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ATSDR   Agency for Toxic Substances & Disease Registry 
BMD    Bench Mark Dose 
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NRC    National Research Council 
NTP    National Toxicology Program 
OSHA    Occupational Safety and Health Administration 
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Phase II ESA   Phase II Environmental Site Assessment  
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RSL    Regional Screening Level 
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DISCLAIMER 

ESC/HE would like to make sure readers understand that the Proposed Strecker Forest 
Development Site is under-characterized. In order to produce a risk assessment that 
has a high certainty, the site will need to be spatially, temporally, systematically and 
thoroughly characterized. The undertaking of any risk assessment includes defining a 
set of pre-determined assumptions to reasonably calculate the most probable risks. It is 
not necessary for these assumptions to be a reflection of EPA guidance and 
concurrence with non-mandatory EPA guidance is not sought in this situation. The 
report identifies the rationale for and documentation of the positions and materials in the 
risk assessment.  

EPA or other federal guidance documents are not mandatory, legally required, 
enforceable regulations or standards, but do provide the relevant information, whether 
procedures or numerical, that is agency position at the time. This human health risk 
assessment sought to follow EPA guidance, as applicable.  

The Wildwood City Council, faced with the possibility of building on a site without any 
additional remediation, requested a risk analysis based upon the available information, 
and specifically on Mundell & Associates‘ Phase II Environmental Site Assessment 
Report. It is also important for readers to remember that ESC/HE based residential 
assumptions on the developer‘s plan. The present plan shows that homes are to be built 
on small acreage, including one home in the direct vicinity of the Western Pond Area. 
Health protective assumptions were exercised in this risk assessment, including a more 
protective dioxin standard than that currently applied by EPA Region 7. 

ESC/HE addressed all comments received on the DRAFT Human Health Risk 
Assessment from the community or agencies. Some agency comments provided 
information that was incorporated into this final version, other comments clarified or 
articulated agency positions. ESC/HE is not in full agreement with all comments and 
have explained the disagreement and provided explanations and documentation for the 
material and positions in the HHRA. Consensus with agencies is not necessary and lack 
of full agreement is normal and to be expected in risk assessments that include 
developing scientific information and incomplete information. 
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Proposed Strecker Forest Development Human Health Risk 
Assessment 

 
EXECUTIVE SUMMARY 

 
The Proposed Strecker Forest Development Site is an 18.3 acre lot in the city of 
Wildwood MO that has been proposed for residential development in part. The City of 
Wildwood, MO contracted with Environmental Stewardship Concepts, LLC (ESC, LLC) 
and Henshel EnviroComm (subcontractor) to conduct a human health risk assessment 
for the property because of concerns over contaminants remaining on the site from past 
activities at or associated with the Bliss-Ellisville Superfund Site. The Bliss Site bounds 
the Strecker Forest Site on the east and north and the Callahan Site is immediately 
across Strecker Road to the south. During the investigation and remediation of the 
Bliss-Ellisville Site, the Environmental Protection Agency measured contaminants at 
elevated levels in soil and groundwater from areas in the northeast portion of the 
Proposed Strecker Forest Development Site property. A subsequent investigation by 
Mundell & Associates, Inc. reported contaminants remaining in soil and groundwater in 
several areas of the Strecker Forest Site at levels exceeding regulatory standards or 
guidance.  

The Human Health Risk Assessment (HHRA) evaluated sources of contamination, 
exposure pathways and hazards, and compared the estimated exposures with health 
guidance or standards. The final step was a risk characterization that includes an 
uncertainty analysis and identification of data gaps. Risks were estimated for possible 
residents at the Strecker Forest property, both resident children or resident adults who 
may be exposed. Exposures were estimated for inhaling contaminants, absorbing them 
across the skin, or incidental consumption (ingestion) of contaminants with dirt or water, 
either groundwater or surface water. The HHRA assessed risks for chemicals detected 
on site above regulatory standards but not chemicals occurring at concentrations below 
regulatory standards. 

The Strecker Forest Development Site has high ground to the south and slopes 
northward towards a creek that cuts across the northeast corner of the property. The 
site sits atop limestone that has cracks and fractures, referred to as karst geology. Such 
karst is unpredictable with regards to the flow of groundwater, and evidence from 
previous investigations supports this conclusion. As a consequence of the karst 
geology, groundwater flow is highly uncertain and can cause a wide distribution of site 
contaminants in various directions. 

Total dioxin toxicity (for all toxic forms, measured as Toxic Equivalents, or TEQ) was 
elevated, but not uniformly across the site. The highest contaminant levels were 
measured in soil in the northeast corner, nearest the Bliss-Ellisville Site. 
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Groundwater was contaminated with organic chemicals at all monitoring well locations, 
and the suite of contaminants varied by location. Soil contamination was reported at all 
locations sampled, but the types and concentration of chemicals varied by location, as 
with the groundwater contamination. Contaminant levels also varied by depth, adding a 
level of complication to the risk estimation process. 

Exposure estimates were compared against the toxicity values provided in EPA or 
ATSDR databases using conservative assumptions for reasonable maximum exposure 
conditions. Dioxin exposure estimates were compared against EPA proposed values for 
carcinogenic and non-carcinogenic effects. 

Most chemicals detected were not present at levels above regulatory limits. In addition, 
a limited number of chemicals were present in concentrations that might pose 
substantial risks under the conditions examined in this risk assessment. Risks did 
exceed the benchmark values of one in a million for cancer for total dioxins (TEQ) at 
several locations for soil or groundwater under some estimated conditions. Health risks 
to residents were highest for a resident child, 5 years old, exposed to dioxin-
contaminated soil, in which case cancer risks were elevated. Adults who have been 
exposed to contaminated groundwater since 1970 also face elevated cancer risks. 

Substantial uncertainties and data gaps remain in assessing human health risks at the 
Strecker Forest Development Site, based on analysis of previous investigations and 
existing monitoring of soil and groundwater. Major uncertainties include: 
 

 Interactions among the site contaminants and effects on health 

 Maximum contaminant levels in soil and groundwater are not known with 
certainty, therefore the HHRA assumes that the reported values may not be the 
highest actually occurring  

 Health effects of chemicals for which few or no toxicity studies or regulatory 
standards could be found 

Data gaps are the issues and topics for which there are not any data, or the data are 
incomplete. The following data gaps are identified in this report: 
 

 Soil contamination on the remainder of the site 

 Chemical analysis of dust in the two structures 

 Groundwater flow directions and velocities, seasonally, on much, if not the entire 
site 

 Effects of any contamination at the Callahan Property on the Strecker Forest Site 

Several risk-based recommendations arise from this risk assessment; 

1) The buildings on the property may be contaminated with various chemicals that 
have been detected on the Strecker Forest Site. Therefore, the buildings should 
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be evaluated for these contaminants. Removal and proper disposal need to be 
seriously considered. 

2) Additional site assessment is needed across areas and under conditions not 
sampled, for soil and groundwater, and for groundwater according to season. 
The sampling needs to include the Callahan Property to determine what, if any 
contaminants from the former Bliss-Ellisville Site could have migrated to the 
Strecker Forest Site. The northwest corner of the site has had almost no 
sampling to date. 

3) The site contaminants at present pose risks considered unacceptable by 
standards used by EPA and numerous state agencies (>1 in a million cancer) 
and thus access to the site needs to be restricted and appropriate warnings 
placed on the perimeter. 

4) The community, especially neighbors should be notified and cautioned against 
entering the property. 

5) The EPA should reopen the Bliss-Ellisville Superfund Site to address the 
remaining contamination. 

6) The records examined revealed no five year EPA review of Bliss-Ellisville, and 
such reviews should be instituted, especially if a site is not officially closed. 

7) A Community Advisory Group (CAG) can be an effective means of involving and 
including the community in agency actions and a CAG may be very effective for 
the Wildwood community.  
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1.0 INTRODUCTION 

1.1  SITE HISTORY 
 

The Proposed Strecker Forest Development Site in Wildwood, MO is an 18.3 acre 
parcel of land formerly owned by three private residents, Primm, Dozier, and Schoessel. 
The site is located next to a property owned by former waste hauler Russell Bliss 
(Figure 1). In the 1970s, the Bliss Waste Oil Company picked up waste from factories all 
over Missouri. The waste was a mix of a variety of chemicals, at times including oil, 
dioxin, toluene, and benzene. During this time, Bliss dumped tons of toxic waste onto 
the ground, buried waste in drums, and poured waste into pits on his property (Mundell 
& Associates, Inc. 2010). The EPA determined that, in the early 1980s, Bliss also 
sprayed dioxin and oil to control dust on the streets of Times Beach, a town about ten 
miles south of Wildwood. After extensive soil sampling, the Centers for Disease Control 
stated that the Times Beach dioxin contamination posed a major threat to human 
health, causing the permanent relocation of the city‘s citizens in 1983 (US EPA 1983). 
 
The EPA and the Missouri Department of Natural Resources (MDNR) began a cleanup 
of the Bliss property, which became listed as part of the Bliss-Ellisville Superfund Site in 
1983. The cleanup was completed in 1996. Ecology & Environment conducted further 
groundwater testing at the Bliss-Ellisville Site from Sept. 1997 through Apr. 1999. Tetra 
Tech EM, Inc. continued groundwater testing from Sept. 2002 through July 2003. 
Groundwater testing by E&E and Tetra Tech EM revealed that volatile organic 
compounds and dissolved metals were still present in concentrations above EPA‘s 
Maximum Contaminant Levels; dioxin was detected in groundwater as well. In 2002, 
though, both the EPA and MDNR issued letters stating that the Primm Property, which 
had been added to the Bliss-Ellisville Site in 1986, met current health-based standards 
for future residential use. This statement opened the door for development of the site.  
Wesley Byrne, a local developer, bought the Primm Property to build the Strecker 
Forest Subdivision on the 18.3 acres of land. Brucker Engineering Ltd conducted the 
Phase II ESA, but results were called into question. Due to public outcry over the 
approval of the development of the subdivision, the City hired URS Corporation to 
review the Phase II ESA. The URS review called for further testing of the site, and the 
City of Wildwood contracted with Mundell & Associates, Inc. to complete the site 
assessment as described in the URS report. After Mundell found surface, sub-surface 
and groundwater contamination, the City Council called for a public health risk 
assessment for the Proposed Strecker Forest Development Site (Mundell & Associates 
2010). 
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 Figure 1 . Site plan (Mundel l & Associates, Inc.,  Figure 3) 
 
 

1.2  SITE DESCRIPTION 
 

The Proposed Strecker Forest Development Site consists of three properties: the Dozier 
property, the Primm property and the Schoessel property. The Bliss Property is located 
east of the parcel and contains a horse arena that borders the northeastern section of 
the Development Site. The Strecker Farms subdivision is located along the western 
boundary of the Proposed Strecker Forest Development Site. The site is mostly 
undeveloped and the major features include: 



15 

 

ESC/HE 

Proposed Strecker Forest Development Site HHRA 

March 14, 2011 

 

 a Western Pond Area,  

 a Solid Waste Disposal Area with a drainage ravine that cuts through the site,  

 Old Haul Road that parallels the drainage way, and 

 a Disturbed Area in the northeast corner.  
 

A fence provides the border with the Bliss property that is part of the Bliss-Ellisville 
Superfund Site. An eastern creek flows north along the northeastern border of the site 
border and intersects with another creek at the northeast corner of the site. The 
Proposed Development Site sits directly north of Strecker Road, as seen in Figure 1 
(Mundell & Associates, Inc. 2010). 
 
The geologic investigation completed by EPA, in the original site investigation, revealed 
that the site lies on top of limestone bedrock and is therefore characterized as an area 
of karst geology (US EPA 1991). Karst areas are mainly composed of geologic layers of 
limestone and other dissolvable rock (USGS 2010). Unique geologic characteristics 
associated with karst areas affect groundwater movement. The site slopes dramatically 
to the northeast, with a ravine cutting southwest to northeast and is thought to be a 
developing karst valley, while the western pond area could represent a developing 
sinkhole. Based on surface topography alone, groundwater flow from the western pond 
appears to be directed to the east and then northeast and moves from higher elevation 
ridges into the valley formed by the creek. Therefore, the assumption based on surface 
topography is that primary groundwater flow is directed toward the northeastern corner 
of the site. Again based on surface topography alone, the groundwater flow along the 
southern border of the site is directed to the south and southwest. The conclusion from 
the Mundell report is that this surface feature indicates that there is a groundwater 
divide present that prevents the flow of groundwater onto the site from the south 
(Mundell & Associates, Inc. 2010).  
 
The site is located immediately adjacent to, and partially within, the Bliss-Ellisville 
Superfund Site. The Bliss-Ellisville Site is comprised of the Rosalie Investment 
Company, Callahan, Bliss, and contiguous properties. The three properties Rosalie, 
Callahan, and Bliss , originally listed as the Bliss-Ellisville Site in 1981, are technically 
located in the city of Wildwood, Missouri close to the city of Ellisville (Mundell & 
Associates, Inc. 2010). The Proposed Strecker Forest Development Site is bordered by 
the Russell Bliss property to the east and the Callahan property to the south across 
Strecker Road, but not the Rosalie property (Figure 2).  
 
The Russell Bliss Property is about 12 acres in size, directly east of the Development 
Site. In June 1981, an EPA site investigation determined that the property contained 
liquid hazardous waste, both in drums and on the ground surface.  In 1982, MDNR 
completed a geophysical survey of the Bliss property which identified seventeen 
suspect waste disposal locations. The geophysical investigation identified eight areas 
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that were potential drum burial sites. The Remedial Investigation report, prepared by 
Black & Veatch for the EPA, showed the presence of dioxins ranging up to the parts-
per-billions as well as a high number of volatile and semi-volatile organic compounds in 
certain soil samples. A diversion dike was created in 1985 by the Missouri Department 
of Natural Resources (MNDR) to re-route storm water runoff which flowed through the 
fill area containing buried drums. The northern bank eroded and several drums became 
exposed. The valley region extending to the north of the Bliss property toward Caulks 
Creek appears to be the most probable region where groundwater migration within the 
uppermost bedrock aquifer would occur (Mundell & Associates, Inc. 2010).  
 
The Jean Ellen Callahan property is approximately eight acres in size, located 
immediately south of the Development Site across Strecker Road. There was concern 
that past waste dumping and burial activities that occurred at this property may have 
impacted the Development Site. However, the Mundell report indicates that the 
presumptive groundwater divide in the south most likely prevented contaminants from 
flowing north towards the Development Site. Immediate removal action by the EPA at 
this property in 1982 resulted in 1,205 drums being excavated from a fill area located in 
the valley. A full reconnaissance of the property determined that the soil in the fill area 
where the drums were excavated was physically unstable and likely to erode. The 
Mundell review of the Callahan property indicated the detection of PCBs and methylene 
chloride in exceedance of the Missouri Risk-Based Corrective Action (MRBCA) levels. 
Also, Mundell determined that if the area just south of Strecker Forest indeed 
represents a groundwater divide, then volatile organics in the soil would be likely to 
remain in the vicinity of the former drum burial area or at least not migrate north past the 
presumptive groundwater divide. 
 
The Rosalie Investment Company Property is a non-contiguous part of the Ellisville-
Bliss Superfund and does not border the Strecker Forest Development Site. The 
Property is 4.11 acres, is located 3,500 feet west of the Bliss property, and borders the 
west bank of Caulks Creek, where the water eventually flows to the Missouri River.  
Four waste disposal areas containing over 200 drums and one and five-gallon buckets 
of chemical wastes, some of which were leaking into Caulks Creek, were removed by 
the EPA in the 1980s (US EPA 1991).  
 
A Phase I Environmental Site Assessment, completed by SCI Engineering in 2000, 
summarized three environmental concerns associated with the Proposed Strecker 
Forest Development Site. These consisted of: 
 

 a partially buried drum located on the subject site near the Bliss property, 

 a disturbed area identified in a 1966 aerial photograph, and  

 potential on-site impact due to groundwater migration from the Bliss property.  
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Figure 2. Surrounding area map (Mundell & Associates, Inc., Figure 2) 

 
 
A Phase II Environmental Assessment completed in 2004 by Brucker Engineering 
Limited stated that the contaminants of concern were minor and only present in the 
eastern portion of the site. The chemicals of concern investigated by Mundell included 
VOCs, SVOCs, PCBs and dioxins/furans. A more detailed account of the site 
description and a full history of the adjacent areas can be found in the Phase II ESA 
report by Mundell, the URS report, and the EPA Record of Decision for the Ellisville 
Site. Appendix I contains a complete list of documents used in this HHRA.  
 
