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TABLE 9

SUMMARY OF ISLE DU BOIS CREEK SURFACE WATER TOTAL (UNFILTERED) AND DISSOLVED (FILTERED) RESULTS COMPARISON TO HUMAN HEALTH RECREATIONAL USE SCREENING LEVELS

RUSH ISLAND ENERGY CENTER, JEFFERSON COUNTY, FESTUS, MO

AMEREN MISSOURI

Constituent Chloride pH Sulfate TDS Fluoride

Fraction Total Dissolved Total Dissolved Total Total Total Total Total Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved

HH REC SL NA NA NA NA NA 6.5-8.5 NA NA NA 4.3 4.3 0.00014 0.00014 NA NA NA NA NA NA NA NA

Sampling Event Date mg/L mg/L mg/L mg/L mg/L S.U. mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

UPSTREAM

RI-C-7 Apr-14 < < < < NA < < NA < < < 0.0011 J < < < < < < < < <

RI-C-8 Apr-14 < < < < NA < < NA < < < 0.00079 J < < < < < < < < <

RI-C-9 Apr-14 < < < < NA < < NA < < < 0.0012 J < < < < < < < < <

ADJACENT

RI-C-4 Apr-14 < < < < NA < < NA < < < 0.00091 J < < < < < < < < <

RI-C-5 Apr-14 < < < < NA < < NA < < < 0.0012 J < < < < < < < < <

RI-C-6 Apr-14 < < < < NA < < NA < < < < < < < < < < < < <

DOWNSTREAM

RI-C-1 Apr-14 < < < < NA < < NA < < < 0.0015 J < < < < < < < < <

RI-C-1 DUP Apr-14 < < < < NA < < NA < < < 0.0015 J < < < < < < < < <

RI-C-2 Apr-14 < < < < NA < < NA < < < 0.0017 J < < < < < < < < <

RI-C-3 Apr-14 < < < < NA < < NA < < < 0.0013 J < < < < < < < < <

Notes: Qualifiers:

< - Less than the Human Health Recreational Use Screening Level. J - Value is estimated.

HH - Human Health.

mg/L - milligram per liter. 

pCi/L - picoCurie per liter.

NA - Not Applicable/Not Analyzed.

REC - Recreational Use.

SL - Screening Level.

S.U. - Standard Units.

TDS - Total Dissolved Solids.

USEPA - United States Environmental Protection Agency.

(a) - Recreational Use Screening Levels selected in Table 2 following the following hierarchy:

        Missouri State Water Quality Criteria for Human Health Fish Consumption.

        USEPA Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

Sample

Location ID

ArsenicBoron Calcium

Human Health Recreational Use Screening (a)

Antimony Beryllium Cadmium ChromiumBarium

Haley & Aldrich, Inc. February 2018
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TABLE 9

SUMMARY OF ISLE DU BOIS CREEK SURFACE WATER TOTAL (UNFILTERED) AND DISSOLVED (FILTERED) RESULTS COMPARISON TO HUMAN HEALTH RECREATIONAL USE SCREENING LEVELS

RUSH ISLAND ENERGY CENTER, JEFFERSON COUNTY, FESTUS, MO

AMEREN MISSOURI

Human Health Recreational Use Screening (a)

Constituent Radium-226+228 Hardness

Fraction Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Total

HH REC SL NA NA NA NA NA NA NA NA NA NA 4.2 4.2 0.0063 0.0063 NA NA

Sampling Event Date mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L pCi/L mg/L

UPSTREAM

RI-C-7 Apr-14 < < < < NA NA < < < < < < < < NA <

RI-C-8 Apr-14 < < < < NA NA < < < < < < < < NA <

RI-C-9 Apr-14 < < < < NA NA < < < < < < < < NA <

ADJACENT

RI-C-4 Apr-14 < < < < NA NA < < < < < < < < NA <

RI-C-5 Apr-14 < < < < NA NA < < < < < < < < NA <

RI-C-6 Apr-14 < < < < NA NA < < < < < < < < NA <

DOWNSTREAM

RI-C-1 Apr-14 < < < < NA NA < < < < < < < < NA <

RI-C-1 DUP Apr-14 < < < < NA NA < < < < < < < < NA <

RI-C-2 Apr-14 < < < < NA NA < < < < < < < < NA <

RI-C-3 Apr-14 < < < < NA NA < < < < < < < < NA <

Notes: Qualifiers:

< - Less than the Human Health Recreational Use Screening Level. J - Value is estimated.

HH - Human Health.

mg/L - milligram per liter. 

pCi/L - picoCurie per liter.

