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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
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January 9, 2014, 8:16am 
Resident tells WV 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 – WV DEP onsite finds spill
12:05pm – Freedom 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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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 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
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GroupJan. 9: West Va. DHHR 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, frogs, deer, birds

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)

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
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Do Not
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Raw Treated

4-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.

The Whelton 
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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
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While Flushing Plumbing Systems - January 16, 2014

The Whelton 
GroupIs the 

Water 
“Safe?”
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Source: Charleston Gazette and 
Charleston Daily Mail, February 
10, 2014

Source:  Charleston 
Gazette,
January 16,  2014

What is the acceptable level of 
MCHM in drinking water?

CDC: “There should be no MCHM 
in drinking water.” 

The Whelton 
Group
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4 Days After the Spill: 
Utility Recommends the 
Population Flush their 

Plumbing Systems

WVAW. 2014.
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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.

The Whelton 
Group
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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”
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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



8/30/2015

11

The Whelton 
Group

21

The Whelton 
Group

22



8/30/2015

12

The Whelton 
Group

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

23
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Residents started reporting blueish 
crystals in their water during flushing

Downey. 2014.
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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%

NOT SAND
NO SILICA

Whelton et al. 2015. ES&T.
Whelton et al. 2014. Downey et al. 2014
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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
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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.
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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
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Inmates in Charleston’s Jails
were Impacted

“…They could drink the sweet-tasting water that 
might make them sick or deal with the inevitable 

drain of severe dehydration.” - ThinkProgress

The Whelton 
Group
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Flushing had 
mixed 
effectiveness

Chemicals Sorbed
into Plastic Plumbing Pipe

Preflush-Differed by faucet and home

Whelton et al. 2014. ES&T.
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Weidhass et al. 2015. Presented at the WV Taskforce  Symposium. Morgantown, WV.

Others Found Residential Flushing Had Mixed 
Effectiveness

The Whelton 
Group
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Water 
Heater
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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: WR&T.
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“…if the water is at nondetectable levels for MCHM, it is 
safe to drink, bathe in and clean with, and this would 
include for pregnant women.”  

- CDC, late Feb 2014

Our NEW data: Kitchen, Bathroom, Half-bath
• Opening 1 or multiple windows insufficient to prevent indoor 

air MCHM concentration exceedances for small spaces
• Future solutions: Mechanical ventilation, Protective wear, Building 

evacuation 

Omur-Ozbek et al. 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
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Responder Water Distribution Data Sometimes Did Not 
Match In-Home Concentrations

McMillan et al. 2015
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>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
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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

The Whelton 
Group
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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.
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Odor when MCHM was Present Below 1 ppb

Results

Expert 
Panel

(Mar 16)

Consumer 
Panel 

(Mar 31)

Number of panelists 9 60

Threshold 
Concentration (OTC)

< 0.15 0.55

Recognition Concentration (ORC) 2.2 7.4

Objection Concentration (OOC) 
based on degree of liking

4.0 7.7

Objection Concentration (OOC) 
based on objection/complaint

4.0 8.8

39

People smell the water

4-MCHM MDL of 2 ppb … referred to as “non-detect”… but licorice odor present!

The Whelton 
Group

30 Days After the Spill: 
We Investigated Ten Homes in 

the Affected Counties

Interviewed residents and examined 
plumbing systems

Characterized tap water quality
4-MCHM, PPH, TOC

MDLs were 0.38 ppb, much lower than State and 
utility

Odor, FAC, pH, temp.

