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A human health risk assessment (HHRA) (including both screening level and baseline 
components) was conducted as part of the Remedial Investigation (RI) at the 5 Points PCE Plume 
(Site).  The HHRA generally follows the United States Environmental Protection Agency 
(USEPA) Comprehensive Environmental Response, Compensation, and Liability Act.  The most 
current USEPA guidance was followed regarding the screening, exposure assessment, toxicity 
assessment, and risk characterization steps in the HHRA.   The HHRA provides a baseline 
evaluation of current or potential threats to human health from chemical releases to groundwater 
at the Site under existing or anticipated future conditions.  Results of the HHRA can be used to 
(1) document the magnitude of primary contributors to risk, (2) help determine the need for a 
response action at a site, (3) define or modify remediation goals, and (4) provide support for the 
selection of a no-action remedial alternative.  Factors other than the results of the HHRA, such as 
USEPA MCLs (e.g., the MCL for PCE, promulgated in 1992, is 5 ug/L), will also be used to 
make remedial decisions at the Site.  

Introduction 

The Five Points PCE Plume Site is located in northern Utah, near the Great Salt Lake, on the 
boundary between Woods Cross City and Bountiful City in Davis County, Utah, as shown on 
Figure H-1. Elevated levels of chlorinated solvents, primarily tetrachloroethene (PCE), were first 
observed in a municipal drinking water well for the city of Woods Cross in 1996.  The most 
likely source of this contamination is the dry-cleaning facility Your Valet Cleaners (YVC) in 
Bountiful, Utah, where PCE is known to have been used in dry-cleaning operations between 
1964 and 2002 before being replaced by a liquid silicone-based dry-cleaning solution.  The YVC 
property is located upgradient of several municipal water supply wells that are owned and 
operated by Woods Cross City (WC#1, WC#2, WC#3, WC#4) and North Salt Lake (Freda Well, 
New Well, 1100 North Well), and, to date, PCE has been detected in all of these municipal wells 
except for WC#5.  Once PCE is detected in a municipal well, the municipality generally 
discontinues use of that well for drinking water supply, if possible.  Therefore, the majority of 
the drinking water for this area of Utah is currently being drawn from well WC#5.  

As part of the field investigation for this RI, URS installed 17 monitoring wells in four phases of 
drilling, as shown in Figure H-2; these monitoring wells are used solely for delineating and 
monitoring the subsurface PCE plume in this area.  Between September 2010 and February 2013, 
eight groundwater sampling events were conducted to collect samples from Site monitoring 
wells and to evaluate the nature and extent of contamination at this Site.  

Selection of Chemicals of Potential Concern (COPCs) 

Sampling results were evaluated for six chemicals: tetrachloroethene (PCE), trichloroethene 
(TCE), 1,1-dichloroethene, cis-1,2-dichloroethene, trans-1,2-dichloroethene, and vinyl chloride.  
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1,1-dichloroethene, trans-1,2-dichloroethene, and vinyl chloride were never detected at the Site.  
The maximum detected concentration of cis-1,2-dichloroethene for all sampling locations and 
sampling events of 0.44 µg/L was well below the USEPA (2013a) Regional Screening Level 
(RSL) for tap water of 28 µg/L.  Therefore, cis-1,2-dichloroethene was not evaluated further in 
the HHRA.   

Both PCE and TCE had maximum detected concentrations that exceeded their respective tap 
water RSLs.  Therefore, PCE and TCE were the COPCs evaluated in the HHRA. 

Selection of Sampling Locations Evaluated in the HHRA 

Tables 1 and 2 compare the maximum detected concentrations of PCE and TCE for all sampling 
locations and sampling events (from 4/6/2010 to 4/8/13) to RSLs for tap water.  The maximum 
detected concentrations of PCE exceeded the USEPA RSL for tap water at MW-1-2004,  
MW-104, and MW-101.  The maximum detected concentrations of TCE exceeded the USEPA 
RSL for tap water at MW-1-2004 and MW-101.  Maximum detected concentrations of PCE at 
three sampling locations (Freda Well, MW-106i, and MW-108d) did not exceed, but were in the 
range of, the RSL for tap water.  Therefore, MW-1-2004, MW-104, MW-101, Freda Well,  
MW-106i, and MW-108d were the sampling locations evaluated in the HHRA.  Data collected 
for the most recent 24-month period (two years) are included in the screening level and baseline 
HHRAs.   

Exposure Scenario Evaluated in the HHRA  

The exposure scenario evaluated in the HHRA was domestic use of groundwater by child and 
adult residents.  Pathways included in the HHRA were intentional ingestion of groundwater, 
dermal exposure to groundwater, and inhalation of VOCs in indoor air from household use of 
groundwater.  The USEPA RSLs for tap water are based on this exposure scenario. 