1.3  DIOXIN REGULATORY AND POLICY CONTEXT  
 

Regulation of dioxin has received the attention of environmental experts for many years 
as a result of several high-profile situations, which include dioxin contamination of Agent 
Orange during the Vietnam War era. The Environmental Protection Agency (EPA) 
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began the most recent reassessment of the health risks of dioxin (2,3,7,8 
tetrachlorodibenzo-p-dioxin) in the spring of 1991 and the effort soon expanded into 
considering the full range of toxic dioxins, furans and PCBs 
(http://cfpub.epa.gov/ncea/CFM/nceaQFind.cfm?keyword=Dioxin). The EPA effort to 
reassess sources, health effects, and basic toxicology of this group of chemicals 
involved scientific, regulatory, and non-profit communities. The reassessment came to 
address literally every aspect of the chemical, biological, physical and regulatory 
characteristics of dioxins. Dozens of scientists around the world and environmental 
managers in multiple federal agencies have participated in this effort. 
 
In addition to the EPA effort on dioxins, other agencies in the US and around the world 
evaluated dioxin toxicity and regulation. The World Health Organization (WHO) 
completed an evaluation of the carcinogenicity of 2,3,7,8 TCDD (IARC 1997). The US 
National Toxicology Program (NTP 1999) classified dioxin as a known human 
carcinogen and undertook further laboratory research on toxicity. One of the more 
significant scientific developments was the realization that more than a dozen chemicals 
are ―dioxin-like‖ because of the shape of the molecule. A number of dioxins, some 
related chemicals, furans, and some of the polychlorinated biphenyls (PCBs) all act like 
dioxin and contribute to total dioxin toxicity. 
 
Dioxin regulations were largely put on hold since the year 2000, as the dioxin 
reassessment was drafted and revised. Regulations and standards for dioxin and 
dioxin-like compounds (DLCs) for ambient water and discharges, air emissions, waste 
disposal, hazardous waste disposal and contaminated site cleanups were changed little 
or not at all during this time. In addition, state health departments and the US Food and 
Drug Administration (FDA) evaluated health risks of dioxin in food by considering 
market-basket surveys, commercial fishing and recreational or subsistence fishing 
scenarios. Few of these programs changed the way in which dioxin was regulated or 
evaluated because the dioxin reassessment was in progress and EPA had not changed 
any official standards or guidelines. Thus, all through the 1990s and 2000s the dioxin 
cleanup standards at Superfund sites remained as the EPA had set them in the 1980s 
and were not updated to account for newer information on toxicity, persistence or 
accumulation. 
 
When the Proposed Strecker Forest Development Site was evaluated in 2003, the 
dioxin reassessment was in revision and about to be sent to the National Research 
Council (NRC) for review. The preliminary remediation goal (PRG) for dioxin was set 
decades previously at 1000 parts per trillion (ppt), and not updated to account for new 
scientific information and analysis. PRGs are non-binding cleanup numbers for soils that 
are contaminated; PRGs are chemical specific. 
 

http://cfpub.epa.gov/ncea/CFM/nceaQFind.cfm?keyword=Dioxin
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During the past 19 years, the EPA produced several draft reports of the dioxin 
reassessment. The last full version of the reassessment was released in 2003 and sent 
to the National Academy of Sciences for review (US EPA 2003). The NRC report called 
on the EPA to undertake several specific actions in the final revision (NRC 2006). The 
NRC report identified three areas that require substantial improvement in describing the 
scientific basis for the EPA‘s dioxin risk assessment to support a scientifically robust risk 
characterization:  
 

 Justification of approaches to dose-response modeling for cancer and non-
cancer end points.  

 Transparency and clarity in selection of key data sets for analysis.  

 Transparency, thoroughness, and clarity in quantitative uncertainty analysis. 
 
The NRC also recommended improvements to the final revision: 
 

 Compare cancer risks by using both a linear model and a nonlinear model 
consistent with a receptor-mediated mechanism of action and by using 
epidemiological data and the new National Toxicology Program (NPT) animal 
bioassay data.  

 Identify the most important data sets to be used for quantitative risk assessment 
for each of the four key end points (cancer, immunotoxicity, reproductive effects 
and developmental effects). 

 When selecting a bench mark dose (BMD) as a point of departure (POD), EPA 
should provide justification for selecting a response level (e.g., at the 10%, 5%, 
or 1% level). The effects of this choice on the final risk assessment values should 
be illustrated by comparing point estimates and lower bounds derived from 
selected PODs. 

 Continue using body burden to measure dose of dioxin and similar compounds, 
but also consider modeling as a way of comparing rodents and humans and the 
differences among people. 
 

The committee encouraged the EPA to calculate a reference dose (RfD) as part of its 
effort to develop appropriate margins of exposure for different health effects and risk 
estimates. 
 
The EPA response to the National Academy report included an updated cancer potency 
calculation and a reference dose (RfD) for non-cancer effects. The EPA had previously 
not calculated an RfD because the current average or background exposures of the 
general population were at or above the RfD (US EPA 2010d).  
 
The EPA‘s efforts to complete the reassessment and update regulations and standards 
with current scientific information resulted in considerable progress in 2010. In early 



20 

 

ESC/HE 

Proposed Strecker Forest Development Site HHRA 

March 14, 2011 

 

2010, the EPA proposed updated PRGs for dioxin and dioxin-like compounds. The PRG 
document proposed new numbers based on the latest scientific information, much of 
which is in the reassessment and the EPA‘s response to the NRC report (US EPA 
2010b,c,d). According to the EPA, to prevent cancer risks greater than one in a million, 
soil dioxin should not exceed 3.7 parts per trillion (ppt) in residential soil. To prevent 
non-cancer health effects, the soil levels should not exceed 72 ppt, although this 
number is based on a non-standard assumption that all of the dioxin comes from the 
contaminated site. Ordinarily, a fraction of the dioxin exposure (dose) is assumed to 
derive from other sources, such as meat and dairy.  
 
The EPA released the agency reply to the NRC report on the dioxin reassessment (US 
EPA 2010b). In the agency response to the NRC report, the EPA updated the cancer 
potency (cancer slope factor) and calculated a Reference Dose (RfD). The cancer slope 
factor is 1 x 10+6 (mg/kg/day)-1 and the RfD is 0.7 pg/kg-day. This cancer slope factor is 
greater than the previous value of 1.5 x 10+5 (mg/kg/day)-1. 

 

           Table 1. US EPA dioxin related numbers 

US EPA Draft Preliminary Remediation Goals (soil): 

Cancer  3.7 ppt 

Non-cancer  72 ppt 

Non-cancer* 36 ppt 

*Assuming 50% of the total dioxin is from the site 

US EPA Cancer Potency Factor:   

Current  1/1.5x105 (mg/kg/day)-1  

Proposed 2010   1/106 (mg/kg/day)-1  

US EPA Non Cancer Reference Dose (RfD): 

2010   0.7 pg/kg-day 

 
 

2.0 HUMAN HEALTH RISK ASSESSMENT PROCESS 
 

Human health risk assessments estimate the potentially harmful effects of chemicals 
within an environment on the human population in the area. Considering factors such as 
chemical composition, amount and potential modes of human exposure, government 
agencies and science experts work together to establish whether or not current or future 
exposure to a certain chemical could cause health problems. The EPA‘s National 
Center for Environmental Assessment prepared the Exposure Factors Handbook, which 
presents exposure factors to use in risk assessment (US EPA 1997). Guidance on 
calculating risks associated with different chemicals and different means of exposure, 
including direct contact, inhalation and digestion are provided by EPA‘s Risk 
Assessment Guidance for Superfund, Volume I Human Health Evaluation (US EPA 
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1989). Using a process involving large collections of data along with mathematical 
equations, regulators and scientists determine dangerous chemical exposure levels, 
associated health risk types and severity, and activities that would put people at 
increased risk. Human health risk assessments guide the formation of goals for 
reducing public exposure to toxic chemicals. Drinking water standards, hazardous site 
remediation standards and other similar standards are based on human health risk 
assessments and provide measures protecting human health from toxic chemical 
exposures. A human health risk assessment consists of a series of steps, such as the 
exposure assessment, chemical characterization and toxicity overview, and the risk 
characterization (CAEPA 2001).  
 
A human health risk assessment begins by identifying the potential chemical hazards, 
during which the risk assessor reviews past research pertaining to chemicals found 
within the area of concern. In particular, information about the health hazards 
associated with the chemicals is sought during this initial review. The second step is the 
exposure assessment. Using environmental monitoring data, human health data, 
human behavior assumptions and modeling, the risk assessor determines the amount 
of human exposure through inhalation, direct contact, consumption, and other modes of 
exposure. During the chemical characterization and toxicity overview, the cancer and 
non-cancer effects of chemicals of potential concerned are discussed. To make an 
informed assumption on a chemical‘s effect on an exposed population, information from 
the first three steps is synthesized into a final risk characterization (CAEPA 2001).  
 
2.1  METHODS AND APPROACHES  
 

This human health risk assessment was performed as described in EPA guidance and 
procedures. The general approach for conducting health risk assessments is set out in 
the report of the National Research Council (NRC 1983) and described in more specific 
detail in the EPA report, Risk Assessment Guidance for Superfund, Volume I Human 
Health Evaluation (US EPA 1989). Using equations taken from the RAGS report, 
chemical-specific chronic daily intake (CDI) values were calculated for each chemical of 
concern. Parameters, such as average weight and average residential duration time, 
were taken from EPA‘s Exposure Factors Handbook (US EPA 2009a) and EPA‘s Child-
Specific Exposures Factors Handbook (US EPA 2008a). Chemical-specific reference 
dose (RfD) and reference concentration (RfC) values for each chemical of concern 
(COC) were gathered from EPA‘s Regional Screening Level (RSL) Summary Table (US 
EPA 2010e). The CDI values were divided by RfD and RfC values to produce each 
COC‘s non-cancer hazard quotient, which was considered during the risk 
characterization step of the risk assessment. Oral and inhalation slope factors for 
carcinogenic COCs were taken from EPA‘s Integrated Risk Information System (IRIS) 
and used during COC cancer risk characterization (US EPA 2010). Additional COC 
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toxicology information was gathered from Agency for Toxic Substances and Disease 
Registry (ATSDR). 
 
The list of COCs was derived from existing quantitative information; the sources of 
information are listed in the following section. Reference dose, reference concentration, 
and cancer slope factor information was collected for chemicals that occurred above 
risk-based target levels in the site‘s soil or groundwater. A chemical was placed onto the 
COC list if it occurred above the target level in any soil boring or monitoring well 
reading. If the chemical‘s RfD, RfC or cancer slope factor (CSF) was not available, the 
chemical was not included in the health risk assessment, because, without this 
information, a complete risk characterization could not be performed. 
 
2.2  SOURCES OF ENVIRONMENTAL DATA 
 

The information and quantitative data used in this risk assessment were derived from 
previous investigations of the Proposed Strecker Forest Development Site and the 
adjoining properties. Adjoining properties include the Bliss Property on the east side and 
the Callahan Property on the south side (across Strecker Road). Bliss-Ellisville 
Superfund Site documents were reviewed during the HHRA process; five-year reviews 
of the Bliss-Ellisville Site, however, were not available. Five-year reviews report on site 
conditions and cleanup success in five-year intervals following the completion of site 
cleanup actions. The Strecker Farms development is located across the property line to 
the west, but there were no data from those properties.  
 
Quantitative soil data used in the risk assessment were drawn from soil boring and 
monitoring well chemical detection levels listed in Tables 3 -5 in Mundell‘s Phase II 
Environmental Site Assessment Report (Mundell & Associates, Inc. 2010). Quantitative 
groundwater data were drawn from monitoring well and soil boring readings in a number 
of Missouri Department of Natural Resources (MDNR) documents. A comprehensive list 
of sources is listed in Appendix I. 
 
2.3  SCOPING 
 

Dr. Peter deFur, ESC President, Laura Williams, ESC Environmental Scientist, and 
Diane Henshel, of Henshel EnviroComm, visited the Proposed Strecker Forest 
Development Site on September 27 – 29, 2010. During the visit, Peter,Laura, and Diane 
listened to community residents about their contamination concerns, local accounts of 
illnesses within the area, and some residents‘ fears that certain illnesses may be related 
to past chemical contamination in the area. Several community members presented 
documentation related to past remediation efforts. ESC used this collected information, 
and information about the potential future land use, to determine the exposure pathways 
and the exposed population groups, or receptors, to include in this assessment. Mundell 
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& Associates, Inc. and the Missouri Department of Natural Resources have provided 
soil sampling and groundwater sampling information for a wide array of chemicals found 
at the site. 
 
2.4  CONCEPTUAL SITE MODEL 
Sources 
Chemicals-see accompanying text for lists   

 
 
Figure 3. Conceptual site model; the rectangles represent sources, the ovals are environmental media, and the 
arrows are exposure pathways. The ―x‖ represents a complete exposure pathway. Construction workers also include 
landscapers and gardeners. Local food consumption includes eating wildlife and homegrown gardens.  
 

The conceptual site model provides a graphical depiction of the sources, pathways and 
targets for the agents that pose potential risks to human health at the Proposed 
Strecker Forest Development Site. The activities that originally caused the 
contamination of the site are described in EPA documents prepared to investigate and 
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remediate three properties. Together, three properties comprised the Bliss-Ellisville 
Superfund Site: the Bliss and Callahan properties are immediately adjacent to the 
Proposed Strecker Forest Development Site on the east and south sides respectively.  

 
2.4.1 Potential exposure pathways 
 

An exposure pathway describes how a contaminant moves from a source (such as 
buried waste) to an environmental media (such as soil) and then to a target organism, 
also known as a receptor (such as a child living in a residential area). The exposure 
pathway contains five parts: a source of contamination; an environmental media and 
transport mechanism; a point of exposure; a route of exposure; and a target organism 
population (or receptor) is specified (ATSDR 2009). All five parts are integrated to 
create a complete exposure pathway. 
 
Specific to the Proposed Strecker Forest Development Site, contamination sources 
include waste buried in drums, waste on the ground, and waste poured into pits 
(Mundell & Associates 2010). Environmental media and contaminant transport 
mechanisms include soil and groundwater. Contaminated surface and subsurface soil 
and groundwater are potential points of exposure. Relevant routes of exposure include 
incidental ingestion (of homegrown vegetables, soil, or groundwater), inhalation, and 
dermal contact of contaminated media. Potential target organisms on the site are 
children and adults living in residential areas and children and adults playing in 
residential outdoor areas or in parks. Specific target organism group exposure risk 
varies due to many factors, including target organism body weight and residence time. 
Target organism groups are considered separately to account for the variance among 
these factors.  
 

2.4.2 Potentially exposed people 
 

The proposed development of the site is residential with common space that is 
considered green space used in a manner similar to a park. The users of the site are 
considered to be adults and children that have a usual distribution of health conditions 
and activities. Usual residential activities include outside play, gardening, and yard 
work. Both full-time residents and recreational users are considered residential site 
users. For this site, we assume children will play in and near the creek on the north end 
of the site. Child sensitivity to chemicals changes with age and differs from that of an 
adult.  
 
Recreational users are considered in cases where there are common green areas 
similar to a park or playground. In this case, the recreational users are assumed to be 
the residents or recreational users. The recreational user‘s exposure characteristics 
may only differ in duration.  
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3.0 EXPOSURE ASSESSMENT 

 
3.1  CHARACTERIZATION OF EXPOSURE SETTING 
 

3.1.1 Potentially exposed human populations 
 

The human population considered for this HHRA is broken down into two target 
organism groups, residential children and adults. Humans may be exposed to 
contaminants through dermal (skin) contact with contaminated soil or surface water 
during high flows. Exposure may occur through the inhalation of contaminants, 
classified as volatile organic compounds (VOCs). Also, exposure may occur through 
incidental ingestion of either contaminated dirt or groundwater.  
 
There are no current residential or industrial activities directly on the Proposed Strecker 
Forest Development Site. To the west of the site, however, there is a residential area. 
To the east of the region lies the Bliss Property. The Bliss Property has a long historical 
past of contamination, and may serve as a source of contaminants to the Development 
Site. The Callahan Property, to the south of the region, may serve as a potential 
contaminant source as well. To the north, there is an intermittent stream which children 
have been observed playing in during the summer. There is currently a proposal to 
allow residential construction on the Proposed Strecker Forest Development Site.  
 
