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EXECUTIVE SUMMARY 
 

A.  Overview of Critical Findings 
The El Dorado Chemical Company (EDCC) risk assessment (RA) determined that there are 

no current receptors for site groundwater, therefore there are no current risks associated with the 

groundwater.  

Since there are no current receptors, the following risk assessment was completed with the 

focus of identifying appropriate end-points that could be developed to protect hypothetical future 

receptors.  Based on this approach, the receptor for the human health risk is the potential offsite 

residential user. As proposed herein an appropriate monitoring/remedial action end-point is to 

monitor the groundwater at the EDCC property boundary to verify that the EDCC chemicals of 

potential concern (COPC’s) do not exceed established monitoring endpoints and/or migrate offsite.  

The hypothetical ecological risk receptors are identified as aquatic communities that might 

be exposed in site surface water tributaries should the groundwater become surface water and 

terrestrial vertebrate which might consume groundwater which has the potential to become surface 

water. This assessment based on the hypothetical exposure demonstrates that even should 

exposure occur, it is not likely that the ecological receptors (community level) would be at risk.  

Prior to the completion of this risk assessment EDCC implemented activities to recover 

potentially contaminated groundwater. This process included the development and implementation 

of two (2) groundwater recovery wells. These recovery wells have been in operation since 

November 2006. Although, not discussed in this RA, the results of the groundwater recovery is 

reflected by data collected during December 2006 and the first six-months of 2007 (EDCC, personal 

communication).  

The continued operation of these recovery wells, along with other site improvements, 

should be reflected in midgradient and downgradient wells with time. The on-going groundwater 

recovery efforts will be combined with continued monitoring to track groundwater COPC’s and 

prevent the potential exposure scenario detailed within the RA.  

The following observations summarize the critical issues related to the human health and 

ecological risk assessments (ERA) for groundwater potentially impacted by industrial activity at 

EDCC.  
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1. This human health and ecological risk assessment has determined there are no 

documented completed receptor pathways regarding groundwater at the EDCC 

site. The absence of documented completed exposure pathways signifies no on 

or offsite human health or ecological risks associated with groundwater at the 

EDCC site. As such, only hypothetical exposures were evaluated. 

 

2. This risk assessment has been conducted to comply with requirements of 

Consent Administrative Order (CAO) LIS #06-153.  

 

3. The purpose of this assessment is to identify if human health and ecological 

risks exist, and if so, ensure they are addressed in the Remedial Action Plan 

(RAP) for potentially impacted groundwater at EDCC.  

 

4. The risk assessment is focused on risk associated with groundwater and the list 

of constituents included in the assessment was based on the semiannual 

sampling parameters required by the CAO. The constituents addressed in the 

risk assessment included: nitrate, sulfate, ammonia, total dissolved solids (TDS), 

pH, total and dissolved lead, total and dissolved chromium, and total and 

dissolved vanadium.  

 

5. The risk assessment was based on available groundwater monitoring data from 

2001 to 2006 and quality assurance of the database was completed prior to 

conducting statistical analysis.  

 

6. Selection of COPC was based on the statistical analysis of the data. The 

statistical analysis revealed that statistically significant differences existed 

between the upgradient well group and selected downgradient wells for 

ammonia, total chromium, total lead, nitrate, sulfate, pH, and TDS. 

 

7. Groundwater at the EDCC facility was delineated into four primary areas to 

evaluate hypothetical exposure. The exposure areas (or units) were based on 

the historical groundwater monitoring well data and grouping of well locations. 

The groundwater units include the following: Upgradient Unit, Production Unit, 

Midgradient Unit, and Downgradient Unit.  
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8. Currently, none of the groundwater units actually present a completed exposure 

pathway with EDCC site groundwater and on-site/offsite receptors (either human 

or ecological).  

 

9. The potential exposure pathways judged to be of potential concern to human 

health included groundwater ingestion and inhalation due to hypothetical use by 

offsite residents at the EDCC property boundary.  This pathway would only be 

completed should the potentially contaminated groundwater migrate offsite, 

which has not been documented.  The 2001-2006 groundwater data does not 

implicate offsite migration. In addition, the interim measures implemented by 

EDCC (groundwater recovery wells) are likely to further reduce the potential for 

the pathway to be completed.  Therefore, although the potential pathway is 

evaluated to assess the potential risk, this hypothetical exposure is considered 

very unlikely to occur and the risks should be viewed as very conservative given 

the above conditions. 

 

10. Based on the hypothetical exposure, the human health risk assessment (HHRA) 

identified ammonia as the constituent that may need to be addressed in the 

RAP.  

 

11. Based on the hypothetical exposure, a preliminary groundwater target for 

ammonia is presented based on the potential risk associated with offsite 

residents should they be exposed to potentially contaminated groundwater. The 

target for ammonia is 0.55 mg/L at the property boundary. 

 

12. Although there is no current completed exposure pathway, monitoring the 

groundwater at the property line to document that the groundwater has not 

migrated and that any ammonia target concentration based on the hypothetical 

exposure would provide appropriate monitoring and /or remedial action.  

 

13. There is no documentation of a connection between groundwater and surface 

waters at the site. Data from other studies shows no impairment of the site 

surface waters when compared to an upstream reference condition, supporting 

the conclusion of no significant nexus with groundwater. Nevertheless, the 
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ecological risk was assessed as though groundwater and surface waters are 

connected or that there may be a future nexus.  

 

14. The ERA identified nitrate and ammonia as constituents that could pose risk 

based on hypothetical exposure should groundwater become surface water.  

However, since no connection between groundwater and surface water exist, 

the hypothetical risk is considered acceptable.  All other COPCs, except lead, 

were determined to not present an ecological risk.  

 

15. The risks associated with lead could not be addressed effectively due to the 

elevated method detection level (MDL) of the monitoring data. Therefore, future 

lead monitoring should include an MDL consistent with the toxicity benchmark 

values (TBV) utilized in the ERA.  

 

16. Groundwater recovery wells have already been installed by EDCC and levels of 

COPC’s are anticipated to remain stable and/or decrease over time.  

 

17. Using an adaptive management approach, groundwater ammonia will be 

evaluated over time to determine if preliminary targets and remediation goals to 

be determined in the RAP are being attained.  

 

B. Purpose 
 
 This document presents the results of the human health and ERAs for groundwater 

potentially impacted by industrial activity at EDCC.   

 The protection of human health and the environment is the primary goal of regulatory 

requirements for cleanup and corrective action. A risk assessment can contribute significantly to 

strategy development, risk management, and evaluation of corrective action needs. The purpose of 

this document is to identify human health and ecological risks to be addressed in the RAP for 

potentially impacted groundwater at EDCC. The objectives of the risk assessment include: 

 

a) Identification of the COPC related to site activities, 

b) Determination of whether concentrations of COPC occur at concentrations that possibly 

pose unacceptable risk to human receptors, 
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c) Determination of whether concentrations of COPC occur at concentrations that possibly 

pose unacceptable risk to ecological receptors, and 

d) Identify risks to be addressed in the RAP and establish preliminary monitoring and/or 

remediation endpoints based on available and current data. 

 

C. Facility Information 
 
 EDCC manufactures basic agricultural chemicals, including sulfuric acid, nitric acid, low-

density and high-density ammonium nitrate prills used in fertilizers and explosives, and industrial 

grade ammonium nitrate solution. Ammonia used to produce nitric acid and ammonium nitrate is 

received at the plant site via underground pipeline owned by SCA.  Elemental sulfur used to 

produce sulfuric acid is received in trucks from Lion Oil Company.  The facility is located at 4500 

North West Avenue in El Dorado, Union County, Arkansas. The Plant is located on a total area of 

approximately 1,300 acres and the manufacturing area covers approximately 150 acres. 

 

D. Geology and Hydrogeology 
 
 The EDCC facility is located west of the Mississippi Embayment in the Gulf Coastal Plain 

ecoregion. Sediments in Union County are within the Claiborne Group and characterized by a thick 

sequence of unconsolidated, relatively young sediments that are fluvial-deltaic in origin and Tertiary 

in age. In some areas of Union County younger unconsolidated alluvial and terrace deposits that 

are Quaternary in age overlay the Tertiary sediments. 

 The Claiborne Group hydrogeologic formations consist of, in ascending order, the Cane 

River Formation, Sparta Sand, Cook Mountain Formation, and Cockfield Formation.  Within the 

Claiborne Group, two units crop out in Union County, the Cook Mountain Formation and the 

Cockfield Formation.  The Cook Mountain is overlain by the Cockfield Formation.  The Cook 

Mountain is uniformly underlain by the Sparta Formation.  The Cook Mountain is 50 to 200 feet thick 

and is composed of clay and silty clay containing minor amounts of localized very fine to silty sand.  

These clays serve as a confining unit between the more permeable overlying Cockfield Formation 

and the underlying aquifer.   

 The Cockfield Formation, locally referred to as the “lignite sand”, is generally characterized 

by fine sand, interbedded silty clay and lignite becoming more massive and containing less silt and 

clay with depth.  Previous site investigations determined that the Cockfield Formation at the EDCC 

site consists of interbedded sand, silty sand, silt and clay, with more clay in the northern area of the 

property and more sand to the south. 
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E. Ecological Setting 
 
 The City of El Dorado and Union County, Arkansas are situated within what is known as the 

Gulf Coastal Plain ecoregion.  The facility is located atop a watershed divide and storm waters are 

drained to both the north and south into unnamed tributaries of Flat Creek.  Terrestrial habitats and 

species composition on the EDCC manufacturing area have not been surveyed.  The industrial 

nature of the existing production groundwater unit precludes the existence of a high-quality 

terrestrial habitat.  The surrounding undeveloped areas within the EDCC facility are vegetated, 

relatively undisturbed, and provide habitat for terrestrial flora and fauna. 

 The aquatic habitats have been evaluated in connection with previous surface water quality 

investigations.  None of these investigations have documented a groundwater connection (e.g. 

nexus) to surface water.  Flows in the unnamed tributaries that drain the EDCC facility reflect the 

dependence on the discharge from NPDES permitted discharges.  The small watersheds of the 

unnamed tributaries to Flat creek limit the development of the aquatic biotic communities.  The 

previous investigations have documented that the fish community reflects limited development 

related only to sustainable habitat (i.e., summer low flow conditions).  In addition, there has been no 

unique, threatened or endangered species identified in any of the previous investigations. 

 Information provided by the Arkansas Department of Natural Heritage (ADNH) confirms that 

there are no rare plants and/or animals, outstanding natural communities, natural or scenic rivers, 

or other elements of special concern near the EDCC facility.  ADNH confirmed that none of these 

elements occur within a mile of the facility.  Additionally, no natural community or other special 

elements were noted to exist within five miles of the EDCC facility.   

 

F. Previous Investigations 
 
 Previous hydrogeologic investigations have been completed at the EDCC facility and have 

focused on shallow groundwater conditions at separate locations within the facility.  In general, 

these investigations confirm the information provided in this risk assessment regarding shallow 

groundwater as given in the preceding discussion of regional geologic and hydrogeologic settings. 

These previous subsurface investigations provide information that characterizes the shallow 

saturated zone, groundwater flow, and contaminants of potential concern in the shallow 

groundwater. 

 EDCC has also completed other surface water quality studies.  The previous surface water 

quality investigations support the conclusion there is no nexus between groundwater and surface 

water at the site.   
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G. Groundwater Data and Chemicals of Potential Concern 
 
 A database of groundwater data for each of the constituents listed in the CAO from 2001 to 

2006 was compiled and analyzed.  Groundwater data collected from 22 monitoring wells (3 

upgradient and 19 downgradient) were compiled in the database.  Statistical analysis of the 

groundwater data was completed using the computer programs Excel® and Systat® (or 

Sigmastat®).  Upgradient (background) wells were grouped (ECMW1-ECMW3) for analysis while 

each downgradient well was analyzed individually. The analysis revealed that statistically significant 

differences existed between the upgradient well group and selected downgradient wells for 

ammonia, total chromium, total lead, nitrate, sulfate, pH, and TDS.  Since at least some 

downgradient wells had elevated levels for these constituents each of these constituents were 

retained as COPC.  Total lead was retained as a COPC however, the MDL for lead was in excess 

of the ecological screening level, so quantitative evaluation of ecological risk will be limited.   

 None of the monitoring wells revealed statistically significant differences for dissolved 

chromium, dissolved lead, dissolved vanadium or total vanadium.  Therefore, each of these 

constituents was removed from the list of COPC resulting in ammonia, total chromium, total lead, 

nitrate, sulfate, pH and TDS remaining for further risk assessment.   

 

H. Groundwater Units 
 
  Based on the historical groundwater data, the EDCC facility can be delineated into four 

units that have similar groundwater characteristics.  These areas can be delineated by relative 

density of industrial activities and includes the following associated areas or units: Upgradient Unit, 

Production Unit, Midgradient Unit, and Downgradient Unit. Point concentrations were developed for 

each COPC for each groundwater unit. Statistical analysis was completed for the El Dorado 

Chemical Monitoring Wells (ECMW) data in each groundwater unit in order to develop 95% upper 

confidence levels (UCL) for the arithmetic mean of the data. The resulting 95% UCL for each 

constituent will be used as point concentrations for assessment of risk related to potential exposure 

to groundwater and surface water. 
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Groundwater Area (Units) Description Well #’s 
Upgradient Unit Wells upgradient of facility influences, 

representing natural background 
groundwater quality. 

ECMW 1-3 

Production Unit Wells located in the most concentrated area 
of industrial activities at the facility and 
generally representing the highest potential 
groundwater contamination. 

ECMW 4-11 

Midgradient Unit Wells located near the wastewater treatment 
ponds and representing a lower level of 
industrial activity. 

ECMW 14-16 

Downgradient Unit Wells near the property line of the facility, 
Downgradient of industrial activities, and 
representative of the groundwater quality 
that could potentially be leaving the site. 

ECMW 17-22 

 

I. Human Health Risk Assessment 
 
 The exposure assessment provides an evaluation of exposure pathways that could lead to 

human contact with site-related contaminants from the groundwater should the site groundwater 

migrate offsite, identifies COPC’s in the groundwater, and describes the methods used to evaluate 

potential exposure from each pathway that is considered to be of possible significance. The 

COPC’s evaluated in this HHRA include ammonia, total chromium, total lead, and nitrate.  Although 

pH, sulfate, and TDS were identified as COPC’s, sufficient information regarding human health 

affects related to these compounds is not available.  Therefore, pH, sulfide, and TDS were not 

included in the HHRA. 

 

 I.1 Site Conceptual Model 
 
 A site conceptual model is included in the risk assessment report that shows the potential 

exposure pathways and exposure scenarios.  Study of the site has determined that there are no 

current completed exposure pathways.  At present, the facility is used for industrial operations 

under the direct control of EDCC. Because of the heavy industrial nature of the site, it is considered 

very probable that this land use will not change in the future. Available information and the historical 

groundwater data indicates that site related contaminants have not migrated to offsite locations and 

currently the potential for exposure to offsite residential populations does not exist. The recent 

addition of interim control measures implemented by EDCC (groundwater recovery wells) will 

further reduce the potential for offsite migration and therefore further reduce any potential for offsite 

exposure. However, human health risks can be assessed hypothetically for potential exposure to 

offsite residential populations should the site groundwater migrate offsite and be used by residents. 
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 I.2 Potential Exposure Scenarios 
 
 At present, there are no on-site wells in the shallow aquifer that are used as a source of 

drinking water, so exposure of workers to groundwater is not currently of concern.  It is not 

considered likely that any onsite drinking water wells will ever be installed in the shallow aquifer in 

the future and EDCC will restrict access to groundwater at the site.  Therefore, the production 

groundwater unit is not of concern in this risk assessment.  Offsite groundwater wells are not 

installed in the shallow aquifer and installation of drinking water wells at offsite locations in the 

shallow aquifer is not likely in the future due to the availability of municipal water provided by the 

City of El Dorado and availability of groundwater from the deeper Sparta aquifer.  Though offsite 

groundwater wells do not exist and are not anticipated to be installed in the future, the potential 

was assumed to exist hypothetically for the assessment of risks.  Thus, potential exposure is 

limited to hypothetical offsite receptors.  Therefore, the pathways evaluated for risk evaluation 

include the following: 

 

1. Ingestion of groundwater by offsite residents, and 

2. Inhalation due to groundwater use by offsite residents.  

 

 The groundwater units that will be evaluated to represent the hypothetical offsite point 

concentrations are the Midgradient Unit and the Downgradient Unit. 

 Other exposure pathways are judged to be sufficiently minor that further evaluation is not 

warranted. 

 

 I.3 Point Concentrations 
 
 Because of the assumption of random exposure over an exposure area, risk from a 

chemical is related to the arithmetic mean concentration of that chemical averaged over the entire 

groundwater unit. Since the true arithmetic mean concentration cannot be calculated with certainty 

from a limited number of measurements, the USEPA recommends that the 95th percentile upper 

confidence limit (UCL) of the arithmetic mean at each hypothetical point be used when calculating 

exposure and estimating the potential risk at that location (USEPA, 1992). The point 

concentrations of nitrate, ammonia, total lead, and total chromium in the groundwater to be used 

in the risk assessment evaluation are shown in the Table E-1. 
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Table E-1. Groundwater point concentrations based on 95th percentile UCL. 
 
Groundwater  Assessment Units  

Nitrate 
(mg/L) 

Ammonia 
(mg/L) 

Total 
Lead 

(mg/L) 

Total 
Chromium 

(mg/L) 
Upgradient Unit (background) 1.48 0.549 0.020 0.021 
Midgradient Unit 39.2 3.64 0.021 0.020 
Downgradient Unit 33.6 1.50 0.032 0.063 

 

Point concentration for volatile compounds in indoor air of offsite residential buildings due to water 

use are based on groundwater concentrations. Ammonia is the only volatile compound of potential 

concern. The calculations utilized to determine the point concentration of ammonia due to water 

use are based on volatilization from water used in showers and are shown in the Table E-2. 
 

Table E-2. Ammonia point concentrations for inhalation (based on 95th percentile UCL 
 groundwater concentrations). 

Acute Ammonia 
Air Concentration 

(based on water use) 

Chronic Ammonia Air 
Concentration 

(based on water use) Groundwater  Assessment Units 
(mg/m3) (ppm) (mg/m3) (ppm) 

Upgradient Unit (background) 1.1 1.6 0.030 0.043 
Midgradient Unit 7.3 11 0.18 0.27 
Downgradient Unit 3.0 4.3 0.077 0.11 

 

 I.4 Toxicity Assessment 
 
 The basic objective of a toxicity assessment is to identify what adverse health effects a 

chemical causes, and how the appearance of these adverse effects depends on exposure level. 

Nitrate, ammonia, and chromium were evaluated based on the non-cancer health effects 

associated with point concentrations at the site. In characterizing the non-cancer effects of a 

chemical, the key parameter is the threshold dose at which an adverse effect first becomes 

evident. Doses below the threshold are considered to be safe, while doses above the threshold 

are likely to cause an effect.  

 The threshold dose is typically estimated from toxicological data (derived from studies of 

humans and/or animals) by finding the highest dose that does not produce an observable adverse 

effect, and the lowest dose which does produce an effect.  Non-cancer risk evaluations are based 

on a value referred to as the Reference Dose (RfD). The RfD is an estimate (with uncertainty 

spanning perhaps an order of magnitude) of a daily exposure to the human population (including 

sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects during a 

lifetime. The point concentrations for nitrate and chromium were compared to RfD values. 
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However, the point concentrations for ammonia were compared to both an acute and a chronic 

minimum risk level (MRL) associated with inhalation exposure. The toxicity values (e.g., RfD, 

MRL, etc.) for nitrate, chromium VI, (the most toxic form of chromium) and ammonia are shown in 

the Table E-3. 

  
Table E-3. Toxicity values for evaluation of human health risks. 

Toxicity 
Parameter 

Ammonia Chromium 
VI 

Nitrate Source 

RfDo (mg/kg-day) NA 0.003 1.6 Region 6 HHMSSL 2007 and  
IRIS 

Tap Water (mg/L) 0.210 0.110 58 Region 3 RBC 
Acute Inhalation 
MRL (ppm) 

1.7 NA NA ATSDR Tox. Profile Ammonia 

Chronic Inhalation 
MRL (ppm) 

0.1 NA NA ATSDR Tox. Profile Ammonia 

NA – Not Applicable 
MRL – Minimum Risk Level 
 

 Since there are no USEPA-approved RfD values for lead, it is not possible to evaluate the 

non-cancer toxic risks of lead by calculation of a Hazard Index. An alternative approach is to 

estimate the likely effect of lead exposure on the concentration of lead in the blood of children 

using the Integrated Exposure Uptake Biokinetic (IEUBK) model. The IEUBK model can be used 

in a risk assessment to assess potential chronic exposures of children receptors to lead. 

 

 I.5 Risk Characterization 
 
 For most chemicals, the potential for non-cancer effects is evaluated by comparing the 

estimated daily intake of the chemical over a specific time period with the RfD for that chemical 

derived for a similar exposed period. If the Hazard Quotient (HQ) for a chemical is equal to or less 

than one (1), it is believed that there is no appreciable risk that non-cancer health effects will 

occur. Non-cancer effects from residential water consumption has been evaluated using the 

following equations from USEPA Risk Assessment Guidance for Superfund (RAGS): 

Residential Water – Non-cancer Effects 

 

THI
EF ED C RfDo IRw RfDi K IRa

BW AT day yr
=

× × × ⎛
⎝⎜

⎞
⎠⎟ × + ⎛

⎝⎜
⎞
⎠⎟ × ×⎡

⎣⎢
⎤
⎦⎥

× ×

1 1

365  



 

August 8, 2007 E-12 

 
where:  
 
C = chemical concentration in water (mg/L) 
THI = Target Hazard Index (unitless) 
RfDo = oral chronic reference dose (mg/kg-day), chemical specific value 
RfDi = inhalation chronic reference dose (mg/kg-day), chemical specific value 
BW = adult body weight (kg), default value 70 
AT = averaging time (yr), default value 30 
EF = exposure frequency (days/yr), default value 350 
ED = exposure duration (yr), default value 30 
IRa = daily indoor inhalation rate (m3/day), default value 15 
IRw = daily water ingestion rate (L/day), default value 2 
K = volatilization factor (unitless), default value 0.5 
 

 I.5.a.  Nitrate and Chromium 
 
 The risks associated with nitrate and chromium VI for residential water consumption are 

summarized in the Table E-4. Since the risk from chromium VI resulted in a hazard index less 

than 1.0 for each of the groundwater units, chromium VI was not retained as a COPC. The risks 

from nitrate resulted in a hazard index of less than 1.0 for each groundwater unit assessed.  

Therefore, no appreciable risk to offsite receptors is associated with nitrate. 

 
 Table E-4. Calculated Hazard Index for Nitrate and Chromium VI. 

Groundwater unit Parameter Concentration 
(mg/L) 

Hazard Index 

Nitrate 1.5 0.025 Upgradient Unit 
Cr VI 0.0035 0.032 

Nitrate 39.2 0.67 Midgradient Unit 
Cr VI 0.0033 0.030 

Nitrate 35.6 0.61 Downgradient Unit 
Cr VI 0.0105 0.096 

Nitrate RfDo = 1.6 mg/kg-day 
Cr VI RfDo = 0.003 mg/kg-day 
C (mg/L) = concentration represents 95th percentile upper confidence limit 
Cr VI concentration is based on ratio of 1/6 for Cr VI/Total Cr 

  
 I.5.b.  Ammonia 
 
 The hypothetical point concentration for ammonia was calculated for both acute and chronic 

exposure based on residential water use in a shower should the site groundwater migrate to and 

be used by an offsite residential well. Table E-2 summarizes the results of the inhalation exposure 

for each groundwater unit. The inhalation exposure calculated for the upgradient unit 

(background) is below both the acute and chronic MRLs.  The inhalation exposure calculated for 

the production unit, Midgradient Unit and Downgradient Unit exceed both the acute and chronic 
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MRLs. However there are no currently completed exposure pathways for offsite groundwater, 

eliminating the current potential human health risks associated with ammonia in the groundwater. 

  

 I.5.c. Lead 
 
 The IEUBK model was used in the risk assessment to assess potential chronic exposures 

of children receptors to lead in groundwater. The groundwater concentration was set at the 32 

µg/L, which is the 95th percentile UCL concentration for the downgradient area and was the 

highest 95th percentile UCL concentration of any of the areas of concern.  The modeling 

performed for the risk assessment produced a probability function that predicted the likelihood of 

elevated blood lead concentrations in hypothetical future child offsite residents. In the case of 

potential exposure to lead, using available data and certain assumptions, the estimate of the 

percentage of child residents expected to have blood lead concentration levels in excess of the 10 

ug/dL criterion established by Center for Disease Control (CDC) was less than five percent. Since 

the risk from lead was determined to be less than the five percent, lead was not retained as a 

COPC. 

 

 I.6 Preliminary Groundwater Targets  
 
 Based on the risk estimates for offsite residents, only ammonia poses any level of risk for 

which groundwater should be monitored to achieve reasonable targets.   