NA - Not Applicable/Not Analyzed.

REC - Recreational Use.

SL - Screening Level.

S.U. - Standard Units.

TDS - Total Dissolved Solids.

USEPA - United States Environmental Protection Agency.

(a) - Recreational Use Screening Levels selected in Table 2 following the following hierarchy:

        Missouri State Water Quality Criteria for Human Health Fish Consumption.

        USEPA Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

Thallium

Sample

Location ID

Molybdenum SeleniumCobalt Lead MercuryLithium

Haley & Aldrich, Inc. February 2018
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TABLE 10

SUMMARY OF ISLE DU BOIS CREEK SURFACE WATER TOTAL (UNFILTERED) AND DISSOLVED (FILTERED) RESULTS COMPARISON TO ECOLOGICAL SCREENING LEVELS

RUSH ISLAND ENERGY CENTER, JEFFERSON COUNTY, FESTUS, MO

AMEREN MISSOURI

Constituent Chloride pH Sulfate TDS Fluoride

Fraction Total Dissolved Total Dissolved Total Total Total Total Total Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved

ECO SL 2 2 NA NA 230 6.5-8.5 1784 NA 4 NA NA 0.15 0.02 NA NA 0.1 0.005 0.0018 0.00049

Sampling Event Date mg/L mg/L mg/L mg/L mg/L S.U mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

UPSTREAM

RI-C-7 Apr-14 < < < < NA < < NA < < < < < < < < < < <

RI-C-8 Apr-14 < < < < NA < < NA < < < < < < < < < < <

RI-C-9 Apr-14 < < < < NA < < NA < < < < < < < < < < <

ADJACENT

RI-C-4 Apr-14 < < < < NA < < NA < < < < < < < < < < <

RI-C-5 Apr-14 < < < < NA < < NA < < < < < < < < < < <

RI-C-6 Apr-14 < < < < NA < < NA < < < < < < < < < < <

DOWNSTREAM

RI-C-1 Apr-14 < < < < NA < < NA < < < < < < < < < < <

RI-C-1 DUP Apr-14 < < < < NA < < NA < < < < < < < < < < <

RI-C-2 Apr-14 < < < < NA < < NA < < < < < < < < < < <

RI-C-3 Apr-14 < < < < NA < < NA < < < < < < < < < < <

Notes:

< - Less than the Ecological Screening Level.

ECO - Ecological.

mg/L - milligram per liter. 

NA - Not Applicable/Not Analyzed.

pCi/L - picoCurie per liter.

SL - Screening Level.

S.U. - Standard Units.

TDS - Total Dissolved Solids.

USEPA - United States Environmental Protection Agency.

(a) - Ecological Screening Levels selected in Table 3 following the following hierarchy:

        Missouri State Water Quality Criteria for the Protection of Aquatic Life (Chronic).

        USEPA Aquatic Life Ambient Water Quality Criteria (Chronic).

        Missouri State Water Quality Criteria for the Protection of Aquatic Life (Acute).

        USEPA Aquatic Life Ambient Water Quality Criteria (Acute).

        Missouri State Water Quality Criteria for Irrigation.

        Missouri State Water Quality Criteria for Livestock Wildlife Watering.

Sample

Location ID

Boron

Ecological Screening (a)

Calcium Antimony Arsenic Barium Beryllium Cadmium

Haley & Aldrich, Inc. February 2018
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TABLE 10

SUMMARY OF ISLE DU BOIS CREEK SURFACE WATER TOTAL (UNFILTERED) AND DISSOLVED (FILTERED) RESULTS COMPARISON TO ECOLOGICAL SCREENING LEVELS

RUSH ISLAND ENERGY CENTER, JEFFERSON COUNTY, FESTUS, MO

AMEREN MISSOURI

Constituent Radium-226/228 Hardness

Fraction Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Total

ECO SL 0.196 0.17 1 1 0.011 0.0074 NA NA 0.0005 0.00077 NA NA 0.005 0.005 NA NA NA NA

Sampling Event Date mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L pCi/L mg/L

UPSTREAM

RI-C-7 Apr-14 < < < < < < NA NA < < < < < < < < NA <

RI-C-8 Apr-14 < < < < < < NA NA < < < < < < < < NA <

RI-C-9 Apr-14 < < < < < < NA NA < < < < < < < < NA <

ADJACENT

RI-C-4 Apr-14 < < < < < < NA NA < < < < < < < < NA <

RI-C-5 Apr-14 < < < < < < NA NA < < < < < < < < NA <

RI-C-6 Apr-14 < < < < < < NA NA < < < < < < < < NA <

DOWNSTREAM

RI-C-1 Apr-14 < < < < < < NA NA < < < < < < < < NA <

RI-C-1 DUP Apr-14 < < < < < < NA NA < < < < < < < < NA <

RI-C-2 Apr-14 < < < < < < NA NA < < < < < < < < NA <

RI-C-3 Apr-14 < < < < < < NA NA < < < < < < < < NA <

Notes:

< - Less than the Ecological Screening Level.