3.2  SPECIFIC EXPOSURE PATHWAYS 
 

3.2.1 Background information on karst flow 
3.2.1a Flow in karst aquifers 

Contaminant pathways in an aquifer are distinctly different in karst and nonkarst 
aquifers. An aquifer is nonkarst when groundwater moves through the pores between 
aquifer media (known as a porous medium aquifer) or the thin fractures that exist in rock 
aquifers (known as a fractured rock aquifer). The flow in nonkarst aquifers can be 
described by Darcy‘s Law1, leading to some important implications in regard to 
contaminant transport. First, in a nonkarst aquifer, the direction of flow is always from 
high to low head (where head is defined as the elevation of the water table relative to 
mean sea level), see Figure 4(A). Second, when the aquifer is recharged from above by 
precipitation, water divides will form between stream features. In nonkarst aquifers, 
water divides act as no flow boundaries where flow is zero at the divide and flow on 
either side of the divide travels in opposite directions (see Figure 4(A)). In practical 
terms, water may not flow underneath a water divide; hence contaminants on one side 

                                            
1
 Darcy‘s Law defines groundwater flow Q [ft

3
/day] as the product of the hydraulic conductivity k [ft/day], cross 

sectional aquifer area A [ft
2
], and the slope of the water table (also known as the hydraulic gradient) [-] (Freeze and 

Cherry 1979). 
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of a water divide will not be able to migrate to the other side. In practice, however, the 
location of water divides in an aquifer may shift seasonally, which means that the 
direction of flow (and hence the direction of contaminant spreading) in portions of an 
aquifer does not have to be the same year round. Finally, because the movement of 
water is impeded by aquifer material, residence times in a nonkarst aquifer are often on 
the order of decades or even centuries. This long period of travel is often enough to 
allow contaminants to be removed through a variety of chemical processes (such as 
sorption or decay).  
 
Karst aquifers occur when the hairline fractures in limestone that define fractured rock 
flow begin to physically and chemically erode, resulting in underground channels, often 
referred to as conduits. Flow through a conduit is similar to flow in a river, and as a 
result is no longer bound by Darcy‘s Law. Instead, Manning‘s equation2 can be used to 
determine groundwater velocities if conduit properties are known. Karst aquifers may 
also contain caves which can serve as storage sites for water and material carried by 
the water. Karst aquifers will also still contain hairline fractures where flow is still bound 
by Darcy‘s Law, and if the presence of conduits is minimal, then this type of flow may 
still be the most important transport pathway in portions of a karst aquifer. Hydraulic 
properties of a karst aquifer are highly heterogeneous and thus, on a local scale, are 
difficult to model with traditional modeling techniques and without extensive data 
collection. However, some generalizations may be made. First, as with nonkarst 
aquifers, the direction of flow is always from high to low head. Second, unlike with 
nonkarst aquifers, it is possible for a conduit to develop underneath a water divide, 
providing a pathway for groundwater to bypass the water divide (Figure 4(B)). Since 
conduits in the limestone develop unpredictably, and can extend for short or very long 
distances (up to several miles long), the spread of contaminants is both potentially 
larger and more unpredictable than in a nonkarst aquifer. Finally, because the flow 
through a conduit is similar to that of a river, the velocity of groundwater in a karst 
aquifer can be much higher than in a nonkarst aquifer. Hence, the spread of 
contaminants is also potentially much quicker in a karst aquifer (with travel times on the 
order of hours or days) than in a nonkarst aquifer (where travel times are on the order of 
a years or decades).     
 

3.2.1b Monitoring heads in karst aquifers- the importance of spatial and temporal 
variations 

Monitoring wells may not be reflective of the true water table level in a karst aquifer. A 
karst aquifer contains a mixed media, that is to say, a network of conduits/caves and a 
fractured rock media. In such mixed media aquifers, water levels measured by 
monitoring wells are typically too low (Ewers 2010). Exactly how low is dependent on 

                                            
2
 Manning‘s equation defines river flow Q [ft

3
/day] as Q = (1.487/n)*A*Rh

0.667
*S

0.5
, where n is the roughness 

coefficient [-], Rh is the hydraulic radius, S is the slope of the water surface, and A is the cross sectional area of the 
river (Dunne and Leopold 1978). 



27 

 

ESC/HE 

Proposed Strecker Forest Development Site HHRA 

March 14, 2011 

 

the degree of fracturing and conduits present in the aquifer. For example, a monitoring 
well intersecting a conduit would be expected to have a much different head level than a 
nearby monitoring well which does not. This discrepancy could be greater than a couple 
of feet (Ewers 2010), so comparison of head values in two monitoring wells with similar 
heads could lead to misleading information regarding flows.  
 

 
Figure 4. A) Groundwater flow in a porous medium between two streams. When recharge is applied, a 
water divide forms which acts as a no flow boundary. B) Groundwater flow in a karst aquifer between two 
streams. A conduit is able to bypass the water divide. 
 

 
Temporal variations in aquifer heads are also important to understanding karst 
groundwater flow. Aquifer heads in karst aquifers have been observed to vary by 50-
100 ft vertically under extreme precipitation/flooding events (Bidaux and Drouge 1993). 
For such variations to occur, however, precipitation must have a way to recharge3 the 
karst aquifer quickly. Many factors control the recharging of karst aquifers, but two of 
the most important are the presence of a clay layer and the depth of the water table 
below the terrain surface. Clay is nonporous and often slows or prevents the recharging 
of an underlying aquifer; however, when cracks begin to appear in the clay, recharge 
rates are expected to increase in unpredictable ways (Bronswijk 1988). Furthermore, 
cracked clay is often a precursor to subsidence, which occurs when the ground sinks 
due to the collapse of the underlying karst aquifer and is the process that leads to the 
formation of sinkholes.  
 
Another factor impacting the rate of recharge water reaching the water table is the depth 
of the water table below the terrain surface. Bidaux and Drouge (1993) indicate that 
shallow water tables in karst aquifers are quicker to respond to recharge than deeper 
water tables. Deeper water tables often remain at very steady levels through the course 
of a year because water may take upwards of 50 days to reach the water table 

                                            
3
 Recharge [ft/day] is the volume of precipitation that reaches an aquifer over a set period of time and a 

unit area. 
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(effectively providing a constant source of water to the aquifer instead of a seasonally 
variable source).  
 
The water table is often thought to follow the topography of the land, a concept known 
as Toth's regional flow (Freeze and Cherry 1979). This concept is often used to 
conclude that groundwater will move from high elevations in the topography to low 
elevations in the topography. Toth's regional flow, however, does not always apply on a 
local scale, especially where streams are not connected to the aquifer year round (as is 
the case in the Proposed Strecker Forest Development Site). Local recharge hot spots 
(areas where recharge is higher than surrounding areas) may lead to water levels at low 
topography which are higher than water levels in high topography.  
 

3.2.1c The transport of a contaminant in a karst aquifer 
Particulates in groundwater are typically removed in nonkarst aquifers because the 
small pores and cracks act as a filter. However, in karst flow, conduits do not provide a 
filtering mechanism, so particles are able to move more quickly and unexpectedly 
through the aquifer (Goldscheider et al. 2010). Hence, karst aquifers provide a more 
efficient pathway (compared to nonkarst aquifers) for both dissolved contaminants and 
contaminants sorbed to particulates to move through an aquifer. 
 

3.2.2 Groundwater flow at the Proposed Strecker Forest Development Site 
3.2.2a Groundwater level impact on contaminant transport 
 

Geology of the Proposed Strecker Forest Development Site 
The aquifer in the Proposed Strecker Forest Development Site consists of fractured 
limestone which has been characterized as karst by the Mundell Report (2010), Black 
and Veatch (1983), and the EPA (2006). Although conduits have not been observed at 
the site, Fetter (1980) and Fitts (2002) both explain that conduits enlarge over time as a 
result of preferential flow pathways, often with only a few conduits conducting a large 
majority of water in the aquifer. The seven monitoring wells in the Strecker Forest Site 
region may not intercept existing conduits. Thoroughly documented dye tracer studies, 
especially near the Western Pond Area and the proposed residential area are required 
to fully understand the hydrogeology of the region. 
 
Further evidence for karst exists. The region is a hot bed for sinkhole activity, sinkholes 
typically resulting from collapsed caves (see Figure 5). The figure 5 image was created 
by first locating the Strecker Forest Site region on Google Earth and then overlaying an 
image representing sinkholes in the St. Louis region from the USGS website. Note that 
county and state boundaries match in both images. The green circles represent 
existing, noncollapsed sinkholes and the orange circles (with transparent centers) 
represent collapsed sinkholes. Hence, the area surrounding Strecker Forest Site has 
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been found by the MDNR and USGS to be highly karst, and since the Western Pond 
Area is suspected to be a sinkhole, indications are that this area is also karst. 
 
Finally, the nature of the water table indicates that the area is karst. Table 2 indicates 
the water levels as measured from the 7 monitoring wells. Despite the variations in 
terrain of over 80 ft, the water levels only vary from 608.87 to 625.12 ft. Relatively flat 
water tables are also an indicator of karst (Fetter 1980; Fitts 2002).  
 

 
 
Figure 5. Sinkholes in the area of the Proposed Strecker Forest Development Site (solid green circles 
represent uncollapsed sinkholes, orange outlined circles represent collapsed sinkholes). The Strecker 
Forest Site is indicated with the yellow pin, in the center of a circle representing a collapsed sinkhole 
(Google Earth 2011; Kauffman 2007). 

 
Data for the Proposed Strecker Forest Development Site  
The Proposed Strecker Forest Development Site is outlined in red in Figure 6. There 
are seven monitoring wells located within the site which were used to determine the 
water table level on 11/16/2009. It should be noted that the low point of the water table 
was indeed next to the stream in the northeastern corner of the property (MW-5 and 
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MW-6), and these monitoring wells are relatively shallow compared to the other 
monitoring wells (see Table 2). However, the rest of the monitoring wells do not follow 
Toth's flow. Compare, for example, MW-2, which represents a higher point in the terrain 
but has a lower head than MW-1, MW-3, MW-4, and MW-7. Hence, terrain elevation 
should not be used to determine local flow directions and the locations of water divides.  
 
Table 2. Monitoring well data from Mundell & Associates, Inc. (2010). Data indicates the surface elevation 
(in ft above mean sea level), depth to groundwater, and the groundwater head for the 7 monitoring wells 
studied. 
Monitoring Well Date Surface Elevation (ft above MSL) Depth to Water (ft) Head (ft) 

MW-1 11/16/2009 724.87 99.75 625.12 

MW-2 11/16/2009 727.02 112.96 614.06 

MW-3 11/16/2009 711.63 94.15 617.48 

MW-4 11/16/2009 665.48 49.73 615.75 

MW-5 11/16/2009 650.34 38.99 611.35 

MW-6 11/16/2009 640.14 31.27 608.87 

MW-7 11/16/2009 704.06 84.74 619.32 

 
To demonstrate the earlier discussion on the hydrology of karst flow, consider MW-2, 
MW-4, and MW-5 in Figure 6. Note that the heads in these three wells only differ by 4.5 
ft, which per Ewers (2010) could mean that the error in heads is large enough that the 
apparent direction of flows are misleading. However, for demonstration purposes, 
assume that the heads given by the monitoring wells do indeed represent the true 
hydrology of the region. Then MW-2 has a higher head than MW-5, while MW-4, which 
falls between the other two wells, has the highest head of the three. Through a porous 
or fractured rock media, flow could travel from MW-4 to MW-2 and MW-4 to MW-5. 
However, in a karst aquifer, flow may also travel from MW-2 to MW-5 if a conduit 
connects the two, even though MW-4 is at a higher head (indicating the existence of a 
water divide). 
 
An important limitation of the monitoring well data (in addition to uncertainties outlined 
by Ewers 2010) is that it represents a sample at a single point in time. To understand 
the direction of flows throughout the year, seasonal sampling would be required to 
monitor groundwater fluctuations. The importance of this limitation will be highlighted 
when discussing the Bliss Property.  
 
The following sections will discuss the direction of flow based on the available head 
levels and whether we could expect the head levels to change during a flooding event. 
The discussion will consider three potential contaminant sources in or near the region 
(see Figure 6): 1) the Bliss Property, 2) the pond area, and 3) the Callahan Property 
(not shown in Figure 6, the property lies just to the south of the Proposed Strecker 
Forest Development Site). This section will speculate on the potential contaminant 
pathways to existing residential sites and potential residential construction sites (Figure 
2). 
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Dioxin toxic equivalents (dioxin TEQ) data for the soil overlying groundwater monitoring 
wells is presented in Figure 7. Dioxin TEQ concentrations are highest directly above 
MW-6 (it was also observed in the Mundell report that dioxin TEQ concentrations in the 
groundwater were also highest at MW-6). MW-6 represents a low point in the water 
table (Figure 7). Other contaminants are also high at MW-6. However, like dioxin TEQ, 
some contaminants are observed at levels above background in all wells both in the soil 
overlying the wells and in the actual groundwater. These contaminants will be examined 
further during exposure calculations.  
 
Bliss Property 
Hydrogeology 
The stream adjacent to the Bliss Property is dry for a portion of the year; that is to say, it 
is not connected to the aquifer for part of the year (Figures 6 and 8). During the 
November sampling period, the water table was approximately 5 ft below the stream. 
We expect that the water table would connect to the stream during a rainy period, at 
least for a short duration. How long the stream would be connected is contingent on the 
ability of the water table to rise when precipitation rates increase; this rise is directly 
dependent on the properties of the clay layer underlying the stream. While clay is 
relatively nonporous, it may contain cracks which promote connection to the subsurface. 
Seasonal monitoring of the water table at the Bliss Property (MW-5 and MW-6) would 
indicate whether the water table near the stream responds rapidly, slowly, or not at all to 
changes in precipitation (and thus provide insight into how water infiltrates through the 
clay layer and recharges the aquifer).  
 
Exposure Pathways from Bliss 
To determine the threat to the proposed residential area in Strecker Forest, this report 
assesses the direction of flow between MW-2 and MW-5. MW-5 indicates that the water 
table at the Bliss Property was 40 ft below the surface on 11/16/2009. In contrast, on 
the same date the water table at MW-2 was 113 ft below the surface because the 
ground level is much higher in elevation than the ground level at MW-5 (Figure 8). 
Shallower water tables such as MW-5 are expected to react quicker to changes in 
precipitation than deeper water tables such as MW-2, which tend to be stable and 
reflect average recharge conditions. It should also be noted, however, that the Bliss 
Property has a 30 ft thick clay layer, which will reduce the ability of water to infiltrate to 
the water table unless it is highly cracked, while MW-2 has a 10 ft thick clay layer.  The 
key question with the Bliss Property, then, is how high will the water table rise in 
comparison with the surrounding areas? Under dry conditions, the water table at the 
Bliss Property is 4 ft lower than MW-2 and thus cannot contaminate that well (provided 
that the heads at the monitoring wells are indeed accurate). Since precipitation varies 
throughout the year, consider the following cases: 
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 The water table at MW-2 is relatively constant throughout the year; the water 
table at MW-5 (Bliss) fluctuates by ±10 ft every year. In this case, for at least part 
of the year, the water table at MW-5 is higher than at MW-2. Thus, at least 
seasonally, contaminants could flow from under the very contaminated part of the 
Bliss Property towards the southwest section of the Proposed Strecker Forest 
Development Site, passing under the area proposed for development and under 
the ravine that splits the north part of the Strecker Forest Site (Figures 6 and 8).  

 The water table at both MW-5 and MW-2 is stable (very few cracks in the clay 
layer). In this case, we can expect flow to always travel from MW-2 to MW-5. 

 The water table at MW-5 is stable but the water table at MW-2 is unstable. Since 
the data were measured during the dry season, it can be anticipated that the 
water table at MW-2 was already at the low end of its range. Hence, flow would 
always remain from MW-5 to MW-2.  

 
Note that a similar analysis could also be repeated comparing MW-1 and MW-3 to MW-
5, but the conclusion remains the same. If the head at MW-5 increases during 
precipitation at a rate exceeding the raise in heads at MW-3 and MW-5, then flow 
originating at MW-5 will pass under the proposed residential areas (flow from north to 
south). Else, flow will remain from south to north and an exposure pathway between the 
proposed residential areas and the Bliss Property will not exist. Again, this assumes that 
head levels measured at monitoring wells are accurate within at least 1.5-2 ft. 
Groundwater velocity can vary from 5-150,000 ft/day in a karst aquifer (Milanovic 1981); 
hence, the head levels at the Bliss Property might only have to be higher for a few days 
or even a few hours to allow transport between the two sites during a single 
precipitation event. 
 
A residential area exists just to the west of the Proposed Strecker Forest Development 
Site (Figure 2), but head data in this area does not exist. Based on previous analysis, 
we can say that: 
 

 Head levels must remain above Bliss Property head levels throughout the year to 
avoid danger of contamination through groundwater conduits in the karst aquifer; 
even short term variations in head levels may allow for the transport of 
contaminants from Bliss to the residential area. 

 The distance between the residential area and the Bliss Property is on the order 
of 0.5 mi, within a reasonable distance for conduits to be able to connect the two 
properties. 

 Contaminant levels are actually highest at MW-6 (Figure 7). MW-6 is at the 
lowest elevation of all of the monitoring wells (Figure 6). This pattern indicates 
that, at the November sampling event, contaminants were concentrated at this 
low point of the water table. However, the discussion regarding MW-5 earlier is 
still valid for MW-6; as seasonal water table fluctuations occur, there may be the 
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possibility for contaminants at MW-6, which are generally at a higher 
concentration, to spread throughout the ravine.  