 

 I.6.a. Ammonia 
 
 An appropriate groundwater target for ammonia at the EDCC property boundary would be 

0.55 mg/L, which would be equivalent to approximately the upgradient concentration of ammonia 

in groundwater. This target is above the tap water concentration of 0.21 mg/L established in the 

USEPA Region 3 Risk based Concentrations (RBC). However, since the upgradient concentration 

of ammonia is already greater than the tap water level, the target provides a goal that is potentially 

attainable. In addition, the upgradient groundwater concentration of ammonia meets the acute and 

chronic MRLs. 
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J. Ecological Risk Assessment 
 

 This ERA was performed in accordance with current United States Environmental Protection 

Agency (USEPA) guidance for ERA (USEPA 1992, 1997a, 1998).  The initial screening level 

evaluation concluded that risks from site-related contaminants could be excluded from the 

ecological receptors as long as surface connections were prevented via groundwater controls and 

/or the COPC’s are not present in concentrations which present ecological risks. 

 There has been no documentation of EDCC site groundwater connections to the surface 

waters through spring seeps and/or surface upwelling. Recent interim action by EDCC 

(groundwater recovery wells) provide groundwater controls that further reduces the probability that 

the groundwater will become surface waters in the future.  However, other site regulatory 

requirements related to surface water discharges (both non-contact and storm waters) have 

required documentation of the condition of unnamed receiving streams into which EDCC 

discharges.  These unnamed tributaries traverse the groundwater units identified in Section H. 

above. This report utilizes the historical data to evaluate the potential ecological risk for the site as 

may be impacted by groundwater should it become surface waters in the future. 

 

 J.1 Baseline ERA Site Conceptual Model 
 
 The site conceptual model (SCM) for the baseline ERA noted that there is no documented 

connection between the contaminated groundwater and the ecological endpoints considered, thus 

no completed exposure pathways.  However, potential hypothetical pathways were included in the 

theoretical approach taken in developing the ERA; this site model is very similar to the site model 

that was developed for the HHRA.  

 

 J.2 Exposure Pathways and Receptors 
 
 Receptors identified for this assessment include aquatic receptors (fish and benthic 

macroinvertebrates), and wildlife receptors (avian and mammalian).  The following identifies which 

potential pathways are of concern at this site and which were selected for quantitative evaluation.  

The potential pathways are believed to be hypothetical only, therefore any risk calculations based 

on these pathways should be considered improbable and very conservative. 
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 Aquatic Receptors  

 

 The main pathway of exposure for all aquatic receptors is direct contact with surface water 

only in the event that groundwater seeps into the surface water. The aquatic receptors are those 

biotic communities that are maintained in the unnamed tributaries of Flat Creek. Although the 

surface waters traverse the groundwater units, there is no documented nexus between groundwater 

and surface water at the EDCC site despite over 60 years of industrial activity on the site. 

Therefore, the ERA is completed based on the hypothetical scenario that, in spite of the 

groundwater controls, the site ground water develops a surface water connection. Nevertheless, this 

potential pathway was evaluated qualitatively for fish and benthic macro invertebrates.  

 

Wildlife Receptors  

  The main pathway of exposure for all wildlife receptors is direct contact with 

surface water only in the event that groundwater becomes surface water.  The 

following potential exposure pathways were considered in the ERA: 

• Wildlife receptors (birds, mammals) may be exposed by ingestion of 

surface water, contaminated by potential groundwater intrusion 

(which has not been documented) and this pathway was evaluated 

quantitatively.  

• Wildlife receptors (birds, mammals) may also be exposed by 

ingestion of food web items and or sediment/soil.  However, since the 

baseline ERA was completed based on groundwater data, and since 

these exposure pathways are not complete, they were not explored 

as part of this baseline ERA. 

• Inhalation exposure may be possible for all terrestrial receptors.  

However, this pathway is generally very minor, and was not 

evaluated. 

 

Terrestrial Plants and Soil Invertebrates  

 

 The primary exposure pathway for both terrestrial plants and soil invertebrates is direct 

contact with contaminated groundwater. No data was available for plants or soil contaminant levels, 

therefore this pathway was not evaluated.  
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 J.3 Assessment and Measurement Endpoints 
 
 Although there are no documented exposure pathways, the assessment and 

measurement endpoints are used to interpret potential ecological risks for the EDCC site. These 

measurement endpoints can be divided into three basic categories of approach, as follows:  

 

• Hazard Quotients (HQs)  

• Site-specific toxicity tests (SSTTs)  

• Observations of population and community demographics (Pop/Comm. Dem.)  

 

 A HQ is the ratio of the estimated exposure of a receptor at the site to a "benchmark" 

exposure that is believed to be without significant risk of unacceptable adverse effect:  

 

HQ = Exposure / Benchmark  

  Exposure may be expressed in a variety of ways, including concentration in an 

environmental medium (water, sediment, soil, diet), concentration in the tissues of an exposed 

receptor, or amount of chemical ingested by a receptor. In all cases, the benchmark toxicity value 

must be of the same type as the exposure estimate.  

 If the value of an HQ is less than or equal to 1.0, risk of unacceptable adverse effects in the 

exposed individual is judged to be acceptable. If the HQ exceeds 1.0, the risk of adverse effect in 

the exposed individual is of potential concern. When interpreting HQ results for ecological 

receptors, it is important to remember that the assessment endpoint is usually based on the 

sustainability of exposed populations, and risks to some individuals in a population may be 

acceptable if the population is expected to remain healthy and stable. 

 

 J.4 COPC Selection 
 
 Because the toxicity of COPCs in surface water to aquatic receptors is usually dependent on 

the length of exposure, the HQ was calculated both for short-term (acute) and long-term (chronic) 

exposure conditions for COPC with chronic HQ in excess of 1.0.  For those COPC with chronic HQ 

≤1, only chronic HQ were calculated (acute HQ’s were not calculated).  In cases where the acute 

and chronic benchmarks are hardness-dependent, toxicity benchmarks were calculated for each 

sample based on the average ecoregion hardness (31 mg/L). 

 The detailed calculations of HQ values for each COPC in each sample are presented, along 
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with graphs which summarize the distributions of HQ values for samples collected at each 

monitoring well (i.e., groundwater unit).  A summary of the HQ’s > 1.0 are presented in Table E-5. 

 
Table E-5.  Summary of aquatic life HQ>1.0. 

Groundwater Unit  
 
COPC 

Upgradient 
Unit 

Production 
Unit 

Midgradient 
Unit 

Downgradient 
Unit 

Ammonia Acute -- 1.11 -- -- 
Ammonia Chronic -- 23.87 1.42 -- 
Total Chromium Acute -- -- -- -- 
Total Chromium Chronic -- -- -- -- 
Total Lead Acute 1.11 1.11 1.17 1.78 
Total Lead Chronic 28.57 28.57 30.00 45.71 
Nitrate -- 7.39 -- -- 
Sulfate -- 3.92 -- -- 
TDS -- 5.55 1.05 1.20 

 

The population-level risk in each groundwater unit was classified into one of three risk 

categories based on the fraction of the HQ distribution above a value of 1.0. These results are 

summarized in report Table 6.4. Each COPC was then assigned a category (A,B,C) based on their 

HQ. (Table E.6)  

Based on the aquatic life benchmarks, only, total chromium was assigned to risk category C 

for all groundwater units. Total chromium was treated as hexavalent chromium which is the more 

toxic form of the metal. According to USEPA Region 6 risk assessment screening levels, chromium 

can be assumed to speciate at a 1:6 ratio of hexavalent to trivalent chromium.  When treated in this 

fashion total chromium HQ were all ≤ 1.0 placing it in the category C designation.  Therefore, risks 

to the population from chromium in all the groundwater units are expected to be minimal and are 

assumed to be acceptable.  

Based on chronic benchmark several inorganic COPCs (including ammonia, nitrate, sulfate, 

and TDS) are initially assigned to risk category A from one or more of the groundwater units.  

Lead is assigned to a Category B. The lead HQ’s were largely based on non-detect values 

which were elevated above the TBV.  In addition, risks in the upgradient unit (i.e. reference areas) 

are approximately the same as in all other groundwater units potentially impacted should aquatic 

receptors be exposed to the site groundwater.  

 In the case of sulfate and TDS, available toxicity data indicates that lowest observed 

adverse effect level (LOAEL’s) are much higher than the bench marks (conservative no observed 

adverse effect level (NOAEL)) used by ADEQ, it is concluded that the chronic toxicity benchmarks 

for these chemicals are probably overly-conservative for application at this site and that chronic 
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risks from these inorganic COPCs in surface water are not likely to be of population level concern to 

aquatic receptors. Therefore sulfate and TDS are assigned to the B category. 

 
Table E.6.  Summary of conclusions drawn concerning risk to aquatic receptors. 
Risk 
Category  Distribution of HQ values  

Preliminary 
Conclusion  

COPC  Groundwater Unit  

Ammonia  Production & 
Midgradient 

A  Greater than 20% of HQs based on 
detects exceed 1. 

Risks to the 
population at this 
location are 
possible.  

Nitrate  Production  

B  

There are at least 20% of the HQs 
greater than 1, but these are partly 
or entirely based on non-detects or 
the TBV were unavailable or 
unreliable. The method detection 
limit was inadequate to quantify 
risk.  

Risk to the 
population at this 
location cannot be 
determined, but at 
background and 
believed minimal. 

Total Lead 
Sulfate and 
TDS  

All Units 
Production 
Production, 
Midgradient and 
Downgradient  

   Ammonia  Downgradient 

   Total 
Chromium  

ALL  

Risks to the 
population at this 
location are  

Nitrate  Upgradient, 
Midgradient,& 
Downgradient  

Total 
Vanadium  

ALL  

Sulfate  Upgradient, 
Midgradient,& 
Downgradient 

C  Greater than 80% of all HQs 
(based on non- detects and 
detects) are below 1.  

expected to be 
minimal and are 
assumed to be 
acceptable.  

TDS  Upgradient, 
Midgradient, & 
Downgradient 

 

 One way to help reduce the uncertainty associated with HQ values based on TBV is to 

perform direct toxicity testing using site-specific media, in this case, groundwater samples. Tests 

of this type have not been performed on site groundwaters. However, the analytical chemistry of 

groundwater monitoring has demonstrated that the pH of the groundwaters from all units are well 

below 6 SU.  It is anticipated that should toxicity tests be performed, the toxicity tests would 

demonstrate a significant difference in the groundwater and lab control water exposures. The low 

pH would present toxicity to routine test organisms and limit the ability of the test to measure 

potential toxicity from other COPC.  However, since no surface waters on the EDCC property are 

known to flow from springs only, it is unlikely that exposure to such low pH could occur. 
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J.5 Evaluation of Aquatic Community Bioassessments 
 
 Groundwater quality is not typically associated with surface aquatic ecosystem health. 

However, the potential effects of chemical stressors in groundwater on surface water biotic 

communities can be assessed hypothetically by direct observation of the density and diversity of 

species present in the receiving streams.  Observations on the benthic and fish community 

structure in surface water on the EDCC site are available from numerous studies not associated 

with the groundwater investigations. 

 Each of the reports concluded that the existing beneficial fishery uses were being 

maintained and that the benthic communities did not appear significantly different at any site 

location in comparison to the upstream reference location community.   

  

J.6 Weight of Evidence Conclusions  
 

Three lines of evidence are available to evaluate risks from groundwaters which may be 

transformed to surface waters. The findings from these lines of evidence are summarized below in 

Table E-7.  
 

 
Table E-7  Summary of lines of evidence for risk associated with groundwater as surface water 

Line of Evidence  Findings  

HQ Calculations  

 
Based on COPC concentrations and TBV, risks to biotic stream organisms from 
COPC in surface water do not appear to be of population-level concern except 
possibly for ammonia and nitrate in the Production Unit groundwater. 

Direct Toxicity  
Testing  

There is no toxicity data related to the groundwater from any of the EDCC 
groundwater units.  

Population  
Observations  

No evidence of adverse effect on the aquatic communities in the unnamed 
tributaries that drain the EDCC facility.   

and related 
site Conditions  

No pathway for groundwater to enter surface water is known to exist at the 
EDCC site. 

 
 

 In summary, based on a weight of evidence approach, it is concluded that groundwaters are 

not of population-level concern to surface water biotic communities from any of the groundwater 

units.  
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 J.7 Risks to Wildlife Receptors 
 
 It is not feasible to evaluate exposures and risks for each avian and mammalian species 

potentially present within the site. For this reason, specific wildlife species (Table E.8) have been 

identified as surrogates (representative species) for the purpose of estimation of exposure and risk 

to groups of species within similar feeding guilds at this site. 

 
Table E.8.  Summary of wildlife potential receptors. 

Surrogate Species  Feeding Guild  Exposure Pathways Evaluated A 

White-footed  
Mouse Mammalian omnivore  Ingestion of surface water.  

Eastern Cottontail 
rabbit 

White-tailed deer 

Mammalian herbivore 
 Ingestion of surface water. 

American Robin  Avian insectivore     Ingestion of surface water. 

A= Pathways evaluated are theoretical and are not documented to exist 

 
 The basic equation used for calculation of an HQ value for exposure of a terrestrial 

wildlife receptor to a chemical by ingestion of an environmental medium is:  

 

  HQ = C * IR * DF * RBA / BW * TBV 

 

where:  

HQ = HQ for exposure of receptor  

C = Concentration of chemical (mg/L)  

IRC = Intake rate of medium (1/day)  

BW = Body weight of receptor (kg)  

DF = Dietary fraction of medium derived from site (%)  

RBA = Relative bioavailability of chemical in medium (%)  

TBV = Toxicity reference value for chemical (mg/L)  

 

Table E.9  Summary table for Wildlife HQ presents the HQ’s for each wildlife receptor for each 

COPC at each reach.  
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Table E.9.  Summary of Wildlife HQ. 
  Common Robin White Footed Mouse Eastern Cottontail White-tailed Deer 

  Benchmark 
Maximum 

HQ* Benchmark 
Maximum 

HQ* Benchmark 
Maximum 

HQ* Benchmark 
Maximum 

HQ* 
  (TBV)  (TBV)  (TBV)  (TBV)  
Ammonia 22 0.40 22 0.88 22 0.27 22 0.18 
Total 
Chromium 36.32 0.00 56.29 0.00 56.29 0.00 56.29 0.00 
Total Lead 82.08 0.00 48.56 0.00 48.56 0.00 48.56 0.00 
Nitrate 6061 0.01 6061 0.02 6061 0.01 6061 0.00 
Sulfate 125 0.56 125 1.25 125 0.38 125 0.26 
TDS 475 0.79 475 1.77 475 0.54 475 0.36 

 * Maximum HQ taken from either Upgradient, Production, Midgradient, or Downgradient Unit. 
 

 Only the White-footed mouse presented HQ in excess of 1.0 for sulfate and TDS; however, 

because sulfate and TDS have no accepted TBV, actual ecological risk is unlikely to exist.  

 Based on this line of evidence, it is concluded that risks from site-related COPC in 

groundwater, are not of population-level concern to wildlife receptors either in the riparian area 

along the unnamed tributaries north and south of the EDCC facility or within the Production 

groundwater unit, even in the event that the groundwater developed a direct surface connection 

allowing exposures, that to date, have not been documented even after 60+ years of site industrial 

activities.  Therefore, no ecological risk from groundwater exists at the EDCC site for potential 

wildlife receptors 

 

 J.8  Uncertainties 
 

 Quantitative evaluation of ecological risks is generally limited by uncertainty regarding a 

number of important data. This is usually circumvented by making estimates based on whatever 

limited data are available, or by making assumptions based on professional judgment when no 

reliable data are available.  These estimates and/or assumptions often overestimate the actual 

risk in order to account for the uncertainty.  Because of these assumptions and estimates, the 

results of the risk calculations are themselves uncertain, and it is important for risk managers and 

the public to keep this in mind when interpreting the results of a risk assessment.  The following 

sources of uncertainty were addressed in the EDCC baseline groundwater ERA: 

• Representativeness of Samples Collected 

• Accuracy of Analytical Measurements 

• Exposure Pathways Not Evaluated 
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• Chemicals Not Detected 

• Exposure Area Concentration Values 

• Representativeness of Receptors Evaluated 

• Extrapolation of Toxicity Data Between Receptors 

• Uncertainties in Risk Characterization 

• Estimation of Population-Level Impacts 

 

 The sources of uncertainty in this baseline ERA, along with a qualitative estimate of the 

direction and magnitude of the likely errors attributable to the uncertainty have been considered. 

Based on all of these considerations, the HQ and HI values calculated and presented in this ERA 

section should be viewed as having reasonable uncertainty. Because of the inherent conservatism 

in the derivation of many of the exposure estimates and toxicity benchmarks, these HQ and HI 

values should generally be viewed as being more likely to be high than low, and should be 

interpreted in a weight-of-evidence approach based on other types of available information.  

   

 J.9  ERA Status 
 

  In summary, the ERA demonstrates that there is no ecological risk to EDCC site aquatic 

and terrestrial receptors from site groundwater COPCs even under a hypothetical exposure 

scenario, and applying conservation hazard assumptions.  In fact, the ERA failed to demonstrate a 

groundwater nexus with surface waters and exposure pathways do not currently exist for the EDCC 

site groundwater, therefore there is no existing ecological risk to site biota due to EDCC 

groundwater. In addition, the recent interim actions implemented by EDCC (groundwater recovery 

wells) will further reduce the potential for completion of the exposure pathways. 
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1.0  INTRODUCTION  
 

 This document presents the results of the human health and environmental risk assessment 

(ERA) for groundwater potentially impacted by industrial activity at El Dorado Chemical Company 

(EDCC).  The risk assessment is being completed in accordance the requirements of Consent 

Administrative Order (CAO) LIS No. 06-153 for the purpose of providing information needed to 

guide development of the Remedial Action Plan (RAP) related to potential groundwater 

contamination. 

 

1.1  Purpose and Objectives 
 

 The protection of human health and the environment is the primary goal of regulatory 

requirements for cleanup and corrective action. A risk assessment can contribute significantly to 

strategy development, risk management, and evaluation of corrective action needs. The purpose of 

this document is to identify human health and ecological risks to be addressed in the RAP for 

potentially impacted groundwater at EDCC. The objectives of the risk assessment include: 

 

e) Identification of COPC related to site activities, 

f) Determination of whether concentrations of COPC occur at concentrations that possibly 

pose unacceptable risk to human receptors, 

g) Determination of whether concentrations of COPC occur at concentrations that possibly 

pose unacceptable risk to ecological receptors, and 

h) Identify risks to be addressed in the RAP and establish preliminary monitoring and/or 

remediation endpoints based on available and current data. 

 

 As stated above, information from the risk assessment will be used to assist EDCC in the 

development of the RAP, which will include selecting remediation strategies and establishing 

preliminary monitoring and/or remediation endpoints. During implementation of the RAP, there may 

be a need to implement procedures for the systematic evaluation and enhancement of site 

remediation processes to ensure that human health and the environment are being protected over 

the long term at minimum risk and cost. The need to review and update the RAP may arise based 

on additional groundwater monitoring data, revised site information, scientific advances, regulatory 

changes, evaluation of remediation technologies, or other site specific information that becomes 
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available as remediation strategies are implemented. This will allow for consideration to be given to 

the reevaluation of remediation goals and a way that potentially inapplicable or unattainable goals 

can be updated. 

 
1.2  Scope of Risk Assessment 
 
 There has been no documented human exposure to the site groundwater, and there is no 

anticipated exposure within the facility, and there has been no documented nexus (connection) of 

groundwater to surface water (e.g. there is no risk).  Therefore, risk associated with EDCC site 

groundwater is limited to potential human health exposure as presented at the EDCC facility 

perimeter.  Despite this limited potential for exposure (and ultimately risk associated with that 

exposure) this risk assessment has been prepared following the USEPA risk assessment guidance 

documents referenced in Appendix E of ADEQ’s Brownfields Program User’s Guide, June, 2004.  

 
1.3  Report Organization 
 

 This report is organized into six sections and includes multiple appendices that contain 

supporting material. The remaining sections of this report present the available data and the 

components of the human health and ERA.  

 Section 2 presents the site description and setting, including a brief history of industrial 

activity at the site, a description of the current industrial operations, and demographic information 

for both the City of El Dorado and Union County. This section also provides a description of the site 

geology, hydrogeology, and ecological setting. 

 Section 3 provides a summary of previous site investigations conducted at the site to 

characterize the subsurface and groundwater conditions. 

 Section 4 provides the evaluation of groundwater data to identify the chemicals of potential 

concern (COPC). 

 Section 5 and Section 6 present the human health risk assessment (HHRA) and ERA, 

respectively. These sections include an identification of COPC, site conceptual models, exposure 

assessments, toxicity assessments, and risk characterizations. 

 Section 7 provides information regarding references and data sources. This section also 

discusses significant assumptions and data gaps associated with the risk assessment. 

 The attached appendices provide detailed data upon which individual report sections are 

based. 



 

August 8, 2007 3 

2.0  SITE DESCRIPTION AND SETTING 
 
2.1  Site Location 
 
 The EDCC facility is located at 4500 North West Avenue in El Dorado, Union County, 

Arkansas Sections 5, 6, 7, 8, and 9, Township 17 South, Range 15 West and Sections 1 and 12, 

Township 17 South, Range 16 West. A location map for the facility is provided in Figure 2.1. The 

facility is located on a total area of approximately 1,300 acres and the manufacturing area covers 

approximately 150 acres.  The facility is situated atop a watershed divide and based on the USGS 

topographic map for El Dorado, Arkansas, the elevation of the site is approximately 190 to 200 feet 

above mean sea level.  The nearest surface waters are the north (UTC) and south (UTB) branches 

of an unnamed tributary to Flat Creek (Figure 2.1).  These two unnamed tributaries join with other 

unnamed tributaries downstream of the facility and ultimately flow into Flat Creek, the first named 

stream or a USGS 7.5’ quad.  Process water, sanitary wastewater, and storm water discharged 

from the facility flow into the unnamed tributaries of Flat Creek, then to Flat Creek, then to Haynes 

Creek, then to Smackover Creek, and then to the Ouachita River.  The Ouachita River is located 

approximately 10 miles northeast of the site.  There has been no documented connection (nexus) to 

the potentially contaminated groundwater and the surface water features. 

 
2.2  Site History 
 
 On October 9, 1941, the War Department notified US Representative Oren Harris of El 

Dorado that a plant to produce anhydrous ammonia and ammonium nitrate had been approved for 

a site near El Dorado, and would be called the Ozark Ordnance Works (OOW).  Anhydrous 

ammonia and ammonium nitrate produced at this new facility be used in the manufacture of 

explosives to support the war effort.  The OOW would be a government-owned facility operated by 

Lion Oil Refining Company.  Lion Chemical Company signed a contract to operate the OOW facility 

on November 18, 1941.  A petition was filed with the United States district court, El Dorado division 

in December 1941, condemning 3,250.41 acres of land situated in Union County, Arkansas, and 

naming J. P. Pickering, et al. as land owners.   
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 The United States of America was subsequently given possession of the land.  Temporary 

administration buildings were completed and an access road from Highway 7 was paved shortly 

thereafter. A spur railroad was also completed to the site.  Production operations began on May 13, 

1943, or 18 months after the operating contract was signed by Lion Chemical Corp.  During war 

operations, about 700 employees were needed to staff the facility. Contracted output of the plant 

was set at 300 tons of ammonia to be converted to 300 tons of ammonium nitrate solution per day. 

By 1944 other TNT plants in the United States had been built and the government began phasing 

out ammonium nitrate operations.  On March 15, 1946, the War Assets Corporation announced that 

the OOW was surplus to the government needs and would be offered for sale or lease.  The Lion 

Chemical Corp was granted a lease of OOW with options to purchase the facility to conduct 

nitrogen fertilizer manufacturing operations for commercial use. 

 By May 16, 1946, Lion Chemical had taken over all operations at the plant. Lion purchased 

the plant in March 1948 and made improvements and additions at a cost of over $10 million in the 

1940s and diversified the products.  Nine 30-ton anhydrous ammonia tanks were added and an 

ammonium prilling plant was built and placed in operation in 1947.  Lion merged with Monsanto 

Chemical Company in 1955 and the plant continued to operate under Monsanto’s Inorganic 

Chemical Division until July 29, 1983, when it was sold to the EDCC with backing from LSB 

Industries.  LSB Industries bought the El Dorado chemical operation in November 1984 and the 

plant operates under the name of EDCC. 

 

2.3  Facility Description 
 

 EDCC manufactures basic agricultural chemicals, including sulfuric acid, nitric acid, low-

density and high-density ammonium nitrate prills used in fertilizers, and industrial grade ammonium 

nitrate solution.  A brief description of the production units and various processes at the EDCC 

facility is provided in the subsections below. Ammonia used to produce nitric acid and ammonium 

nitrate is received at the plant site via underground pipeline owned by SCA.  Elemental sulfur used 

to produce sulfuric acid is received in trucks from Lion Oil Company.  Other principal raw materials 

used in the EDCC production process include water and natural gas.  Water is supplied by on-site 

underground wells owned by EDCC that range in depth from 530 feet to 670 feet below ground 

surface.  Fresh water from the Ouachita River is also provided for industrial use by underground 

pipeline from the Union County Water Conservation Board.   Natural gas is supplied to the facility 

via underground pipeline.  Aerial photographs of the EDCC facility are included in Appendix A.  

