Report on the National Toxicology Program’s yearlong research program into the toxicity of chemicals spilled
into the Elk River in Charleston, West Virginia on January 9, 2014.
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Outline of this presentation.
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The National Toxicology Program (NTP) is headquartered at the National Institute of Environmental Health
Sciences (NIEHS), part of the National Institutes of Health, in Research Triangle Park, NC.
NIEHS is one of three federal agencies that provide support for NTP activities. The other two agencies are:
•

U.S. Food and Drug Administration, primarily through its National Center for Toxicological Research

•

National Institute for Occupational Safety and Health of the Centers for Disease Control and Prevention
(CDC)

3

NTP performs toxicology research and testing on a broad array of substances. For more information on NTP
research, testing, and literature analysis programs visit http://ntp.niehs.nih.gov.
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Background on the Elk River chemical spill.
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Crude MCHM refers to a mixture of chemicals of similar structure shown here. MCHM or 4methylcyclohexanemethanol is the primary chemical in the spilled liquid and is indicated with an *.
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An advisory to not drink the water was issued on the afternoon of the spill. The spilled material overwhelmed
the filtration system of the local water utility and entered the water distribution system. CDC set an initial
drinking water advisory level of 1 part per million (ppm) for MCHM based on information reported on a
Material Safety Data Sheet issued by the manufacturer Eastman Chemical Company. The 1 ppm level was
reaffirmed later following release by the manufacturer of a more extensive 28-day, repeated-dose, rat
toxicology study. A drinking water advisory level for another chemical propylene glycol phenyl ether (PPH),
present in much lower quantities, was established based on a more complete database of toxicology
information made available by the manufacturer Dow Chemical Company.
Based on initial evaluation of the structures of the spilled chemicals, the transient nature of the spill, and the
irritating qualities of the spilled materials, NTP judged that there was low concern for any lasting health
effects.
The advisory against drinking the water was lifted by the water company on January 18. CDC determined the
water to be safe for drinking on January 21, but retained a caution for pregnant women.
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At the time of the spill, there were few toxicology studies available on which to base a drinking water advisory
level. Because developing animals and humans are typically considered more susceptible than adults to toxic
effects of environmental chemicals, the lack of any studies in developing organisms was a concern, as was the
absence of information on many of the minor spilled chemicals.
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CDC nominated the Elk River spill chemicals to NTP for further studies in July 2014
(http://ntp.niehs.nih.gov/testing/noms/search/summary/nm-n21408.html).
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Many different experimental models are available to study the toxic effects of chemicals. The slide depicts
some of them. These range from in silico approaches, involving only computerized searches of toxicology
databases, through studies in cells in vitro, to bacteria, flies, worms, fish, rodents, and in rare cases even nonhuman primates. They differ widely in their capacity to predict human health effects, as well as in the time and
costs associated with their performance. However, many of the molecular pathways involved in a response to
a toxicant are similar across different life forms, and studying a broad selection of assays can provide
predictions that provide more confidence than studies in one or just a few models. Because of the desire to
produce usable data relatively quickly, NTP chose to design and perform studies using a variety of toxicology
models in assays of relatively short duration, which are believed to represent a wide spectrum of biology.
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There were three primary goals of the NTP studies. All were focused on determining the adequacy of the initial
drinking water advisory levels that were established by CDC at the time of the spill.
Information about the NTP response to the West Virginia Elk River chemical spill is available on the on the NTP
Website at http://ntp.niehs.nih.gov/results/areas/wvspill/index.html.
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The spilled chemicals were studied in five types of toxicity screening assays in human cells in vitro and in lower
life forms. Computerized structure activity relationship screens were performed to extend those performed in
the months immediately following the spill.
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There were three types of studies performed in rodents. These involved measurements of the irritant and
potential sensitizing effects on mouse skin, studies of the development of rat fetuses after dosing pregnant
females, and very sensitive studies of changes in the expression of genes involved in toxic responses in the
livers and kidneys of rats following repeated oral exposures.
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Structure activity relationship (SAR) assessments use computerized models that compare the chemical
structures of substances of interest with existing toxicology databases of findings from studies of chemicals
with similar chemical structures. They vary widely in their predictive accuracy depending on the extent of
toxicology information and the variety of chemical structures included in the models. Therefore, use of many
models increases confidence in the predictions.
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Findings from a comprehensive battery of SAR models suggested that MCHM would likely be an irritant and
may produce toxicity to developing organisms. It is important to note that the models do not take into
account the doses required to produce effects and that many of the models have a number of limitations that
reduce confidence in the predictions.
The NTP update with findings from the SAR analysis is available at
http://ntp.niehs.nih.gov/ntp/research/areas/wvspill/sar_wvupdate_dec2014_508.pdf.
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The studies on the Elk River spill chemicals are part of a larger, high throughput screening effort where over
8000 chemicals in commerce are being evaluated for their ability to activate biological targets related to
toxicity in human cells and cell lines.
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All chemicals were inactive in the assays performed to date. Verification of the actual concentrations of
chemicals in these assays is ongoing. The NTP update with findings from the high throughput screening assays
is available at http://ntp.niehs.nih.gov/ntp/research/areas/wvspill/hts_wvupdate_508.pdf.
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The nematode (Caenorhabditis elegans) is a multicellular organism that is well characterized as to its genetics
and normal developmental patterns. It provides a rapid screening assay that has been used extensively to
identify chemicals that may disrupt development, feeding behavior, and reproduction.
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All chemicals tested were inactive in this assay. The NTP update with findings from the nematode toxicity
study is available at
http://ntp.niehs.nih.gov/ntp/research/areas/wvspill/celegans_wvupdate_march2015_508.pdf.
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The zebrafish is a vertebrate that offers many advantages in toxicity screening. The study is performed by
adding the chemicals to the water in which the zebrafish embryo lives and its development is monitored. As
can be seen in the slide, the zebrafish larva is essentially transparent and can be visually scored for a variety of
structural defects. Also, its response to touch can be measured and used as a way to evaluate neurological
development.
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The spill chemicals were inactive in causing structural malformations or mortality in the zebrafish embryo
assay with one exception. The minor spill component dimethyl 1,4-cyclohexanedicarboxylate (DMCHDC) was
active in this assay, causing several common structural malformations at a concentration of 13 ppm and
above, and mortality at approximately 17 ppm. Although one might wish to compare the water concentrations
in these assays with the drinking water advisory level of 1 ppm, it is important to remember that both the
nematode and zebrafish embryo assays are screening level assays intended to reveal the potential for
developmental effects. Comparisons of doses or concentrations that might cause heath effects in the exposed
human population are more appropriately derived from the rodent prenatal dosing study and the 5-day
toxicogenomic study. The NTP update with findings from the zebrafish developmental toxicity study is
available at http://ntp.niehs.nih.gov/ntp/research/areas/wvspill/zebrafish_update_508.pdf.
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The bacterial mutation assay is commonly known as the Ames assay. Three different strains of bacteria are
exposed to the chemicals and monitored for mutations or permanent changes in DNA sequence.
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None of the chemicals were found to cause mutations in these studies. The NTP update with findings from the
bacterial mutagenicity study is available at
http://ntp.niehs.nih.gov/ntp/research/areas/wvspill/bacterial_mutagenesis_update_508.pdf.
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In this study, the chemicals were given orally, once a day, for five days, to rats. At the end of the study, the
animals were humanely killed, and the liver and kidneys were evaluated at the molecular level for evidence
that the animals sensed and responded to the chemical treatment.