 

 
Figure 6. The Strecker Forest study region (outlined in red). Note that there are seven monitoring wells in 
the region, with head values ranging from 625.1 ft to 608.9 ft. The pond region and the Bliss Property are 
depicted because contaminants have been detected at the monitoring wells (data from Mundell & 
Associates, Inc. 2010).  

Bliss 

Property 

 

Pond 
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Figure 7. Measured soil contamination level (measured in dioxin TEQ [pg/g]) above each monitoring well 
in the Strecker Forest region (data from Mundell & Associates, Inc. 2010). 
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Figure 8. Changes in water table, terrain elevation, and clay layer thickness between monitoring wells 2 
and 5 (MW-2 and MW-5) 

 
Western Pond Area (sinkhole) 
Potential exposure pathway to current residential area 
The Mundell Phase II ESA reported elevated levels of dioxin in the Western Pond Area, 
shown in Figure 7. Elevated contaminant levels indicate that the Pond area may contain 
a source of dioxin and other contaminants. The Western Pond Area lies just to the south 
of an existing residential area. There are no monitoring well data for the current 
residential area or the pond. However, some physical properties about the pond are 
known. First, the terrain elevation is higher at the pond area than at the residential area. 
The investigation of one house to the north indicated that the true land surface was well 
below the level of the pond. As explained earlier, Toth groundwater flow is often used to 
describe these situations, although monitoring well data in other parts of the Strecker 
Forest Site appears to indicate that Toth flow is not safe to apply everywhere in this 
region. Second, the pond area depression was a result of subsidence, and in cases of 
subsidence, the clay that has collapsed is typically highly cracked (Bronswijk 1988). A 
large degree of cracking in clay allows for more precipitation to reach the water table. 
Hence, the Western Pond Area is likely a local recharge hotspot which would raise the 
water table locally. This condition would further enforce the idea that the head at the 
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pond would be higher than the head in the residential area. Due to the possible high 
recharge rates at the contaminated pond, it is possible that a local peak in the water 
table forms. A peak in the water table would allow contaminants to spread from the 
pond in all (360°) directions.   
 
Note that the same transient arguments from the Bliss Property apply here. Even if the 
water table at the pond is only higher than the water table at the residential area for a 
portion of the year (which is unexpected based on above arguments), flow through a 
conduit from the pond to the residential area could transport contaminants over the 
course of a few hours or days.  
 
Potential exposure pathway to proposed residential area 
Since contaminants may possibly spread from the pond in all directions, the proposed 
residential area could be exposed to contaminants from the Western Pond Area. As 
before, the potential of a pathway will occur if the head at the pond is higher than the 
head at the proposed residential area. 
 
Callahan Property 
We do not have water table data from Callahan, but since this area is topographically 
higher than the current residential area to the north as well as the proposed building 
sites, then it is reasonable to assume that, if Toth‘s flow applies, conduits in the karst 
aquifer would move water from under the Callahan Property to under both the proposed 
development sites, the ravine, and the properties to the north and the northwest of the 
Strecker Forest Site. 
 

3.2.2b Data gaps for groundwater flow 
Figure 9 indicates the locations where monitoring wells were not present, but would be 
required to make detailed assessments regarding the extent of contamination from the 
Bliss Property, the Western Pond Area, and the Callahan Property. 
 

3.2.2c Uncertainties regarding karst flow 
Due to the lack of data, there are several uncertainties which must be considered when 
analyzing the results of the exposure analysis: 

 In karst flow, groundwater can move through underground conduits or be stored 
in caves. The locations of these conduits and caves are not known, so potential 
exposure pathways cannot be clearly indentified.  

 The water table was only taken at one sampling date. However, the water table 
may fluctuate, and the increase in the water table at one location may be greater 
than another. Hence, flow can possibly reverse direction throughout the year. 

 Monitoring well data from karst aquifers often provides misleading head 
information (Ewers 2010). 
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Figure 9. The location of current monitoring wells and the preferred placement of future monitoring wells 
such that assessment of the direction of groundwater flow year round can be made.  

 
 

3.2.2d Conclusions on karst groundwater flow 
Based on the current data available, it appears that there is an exposure pathway for 
contaminants, including solvents, from the figure Western Pond Area to the current 
residential areas, both to the north and to the west. The impact of the Bliss Property is 
more difficult to assess. The water table appears to be lower than the rest of the 
Strecker Forest Site region during the November sampling. Because the water table is 
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both closer to the terrain surface and covered by a thick (but potentially cracked) clay 
layer, it is difficult to anticipate how the water table will react to heavy precipitation 
(compared to the other locations in the Proposed Strecker Forest Development Site). 
Hence, without further monitoring, it is not clear how contaminants may spread in the 
subsurface; however, a localized water table rise in the vicinity of the Bliss Property 
would have major implications for the entire study area. Finally, the Callahan area 
appears to be a potential source of contaminants based on observations of the terrain, 
but both contaminant and water table measurements are required to verify this situation.  
 
The most critical point to consider is that, in a karst aquifer, water will always have the 
potential to flow from a high point to a lower point. Thus, the height of the water table is 
very important information to know. If a known contaminant hot spot exists at a known 
water table elevation, then that contaminant can spread to any point in the aquifer with a 
lower water table elevation. All that is required is a pathway connecting the high and low 
points in the water table, and in karst flow, this pathway is typically a conduit. 
Unfortunately, the network of conduits is typically unknown and can extend for many 
miles; hence, the spread of contaminants is both unpredictable and very quick. Unless 
the point of contamination occurs at a low point in the water table, and unless it remains 
a low point throughout the year, spread of contamination is likely to occur from any point 
in an aquifer, and areas that the contaminant may pass underneath are very difficult to 
determine. In the Strecker Forest, both the ponding area and the Callahan Property 
provide potential contaminant threats to all residential and proposed residential areas 
(based on the current data), and the Bliss Property may pose a threat as well depending 
on temporal variations in the water table.  
 

3.2.2e Groundwater exposure pathways 
Per personal communication, the residents in areas close to the Strecker Forest Site 
region (but not in the subdivisions built in the area in the previous decade) did not have 
city water until the early 2000‘s. Spraying from the Bliss property which is a potential 
contamination source occurred in the early 1970‘s, and pumping from aquifers could 
have occurred until the early 2000‘s. We then assume that the residents could have 
been exposed to contaminants via the groundwater ingestion pathway in the period of 
1970-2000. This exposure could impact the health of receptors older than 11 years old 
in the Strecker Forest region. We assume that future land users will remain on city 
water so that groundwater ingestion will not be a pathway in the future. However, there 
are wells remaining in the southern portion of Strecker Forest which may be used in the 
future by the owners‘ of the properties on which they reside for watering gardens (these 
residents are presumably on city water).  
 
The second potential pathway of groundwater exposure we consider is the vapor form 
of volatile organic compounds occurring underneath basements which are close to the 
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water table. This could be true for both existing residential areas (such as Strecker 
Farms) and the proposed residential area. 
 

3.2.3 Pathways via soil 
3.2.3a Soil concentration levels 

The dioxin family of contaminants (measured in dioxin toxic equivalents-dioxin TEQ) 
was measured at various locations around the Proposed Strecker Forest Development 
Site, both at the soil surface and in groundwater monitoring wells (Mundell & 
Associates, Inc. 2010). Because measurements are only recorded in dioxin TEQ, there 
is no distinction between contaminants which are more water soluble (which can travel 
through conduits or hairline fractures) and contaminants which are not water soluble 
(which sorb to particles and can only travel through conduits because the particles are 
filtered by hairline fractures or other porous media). Soil dioxin TEQ levels are 
presented in Figures 9-12, each representing a different kriging interpolation of dioxin 
TEQ values to assess contaminant levels throughout the Strecker Forest Site. Kriging is 
a method of extrapolating that uses known data points to determine some feature of an 
area without the appropriate data. Figure 10 represents linear kriging interpolation 
based on the 3 nearest sample points, analogous to relatively short, linear spreading of 
contaminants. Conversely, Figure 11 represents linear kriging based on sample points 
within 1000 ft, analogous to relatively long, linear spreading of contaminants. Figure 12 
represents radial kriging interpolation based on the 3 nearest points, analogous to 
spreading a contaminant in all directions over a small distance. Figure 13 represents 
radial kriging interpolation based on all points within a 1000 ft radius, analogous to 
spreading over a very large area.  
 
The soil measurements are clustered around the pond, ravine, and Bliss Property. Only 
one data point exists in the northwestern corner of Strecker Forest and four data points 
exist on the southern border. This patern represents a data gap which prevents reliable 
interpolation in those areas. Furthermore, the data points are measured from different 
depths (for example, some soil cores look at the top 2 ft, while others look at depths 
greater than 5 ft). As a result, the heterogeneity of the area is exaggerated. Note that a 
variety of other contaminants were also measured in the soil and groundwater (Mundell 
& Associates, Inc. 2010), including toluene, tetrachloroethane, naphthalene, 
ethylbenzene, benzene, phthalate, and 1,2,4-trimethylbenzene. Of particular interest are 
borehole soil measurements taken at the pond area, which contained ethylbenzene and 
naphthalene, and the ravine, which contained benzene and di-n-octyl phthalate. We 
have summarized the concentrations and borehole/test pit locations used from the 
Mundell report to conduct the exposure analysis in Table 3.  
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Table 3. Concentrations of chemicals in soil boreholes and test pits as taken from Mundell & Associates 
(2010) and used in this report. 

 B19 
1-2 ft 

B33 
4-8 ft 

B26 
8-10 ft 

TP3 
depth not 
reported 

Benzene (Figure 13, Mundell Report)   0.0003 ppm  

di-n-octyl phthalate (Figure 13, Mundell Report)   0.15 ppm  

Dioxin (Figure 14, Mundell Report) 23.32 ppt  3.71 ppt  

Ethylbenzene (Figure 13, Mundell Report)  0.0003 ppm   

Naphthalene (Figure 13, Mundell Report)  0.0025 ppm   

Tetrachloroethane (Figure 13, Mundell Report)    0.0025 ppm 

Toluene (Figure 13, Mundell Report)    0.0025 ppm 

1,2,4-Trimethylbenzene (Figure 13, Mundell 
Report) 

   0.0012 ppm 

 
3.2.3b The fate of soil contaminants 

Some of the soil contaminants may enter groundwater, especially the water soluble 
contaminants. Those sorbed to soil may be spread throughout the Strecker Forest Site 
by erosional forces, most likely by runoff generated by heavy stormflow. Flooding can 
also erode soils and redistribute contaminated soils near a streambed to the outer 
banks of the floodplain. 
 

3.2.3c Exposure pathways via soil 
We consider here target organisms living on residential plots. Target organisms may be 
exposed to chemicals via absorption during dermal contact with soil or incidental 
ingestion of soil. These exposure pathways may occur during gardening on the owner‘s 
residential plot. During gardening, target organisms could come into contact with 
chemicals at various depths. Also, children have been observed playing in the vicinity of 
the sinkhole, where they may come into dermal contact and ingest contaminated soil. 
Future construction may turnover contaminated soil at various depths, and if this soil is 
not removed from the area, it can be contacted during gardening and play. 
 
Soil may also be eroded from the hillside, especially during construction. This soil could 
be suspended seasonally in the intermittent stream that flows out of the ravine in 
Strecker Forest Site. Children playing in the soil may either ingest soil or absorb 
contaminants in the soil through dermal contact of suspended particulates in the water. 
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Figure 10. Linear kriging interpolation of dioxin TEQ levels (ppt) at Strecker Forest. Interpolation was 

based on the 3 nearest points (data from Mundell & Associates, Inc. 2010). 
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Figure 11. Linear kriging interpolation of dioxin TEQ levels (ppt) at Strecker Forest. Interpolation was 
based on all points within a 1000 ft distance (data from Mundell & Associates, Inc. 2010). 
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Figure 12. Radial kriging interpolation of dioxin TEQ levels (ppt) at Strecker Forest. Interpolation was 
based on the 3 nearest points (data from Mundell & Associates, Inc. 2010). 
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Figure 13. Radial kriging interpolation of dioxin TEQ levels (ppt) at Strecker Forest. Interpolation was 
based on all points within a 1000 ft radius (data from Mundell & Associates, Inc. 2010). 
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Figure 14. Identification of data gaps (outline in blue) that prevented accurate interpolation in the 
northwestern and southern portions of the Strecker Forest region. TEQ in ppt. 
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Finally, target organisms may be exposed to soil contaminants within their own 
residences via the inhalation pathway. Target organisms may either inhale volatilized 
chemicals from the soil (or as vapor intrusion in the home). We considered dust as part 
of the ingestion pathway. The majority of dust is directed to the throat via the clearance 
mechanisms of the respiratory system (Principles of Toxicology pg. 176).  

3.2.4 Pathways via surface waters 

Residents in areas neighboring Strecker Forest Site region have observed flooding in 
the ravine during heavy periods of precipitation and children playing in the flooded 
waters in the northeast corner (adjacent to the Bliss property). However, during low 
precipitation periods, the stream in the ravine goes dry because groundwater levels are 
too low to provide water to the stream. Such a stream is known as an intermittent 
stream and is common in headwaters. Furthermore, there is a clay layer which ranges 
from 10-30 ft in thickness that overlies the aquifer underlying the Strecker Forest Site. 
Although cracks in the clay will allow for some precipitation to infiltrate to the 
subsurface, most precipitation will be lost to runoff or just pond on the surface, resulting 
in flooding.  

In streamflow leaving the ravine, dioxin TEQ concentrations are assumed to be a result 
of dioxins sorbed to entrained soil particulates. Dioxin TEQ concentrations were 
estimated for three conditions: average annual concentrations, concentrations during 
historically maximum precipitation events, and concentrations during the 3 month period 
with the heaviest average precipitation rate. Respectively, these concentrations were 

estimated to be 0.073 ppt, 4.12 ppt, and 0.86 ppt. For exposure, we will consider the 
latter. Appendix II contains the derivation of each of the three concentrations. 

Naphthalene and 1,2,4-trimethylbenzene were measured in groundwater to be 390 and 

210 µg/L, respectively. During stormflow, groundwater tables in the area will rise and 

connect to the outflow of the ravine, so both naphthalene and 1,2,4-trimethylbenzene 
will be present. Without data on the system, we do not know how much the 
concentrations will be diluted (or clean of VOC‘s) by surface runoff waters, but let us 
estimate a conservative dilution factor of 0.1. Hence, streamflow at the outlet of the 
ravine has an estimated concentration of naphthalene and 1,2,4-trimethylbenzene of 39 
and 21µg/L. See Appendix III for further details. 

3.3  QUANTIFICATION OF EXPOSURE 

3.3.1 Target Organism Quantitative Description 

Calculations are based on a 5 year old male child with a weight of 18.6 kg, unless 
otherwise stated. The child is assumed to spend 200 days each year playing in the soil, 
providing a dermal, inhalation, and ingestion route of exposure. We will calculate 
exposure assuming that play occurred at the proposed residential area and at the pond, 
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with the understanding that the latter will likely overestimate exposure for those children 
who live on properties farther away from the western pond area. The child also spends 
three hours per day for seven days in the summer playing in the stream when it is 
flowing or flooded. We will assume that the child has never ingested groundwater from 
pumping wells in the region and has only drunk city water, which is assumed to be free 
of the contaminants in question.  

We will also consider an adult with a weight of 70 kg per EPA guidance (USEPA, 1989). 
Each will be considered to garden for 200 days each year. We will assume that the 
adults do not have contact with the surface waters. Finally, we will assume that the 
adults have lived at the residence since 1970 and ingested groundwater for a 30 year 
span before the area switched to city water. 