Major production processes at the facility are discussed in the following subsections. The following 
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Standard Industrial Classification Codes are applicable to the EDCC facility: 

 

Division D: Manufacturing  

Major Group 28: Chemicals and Allied Products  

SIC Code 2873: Nitrogenous Fertilizers 

SIC Code 2819: Industrial Inorganic Chemicals, Not Elsewhere Classified 

 

Division F: Wholesale Trade  

Major Group 51: Wholesale Trade-non-durable Goods  

 

 2.3.1 East and West Regular Nitric Acid Plants 
 

 The East and West Regular Nitric Acid Plants produce weak nitric acid (HNO3) at 

concentrations ranging from 53% to 57%. These nitric acid plants employ the DuPont single (high) 

pressure process designed and built in 1962 by C&I Girdler.  Ammonia (NH3) is used as a raw 

material in the process and is received at the facility through the SCA  pipeline. Liquid ammonia is 

supplied to the nitric acid plant from intermediate storage. 

 

 2.3.2 DM Weatherly Nitric Acid Plant (DMW Plant) 
  

 The DMW Plant produces weak nitric acid at a concentration of 62% by the oxidation of 

ammonia in the presence of a catalyst in a similar process to the East and West Nitric Acid Plants. 

This nitric acid plant was originally installed at the American Cyanamid Company facility at 

Hannibal, Missouri and was relocated to the EDCC location in 1990.  Liquid ammonia used as a raw 

material in the process and is supplied to the DMW Plant from intermediate storage. 

 

 2.3.3 Hoescht-UHDE Direct Strong Nitric Acid Plant (DSN Plant) 
 

 The DSN Plant produces strong nitric acid (≥ 98% strength) directly from ammonia oxidation 

utilizing technology developed by Hoescht-UHDE in the 1970’s. This process is unique in that 

concentrated nitric acid is produced from the dehydration of weak (56-65%) nitric acid. The 

technology takes advantage of low and high pressures and low temperatures at appropriate points 

in the process for optimum efficiency. The DSN Plant is more technically complicated than 

traditional nitric acid plants. However, this process produces concentrated nitric acid without the 
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dehydration step. 

 2.3.4  Sulfuric Acid Plant 
 

 The Sulfuric Acid Plant was originally constructed in 1949 when Lion Oil Company operated 

the facility and is a single absorption contact process of the Chemico design. The raw material used 

to initiate the sulfuric acid manufacturing process is elemental (Bright) molten sulfur. The elemental 

sulfur is delivered to EDCC by rail car or tank truck. The sulfur is unloaded into a heated pit and 

pumped to a 2,000 ton heated sulfur storage tank. 

 

 2.3.5  Ammonium Nitrate Plant 
 

 The E2 Ammonium Nitrate Plant has been in operation at EDCC since the 1950s.  It was 

modified in the early 1980s to allow for the production of either high density ammonium nitrate 

(fertilizer grade) or low density ammonium nitrate (industrial grade).  Both grades require the 

reaction of weak nitric acid with ammonia to produce an ammonium nitrate solution.  Prior to being 

prilled, the ammonium nitrate is concentrated to strength greater than 99% for high density prills 

and 97% for low density prills. 

 

 2.3.6  KT Ammonium Nitrate Plant (KT Plant) 
 

 The Kaltenbach Thuring Ammonium Nitrate Plant (KT Plant) manufactures low-density 

ammonium nitrate for industrial blasting customers.  This plant was originally installed at American 

Cyanamid Corporation in Hannibal, Missouri and was purchased and relocated to EDCC in 1989. 

Weak nitric acid from one of the weak nitric acid plants and anhydrous ammonia are heated and fed 

to the neutralizer (reaction vessel). 

 

 2.3.7  E2 Plant Solution Reactor 
 

 A 35% E2 solution is created by reacting weak nitric acid with magnesium oxide through 

agitation. Approximately 0.5% of the magnesium nitrate is contained in the final ammonium nitrate 

product. The solution reactor has the capability of producing seven batches of E2 solution a day 

while the Ammonium Nitrate Plant is running at its maximum rate. 
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2.4  Demographics and Land Use 
 
 2.4.1 History of City of El Dorado 
 

 The City of El Dorado was founded in 1843 and became the county seat for Union County 

the next year. In 1851, the town was incorporated and was one square mile in area. Cotton growers 

came up the Ouachita River by steamboat and cleared land for plantations. By the 1850s, the area 

had become home to a number of cotton farms and plantations.  The community remained an 

isolated farming community from its founding until the late nineteenth century.  The arrival of 

railroads by the late 1800s allowed business interests to more readily access native timber 

resources and develop a lumber industry.  Economically, the community remained dependent on 

agriculture and lumber into the 1920s, limiting its growth. In January 1921 the Busey No. 1 well was 

completed by Dr. Samuel T. Busey, a physician and oil speculator, at a site located one mile 

southwest of El Dorado.  The success of this well resulted in an influx of speculators into the area, 

and changed El Dorado from an isolated agricultural city of approximately 4,000 residents to the oil 

capital of Arkansas.  By 1923, El Dorado boasted fifty-nine oil contracting companies, thirteen oil 

distributors and refiners, and twenty-two oil production companies.  The city was flooded with so 

many people that no bed space was available for them, leading to whole neighborhoods of tents 

and hastily constructed shacks to be erected throughout the city.  The city’s population reached a 

high of nearly 30,000 in 1925 during the boom before dropping to 16,241 by 1930 and rising to 

25,000 by 1960.  Oil production, after plummeting by the early 1930s, recovered later in the decade. 

 During World War II, the city was the site of several chemical and munitions plants, most of which 

closed shortly after the war.  The oil industry began to decline again by the late 1960s, causing a 

devastating impact on the economy of El Dorado.  In 2004, the downtown area was declared a 

national historic district. Oil, chemical, and timber interests continue to play a powerful role in the 

local economy. 

 

 2.4.2  Union County Demographics 
 

 Union County has a total area of 2,733 km² (1,055 mi²), 2,691 km² (1,039 mi²) of the 

county’s surface is land and 42 km² (16 mi²) of it is water (1.55%).  As of the U.S. census of 2000, 

there were 45,629 people, resulting in a population density of 17/km² (44/mi²). The U.S. census of 

2000 reported 20,676 housing units and 17,989 occupied households in the county. The occupied 

households consisted of 12,646 family households and 5,337 non-family households. The average 
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household size was 2.48 and the average family size was 3.00. Of the 17,989 households, 36.5% 

had individuals under the age of 18 and 28.1% had individuals 65 years and over. 

 The racial makeup of the county was 66.1% White, 32.0% Black or African American, 0.2% 

American Indian and Alaskan Native, 0.4% Asian, 0.5% from other races, 0.8% from two or more 

races, and 1.1% of the population was Hispanic or Latino. The population was made of 47.8% male 

and 52.2% female and the median age was 37.7 years. Age distribution of the population was 

74.1% age 18 and over, 70.1% age 21 and over, 18.5% age 62 and over, and 16.1% age 65 and 

older. 

 A U.S. Census Bureau Profile of General Demographic Characteristics summary for Union 

County, Arkansas is provided in Appendix C. 

 

 2.4.3  El Dorado Demographics 
 

 The City of El Dorado has a total area of 42.3 km² (16.3 mi²), 42.1 km² (16.3 mi²) of the city’s 

surface is land and 0.1 km² (0.1 mi²) of it (0.31%) is water.  As of the census of 2000, there were 

21,530 people, resulting in a population density of 510.9/km² (1,323.3/mi²).  The U.S. census of 

2000 reported 9,891 total housing units and 8,686 occupied households in the city. The occupied 

households consisted of 5,734 family households and 2,952 non-family households. The average 

household size was 2.40 and the average family size was 2.99. Of the 8,686 households, 35.2% 

had individuals under the age of 18 and 30.0% had individuals 65 years and over.   

 The racial makeup of the city was 53.7% White, 44.2% Black or African American, 0.2% 

American Indian or Native Alaskan, 0.7% Asian, 0.4% from other races, 0.9% from two or more 

races, and 1.0% of the population was Hispanic or Latino. The population was made of 46.2% male 

and 53.8% female and the median age was 37.6 years. Age distribution of the population was 

73.7% age 18 and over, 69.8% age 21 and over, 20.5% age 62 and over, and 18.3% age 65 and 

older.  

 A U.S. Census Bureau Profile of General Demographic Characteristics summary for El 

Dorado, Arkansas is provided in Appendix C. 
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2.5  Geology and Hydrogeology 
 

 The EDCC facility is located west of the Mississippi Embayment in the Gulf Coastal Plain 

Geostratigraphic Region. Sediments in Union County are within the Claiborne Group and 

characterized by a thick sequence of unconsolidated, relatively young sediments that are fluvial-

deltaic in origin and Tertiary in age. In some areas of Union County younger unconsolidated alluvial 

and terrace deposits that are Quaternary in age overlay the Tertiary sediments. 

 The Claiborne Group body of sediments is several thousand feet thick at El Dorado and are 

prism-shaped, with the thickest portion being much thicker to the southeast and thinning out to a 

feather edge against the highlands about 70 miles to the northwest.  These sediments consist of 

sand, silt, clay and limestone, occurring in more or less well-sorted and well-defined beds.  The 

beds dip in a general southeasterly direction and generally thicken in this direction such that lower 

beds have a greater angle of dip than to the upper ones.  The beds have been folded and are 

broken by faults in some places. A graben structure (a down-thrown faulted block of sediments) is 

located approximately seven miles south of the EDCC facility.  The fault planes which form the 

graben strike northwest-southeast. 

 The Claiborne Group hydrogeologic formations consist of, in ascending order, the Cane 

River Formation, Sparta Sand, Cook Mountain Formation, and Cockfield Formation.  These 

formations are generally composed of interbedded sequences of sand and clay.  Sand beds in the 

Cockfield Formation and Sparta Sand contain most of the fresh groundwater in Union County.  

Geologic units below the Sparta Sand contain saline water.  The Cane River and Cook Mountain 

Formations are regional confining units. 

 Within the Claiborne Group, two units crop out in Union County, the Cook Mountain 

Formation and the Cockfield Formation.  The Cook Mountain is overlain by the Cockfield Formation. 

 The Cook Mountain is uniformly underlain by the Sparta Formation.  The Cook Mountain is 50 to 

200 feet thick and is composed of clay and silty clay containing minor amounts of localized very fine 

to silty sand.  These clays serve as a confining unit between the more permeable overlying 

Cockfield Formation and the underlying aquifer.  The Cockfield Formation, locally referred to as the 

“lignite sand”, is generally characterized by fine sand, interbedded silty clay and lignite becoming 

more massive and containing less silt and clay with depth.  Previous site investigations summarized 

in Section 3 determined that the Cockfield Formation at the EDCC site consists of interbedded 

sand, silty sand, silt and clay, with more clay in the northern area of the property and more sand to 

the south. 
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 Quaternary alluvial and terrace deposits are present primarily in the bottomlands of the 

Ouachita River and its major tributaries in the northern and eastern parts of the county.  The 

nearest outcrops of the Sparta Sand are about 4 miles west and 3 miles northwest of the northwest 

corner of Union County, in Columbia and Ouachita Counties, respectively. 

 Broom, et. al. (1984) have characterized the regional hydrogeology in a study of salt water 

contamination of groundwater in Union County, Arkansas and the regional hydrogeologic 

description in this report is based largely on their work.  Additionally, two studies (Fitzpatrick, et. al., 

1990 and McWreath,. et. al., 1991) which simulated the response to pumping stresses in the Sparta 

aquifer are also referenced in the regional hydrogeologic setting.  This section describes principal 

aquifers used for potable water supplies near the EDCC facility; including the Cockfield aquifer, the 

Greensand aquifer, and the EI Dorado aquifer.  Both the Greensand aquifer and the El Dorado 

aquifer are commonly referred to as the Sparta aquifer. 

 

 2.5.1  Cockfield Aquifer 
 

 The Tertiary-aged Cockfield Formation (part of the Claiborne Group) is exposed over most 

of' Union County.  The formation includes sands, silts, and carbonaceous (calcitic) clays with minor 

amounts of interbedded lignite and gypsum.  In some areas the formation contains lenticular beds 

of lignitic sands (Broom, et. al., 1984; and McWreath, et. al., 1991). The average thickness of the 

Cockfield Formation is approximately 200 feet in Union County.  Overlying this formation is a thin 

veneer of Quaternary-aged alluvial sediments along the Ouachita River and its tributaries. 

 An investigation of site conditions was conducted in 2004 by Environmental Management 

Systems (EMS, 2004) to characterize the shallow stratigraphy of the Cockfield and define the top of 

the confining clay unit (Cook Mountain Formation).  The geologic investigation report is included in 

Appendix X, and describes the sediments of the Cockfield as grey to orange sands, silts, and clays. 

 Thickness of the Cockfield Formation generally increases from north to south at the site, ranging 

from 14 feet (MW-3) to 76 feet (MW-22). 

 Recharge to the Cockfield aquifer is local and groundwater occurs under unconfined 

conditions.  Some semi-confined conditions have been found to exist where overlying sediments 

have high clay content.  The configuration of the water table within the Cockfield Formation 

generally reflects local topography with flow being towards existing surface drainage features.  

Water levels in wells range in depth from near land surface in low-lying areas to as much as 50 feet 

deep at elevated locations. 

 Coefficient of vertical permeability values in the formation ranging from 1.0 x 10-3 cm/sec for 



 

August 8, 2007 12 

sandy materials to 5.0 x 10-8 cm/sec for the more clayey sediments.  This wide range reflects the 

varying clay content of the sediments.  In general the aquifer’s horizontal hydraulic conductivity is 

greater than the aquifer's vertical hydraulic conductivity and locally perched groundwater is typically 

found where clay content is high.  Further, clay horizons can generate semi-confined conditions 

when the clayey material overlies more permeable zones and hydrostatic head is driven by 

recharge areas at higher elevations. 

 The Cockfield aquifer was the primary source of groundwater for both domestic and 

industrial use prior to the 1920s but domestic use of this source has continued to decline since this 

time; owing to the development of rural water supply systems that reduced demand on the 

Cockfield aquifer (Broom, et. al., 1984). 

 

 2.5.2  Cook Mountain Formation 
 

 Underlying Cockfield Formation is the Cook Mountain Formation in most areas except where 

erosion has removed overlying Cockfield sediments to expose the Cook Mountain Formation. Low 

permeability clays and silty clays with lesser amounts of very fine sands characterize the Cook 

Mountain Formation.  This formation functions as a lower confining unit (aquitard) for the Cockfield 

aquifer and an upper confining unit and underlying aquifer known as the Sparta. 

 The thickness of the confining Cook Mountain ranges from approximately 50 feet to 200 feet 

across the region.  In a Phase I Subsurface Investigation Report for the EDCC facility prepared by 

Woodward-Clyde (1996), the thickness of this confining unit in the vicinity of the EDCC site was 

estimated to be 200 feet.  The Geologic Investigation performed by EMS (2004) defined the top of 

the Cook Mountain Formation at the site to range from 180 to 90 MSL, dipping from north to south. 

Results of a calibrated regional finite-difference model performed by Hays, et. al. (1998) estimated 

vertical hydraulic conductivity of the Cook Mountain confining unit to range from 1.06 x 10-6 cm/sec 

to 3.18 x 10-9 cm/sec. 

 

 2.5.3  Sparta Formation 
 

 The Sparta Formation is Tertiary in age and a primary source of groundwater for industrial, 

municipal, and agricultural uses in southern Arkansas and northern Louisiana.   In Union County, 

withdrawals from the aquifer increased since development related to the beginning of an oil boom in 

the early 1920’s until the 1960’s, resulting in water level declines of over 250 feet in El Dorado.  

Additionally, the chloride concentration within the aquifer has continued to increase.  In 1996, the 
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Arkansas Soil and Water Conservation Commission designated five counties in Southern Arkansas, 

including Union County, as a “Critical Ground-Water Area”. 

 In Union County, the Sparta Formation has three separate zones based on lithologic 

character and water production capacities. These zones include the uppermost Greensand aquifer, 

followed by the Sparta Formation confining bed, and the bottom most El Dorado aquifer.  Within this 

sequence, the El Dorado aquifer is the most heavily used for water supply. 

 

 2.5.3.1 Greensand Aquifer 
 

 The upper portion of the Sparta Formation is a fine-grained to very fine-grained glauconitic 

sand containing lesser amounts of silts and clays known as the Greensand aquifer.  This aquifer is 

situated between the overlying Cook Mountain confining unit, and an underlying clay-rich horizon of 

the Sparta Sand which acts as a lower confining unit.  Groundwater in the Greensand exists under 

confined conditions.  The structural top of the aquifer in the vicinity of El Dorado ranges from mean 

sea level (msl) to 50 feet below msl and its thickness here is approximately 200 feet (Leidy and 

Taylor, 1992).  Regional flow direction within the aquifer is south-southeast (Broom, et. al., 1984). 

 The El Dorado aquifer is more productive than the Greensand aquifer and has a significantly 

greater potable water supply demand.  Recharge to the Greensand aquifer is via precipitation and 

from streams flowing across outcrop areas.  To a lesser extent, the aquifer can receive recharge 

from leakage across confining beds when the vertical hydraulic gradient is toward the aquifer. 

 

 2.5.3.2  Sparta Sand Confining Bed 
 

 Although the Sparta aquifer is commonly regarded as a single aquifer, Broom, et. Al. (1984) 

noted that in Union County a 50 to 150 foot thick largely marine clay horizon existing within the 

middle portion of the Sparta Formation acts as a confining unit.  Both vertical and horizontal 

hydraulic conductivity is therefore low in comparison to the overlying and underlying sediments 

because the clay horizon serves as a confining layer between the upper and lower Sparta 

Formation, such that they act as separate aquifers.    

 

2.6  Ecological Setting 
 
 2.6.1  Landscape Setting 
 
 The City of El Dorado and Union County, Arkansas are part of the Gulf Coastal Plain (GCP) 
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ecoregion.  An ecoregion is generally described as a relatively large area that contains 

geographically distinct natural community assemblages, where communities share a large majority 

of their species, dynamics, and environmental conditions, and the communities also function 

together as a single, large-scale conservation unit.  The ecoregion encompasses an area of 

approximately 26,250,000 acres or 40,970 square miles, and includes parts of Arkansas, Louisiana, 

Oklahoma, and Texas.  The region extends south approximately from Little Rock, Arkansas to south 

of Shreveport, Louisiana, southwest to Houston, Texas and northwest to outside the Dallas Fort 

Worth, Texas area.  Ecoregions that border the GCP include the Lower West Gulf Coast Plain to 

the south, the Gulf Coast Prairies and Marshes to the southeast, the Crosstimbers and Southern 

Tallgrass Prairie to the West, the Ouachita Mountains to the north, and the Mississippi River Alluvial 

Plain to the East.   A map depicting the GCP and surrounding ecoregions is provided in Figure 2.2.  
 As described by ADEQ’s Regulation No. 2, the Arkansas Water Quality Standards, (ADEQ, 

2000) Union County, El Dorado and the EDCC facility are situated within the Gulf Coastal Plain 

Aquatic Ecoregion as describer by Omermik J.M, (1987). 

 

 2.6.2  Topography 
 

 The topography of the Gulf Coastal Plain Aquatic Ecoregion (GCPAE) ranges generally from 

flat to rolling hills, with occasional ravines and erosion terraces.  Although there are sections of the 

GCPAE with steep terrain ranging from 150 to 300 feet above sea level, the terrain of the EDCC 

facility and surrounding facility boundary ranges from 200 to 150MSL elevation.  The EDCC facility 

is located on a watershed divide with storm flow directed from the centroid of the facility to both the 

north and south into unnamed tributaries with very small watersheds (both less than 2 square 

miles).  
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 2.6.3  Climatology 
 

  On the broad scale, the GCP climate is transitional, between subtropical humid areas of the 

south and gulf, and the continental climates of the Great Plains and Midwest.  South or 

southwesterly winds contribute to hot, humid summers and mild winters.  Spring and fall are 

typically mild and winter temperatures average from 50° - 63° F in the afternoons to 39°- 50° F in 

the early mornings; with approximately 30 to 40 days of freezing temperatures in the winter.  In 

warmer months the temperature varies less, with afternoon temperatures averaging between 85° - 

95° F and morning temperatures averaging 68° -75° F.   

 Figure 2.3 depicts the monthly average, monthly maximum and monthly minimum 

temperatures for El Dorado as recorded at the El Dorado airport for the period from 1976 through 

2007. The monthly maximum temperatures exceed 90°F (approximated 95°F) during July and 

August and approximate 90°F for June and September.   The minimum temperatures approximate 

30°F during January and December, which are the coldest months.  Over the 30 year period there 

is a steady increase to the summer time maximums from January, then steadily decreasing till 

December minimums.  

 Precipitation occurs throughout the year, though most rainfall occurs in the spring and fall.  

Thunderstorms and extreme weather can occur throughout the year, though they are more 

prevalent in the spring and fall in the northern part of the ecoregion, and in the spring and summer 

in the southern part of the ecoregion.  El Dorado, Arkansas receives approximately 46 - 52 inches 

of precipitation a year with approximately 100 days receiving measurable rainfall.  The 2-year, 24 

hour storm event is approximately 4.5 inches, while the 10-year 24 hour event is greater than 7 

inches.  May averages the greatest precipitation (over 5 inches), closely followed by December and 

March. August and September are typically the driest months with three (3) inches or less per 

month (Figure 2.4).   
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 2.6.4  Terrestrial Systems & Processes 
 

 Habitats and species composition on the EDCC facility have not been surveyed.  The 

industrial nature of the existing production area limits the existence of a high-quality terrestrial 

habitat.  Although surrounding undeveloped (e.g. non-industrial) areas within the EDCC property 

boundary are vegetated, the areas have been harvested and replanted with loblolly pine 

plantations, or are scrub/scrub early successional vegetation.  There are no native terrestrial 

ecosystems within the EDCC property boundary.   

 Other non-industrial uses include grazing and pasture.  Habitat fragmentation caused by 

industrial activity, urban growth, and suburban development also occurs throughout the region.  

Stressors to terrestrial ecosystems in the region are caused by habitat destruction or conversion 

(i.e., grazing and agriculture), habitat fragmentation, and alteration of natural fire regimes.  Improper 

forestry practices, development, conversion and agriculture, and fire suppression are stressor 

sources.  Fragmentation and loss commonly occurs as conversion, including grazing and 

agriculture.  Habitat alteration and incompatible land use include incompatible agricultural and 

commercial use as well as development.  Invasive fire-intolerant species include exotics such as 

lespedeza, cedars, and kudzu. 

 Various degrees of disturbances have occurred throughout the ecoregion based upon land 

use. Biodiversity in many areas has been disturbed by clearing for timber, agriculture, grazing, or 

mineral extraction.  Aside from areas permanently developed to accommodate population growth 

trends and associated commercial activities, many previously disturbed areas have been or are in 

the process of improving, although suppression of a natural fire regime continues persist as a 

stressor. 

 

 2.6.5  Aquatic Systems 
 

 As described in Section 2.6.2, the EDCC facility is located atop a watershed divide and 

storm flow feeds two (2) small unnamed tributaries, one on the north and one on the south. Both 

unnamed tributaries are part of the Flat Creek watershed and generally flow from west to east to 

Flat Creek which flows to Salt Creek, then to Smackover Creek, then to the Ouachita River.  In the 

unnamed tributaries, storm flows provide the wetted stream habitat in the northern tributary while 

the southern tributary receives flow from the primary NPDES discharge Outfall 001 as well as storm 

flows.  
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 Aquatic systems near the EDCC facility are low slope and sheet, and surface fed.  The biotic 

communities of the unnamed tributaries, Flat Creek, Salt Creek have been described in numerous 

studies completed to document the existing fish communities.  (FTN, 1991, ADEQ, 1998, and 

GBMc, 2006).  These investigations have documented the presence of an established fish and 

benthic invertebrate communities typical of Gulf coastal fisheries as would be supported by streams 

of the respective watersheds.  

 Detailed habitat characterizations were also completed as part of those investigations and 

documented that stream substrates typically consist of hard pack clay, sand, and silt, depending on 

the location within the watershed.  Depending on the specific location, the unnamed tributaries may 

be free flowing or stagnated by beaver dams. 

  Primary stressors to these aquatic systems are caused by non-point source discharges and 

incompatible land use practices that lead to sedimentation.  There are limited point source 

discharges into the Flat Creek watershed including the primary discharge from EDCC. 
 

 2.6.6  Significant Ecological Receptors 
 
 The Arkansas Department of Natural Heritage (ADNH) was consulted regarding the 

presence of any threatened and/or endangered species, rare plants and animals, outstanding 

natural communities, natural or scenic rivers, or other elements of special concern near the EDCC 

facility.  ADNH documented that none of these elements occur within a mile of the facility.  

Additionally, no natural community or other special elements were noted to exist within five miles of 

the facility.   The ADNH list for union County is provided in Appendix A. 

  

3.0  SUMMARY OF PREVIOUS INVESTIGATIONS  
 

 Previous hydrogeologic investigations have been completed at the EDCC facility which has 

focused on shallow groundwater conditions at separate locations within the facility.  In general, 

these investigations confirm the information provided in this work plan regarding shallow 

groundwater as given in the preceding discussion of regional geologic and hydrogeologic settings. 

