, More Chemicals 
Volatilized into the Air! (EPA SPARC Modeling Software)

Whelton et al. 2014. Environ. Sci. Technol.

The Whelton 
Group

New Results! Methods for Decontaminating 
Residential Premise Plumbing

 39 organic chemical plumbing contamination 
incidents

 Disparate decon approaches applied without 
justification and nearly all lacked water quality 
monitoring to verify effectiveness

 Flushing most popular, but sometimes 
ineffective and caused illness

 Surfactant use and component replacement 
less popular, but sometimes carried-out

 2014 West Va. incident: Model and field data 
show several types of premise plumbing were 
not decontaminated

Casteloes et al. 

The Whelton 
Group

Oxygen 58%
Aluminum 18%
Carbon 17%
Zinc 1.4%
Phosphorous 1.4%
Fluorine 1.0%
Chromium +6 0.8%
Calcium 0.2%
Copper 0.1%

Exited 
faucets 
during 

flushing:
Not Sediment

Whelton et al. 2015. ES&T.
Whelton et al. EST. 2014. Downey et al. 2014
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Decontamination Methods for Premise Plumbing 

Link to Royal Society of Chemistry
http://pubs.rsc.org/en/content/articlelanding/2015/ew/c5ew00118h#!divAbstract

The Whelton 
Group
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Use the Purdue University Water 
Heater Flushing Model

Cin = Chemical concentration entering the water heater
C0 = Chemical concentration in the water heater at time zero
C = Chemical concentration in the water heater at time t
Q = Water flow rate entering and exiting the water heater
V = Water storage volume of the water heater

 OUTPUT …… t = time needed to flush water heater
Use the MS Excel file provided to you enter in what you know and the model tells 
you how long you need to flush the water heater.

This allows you to estimate the time 
required to flush…

Casteloes et al. 2015. ES: WR&T. 
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Link to Published Water Heater Model: Royal Society of Chemistry
http://pubs.rsc.org/en/content/articlelanding/2015/ew/c5ew00118h#!divAbstract

The Whelton 
Group
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The model’s 
assumptions are listed

We recommend adding safety factors
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Objects: Fixtures, pipes, tanks, fittings, valves, gaskets
Materials: Sediment, corrosion scale, biofilm, plastic, metal

Exhumed  Hot 
Water Pipe

Water 
Heater

Solids

Corrosion
Products

Casteloes et al. 2015. ES: WR&T. 