24

This study showed that the rats sensed the tested chemicals at the higher doses, but at much higher doses
than would have possibly been encountered by persons consuming the water at or above the drinking water
advisory level of 1 ppm for MCHM. The specifics and assumptions supporting the statements in the slide
follow on the next page. Rats receiving PPH did show evidence of a biological response of unknown
toxicological significance in the liver at a dose lower than that required for MCHM or crude MCHM. The NTP
update with findings from the 5-day toxicogenomic study is available at
http://ntp.niehs.nih.gov/ntp/research/areas/wvspill/micronucleus_update_508.pdf.
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MCHM and crude MCHM calculations
Drinking water level of 1 ppm = 1 mg/L
70 kg adult drinks 2.0 L per day; therefore, the dose received is 2.0 mg/70 kg = 0.029 mg/kg/day
107 mg/kg/day (MCHM lowest BMD)/0.029 mg/kg/day = margin of exposure of 3689
63 mg/kg/day (crude MCHM lowest BMD)/0.029 mg/kg/day = margin of exposure of 2172
MCHM - In order to get a 7490 mg dose/day (=107 mg/kg/day MCHM in a 70 kg adult) at 1 mg/L of MCHM in
the water, an adult would have to drink 7490 L of water or 1978 gallons per day
Crude MCHM - In order to get a 4410 mg dose/day (=63 mg/kg MCHM in a 70 kg adult) at 1 mg/L of crude
MCHM in the water, an adult would have to drink 4410 L of water or 1165 gallons per day