3.3.2 Example calculation (see Appendix IV for all calculations) 

 
Future recreational dermal contact with soil at B19- Dioxin TEQ (non-cancer) 
 

Intake (mg/kg-d) = 

 

CS = chemical concentration in soil (mg/kg) = 0.00002332 mg/kg 

 Assumption: contact with soil is near the proposed residential development site 

 Source: Mundell & Associates, Inc. 2010 

 Uncertainty: These data was measured at 1-2 ft deep, concentrations at the 

surface are not known  

 

CF = conversion factor = 10-6 kg/mg 

 Source: RAGS p. 641 

 

SA = surface area available for contact (cm2/event) = 520 cm2/event (head), 1205 

cm2/event (arms), 450 cm2/event (hands), 550 cm2/event (feet), and 2070 cm2/event 

(legs) 

 Assumption: child has average surface area available for contact 

 Source: Child specific exposure factors handbook p. 7-5 

 Uncertainty: surface areas vary per target organism (TO) 

 Note that we take a weighted average of adhesion factors by surface areas (in 

other words, we multiply each respective soil to skin adhesion factors by their 

respective body part surface areas and sum all of the products together) 

(CS * CF * Σ(SA * AF) * ABS * EF * ED) 

(BW * AT) 
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AF = soil to adhesion factor = 0.054 mg/cm2 (face), 0.046 mg/cm2 (arms), 0.17 mg/cm2 

(hands), 0.051 mg/cm2 (feet), and 0.20 mg/cm2 (legs)  

 Assumption: 100% kaolin clay 

 Source: Child specific exposure factors handbook p. 7-8; 

 Uncertainty: soil composition and TO usage of potting soil may vary 

Note that ∑(SA * AF) indicates a weighted average of adhesion factors by surface 

areas (we multiply each respective soil to skin adhesion factor by its respective 

body part surface area and sum all of the products together) 

 

∑(SA * AF) = weighted sum of soil to skin adhesion factor and surface areas = 602.06 

mg/event 

 

ABS = absorption factor (unitless) = 0.03 

 Assumption: Dioxin TEQ represents 2,3,7,8-dioxin 

 Source: USEPA 1992 

 Uncertainty: Dioxin TEQ represents a variety of different dioxins and furans with 

varying ABS 

 

EF = exposure frequency (events/yr) = 200 events/yr 

 Assumption: child plays in the soil 200 times each year, does not play in the 

winter 

 Source: target organism description 

 Uncertainty: seasonal variations affect playing habits 

 

ED = exposure duration (years) = 5 years 

 Assumption: TO have lived on site for 5 years 

 Source: TO description 

 Uncertainty: exposure durations vary per TO 

 

BW = body weight (kg) = 18.6 kg 

 Assumption: TO weight is approximated for a 5 year old child 

 Source: RAGS p. 6-35 

 Uncertainty: body weights vary per child 
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 AT = averaging time (days) = Non-cancer: (5 years * 365 days/year) 

Assumptions: Non-cancer = TO has lived on site for 5 years 

 Source: Non-cancer = TO description 

 Uncertainty: Non-cancer = averaging times vary per TO 

Non-cancer Exposure 

Intake (mg/kg-d) = 

= 1.24E-11 mg/kg-day 

 

Cancer Exposure 

To calculate cancer exposure for a child, we have to account for both childhood and 
adult exposures to contaminants. We calculate cancer risk for a child with an exposure 
duration of 5 years and for an adult with an exposure duration of 25 years.  
Child portion  
 

 

Intake (mg/kg-d) = 

 

CS = chemical concentration in soil (mg/kg) = 0.00002332 mg/kg 

 Assumption: contact with soil is near the proposed residential development site 

 Source: Mundell & Associates, Inc. 2010 

 Uncertainty: These data were measured at 1-2 ft deep, concentrations at the 

surface are not known  

 

CF = conversion factor = 10-6 kg/mg 

 Source: RAGS p. 641 

 

SA = surface area available for contact (cm2/event) = 520 cm2/event (head), 1205 

cm2/event (arms), 450 cm2/event (hands), 550 cm2/event (feet), and 2070 cm2/event 

(legs) 

 Assumption: child has average surface area available for contact 

0.00002332 mg/kg * 10-6 kg/mg * 602.06 mg/event* .03 * 200 events/yr * 5 yr 

18.6 kg * 5 years * 365 days/yr 

(CS * CF * ∑(SA * AF) * ABS * EF * ED) 

(BW * AT) 
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 Source: Child specific exposure factors handbook p. 7-5 

 Uncertainty: surface areas vary per target organism (TO) 

 Note that we take a weighted average of adhesion factors by surface areas (in 

other words, we multiply each respective soil to skin adhesion factors by their 

respective body part surface areas and sum all of the products together) 

 

AF = soil to adhesion factor = 0.054 mg/cm2 (face), 0.046 mg/cm2 (arms), 0.17 mg/cm2 

(hands), 0.051 mg/cm2 (feet), and 0.20 mg/cm2 (legs)  

 Assumption: 100% kaolin clay 

 Source: Child specific exposure factors handbook p. 7-8 

 Uncertainty: soil composition and TO usage of potting soil may vary 

 Note that ∑(SA * AF) indicates a weighted average of adhesion factors by surface 

areas (we multiply each respective soil to skin adhesion factor by its respective 

body part surface area and sum all of the products together) 

 

∑(SA * AF) = weighted sum of soil to skin adhesion factor and surface areas = 602.06 mg/event 

 

ABS = absorption factor (unitless) = 0.03 

 Assumption: Dioxin TEQ represents 2,3,7,8-dioxin 

 Source: USEPA 1992 

 Uncertainty: Dioxin TEQ represents a variety of different dioxins and furans with 

varying ABS 

 

EF = exposure frequency (events/yr) = 200 events/yr 

 Assumption: child plays in the soil 200 times each year, does not play in the 

winter 

 Source: target organism description 

 Uncertainty: seasonal variations affect playing habits 

 

ED = exposure duration (years) = 5 years 

 Assumption: TO have lived on site for 5 years 

 Source: TO description 

 Uncertainty: exposure durations vary per TO 

 

BW = body weight (kg) = 18.6 kg 

 Assumption: TO weight is approximated for a 5 year old child 
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 Source: RAGS p. 6-35 

 Uncertainty: body weights vary per child 

 

AT = averaging time (days) = Cancer: (30 years * 365 days/year) 

 

Cancer Exposure (child) 

Intake (mg/kg-d) = 

= 2.07E-12 mg/kg-day 

Adult portion  
 

Intake (mg/kg-d) = 

 

CS = chemical concentration in soil (mg/kg) = 0.00002332 mg/kg 

 Assumption: contact with soil is near the proposed residential development site 

 Source: Mundell & Associates, Inc. 2010 

 Uncertainty: These data were measured at 1-2 ft deep, concentrations at the 

surface are not known  

 

CF = conversion factor = 10-6 kg/mg 

 Source: RAGS p. 641 

 

SA = surface area available for contact (cm2/event) = 8620 cm2/event 

 Assumption: adult has average surface area available for contact 

 Source: RAGS 

 Uncertainty: surface areas vary per target organism (TO) 

 

AF = soil to adhesion factor = 2.77 mg/cm2  

 Assumption: 100% kaolin clay 

 Source: RAGS 

 Uncertainty: soil composition and TO usage of potting soil may vary 

0.00002332 mg/kg * 10-6 kg/mg * 602.06 mg/event * .03 * 200 events/yr * 5 yr 

18.6 kg * 30 years * 365 days/yr 

(CS * CF * SA * AF * ABS * EF * ED) 

(BW * AT) 
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ABS = absorption factor (unitless) = 0.03 

 Assumption: Dioxin TEQ represents 2,3,7,8-dioxin 

 Source: USEPA 1992 

 Uncertainty: Dioxin TEQ represents a variety of different dioxins and furans with 

varying ABS 

 

EF = exposure frequency (events/yr) = 200 events/yr 

 Assumption: adult gardens in the soil 200 times each year, does not garden in 

the winter 

 Source: target organism description 

 Uncertainty: seasonal variations affect gardening habits 

 

ED = exposure duration (years) = 25 years 

 Assumption: TO have lived on site for 5 years 

 Source: TO description 

 Uncertainty: exposure durations vary per TO 

 

BW = body weight (kg) = 70 kg 

 Assumption: TO weight is approximated for an adult 

 Source: RAGS p. 6-35 

 Uncertainty: body weights vary per child 

 

AT = averaging time (days) = Cancer: (30 years * 365 days/year) 

 

Cancer Exposure (adult) 

Intake (mg/kg-d) = 

= 1.90E-10 mg/kg-day 

Total Cancer Exposure = 1.11E-10 mg/kg-day 

 

0.00002332 mg/kg * 10-6 kg/mg * 8620 cm2/event * 0.03 * 200 events/yr * 25 yr 

70 kg * 30 years * 365 days/yr 
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3.4 UNCERTAINTY 

The following is a brief summary of aforementioned uncertainties 
 

1. The direction of groundwater flow, and hence the spread of contaminants, is 
difficult to predict given the data available, both at the sampling date and at other 
points in the year 

2. The actual concentrations of contaminants at unsampled points in the watershed 
is difficult to interpolate because of the clustering of sampling points and 
measurements at varying depths 

3. The physical properties for individual target organisms (human child), such as 
weight, surface area, permeability 

4. Behavior characteristics of the target organism, such as activity patterns and 
intake 

5. Historical groundwater ingestion locations and concentrations 
6. The discharge rate of the ravine at different periods of the year is unknown 
7. Future exposure (for example, will any additional residential areas be 

constructed?) 
8. The lack of toxicity data for some chemicals which precludes those chemicals 

from the health risk calculations  

3.5  SUMMARY OF EXPOSURE ASSESSMENT 

The following tables present the daily intake cancer and non-cancer exposures posed 
by specific exposure pathways. The exposure intake calculations are listed in Appendix 
IV. These exposure amounts are used during the risk characterization, to relate a 
chemical‘s exposure through a specific pathway to a chemical‘s cancer and non-cancer 
risk associated with the specific pathway.  

 
Soil Exposure of a 5 year old child at the ravine (just north of the potential 
residential construction area) 
 

Tables 4-13 report the exposure intakes as calculated in Appendix III. Exposure intakes 
are presented as concentration (as mg/kg) per day. Note that all inhalation rates are 
valid only for activities in which target organisms would have their faces near the ground 
surface (gardening, children sitting and playing on the ground). Future exposure 
calculations should account for a dilution factor of volatilized contaminants above the 
land surface.   
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Table 4. Non-cancer soil exposure for a five year old child at the ravine (dermal and ingestion values are 
in mg/kg-day and inhalation values are in mg/kg-day as well as mg/day). The borehole is given in 
parentheses next to the contaminant (i.e. Dioxin was measured at borehole B-26)  
 Benzene (B-26) di-n-octyl phthalate (B-26) Dioxin TEQ (B-26) 

Dermal (mg/kg-day) 5.32E-10 1.52E-11  1.97E-12 

Ingestion (mg/kg-day)  1.77E-9  8.84E-7  2.19E-11 

Inhalation (mg/kg-day) 1.84E-5 8.29E-5 Not volatile 

Inhalation (mg/day)  3.42E-4  1.54E-3 Not volatile 

 
Table 5. Cancer soil exposure at the ravine for the combination of children and adults (all values in 
mg/kg-day) 

 Benzene (B-26) di-n-octyl phthalate (B-26) Dioxin TEQ (B-26) 

Dermal  4.76E-9  1.36E-10  1.77E-11 

Ingestion   4.91E-10  2.45E-7  6.06E-12 

Inhalation   8.82E-6 4.74E-5 Not volatile 

Figures 15-21 reflect variations in seasonal inhalation exposure of different chemicals 
based on the change in Henry‘s Law coefficient with temperature. Henry‘s Law 
coefficients for different temperatures are summarized in Table 2 of the Appendix III.  

 

 
Figure 15. Seasonal variations in non-cancer exposure at B26 due to inhalation of benzene. Temperature 
changes influence Henry's Law Constant, which is used to determine the concentration of volatilized 
contaminants. 
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Figure 16. Seasonal variations in non-cancer exposure at B26 due to inhalation of phthalate. 
Temperature changes influence Henry's Law Constant, which is used to determine the concentration of 
volatilized contaminant 

 
Soil exposure of a 5 year old child at the Western Pond Area 
 
Table 6. Non-cancer soil exposure for a five year old child at the pond area (dermal and ingestion values 
are in mg/kg-day and inhalation values are in mg/kg-day as well as mg/day) 
 Dioxin TEQ 

 (B-19) 
Ethyl-
benzene 
(B-33) 

Naphthalene 
(B-33) 

Tetrachrolo-
ethane 
(TP-03) 

Toluene 
(TP-03) 

Trimethyl-
benzene 
(TP-03) 

Dermal (mg/kg-
day) 

1.24E-11 1.24E-11 3.06E-9 1.77E-8 4.43E-8 2.77E-12 

Ingestion 
(mg/kg-day) 

1.37E-10 1.77 E-9 1.47E-8 1.47E-8 1.47E-8 7.07E-9 

Inhalation 
(mg/kg-day) 

      

Inhalation 
(mg/day) 

Not volatile 4.52E-4  2.14E-4  9.0E-3   2.49E-3  3.63E-3  

 
Table 7. Cancer soil exposure for the combination of children and adults at the pond area (all values are 
in mg/kg-day) 
 Dioxin TEQ 

(B-19) 
Ethyl-
benzene 
(B-33) 

Naphthalene 
(B-33) 

Tetrachrolo-
ethane 
(TP-03) 

Toluene 
(TP-03) 

Trimethyl-
benzene 
(TP-03) 

Dermal 1.11E-10 4.76E-8 2.74E-8 1.59E-7 3.97E-7 2.48E-11 

Ingestion  3.81E-11 4.90E-10 4.09E-9 4.09E-9 4.09E-9 1.96E-9 

Inhalation Not volatile 1.39E-5 6.59E-6  2.76E-4 7.65E-5  1.12E-4  
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Figure 17. Seasonal variations in non-cancer exposure at B-33 due to inhalation of naphthalene. 
Temperature changes influence Henry's Law Constant, which is used to determine the concentration of 
volatilized contaminants. 

 

 
Figure 18. Seasonal variations in non-cancer exposure at TP-03 due to inhalation of toluene. 
Temperature changes influence Henry's Law Constant, which is used to determine the concentration of 
volatilized contaminants. 
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Figure 19. Seasonal variations in non-cancer exposure at B-33 due to inhalation of ethylbenzene. 
Temperature changes influence Henry's Law Constant, which is used to determine the concentration of 
volatilized contaminants. 

 

 
Figure 20. Seasonal variations in non-cancer exposure at TP-03 due to inhalation of tetrachloroethane. 
Temperature changes influence Henry's Law Constant, which is used to determine the concentration of 
volatilized contaminants. 
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Figure 21. Seasonal variations in non-cancer exposure at TP-03 due to inhalation of 1,2,4- 
trimethylbenzene. Temperature changes influence Henry's Law Constant, which is used to determine the 
concentration of volatilized contaminants. 

Historical Adult Groundwater Exposure (Ingestion)  

The exposure values in Tables 7-10 indicate potential groundwater exposure if 
individuals consumed groundwater from the dates of 1970-2000 in the vicinity of the 
monitoring wells. Note that the exact location and depth of domestic wells before 2000 
is unknown. NA indicates that a specific contaminant was not found at the well during 
the November 2009 sampling date.  

Table 8. Adult historical groundwater ingestion from 1970-2000, non-cancer exposure (all values in 
mg/kg-day). NA indicates that contaminants were not present in a particular monitoring well. 

 MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 MW-7 

Naphthalene NA  5.43E-6 NA NA NA  7.14E-3 NA 

1,2,4-
Trimethylbenzene 

NA NA NA NA NA  6.00E-3 NA 

Dioxin TEQ 1.71E-13 1.91E-11 3.14E-13 9.43E-13 3.14E-13 3.34E-10 NA 

 
Table 9. Adult historical groundwater ingestion from 1970-2000, cancer exposure (all values in mg/kg-
day) 

 MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 MW-7 

Naphthalene NA 2.33E-6 NA NA NA 3.06E-3 NA 

Dioxin TEQ 7.35E-14 8.2E-12 1.35E-13 4.04E-13 1.35E-13 1.43E-10 NA 
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Exposure to contaminants during high flow conditions at the ravine outlet 
(children) 

In Table 10, we calculate exposure values to dioxin when children play directly in the 
stream sediments. The concentration of dioxins in sediments is up to 3 orders of 
magnitude higher than the concentrations of dioxins in eroded soils (see Appendix II), 
so we only evaluate children playing directly in the highest contaminated areas of the 
stream sediments. 

Table 10. Children dermal contact with sediments near the stream (all values in mg/kg-day) 

 Non-cancer Cancer 

Naphthalene  NA NA 

1,2,4-Trimethylbenzene  NA NA 

Dioxin TEQ  1.22E-16 1.09E-15 

 

Table 11. Children ingestion of surface water during high flow conditions (averaged) with a dilution factor 
of 10 (all values in mg/kg-day) 

 Non-Cancer Cancer 

Naphthalene 6.03E-6 2.35E-6 

1,2,4-Trimethylbenzene  3.25E-6 NA 

Dioxin TEQ NA NA 

 
Table 12. Children ingestion of surface water during high flow conditions (averaged) with a dilution factor 
of 100 (all values in mg/kg-day) 

 Non-Cancer Cancer 

Naphthalene 6.03E-7 2.35E-7 

1,2,4-Trimethylbenzene 3.25E-7 NA 

Dioxin TEQ NA NA 

 
 

4.0 CHEMICAL CHARACTERIZATION AND TOXICITY OVERVIEW 
 

4.1  DIOXIN 
 

The chemical known as dioxin is one of the most intensively studied compounds ever 
investigated by toxicologists and molecular biologists. Dioxin usually refers to 2,3,7,8 
tetrachlorodibenzo-p-dioxin (or 2,3,7,8 TCDD); similar forms of this compound can 
through the same biological mechanism and have the same effects as the one 
compound. The related chemical compounds, furans, can also show dioxin-like toxicity 
and some of the polychlorinated biphenyls (PCBs) are also dioxin-like. Together, these 
three groups of compounds (there are a very few other chemicals that also show dioxin-
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like toxicity) make up the larger group of chemicals referred to as dioxin-like chemicals 
or DLCs. These compounds dissolve in fats and oils, and are almost insoluble in water. 
Much of the basic toxicology and molecular biology is presented in Schecter and 
Gasiewicz (2004), the ATSDR Toxicology Profile (ATSDR 1998), EPA‘s latest full 
revision of the reassessment of dioxin toxicity (US EPA 2004) and EPA up-to-date 
reports (2010a). 
 