These previous subsurface investigations are summarized in this section. 

3.1  McClelland Engineers – 1980 Investigation 
 
 McClelland Engineers completed an investigation in the west-central portion of the EDCC 

property in December, 1980 (McClelland Engineers, 1980).  Investigation objectives were as 

follows: 
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• Determine general soil stratigraphy at the site in relation to groundwater characteristics 

• Establish the thickness and character of the existing soil strata 

• Establish the permeability of significant strata 

• Install wells for long-term monitoring of groundwater quality 

 

 The study concluded that the west-central portion of the site was underlain by Claiborne 

Group deposits.  The upper 10 – 15 feet of soils were found to consist of reworked alluvial deposits 

and underlying beds were largely in their unaltered original depositional form.  Cover soil in the area 

ranged from 2 to 2.5 feet in thickness and was reported to consist primarily of gray and tan sandy 

clay with 6 to 37 percent sand. 

 Stratigraphy at the site was found to be moderately variable with cross-bedding.  Significant 

variation in strata was noted to exist in four widely spaced borings around the area of the closed 

Class III landfill.  Borings for monitoring well installations were completed to depths ranging from 20 

to 40 feet.   

 Groundwater in the borings was reportedly encountered at depths ranging ranging from 7.5 

to 21 feet below ground surface (bgs).  Water was observed to rapidly rise in each boring and the 

noted rise amount was 3.5 feet in Boring C-2 (completed to 10 feet bgs) to 16.5 feet in Boring B-C 

(completed to 40 feet bgs).  This observation was noted by McClelland indicating a 'perched' 

condition and not a major groundwater aquifer.  Reported vertical permeability values for the cover 

in the area ranged from 1.0 x 10-6 to 1.0 x 10-7 cm/sec.  Vertical permeability of the natural clays 

believed by McClelland to underlie the cover soils was reported to range from 5.0 x 10-7 to 1.0 x 10-8 

cm/sec.   

 
3.2  McClelland Engineers -1981(a) Investigation 
 
 McClelland Engineers completed an investigation in the Lake Kildeer area in June, 1981.  

Lake Kildeer is located at the southern boundary of the EDCC facility.  The objectives of the 

investigation were to: 

 

• Determine general subsurface stratigraphy and definition of the first aquifer 

• Determine the degree of contamination, if any, of the first aquifer and soils resulting from 

seepage losses from the impoundment 

• Estimate the seepage losses based on groundwater seepage analysis and a water balance 

for existing and proposed reservoir levels 
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 The study concluded that the site is underlain by deposits of the Claiborne Group.  Twelve 

borings were completed with depths ranging from 18 to 100 feet below grade and piezometers were 

installed in six of the borings . Six monitoring wells were also installed, at Borings 1, 2, 2A, 3, 4 and 

5.  According to the June 1981 investigation report: 

 

• Piezometer F and Monitoring Well 1 (MW -1) were completed in a former borrow area 

located adjacent to the north end of the lake 

• Piezometer A was completed near the northeast comer of the lake 

• Piezometer E was completed north of the northern end of the dam 

• Piezometer D and MW-2, MW-2A, and MW-5 were completed east and downstream of 

the dam 

• Piezometer C was completed south of the southern end of the dam 

• MW-3 was completed east of the accessory dike on the southern side of the lake 

• MW-4 was completed near the end of the western end of the accessory dike on the 

southern side of the lake 

• Piezometer B was completed near the western end of the accessory dike on the 

southern side of the lake 

 

Soils recovered from the borings were divided into three strata as follows: 

 

“STRATUM I:  Stiff to very stiff tan and gray sandy clay (CL) was encountered at or near the 

ground surface over a portion of the site to depths of up to approximately 15 ft.  The 

permeability of this stratum is estimated to be in the order of 1.0 x 10-7 cm/sec. 

 

STRATUM II:  Medium dense to dense gray clayey sand and silty sand (SC and SM) was 

encountered beneath Stratum I or at the ground surface over most of the site to depths of 

up to approximately 50 ft.  The thickness of this stratum is greatest on the south side of the 

Impoundment Pond and beneath the embankment (approximately 30 to 50 ft.) and least on 

the north and west sides of the pond (approximately 0 to 20 ft).  Measured permeability 

values were found to vary widely over the range of 1.3 x 10-4 to 5.8 X 10-7 cm/sec. 

 

STRATUM III:  Laminated stiff to very stiff gray silty clay (CL and CH) and light gray fine 

sand (SM was encountered as the basal unit beneath Strata I and II). This stratum was 

encountered generally below EL 160 to 170 on the northwest sides of the impoundment, 
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below EL 130 on the south side and below EL 90 to 100 in the valley bottom below the dam. 

Measured permeabilities range from 9.5 x 10-5 to 7.0 X 10-9 cm/sec.  Vertical permeabilities 

are substantially less than horizontal permeabilities in this laminated zone.” 

 

 The report did not clearly identify whether each of the above-described strata should be 

treated as one or more water bearing zones.  Wells and piezometers had screens set in Stratum II 

and in Stratum III.  From the report it appears that MW-2A was screened in shallow fill material and 

it was noted that regional groundwater flow in the uppermost aquifer was towards the south-

southeast.  The report also concluded that results of chemical analysis indicate the presence of 

"little, if any contamination of either the soil or groundwater…”. 

 

 McClelland also performed a seepage analysis and water balance to determine seepage 

losses from Lake Kildeer and found this to range from 300 gallons per day (gpd) with a lake surface 

elevation of 165 feet above mean sea level (msl) to 700 gpd with a lake water surface elevation of 

175 feet above msl.  The report also noted that considerably higher or lower seepage loss 

quantities may be possible. 

 
3.3  McClelland Engineers -1981(b) Investigation 
 
 McClelland Engineers completed an investigation of the Lake Lee area in November, 1981.  

Lake Lee is located within the central portion of the EDCC facility property and directly south of the 

manufacturing process area.  The purpose of this investigation was to address potential 

contamination of the "uppermost aquifer" due to construction of the collection pond (Lake Lee).   

 Four borings were completed to depths ranging from 40 to 60 feet. Boring locations were 

selected to provide three downgradient (Borings 1, 2 and 3) and one upgradient (Boring 4) 

locations.  It is not clear from the report whether monitoring wells were installed but it is noted that 

water samples were collected from each boring by facility employees immediately upon 

encountering water.  These water samples were tested for pH, sulfate, nitrate-nitrogen and 

ammonia-nitrogen.  A variable head aquifer test was also performed on Boring 3. 

 The report concluded Clairborne Group deposits exist below Lake Lee below 162 to 164 feet 

above msl within the pond area and below 147 feet above msl downgradient of the Lake Lee.  Fill 

and/or alluvium was noted as existing above these deposits.   Deposits encountered in the borings 

were divided by McClelland into four strata as follows: 
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"Stratum I:  Fill consisting of very stiff to firm tan gray and brown sandy clay (CL) with some 

gravel encountered at the ground surface to depths of 5 to 17 feet (generally to EL 166 to 

170 within the pond area). The mass permeability of this stratum is in the order of 7 x 10-7 to 

5 x 10-8 cm/sec. 

 

Stratum II:  Soft to stiff gray with tan sandy clay (CL) was encountered beneath the fill to 

depths of approximately 15 to 20 ft. This stratum contains some silty sand pockets and 

seams and consequently possesses a horizontal permeability in the order of 5.0 x 10-6 to 1 

X 10-5 cm/sec. This stratum represents geologically recent alluvial deposition. 

 

Stratum III:  Very stiff brown and dark gray clay (CL to CH) with light gray silt and fine sand 

partings and seams was encountered beneath the alluvial zone to the completion depths of 

40 ft. in Borings 1, 2 and 4 and to a depth of 49 ft. in Boring 3. 

 

Numerous sand seams and layers were encountered below depths of 35 ft. in Boring 3 and 

32.5 ft. in Boring 4. The mass vertical permeability of this stratum is in the order of 5 x 10-8 

to 1 X 10-7 cm/sec. In the deeper zone more frequent sand seams are encountered and the 

mass vertical permeability could approach 1 x 10-5 and 1 x 10-4 cm/sec. 

 

Stratum IV: Dense light fine sand (SN to SP) with occasional clayey seams was 

encountered beneath Stratum III in Boring 3 at a depth of 49 ft. The coefficient of 

permeability is estimated to be 1.0 x 10-3 cm/sec for this sand stratum." 

 

 Static groundwater levels in the four borings ranged from 4 feet bgs grade in Boring 3 to 

24.5 feet bgs in Boring 1.  Groundwater flow direction was found to approximate the southeast 

sloping surface topography.  It was concluded that the water bearing zone encountered during this 

investigation did not represent the uppermost aquifer.  McClelland interpreted the uppermost aquifer 

as existing within Stratum IV sands encountered below 115 msl. 

 This report made no apparent conclusive determination regarding the potential for 

contaminated soil or groundwater to exist within the Lake Lee investigation area. 
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3.4  Grubbs, Garner & Hoskyn - 1992 Investigation 
 

 In September 1992, Grubbs, Garner & Hoskyn (GGH) completed an investigation of the on 

site Class III Landfill to define site stratigraphy and determine groundwater depth and movement in 

the study area.  Three borings were completed to depths ranging from 20 to 25 feet bgs and 

monitoring wells were installed in each of the three borings.  

 According to information provided in a January 1996 Phase I Subsurface Investigation report 

prepared by Woodward-Clyde Consultants, EDCC personnel stated that the GGH Report has the 

designations for Monitoring Well 1 and Monitoring Well 3 reversed from EDCC's understanding of 

the monitoring well designations. Therefore, this section of this report follows the monitoring well 

designation understood by EDCC (i.e., Monitoring Well 1 is located east of Landfill Area 1 and 

Monitoring Well 3 is located south of Landfill Area 5). For excerpts of the report that are in direct 

quotes, the GGH report is recited as written, but will insert the EDCC designations in parentheses. 

 The Class III Landfill site was found to be underlain by Claiborne Group deposits and GGH 

projected that the base of the Cockfield and the top of the Cook Mountain Formation would be 

encountered at a depth of about 100 feet bgs.  GGH summarized the stratigraphy encountered in 

borings at the site as follows: 

 

"Stratum I:  Loose to medium-dense brown, tan and gray clayey silt and silty fine sand to 

fine sandy silt was encountered at the ground surface to depths of 2 to 4 ft. 

 

Stratum II:  Stiff to very stiff gray and yellowish tan clay and sandy clay with silty sand 

seams was encountered beneath Stratum I to depths of 13 to 20 ft.  The more clayey 

portions of this stratum were found to possess vertical hydraulic conductivities in the range 

of 3 x 10-9 to 5 x 10-9 cm/sec. Due to the presence of intermittent sand seams, horizontal 

hydraulic conductivities are substantially greater than these recorded vertical conductivities. 

 

Stratum III:  Medium dense to dense tan and gray silty fine sand was encountered beneath 

Stratum II in Monitoring Wells 2 and 3 (EDCC Well 1) to the boring completion depths. Grain 

size analyses indicated hydraulic conductivities ranging from 4 x 10-4 to 8 x 10-4 cm/sec. 

Review of this and previous studies indicate that this sand stratum is present over most of 

the existing and old landfill sites. 
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Stratum IV:  Very stiff, dark brown clay was encountered beneath Stratum III in Monitoring 

Well 1 (EDCC Well 3) to the boring completion depth.  A coefficient of permeability of 5 x 10-

9 cm/sec was obtained. This clay stratum was also encountered in Boring 3 of the previous 

study. Apparently, this predominantly clay unit is confined to the northeastern portion of the 

existing landfill." 

 

 A potentiometric surface map prepared by GGH indicated shallow groundwater flow to be 

generally towards the southeast beneath the preexisting Monsanto landfill and generally towards 

the south beneath the closed Class III Landfill, and towards the valley of an unnamed tributary that 

crosses the EDCC property on the south side of the Production Area. 

 

3.5  Woodward-Clyde - 1996 Phase I Subsurface Investigation 
 
 In compliance with the terms of CAO LIS 95-070, EDCC arranged for Woodward-Clyde to 

conduct a Phase I investigation in accordance with a Groundwater Monitoring Work Plan (GMWP) 

dated September 19, 1995, and approved by the Water Division of the ADEQ on October 12, 1995. 

 The GMWP proposed to define groundwater quality beneath the EDCC facility by conducting a 

phased investigation approach, with Phase I involving preliminary delineation of shallow 

groundwater elevation and quality at 35 locations throughout the facility using direct-push 

technology and groundwater sampling and analysis. 

 Unfiltered groundwater samples were collected at all thirty-five well point locations, (Figure 

provided in Appendix A)  All water samples were analyzed for total lead, total chromium, nitrate-

nitrogen, and sulfate.   A majority of the recovered groundwater samples were found to be turbid, 

and contained a significant layer of sediment upon settling.  It was noted in the Phase I report that 

sample turbidity could contribute to sample matrix interferences for total metals and/or increased 

total metals results. 

 

Well point locations are summarized below:  

Well Point Number Targeted Area of Potential Concern 

1, 2, 3, 4 Background, along northern property boundary 
9, 11, 21, 35 Lake Kildeer Downgradient Area 
5, 6, 7, 19, 22 Lake Lee/Lake Kildeer Buffer Area 
23, 24, 25, 26 Lake Lee Area 

8, 10, 12, 13, 14, 15, 16, 17, 18 Lake Kildeer Area 
20, 27, 28, 29 Nitrate truck and train loading areas 

30, 31, 32, 33, 34 Acid concentrator units, acid loading areas 
A summary of the well point investigation program including the installation depths at each location. Is provided in 
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Appendix A. 
 Groundwater was confirmed to exist at each of the 35 well point locations. Using the 

approximate groundwater elevations obtained during the water level survey, a contour map 

depicting a generalized groundwater flow direction was developed and indicated the general 

direction of groundwater flow over most of the EDCC site to be towards the east-southeast.  The 

map suggested that groundwater flow is locally affected by ground surface topography, especially in 

the northeast portion of the site, where local groundwater flow direction appears to be toward the 

southwest.  The contour map also indicated that Lake Lee and Lake Kildeer locally affect 

groundwater flow direction in their respective vicinities. 

 Analytical results indicated that lead and chromium were present in the groundwater at 

relatively similar concentrations throughout the EDCC site.  The groundwater data obtained from 

the four upgradient locations that were installed along the northern property line (WP-l through WP-

4) indicated that lead and chromium concentrations were consistent with concentrations found 

throughout much of the EDCC site.  Several well point locations were also found to exhibit elevated 

concentrations of nitrate and sulfate.  

 
3.6  Woodward-Clyde - 1996 Phase II Subsurface 

Investigation 
 
 Phase II activities were executed by Woodward-Clyde in February 1996 and included 

installation of eighteen new groundwater wells, sampling of four existing groundwater monitoring 

wells, and abandonment of eighteen existing piezometers/monitoring wells previously installed at 

the EDCC facility.  The wells were located and installed at various points around the EDCC facility 

(Appendix A).  

 Static groundwater elevations were measured for each well location and used to develop a 

potentiometric surface map that indicates an east-southeasterly groundwater flow direction as is 

consistent with previous site investigations. 

 Groundwater samples were collected and analyzed for lead (total and dissolved), chromium 

(total and dissolved), nitrate and sulfate.  The Phase II groundwater data generally indicated lower 

concentrations and lower frequency of detection of lead and chromium than data obtained during 

the Phase I Subsurface Investigation.  Reduced Phase II lead and chromium sample concentrations 

were believed to be associated with decreased turbidity in groundwater samples obtained from the 

Phase II monitoring wells.  Both nitrate and sulfate concentrations and frequency of detection were 

similar for the Phase I and II data, although maximum sulfate concentrations measured during the 

Phase II investigation were lower. 
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3.7  Environmental Management Systems - 2004 Geologic 
Investigation 

 
 Environmental Management Systems (EMS) performed additional study of the geologic and 

hydrogeologic conditions of the EDCC site in January 2004.   The objectives of the investigation 

were to (1) further characterize the shallow site stratigraphy with borings that penetrated through to 

the confining clay unit (Cook Mountain Formation), and (2) further define groundwater flow and 

quality. 

 A total of eleven borings were advanced and four monitoring wells installed.  Soil 

conductivity was logged for each boring to aid definition of the top of the Cook Mountain Formation. 

 Data obtained from this investigation was compiled with boring information from previous work by 

EMS and others to refine the site geological characterization.  The top of the Cook Mountain was 

defined as ranging from 180 to 90 MSL, dipping from north to south across the site.  Groundwater 

depths were recorded and water samples collected for analyses.  Consistent with prior 

measurements, the groundwater flow direction was noted as from northwest to southeast with the 

exception of localized areas where shallow perched groundwater likely exists.  Analytical results 

indicated that ammonia, nitrate, chromium and lead were below detection levels in the four new 

monitoring wells (MW-19, MW-20, MW21, MW-22).   

 

4.0 EVALUATION OF GROUNDWATER DATA AND 
IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 
(COPC) 

 

The risk assessment is being completed in accordance the requirements of CAO LIS No. 

06-153 for the purpose of providing information needed to guide development of the RAP related to 

potential groundwater impacts.  Pollutants for evaluation are listed specifically in the CAO, and are, 

ammonia, dissolved chromium, total chromium, dissolved lead, total lead, nitrate, pH, sulfate, total 

dissolved solids (TDS), dissolved vanadium and total vanadium.  Each of these chemicals was 

evaluated qualitatively and quantitatively for their inclusion as COPC in regards to human health 

risk and ecological risk.  Existing groundwater data was utilized for assessment of risks in this Risk 

Assessment. 
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4.1  Groundwater Monitoring 
 
 Groundwater monitoring at the EDCC site has been completed historically by Environmental 

Management Services, Inc. (EMS) of Baton Rouge, Louisiana.  Their 2006 Groundwater Report 

dated March 29, 2007 was used as the source of groundwater monitoring data for the risk 

assessments.  The monitoring presented in the EMS 2006 report was completed following quality 

assurance protocols which included trip blanks, field blanks, and duplicate sample collections and 

analysis.  In-situ parameters and water surface depth were recorded at each well during each 

monitoring event.  Data from this report utilized in the risk assessment spans a period of record 

from 2001-2006. 

 
4.2  Data Quality 
 

 A database of groundwater data for each of the constituents listed in the CAO from 2001 to 

2006 was compiled and analyzed.  Groundwater data collected from 22 monitoring wells (3 

upgradient and 19 Downgradient) were compiled in the database.  Quality assurance for the 

creation of the database was maintained through checking data entries for a minimum of 10% of the 

data entry.  Data entries were checked again for accuracy after any significant data sorting, 

rearranging or transfer to other programs. 

All analytical concentrations below the method detection levels (MDL) were set equal to the 

MDL for conservative use in statistical analysis.  The MDL for each constituent were checked 

against screening values to assess if constituents had been analyzed to the levels necessary for 

comparison to risk based thresholds.  Table 4.1 presents a summary of that comparison.   
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Table 4.1.  Summary of MDL’s and risk based screening thresholds. 

Constituent in Water 
Lab 
MDL 

(mg/L) 

95%UCL 
above 
MDL in 
each 
area 

Human Health 
Screening Value (mg/L) 

Lowest Ecological 
Screening Value 

(mg/L) 

ammonia 0.50 * 0.21 2.563 

dissolved chromium 0.02  n/a1 n/a 

total chromium 0.02  0.112 0.011 

dissolved lead 0.015  n/a1 n/a 

total lead 0.015 * IEUBK model 0.0007 

nitrate 0.50 * 10 42.6 

pH n/a1 n/a n/a1 6-9 (range) 

sulfate 2.0 * n/a1 n/a 

TDS 2.0 * 250 n/a 

dissolved vanadium 0.02  n/a1 n/a 

total vanadium 0.02  0.037 0.0124 
1No data available or defer to total metal. 
2Value for Chromium VI 
3Value at pH of 5.00 s.u. 
4USEPA Region 5 value, three other references cite values of 0.019 or 0.02. 

 

4.3  Statistical Analysis of Data 
 

Statistical analysis of the groundwater data was completed using the computer programs 

Excel® and Systat® (or Sigmastat®).  Upgradient (background) wells were grouped (ECMW1-

ECMW3) for analysis while each Downgradient well was analyzed individually.  Statistical analysis 

began with an assessment of data distribution.  The distribution of data for each constituent at each 

well was first graphed as a histogram to visually asses the basic distribution.  A Shapiro-Wilk’s test 

for normality was then completed on the data from each well.  The upgradient well group was found 

to not fit a normal distribution.  Therefore, since each downgradient well would be compared to the 

upgradient well grouping, non-parametric analysis methods were utilized.  A Kruskal-Wallis test was 

completed using post-hoc testing (Dunn’s method) for multiple group comparison to determine if 

statistically significant differences (at the α=0.05 level) exit between constituents in the upgradient 

wells and constituents in each of the downgradient wells.  The analysis revealed that statistically 

significant differences existed between the upgradient well group and selected downgradient wells 

for ammonia, total chromium, total lead, nitrate, sulfate, pH, and TDS.  Since at least some 

downgradient wells had elevated levels for these constituents each of these constituents were 
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retained as COPC.  Total lead was retained as a COPC, however, the MDL for lead was in excess 

of the ecological screening level, so quantitative evaluation of ecological risk will be limited.  None 

of the monitoring wells revealed statistically significant differences for dissolved chromium, 

dissolved lead, dissolved vanadium or total vanadium.  Therefore, each of these constituents was 

considered for removal from the list of COPC.  Note dissolved and total vanadium at El Dorado 

Chemical monitoring well (ECMW) 18 was elevated above the MDL but was found to not be in 

excess of background levels at an alpha of 0.05.   

 Constituents being considered from removal as COPC’s were further evaluated as to their:  

 

1. frequency of detection (how often are they detected above the MDL),  

2. their potential source (anthropogenic versus naturally occurring, most organic chemicals are 

not naturally occurring) and  

3. their necessity as essential nutrients (is it required in the human diet for good health). 

 

Table 4.2 provides the result of the evaluation. 

 
Table 4.2.  Evaluation of constituents found only at background levels. 

Constituent Infrequently 
above MDL 

Naturally 
Occurring Essential Nutrient 

Statistically Above 
Background 
levels 

Dissolved Chromium Yes Yes No No 

Dissolved Lead Yes Yes No No 

Dissolved Vanadium Yes Yes No No 

Total Vanadium Yes Yes No No 

 

 Dissolved chromium, dissolved lead, dissolved vanadium and total vanadium each meet the 

criteria for being similar to natural background levels; therefore they will be removed from the list of 

COPC and from further risk assessment.  Note total chromium and total lead are retained as COPC. 

 
4.4  Development of Point Concentrations 
 

 Groundwater at the EDCC facility can be delineated into four primary groundwater areas 

(units) to represent potential exposure.  These units are delineated mostly by density of industrial 

activities and the groundwater characteristics, and are described in Table 4.3.  Figure 4.1 provides 

a view of the physical location of each groundwater unit.  
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Table 4.3. Groundwater units for which point concentrations were developed. 
Groundwater Area (Units) Description Well #’s* 
Upgradient Unit Wells upgradient of facility influences, 

representing natural background 
groundwater quality. 

ECMW 1-3 

Production Unit Wells located in the most concentrated area 
of industrial activities at the facility and 
generally representing the highest potential 
groundwater contamination. 

ECMW 4-11 

Midgradient Unit Wells located near the wastewater treatment 
ponds and representing a lower level of 
industrial activity. 

ECMW 14-16 

Downgradient Unit Wells near the property line of the facility, 
Downgradient of industrial activities, and 
representative of the groundwater quality 
that could potentially be leaving the site. 

ECMW 17-22 

*Well locations are depicted in Figure 4.2  

 

 Point concentrations were developed for each COPC for each groundwater unit.  Data from 

wells ECMW 12 and ECMW 13 were not utilized in the analysis as they were in between adjacent 

units and generally represented COPC concentrations near detection for the CPOCs.  Statistical 

analysis was completed for the combined ECMW data in each groundwater unit in order to develop 

95% UCL for the arithmetic mean of the data.  The data distribution of each groundwater unit was 

evaluated for normality and each units data set was found to not meet the assumptions of normality. 

 Therefore, a distribution-free statistical method was used to calculate the 95%UCL for each 

groundwater unit.  The equation used is presented below. 

 X + Z1 – α/2 (s / √n))   (Gilbert, 1987) 

 

  Where: X = mean 

Z = Values of probability (p) corresponding to Zp for a normal 

curve 

α = probability level 

s = standard deviation 

n = number of data points in sample 

 

 The resulting 95%UCL for each constituent will be used as point concentrations for 

groundwater and surface water exposure in this report and are provided in Appendix B. 
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4.5  Screening to Benchmarks and Risk Thresholds 
 
 The remaining COPC’s (ammonia, total chromium, total lead, nitrate, pH, sulfate, and TDS) 

were compared against both human health and ecological -risk toxicity benchmark values (TBV), for 

each groundwater unit.  This was accomplished by comparing the maximum value in a groundwater 

unit to the TBV.  In all cases, the maximum values in at least one groundwater unit was in excess of 

the TBV, so each COPC was retained for risk assessment. 