PPH calculations
Highest level of PPH found was about 0.01 ppm in the water (most measurements did not detect any PPH)
Drinking water level of 0.01 ppm = 0.01 mg/L
70 kg adult drinks 2.0 L per day; therefore, the dose received is 0.02 mg/70 kg = 0.00029 mg/kg/day
0.6 mg/kg/day (PPH lowest BMD)/0.00029 mg/kg/day = margin of exposure of 2100
PPH - In order to get a 42 mg dose/day (=0.6 mg/kg PPH in a 70 kg adult) at 0.01 mg/L of PPH in the water, an
adult would have to drink 4200 L of water or 1110 gallons per day

Statements about required consumption to achieve biological effect dose
MCHM - Assuming 1 ppm MCHM in the drinking water, a person would need to consume >1000 gallons of
water per day to achieve a dose level that produced biological changes in the rats
Crude MCHM - Assuming 1 ppm crude MCHM in the drinking water, a person would need to consume >1000
gallons of water per day to achieve a dose level that produced biological changes in the rats
PPH - Assuming 0.01 ppm PPH (highest detected level in water) in the drinking water, a person would need to
consume >1000 gallons of water per day to achieve a dose level that produced biological changes in the rats
BMD = benchmark dose - a concept commonly used risk assessment to indicate a dose or concentration that
produces a predetermined change in response rate of an adverse effect compared to background

* BMD = benchmark dose - a concept commonly used risk assessment to indicate a dose or concentration that
produces a predetermined change in response rate of an adverse effect compared to background
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This is a commonly used test, formally known as the Local Lymph Node Assay. Chemicals are applied to the
skin and various measures are made to evaluate both the ability of the substances to cause local irritation, as
well as sensitize the mouse to respond to repeated applications with an allergic reaction.
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This study found that pure MCHM was a mild skin irritant, and that crude MCHM was both an irritant and
sensitizer. However, the concentrations of the chemicals applied to the skin, which were required to produce
these effects, were quite high. The NTP update with findings from the mouse dermal irritancy and
hypersensitivity study is available at
http://ntp.niehs.nih.gov/ntp/research/areas/wvspill/mouse_dermal_wvupdate_508.pdf.
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The prenatal developmental toxicity study is a standard study designed to test whether chemicals have the
ability to affect normal fetal development in a pregnant rat. Pregnant rats are given the chemicals orally
during the period of pregnancy when the skeleton and organs are undergoing rapid growth and development.
The rats are humanely killed just prior to the expected time of birth, and the fetuses undergo a detailed
evaluation.
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The findings from this study showed minimal evidence of toxicity to the pregnant rats. At the higher doses in
the study (200 and 400 mg/kg/day), the rat fetuses were found to be of lower weight than expected, and
some malformations in the fetuses were seen at the very highest dose (400 mg/kg/day). As can be seen in the
slide, these doses were thousands of times higher than a pregnant woman would have been exposed to by
ingesting the water containing MCHM at the drinking water advisory level. The NTP update with findings from
the prenatal developmental toxicity study is available at
http://ntp.niehs.nih.gov/ntp/research/areas/wvspill/prenatal_wvupdate_june2015_508.pdf.
Assumptions for margin of exposure of 6000
•

Water levels of MCHM were 1 ppm (1 mg/L)

•

Pregnant woman drinks 2.5 L (0.66 gallons) of water per day

•

Pregnant woman weighs 75 kg (165 lbs)

•

Dose in a pregnant woman drinking 2.5 L of water containing 1 ppm MCHM (1 mg/L) is 0.033 mg/kg/day

•

Lowest effect level on rat fetus is 200 mg/kg/day

•

200 mg/kg/day/0.033 mg/kg/day = a margin of exposure of 6060
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The lowest doses at which there was evidence for toxicity in the collected NTP studies were similar to those in
the studies used by CDC to establish the drinking water advisory level at the time of the spill.
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The rat prenatal toxicity study found that one of the more sensitive responses to MCHM was a decreased
weight of the fetuses in pregnant rats given the chemicals during gestation. However, this effect was observed
at doses many thousands of time higher than any expected exposures of pregnant women following the Elk
River chemical spill.
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Dimethyl 1,4-cyclohexanedicarboxylate (DMCHDC), a minor spill component, has been found to be of low
toxicity in a rat reproductive toxicity study, suggesting the findings in zebrafish are of minimal concern. An
unknown component of the spill may have the capacity to cause skin sensitization, but at very high
concentrations.
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