2,3,7,8 TCDD and the related chemicals act through a common mechanism that can be 
described as a ―lock and key‖ system with dioxin being the key that fits the protein 
receptor ―lock‖ (called the Ah receptor).  Most any chemical that has the right size and 
shape to fit into the right part of the protein receptor will be able to act with dioxin-like 
properties. One of the complicating factors in this system is that different chemicals are 
able to interact and start biological response but with different effectiveness. 2,3,7,8 
TCDD is the most effective chemical in binding to the Ah receptor in humans, other 
dioxin-like chemicals can be equally as potent in birds, wild mammals or fish. 
 
This protein receptor based mechanism that explains dioxin toxicity is the way 
toxicologists can account for the effects of mixtures and combinations of dioxin-like 
chemicals. The compounds are rated according to toxic equivalency compared to 
2,3,7,8 TCDD, which is rated as 1.0, and all others are then a fraction of (or equal to) 
1.0. By multiplying the measured concentration and the relative toxic potency, each 
chemical is then given an actual toxicity and these are added among all the dioxin-like 
chemicals in a mixture. The result is a toxicity for all the dioxin-like chemical in a 
sample, and this total toxicity is called the Dioxin Toxic Equivalency or dioxin TEQ.  
 
Samples of soil, water or waste often have two measures of the amount of dioxin – one 
for 2,3,7,8 TCDD, and one for dioxin TEQ. The second one gives a measure of the 
concentration that has been adjusted for the relative toxic potency of all the dioxin-like 
compounds in the sample. It is this dioxin TEQ toxicity that more accurately indicates 
exposures that cause health effects. 
 
Dioxin is known to cause a wide array of adverse health effects in humans, 
experimental animals and/or wild animals (see Schecter 1994; Schecter and Gasiewicz 
2003; ATSDR 1998; US EPA 2004). These health effects include several types of 
cancer, reproductive impairments, developmental disorders (including the brain and 
reproductive systems), immune problems, digestive problems, skin disorder (called 
chloracne), thyroid problems, cardiovascular problems, teeth development problems, 
and biochemical changes. Not all of these health effects are not conclusively 
documented in humans, but have been observed in experimental animals or wildlife. 
Some other effects, not noted here, are only observed in wildlife.  
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The two most significant human health end-points are cancer and general non-cancer, 
principally reproductive-developmental impairments.  The EPA remediation goals, 
reference dose and cancer potency, are based on both experimental animal and human 
data for these health effects. Dioxin, 2,3,7,8 TCDD, has the highest cancer potency of 
any of chemical that EPA has regulated. 
 
The carcinogenicity of dioxin has been the subject of scientific inquiry and regulatory 
controversy for a number of years. Cancer potency is the cancer slope for the 
relationship between the dose and the number of excess cancers for a given exposure. 
One aspect of the controversy over dioxin toxicology is the cancer causing potential of 
dioxin at low level exposures (Schecter 1994). The cancer potency of dioxin in the 2004 
version of the EPA reassessment (EPA 2004) was 1.5 x 10+5; the cancer potency in the 
EPA response (EPA 2010a) to the NRC report (NRC 2006) increased to 1 x 10+6 as a 
result of reanalysis and including new data. 
 
Non-cancer health effects are addressed by the EPA and other agencies by using lab 
and clinical research to estimate the daily dose that is without any apparent health 
effect. This value is the reference dose, RfD, and often relies on lab research or has no 
direct human data. The greater the reliance on non-human data, the greater the 
uncertainty and the more the EPA adds uncertainty factors to account for differences. 
The EPA response to the NRC gives an RfD for dioxin of 0.7 pg/kg-day (US EPA 
2010a). This dose is for all sources, including the amount in food and in environmental 
media from a specific site such as the Proposed Strecker Forest Development Site. 
For many situations, cancer potency is the most sensitive value for protecting health, 
especially over long periods of time. There are situations in which the non-cancer 
effects are the more sensitive measure, but protecting for both types of effects for future 
exposures will mean lower level exposures are needed to prevent cancers at a rate of 1 
cancer per million people.  
 
4.2  VOLATILE (VOCs) AND SEMI-VOLATILE (SVOCs) ORGANIC COMPOUNDS 
 
In addition to dioxins, a number of volatile and semi-volatile organic chemicals were 
found above detection limits in the soil on the Proposed Strecker Forest Development 
Site. Table 13 contains the list of chemicals found above method detection limits on site, 
as well as cleanup standards for residential soil for each contaminant (Missouri Risk-
Based Corrective Action (MRBCA levels) and screening levels for each contaminant 
(EPA‘s Preliminary Remediation Goals (PRGs) used in the Mundell report and Regional 
Screening Levels (RSLs) dated November 2010), and the highest detected level of each 
contaminant on the Strecker Forest Development Site.  
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Table 13. A list of volatile and semi-volatile chemicals found in site soil, Missouri Risk-Based Corrective 
Action (MRBCA) levels, EPA‘s preliminary remediation goals (PRGs) and regional screening levels 
(RSLs) for residential soils, and the highest concentration of that chemical found on the site (values taken 
from Mundell & Associates, Inc. 2010, Tables 3-4). 
 

Soil chemicals found above method detection limits on site (values in ppm) 

Chemical 
MRBCA  

subsurface soil 
MRBCA  

surface soil  
PRG RSL 

Highest  
site  

concentration  

1,2,4-trichlorobenzene 141 320 62 22 0.16* 

1,2,4-trimethylbenzene 46.4 749 52 62 58*** 

1,2-dichlorobenzene 931 5,730 600 1900 0.12* 

1,3,5-trimethylbenzene 7.41 749 21 780 14 

2,4,5-trichlorophenol 2,150,000 5,970 6,100 6,100 0.073* 

2-methylphenol 80,200 2,810 3,100 3,100 0.24* 

4-methylphenol 4,750 274 310 310 0.29* 

Acenaphthene 3,260 213,000 3,700 3,400 0.068* 

Benzene 1.43 177 0.64 1.1 0.0003* 

Benzo(a)pyrene 178,000 0.62 0.062 0.015 0.12* 

Benzo(b)fluoranthene 173,000 6.2 0.62 0.15 0.18* 

Benzo(ghi)perylene 155,000,000 1,720 N/A N/A 0.072* 

Bis(2-ethylhexyl)phthalate 2,220,000,000 347 35 35 1.5** 

Bromomethane 0.401 95.9 3.9 7.3 0.0035* ** 

Chrysene 595,000 608 62 15 0.1* 

Dibenzo(a,h)anthracene 1,420,000 0.6 0.062 0.015 0.11* 

di-n-octyl phthalate 300,000 2,350 N/A N/A 0.17* 

Ethylbenzene 646 7,450 400 5.4 0.0003* 

Fluoranthene 23,800,000 2,280 2,300 2,300 0.12* 

Fluorene 753,000 2,240 2,270 2,300 0.089* 

Isopropylbenzene 33.2 6,940 5700 2,100 3.3 

Methylene chloride 14.7 842 9.1 11 0.003* ** 

m&p xylenes  82.5 7,830 270 630 170*** 

Naphthalene 84.5 36.3 56 3.6 71*** 

n-butylbenzene 384 2,730 240 N/A 29 

n-propylbenzene 131 2,730 240 N/A 6.6 

o-Xylene 82.5 7,830 N/A 3,800 28 

Phenanthrene 313,000 2,250 N/A N/A 0.19* 

Phenol 50,600 11,500 18,000 18,000 0.82 
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Soil chemicals found above method detection limits on site (values in ppm) Continued  

p-isopropyltoluene 3,580 20,500 N/A N/A 1.4* 

Pyrene 24,500,000 1,710 2,300 1,700 0.26* 

Sec-butylbenzene 213 2,730 220 N/A 1.7* 

Tetrachloroethene 1.02 11.8 N/A N/A 0.00038* ** 

Toluene 1,720 6,210 520 5,000 0.00041* ** 

Trichlorofluoromethane 22.6 19,300 390 790 .0028* ** 
Bold indicates exceedance of MRBCA 
* Estimated result. The contaminant is present, or detectable above method detection limit, but the concentration is 
less than the reporting limit (RL), which pertains to the accuracy of the measured concentration. 
** The associated method blank contains analyte at a level above the method detection limit.  
*** These concentrations were detected in duplicate samples.  
N/A - RSLs are not available for chemicals that lack toxicity values 

 
Several volatile and semi-volatile organic chemicals were also found above method 
detection limits in the groundwater on the Proposed Strecker Forest Development Site. 
Table 14 lists these chemicals, as well as the EPA‘s Maximum Contaminant Level 
(MCL) for each chemical and each chemical‘s highest concentration detected on site. 
 
Table 14. A list of the volatile and semi-volatile organic chemicals found in site groundwater, EPA‘s 
maximum contaminant level, and the highest concentration of that chemical found on the site (based on 
MDNR groundwater testing, 2010). 

Groundwater chemicals found above detection limits on site (values in µg/L) 

Chemical MCL Highest site concentration 

1,1,1-Trichloroethane 200 19 

1,1,2-Trichloroethane 5 9.58 

1,1-Dichloroethane N/A 281 

1,1-Dichloroethene 7 247 

1,2,4-Trimethylbenzene N/A 2400 

1,2-Dichloroethane 5 6.5 

1,2-Dichloropropane 5 1.51 

1,3,5-Trimethylbenzene N/A 611 

2-Butanone (MEK) N/A 25000 

2-Hexanone N/A 179 

2-Methylnaphthalene N/A 70 

2-Methylphenol N/A 2.5 

3-Nitroaniline N/A 151 

4-Methyl-2-pentanone (MIBK) N/A 102000 

4-Nitroaniline N/A 2.5 

Acetone N/A 87000 

Benzene 5 294 
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Groundwater chemicals found above detection limits on site (values in µg/L) Continued 

Benzoic Acid N/A 1230 

Carbon disulfide N/A 1.28 

cis-1,2-dichloroethene 5 76300 

Dichlorodifluoromethane N/A 247 

Ethylbenzene 700 6530 

Isopropylbenzene N/A 138 

Naphthalene N/A 1560 

n-Butylbenzene N/A 210 

n-Propylbenzene N/A 321 

p-isopropyltoluene N/A 46.4 

Tetrachloroethene 5 102 

Toluene 1000 14.1 

Total Xylenes 10,000 0.5 

trans-1,2-Dichloroethene 100 154 

Trichloroethene 5 0.46 

Trichlorotrifluoroethane N/A 55.6 

Vinyl Chloride 2 0.05 

m-Xylene & p-xylene 10,000 8.72 
Bold indicates exceedance of MRBCA 

 
In following sections, physical, chemical, and toxic characteristics are described for 
each of the chemicals detected above its respective cleanup standard. Additional 
profiles, describing the remaining detected chemicals, are included in Appendix V. Toxic 
effects data is limited for humans, but it is not known to cause cancer in humans or 
animals and its carcinogenicity has yet to be classified by EPA (ATSDR 2009a).  
 
Chemicals found above detection limits in soil and groundwater: 
 
Trimethylbenzene is a clear liquid with a distinctive smell. Exposure to this chemical 

can cause irritation to the eyes, skin, nose, throat, and respiratory system, as well as 
bronchitis, hypochromic anemia, headache, drowsiness, weakness, exhaustion, 
dizziness, nausea, incoordination, vomiting, confusion, and chemical pneumonitis. 
Trimethylbenzene occurs as 1,2,4-trimethylbenzene or 1,3,5-trimethylbenzene. NIOSH 
has set an exposure limit at 25 ppm of 1,3,5-trimethylbenzene in the workplace air 
(CDC 2009).  
 
Benzene is sweet-smelling and colorless to pale-yellow. Benzene is highly flammable 

and dissolves slightly in water and can pass into the air from water and soil and be 
carried back down to the ground attached to rain or snow. Breathing high levels of 
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benzene can cause drowsiness, headaches, tremors, unconsciousness and possibly 
death. Eating or drinking foods containing benzene can cause vomiting, stomach 
irritation, convulsions, and possibly death. Benzene can cause a decrease in red blood 
cells leading to anemia, and can also affect the immune system increasing the chance 
for infection. Benzene is a known carcinogen and long-term exposure can cause 
leukemia, especially acute myelogenous leukemia (AML). The EPA has set a limit of 5 
parts per billion of benzene in drinking water (ATSDR 2009a).  
 
Ethylbenzene is a flammable compound that can move through soil into groundwater. 
Exposure can cause eye and throat irritation and dizziness at higher levels of exposure. 
Exposure to ethylbenzene may also cause kidney and inner ear damage. Ethylbenzene 
is a possible human carcinogen and the EPA has determined that a lifetime exposure of 
0.7 parts per million does not cause adverse health effects (ATSDR 2009a).  
 
m-Xylene & p-xylene are colorless liquids which have a smell. Exposure may cause 
eye, skin, and nose irritation, as well as dermatitis, nausea, vomiting, dizziness, 
excitement, staggering, anorexia, and stomach pain. Exposure may occur through 
inhalation, ingestion, skin absorption, skin and/or eye contact (CDC 2009).  
 
Naphthalene is a colorless to brown solid that has a distinctive odor similar to the smell 
of mothballs. Naphthalene dissolves to a limited degree in water, making it available in 
drinking water from wells close to hazardous waste sites or landfills. It can also become 
weakly attached to soil or pass through soil into groundwater. High levels of exposure to 
naphthalene may cause nausea, vomiting, diarrhea, yellowing of the skin, and damage 
to red blood cells which can cause hemolytic anemia. Symptoms of hemolytic anemia 
include fatigue, lack of appetite and restlessness. The EPA has determined that 
naphthalene is a possible human carcinogen and that children should not drink water 
with over 0.5 parts per million of naphthalene for more than 10 days or over 0.4 parts 
per million for any longer than 7 years. Adults should not drink water with more than 1 
part per million for more than 7 years. Water consumption over a lifetime should not 
exceed 0.1 parts per million of naphthalene. According to National Institute of Safety 
and Health (NIOSH), more than 500 parts per million of naphthalene in air is considered 
immediately dangerous to someone‘s life and health (ATSDR 2009a).  
 
Tetrachloroethene is a colorless liquid that is a manufactured chemical used in dry 

cleaning. It is nonflammable liquid at room temperature but evaporates easily. It has a 
strong sweet smell, easily detected about 1 part per million. Exposure usually results 
from inhalation and can cause dizziness, grogginess, unconsciousness, or death. It also 
affects the nervous system, and it is reasonably thought to be a human carcinogen. The 
limit for tetrachloroethene in drinking water is 0.005 milligrams per liter (ATSDR 2009a).  
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Toluene is a colorless liquid that affects the nervous system. Low to moderate 
exposure levels can cause weakness, memory loss, nausea, loss of appetite, hearing 
and color vision loss; the symptoms subside when exposure stops. The EPA has not 
classified the carcinogenicity of toluene, but studies indicate that toluene does not 
cause cancer. Pregnant women exposed to high levels of toluene can bear children with 
birth defects, including growth and mental retardation (ATSDR 2009a). 
 
Chemicals found above detection limits in soil only:  
 
Di-n-octyl phthalate is a colorless, odorless liquid. The chemical does not evaporate 

easily and adheres tightly to soil, sediment and dust particles. Toxic effects data is 
limited for humans, but it is not known to cause cancer in humans or animals, but its 
carcinogenicity has yet to be classified by EPA (ATSDR 2009a).  
 
4.3 METALS 
 
Several metals were found above detection limits in the groundwater samples taken 
from monitoring well 1 (MW-1) on the Bliss-Ellisville Site. MW-1 is located just across 
the boundary line that separates the Proposed Strecker Forest Development Site from 
the Bliss-Ellisville Site (Figure 22). Because only a short distance lies between MW-1 
and the Strecker Forest Site, and because Mundell‘s report did not test for these 
parameters, MDNR‘s data are considered relevant and presented below in Table 15. 
Table 15 lists each metal‘s MCL and the highest concentration found in MW-1. Of the 
detected chemicals, barium, chromium, and lead were detected above their respective 
MCLs. 
 
Table 15. Metals found in Bliss-Ellisville Site groundwater (MW-1), EPA‘s maximum contaminant level, 
and the highest concentration of that metal found in MW-1 on the Bliss-Ellisville Site (based on MDNR 
groundwater testing 2010). 