 

5.0  HUMAN HEALTH RISK ASSESSMENT 
  

5.1  Overview  
 

 Exposure is the process by which humans come into contact with chemicals in the 

environment. In general, humans can be exposed to chemicals in a variety of environmental 

media (e.g., soil, water, air, food), and these exposures can occur through several pathways (e.g., 

ingestion, dermal contact, inhalation). The exposure assessment provides an evaluation of 

potential exposure pathways that could lead to human contact with site-related contaminants from 

the groundwater at this site should the groundwater migrate offsite and be utilized in residential 

wells , identifies COPC in the groundwater, and describes the methods used to evaluate exposure 

from each potential pathway that is considered possible. 

 There is no documented evidence to indicate that the site groundwater has migrated offsite. 

In addition, recent interim actions by EDCC to install and operate groundwater recovery wells 

further reduces the potential for the hypothetical exposure to occur.  

 The COPCs evaluated in this HHRA included ammonia, total chromium, total lead, and 

nitrate.  Although pH, sulfate, and TDS were identified as COPCs, sufficient information regarding 

human health affects related to these compounds is not available.  Therefore, pH, sulfide, and 

TDS were not included in the HHRA. 

 

5.2  Site Conceptual Model 
 
 The EDCC facility is used for industrial operations under the direct control of EDCC and 

because of the heavy industrial nature of the site, it is considered very probable that this land use 

will not change in the future. EDCC maintains strict control of the site and will restrict access to 
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groundwater at the site. Figure 5.1 presents a site conceptual model showing the potential 

exposure pathways. Exposure scenarios that may be complete and potentially significant are 

shown in Figure 5.1 by boxes containing a circle. If sufficient data are available to support 

evaluation, the pathway is indicated by a solid black circle. An open circle indicates a pathway that 

is potentially significant but which lacks sufficient information to allow meaningful evaluation. 

Pathways that may be complete but which are likely to contribute only occasional or minor 

exposures are shown by boxes with an "X". Incomplete pathways (i.e., those which are not 

documented to occur) are shown by open boxes. The following sections present a more detailed 

description of site-related contamination, migration pathways, and exposure scenarios selected 

for evaluation at the site.  

 

 5.2.1  Exposed Populations  
 
 At present, the facility is used for industrial operations under the direct control of EDCC. 

Because of the heavy industrial nature of the site, it is considered very probable that this land use 

will not change in the future. Available information indicates that site related contaminants have 

not migrated to offsite locations and currently the potential for exposure to offsite residential 

populations does not exist.  

 
 5.2.2 Potential On-Site Exposure Scenarios 
 
 At present, there are no onsite wells in the shallow aquifer that are used as a source of 

drinking water and EDCC maintains strict control of the site and will restrict access to groundwater 

at the site, therefore onsite exposure of workers to groundwater is not of concern.  Considering 

the lack of current and future onsite exposure, the production unit is not considered further in the 

HHRA. 

 

 Exposure to Surface Water  

 There is no information available to indicate that groundwater is hydraulically connected to 

surface water (e.g., springs, seeps, etc.). 
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 5.2.3 Potential Offsite Residential Exposure Scenarios  
 
 Ingestion of Groundwater 

 Available information indicates that site related contaminants have not migrated to offsite 

locations and groundwater wells for residential use are not installed in the shallow aquifer at 

offsite locations. Offsite groundwater wells are not installed in the shallow aquifer and installation 

of drinking water wells at offsite locations in the shallow aquifer is not likely in the future due to the 

availability of municipal water provided by the City of El Dorado and availability of groundwater 

from the Sparta aquifer.  Therefore, the potential for exposure to offsite residential populations 

does not exist. The exposure scenarios for offsite residents are not currently completed pathways. 

 Although offsite groundwater wells are not currently installed or expected to be installed in the 

shallow aquifer, this hypothetical exposure pathway was evaluated to characterize the level of 

concern that would exist in the event that COPCs migrated offsite and offsite groundwater wells 

were installed in the shallow aquifer for use by a residential population. 

 

 Inhalation of Volatile Compounds Released from Indoor Use of Groundwater  

 If groundwater from the shallow aquifer were ever to be used for indoor purposes at offsite 

residential locations, volatile compounds present in the water could be released from the water 

into indoor air, leading to inhalation exposure of residents. As noted above, even though the 

shallow groundwater is not currently used for any indoor purposes, this hypothetical pathway was 

evaluated to characterize the level of concern that would exist if offsite groundwater wells were 

ever installed by a residential population. 

 
 Inhalation of Volatile Compounds from Soil Gas 

 Subsurface groundwater that is contaminated with volatile compounds may release those 

compounds into soil gas, and the volatile compounds may diffuse laterally and upward through 

pores in the soil and be released at the surface. If the surface is not covered by a building, the 

volatile compounds enter outdoor air where they are diluted and dispersed by wind. Therefore, 

inhalation of volatile compounds in outdoor air is not considered to be an important exposure 

route. However, if the volatile compounds approach the surface at a location near a building, the 

soil gas may be drawn into the building and the concentration in the building may tend to build up. 

Inhalation of volatile compounds in indoor air volatilized from soil gas emanating from groundwater 

is considered a complete pathway for indoor residents offsite. 

 Ammonia is the only potential COPC volatile compound at the site. Guidance documents for 
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vapor intrusion modeling indicate that a chemical is considered to be sufficiently volatile if its 

Henry’s law constant is 1 x 10-5 atm-m3/mole or greater. The ASTDR toxicological profile for 

ammonia indicates that the Henry’s law constant for ammonia ranges from 7.3 x 10-6 to 1.6 x 10-5, 

which is on the borderline of being considered sufficiently volatile and therefore vapor intrusion may 

not be a concern. In addition, guidance documents for modeling vapor intrusion provide necessary 

input variables (e.g., chemical and physical parameters) only for volatile organic compounds 

(VOCs). The input variables necessary to complete the vapor intrusion model include diffusion 

coefficients that are not available for ammonia. Therefore, inhalation of ammonia due to diffusion 

laterally and upward through pores in the soil and being released to the surface has not been 

addressed in this risk assessment.  However, due to the assimilation of ammonia by aerobic 

nitrifying microbes in the soil, further consideration of volatized ammonia is not required. 

 

 5.2.4 Summary of Pathways of Principal Concern  
 
 Based on the evaluations above, the pathways listed in Table 5.1 are judged to be of 

potential concern to warrant risk evaluation. Other exposure pathways are judged to be sufficiently 

minor that further evaluation is not warranted. 
Table 5.1.  Potential pathways of concern. 

Exposed Population  Exposure Medium  Exposure Route  

Ingestion of water  
Offsite Residents Groundwater 

Inhalation due to water use 

  

5.3  Quantification Of  Potential Exposure  
 
 5.3.1 Selection of Potential Exposure Points  
 
 An exposure point (also referred to as an exposure unit or exposure area) is an area where 

a receptor (e.g., resident) may be exposed to one or more environmental media. Selection of the 

bounds of an exposure point is based mainly on a consideration of the likely activity patterns of 

the exposed receptors; that is, an exposure point is an area within which a receptor is likely to 

spend most of their time and to move about more or less at random. 

 At present, there are no known offsite residences that are located above an area of 

groundwater contaminated by the site.  In addition, the historical groundwater data does not 

indicate that the site groundwater has migrated offsite. One approach for evaluating potential 

exposure and risk would be to use groundwater fate and transport models to predict the 
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concentration of contaminants at some time in the future, assuming that groundwater plumes are 

migrating toward offsite locations. However, this requires detailed data on groundwater flow, soil 

characteristics in the saturated zone, and chemical and biological degradation processes 

operating in the aquifer. At present, existing data are not sufficient to provide these inputs, so 

quantitative modeling of future groundwater concentration values at offsite locations was not 

attempted. Rather, as a screening level approach, risks were evaluated based on conservative 

assumptions to evaluate allowable concentrations of COPCs at the property boundary. As stated 

previously, because of the heavy industrial nature of the site, it is considered very probable that 

this land use will not change in the future.   

 5.3.2  Point Concentrations (PCs)  
  

 Approach for Groundwater  

 Because of the assumption of random exposure over a groundwater unit area, risk from a 

chemical is related to the arithmetic mean concentration of that chemical averaged over the entire 

groundwater unit. Since the true arithmetic mean concentration cannot be calculated with certainty 

from a limited number of measurements, the USEPA recommends that the 95th percentile upper 

confidence limit (UCL) of the arithmetic mean at each point concentration be used when 

calculating exposure and risk at that location (USEPA, 1992). If the 95% UCL exceeds the highest 

detected concentration, the highest detected value is used instead (USEPA, 1989). Additional 

information regarding the calculation of point concentrations for the site is provided in the 

description of statistical methods used for the risk assessment. Table 5.2 provides the  point 

concentrations of nitrate, ammonia, lead, and total chromium in the groundwater to be used in the 

risk assessment evaluation. 

 
Table 5.2.  Groundwater  point concentrations based on 95th percentile UCL. 

Groundwater Unit Nitrate 
(mg/L) 

Ammonia 
(mg/L) 

Lead 
(mg/L) 

Total 
Chromium 

(mg/L) 
Upgradient Unit (background) 1.48 0.549 0.020 0.021 
Midgradient Unit 39.2 3.64 0.021 0.020 
Downgradient Unit 33.6 1.50 0.032 0.063 

 

 Approach for Volatile Compounds Released from Water  

 Exposure point concentration for volatile compounds in indoor air of offsite residential 

buildings due to water use are based on groundwater concentrations at the Midgradient Unit and 

Downgradient Unit. The groundwater concentrations at the Upgradient Unit were also evaluated 
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for comparison purposes. Ammonia is the only volatile compound of concern. The calculations 

utilized to determine the exposure point concentration of ammonia due to water use are based on 

volatilization from water used in showers. 

 

Acute Exposure 

 Equations have been developed for estimating indoor air levels in the shower and bathroom 

for chemicals volatilized from use of water in the shower (ATSDR 2004b). The maximum 

concentration of a volatile compound in the bathroom can be estimated for a 10 minute shower 

and for the 20 minute period in the bathroom following a shower using the following equation: 

 

C air max = (k) (Fw) (Ts) (Cw) / Va 

 

Where:  

C air max = maximum concentration in air during the shower and after period in bathroom, 

k = fraction of chemical that evaporates from water while showering (assumed to be 0.25), 

Fw = flow rate of water through shower head in L/minute (assumed to be 8 liters/minute), 

Ts = duration of shower in minutes (assumed to be 10 minutes), 

Va = volume of shower and bathroom in liters, (assumed to be 10,000 liters, the approximate 

size of a small bathroom), and 

Cw = concentration of water in mg/L 

 

The following example shows how units cancel to arrive at mg volatile compound per cubic meter 

of air, and then convert to part per million (ppm) in air. 

 

C air max = (k) (Fw) (Ts) (Cw) / Va 

C air max = (%) (L/min) (min) (mg volatile compound/L) / L 

C air max = mg/L air 

C air max = mg/L  x 1000 L /m3 

C air max = mg/m3 

C air max = mg/m3 x 1.44 ppm/mg/m3 

C air max = ppm 
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Chronic Exposure 

 To evaluate chronic exposure, it is necessary to also include the additional ammonia 

exposure that occurs the remainder of the day indoors. The exposure for a volatile compound can 

be estimated assuming a reasonable situation where someone stays at home most of the day. 

Typically men breathe about 23 cubic meters of air each day and women breathe about 21 cubic 

meters of air each day. Assuming that some time is spent away from the home each day, 20 

m3/day has been used as an average upper-end exposure situation, therefore, the volatile 

compound exposure can be estimated using the following formula: 

 

 Daily Dose Indoor Air Exposure = (concentration indoors in ug/m3) x (20 m3/day) x 

(1mg/1000ug) 

 

 An estimate of chronic exposure can be made by using results from actual indoor air 

measurements or estimates from published information. ATSDR toxicological profile for ammonia 

indicates that the average ambient ammonia concentrations in air for the United States can be 

estimated to be 3.3 ug/L (equivalent to 2.3 ug/m3). 

 

Daily Dose Indoor Air Exposure = (2.3 ug/m3) x (20 m3/day) x (1 mg/1000 ug) 

Daily Dose Indoor Air Exposure = 0.046 mg/day  

 

 The daily dose from water use is calculated using the following equation with the 

assumption of an adult breathing rate of 1 m3/hr. 

 

Daily Dose Water Use = shower exposure + bathroom exposure 

Daily Dose Water Use = [C air max (mg/m3) x (1 shower/day) x (10 min/60 min/hr) x (1 

m3/hr)] + [C air max (mg/m3) x (1 shower/day) x (20 min/60 min/hr) x (1 m3/hr)] 

 

 The chronic exposure is estimated based on the sum of the indoor air exposure and the 

exposure due to water use. From the total daily dose, a daily air concentration can be calculated.  

 

Total Daily Dose = Daily Dose Indoor Air Exposure + Daily Dose Water Use 

 

Daily Air Concentration = Total Daily Dose ÷ 20 mg/m3 
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Table 5.3.  Ammonia point concentrations for inhalation (based on 95th percentile UCL groundwater 
concentrations). 

Acute Ammonia 
Air Concentration 

(based on water use) 

Chronic Ammonia Air 
Concentration 

(based on water use) 

Groundwater Unit 

(mg/m3) (ppm) (mg/m3) (ppm) 

Upgradient Unit (background) 1.1 1.6 0.030 0.043 
Midgradient Unit 7.3 11 0.18 0.27 
Downgradient Unit  3.0 4.3 0.077 0.11 
 

 5.3.3 Human Exposure Parameters  
 
 For every exposure pathway of potential concern, it is expected that there will be 

differences between different individuals in the level of exposure at a specific location due to 

differences in intake rates, body weights, exposure frequencies and exposure durations. Thus, 

there is normally a wide range of average daily intakes between different members of an exposed 

population. Because of this, all daily intake calculations must specify what part of the range of 

doses is being estimated. Typically, attention is focused on intakes that are "average" or are 

otherwise near the central portion of the range, and on intakes that are near the upper end of the 

range (e.g., the 95th percentile). These two exposure estimates are referred to as Central 

Tendency Exposure (CTE) and Reasonable Maximum Exposure (RME), respectively.  

 This variability in exposure between different members of the population should not be 

confused with the uncertainty that is often encountered in attempting to estimate either CTE or 

RME daily chemical intake levels. This uncertainty arises because there are usually insufficient 

data to accurately define the true distribution of key variables and to accurately identify key 

exposure parameters such as typical and upper bound intake rates, exposure frequencies and 

exposure durations. Thus, intake calculations should always be viewed as estimates that have an 

associated degree of uncertainty, both for CTE and RME values.  

 The USEPA has collected a wide variety of data and has performed a number of studies to 

help establish default values for most exposure parameters. The chief sources of these standard 

default values are the following documents:  

1. Risk Assessment Guidance for Superfund (RAGS). Volume I. Human 

Health Evaluation Manual (Part A). USEPA 1989.  

2. Human Health Evaluation Manual, Supplemental Guidance: "Standard 

Default Exposure Factors". USEPA 1991a.  

 Whenever possible, these parameters were derived from USEPA guidance. In some cases, 

no data or guidance was available, and the exposure parameters were selected based on 
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professional judgment. 

 

5.4  Toxicity Assessment  
 
 5.4.1  Overview  
  

 The basic objective of a toxicity assessment is to identify what adverse health effects a 

chemical causes, and how the appearance of these adverse effects depends on exposure level. In 

addition, the toxic effects of a chemical frequently depend on the route of exposure and the 

duration of exposure. Thus, a full description of the toxic effects of a chemical includes a listing of 

what adverse health effects the chemical may cause, and how the occurrence of these effects 

depends upon dose, route, and duration of exposure.  

 

 Non-cancer Effects  

 Nitrate, ammonia, and chromium were evaluated based on the non-cancer health effects 

associated with point concentrations. In characterizing the non-cancer effects of a chemical, the 

key parameter is the threshold dose at which an adverse effect first becomes evident. Doses 

below the threshold are considered to be safe, while doses above the threshold are likely to cause 

an effect.  

 The threshold dose is typically estimated from toxicological data (derived from studies of 

humans and/or animals) by finding the highest dose that does not produce an observable adverse 

effect, and the lowest dose which does produce an effect. These are referred to as the "No-

observed-adverse-effect-level" (NOAEL) and the “Lowest-observed-adverse-effect-lever” (LOAEL), 

respectively. The threshold is presumed to lie in the interval between the NOAEL and the LOAEL. 

However, in order to be conservative (protective), non-cancer risk evaluations are not based 

directly on the threshold exposure level, but on a value referred to as the RfD. The RfD is an 

estimate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure to the 

human population (including sensitive subgroups) that is likely to be without an appreciable risk of 

deleterious effects during a lifetime. 

 The RfD is derived from the NOAEL (or the LOAEL if a reliable NOAEL is not available) by 

dividing by an "uncertainty factor". If the data are from studies in humans, and if the observations 

are considered to be very reliable, the uncertainty factor may be as small as 1.0. However, the 

uncertainty factor is normally at least 10, and can be much higher if the data are limited. The effect 

of dividing the NOAEL or the LOAEL by an uncertainty factor is to ensure that the RfD is not 
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higher than the threshold level for adverse effects. Thus, there is always a "margin of safety" built 

into an RfD, and doses equal to or less than the RfD are nearly certain to be without any risk of 

adverse effect. Doses higher than the RfD may carry some risk, but because of the margin of 

safety, a dose above the RfD does not mean that an effect will necessarily occur. 

 Ammonia was evaluated based on the non-cancer health effects associated with the 

inhalation point concentrations developed based on groundwater data. The point concentrations 

were compared to both an acute and a chronic MRL associated with inhalation exposure (ATSDR 

2004). 

 An MRL of 1.7 ppm has been derived for acute-duration inhalation exposure (14 days or 

less) to ammonia. This acute MRL of 1.7 ppm is based on a lowest-observed-adverse-effect level 

(LOAEL) of 50 ppm for mild irritation to the eyes, nose, and throat in humans exposed to ammonia 

as a gas for 2 hours. The LOAEL was divided by an uncertainty factor of 30 (10 to protect 

sensitive individuals and 3 for the use of a minimal LOAEL). 

 An MRL of 0.1 ppm has been derived for chronic-duration inhalation exposure (365 days or 

more) to ammonia. This MRL supersedes the previous chronic inhalation MRL of 0.3 ppm derived 

in the 2002 draft for public comment version of this profile. The MRL is based on a NOAEL of 9.2 

ppm for sense of smell, prevalence of respiratory symptoms (cough, bronchitis, wheeze, dyspnea, 

and others), eye and throat irritation, and lung function parameters (FVC, FEV1, FEV1/FVC, 

FEF50, and FEF75) in humans exposed for an average of 12.2 years in a soda ash plant; no 

LOAEL was determined. The MRL was calculated by adjusting the mean exposure concentration 

of 9.2 ppm for continuous exposure (8/24 hours x 5/7 days) and dividing by an uncertainty factor 

of 10 to protect sensitive individuals. A modifying factor of 3 was added for the lack of reproductive 

and developmental studies. 

 

 Blood Lead Concentration  

 Since there are no USEPA-approved RfD values for lead, it is not possible to evaluate the 

non-cancer toxic risks of lead by calculation of a Hazard Index. An alternative approach is to 

estimate the likely effect of lead exposure on the concentration of lead in the blood of children 

using the Integrated Exposure Uptake Biokinetic (IEUBK) model. The IEUBK model can be used 

in a risk assessment to assess potential chronic exposures of children receptors to lead. 

 

 5.4.2  Toxicity Values  
 

 Toxicity values that have been established by USEPA are listed in an online database 
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referred to as "IRIS" (Integrated Risk Information System) and are also available in the USEPA 

Region 6 Human Health Medium-Specific Screening Levels. Other toxicity values are listed in 

USEPA Region 3 Risk Based Compliance, or the Health Effects Assessment Summary Tables 

(HEAST), or are available as interim recommendations from USEPA's Superfund Technical 

Assistance Center operated by the National Center for Environmental Assessment (NCEA). Table 

5.4 summarizes the toxicity values used for evaluation of human health risks from COPCs at this 

site. 

 
Table 5.4.  Toxicity values for evaluation of human health risks. 

Toxicity 
Parameter 

Ammonia Chromium 
VI 

Nitrate Source 

RfDo (mg/kg-day) NA 0.003 1.6 Region 6 HHMSSL 2007 and  
IRIS 

Tap Water (mg/L) 0.210 0.110 58 Region 3 RBC 
Acute Inhalation 
MRL (ppm) 

1.7 NA NA ATSDR Tox. Profile Ammonia 

Chronic Inhalation 
MRL (ppm) 

0.1 NA NA ATSDR Tox. Profile Ammonia 

NA – Not Applicable 
MRL – Minimum Risk Level 
 

5.5  Risk Characterization  
 
 5.5.1  Basic Methods  
  
 Non-cancer Risk 

 For most chemicals, the potential for non-cancer effects is evaluated by comparing the 

estimated daily intake of the chemical over a specific time period with the RfD for that chemical 

derived for a similar exposed period. This comparison results in a non-cancer HQ, as follows 

(USEPA 1989):  

HQ = DI/RfD  

where:  

 HQ  Hazard Quotient  

 DI  Daily Intake (mg/kg-day)  

 RfD  Reference Dose (mg/kg-day)  

 

 If the HQ for a chemical is equal to or less than one (1), it is believed that there is no 

appreciable risk that non-cancer health effects will occur. If an HQ exceeds 1, there is some 

possibility that non-cancer effects may occur, although an HQ above 1 does not indicate an effect 

will definitely occur. This is because of the margin of safety inherent in the derivation of RfD 
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values. However, the larger the HQ value, the more likely it is that an adverse effect may occur.  

 If an individual is exposed to more than one chemical, a screening-level estimate of the 

total non-cancer risk is derived simply by summing the HQ values for that individual. This total is 

referred to as the Hazard Index (HI). If the HI value is less than 1, non-cancer risks are not 

expected from any chemical, alone or in combination with others. If the screening level HI exceeds 

1, it may be appropriate to perform a follow-up evaluation in which HQ values are added only if 

they affect the same target tissue or organ system (e.g., the liver, the respiratory system, etc.). 

This is because chemicals which do not cause toxicity in the same tissues or systems are not 

likely to cause additive effects. 

 

 5.5.2  Risk Estimates For Offsite Residents  
 

 5.5.2.1  Risks from Groundwater Consumption – Nitrate and Chromium VI 
 
 Non-cancer effects from residential water consumption has been evaluated using the 

following equations from USEPA RAGS: 

 

Residential Water – Non-cancer Effects 

 

THI
EF ED C RfDo IRw RfDi K IRa

BW AT day yr
=

× × × ⎛
⎝⎜

⎞
⎠⎟ × + ⎛

⎝⎜
⎞
⎠⎟ × ×⎡

⎣⎢
⎤
⎦⎥

× ×

1 1

365  

 
where:  
 
C = chemical concentration in water (mg/L) 
THI = Target Hazard Index (unitless) 
RfDo = oral chronic reference dose (mg/kg-day), chemical specific value 
RfDi = inhalation chronic reference dose (mg/kg-day), chemical specific value 
BW = adult body weight (kg), default value 70 
AT = averaging time (yr), default value 30 
EF = exposure frequency (days/yr), default value 350 
ED = exposure duration (yr), default value 30 
IRa = daily indoor inhalation rate (m3/day), default value 15 
IRw = daily water ingestion rate (L/day), default value 2 
K = volatilization factor (unitless), default value 0.5 
 
 The risks associated with nitrate and chromium VI for offsite residential water consumption 

are summarized in Table 5.5. Since offsite data are not available, the 95th percentile UCL 

concentrations at the Midgradient Unit and Downgradient Unit were used as conservative estimate 
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for the offsite concentration of the COPC in groundwater. The risk from chromium VI resulted in a 

hazard index less than 1.0 for both the Midgradient Unit and Downgradient Unit exposure areas. 

The results indicate that the hazard index for nitrate is less than 1.0 for both the Midgradient Unit 

and Downgradient Unit exposure areas. Thus, there are no offsite human health risks associated 

with ingestion of nitrate or chromium in groundwater from EDCC. 
 

Table 5.5.  Calculated Hazard Index for Nitrate and Chromium VI 
Groundwater Unit Parameter Concentration 

(mg/L) 
Hazard 
Index 

Nitrate 1.5 0.025 Upgradient Unit 
Chromium VI 0.0035 0.032 

Nitrate 39.2 0.67 Midgradient Unit 
Chromium VI 0.0033 0.030 

Nitrate 35.6 0.61 Downgradient Unit 
Chromium VI 0.0105 0.096 

Nitrate RfDo = 1.6 mg/kg-day 
Cr VI RfDo = 0.003 mg/kg-day 
C (mg/L) = concentration represents 95th percentile upper confidence limit 
Cr VI concentration is based on ratio of 1/6 for Cr VI/Total Cr 

 
 5.5.2.2  Risks from Inhalation of Ammonia  
 
 The point concentration for ammonia was calculated for both acute and chronic exposure 

based on residential water use in a shower. Table 5.3 summarizes the results of the inhalation 

exposure for each area of concern. The inhalation exposure calculated for the upgradient unit 

(background) is below both the acute and chronic MRLs. The inhalation exposure calculated for 

the Midgradient Unit and Downgradient Unit exceed both the acute and chronic MRLs. However, 

there is no documented offsite residential use of groundwater, thus no offsite inhalation risk for 

ammonia. 