Toxicity Values Used in the HHRA 

Toxicity values specific to the oral and inhalation pathways were obtained for PCE and TCE from 
USEPA’s RSL table (2013a).  The original source for the oral and inhalation toxicity values for 
PCE and TCE was USEPA’s Integrated Risk Information System (IRIS), available on-line 
(USEPA 2013b).  The USEPA RSLs for PCE and TCE in tap water were calculated using these 
toxicity values.  IRIS is considered to be the best source of toxicity values from the hierarchy of 
sources of toxicity values recommended by USEPA (2003). 

Non-Cancer Toxicity Assessment 

The reference dose (RfD) is a pathway-specific (i.e., oral or dermal) estimate of a daily chemical 
intake per unit body weight that is likely to be without deleterious non-cancer effects (USEPA 
1989).  The reference concentration (RfC) used to evaluate non-cancer hazard for the inhalation 
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exposure route is an estimate of a concentration that is likely to be without deleterious effects 
during a lifetime of continuous exposure.  USEPA derives RfDs and RfCs to protect sensitive 
populations such as children.  RfDs are expressed in units of milligram (mg) chemical intake per 
kilogram (kg) body weight per day, or mg/kg-day.  RfCs are expressed in units of mg of chemical 
per cubic meter (m3) of air, or mg/m3.  

PCE has an oral reference dose (RfDo) of 6E-03 mg/kg-day and a RfC of 4E-02 mg/m3.  TCE has 
an RfDo of 5E-04 mg/kg-day and an RfC of 2E-03 mg/m3.  

Cancer Toxicity Assessment 
Although all chemicals have adverse effects at sufficient exposure, not all chemicals have the 
inherent ability to cause cancer.  For those that have been identified by USEPA as potential 
carcinogens, the USEPA slope factors (SFs) and inhalation unit risks (IURs) used for estimating 
CRs are usually upper 95th percentile confidence limits of the probability of response per unit 
intake of contaminant (by oral or inhalation routes) over a lifetime.  SFs and IURs are based on 
mathematical extrapolation from experimental animal data and epidemiological studies, when 
available.  SFs are expressed in units of risk per mg contaminant intake per kg body weight per 
day, or (mg/kg-day)-1.  IURs are expressed in units of m3 of air/µg of chemical, or (µg/m3)-1.  
Because SFs and URs are upperbound estimates, actual cancer potencies of COPCs are likely 
lower than estimated (USEPA 1989). 

PCE has an oral slope factor (SFo) of 2.1E-03 (mg/kg-day)-1 and an IUR of 2.6E-07 (µg/m3)-1.  
TCE has an SFo of 4.6E-02 (mg/kg-day)-1 and an IUR of 4.1E-06 (µg/m3)-1. 

Dermal Toxicity Assessment 
There are no toxicity values specific to dermal exposure.  Therefore, USEPA recommends that 
oral toxicity values be used to assess risks from dermal exposure.  The general approach is 
described in Appendix A of USEPA’s Risk Assessment Guidance for Superfund (USEPA 1989). 

The oral toxicity factor relates toxic response to an administered dose of chemical, only some of 
which may be absorbed by the body, whereas chemical intake from dermal contact is estimated as 
an absorbed dose using chemical-specific permeability constants for absorption from water and 
dermal absorbed fraction from soil (USEPA 2004).  To ensure that dermal toxicity is not 
underestimated, USEPA recommends adjusting oral toxicity factors by ABSGI values to evaluate 
toxic effects of a dermally absorbed dose (USEPA 2004).  According to USEPA (2004), if the 
ABSGI is less than 50 percent then adjustment of the oral toxicity value is needed (USEPA 2004).  
The default assumption for organics is a high oral absorption rate that does not require adjustment 
of oral toxicity values.  Therefore, the dermal toxicity values for PCE and TCE used in the HHRA 
are identical to the oral toxicity values for PCE and TCE.  The USEPA RSLs for PCE and TCE in 
tap water were calculated using these toxicity values. 
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Screening Level HHRA for Sampling Locations MW-101, Freda Well, MW-106i, and MW-108d 

Two sampling locations (MW-1-2004 and MW-104) were evaluated quantitatively in the baseline 
HHRA (see next section).  Four other sampling locations (MW-101, Freda Well, MW-106i and 
MW-108d) were evaluated qualitatively in the screening level HHRA by comparing detected 
concentrations of PCE and TCE in sampling events over the past two years to USEPA RSLs for 
tap water, as described in the following paragraphs.  Concentrations of PCE and TCE were 
evaluated in the screening level HHRA in one sampling location (MW-101) that had maximum 
detected PCE and TCE concentrations that exceeded the RSLs for tap water.  However, the 
concentrations of both PCE and TCE are decreasing at MW-101.  The sampling location is 
located in the easternmost portion of the PCE plume (see Figure H-2).  Concentrations of PCE 
and TCE were also evaluated in the screening level HHRA at three sampling locations (Freda 
Well, MW-106i, and MW-108d) that had maximum detected PCE concentrations that did not 
exceed, but were in the range of, the RSL for tap water.  The sampling locations are located in the 
central and western portions of the PCE plume (see Figure H-2). 