Groundwater chemicals found above detection limits on the Bliss-Ellisville Site 

Metals MCL (µg/L) Highest site concentration at MW-1 (µg/L) 

Arsenic 10 9.45 

Barium 2000 2090 

Cadmium 5 0.32 

Chromium 100 397 

Lead* 15 76.5 

Selenium 50 7.16 

Silver 100 <0.25 

*action level: EPA 

 

The following are toxicity profiles for metals found in groundwater above detection limits 
in MW-1 on the Bliss-Ellisville Site. 
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Barium is a metal with many different compounds that may or may not easily dissolve 
in water. The compounds that do not dissolve well are not generally harmful. Eating or 
drinking large amounts of barium compounds that do not easily dissolve can cause 
arrhythmia or paralysis and possibly death. Barium can cause gastrointestinal 
disturbances and muscular weakness when exposed to levels above the EPA drinking 
water standards of 2.0 milligrams per liter. Acute effects of barium exposure above 
background levels can cause vomiting, abdominal cramps, diarrhea, difficulties in 
breathing, increased or decrease blood pressure, numbness around the face, and 
muscle weakness. DHHS, IARC, and the EPA have not classified barium as 
carcinogenic.  
 
Chromium is a hard metal that is deposited into soil and water. Inhalation of high levels 

of chromium (VI) can cause irritation to the lining of the nose, nose ulcers, runny nose, 
and breathing problems. Direct contact with chromium (VI) can cause allergic reactions 
such as redness, swelling, and skin ulcers. Animal studies have shown that exposure to 
chromium (VI) causes irritation and ulcers in the stomach and small intestine and 
anemia. The DHHS, the IARC, and the EPA have determined that chromium (VI) 
compounds are human carcinogens. They have been shown to cause lung cancer and 
stomach tumors in humans and animals. The FDA has limited the amount of chromium 
in drinking water to 1mg/L.  
 
Lead is a naturally occurring metal that does not break down but changes in sunlight, 
air, or water. Exposure to lead by ingestion or inhalation can affect every organ system. 
Chronic exposure to lead can adversely affect the nervous system, cause high blood 
pressure, and cause weakness in the fingers, wrists, or ankles. Exposure to high levels 
of lead can cause brain and kidney damage and ultimately death. High levels of 
exposure damage sperm production in men and lead to miscarriage in pregnant 
women. There is no conclusive proof that lead is a human carcinogen but the DHHS, 
the IARC, and the EPA have determined it to be a possible human carcinogen based on 
animal studies. Children are more vulnerable to lead poisoning than adults. Unborn 
children can be affected by lead through their mothers, which leads to premature births, 
small size, decreased mental ability and reduced growth. The CDC requires that 
children be tested for lead. The EPA limits lead in drinking water to 15 µg per liter 
(ATSDR 2009a) 
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Figure 22. Locations of monitoring wells used by Missouri Department of Natural Resources during Bliss-
Ellisville Site sampling. MW-4, MW-5, and MW-6 locations are based on coordinates provided in the April 
2010 MDNR Monitoring Well Installation Report Bliss-Ellisville Site Shallow Groundwater Investigation, St. 
Louis County. MW-1, MW-2, and MW-3 locations were estimated based on a map included in the report 
listed above and on Figure 2 in the Groundwater Sampling Analytical Review Report of Findings Bliss-
Ellisville Site-Wildwood Missouri prepared by Tetra Tech EM Inc. for the US EPA. The red line indicates 
the approximate border of the Proposed Strecker Forest Development Site. 

4.4  RISK ESTIMATES 

In this section risk estimates are presented. Section 5 presents the risk characterization 
for those chemicals and exposure situations that exceed standard benchmarks. There 
are two standard benchmarks in use today in the US, the cancer risk and non-cancer 
hazard index.  
 
Cancer risks are estimated by calculating the daily exposure amount and then 
multiplying that exposure amount by the chemical-specific cancer slope factor (also 
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called cancer potency). Such risks are expressed as a number without any units, such 
as the number of excess cancers in a given size group of people, such as 1 in 10,000. 
The most commonly used cancer risk value for general populations is 1 in a million as 
an acceptable risk estimate. Risks greater than 1 in a million are considered 
unacceptable, elevated, or requiring attention. At Superfund sites, EPA‘s standard 
cancer risk acceptance falls in a range of 1 in 10,000 to 1 in a million. Risks lower than 
1 in a million are considered acceptable, and risks greater than 1 in 10,000 are almost 
always considered unacceptable at Superfund sites.  
 
The cancer risks presented in the Risk Characterization section below are restricted to 
those cases in which an exposure estimate resulted in a cancer risk greater than 1 in a 
million. These risks, greater than 1 in a million, were found for dioxin TEQ exposure for 
only two groups 1)10 year old children and 2) adults who have been exposed to 
groundwater for some time. 
 
Non-cancer risks are estimated by comparing the estimated daily exposure amount to 
the reference dose or reference concentration. The comparison is conducted by dividing 
the estimated exposure by the reference dose or concentration, as in x/y, and obtaining 
the ratio, called a hazard quotient. If the ratio, is greater than 1, then the exposures may 
be unacceptable; the higher the hazard quotient, the greater the chance of harmful 
effects from exposures.  
 

5.0  RISK CHARACTERIZATION 
 

The risk characterization step produces a carcinogenic risk and non-carcinogenic 
hazard, expressed as the hazard quotient (HQ), posed by a given chemical to a given 
target organism in a given exposure pathway. This risk is quantified by specific 
equations provided by the US EPA (US EPA 1989). For carcinogenic contaminants, 
overall risk is equal to the intake of the chemical through the pathway, the chronic daily 
intake (CDI), multiplied by the cancer slope factor (SF) for the chemical for the particular 
pathway. In equation form, Risk = (CDI)(SF).  
 
For non-carcinogenic contaminants, the hazard quotient is equal to the chronic daily 
intake (CDI) of the contaminant divided by the reference dose (RfD) or reference 
concentration (RfC) for the chemical. The RfD is used for the calculation of oral pathway 
HQs, and the RfC is used for the calculation of inhalation pathway HQs.  
The inhalation specific risk or hazard for the target organism is derived by summing all 
the risks or hazards for all the chemicals in the inhalation pathway. In order to obtain the 
total carcinogenic risk or hazard for a target organism across all media and pathways, 
one must add all the pathway specific risks or hazards. This summation requires doing 
risk and HQ calculations for all of the exposure pathways. For the Proposed Strecker 
Forest Development Site, exposure pathways include incidental ingestion and dermal 
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contact as well as inhalation of contaminated media. Also, each calculation must be 
done for the specific group that could be or has been exposed (children, adults and 
workers). The sum of these hazard quotients is called the hazard index (HI). These final 
calculations will be compared to a cancer risk range (1x10-6 to 1x10-4) when evaluating 
cancer risks and an HI of 1 when evaluating total noncarcinogenic hazards for each 
target organism.  
 
This information is used to determine the resulting health risks that are expected to 
occur in the exposed population. This step formulates the last part of the risk 
assessment, the risk characterization. 
 
For the Proposed Strecker Forest Development Site the chemicals of concern (COCs) 
are volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), 
polychlorinated biphenyls (PCBs), RCRA metals, herbicides/pesticides, and 
dioxins/furans (Mundell & Associates, Inc. 2010). Many of these have different acute 
and chronic health effects. Some of these chemicals are known carcinogens after 
chronic exposure, but acute exposure may lead to other adverse health effects. 
According to experiments done on animals, acute effects for a high-dose exposure to 
dioxins and dioxin-like compounds include: wasting syndrome, thymic atrophy, dermal 
toxicity and liver problems. Developmental, reproductive, immunological, 
endocrinological and cancerous hazards have been seen in animals as well as humans 
exposed to dioxins and other dioxin like compounds (Schecter and Gasiewicz 2003). 
Similar to dioxin exposure, PCB exposure causes a number of serious non-cancer 
effects in animals on the immune system, reproductive system, nervous system and 
endocrine system. Other non-cancer effects of PCBs include dermal and ocular effects 
in monkeys and humans, and liver toxicity in rodents. Also, elevations in blood pressure, 
serum triglyceride, and serum cholesterol have also been reported with increasing 
levels of PCBs in humans (EPA 2010e). According to the US EPA, the acute health 
effects of VOCs and SVOCs include: eye, nose and throat irritation; headaches, loss of 
coordination, nausea; damage to the liver, kidney and central nervous system. VOCs 
and SVOCs are known to cause cancer in animals and some are suspected of causing, 
or known to cause cancer in humans after chronic exposure (EPA 2010f). 
The quantitative estimates of exposure resulted in quantitative risk estimates for some 
of the chemicals measured at the Strecker Forest Development Site. These estimates 
(Table 17) indicate that dioxin is the only chemical that poses elevated risks, based on 
the data used from the Mundell & Associates, Inc. (2010) report. 
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Table 16. Reference doses (RfD), reference concentrations (RfC), and cancer slope factors (CSF) for 
VOCs, SVOCs, and dioxin TEQ detected above levels screened for risk on the Proposed Strecker Forest 
Development Site. Target organs and health effects information for each chemical can be found in the 
toxicity descriptions or in Appendix V. Further information is found in IRIS and ATSDR databases as 
listed in Section 7.0. Toxicity information for di-n-octyl phthalate is presently being re-evaluated by EPA 
and official values have been withdrawn. Inclusion of these values does not indicate EPA numbers and is 
a source of uncertainty, but are included for reference purposes only. 

 RfD (mg/kg-day) RfC (mg/m
3
) CSF (mg/kg-day) 

Benzene 4.00E-03 3.00E-02 5.50E-02 

di-n-octyl phthalate         4.00E-02 8.50E-02 NA 

Ethylbenzene 1.00E-01 1.00E+00 NA 

1,2,4-Trimethylbenzene NA 7.00E-03 NA 

m-Xylene & p-Xylene 2.00E-01 7.00E-01 NA 

Naphthalene 2.00E-02 3.00E-03 NA 

1,1,1,2-Tetrachloroethane              3.00E-02 NA NA 

1,1,2,2-Tetrachloroethane 2.00E-02 NA 2.00E-01 

Toluene 8.00E-02 5.00E+00 NA 

Dioxin TEQ 7.00E-10 NA 10
+6

 

 
 
Table 17. Cancer risks associated with potential dioxin TEQ exposures that pose elevated health risks on 
the Proposed Strecker Forest Development Site. 

Target 
Organism 

Location Exposure Chemical Effect 

Daily 
Intake  

(mg/kg-
day) 

Cancer 
Slope 
Factor 

Risk  
(Hazard 
Quotient  

or 
Cancer 
Risk) 

*Cancer 
Risk 
 (per 

million 
people) 

Child 5 yr B26 Soil ingestion Dioxin TEQ Cancer 6.06E-12 10
+6

 6.06E-05 60 

Child 5 yr B19 Soil ingestion Dioxin TEQ Cancer 3.81E-11 10
+6

 3.81E-04 381 

Child 5 yr B19  Dermal Dioxin TEQ Cancer 1.11E-10 10
+6

 1.11E-03 1110 

*"Cancer risks are upper-bound lifetime cancer risks, i.e., a plausible upper limit to the true probability that 
an individual will contract cancer over a 70 year lifetime as a result of a given hazard (such as exposure 
to a toxic chemical). This risk can be measured or estimated in numerical terms (e.g., one chance in a 
hundred)" (US EPA 2011). 
 

Detected dioxin TEQ concentrations at locations B26 and B19 pose elevated cancer 
risks to children (Table 17). Considerable cancer risks, falling between 1x10-4 and  
1x10-6 associated with dioxin TEQ exposure at B26 and B19 suggest an elevated 
cancer risk posed to a 5 year old child through incidental soil ingestion at the Ravine 
area (B26) and through incidental or dermal contact at Western Pond Area (B19). 
Adults who have consumed on site groundwater, over an extended period of time, in the 
past were, and likely remain, subject to elevated cancer risks associated with the 
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presence of dioxin TEQ, as indicated from MW-2 and MW-6. These exposures and 
cancer risks are listed below in Table 18. 
 
 
Table 18. Cancer risks associated with dioxin TEQ exposure through long-time groundwater consumption 
(30 years) on the Proposed Strecker Forest Development Site. 

Target 
Organism 

Location Chemical Effect 
Daily Intake 
(mg/kg-day) 

Cancer 
Slope 
Factor 

 
Cancer 

Risk 

*Cancer 
Risk (per 

 one million 
people) 

Adult MW-2 Dioxin TEQ Cancer 8.20E-12 10
+6

 8.20E-05 82 

Adult MW-3 Dioxin TEQ Cancer 1.35E-13 10
+6

 1.35E-06 1 

Adult MW-4 Dioxin TEQ Cancer 4.04E-13 10
+6

 4.04E-06 4 

Adult MW-5 Dioxin TEQ Cancer 1.35E-13 10
+6

 1.35E-06 1 

Adult MW-6 Dioxin TEQ Cancer 1.43E-10 10
+6

 1.43E-03 1430 

*"Cancer risks are upper-bound lifetime cancer risks, i.e., a plausible upper limit to the true probability that 
an individual will contract cancer over a 70 year lifetime as a result of a given hazard (such as exposure 
to a toxic chemical). This risk can be measured or estimated in numerical terms (e.g., one chance in a 
hundred)" (US EPA 2011). 
 
 

The cancer risks listed above (Table 17 and 18) reflect conservative reasonable 
maximum exposure risk scenarios. Data with which to derive these risk numbers were 
limited due to a lack of site-wide soil and groundwater samples. The limited 
concentration of these samples did not allow for spatial averaging across the site, and 
so specific areas of contamination were used for this risk analysis. 
 
The ranges for acceptable excess cancer are often described as greater than 1/10,000 
to 1/1,000,000, depending on site conditions, applicable laws and regulations, future 
site use, etc. EPA describes these issues in OSWER directive 9355.0-30, 1991 and 
found at the following EPA web site: 
http://www.epa.gov/oswer/riskassessment/pdf/baseline.pdf. ESC, LLC has placed a 
copy of this document on the company web site in the Strecker Forest project page and 
in reference materials for citizens.  

EPA notes that at Superfund sites, an excess cancer risk for all site exposures of 
1/10,000 may be accepted without initiating further action. If present or future site 
conditions warrant lower risks, if individual chemical exposures are 1/10,000 or if 
specific health protective standards are exceeded, then lower risks may be used. 
ESC/HE notes that this guidance does not require use of a specific risk level, giving 
EPA offices and staff discretion. Furthermore, and importantly, the future site use of the 
Strecker Forest Site is proposed to be residential.  

http://www.epa.gov/oswer/riskassessment/pdf/baseline.pdf
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ESC/HE have taken the conservative, health protective position that excess cancer risk 
levels of 1/1,000,000, as commonly applied throughout the US, are the most 
appropriate for the Strecker Forest Development Site. The risk estimates here indicate 
that cancer risks from dioxin (TEQ) alone may exceed 1/1,000,000 for some exposure 
conditions and individuals. 

5.1  UNCERTAINTIES 
 

Uncertainty is an important part of the risk assessment process. The description of 
these uncertainties makes a risk assessment stronger and more reliable. Uncertainty 
falls under the risk characterization step. The EPA uses the acronym TCCR, when 
describing effective risk characterization. TCCR represents transparency, clarity, 
consistency and reasonableness. Discussing uncertainty helps achieve TCCR within a 
risk assessment. The EPA Risk Characterization Handbook states ―scientific uncertainty 
is a fact of life (and)… a balanced discussion of reliable conclusions and related 
uncertainties enhances, rather than detracts, from the overall credibility of each 
assessment …‖ (Fowle 2000).  

 
5.1.1 Proposed Strecker Forest Development Site uncertainties not related 
to data gaps 
 

Uncertainties exist in the data collection and evaluation process. Portions of quantitative 
data, used in the risk assessment, were gathered from the Mundell report. Mundell 
acknowledges limitations that should be noted as uncertainties. The data that are 
collected and reviewed are from discrete locations on the site and there may be 
deviation in other areas from where sampling occurred (Mundell & Associates, Inc. 
2010). Information from reports obtained by ESC may be collected form historical 
documents and area residents. Although attempts are made to retrieve the most 
accurate assessment of actions that took place and observed results, there may be 
information that is not complete and/or not entirely accurate, thereby creating an 
uncertainty.  
 
There are physical uncertainties in the Strecker Forest region. The nature of the karst 
geology is not known (such as the presence and direction of conduits), as explained in 
section 3.2.1. The erosion rate off the hill slopes are also unknown. Although the area is 
forested, there are indications of erosion from ruts on the surface. Furthermore, 
proposed construction in the area would greatly increase the erosion of particulates 
which may end up in surface waters.  
 