 

 5.5.2.3 Risks from Lead 
 
 The IEUBK model was used in the risk assessment to assess potential chronic exposures 

of children receptors to lead in groundwater. Model default parameters were used for all exposure 

pathways except the air concentration, soil concentration, and groundwater concentration. The 

groundwater concentration was set at the 32 µg/m3, which is the 95th percentile UCL concentration 

for the Downgradient Unit and was the highest 95th percentile UCL concentration of any of the 

areas of concern. The air concentration was set at 0.0151 µg/m3, which is the 95th percentile UCL 

of the Arkansas statewide ambient air concentration (USEPA 1996). The soil concentration was 

set at 100 µg/g, which is approximately five times higher than the background soil concentration 

for lead in the State of Arkansas (USEPA 2005) 
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 The modeling performed for the risk assessment produced a probability function that 

predicted the likelihood of elevated blood lead concentrations in offsite child residents. IEUBK 

model input and output information are included in Appendix C. In the case of potential exposure to 

lead, using available data and certain assumptions, the estimate of the percentage of child 

residents expected to have blood lead concentration levels in excess of the 10 ug/dL criterion 

established by Center for Disease Control (CDC) was less than five percent. The USEPA 

recommends that exposure to lead should not exceed a level such that a typical child would have 

greater than 5 percent chance of exceeding 10 μg of lead per deciliter (dL) of blood. 

  

 5.5.3  Preliminary Groundwater Targets  

 Based on the risk estimates for offsite residents, the following targets for each of the 

COPCs may be applicable at the property boundary of the site to ensure protection of human 

health.   

 

 Nitrate 
 The risk from nitrate resulted in a hazard index less than 1.0 for both the Midgradient Unit 

and Downgradient Unit exposure areas. Based on the available information and assumptions 

made in the risk assessment, the existing concentrations of nitrate in the groundwater do not 

exceed acceptable risk. Therefore, a target has not been established for nitrate and if the 

concentration of nitrate remains stable one will not be necessary. 

 

 Ammonia 
 The inhalation exposure calculated based on the ammonia concentration in groundwater for 

the Upgradient Unit (background) meets both the acute and chronic MRLs.  The analysis of the 

Midgradient Unit and Downgradient Unit indicate that both the acute and chronic MRLs are not 

met for hypothetical offsite resident, based on the conservative assumption that offsite 

groundwater concentration of ammonia are equivalent to the Midgradient Unit or Downgradient 

Unit. An appropriate groundwater target for groundwater at the property boundary of the site would 

be 0.55 mg/L, which would be equivalent to approximately the Upgradient Unit (background) 

concentration of ammonia in groundwater. This target is above the tap water concentration of 0.21 

mg/L established in the USEPA Region 3 RBC. However, since the Upgradient Unit concentration 

of ammonia is already greater than the tap water level, the target provides a goal that is potentially 

attainable.  Also, as previously discussed, the evaluation of inhalation based on the groundwater 
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concentrations in the Upgradient Unit result in point concentrations that meet the acute and 

chronic MRLs. 

 

 Chromium VI 
 Since offsite data are not available, the 95th percentile UCL concentrations at the 

Midgradient Unit and Downgradient Unit were used as conservative assumptions for the offsite 

concentration of the COPC in groundwater. The risk from chromium VI resulted in a hazard index 

less than 1.0 for both the Midgradient Unit and Downgradient Unit exposure areas. Based on the 

available information and assumptions made in the risk assessment, the existing concentrations of 

chromium VI in the groundwater do not exceed acceptable risk. Therefore, a target has not been 

established for chromium and if the concentration of chromium remains stable one will not be 

necessary. 

 

 Lead 
 The modeling performed for the risk assessment produced a probability function that 

predicted the likelihood of elevated blood lead concentrations in offsite child residents. Since 

offsite data are not available, the 95th percentile UCL concentration at the Downgradient Unit was 

used as a conservative assumption for the offsite concentration of the COPC in groundwater. The 

estimate of the percentage of child residents expected to have blood lead concentration levels in 

excess of the 10 ug/dL criterion established by CDC was less than five percent. Based on the 

available information and assumptions made in the risk assessment, the existing concentration of 

lead in the groundwater does not exceed acceptable risk. Therefore, a target has not been 

established for lead and if the concentration of lead remains stable none will be necessary. 

 

5.6  Uncertainties  
 
 Evaluation of the risks to humans from environmental contamination is frequently limited by 

uncertainty regarding a number of key data items, including concentration levels in the 

environment, the true level of human contact with contaminated media, and the true dose-

response curves for non-cancer and cancer effects in humans. This uncertainty is usually 

addressed by making assumptions or estimates for uncertain parameters based on whatever 

limited data are available. Because of these assumptions and estimates, the results of risk 

calculations are themselves uncertain, and it is important for risk managers and the public to keep 

this in mind when interpreting the results of a risk assessment. The following sections review the 
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main sources of uncertainty in the risk calculations performed at this site.  

 

 5.6.1  Uncertainties in Exposure Estimation  
 
 As described above, the risk assessment process begins with estimation of human 

exposure to potentially toxic chemicals in environmental media. There are multiple sources of 

uncertainty in these exposure estimates, as discussed below.  

 

 Uncertainties from Exposure Pathways Not Evaluated  

 Humans may be exposed to site-related chemicals by a number of pathways, but not all of 

these pathways were evaluated in this risk assessment. In most cases, this is because the 

contribution of the pathway omitted is believed to be minor compared to one or more other 

pathways that were evaluated. In these cases, omission of the minor pathways will result in a 

small underestimation of exposure and risk, but the magnitude of this underestimation is not 

expected to be significant. In the case of dermal exposure, the magnitude of the underestimation 

is generally presumed to be small, but this may vary between different chemicals and different 

exposure pathways (dermal contact with soil, sediment or water), and might become significant in 

some cases. If so, that would result in an underestimation of risk.  

 

 Uncertainties in Point Concentrations  

 In all exposure calculations, the desired input parameter is the true mean concentration of a 

contaminant within a medium, averaged over the area where random exposure occurs. However, 

because the true mean cannot be calculated based on a limited set of measurements, the USEPA 

recommends that the exposure estimate be based on the 95% upper confidence limit of the mean. 

This approach helps ensure that exposure and risk estimates are more likely to be high than low.  

 When data are plentiful and inter-sample variability is not large, the EPC may approach the 

mean of the data. However, when data are sparse or are highly variable, the EPC may be far 

greater than the simple mean of the available data. Such EPCs (substantially higher than the 

mean) reflect the substantial uncertainty that exists when data are sparse or highly variable, and 

in general are likely to result in an overestimate of risk.  

 In some cases, no direct measures of concentration in a medium were obtained, so the 

concentration values (and the EPCs) had to be estimated by mathematical modeling. This 

includes the concentration of ammonia in indoor air due to release from indoor uses of water.  In 

general, mathematical modeling of point concentrations is a source of many additional 
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uncertainties, and point estimates derived in this way often have low reliability.  

 In the case of potential future offsite exposure of residents to groundwater, no attempt was 

made to perform mathematical modeling of future offsite groundwater concentrations, and values 

were simply assumed to be equal to current onsite concentrations. This assumption does not 

account for the usual decrease (attenuation) in the concentration of contaminants in a 

groundwater plume as it migrates away from its source, nor does it account for source reduction 

actions performed at the site. 

 

 Uncertainties in Human Exposure Parameters  

 Accurate calculation of risk values requires accurate estimates of the level of human 

exposure that is occurring. However, because human activity patterns are so variable, data on the 

average and intake rates are limited for some of the pathways considered in this assessment. In 

general, when exposure data were limited or absent, the exposure parameters were chosen in a 

way that was intended to be conservative. Therefore, the values selected are thought to be more 

likely to overestimate than underestimate actual exposure and risk.  

 

 5.6.2  Uncertainties In Toxicity Values  
 
 Toxicity information for many chemicals is often limited. Consequently, there are varying 

degrees of uncertainty associated with toxicity values (i.e., cancer slope factors, RfDs). For 

example, uncertainties can arise from the following sources:  

  In general, uncertainty in toxicity factors is one of the largest sources of uncertainty in risk 

estimates at a site. Because of the conservative methods USEPA uses in dealing with the 

uncertainties, it is much more likely that the uncertainty will result in an overestimation rather than 

an underestimation of risk.  

   

 5.6.3  Uncertainties In Risk Estimates  
 
 A number of limitations are associated with the risk characterization approach for 

carcinogens and non-carcinogens.  

 First, because risk estimates for a chemical are derived by combining uncertain estimates 

of exposure and toxicity, the risk estimates for each chemical are more uncertain than either the 

exposure estimate or the toxicity estimate alone. However, even if the risk estimates for individual 

chemicals were quite certain, there is considerable uncertainty in how to combine risk estimates 

across different chemicals. In some cases, the effects caused by one chemical do not influence 
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the effects caused by other chemicals. In other cases, the effects of one chemical may interact 

with effects of other chemicals, causing responses that are approximately additive, greater than 

additive (synergistic), or less than additive (antagonistic). In most cases, available toxicity data are 

not sufficient to define what type of interaction is expected, so USEPA generally assumes effects 

are additive for non-carcinogens that act on the same target tissue and for carcinogens (all target 

tissues). 

 Because documented cases of synergistic interactions between chemicals are relatively 

uncommon, this approach is likely to be conservative for most chemicals.  

 However, it should be noted that risk estimates for different chemicals are based on toxicity 

values (slope factors and RfDs) that often have differing degrees of confidence and uncertainty 

(both quantitative and qualitative). Thus, summing HQ values and cancer risk estimates across 

different chemicals tends to commingle risks that are relatively certain with risks that are highly 

uncertain, and this makes interpretation of the combined risk estimates more difficult.  

 For non-carcinogens, summing HQ values across different chemicals is properly applied 

only to compounds that induce the same effect by the same mechanism of action. Consequently, 

summation of HQ values for compounds that are not expected to include the same type of effects 

or that do not act by the same mechanisms could overestimate the potential for effects.  
 

6.0  ECOLOGICAL RISK ASSESSMENT  
 
6.1  Introduction  
 
  6.1.1  Purpose  
 
  To date, there has been no documented occurrences of groundwater connection to surface 

water even after over 60 years of industrial activity on the current site. In addition there is no 

information to indicate that there is nexus (connection) between groundwater and surface water.  

Therefore, there are no completed aquatic pathways to result in exposure; therefore, there is no 

documented risk.  Recent actions by EDCC to install and operate groundwater recovery wells, 

further reduces the potential for the exposures pathways to develop in the future. 

  Although there is no existing nexus and/or exposure, it is possible that a connection could 

develop; therefore, the ERA is completed as though the receptors are exposed to the COPC in the 

site groundwater.  This document is a baseline ERA for the EDCC site located in El Dorado, AR. 

(Figure 6.1).   
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  The purpose of the ERA is to describe the likelihood, nature, and extent of adverse effects to 

ecological receptors resulting from exposure to contaminants released through the site 

groundwaters to surrounding areas as a result of past, present or future site activities.  This 

information, along with other relevant information, is used by risk managers to make decisions 

whether remedial actions are needed to protect the environment from site-related releases of 

groundwater. If remediation is warranted, an investigation is performed to evaluate the relative 

merits of a range of alternative remedial actions which might be undertaken to achieve risk 

management goals at the site.  

  An evaluation of potential risks to human receptors from site-related groundwater 

contamination was presented previously in Section 4.0 of this report. 

 

 6.1.2  Approach  
 
  This ERA was performed in accordance with current United States Environmental Protection 

Agency (USEPA) guidance for ERAs (USEPA 1992, 1997, 1998). The general sequence of an ERA 

is illustrated in Figure 6.2 (USEPA 1997).  The eight steps depicted in Figure 6.2 are not intended to 

represent a linear sequence of mandatory tasks. Rather, some tasks may proceed in parallel, some 

tasks may be performed in a phased or iterative fashion, and some tasks may be judged to be 

unnecessary at certain sites.  The format of this risk assessment is based on that of an ERA 

completed by USEPA Region 8 (USEPA Region 8, 2004). 

  At the EDCC site, the ERA process has been initiated by performing a screening-level 

assessment as a portion of this baseline assessment.  The screening level assessment was 

intended to support identification and refinement of COPCs. 

 Risks from site-related contaminants could be reasonably excluded from the ecological 

receptors as long as surface connections were prevented via groundwater controls and /or the 

COPC’s are not present in concentrations which present ecological risks. 

  There has been no documentation of surface water connections to the groundwater through 

spring seeps and/or surface upwelling.  However, other site regulatory requirements related to 

surface water discharges (both non-contact and storm waters) have required documentation of the 

condition of unnamed receiving streams into which the EDCC discharges (See Section 5.6.4).  

These efforts included collection of additional abiotic and biotic samples, site-specific toxicity testing 

of discharged surface waters, and an analysis of the aquatic habitat and benthic communities in site 

surface waters. This report utilizes the historical data to evaluate the potential ecological risk for the 

site as may be hypothetically impacted by groundwater should it become surface waters. 
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 6.1.3  Site Location  
 

 EDCC is located in Union County, Arkansas, just north of the City of El Dorado (Figure 6.1). 

The active production facility area is located just west of AR. Hwy. 7B and covers an area of 

approximately 1300 acres. The facility is located atop a minor watershed divide with storm water 

runoff to both the north and south into unnamed tributaries to Flat Creek in the Ouachita River 

watershed.  The flow in the unnamed tributary is storm flow dependencies and are ephemeral in 

nature.  The UTB also flows in relation to the NPDES permitted discharge.  The facility is 

surrounded by undeveloped areas predominantly new growth forest with some forest cleared for 

pasture to the north. 

 

 6.1.4  Site Description  
  

 The site is described in Section 2.0.  For convenience in site investigation activities, 

potential source areas of contamination in groundwater have been grouped in to four groundwater 

units based on the historical groundwater data.  These are: 

 

• the Upgradient Groundwater Unit (UGGU), 

• the Production Groundwater Unit (PGU); 

• the Midgradient Groundwater Unit (MGGU); 

• the Downgradient Groundwater Unit (DGGU). 

 

 Figure 6.3 illustrates the approximate boundaries of each of the four (4) AOl and their 

proximity to one another and any association with areas of potential ecological concern. The 

boundaries of each unit are loosely tied to the groundwater potentiometeric contours that have been 

used to identify similar groundwater complexes. 
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 6.1.5  Environmental Setting  
 
  Figure 6.4 illustrates the existing land uses of each of the groundwater units. The 

land use data is developed from 2001 landuse data from the Center for Advanced Spatial 

Technologies (CAST). 

 

 6.1.5.1  Upgradient Groundwater Unit (UGGU)  
 
 The UGGU comprises approximately 132 acres within the EDCC facility (approximately 

16%).  The UGGU is dominated by pine forest and mixed pine deciduous forest (approximately 

63%) and sub-dominant land use being shrub/scrub grasslands. There is little industrial 

development within this operational unit.  Although the UGGU contains habitat suitable for 

ecological receptors, there has been no documentation of surface water connection to the 

groundwater. In addition, the previous groundwater investigations have identified this unit as 

Upgradient and represents the background condition utilized in the ERA.   

 As in other operational units, there is no existing surface connection with groundwaters and 

little potential for uncontrolled release should any connection develop. Any potential groundwater 

release within the Upgradient Unit would be controlled into the existing waste water treatment/spill 

control as regulated through the NPDES permit.    

 

 6.1.5.2  Production Groundwater Unit (PGU) 
 
 The PGU comprises approximately 122 acres within the EDCC facility (15%).  The area 

within the PGU is dominated by facilities developed for production. The PGU of the facility 

contains no permanent water bodies, has little or no vegetation, other than mowed road shoulders 

and administrative office lawn, contains little habitat suitable for ecological receptors.   

 In addition there is no existing surface connection with groundwaters and little potential for 

uncontrolled release should any connection develop. Any potential groundwater release within the 

production unit would be controlled and routed into the existing waste water treatment/spill control 

as regulated through the NPDES permit.  For these reasons (e.g., lack of habitat to support 

receptors and existing regulatory controls), ecological risks within the PGU is limited to 

hypothetical scenarios only. Despite the low risk potential to ecological receptors, the risk was 

estimated as discussed in Section 6.6. 
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Upgradient Unit Midgradient Unit Downgradient Unit Production Unit
Vegetation Description Acres % Vegetation Description Acres % Vegetation Description Acres % Vegetation Description Acres %
Developed, Low Intensity 1.55 1.18% Open Water 26.45 8.78% Developed, Open Space 7.05 2.62% Developed, Low Intensity 9.15 7.49%
Developed, Medium Intensity 0.80 0.61% Developed, Open Space 8.27 2.75% Developed, Low Intensity 17.14 6.38% Developed, Medium Intensity 51.11 41.86%
Barren Land 0.05 0.04% Developed, Low Intensity 17.74 5.89% Deciduous Forest 7.01 2.61% Developed, High Intensity 6.34 5.20%
Deciduous Forest 7.02 5.35% Developed, Medium Intensity 4.98 1.65% Evergreen Forest 110.31 41.03% Barren Land 19.88 16.28%
Evergreen Forest 62.69 47.72% Developed, High Intensity 0.50 0.17% Mixed Forest 32.87 12.23% Evergreen Forest 2.53 2.08%
Mixed Forest 13.86 10.55% Barren Land 1.18 0.39% Scrub/Shrub 53.61 19.94% Mixed Forest 0.45 0.37%
Scrub/Shrub 41.29 31.43% Deciduous Forest 9.96 3.31% Pasture/Hay 0.41 0.15% Scrub/Shrub 32.19 26.37%
Woody Wetlands 4.09 3.11% Evergreen Forest 110.28 36.62% Cultivated Crops 0.40 0.15% Woody Wetlands 0.43 0.36%
Totals 131.36 100.00% Mixed Forest 9.83 3.27% Woody Wetlands 40.05 14.90% Totals 122.08 100.00%

Scrub/Shrub 90.30 29.99% Totals 268.86 100.00%
Cultivated Crops 4.44 1.48%
Woody Wetlands 17.16 5.70%
Totals 301.11 100.00%
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 6.1.5.3  Midgradient Groundwater Unit (MGGU) 
 

 The MGGU comprises approximately 301 acres within the EDCC facility (representing 

approximately 37 % of the facility) The MGGU is dominated by forest and shrub/scrub habitats 

(70%). In addition, the primary treatment pond (Lake Kildeer) is within this AOI.  Although there are 

ecological receptors within this AOI, there is no documentation to support a nexus with the 

underlining contaminated groundwater. The historical groundwater investigations (see section 3.0) 

have not identified any connection with Lake Kildeer. 

 In addition, no surface release in the form of springs and/or seeps have been identified or 

documented as part of any other historical surface water or groundwater investigations.  However, 

the potential for surface exposure is assumed to exist and the ecological risk due to the 

contaminated groundwater will be determined in the following sections (See Section 6.6). 

 

 6.1.5.4  Downgradient Groundwater Unit (DGGU) 
 
 The DGGU comprises approximately 261 acres within the EDCC facility (representing 

approximately 33 % of the facility).  The habitat within the DGGU is co-dominated by loblolly pine 

forest (approximately 37%) and shrub/scrub perennial vegetation (approximately 31%) along the 

riparian right of way of the unnamed tributary to Flat Creek.  The unnamed tributaries to Flat Creek 

are designated as supporting a seasonal warm water fishery, including the necessary aquatic 

organisms to support that fishery (ADEQ, 2003).  The DGGU is representative of the Eastern 

property boundary of EDCC, and thence consistent with risks potentially moving offsite. 

 There are areas of limited development in the northern pat of the DGGU.  Although there 

are ecological receptors within this AOI, there is no documentation to support a nexus with the 

underlining contaminated groundwater. The historical groundwater investigations (see section 3.0) 

have not identified any connection with the unnamed tributary or other wetland areas within the 

DGGU. 

 In addition, no surface release in the form of springs and/or seeps have been identified or 

documented as part of any of the historical surface water or groundwater investigations.  However, 

the potential for surface exposure is assumed to exist and the potential ecological risk due to the 

contaminated groundwater is presented in Section 6.6.  
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6.2  Nature And Extent Of Contamination  
 
 For the purposes of this assessment, areas of potential ecological exposure have been 

evaluated within each of the groundwater units and along the unnamed tributaries to Flat Creek, 

including locations that are not believed to be impacted by site-related releases and that serve as 

reference areas for the site. These reaches and reference areas are listed below (Table 6.1) and 

are shown previously in Figure 6.3 and 6.4.  
 

Table 6.1  Groundwater Unit Descriptions  
Groundwater Units and 
Reference areas Description  

Upgradient Groundwater Unit North and west of Production facility. Wells number ECMW 
1-3 representing background conditions.  

Production Groundwater Unit Industrial Area of Facility ECMW 4-11 

Midgradient Groundwater Unit  Groundwater unit south of production unit including Lake 
Kildeer and including well numbers ECMW, 14-16.. 

Downgradient Groundwater 
Unit 

Groundwater unit to southeast of production facility, 
identified by Wells ECMW 17-22. 

Unnamed Tributary  B 001 to 
Flat Creek 

Unnamed tributary, originating west of facility flowing to 
southeast, receiving discharge from Outfall 001 

Unnamed tributary A to Flat 
Creek 

Unnamed tributary, originating south and west of EDCC 
facility, flowing to east and draining southern facing slopes 
of watershed.  

Appendix B provides summary statistics (detection frequency, average, minimum, maximum) for each 

analyte in each medium in each exposure area.  
 
6.3.  Problem Formulation  
 

 Problem formulation is a systematic planning step that identifies the major concerns and 

issues to be considered in the ERA, and a description of the basic approach that will be used to 

characterize the potential risks that may exist (USEPA 1997).  Problem formulation usually begins 

by development of a conceptual site model that identifies sources of chemical release to the 

environment, evaluates the fate and transport of chemicals in the environment, and identifies 

exposure pathways of potential concern for ecological receptors. Based on the conceptual site 
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model, assessment endpoints, measurement endpoints, and testable hypotheses are identified 

that form the basis of the ERA.  As discussed in USEPA guidance (USEPA 1997), problem 

formulation is an iterative process, undergoing refinement as new information and findings 

become available.  

  

 6.3.1  Screening-Level Assessment  
 

 Although not completed independently of this baseline ERA, the data utilized in the ERA 

was initially screened to determine: 1) data quality, 2) identify data gaps that would prevent the 

completion of the baseline ERA, and 3) verify if COPC were presented at concentrations that 

would require development of risk endpoints. 

 

 6.3.1.1 Sources of Contamination  
 

 At the time of the baseline ERA, the source of potential concern was the potentially 

contaminated groundwaters, which had been identified during preliminary groundwater 

monitoring efforts required by the ADEQ.  Preliminary investigations to identify elevated levels of 

chemicals in groundwater have been completed as summarized in Section 3.0. The area of 

potential ecological concern was groundwaters within the facility property boundaries.  

 

 6.3.1.2  Ecological Receptors of Potential Concern  
 

 Initially, ecological receptors were not evaluated as part of the preliminary data 

assessment. It was not until the baseline assessment that individual ecological receptors were 

evaluated.  These included aquatic life receptors, (fish and invertebrate communities that reside 

in the unnamed tributaries of Flat Creek and wildlife receptors in the riparian zones of the 

unnamed tributaries to Flat Creek and in the undeveloped landscape of the EDCC site. 

 

 6.3.1.3  Exposure Pathways Evaluated  
 
 Exposure pathways that were evaluated in the assessment included:  

• Direct contact of aquatic receptors with surface water 

contaminated by groundwater seeps and or springs, 

• Direct contact of benthic macro invertebrates with 

sediment contaminated by groundwater seeps and /or 

springs, 
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• Direct contact of terrestrial plants that may uptake 

contaminated groundwaters, and  

• Ingestion by wildlife receptors of surface water and soils 

contaminated by groundwater. 

 

 6.3.1.4  Summary of Risk Findings  
 
 Although there is no documented nexus between existing groundwater and surface water 

feature (therefore, there is no existing completed pathway), the ERA was completed based the 

hypothetical potential that a future connection could develop. 

 Based on the preliminary risk characterization, all of the exposure pathways with the 

exception of direct contact with aquatic receptors and ingestion by wildlife could be excluded, and 

further evaluation was recommended for these pathways. However, in many cases, the available 

information on the nature and extent of contamination was limited, and the preliminary 

assessment identified a number of data areas where additional information could improve the 

reliability of the risk assessment.  These areas include: documentation of any actual surface 

connection between the groundwater and surface waters, sediment concentrations of COPC, soil 

concentrations of COPC, and sediment toxicity of the receiving streams into which any 

groundwater might discharge.  These data gaps should be considered in the final assessment of 

the ultimate remedy. 

 
 6.3.2  Baseline ERA Site Conceptual Model  

 
 Figure 6.5 presents the site conceptual model (SCM) for the baseline ERA. It should be 

noted that there is no documented connection between the contaminated groundwater and the 

ecological endpoints considered.  However, no pathways could be excluded as a result of the 

theoretical approach taken in developing the preliminary ERA.  This site model is very similar to 

the site model that was developed for the HHRA.  