ECO - Ecological.

mg/L - milligram per liter. 

NA - Not Applicable/Not Analyzed.

pCi/L - picoCurie per liter.

SL - Screening Level.

S.U. - Standard Units.

TDS - Total Dissolved Solids.

USEPA - United States Environmental Protection Agency.

(a) - Ecological Screening Levels selected in Table 3 following the following hierarchy:

        Missouri State Water Quality Criteria for the Protection of Aquatic Life (Chronic).

        USEPA Aquatic Life Ambient Water Quality Criteria (Chronic).

        Missouri State Water Quality Criteria for the Protection of Aquatic Life (Acute).

        USEPA Aquatic Life Ambient Water Quality Criteria (Acute).

        Missouri State Water Quality Criteria for Irrigation.

        Missouri State Water Quality Criteria for Livestock Wildlife Watering.

Sample

Location ID

Ecological Screening (a)

Chromium Cobalt Lead Mercury Molybdenum Selenium ThalliumLithium

Haley & Aldrich, Inc. February 2018
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TABLE 11

SUMMARY OF WHOLE EFFLUENT TOXICITY TESTING RESULTS FOR NPDES OUTFALL 002 (a)

RUSH ISLAND ENERGY CENTER, FRANKLIN COUNTY, MO

AMEREN MISSOURI

Pimephales promelas Ceriodaphnia dubia
Outfall 002

10% Effluent 98% 100%
Reconstituted Control 100% 100%

Upstream Control 98% 100%

Notes:

NPDES - Natural Pollutant Discharge Elimination System.

No significant difference (alpha = 0.05) between effluent and control survival data for the above test.

Effluent passes the test conducted in 2005.
10% Effluent - Outfall 002 effluent mixed with Mississippi River water.

Reconstituted Control - Laboratory reconstituted water.

Upstream Control - Mississippi River water.

(a) - Effluent samples collected on February 8, 2005.

Sampling Event Treatment

Percent Survival at 48 hours

February 2005 (a)

Haley & Aldrich, Inc. February 2018
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TABLE 12

DERIVATION OF RISK-BASED SCREENING LEVELS FOR GROUNDWATER BASED ON THE MISSISSIPPI RIVER

RUSH ISLAND ENERGY CENTER, JEFFERSON COUNTY, FESTUS, MO

AMEREN MISSOURI

Estimated Dilution Factor (d) = 100,000

Constituents

HH DW SL (a)

(mg/L)

HH REC SL (b)

(mg/L)

ECO SL (c)

(mg/L)

Lowest of the Human 

Health and Ecological 

Screening Levels

(mg/L)

Groundwater Risk-

Based Screening 

Level*

(mg/L)

Ratio Between Groundwater 

Risk-Based Screening Level and 

the Maximum RIEC 

Groundwater Concentration

Boron 4 NA 2 2 200000 15.7 R-MW-3 >12,000

Sulfate 250 NA 1582 250 25000000 382 R-MW-1 >65,000

Antimony 0.006 4.3 NA 0.006 600 0.0064 R-MW-2 >93,000

Arsenic 0.05 0.00014 0.02 0.00014 14 0.257 R-MW-2 >50

Lead 0.015 NA 0.0058 0.0058 578 0.0177 R-MW-2 >32,000

Lithium 0.04 NA NA 0.04 4000 0.0647 R-MW-B1 >61,000

Molybdenum 0.1 NA NA 0.1 10000 0.943 R-MW-3 >10,000

TDS 500 NA NA 500 50000000 874 R-MW-2 >50,000

Notes:

* Where the Groundwater Risk-Based Screening Level = Screening Level x Dilution Factor.

ECO SL - Ecological Screening Level.

HH DW SL - Human Health Drinking Water Screening Level.

HH REC SL - Human Health Recreational Use Screening Level.

mg/L - milligram per liter.

NA - Not Available.

(a) - Drinking Water Screening Levels selected in Table 1 following the following hierarchy:

        Missouri State Water Quality Criteria for Drinking Water Supply.

        Federal USEPA MCL for Drinking Water.

        Federal November 2017 USEPA Tapwater RSL.

        Federal USEPA SMCL for Drinking Water.