The maximum detected concentration of PCE in MW-101 of 32 µg/L exceeded the RSL for tap 
water of 9.7 µg/L.  However, the sample was collected in 9/20/10 and PCE concentrations at 
MW-101 have decreased substantially since then.  Concentrations of PCE at MW-101 over the 
past two years were 12, 8.1, 1.4, 2.3, and 2.1 µg/L in samples collected on 2/2/12, 5/15/12, 
8/30/12, 11/28/12, and 2/26/13, respectively.  The maximum detected concentration of TCE at 
MW-101 of 0.61 µg/L slightly exceeded the RSL for tap water of 0.44 µg/L.  However, the 
sample was collected in 1/27/11, and TCE concentrations at MW-101 have decreased 
substantially since then.  Concentrations of TCE at MW-101 over the past two years were 0.19 
µg/L, 0.11 µg/L, <0.5 µg/L, <0.5 µg/L, and <0.5 µg/L in samples collected on 2/2/12, 5/15/12, 
8/30/12, 11/28/12, and 2/26/13, respectively.  Because concentrations of  PCE and TCE have 
been decreasing over time and the most recent concentrations were less than the RSLs for tap 
water, groundwater at MW-101 was not evaluated further in the HHRA. 

The maximum detected concentration of PCE at the Freda Well of 5.6 µg/L is less than the RSL 
for tap water of 9.7 µg/L.  The sample was collected in 2/26/13.  Maximum concentrations of 
PCE at the Freda Well over the past two years were 3.9, 5.4, 3.6, 3.0, and 5.6µg/L in samples 
collected on 4/6/12, 5/15/12, 8/30/12, 11/28/12, and 2/26/13, respectively.  Therefore, 
concentrations of PCE at the Freda Well have remained relatively stable over the past two years, 
with  the most recent being 5.6 µg/L which is well below the RSL for tap water of 9.7 µg/L.  The 
maximum concentration of TCE at the Freda Well of 0.15 µg/L is well below the RSL for tap 
water of 0.44 µg/L.  Because concentrations of PCE and TCE were less than the RSLs for tap 
water, groundwater at the Freda Well was not evaluated further in the HHRA. 

The maximum detected concentration of PCE at MW-106i of 9.6 µg/L is slightly lower than the 
RSL for tap water of 9.7 µg/L.  The sample was collected in 2/2/12.  Concentrations of PCE at 
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MW-106i appear to be decreasing; the average concentration in sampling events subsequent to 
2/2/12 is 6.9 µg/L and the concentration for the past two sampling events was 4.6 and 6.7 µg/L in 
samples collected on 11/28/12 and 2/26/13, respectively.  TCE has never been detected at  
MW-106i.  Because concentrations of PCE and TCE were less than the RSLs for tap water, 
groundwater at the MW-106i was not evaluated further in the HHRA.  

The maximum detected concentration of PCE at MW-108d of 7.2 µg/L is lower than the RSL for 
tap water of 9.7 µg/L.  The sample was collected in 8/30/12.  Concentrations of PCE were 4.7 and 
6.5 µg/L in samples collected on 11/28/12 and 2/26/13, respectively.  TCE has never been 
detected at MW-108d.  Because concentrations of PCE and TCE were less than the RSLs for tap 
water, groundwater at the MW-108d was not evaluated further in the HHRA. 

Baseline HHRA for Sampling Locations MW-1-2004 and MW-104 

Two sampling locations were evaluated in the baseline HHRA by using concentrations in 
sampling events over the past year to calculate cancer risk (CR) and non-cancer hazard index 
(HI).  In this risk characterization step, the toxicity factors (RfDs, RfCs, IUR, and SFs) were 
applied in conjunction with intake of PCE and TCE to estimate CR and HI.  PCE and TCE were 
evaluated in MW-1-2004 and MW-104, which had maximum detected PCE concentrations that 
exceeded the RSL for tap water.  The maximum detected concentration of TCE of 0.48 µg/L in 
MW-1-2004 slightly exceeded the RSL for tap water of 0.44 µg/L.  The maximum detected 
concentration of TCE in MW-104 of 0.32 µg/L did not exceed the RSL for tap water.  However, 
TCE was included in the quantitative calculation of risk for MW-104 because of the potential for 
TCE to contribute to cumulative hazard/risk. 