 As indicated in the SCM, although there are a number of exposure pathways by which 

ecological receptors may come into contact with site-related groundwater, exposure pathways 

are not likely to be of equal concern. For the purposes of this ERA, each exposure pathway has 

been classified as follows:  

 

• The pathway is considered to be of potential concern, and data exist to 

support a quantitative risk evaluation. These cases are indicated by boxes 
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containing a solid circle (●). These pathways are the primary focus of this 

risk assessment.  

• The pathway is considered to be of potential concern, but the pathway is 

incomplete or available data are too limited to support a reliable quantitative 

risk evaluation. These cases are shown by boxes with an open circle ( ○ ).  

• The risk posed by the pathway is likely to be minor, either on an absolute 

basis and/or in comparison to other exposure pathways that affect the same 

receptor. These cases are indicated by boxes with an "X". Because these 

pathways are judged to be of minor concern, they are not evaluated 

quantitatively in the ERA.  

 

 The following section provides a discussion of these exposure pathways.  

 

 6.3.2.1  Exposure Pathways and Receptors  
 

 Receptors identified for this assessment include aquatic receptors (fish and benthic macro 

invertebrates), and wildlife receptors (avian and mammalian). These receptors may be potentially 

exposed to chemical contamination via exposure to groundwater (Figure 6.5), including direct 

contact via surface water, sediment, or sediment porewater, or indirectly via aquatic food items, 

surface soil, and terrestrial food items. The following identifies which pathways are of chief 

concern at this site and which were selected for quantitative evaluation.  

 

 Aquatic Receptors  

• The main pathway of exposure for all aquatic receptors is direct 

contact with surface water only in the event that groundwater seeps 

into the surface water.  This pathway was evaluated qualitatively for 

fish and benthic macro invertebrates, collectively as aquatic 

receptors. 

• Direct contact with sediment and porewater is a potentially significant 

pathway for benthic macroinvertebrates (less so for fish) in the case 

that groundwater seeps enter the subsurface ecosystem. Data is not 

available to allow an assessment of risks from direct contact with 

sediment and porewater, and such assessment is beyond the scope 

of the CAO and is not explored in this ERA.  
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 Wildlife Receptors  

 

• Wildlife receptors (birds, mammals) may be exposed by ingestion of 

surface water, contaminated by potential groundwater intrusion 

(which has not been documented) and this pathway was evaluated 

quantitatively.  

• Wildlife receptors (birds, mammals) may be exposed by ingestion of 

food web items and or sediment/soil.  However, these exposure 

pathways are beyond the scope of the CAO and are not explored as 

part of this ERA. 

• Inhalation exposure may be possible for all terrestrial receptors.  

However, this pathway is generally very minor, and was not 

evaluated. 

 

Terrestrial Plants and Soil Invertebrates  

 

• The primary exposure pathway for both terrestrial plants and soil 

invertebrates is direct contact with contaminated groundwaters.  No 

data was available for plants or soil contaminant levels.  Therefore 

this pathway is beyond the scope of the CAO and this pathway was 

not evaluated as part of this ERA 

 

 6.3.2.2  Selection of Wildlife Indicator Species  
 

 It is not feasible to evaluate exposures and risks for each avian and mammalian species 

potentially present at the site. For this reason, specific wildlife species are identified as surrogates 

(representative species) for the purpose of estimating exposure and risk. The surrogate species 

are wildlife species present at the site that are representative of other species with similar dietary 

preferences and feeding guilds. Selection criteria for wildlife surrogate species include trophic 

level, feeding habits, and the availability of life history information. The species identified as 

surrogate species at this site include:  

 American robin (Turdus migratorius). Widely distributed over the US. Large population 

increase during winter southern migrations. The American robin represents avian insectivorous 

passerine species that feed primarily on soil invertebrates. (Martin, Zim and Nelson, 1951). 
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 White Footed Mouse (Peromyscus leucopus).  Commonly found in the lower regions of 

Arkansas, the white footed mouse represents insectivorous mammalian species that nests on the 

ground and feed on seeds, nuts and insects. The home range is small (½ to 1.5 acres).  

Opportunistic nester. (Burt and Grossenheider, 1976). 

 Eastern Cottontail Rabbit (Sylvilagus floridanus). The Eastern Cottontail rabbit is a 

vegetarian with small home range 3-20 acres depending on available food and shelter. Inhabits a 

wide variety of vegetation types but prefers heavy cover with herbaceous vegetation.   

 White Tailed Deer (Odocoileus virginianus). The White-tailed deer is a recreationally 

important species in southern Arkansas. The deer is a vegetarian and consumes a wide variety of 

plants. The species is very adaptable and tolerates human activity well.  Exposure profiles are 

presented for each of these representative species in Appendix D. 

 

6.4  Management Goals  
 

 Management goals are descriptions of the basic objectives which the risk manager at a 

site wishes to achieve. The overall management goal identified for ecological health at the 

EDCC site is as follows (USEPA 1999b):  

 Ensure adequate protection of ecological systems within the impacted areas of the 

EDCC site by protecting them from the deleterious effects of acute and chronic exposures to 

site-related contaminants of concern.  

 "Adequate protection" is generally defined as protection of growth, reproduction, and 

survival of local populations. That is, the focus is on ensuring sustainability of the local 

population, rather than on protection of every individual in the population. In order to provide 

greater specificity regarding this general goal and to identify specific measurable ecological 

values to be protected, the following list of sub-goals was derived:  

 

• Ensure adequate protection of terrestrial soil organisms and plant 

communities by protecting them from the deleterious effects of chronic 

exposures to site-related contaminants of concern within the 

groundwater. 

• Ensure adequate protection of aquatic life in the unnamed tributaries 

of Flat Creek from the deleterious effects of chronic exposures to site-

related contaminants of concern in the event that the groundwater 
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should enter in to the surface water ecosystems.  

• Ensure adequate protection of aquatic and terrestrial mammal and 

bird populations by protecting them from the deleterious effects of 

chronic exposures to site-related contaminants of concern in the event 

that the groundwater should enter in to the surface terrestrial 

ecosystems. 

 

6.5  Assessment and Measurement Endpoints  
 
 Assessment endpoints are explicit statements of the characteristics of the ecological 

system that are to be protected. Assessment endpoints are either measured directly or are 

evaluated through indirect measures. Measurement endpoints represent quantifiable ecological 

characteristics that can be measured, interpreted, and related to the valued ecological 

components chosen as the assessment endpoints (USEPA 1992, 1997a).  

 Assessment and measurement endpoints are used to interpret potential ecological risks 

for the EDCC site. These measurement endpoints can be divided into three basic categories of 

approach, as follows:  

• Hazard Quotients (HQs)  

• Site-specific toxicity tests (SSTTs)  

• Observations of population and community demographics 

(bioassessment.)  

 

Each of these three basic approaches is described below. 
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 6.5.1  Method 1: Hazard Quotients  
 

 Basic Equation  

 A HQ is the ratio of the estimated exposure of a receptor at the site to a "benchmark" 

exposure that is believed to be without significant risk of unacceptable adverse effect:  

 

HQ = Exposure / Benchmark  

Exposure may be expressed in a variety of ways, including:  

• Concentration in an environmental medium (water, sediment, soil, diet)  

• Concentration in the tissues of an exposed receptor  

• Amount of chemical ingested by a receptor  

 

In all cases, the benchmark toxicity value must be of the same type as the exposure estimate.  

 

 Interpretation of HQ Values  

 If the value of an HQ is less than or equal to 1, risk of unacceptable adverse effects in the 

exposed individual is judged to be acceptable. If the HQ exceeds 1, the risk of adverse effect in 

the exposed individual is of potential concern. When interpreting HQ results for ecological 

receptors, it is important to remember that the assessment endpoint is usually based on the 

sustainability of exposed populations, and risks to some individuals in a population may be 

acceptable if the population is expected to remain healthy and stable. In these cases, population 

risk is best characterized by quantifying the fraction of all receptors that have HQ values greater 

than 1, and by the magnitude of the exceedences. Clearly, if all HQs for individuals in a 

population of receptors are below 1, it is believed that no unacceptable effects will occur in the 

exposed population. Conversely, if many or all of the individual receptors have HQs that are 

above 1, then unacceptable effects on the exposed population are likely, especially if the HQ 

values are large. If only a small portion of the exposed population has HQ values that exceed 1, 

some individuals may be impacted, but population-level effects are not likely to occur. As the 

fraction of the population with HQ values above 1 increases, and as the magnitude of the 

exceedences increases, risk that a population-level effect will occur also increases.  

 The fraction of the population that must have HQ values below a value of 1 in order for the 

population to remain stable depends on the species being evaluated and on the toxicological 
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endpoint underlying the toxicity benchmark (USEPA 2001c).  Reliable characterization of the 

impact of a chemical stressor on an exposed population risks requires knowledge of population 

size, birth rates, and death rates, as well as immigration and emigration rates. Because this type 

of detailed knowledge of population dynamics is generally not available on a site-specific basis, 

extrapolation from a distribution of individual risks to a characterization of population-level risks is 

generally uncertain. For the purposes of this assessment, it is assumed that if at least 80% of the 

individuals in a population have an HQ≤1, risks to the population will be minimal. Conversely, it is 

assumed that if more than 20% of the individuals in a population have HQ values above 1, then 

there is a potential risk to that population. It should be emphasized that this is a screening level 

assumption based on professional judgment, and that actual risks to populations are expected to 

gradually transition from "acceptable" to "unacceptable" as the frequency and magnitude of HQ 

values above 1 increases.  

 In cases where a substantial fraction of the available concentration data are below the limit 

of detection, and the limit of detection is above the level corresponding to an HQ of 1, it is usually 

not possible to estimate the fraction or magnitude of individual HQ values above 1, since HQ 

values for non-detects might be either above or below a level of 1.  Based on this approach, risks 

to a sub-population of receptors residing in an exposure area were classified into one of three 

categories, as shown below (Table 6.2).  
 

Table 6.2.  Summary of Risk Categories. 
Risk Category  Distribution of HQ values  Preliminary Conclusion  

A  Greater than 20% of HQs based on detects  
exceed 1.  

Risks to the population at this  
location are possible.  

B  

There are at least 20% of the HQs greater 
than 1, but these are partly or entirely based 
on non-detects or the TBV is not available or 
unreliable. The method detection limit was 
inadequate to quantify risk.  

Risk to the population at this  
location cannot be determined.  

C  Greater than 80% of all HQs (based on non-  
detects and detects) are below 1.  

Risks to the population at this  
location are expected to be  
minimal and are assumed to be  
acceptable.  
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 6.5.2  Selection of Chemicals of Potential Concern for the HQ  
  Approach  
 
 An HQ value may be derived for any chemical for which adequate exposure and toxicity 

data are available. However, it is usually helpful to restrict the number of chemicals evaluated 

quantitatively to a subset of all chemicals for which data exist. These are referred to as COPCs. 

The general procedure used in this risk assessment to select COPCs for quantitative evaluation by 

the HQ approach is presented in Section 4.0  

 In most cases, HQ values are not based on site-specific toxicity data, and do not account 

for site-specific factors that may either increase or decrease the toxicity of the metals compared to 

what is observed in the laboratory. Therefore, HQ values should be interpreted as estimates rather 

than highly precise predictions and should be viewed as part of the weight-of-evidence along with 

the results of site-specific toxicity testing and direct observations on the structure and function of 

the aquatic community (see below).  

 

 6.5.3  Method 2: Site-Specific Toxicity Tests  
 

  Site-specific toxicity tests measure the response of receptors that are exposed to site 

media. This may be done either in the field or in the laboratory using media collected on the site. 

The chief advantage of this approach is that site-specific conditions which can influence toxicity are 

usually accounted for. A potential disadvantage is that, if toxic effects are observed to occur when 

test organisms are exposed to site media, it is usually not possible to specify which chemical or 

combination of chemicals is responsible for the effect. Rather, the results of the toxicity testing 

reflect the combined effect of the mixture of chemicals present in the site medium. In addition, it is 

often difficult to test the full range of environmental conditions which may occur at the site across 

time and space, either in the field or in the laboratory, so these studies are not always adequate to 

identify the boundary between exposures that are acceptable and those that are not.  

 

 6.5.4  Community Bioassessment  
 
 A third approach for evaluating impacts of environmental contamination on ecological 

receptors is to make direct observations on the receptors in the field (bioassessment), seeking to 

determine whether any receptor population has unusual numbers of individuals (either lower or 

higher than expected), or whether the diversity (number of different species) of a particular category 

of receptors (e.g., fish, benthic organisms, birds) is different than expected. The chief advantage of 
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this approach is that direct observation of community status does not require making the numerous 

assumptions and estimates needed in the HQ approach. However, there are also a number of 

important limitations to this approach. The most important of these is that both the abundance and 

diversity of an ecological population depend on many site-specific factors (habitat suitability, 

availability of food, predator pressure, natural population cycles, meteorological conditions, etc.), 

and it is often difficult to know what the expected (non-impacted) abundance and diversity of an 

ecological population should be in a particular area. This problem is generally approached by 

seeking an appropriate "reference area" (either the site itself before the impact occurred, or some 

similar site that has not been impacted), and comparing the observed abundance and diversity in 

the reference area to that for the site. However, it is sometimes quite difficult to locate reference 

areas that are truly a good match for all of the important habitat variables at the site, so 

comparisons based on this approach do not always establish firm cause-and-effect conclusions 

regarding the impact of environmental contamination on a receptor population.  In the case of the 

EDCC site the communities (aquatic and terrestrial) may be effected by contaminate sources other 

than groundwater (i.e. storm water, soils, etc.).  Therefore, it is difficult to determine direct 

associations between potential groundwater impacts and community affects.  One aspect of the 

EDCC site condition that should be stressed is the absence of known surface conduits for 

groundwater.  If groundwater does not enter surface water bodies it cannot pose ecological risk. 

 
 6.5.5  Weight of Evidence Evaluation  

 As noted above, each of the measurement endpoints has advantages but also has 

limitations. For this reason, conclusions based on only one method of evaluation may be 

misleading. Therefore, the best approach for deriving reliable conclusions is to combine the 

findings across all of the methods for which data are available, taking the relative strengths and 

weaknesses of each method into account. If the methods all yield similar conclusions, confidence 

in the conclusion is greatly increased. If different methods yield different conclusions, then a 

careful review must be performed to identify the basis of the discrepancy, and to decide which 

approach provides the most reliable information.  
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6.6  Risk Assessment  
 
 6.6.1  Hazard Quotient Approach  
 
 As discussed in Section 4.0, site-related contaminants are of potential concern in the 

EDCC groundwater.  These groundwaters typically have no ecological receptors while 

contained in the aquifer and to date there is no evidence or information to document that the 

groundwaters have escaped containment.  However, should the groundwaters become surface 

flows through seeps and/or springs ecological receptors may be exposed to contaminants 

through several potential pathways. Based on the site conceptual model (Figure 6.5), the 

following exposure pathways have been selected for quantitative evaluation by the HQ 

approach:  

 

• Direct contact with chemicals dissolved or suspended in surface 

water. This pathway is most applicable to fish, but is also 

applicable to benthic organisms that reside in the uppermost 

portion of the sediment substrate.  

 

  These HQ-based evaluations are described below.  

 

 6.6.2  Risks to the Aquatic Receptors from Direct Contact of  
  Groundwater as Surface Water  
 

 6.6.2.1  Exposure Assessment  
 
 An HQ value is calculated for each groundwater unit for each chemical. In accord with 

USEPA guidance, non-detects were evaluated conservatively as equal to the detection limit. The 

concentration of a metal in surface water may be expressed either as total recoverable or as 

"dissolved" (that which passes through a fine-pore filter). There is general consensus that toxicity to 

aquatic receptors is dominated by the level of dissolved chemicals (Prothro 1993), since chemicals 

that are adsorbed onto particulate mater may be less toxic that the dissolved forms. However, at 

this site, data for metals in surface water are based on total recoverable. In some cases the 

difference between total recoverable and dissolved may be small, but calculating risks to aquatic 

receptors based on total recoverable could lead to an overestimate of actual risks.  
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 6.6.2.2  Toxicity Assessment  
 
 TBV for the protection of aquatic life from direct contact with contaminants in surface water 

are available from several sources. Each of the sources evaluated in deriving surface water 

benchmarks is described briefly in Appendix D.  The selected TBVs for all chemicals analyzed in 

surface water are shown in Table 6.3.  

 
Table 6.3.  Aquatic life TBV’s used in development of HQ’s. 

Toxicity Benchmark Values (TBV) 
 Chronic (mg/L) Acute (mg/L) Source 
Ammonia 2.56 54.99 USEPA-AWQC 
Total Chromium 0.011 0.016 AR-WQC 

Total Lead  0.0007 0.018 AR-WQC 
Nitrate 42.6 -- SETAC 
Sulfate -- 125 1AR-SSWQC 
TDS -- 475 1AR-SSWQC 
1. Arkansas site specific water quality criterion for tributary to Flat Creek.  Based on bioassessment and historical 
99th percentile effluent values.  Assumed to represent a NOEC but not toxicity based. 
 
  
 6.6.2.3 COPC Selection  
 
 Surface water COPCs for aquatic receptors were selected using the procedure described in 

Section 4, and based on all available groundwater data from the individual groundwater units.  Point 

concentrations for each chemical (95% UCL) were compared to their respective chronic and/or 

acute benchmark values (Table 6.3).  Note that toxicity benchmarks for a number of inorganic 

chemicals (metals) in surface water are hardness dependent. For simplicity, the toxicity 

benchmarks used in the COPC screen were calculated based on the ecoregion specific hardness 

default value utilized by ADEQ in the development of NPDES permitting and is based on the Gulf 

Coastal ecoregion least disturbed streams (31 mg/L). The results of the COPC selection procedure 

for exposure of aquatic receptors to surface water are detailed in Appendix B and the chemicals 

that were selected for quantitative evaluation are presented below (Table 6.4).  

 Because the toxicity of COPCs in surface water to aquatic receptors is usually dependent on 

the length of exposure, the HQ was calculated both for short-tern (acute) and long-term (chronic) 

exposure conditions for COPC with chronic HQ in excess of 1.0.  For those COPC with chronic HQ 

≤1, acute HQ were not calculated.  In cases where the acute and chronic benchmarks are 

hardness-dependent, toxicity benchmarks were calculated for each sample based on the hardness 

of that sample. If a sample hardness was not reported or could not be estimated, the HQ was 
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calculated based on the average ecoregion hardness (31 mg/L).  

 The detailed calculations of HQ values for each COPC in each sample are presented in 

Appendix D.  A summary of the HQ’s are presented in Table 6.4. 

 
Table 6.4.  Summary of aquatic life HQ>1.0. 

 
Groundwater unit 

 

 
 
COPC 

Upgradient 
GU 

Production 
GU 

Midgradient 
GU 

Downgradient 
GU 

Ammonia-Acute -- 1.11 -- -- 
Ammonia-Chronic -- 23.87 1.42 -- 
Total Chromium-Acute -- -- -- -- 
Total Chromium-Chronic -- -- -- -- 
Total Lead-Acute 1.11 1.11 1.17 1.78 
Total Lead-Chronic 28.57 28.57 30.00 45.71 
Nitrate -- 7.39 -- -- 
Sulfate -- 3.92 -- -- 
TDS -- 5.55 1.05 1.20 

  

 As discussed in Section 6.5, the population-level risk in each groundwater unit was classified 

into one of three risk categories based on the fraction of the HQ distribution above a value of 1. 

These results are summarized in Table 6.5. The following conclusions are based on the summary 

presented in Table 6.5 and supported by Appendix D: 

 Based on the aquatic life benchmarks, only, total chromium was assigned to risk category C 

for all groundwater units.  Total chromium was treated as hexavalent chromium which is the more 

toxic form of the metal.  According to USEPA Region 6 risk assessment screening levels, chromium 

can be assumed to speciate at a 1:6 ratio of hexavalent to trivalent chromium.  When treated in this 

fashion total chromium HQ were all ≤ 1.0 placing it in the category C designation.  Therefore, risks 

to the population from chromium in all the groundwater units are expected to be minimal and are 

assumed to be acceptable. 

 Based on chronic benchmark several inorganic COPC’s (including ammonia, nitrate, sulfate, 

and TDS) are initially assigned to risk category A from one or more of the groundwater units. 

 Lead is assigned to a Category B, as its HQ’s were largely based on non-detect values which 

were evaluated above the TBV.  In addition, risks in the upgradient unit (i.e. reference areas) are 

approximately the same as in area potentially impacted should aquatic receptors be exposed to the 

site groundwater. 

 In the case of sulfate and TDS actual toxicity data indicates that LOAEL’s are much higher 

than the bench marks (conservative NOAEL) used by ADEQ, it is concluded that the chronic toxicity 
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benchmarks for these chemicals are probably overly-conservative for application at this site and that 

chronic risks from these inorganic COPCs in surface water are not likely to be of population level 

concern to aquatic receptors. Therefore sulfate and TDS are assigned to the B category but could 

meet requirements for placement in Category C. 

 
Table 6.5.  Summary of conclusions drawn concerning risk to aquatic receptors. 

Risk 
Category  Distribution of HQ values  Preliminary 

Conclusion  
COPC Groundwater Unit 

Ammonia 
  

Production & 
Midgradient 
 A  

Greater than 20% of HQs based on 
detects  
exceed 1.  

Risks to the 
population at this 
location are 
possible.  

Nitrate 
 

Production 
 

B  

There are at least 20% of the HQs 
greater than 1, but these are partly or 
entirely based on non-detects or the 
TBV were unavailable or unreliable. 
The method detection limit was 
inadequate to quantify risk.  

Risk to the 
population at this 
location cannot be 
determined.  

Total Lead 
Sulfate 
TDS  

All Units 
Production 
Production, 
Midgradient and 
Downgradient 

Ammonia  Downgradient 

Total 
Chromium 

ALL 

Nitrate Upgradient, 
Midgradient,& 
Downgradient 

Total 
Vanadium 

ALL 

Sulfate Upgradient, 
Midgradient,& 
Downgradient 

C  
Greater than 80% of all HQs (based 
on non- detects and detects) are 
below 1.  

Risks to the 
population at this 
location are 
expected to be 
minimal and are 
assumed to be  
acceptable.  

TDS Upgradient, 
Midgradient, & 
Downgradient 

 

 6.6.3  Risks to Benthic Macroinvertebrates from Direct Contact 
with Groundwaters 

 
 6.6.3.1  Exposure Assessment  
 
 Benthic macroinvertebrates that spend some or most of their life cycle within the sediment 

substrate are exposed to chemicals through direct contact with sediment.  However, any contact 

with the groundwater COPCs would occur only as the groundwater became surface flows.  This 

exposure has not been documented in the historical groundwater assessments and or monitoring 

and therefore the potential exposure to aquatic invertebrate community is addressed as part of the 

aquatic life hazard assessment. 
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 In addition, concentrations of chemicals in groundwater are usually not as time-variable as 

concentrations in surface water, concentrations may fluctuate as contaminated groundwaters are 

added or removed to surface water flow. In addition, data has demonstrated variability in 

concentrations at any specific groundwater unit. Therefore, exposure due to sediment 

concentration is usually best characterized as a distribution of individual values.  However, there 

are no measurements of sediment concentration available from any groundwater unit therefore risk 

to benthic macroinvertebrates were considered as part of the aquatic life hazard assessment. 

 

 6.6.3.2  Evaluation of Site-Specific Toxicity Tests  
 
 One way to help reduce the uncertainty associated with HQ values based on TBV is to 

perform direct toxicity testing using site-specific media, in this case, groundwater samples. Tests of 

this type have not been performed on site groundwaters. However, the analytical chemistry of 

groundwater monitoring has demonstrated that the pH of the groundwaters from all units are well 

below 6 SU.  It is anticipated that should toxicity tests be performed, the toxicity tests would 

demonstrate a significant difference in the groundwater and lab control water exposures. The low 

pH would present toxicity to routine test organisms and limit the ability of the test to measure 

potential toxicity from other COPC.  However, no groundwater outlet to the surface is known to 

exist on the EDCC property, an any pathway by which groundwater (seeps, etc) would find a 

surface outlet would likely require exposure with multiple soil horizons allowing the pH to be 

buffered prior to discharge.  Therefore, risks from pH are believed to be minimal. 

 

 6.6.4 Evaluation of Aquatic Community Bioassessments   
 

 Although the pathway does not currently exist, assuming to a connection from the current 

groundwater to the surface flows, the potential effects of chemical stressors in groundwater on 

surface water biotic communities can be assessed by direct observation of the density and 

diversity of species present in the receiving streams.   

 Observations on the benthic and fish community structure are available from numerous 

surface water quality studies not associated with the groundwater investigations. These include a 

1991 water quality study (FTN, 1991), several TMDL studies (ADEQ, 1998, FTN, 2002 and FTN, 

2003) addressing loadings of chloride, sulfate, TDS and ammonia.  The most recent report 

includes aquatic life investigation of the unnamed tributaries to Flat Creek that drains the EDCC 

facility, and Flat and Salt Creek in Union County (GBMc, 2006). Depending on the individual 
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project objective, each report provided data related to the surface waters associated with the 

EDCC facility. The 1991, 1998 and 2006 reports evaluated both bentic and fish community health 

by applying several community metrics to determine the biological condition of the biotic 

communities. For each sample, a biological condition score was derived from the available benthic 

metrics based on Rapid Bioassessment Protocols (RBP) for rivers and streams as described in 

(USEPA 1989). Each of the reports concluded that the existing beneficial fisheries uses were 

being maintained and that the benthic communities did not appear significantly different at any site 

location in comparison to the upstream reference location.  The studies found that primary 

conditions as related to watershed size and volume of flows resulting from point source 

discharges had a greater influence on the biotic communities than did water quality. 