(b) - Recreational Use Screening Levels selected in Table 1 following the following hierarchy:

        Missouri State Water Quality Criteria for Human Health Fish Consumption.

        USEPA Ambient Water Quality Criteria for Human Health Consumption of Organism Only.

(c) - Ecological Screening Levels selected in Table 2 following the following hierarchy:

        Missouri State Water Quality Criteria for the Protection of Aquatic Life (Chronic).

        USEPA Aquatic Life Ambient Water Quality Criteria (Chronic).

        Missouri State Water Quality Criteria for the Protection of Aquatic Life (Acute).

        USEPA Aquatic Life Ambient Water Quality Criteria (Acute).

        Missouri State Water Quality Criteria for Irrigation.

        Missouri State Water Quality Criteria for Livestock Wildlife Watering.

(d) - Estimated value, see text and Attachment B for derivation. 

Maximum RIEC 

Groundwater 

Concentration

(mg/L)

Haley & Aldrich, Inc. February 2018



Page 1 of 1

TABLE 13

SUMMARY OF ON-SITE DEEP WELL WATER COMPARISON TO HUMAN HEALTH DRINKING WATER SCREENING LEVELS

RUSH ISLAND ENERGY CENTER, JEFFERSON COUNTY, FESTUS, MO

AMEREN MISSOURI

Constituent Boron Calcium Chloride pH Sulfate TDS Fluoride Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Lead Lithium Mercury Molybdenum Selenium Thallium

HH DW SL 4000 NA 250 6.5-8.5 250 500 4 6 50 200 4 5 100 6 15 40 2 100 50 2

Sampling Event Date mg/L mg/L mg/L S.U. mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Apr-10 NA < < < < < < < < < < < < NA < NA < NA < <

Apr-12 NA < 413 < < 1022 < < < < < < < NA < NA < NA < <

Apr-15 NA < 460 < < 1020 < < < < < < < NA < NA < NA < <

RI-Well-A Jan-18 < < 627 < < 1140 < < < < < < < < < 137 < < < <

RI-Well-B Jan-18 < < 417 < < 868 < < < < < < < < < 112 < < < <

Notes:

< - Less than the Human Health Drinking Water Screening Level. RSL - Regional Screening Level.

DW - Drinking Water. SL - Screening Level.

HH - Human Health. S.U. - Standard Units.

MCL - Maximum Contaminant Level. TDS - Total Dissolved Solids.

mg/L - milligram per liter. USEPA - United States Environmental Protection Agency.

NA - Not applicable.

(a) - Numerical values were obtained from the Ameren Missouri Rush Island Energy Center, Jefferson County, Festus, MO.

(b) - Drinking Water Screening Levels selected in Table 1 following the following hierarchy:

        Missouri State Water Quality Criteria for Drinking Water Supply.

        Federal USEPA MCL for Drinking Water.

        Federal November 2017 USEPA Tapwater RSL.

Storage Tank

Monitoring Well ID

Human Health Drinking Water Screening (a,b)

Haley & Aldrich, Inc. February 2018
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AMEREN MISSOURI
RUSH ISLAND ENERGY CENTER

NOTES
1.) ALL LOCATIONS AND BOUNDARIES ARE APPROXIMATE.
2.) GROUNDWATER MONITORING WELLS SURVEYED BY
ZAHNER AND ASSOCIATES, INC. ON DECEMBER 1, 2015.
3.)  GROUNDWATER ELEVATIONS DISPLAYED IN FT MSL (FEET
ABOVE MEAN SEA LEVEL).
4.)  GROUNDWATER ELEVATION MEASUREMENTS OBTAINED
BY GOLDER ON JULY 14, 2017.
5.)  MISSISSIPPI RIVER LEVEL PROVIDED BY AMEREN.
6.)  POND LEVEL OBTAINED ONSITE BY GOLDER.
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Aquatic 
Receptors

NPDES Discharge

Groundwater

Surface Water 
Mississippi River

Surface Water
Isle Du Bois Creek

Fish Tissue
Mississippi River

Groundwater

Migration to 
Surface Water

Incidental 
Ingestion

Incidental 
Ingestion

Dermal Contact

Ingestion

Drinking Water 
Use

Potential 
Exposure Route

Current/Future 
Off‐Site Resident

Adult/Child

Current/Future 
Off‐Site 

Recreational 
Swimmer

Current/Future 
Off‐Site 

Recreational 
Wader

Current/Future 
Off‐Site 

Recreational 
Boater

Current/Future 
Off‐Site 

Recreational 
Fisher

 (a)        

   

 (d)        

   

Primary Sources Primary Release 
Mechanisms

Secondary 
Sources

Secondary 
Release 

Mechanisms

Potential 
Exposure Media

Potential Human Health Receptors





(a)

Pathway potentially complete

Pathway potentially complete, but insignificant.