Four conditions per house
Kitchen hot and cold

Bathroom hot and cold

Split sampled to two
commercial laboratories

90 samples per home

40
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GroupWe Found 4-MCHM in All 10 Homes

March 2014:  
We then 

discovered 
the water 

plant filters 
were 

bleeding  
4-MCHM 

into the tap 
water 

(<0.61 ppb)

The Whelton 
Group

We were Concerned About 
Breakdown Products

 Drinking water odor not 
consistent with pure 4-
MCHM

 Contaminated water 
underwent treatment

Our Approach:
1. Batch oxidation studies 

KMnO4 and FAC on 
products and odor 
• Neither affected 4-MCHM or 

odor levels
2. GC/MS analysis of spilled 

solvent
• Nothing unexpected found

3. GC/MS analysis of solvent 
in tap water for 10 homes

42

Kanawha 
Valley Water 
Treatment 

Plant
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Panel was Convened

EXPERT PANEL

Dr. Michael Dourson, TERA, 
Cincinnati, Ohio USA

Dr. Shai Ezra, Israel National 
Water Co. Ltd, Tel Aviv, Israel  

Dr. Paul Rumsby, Nat. Centre for 
Environ. Tox. at WRc plc, 
Blagrove, United Kingdom

Dr. Stephen Roberts, Univ. 
Florida, Florida USA

Dr. James Jacobus, Minnesota 
Dept. Health, Minnesota USA

CHARGE QUESTIONS AND 
CONSTRAINTS
1. Given data now available, what 

would be appropriate screening 
levels for MCHM, PPH, and 
DiPPH in drinking water?

2. What additional data, analyses, 
or studies might reduce 
uncertainty and provide greater 
confidence?

3. How should the presence of 
multiple chemicals in the release 
to the Elk River be considered?

4. Are the screening values 
protective for all potential routes 
of exposures (i.e., ingestion, 
dermal and inhalation)?

5. Identify additional scientific 
issues or questions that the panel 
should discuss. 

43

The Whelton 
Group

The Expert Panel Established Different 
“Safe” Drinking Water Limits than CDC

Compound

& Assumption March 2014 January 2014

4-MCHM 120 1,000 

PPH 850 1,200

DiPPH 250 1,200

Duration 28 days 14 days

Most sensitive 

population
Formula fed infant 1 year old child

Exposure routes
Ingestion, inhalation,

dermal

Assumed ingestion

most conservative

Caveats:
Very limited toxicity data; No chronic studies

Residents were exposed for at least 2.5 months
MMCHC found in the tap water by USGS, no limit established by anyone
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Freedom Spill Site

WVAW Intake

Elk Valley WWTP
[Upstream]

CSB WWTP
[Downstream]

Flush water discharged to 
wastewater infrastructure and the environment

The Whelton 
Group
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Charleston Sanitary Board WWTP
14 MGD

24,600 customers
300 miles collection lines 

88 pumping stations, 408 manholes 

300,000 people flushing their 
plumbing systems across 9 counties

Elk Valley WWTP
5 MGD

4800 customers
69 pumping stations

Aeration

Chlorination/ 
Dechlorination

Clarifiers
Digestion

UV disinfection

1’ Clarifiers

High Purity O2

2’ Clarifiers

Kanawha River 
(downstream)

Elk River
(upstream)
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A total of 13 grab 
samples were 

collected from the 
CSB WWTP by 
West Va. DEP

MDL = 6 ppb

Date In Out
Jan 13 No data No data

Jan 14 Non‐detect Non‐detect
Jan 15 est. 0.87 ppb est. 0.58 ppb
Jan 16 No data No data

Jan 17 No data No data

Jan 18 No data No data

Limited information exists on the 
impact of contaminated water on 

WWTPs and environment

The Whelton 
Group

48

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

Inside out:
Daylight!
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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 et al. 2015. In Prep.

The Whelton 
Group
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“At the end of the day, there 
can be no risk. We just can’t 
have it.”

November 13, 2014
Sec. Randy Huffman, WV DEP
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Spill site STORM WATER: 
4-MCHM: 76 – 190 mg/L

PPH: 1.6 – 95 mg/L

Spill site GROUND WATER:
4-MCHM: 0 – 0.014 mg/L

PPH: 0 – 0.022 mg/L

SOIL:
Contamination found as deep as 20 ft depth 

4-MCHM: Up to 15,000 mg/kg  
PPH:  Up to 9,000 mg/kg 

Other Chemicals Found:
4-methyl cyclohexanecarboxylic acid (MCHCA)

4-methyl methyl ester, cyclohexanecarboxylic acid (MMCHCA)
1-hydroxymethyl-2-methyl-1-cyclohexane (HMC)

Novy et al. 2015. In Prep.