 

 6.6.5 Weight of Evidence Evaluation  
 
 6.6.5.1 Risks from Groundwater Entering Surface Waters 

 Three lines of evidence are available to evaluate risks from groundwaters which may be 

transformed to surface waters. The findings from these lines of evidence are summarized below 

in Table 6.6.  
 

 
Table 6.6  Summary of lines of evidence for risk associated with groundwater as surface water 

Line of Evidence  Findings  

HQ Calculations  

 
Based on COPC concentrations and TBV, risks to biotic stream organisms from 
COPC in surface water do not appear to be of population-level concern except 
possibly for ammonia and nitrate in the Production Unit groundwater and 
ammonia in the midgradient unit. 

Direct Toxicity  
Testing  

There is no toxicity data related to the groundwater from any of the EDCC 
groundwater units.  

Population  
Observations  

No evidence of adverse effect in the unnamed tributaries that drain EDCC 
facility related to the surface discharge of any groundwaters.  

and related 
site Conditions  

No Pathway for groundwater to enter surface water is known to exist at the 
EDCC site. 

 

 In summary, based on a weight of evidence approach, it is concluded that groundwaters are 

not of population-level concern to surface water biotic communities from any of the groundwater 

units even if groundwater were known to occur as surface water, which it does not.   
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 6.6.6 Overall Conclusion Regarding Risks to Aquatic Receptors  
 
 The weight of evidence combined across all observations indicates that risks to aquatic 

receptors from site-related groundwater chemicals are low at all groundwater units, except 

potentially for risks to aquatic life from ammonia or nitrate should organisms be directly exposed to 

the Production Unit groundwater.  However, as no conduits are known to exist by which 

groundwater would enter surface waters, therefore, ecological risks associated with groundwater 

are believed to be virtually nonexistent and at acceptable levels.   

 

6.7  Risks To Wildlife Receptors  
 
 6.7.1  Overview 
 
 This section presents an assessment of the populations of wildlife receptors that reside 

within or near the EDCC facility. Wildlife receptors include a wide variety of mammals and birds 

that span a variety of sizes and feeding guilds. Exposure of wildlife receptors may occur through 

ingestion of contaminated surface water while drinking, ingestion of contaminated soil or sediment 

while feeding, and ingestion of contaminated food web items should the groundwater become 

mixed with surface waters.  No data for soil, sediment or food web items exist.  Therefore, for this 

assessment, only the ingestion of contaminated groundwater (while drinking) was explored. 

 As discussed in Section 6.3.2, it is not feasible to evaluate exposures and risks for each 

avian and mammalian species potentially present within the site. For this reason, specific wildlife 

species (Table 6.7) have been identified as surrogates (representative species) for the purpose of 

estimation of exposure and risk to groups of species within similar feeding guilds at this site. 

 
Table 6.7.  Summary of wildlife potential receptors. 

Surrogate Species  Feeding Guild  Exposure Pathways Evaluated A 

White-footed  
Mouse Mammalian omnivore  Ingestion of surface water.  

Eastern Cottontail 
rabbit 

White-tailed deer 

Mammalian herbivoure 
 Ingestion of surface water. 

American Robin  Avian insectivore    Ingestion of surface water. 

 A= Pathways evaluated are theoretical and are not documented to exist 
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 6.7.2  Hazard Index Approach  
 
 The basic equation used for calculation of an HQ value for exposure of a terrestrial 

wildlife receptor to a chemical by ingestion of an environmental medium is:  

 

  HQ = C * IR * DF * RBA / BW * TBV 

 

where:  

HQ = HQ for exposure of receptor  

C = Concentration of chemical in medium  (mg/L)  

IR = Intake rate of medium (L/day)  

BW = Body weight of receptor  (kg)  

DF = Dietary fraction of medium derived from site (%)  

RBA = Relative bioavailability of chemical in medium (%)  

TBV = Toxicity benchmark value for chemical (mg/L)  

 

 Because all receptors are exposed to more than one environmental medium, the total 

Hazard Index (total HI) for a receptor from a specific chemical is calculated as the sum of HQs for 

that chemical across all exposure pathways:  

 If the total HI is below 1, it is believed that no unacceptable effects will occur in the exposed 

population from the chemical of concern.  If the total HI is above 1, then unacceptable effects may 

occur, with the likelihood and/or severity effect tending to increase as the value of the HI becomes 

larger.  In this risk assessment there is only one exposure pathway for each chemical, therefore the 

HI=HQ. 

 

 6.7.3  Exposure Assessment   
 

 Wildlife receptors are generally mobile, and hence may be exposed to a range of different 

concentration values in water, soil, and food web items as they move throughout their home range. 

As described previously, for the purposes of this assessment, the groundwater has been divided 

into 4 operable units based on groundwater surface elevations and the analytical chemistry that is 

characteristic of each.  Exposure of wildlife receptors for each COPC in each groundwater unit was 

based on the 95% upper confidence limit (UCL) of the mean concentration or on the maximum 

concentration, whichever was lower.  
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 6.7.4  COPC Selection 
 

 The COPC selection procedure for exposure of wildlife receptors at this site was performed 

using medium-specific concentration-based benchmarks in water.  The values employed were 

derived by Sample et al. (1996) for several different types of mammalian and avian receptors.  For 

COPC selection, the lowest LOAEL concentration-based TBVs for mammals and avian receptors 

were employed. These concentration-based benchmarks are presented in Appendix C. The 95% 

UCL for each COPC were compared to their respective concentration-based TBV, and HQ 

calculated.  Chemicals that were selected for quantitative evaluation in one or more media are 

presented below.  

 

 6.7.5  Toxicity   
 

  Sample et at (1996) provide a summary of available data on the toxicity of chemicals in 

wildlife receptors. Based on these studies, Sample et al. (1996) identified avian and mammalian 

dose-based TBVs for each chemical for which data are adequate.  Those TBV’s were utilized for 

ammonia, total chromium, total lead and nitrate.  No TBV’s were available for sulfate or TDS.  The 

minimum LOAEL for water ingestion was utilized as the TBV in calculation of each HQ. 

 

 6.7.6  Relative Bioavailability  
 

 The TBVs calculated by Sample et al. (1996) are expressed in units of ingested dose. 

However, the value of the TBV depends on how much of the ingested dose is actually absorbed, 

which in turn depends on the properties of both the chemical and the exposure medium. Ideally, 

toxicity studies would be available that establish empiric TBVs for all site media of concern (water, 

food, soil, sediment). However, most laboratory tests use either food or water as the exposure 

medium, and essentially no studies use soil or sediment. Therefore, in cases where a TBV is based 

on a study in which the oral absorption fraction is different that what would be expected for a site 

medium, it is necessary to adjust the TBV to account for the difference in absorption.  

 The ratio of absorption from the study medium compared to absorption from site medium is 

referred to as the relative bioavailability (RBA). For inorganic COPCs, available data on cadmium 

and manganese suggest that absorption from the diet is about half that from water (IRlS 2002).  

Based on this data bioavailability for water ingestion was assumed to be 100%.  



 

August 8, 2007 83 

 

 6.7.7 Risk Calculation 
 
 6.7.7.1  Wildlife Intake Factors  
 
 Exposure parameters and dietary intake factors for each receptor for each medium were 

taken from toxicological bench marks for wildlife (Samples, 1996).  The exposure parameters 

selected for each wildlife receptor are detailed in Appendix D, and are summarized in Table 6.8.   
 
Table 6.8.  Wildlife exposure parameters 

Intake 
Rate 

Body 
Weight 

Dietary 
Fraction Bioavailability   

 Receptors (L/d) (kg) (%) (%) 
American Robin 0.011 0.077 1 1 

White Footed Mouse 0.007 0.022 1 1 
Eastern Cottontail 0.116 1.2 1 1 
White-tailed Deer 3.7 56.5 1 1 

 

 In all cases, the fraction of the total dietary intake that comes from within the exposure reach 

was assumed to be 100%. This assumption was conservative, but used because each of the 

groundwater unit is relatively large, and most wildlife receptors being evaluated could potentially  to 

derive nearly all of their food from within the exposure reach (with the exception of the PGU which 

likely provides much less than 100% dietary intake exposure).  If any receptors were to derive a 

significant portion of their diet from areas outside of the area being evaluated, estimated doses and 

risks could be lower than predicted.  

 

 6.7.7.2 Calculation of Total Hazard Indices   
 
 Table 6.9 present’s the HQ’s for each wildlife receptor for each COPC at each reach. 

Detailed calculations are provided in Appendix D.  
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Table 6.9.  Summary of maximum HQ for each wildlife receptor. 
Common Robin White Footed Mouse Eastern Cottontail White-tailed Deer 

Benchmark 
Maximum 

HQ* Benchmark 
Maximum 

HQ* Benchmark 
Maximum 

HQ* Benchmark 
Maximum 

HQ* 
  
 COPC 
  (TBV)  (TBV)  (TBV)  (TBV)  
Ammonia 22 0.40 22 0.88 22 0.27 22 0.18 
Total 
Chromium 36.32 0.00 56.29 0.00 56.29 0.00 56.29 0.00 
Total Lead 82.08 0.00 48.56 0.00 48.56 0.00 48.56 0.00 
Nitrate 6061 0.01 6061 0.02 6061 0.01 6061 0.00 
Sulfate 125 0.56 125 1.25 125 0.38 125 0.26 
TDS 475 0.79 475 1.77 475 0.54 475 0.36 
* Maximum HQ taken from either Upgradient, Production, Midgradient, or Downgradient stations. 
**TBV based on aquatic receptors.  No TBV available for sulfate and TDS for wildlife. 

 

The HQ developed for each receptor as summarized in Table 6.9 demonstrates that:  

 

American Robin. As shown in Table 6.9, risks to passerine birds (as represented 

by the American robin) appear to be below a level of concern for all chemicals at 

all groundwater units. Thus, site-related risks to the robin appear to be 

negligible.  

 

White-footed Mouse  As shown in Table 6.9, risks to mammalian omnivores (as 

represented by the white-footed mouse) were found to exceed 1.0, (1.25 and 

1.77) for sulfate and TDS, respectively, in the PGU.  HQ are below (1.0) and any 

level for potential concern for all remaining COPCs within any of the 

groundwater units, including the Production Unit.  

 

Eastern Cottontail Rabbit  As shown in Table 6.9, risks to the mammalian 

vegetarian (as represented by the rabbit) appear to be below a level of concern 

for all chemicals in all groundwater units.  

 

White tailed deer  As shown in Table 6.9, risks to the large bodied ruminant (as 

represented by the white tailed deer) appear to be below a level of concern for 

all COPC in all groundwater units.  

 

Considering that only the White-footed mouse presented HQ in excess of 1.0, and these only 

slightly elevated and then for sulfate and TDS which have no accepted TBV, actual eco-risk is 

believed minimal and acceptable. 
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 6.7.7.3 Evaluation of Site-Specific Toxicity Tests  
 
 No site-specific toxicity tests for wildlife receptors are available for the EDCC site.  

 

 6.7.7.4  Evaluation of Wildlife Surveys  
 
 No wildlife evaluations are available for the EDCC site.  

 

 6.7.7.5  Weight of Evidence  
 

 Only one line of evidence (the HQ approach) is available to evaluate risks to wildlife 

receptors from COPC in the groundwater units. This approach considers TBVs, intake rates, 

dietary fraction, body weights and bioavailability quotients in the determination of the HQ. The 

findings from this line of evidence are summarized below:  

 
 

Line of Evidence Findings 

HQ calculations for the COPC 
concentrations measured in 
groundwater. 

ALL HQ values are below a level of concern for wildlife, 
even if the groundwater were to become available for 
wildlife consumption and exposure. No TBV exist for 
sulfate or TDS so risks are considered minimal and 
acceptable. • • 

 
 6.7.7.6  Wildlife Exposure Summary  
 
 Based on this line of evidence, it is concluded that risks from site-related chemicals in 

groundwater, are not of population-level concern to wildlife receptors either in the riparian area 

along the unnamed tributaries north and south of the EDCC facility or within the Production Unit 

groundwater, even in the event that the groundwater developed a direct surface connection 

allowing exposures, that to date, have not been documented.  

 
6.8  Summary of Ecological Risks  
 
 Based on the information developed as part of the ERA: 

1. There is no known connection between groundwater and surface water on the EDCC 

site,  

2. The ground water recovery wells further reduces the potential for the groundwater to 
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become site surface water in the future, 

3. The weight of evidence indicates that the ecological risk to aquatic receptors from 

groundwater is minimal to population based communities and acceptable at EDCC. 

4. The existing information demonstrates that there has been no adverse effects to 

existing surface waters when compared to upstream condition, and  

5. The baseline assessment related to wildlife ecological risk demonstrates that none of 

the COPC identified from the EDCC groundwater units presents a significant risk to 

the wildlife of the EDCC facility even if it were to be exposed to site groundwater. 

 

6.9  Uncertainties 
 

 Quantitative evaluation of ecological risks is generally limited by uncertainty regarding a 

number of important data. This lack of knowledge is usually circumvented by making estimates 

based on whatever limited data are available, or by making assumptions based on professional 

judgment when no reliable data are available. Because of these assumptions and estimates, the 

results of the risk calculations are themselves uncertain, and it is important for risk managers and 

the public to keep this in mind when interpreting the results of a risk assessment. The following 

text summarizes the key sources of uncertainty influencing the results of this baseline EDCC 

groundwater ERA.  

 

 6.9.1  Uncertainty In The Nature And Extent Of Contamination  
 
 6.9.1.1  Representativeness of Samples Collected  

 

 Concentration levels of COPCs in environmental media are often quite variable as a 

function of location, and may also vary significantly as a function of time. Thus, samples collected 

during a field sampling program may or may not fully characterize the spatial and temporal 

variability in actual concentration levels. At the EDCC facility, all of the field samples were collected 

in accordance with sampling and analysis plans that specifically sought to ensure that samples 

were representative. However, in some locations, the number of samples collected was relatively 

small. Thus, without the collection of sufficient numbers of samples over both space and time, 

some uncertainty remains as to whether the samples collected provide an accurate representation 

of the distribution of concentration values actually present.  

 

 



 

August 8, 2007 87 

 6.9.1.2  Accuracy of Analytical Measurements  
 

 Laboratory analysis of environmental samples is subject to a number of technical difficulties, 

and values reported by the laboratory may not always be exactly correct. However, all data used in 

this risk assessment had sufficient accompanying quality assurance data to ensure that results 

were within acceptable bounds for accuracy and precision. The magnitude of analytical error is 

usually small compared to other sources of uncertainty, although the relative uncertainty increases 

for results that are near the detection limit.  

 

 6.9.2  Uncertainty in Exposure Assessment  
 
 6.9.2.1  Exposure Pathways Not Evaluated  
 

 Exposure pathways selected for quantitative evaluation in this ERA do not include all 

potential exposure pathways for all ecological receptors. Exposure pathways that were not 

evaluated in this ERA included:  

• Ingestion of prey items and sediments by benthic invertebrates  

• Ingestion of sediment, and prey items by fish  

• Direct contact of fish with contaminated sediments  

• Dermal exposure of wildlife to soil, sediment, and surface water  

• Ingestion of terrestrial food items by wildlife receptors  

 

 As discussed previously, most of these exposure pathways are likely to be minor 

compared to other pathways that were evaluated, and the magnitude of the underestimation is 

not likely to be significant in most cases.  

 Based on the lack of data on the toxicity of contaminants in food chain items on aquatic 

invertebrate receptors, quantitative prediction of hazard using the traditional HQ and HI approach is 

not yet possible. To the extent that dietary exposures tend to be less important than water 

exposures in at least some species, failure to quantify the hazard from the ingestion pathway may 

not lead to a substantial underestimation of total hazard. However, the food pathway may be more 

important than the water pathway for some contaminants and/or some receptor species. Therefore, 

the inability to quantify hazard from solids (non-water) ingestion exposures is a potential source of 

uncertainty that may tend to underestimate impacts of contamination on aquatic macro invertebrate 

receptors.  

 Although omission of pathways can lead to an underestimation of total risk to the exposed 
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receptors, this baseline ERA over-compensated (conservative estimation) the potential risk.  This 

conservative approach is a result of the assumption that the groundwaters were actually 

evaluated as surface waters and available.  It is important to note that there has been no 

documentation that surface exposure has ever existed, currently exists, or are anticipated to 

occur in the future.   

 
 6.9.2.2  Chemicals Not Detected  
 
 The COPCs addressed by this RA were stipulated in the CAO and based on the preliminary 

groundwater assessments.  Any chemical that was not stipulated in the CAO was not evaluated in 

exposures of receptors. Also, in some cases, the analytical detection limit was too high to expect 

the chemical would be detected even if it were present at a level of concern. Omission of these 

chemicals could result in an underestimation of risk. However, the magnitude of the error is likely to 

be low in most cases. This is because if the chemical were actually site-related or if it were present 

at a level of substantial health concern, it likely would have occurred at levels above the detection 

limit at least a few times and included in the list of COPC, as was lead.  Thus, while the hazard 

from unknown COPC it is probably not large enough to cause a substantial underestimation of risk. 

 In addition, COPC detected below the MDL were treated as equal to the MDL providing a 

generous level of conservation in the 95% UCL used in HQ calculations. 

 

 6.9.2.3  Exposure Area Concentration Values  
 

 For exposures that are based on the average concentration across many samples rather 

than exposures that are based on individual samples (this is the case for most wildlife species), 

the desired input parameter is the true mean concentration of a contaminant within a medium, 

averaged over the area where exposure occurs. In this assessment, rather than using the 

sample mean, exposure was based on the 95% UCL of the mean, or the maximum value (which 

ever was lower). This approach is much more likely to overestimate than underestimate true 

risk, and this is a source of conservatism in the risk estimates.  

 

 6.9.2.4  Wildlife Exposure Factors  
 

 The intake (ingestion) rates for food, soil, water, and sediment used to estimate exposure 

of wildlife at the site are derived from literature reports of intake rates, average body sizes, dietary 

compositions, consumption rates, and metabolic rates by receptors at other locations or from 
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measurements of laboratory-raised organisms. These values may or may not serve as 

appropriate models for site-specific intake rates of wild receptors at this site. Moreover, the actual 

dietary composition of an organism will vary daily and seasonally.  These uncertainties could 

either under- or overestimate the actual exposures of wildlife to COPCs in water, sediment, soil, 

and diet.  

 

 6.9.2.5  Absorption from Ingested Doses  
 

 The toxicity of an ingested chemical depends on how much of the chemical is absorbed 

from the gastrointestinal tract into the body. However, the actual extent of chemical absorption 

from ingested media (soil, sediment, food, and water) is usually not known. The hazard from an 

ingested dose is estimated by comparing the dose to an ingested dose that is believed to be safe, 

based on tests in a laboratory setting. Thus, if the absorption is the same in the laboratory test 

and the exposure in the field, then the prediction of hazard will be accurate. However, if the 

absorption of chemical from the site medium is different (usually lower) than occurred in the 

laboratory study, then the hazard estimate will be incorrect (usually too high). In this assessment, 

estimates of wildlife exposure due to water ingestion conservatively assume a relative 

bioavailability of 100% for all chemicals. This assumption is expected to overestimate contaminant 

doses to wildlife, since absorption efficiencies for many chemicals are lower in site media than in 

most laboratory studies.  

 

6.10  Uncertainties in Effects (Toxicity) Assessment  
 
 6.10.1 Representativeness of Receptors Evaluated  
 

 Risk characterizations for aquatic receptors are based on a generalized set of species 

found in freshwater aquatic communities. However, not all of these species are likely to occur at 

this site. Thus, HQ values above lE+00 may reflect risks to species that are absent at the site, and 

risks to species that are actually present at the site may be lower.  

 Risks to wildlife are assessed for a small subset of the species likely to be present in the 

areas surrounding the EDCC. The representative wildlife species used for quantitative 

evaluation at this site was selected to represent a range of taxonomic groups and life history 

types of species likely to occur in the area. These species may not, however, represent the full 

range of sensitivities present. The species selected may be either more or less sensitive to 

contaminant exposures than typical species located within the area.  
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 6.10.2  Absence of Toxicity Data for Same Chemicals  
 

 As discussed in Section 4, no reliable toxicity benchmark could be located for a number 

of chemicals that were detected in one or more samples of site media. The inability to evaluate 

hazard from these chemicals could result in an underestimation of risk, but the magnitude of the 

error is likely to be low. This is because absence of a toxicity benchmark for a chemical is often 

due to the fact that toxicological concern over that chemical is low. That is, chemicals that lack 

benchmarks are often considered to be relatively less hazardous that those for which 

benchmarks do exist.  

 
 6.10.3  Extrapolation of Toxicity Data Between Receptors  
 
 Toxicity data are not available for all of the species of potential concern at the site. Thus, 

it is sometimes necessary to estimate toxicity values for a receptor by extrapolating toxicity data 

across similar species. This extrapolation may either overestimate or underestimate the risk to 

the actual receptor, depending on whether the actual receptor is less sensitive or more sensitive 

that the species for which data are available. The direction of the error introduced by this 

extrapolation is unknown, but could be significant in some cases.  

 

 6.10.3.1  Extrapolation of Toxicity Data Across Dose or Duration  
 

 In some cases, TBV data are available only for high dose exposures, and extrapolation to 

low doses (similar to those that actually occur at the site) is a source of uncertainty. Likewise, some 

TBVs are based on relatively short-term exposures, and extrapolation to long-term conditions is 

uncertain, especially for chemicals that tend to build up in the exposed organism. When such 

extrapolations are necessary, it is customary to include an "uncertainty factor" in the derivation of 

the benchmark to account for the extrapolation. In general, the "uncertainty factor" is likely to be 

somewhat too large, so the benchmarks derived in this way are often conservative (overly 

protective).  

 

 6.10.3.2  Extrapolation of Toxicity Data from Laboratory to Field Conditions  
 

 Even when data are available for a species of concern at the site, the data are usually 

generated under laboratory conditions and extrapolation of those data to free-living receptors in the 

field is uncertain. In some cases, site-specific factors may tend to modify (often decrease) the 
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toxicity of chemicals in surface water, sediments, and soil. For example, metals in surface water 

may be bound to soluble organic materials that reduce the tendency for the metal to bind to 

respiratory structures offish or benthic organisms. Similarly, the presence of organic matter in soil, 

along with other substances, may have a significant influence on actual toxicity, Thus, risks based 

on literature-derived toxicity factors may sometimes overestimate risk from site media. 

 

6.11  Uncertainties in Risk Characterization  
 

 Most TBV are derived from studies of the adverse effects of a single contaminant. 

However, exposures to ecological receptors usually involve multiple contaminants, raising the 

possibility that synergistic or antagonistic interactions might occur. However, data are not 

adequate to permit any quantitative adjustment in toxicity values or risk calculations based on 

inter-contaminant interactions. In accordance with USEPA guidance, effects from different COPCs 

are not added unless reliable data are available to indicate that the two (or more) chemicals act on 

the same target tissue by the same mode of action. At this site, HQ values for each COPC were 

not added across different chemicals, If any of the other COPCs at the site act by a similar mode 

of action, total risks could be higher than estimated.  

 

6.12  Estimation of Population-Level Impacts  
 

 Assessment endpoints for the receptors at this site are based on the sustainability of 

exposed populations, and risks to some individuals in a population may be acceptable if the 

population is expected to remain healthy and stable. However, even if it is possible to accurately 

characterize the distribution of risks or effects across the members of the exposed population, 

estimating the impact of those effects on the population is generally difficult and uncertain. For this 

ERA, it was assumed that if more than 80% of the population was below a level of concern, then 

population-level effects were not likely. Conversely, it was assumed that if more than 20% of the 

individuals in a population had HQ values above lE+00, then impacts on population sustainability 

might occur. However, the relationship between adverse effects on individuals and effects on the 

population is complex, depending on the demographic and life history characteristics of the 

receptor being considered as well as the nature, magnitude and frequency of the chemical stresses 

and associated adverse effects. Thus, the actual distribution of HQ values that will lead to 

population-level adverse effects will vary from receptor to receptor, and use of a single criterion 

(80% below lE+00) may not be appropriate in all cases.  
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6.13  Summary of Uncertainties  
 

 The above sections have summarized the various sources of uncertainty in this baseline 

ERA, along with a qualitative estimate of the direction and magnitude of the likely errors attributable 

to the uncertainty. Based on all of these considerations, the HQ and HI values calculated and 

presented in this ERA section should be viewed as having a level of uncertainty. Because of the 

inherent conservatism in the derivation of many of the exposure estimates and toxicity benchmarks, 

these HQ and HI values should generally be viewed as being more likely to be high than low, and 

should be interpreted in a weight-of-evidence approach based on other types of available 

information as well.  
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