The Mississippi River is used as a source of drinking water; the nearest downstream drinking water intake is 30 miles 
downstream at the Chester Intake in Illinois.  All detected constituent concentrations are below drinking water 
screening levels.

Infiltration/
Leaching

Runoff/Flooding

Dermal Contact    



 

 

 

 

(b) Isle Du Bois Creek is not used as a source of drinking water.

(c) The size of Isle Du Bois Creek precludes swimming, fishing and boating activities.

FIGURE 3
CONCEPTUAL SITE MODEL

RUSH ISLAND ENERGY CENTER, JEFFERSON COUNTY, FESTUS, MO
AMEREN MISSOURI

(d) The shallow alluvial aquifer in the vicinity of the RCPA is not used for drinking water purposes.







 (c)

 (c)

 (c)

 (c)

 (c)

 (c)

Drinking Water 
UseCoal Ash Basin

Drinking Water 
Use  (b)     

  Pathway evaluated and found incomplete.

NA

NA

NA

NA

NA

NA

NA

NA

Notes:

NA – Not Applicable.

Potential 
Ecological 
Receptors

Aquatic Exposure NA NA NA NANA  

Aquatic Exposure NA NA NA NANA  

Aquatic Exposure NA NA NA NANA  

Aquatic Exposure NA NA NA NA NA  (e)

(e) Ecological Receptors are not exposed to groundwater.

NPDES ‐ National Pollutant Discharge Elimination System.
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REFERENCES
1.)  Ameren, 2012.  Ameren Missouri Rush Island Energy Center,
Rush Island Property Control Map, January 2012.
2.)  MEGA.  2007.  Missouri Environmental Geology Atlas.  A
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Attachment A

Constituents Present in Coal Ash and in Our Natural Environment

It is important to understand what constituents are present in coal ash, which can be released to the

environment, and to understand the natural occurrence of these constituents in our environment.

Coal is a type of sedimentary rock that is a natural component of the earth’s crust and the inorganic

minerals and elements it contains are also naturally occurring.  It is the organic component of coal

that burns and produces energy, and it is the inorganic minerals and elements that remain after

combustion the make up the coal ash, or coal combustion products (CCPs).

A.1 Major, Minor and Trace Constituents in Coal Ash
All of the inorganic minerals and elements that are present in coal ash are also present in our natural

environment.  This is one fact that that the public seems either not to understand or will not

acknowledge. Figure A-1 shows the major and minor components of fly ash, bottom ash, volcanic

ash, and shale.  It is important to understand that the constituents that are the focus of many of the

concerns expressed by the public about the toxicity of coal ash (e.g., lead, arsenic, mercury,

cadmium, selenium, etc.) are trace elements, so called because they are present in such low

concentrations (in the mg/kg or part per million (ppm) range).  Together, the trace elements generally

make up less than 1 percent of the total mass of these materials.  To put these concentrations into

context, a mg/kg or ppm is equivalent to:

 1 penny in a large container holding $10,000 worth of pennies, or

 1 second in 11.5 days, or

 1 inch in 15.8 miles

These trace elements have been referred to by the public and even in the popular press as “toxic”—

without any context provided for what this means.  Moreover, claims have been made that there is no

safe level of exposure to any of these elements.

This is simply not true, and there are two important facts that must be understood to put this in

context.  The first relates to background levels of constituents in our environment and the second

relates to toxicity.

A.2 Background Levels in Soils
The first fact that must be understood is that all of the constituents present in coal ash occur naturally

in our environment.  U.S. Geological Survey (USGS) data demonstrate the presence of these

constituents in the soils across the U.S.  Prime examples include arsenic, lead, mercury and

selenium.  With respect to arsenic, Figure A-2 shows the range of background levels of arsenic in

soils across the U.S., as published by the USGS.  The USGS is conducting a “national geochemical

survey” to identify background levels of elements in soils in the U.S. (USGS, 2013). Figures A-3 –
A-6 provide maps prepared by the USGS demonstrating the naturally-occurring presence of other

trace elements in soils in the U.S., including aluminum and copper (Figure A-3), iron and lead

(Figure A-4), manganese and mercury (Figure A-5), and selenium and zinc (Figure A-6).

These soils are found in our backyards, schools, parks, etc., and because of their presence in soil,

these constituents are also present in the foods we eat.  Some of these constituents are present in
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our vitamins, such as manganese and selenium.  Thus, we are exposed to these trace elements in

our natural environment every day, and in many ways.