The Whelton 
GroupThe 2014 Crude MCHM was More Toxic than 

what the Eastman Chemical Co. Found in 1998

Result

1998 Crude MCHM  - Eastman
2014 Crude MCHM - Our

Work

Tox Report
(1998)

MSDS
(2005)

MSDS
(2011)

Eastman
Procedure

USEPA Protocol
600/8-87/011

EC50, ppm
98.1 

(86.4, 111.3)
98.1 98.1

56.7 + 5.0 
(42.8, 78.0) 

50.8 + 11.6
(36.4, 74.6)

NOEC, ppm 50 40 40 6.25 < 6.25

In 2014, Eastman noted that the MSDS 40 NOEC was a typo
95% Confidence intervals determined

Novy et al. 2014. In Prep.
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Compound Organism End Point Toxicity Response Detected?

Crude

MCHM

D. Magna EC50, NOEC More acutely toxic in 2014 than 1998

C. Dubia EC50, NOEC Acutely toxic

Fathead minnow LC50, NOEC Acutely toxic

Pure

4‐MCHM

Structure Activity Relationships Potential toxicity Dermal irritant

Yeast Cytotoxicity  DNA damage; Metabolites more toxic

Human lung cells Cytotoxicity  DNA damage; Metabolites more toxic

Xenopus Developmental CNS defects, growth cessation

Danio rerio Developmental Neurotoxic

DMCHC E.coli/Salmonella Mutagenicity DNA damage

Danio rerio Developmental Embryonic malformations

1,4‐CHDM E. Coli, S. typhimurium Mutagenicity DNA damage

PPH D. Magna EC50 Acutely toxic

Fathead minnow EC50 Acutely toxic

DiPPH C. Crangon EC50 Acutely toxic

P. Putida EC10 Acutely toxic

S. Capricornutum EC50 Acutely toxic

D. Magna LC50, NOEC Acutely toxic

Fathead minnow LC50 Acutely toxic

Compound Organism End Point Toxicity Response Detected?

Tank 396 

from Spill

Site

Yeast Cytotoxicity  In progress

Human lung cells Cytotoxicity  In progress

D. Magna EC50, NOEC In progress

C. Dubia EC50, NOEC Acutely toxic

Red‐horse sucker fish Developmental In progress

Novy et al. 2014. In Prep.

The Whelton 
GroupAnimal Toxicity Testing Results

Compound Organism End Point Toxicity Response Detected?

Tank 396 from Spill Site Not a single test

Entirety of Animal Data

Crude MCHM vs. Pure 4-MCHM vs. PPH

Rat, Rabbit, Guinea pig, Mouse

Acute toxicity only, Up to 28 days

Dermal, oral, eye exposures

LD50, NOAEL, kidney and liver responses

Novy et al. 2014. In Prep.
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Washington, DC
370 buildings
December 2014

Quebec, CN
230,000
January 2015

The Frequency of Water 
Supply Contamination 
Incidents is Increasing

Glendive, MT
5,500
January 2015

Toledo, OH
500,000
September 2014
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Water Infrastructure Testing & Evaluation (T&E) Facility

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

interactions, Challenge decontamination aide effectiveness

The Whelton 
GroupNSPE Engineer’s 

CREED:
Hold paramount the 
safety, health, and 

welfare of the public.

What I have Learned:
• Empathy, empathy, empathy

• Most people try to do the right thing

• Take initiative when your expertise can help others

• Provide decision makers scientifically relevant data

• Point out questionable data, statements, and unknowns

• Do not wait for someone else to help you 

60
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Think Resilience.

61