The lack of knowledge on specific interactions between different chemicals presents 
another area of uncertainty. While some chemical interactions are well-documented and 
understood, other chemical interactions have not been sufficiently studied. A large 
amount of chemicals have been detected within the Proposed Strecker Forest 
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Development Site. These chemicals could undergo varying interactions, including 1) 
synergistic, where the effect of the chemical combination is increased relative to the 
individual chemical‘s effects and 2) antagonistic, where the effect of the chemical 
combination is decreased relative to their individual effects. Factors to determine the 
effects and exposure to one contaminant are easily identified, but to determine 
interactions of all chemicals is not currently possible. Unknown chemical interactions 
may affect cancer and non-cancer risks on site, but these particular effects cannot be 
calculated due to a lack of information. Therefore, in cases lacking concrete scientific 
support, professional opinion must be relied upon (Pohl 2009). 
 
Because a contaminant‘s reference dose (RfD) and reference concentration (RfC) are 
estimates, a level of uncertainty is associated with these values. These RfDs and RfCs 
may over or underestimate risk. Additionally, RfD and RfC values are not available for 
all the contaminants found at the Proposed Strecker Forest Development Site. 
 
Time is also a factor in uncertainty. The information used in the HHRA is as current as 
reasonably possible, but further research may quickly outdate the relevance of current 
information. Little can be done to minimize this uncertainty, and whether this uncertainty 
over or underestimates risk cannot be determined.  
 
Uncertainty in an exposure assessment can lead to the underestimation or 
overestimation of a risk. Although attempts are made to evaluate all exposures using 
the most complete set of data and knowledge, some uncertainties are unavoidable. 

 
5.1.2  Data gaps 
 

A data gap is an area where relevant information is lacking entirely, as in the absence of 
soil data for an entire location. Like uncertainties, data gaps pose additional difficulty 
throughout the HHRA process. Data gaps may occur during on-site contaminant 
detecting activities. When data are collected on the site some chemicals may not be 
detected (identified as ―non-detect‖) even though they are present in small amounts. 
These chemicals may exist, but in amounts smaller than a detection device‘s detectable 
limit. The detection limit (DL) is ―the lowest amount [of an analyte] that can be 
distinguished from the normal ‗noise‘ of an analytical instrument or method‖; the DL is 
only an estimate, not a quantifiable amount. It is important that detection limits be 
reported to acknowledge that gaps may occur within the data set.  
 
Reference dose (RfD) and reference concentration (RfC) values are not available for 
some of the chemicals of concern at the Strecker Forest Development Site. Toxicity 
information, on which regulatory cleanup standards are based, does not exist for some 
chemicals detected on site; therefore, regulatory standards are not established for some 
chemicals detected on site. Tables 13 and 14 reflect this lack of information.  
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Currently, seven monitoring wells are located on the site. The wells are located on the 
north, east, and south edge of the property, as well as one monitoring well located in the 
upper terrain of the ravine (Mundell & Associates, Inc. 2010). Monitoring wells, then, do 
not exist over a large portion of the site. Site-wide groundwater data are limited and 
data gaps exist because of the minimal number and placement of the wells. The aquifer 
type found on the site has very unpredictable flow and for a more comprehensive 
understanding of groundwater and contaminant movement, more monitoring wells are 
needed to fill the existing groundwater data gap (Bidaux and Drouge 1993). 
 
Because no monitoring wells are located in the Western Pond Area, there are gaps in 
contaminant concentrations data in groundwater for this area. Since this area may 
potentially develop into a sinkhole, into which groundwater flows, a groundwater 
monitoring well in the area would provide a more comprehensive understanding of 
potential contaminant movement in the Western Pond Area (Mundell & Associates, Inc. 
2010). 
 
There are data gaps in time as well as space. Contaminant movement in or with 
groundwater and surface water flow will be affected by the changes in the water table 
and water flow that is influenced by the seasons and by annual cycles of drought and 
heavier precipitation. Virtually all of the data currently available for the Strecker Forest 
Site reflects values obtained at a single point in time, and could thus not be used to 
evaluate changes in contaminant movement affected by changes in the water table or 
by changes (in direction or velocity) in ground water and surface water flow. More 
monitoring wells and a solid set of dye trace studies are needed to fill the existing 
groundwater data gap (Bidaux and Drouge 1993). 
 

6.0 FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 
 

6.1  FINDINGS 

The sources of chemical contamination were only partly identified and characterized 
during previous investigations of this property. This data gap extends back to the EPA 
investigation of the Bliss-Ellisville Site, including the Callahan Property that was part of 
the site as listed on the NPL. During the initial EPA investigation and remediation, the 
documentation seems to indicate that EPA made two decisions that narrowed the scope 
of any further sampling. The first decision was that dioxin was the principle threat 
contaminant and chemical driver for which cleanup was conducted. The second 
decision was that the cleanup standard for dioxin of 1000 parts per trillion was used to 
define the extent of site contamination from the adjacent Bliss-Ellisville Site. The result 
of these two decisions was that volatile organic chemicals and metals did not receive 
full attention and remediation and dioxin levels below 1000 ppt were left in place. 
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The Proposed Strecker Forest Development Site has not been fully and completely 
characterized at a level sufficient to complete a detailed comprehensive analysis of risks 
or remediation required. Some portions of the site have had soil samples taken, but 
other areas have no soil samples that could be found. Our review found that samples 
according to depth were lacking across the site and were concentrated entirely in the 
northeast area of the site. This data gap is particularly notable for the Callahan 
Property. Additionally, older samples obtained prior to 2000 may not have had the 
advantage of recent technical developments in measuring low levels of contamination. 
 
Current conditions include contamination of at least two environmental media, soil and 
groundwater. This contamination results in three completed exposure pathways for 
people visiting the site or dwelling on the property. These exposure pathways are 1) 
inhaling vapors or dust, 2) consuming water or soil and 3) absorbing contaminants 
across the skin. Sampling indicates soil contamination by dioxin and dioxin-like 
compounds, and volatile organic compounds. Groundwater contamination with volatile 
organic chemicals is present (in most places sampled) at concentrations above 
background or regulatory (drinking water) standards. Soil vapor contamination can 
come from chemical contaminants in the soil or in the groundwater, often beneath the 
area of concern. This soil vapor can be expected to enter any structures, such as 
residences on the site. This process of vapor intrusion has the potential to increase 
exposures to volatile organic chemicals in residential structures and for ground 
disturbance activities.  
 
6.2  CONCLUSIONS 

On the Proposed Strecker Forest Development Site, risks exceed the nominal 
residential soil cleanup level of a cancer risk of 1 in a million from exposure to dioxin 
and dioxin-like chemicals. Groundwater contamination with organic chemicals, many of 
which are solvents, is not predictable with confidence at this site because the underlying 
geology is fractured limestone (Karst) and not completely sampled. The consequences 
are that contamination from almost any uphill location can move in multiple directions 
and carry contaminants to almost any residential location. Volatile organic chemicals 
from groundwater can result in vapor intrusion into current and future residences, based 
on well tests and initial models of groundwater flow in the area. The summed completed 
exposure pathways, including exposure to VOCs and (under-evaluated) metals in water 
and soil could result in appreciable risks to human health, especially resident children. 
There are not enough data to conclude that risks are not elevated without further 
evaluation and remediation of the site. 
 
This HHRA was conducted using data available from Mundell & Associates Phase II 
Environmental Site Assessment Report and from groundwater data provided by MDNR. 
The comprehensiveness of this HHRA and prevalence of site-wide assumptions is 
directly affected by the amount and spatial distribution of available data.  
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Even with limited data, this analysis shows that dioxin levels detected on the Proposed 
Strecker Forest Development Site may pose both cancer and non-cancer threats 
through several exposure pathways. ESC/HE trusts that the EPA, aware of contaminant 
transport mechanisms and the site‘s close proximity to the Bliss-Ellisville Superfund 
Site, will consider our following recommendations. 
 
The Western Pond Area, as identified in Mundell & Associates, Inc.‘s Phase II 
Environmental Site Assessment Report, is an area of concern where further 
investigation is needed. Observations and soil and groundwater sampling suggest that a 
source of contamination may exist in the pond area. Additional points of concern are as 
follows: 
 

 In interviews conducted during ESC‘s site visit in September 2010, residents 
living in areas neighboring the Proposed Strecker Forest Development Site 
related that barrels/ drums had been observed in the Western Pond Area. 
According to several residents, the Western Pond Area has been used 
recreationally as a swimming area by children and teenagers in the past. 
Additionally, residents, as well as City of Wildwood officials, have stated that the 
Western Pond Area has been drained at least once by unknown parties. 

 The information gathered through these interviews provides additional details 
about the area’s past uses. The contents, as well as their current location/ 
disposal, of the barrels referenced in the interviews remains unknown. If these 
barrels served as a source of contamination, recreational water and soil 
exposure in the pond area may be an additional contaminant exposure pathway 
of concern. 

 Information in Mundell & Associates, Inc.‘s Phase II Environmental Site 
Assessment Report indicates that the Western Pond Area is an area of concern 
that should be further investigated and addressed before site development. 

o Observations noted about the Western Pond Area in the Mundell report 
include: 

 An odor, ―similar to diesel fuel,‖ was noted while advancing soil 
borings in and around the Western Pond Area (p. 57) 

 The pond area was partially filled with water during the soil boring 
activities (p. 44) 

 A ―rusted drum‖ and a ―discarded five-gallon‖ bucket‖ were found in 
the area (p.44) 

 The western Pond Area may be a sinkhole (p. 57) 
o A geophysical survey identified a subsurface anomaly located near the 

pond area. A ground penetrating radar revealed the presence of buried 
metal objects, ―possibly buckets or drums‖ (p. 36). 
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o There is no way to determine the contents of the uncovered buckets or 
drums. These containers may have held hazardous wastes, contributing to 
elevated contaminant levels in nearby soils and groundwater. 

o Mundell soil samples reveal dioxin TEQ levels exceeding the ―U.S. EPA 
Region 9 PRG of 3.9 pg/g (ppt)‖ at several locations near the pond area 
(p. 57). The locations at which dioxin TEQ exceeded PRGs were B-19 
(one to two feet below ground surface), B-23 (zero to one foot below 
ground surface), and B-30 (zero to one foot below ground surface) (p. 44). 
The highest calculated dioxin TEQ was found in soil sampled next to a 
―rusted drum north of the pond‖ one to two feet below ground surface at B-
19 (p. 44). The Mundell report also states that ―2,3,7,8-TCDD was 
detected in the soil [four to eight feet below ground surface] at boring B-
33,‖ which is located just northwest of Western Pond Area, as identified in 
the Mundell report (p. 44, 57). 

o Because dioxin is not water-soluble, it is only through limited mechanisms 
that dioxin contamination will be present more than a few inches below 
ground surface. Dioxin TEQ levels were elevated one to two feet below 
ground surface at B-19, and 2,3,7,8-TCDD was detected four to eight feet 
below ground surface at B-33. For this to occur either non-native fill was 
placed in the pond area, a dioxin source has been buried in the pond area, 
or a solvent has been applied to the ground surface in the area. The 
application of a solvent could allow the movement of dioxin to occur 
through water movement downward through the soil column. 

o Low levels, not exceeding cleanup standards, of ethylbenzene and 
naphthalene were detected in soil samples taken four to eight feet below 
ground surface in B-33. B-33 is located in an area where a ―subsurface 
metallic anomaly was identified,‖ during a geophysical investigation (p. 
44). 

o Trace levels (below cleanup standards) of benzene, chloromethane, and 
m&p-xylenes were detected in either B-22, located within the pond area, 
or B-33, located just northwest of the pond area (p. 48-49). Trace levels of 
Bis(2-Ethylhexyl) phthalate were detected at B-22 and levels exceeding 
cleanup standards were detected at B-33 (p. 49).  

o PCB and dioxin/furan analyses were not conducted on B-33 samples due 
to ―Insufficient water volume‖ (p. 49). 

o The Mundell report recommends that until ―removal and remediation‖ has 
been completed, access to the western pond area, as well as the ―central 
solid waste and eastern disturbed area‖ and the NPL area should be 
restricted by fencing ―to prevent direct contact with surficial materials 
present in those areas‖ (p. 65). 

 The visibility of the Western Pond Area varies in historical aerial photographs of 
the Strecker Forest area, presented in the URS Corporation‘s Data Review of 
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18.3 Acre Tract, City of Wildwood (2008). The pond area is clearly visible in 
photos taken in 1960, 1964, 1969, 1979, and 1981. The pond area, however, is 
not clearly visible in the black and white photograph taken in 2000. These photos 
suggest that the pond was drained sometime between 1981 and 2000.  

 During a site visit in September 2010, a rusted barrel was observed just 
northwest of the Western Pond Area. A photograph of the barrel is included in 
Appendix IV. 
 

An incomplete understanding of the Western Pond Area‘s history, statements from 
residents and City of Wildwood officials, and information presented in the Mundell 
report support the need for further investigation of the area. To reduce the potential 
of contaminant exposure, ESC recommends that, until further investigation and 
remediation actions are completed on the Proposed Strecker Forest Development 
Site, access to the entire site be restricted through the use of signage and any other 
applicable institutional controls.  

 
6.3  RECOMMENDATIONS 
 
The potential or actual risks warrant further investigation on the nature and extent of 
contamination throughout the full site, including the creek. Additional site assessment is 
needed across areas and under conditions not sampled, for soil and groundwater, and 
for groundwater according to season. The sampling needs to include the Callahan 
Property to determine what, if any contaminants from the former Bliss-Ellisville Site 
could have migrated to the Strecker Forest Site. Additional sampling should be 
conducted in the northwest corner of the site, as it has had almost no sampling to date.  

We also recommend treating the site with the usual caution and protective measures 
afforded a contaminated site, i.e. use of personal protective equipment as appropriate 
and described in a work plan and site safety plan. 

For the following reasons, access to the Proposed Strecker Forest Development should 
be restricted. 

 According to soil and groundwater data in the Mundell report, areas of the site 

are contaminated with elevated dioxins and VOCs. Elevated levels of dioxins 

found on site may pose risks considered unacceptable by standards used by 

EPA and numerous state agencies (>1 in a million cancer; > 1.0 hazard index). 

 Contamination conditions remain unknown over a considerable portion of the site 

where groundwater and/ or soil sampling have not been conducted. Potential 

contamination of soil and groundwater from toxic metals, such as arsenic, 

chromium, and lead, remains unknown throughout the site.  
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 Potential contaminant movement from the Bliss-Ellisville Superfund Site is not 
well understood due to a lack of sampling efforts. 

 No physical identifiers, such as signs and fencing, currently exist on site. As is, 
people are able to move freely and unknowingly into contaminated areas and 
onto the Bliss-Ellisville Site. 

 The ravine and Solid Waste Area, located in the central area of the Proposed 
Strecker Forest Development Site, pose physical threats of injury. 

 As discussed above in section 6.2 of this HHRA report, the Western Pond Area is 
an area of concern to which access should be restricted. 

 Minimal testing has been conducted to determine the potential hazards posed by 
exposure to the buildings on site.  

Nearby residents should be personally and individually notified about the potential risks 
related to soil and groundwater exposure on the Proposed Strecker Forest 
Development Site. Additionally, any changes to site access restrictions should be 
communicated to residents in a similar manner. Personal communication will ensure 
that information is communicated clearly and understood by residents and will allow for 
residents‘ specific questions to be addressed. 

The EPA should conduct Five-Year Reviews of the Bliss-Ellisville Superfund Site as part 
of the Superfund post construction completion process. The EPA lists ―post construction 
completion,‖ which includes Five-Year Reviews and Operation and Maintenance, as a 
step in the Superfund Cleanup Process. Five-Year Reviews of the Bliss-Ellisville Site 
would provide information on the success of the former cleanup effort and tell of any 
remaining or continuing site contamination. Because the Bliss-Ellisville Superfund Site 
borders the Proposed Strecker Forest Development Site to the north and east, and lies 
just across Strecker Road to the south, the success of the site remediation may impact 
the potential of contaminant exposure on the Strecker Forest Site.  

A more complete and comprehensive site characterization is needed to fully assess 
risks and determine appropriate future site activities. EC/HE recommends further soil, 
water and groundwater sampling across the entire site, with geophysical surveying. The 
details of missing information are described in the above HHRA. Sampling is for the 
purpose of reducing uncertainties, especially data gaps.   

6.4  NEXT STEPS 

The next steps in the project may involve: 

 City and community members working with EPA to set up a community advisory 
group for the NPL site to provide technical assistance 
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 EPA conducting further investigation and data gathering on groundwater flow, 
groundwater, surface water, and soil contamination in order to fill in data gaps on 
the Proposed Strecker Forest Development Site,  

 EPA conducting further investigations, and remedial actions if investigation 
results warrant, in the NPL area to ensure no future contamination to lands 
directly adjacent to the property.  

 The Strecker Forest Development Site is a contiguous property of the Bliss 
Ellisville and Contiguous Properties Superfund Site that ESC/HE recommend 
EPA return to active status. 
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