A.3 Toxicity and Risk
The second fact is that all constituents and materials that we encounter in our natural environment

can be toxic, but what determines whether a toxic effect actually occurs is how one is exposed to the

constituent, the amount of material to which one may be exposed, and the timing and duration of that

exposure.  Without sufficient exposure the science tells us that there are no toxic effects.  Put another

way, when a toxic effect is demonstrated by a particular constituent, it is generally caused by high

levels of exposure over a long-term duration.  The fundamental principles here are:

 All constituents can exert toxic effects (from aspirin
1
 to table salt to water to minerals).

 For such toxic effects to occur, exposure must occur at a sufficiently high level for a

sufficiently long period of time.

 If there is no exposure, there is no risk.

A.4 Risk-Based Screening Levels
The U.S. Environmental Protection Agency (USEPA) uses information on the potential toxicity of

constituents to identify concentrations of trace elements in soil in a residential setting that are

considered by USEPA to be protective for humans (including sensitive groups) over a lifetime

(USEPA, 2014c).  Specifically, residential soil screening levels are levels that are protective of a child

and adult’s daily exposure to constituents present in soil or a solid matrix over a residential lifetime.

In the context of regulatory decision making, at sites where constituent concentrations fall below

these screening levels, no further action or study is warranted under the federal Superfund program.

Missouri Department of Natural Resources also applies this concept to the development of screening

levels in its Risk-Based Corrective Action program (MDNR, 2006).

Figure A-7 shows USEPA’s residential soil screening levels for a variety of trace elements that are

present in coal ash.  USEPA considers it to be safe for children to be exposed to these

concentrations of each of these trace elements in soils on a daily basis, throughout their lifetime.

What this tells us is that by developing these residential soil screening levels, USEPA considers the

presence of these levels of these constituents in soils to be safe for humans, even for exposure on a

daily basis.  It is, therefore, simply not true that there are no safe levels of exposure to these

constituents.

A.5 Comparison of Coal Ash Constituent Concentrations to Risk-Based
Screening Levels and Background

A comparison of constituent concentrations in coal ash, as reported by the USGS (USGS, 2011a) to

USEPA’s risk-based screening levels for residential soil indicates that with only a few exceptions,

constituent concentrations in coal ash are below screening levels developed by the USEPA for

residential soils, and are similar in concentration to background U.S. soils.  Details of this evaluation

are provided in the report titled “Coal Ash Material Safety:  A Health Risk-Based Evaluation of USGS

1
 For example, if one takes two aspirin every four hours as directed, aspirin is not toxic.  If one takes the entire

bottle at once, the aspirin is very toxic.
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Coal Ash Data from Five US Power Plants” (AECOM, 2012).  The study is available at:

http://www.acaa-usa.org/associations/8003/files/ACAA_CoalAshMaterialSafety_June2012.pdf.

Figure A-8 is an updated chart from this study comparing ranges of trace element concentrations in

fly ash produced from coal from the Powder River Basin in Wyoming (the same type of coal used at

Rush Island Energy Center) to USEPA screening levels, and to background levels in soils in the U.S.

The USEPA screening levels for residential soils (USEPA, 2014c) are shown as the green vertical

bars, the ranges for the Wyoming coal fly ash are shown in purple on top of the green vertical bars,

and the ranges of background levels in U.S. soils are shown in the grey bars.  What this figure shows

is that all but one of the constituents are present in the Wyoming fly ash at concentrations that are

below the USEPA residential soil screening levels; and for cobalt, the concentration range is only

marginally above the screening level.  As noted in detail in the report itself, the toxicity value upon

which the USEPA soil screening level for cobalt is based is two levels of magnitude lower than what

has been derived by other regulatory agencies; thus a much higher health protective soil screening

level for cobalt exists.  What the data also show is that constituent concentrations in coal ash are not

that different from concentrations in soils in the U.S.

The results are similar for all of the coal ashes evaluated in the report (AECOM, 2012).  The

evaluation in the report included not only the simple comparison of constituent concentrations in coal

ash to USEPA screening levels, but also provided a detailed cumulative risk screen for each coal ash

data set to account for potential additive effects of combined exposures to the trace elements in coal

ash.  The results confirm the simple screening results, which indicate that no significant risk would be

posed by direct exposure to coal ash in a residential setting.

Thus, by considering the levels of trace elements in coal ash in comparison to the background levels

in soils in the U.S., and in comparison to the USEPA screening levels for these constituents in

residential soil, screening levels that are protective of daily exposure to soils by children and adults,

including sensitive subgroups, it is concluded that even daily direct contact to trace elements in coal

ash would not pose a significant risk to human health.

A.6 Background Levels in Groundwater
Because these constituents are naturally present in soils and rocks, they are also naturally present in

our groundwaters and surface waters.  The USGS has published a report titled “Trace Elements and

Radon in Groundwater Across the United States” (USGS, 2011b).  Just as for soil, it is important to

understand that there are background levels of constituents in groundwater.  Constituent

concentrations in groundwater that is upgradient of a source represent background conditions.  To

demonstrate a release to groundwater by a source, concentrations downgradient of the source must

be greater than the background/upgradient concentrations at a statistically significant level for a

consistent period of time.

The same concept applies to surface water.  These same constituents are naturally present in

surface water due to discharge of groundwater to surface water and the effect of erosion of soil into

our surface waters.  To demonstrate an effect of a source on surface water, the concentrations

downgradient/downstream of the source must be greater than the background/upstream

concentrations at a statistically significant level for a consistent period of time.

Constituents in groundwater and surface water can be in a dissolved form, or they can be adhered to

or part of a soil or sediment particle.  Movement of these particles in groundwater is generally more

difficult because of the presence of the soil and rock that the groundwater must move through.

Surface water is constantly impacted by erosion of soils, thus in surface water, it is much more

http://www.acaa-usa.org/associations/8003/files/ACAA_CoalAshMaterialSafety_June2012.pdf
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common for constituents to be bound to particles rather than dissolved in the water.  For this reason,

it is important to evaluate both total concentrations of constituents in water (which represents

constituents dissolved in the water and as part of a soil or sediment particle) and the dissolved

component (by filtering out the soil/sediment particles).

A.7 Toxicity Evaluation for Cobalt and Chromium
A.7.1 Cobalt

Cobalt is the only constituent in the Powder River Basin coal ash (the coal that is used at the Rush

Island Energy Center) with concentrations above the USEPA screening level for residential soils.

There is much uncertainty associated with the USEPA dose-response value for cobalt, and with the

resulting screening level for residential soil.  The World Health Organization (WHO) indicates that

“there are no suitable data with which to derive a tolerable intake for chronic ingestion of cobalt”

(WHO, 2006).  Agency for Toxic Substances and Disease Registry (ATSDR, 2004) states that

“adequate chronic studies of the oral toxicity of cobalt or cobalt compounds in humans and animals

are not presently available.”  However, using a short-term study in six human volunteers, ATSDR

(2004) derived an intermediate-term (15–364 days) minimal risk level (MRL) of 0.05 mg/kg-day.  The

“adverse” effect was identified as increased red blood cell count, although it is also noted that cobalt

is used as a treatment for anemia (low red blood cell count).  ATSDR also notes that “Since cobalt is

naturally found in the environment, people cannot avoid being exposed to it.  However, the relatively

low concentrations present do not warrant any immediate steps to reduce exposure.”  WHO notes

that the largest source of exposure to cobalt for the general population is the food supply; the

estimated intake from food is 5–40 ug/day, most of which is inorganic cobalt (WHO, 2006).

Expressed on a mg/kg-day basis, this is 0.00007–0.0005 mg/kg-day from the diet.

USEPA however has derived a Provisional Peer-Reviewed Toxicity Value (PPRTV) for cobalt of

0.0003 mg/kg-day, this is two orders of magnitude lower than the ATSDR intermediate term MRL,

and is higher that most dietary intake estimates.  Thus the RSL for cobalt for residential soil is much

lower than values derived by other regulatory bodies.

A.7.2 Hexavalent Chromium

The data provided by USGS (2011a) for chromium is for total chromium in the samples; the Ameren

data for groundwater and surface water are also based on analysis of total chromium.  Many metals

can exist in different oxidation states; for some metals, the oxidation state can have different

toxicities.  This is the case for chromium.  Chromium exists in two common oxidation states:  trivalent

chromium (chromium-3, Cr(III) or Cr+3), and hexavalent chromium (chromium-6, Cr(VI) or Cr+6).

Trivalent chromium is essentially nontoxic, as evidenced by its RSL of 120,000 mg/kg.  It can be

bought over-the-counter as a supplement, and is included in most vitamins.  Hexavalent chromium

has been concluded to be a human carcinogen by the inhalation route of exposure (USEPA, 2014a).

Currently on USEPA’s toxicity database, the Integrated Risk Information System (IRIS) (USEPA,

2014a), the primary source of dose-response information for risk assessment and for the RSL tables,

an oral reference dose is available for trivalent chromium, and IRIS provides an inhalation IUR for

potential inhalation carcinogenic effects and an oral reference dose and inhalation reference

concentration for hexavalent chromium.  The oral noncancer dose-response value for hexavalent

chromium is based on a study where no adverse effects were reported; thus the target endpoint is

identified as “none reported.”
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Recent studies by the National Toxicology Program (NTP) have shown that when present in high

concentrations in drinking water, hexavalent chromium can cause gastrointestinal tract tumors in

mice (NTP, 2008).  IRIS does not present an oral CSF for hexavalent chromium; a value developed

by the New Jersey Department of Environmental Protection (NJDEP, 2009) was used in the

development of the RSLs.  USEPA developed a draft oral cancer dose-response value for

hexavalent chromium, based on the same study and was the same as the NJDEP value.  However, it

should be noted that USEPA’s Science Advisory Board (SAB) provided comments in July 2011 on

the draft USEPA derivation of the oral CSF for hexavalent chromium and indicated many

reservations with the assumptions of mode of action, and in the derivation itself.  The SAB review can

be accessed at http://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=221433.  Thus, the value

used to develop the RSLs for hexavalent chromium has been called into question by USEPA’s peer

review panel.  Currently there is much scientific debate about whether the mode of action of

hexavalent chromium in very high concentrations in drinking water is relevant to the low

concentrations most likely to be encountered in environmental situations (Proctor, et al., 2012).

Therefore, for this evaluation of chromium in the Powder River Basin coal ash, total chromium is

evaluated assuming the total concentration is hexavalent chromium and using RSLs calculated using

USEPA’s on-line RSL calculator (USEPA, 2014b), based on the primary dose-response values

provided in the IRIS database (USEPA, 2014a) for both potential carcinogenic and noncarcinogenic

endpoints.

The assumption that all chromium in CCPs is in the hexavalent form is very conservative, and in fact

unrealistic.  Data for the Alaska Power Plant indicate that hexavalent chromium comprises 0.25% of

the total chromium concentration in the combined fly ash/bottom ash material from that facility.

Literature data for analyses of CCPs from US coals (total CCPs) indicate that hexavalent chromium

can comprise up to 5% of the total chromium (Huggins, et al., 1999); thus over 95% of the total

chromium is present in the nontoxic trivalent form.  This is consistent with data from USEPA, though

there are some single higher results (USEPA, 2009).

A.8 Summary
Constituents present in coal ash are also present in our natural environment, and we are exposed to

them every day, in the soils that we contact and the food that we eat.  All of these constituents have

USEPA-derived risk-based screening levels for residential soils.  The constituent concentrations in

coal ash from the Powder River Basin, the source of the coal used at the Rush Island Energy Center,

are below risk-based screening levels for residential soils (with one exception) and the

concentrations are similar to background levels in U.S. soils.
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Figure A-1

Composition of Coal Ash and Other Natural Materials

.

Source:  EPRI. 2010. Comparison of Coal Combustion Products to Other Common Materials – Chemical Characteristics. 
Report No. 1020556. Available for download at www.epri.com.



Figure A-2
Arsenic is Present in our Natural Environment –
Background Levels in Soils in the U.S.  

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

The USEPA regional screening level for arsenic in residential soil at a one in one million risk level is 0.67 mg/kg. USEPA.  2014c. 
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/index.htm
Thus the arsenic concentration in the majority of the soils in the U.S. are above the one in one million risk level.  

*

*



Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Aluminum is Present in our Natural Environment –
Background Levels in Soils in the U.S.  

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Copper is Present in our Natural Environment –
Background Levels in Soils in the U.S.  

Figure A-3



Iron is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Lead is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Figure A-4





Selenium is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Zinc is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Figure A-6
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could be more than an order of magnitude higher than the value shown here.

http://www.epa.gov/region9/superfund//prg/index.html
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Figure A-7
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was developed for information purposes although USEPA states "it is inappropriate to derive a 
provisional subchronic or chronic [toxicity value] for thallium" 
[http://hhpprtv.ornl.gov/issue_papers/ThalliumandCompounds.pdf] 
(4) The RSL for cobalt is based on a provisional dose-response value that is two orders of magnitude 
lower than values from other regulatory sources, and higher than most dietary intake estimates. Thus, 
a more realistic RSL could be more than an order of magnitude higher than the value shown here.

http://www.epa.gov/region9/superfund//prg/index.html

(2) (4)                       (3)        (1)
Soil - EPRI, 2010. Report No.1020556. Available 
for download at www.epri.com.
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