Based on the recommendations of USEPA Region 8 and UDEQ, the exposure point 
concentrations (EPCs) used for PCE and TCE in the baseline HHRA were the concentrations 
from the most recent sampling event (Tables 3 to 6).  The use of the most recent sampling results 
as the EPCs is a reasonable, conservative approach because calculation of risk is based on current 
conditions at the site.  The use of the most recent sampling results as the EPCs is discussed further 
in the uncertainty section.  When there were field duplicates, the higher of the two results was 
used to represent the concentration for that sampling event.  One-half of the reporting limit (RL) 
was used to represent the sample concentration in one non-detect sample for TCE in MW-104 
(Table 6). 

Table 7 shows the exposure factor values used in the baseline HHRA for domestic use of 
groundwater by child and adult residents.  USEPA default reasonable maximum exposure 
(RME) values for residents were used as exposure parameter values.  
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Non-Cancer Hazard 
The potential for noncarcinogenic effects from ingestion and dermal exposure was characterized 
by comparing estimated average daily intake (ADI) with chemical-specific RfDs.  The resulting 
ratio is called a hazard quotient (HQ).  It is derived in the following manner: 

Non-cancer HQ	 ൌ
ADI	ሺmg/kg-dayሻ
RfD	ሺmg/kg-dayሻ

 

The potential for noncarcinogenic effects from inhalation exposure was characterized by 
comparing estimated air concentrations averaged over time (AC) with chemical-specific RfCs.  
The HQ is derived in the following manner: 

Non-cancer HQ	 ൌ
AC	ሺmg/mଷሻ
RfC	ሺmg/mଷሻ

 

The non-cancer HQ for COPCs in each exposure route was calculated by dividing the chemical 
intake or exposure concentration by the route- and chemical-specific RfD or RfC, respectively.  
Oral RfDs were used for oral routes of exposure, inhalation RfCs were used for inhalation routes 
of exposure, and dermal RfDs (non-adjusted oral RfDs) were used for the dermal route of 
exposure. 

Using the RfD or RfC assumes that there is a level of intake or an exposure concentration (the 
RfD or RfC, respectively) below which it is unlikely that even sensitive individuals such as 
children will experience adverse health effects over the period of exposure.  If the average daily 
intake or average daily exposure concentration exceeds the RfD or RfC, respectively, (that is, if 
the HQ exceeds 1), there may be cause for concern for potential non-cancer effects (USEPA 
1989).  However, it should be noted that the level of concern does not increase linearly as the RfD 
or RfC is approached or exceeded.  Since the HQ does not define a dose-response relationship, its 
numerical value cannot necessarily be construed as a direct estimate of risk (USEPA 1986).  
Rather, an HQ above 1 indicates a cause for concern for non-cancer health effects for the 
respective pathway and contaminant.  

To assess pathway-specific exposures to multiple contaminants, the HQs for all COPCs are 
summed to yield a pathway-specific hazard index (HI).  The assumption of additive effects 
reflected in the HI is most properly applied to substances that induce the same effect by the same 
biological mechanism (USEPA 1986).  Consequently, summing HQs for substances that are not 
expected to induce the same type of toxic effect may overestimate the potential for adverse health 
effects.  The HI provides an indication of the potential for adverse effects, but it is conservative 
and dependent on the quality of experimental evidence. 

The HIs from all identified relevant pathways are summed to obtain the total HI for that receptor.  
If the total HI is less than or equal to 1, multiple-pathway exposures to COPCs are judged 
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unlikely to result in an adverse effect.  A total HI greater than 1 indicates a potential cause for 
concern for non-cancer health effects and may trigger further evaluation. 

Cancer Risk  
Potential for carcinogenic effects were characterized in terms of the incremental probability of an 
individual developing cancer over a lifetime as a result of site-related exposure to a potential 
carcinogen.  Excess individual lifetime CR was estimated from the projected lifetime daily 
average intake or concentration and the cancer SF or IUR, which represent upperbound estimates 
of the dose-response relationship.  CR for the oral and dermal routes of exposure is calculated by 
multiplying the LADI by the cancer SF, as follows:  

CR = LADI (mg/kg-day) x SF (risk per mg/kg-day) 

CR for carcinogens for the inhalation route of exposure is calculated by multiplying the lifetime 
average concentration (LAC) by the IUR and a conversion factor. 

CR = LAC (mg/m3) x IUR (m3/µg) x conversion factor (1,000 µg/mg) 

The CR for COPCs in each exposure route was calculated by multiplying the chemical intake by 
the route- and chemical-specific SF or IUR.  Oral SFs were used for oral routes of exposure, IURs 
were used for inhalation routes of exposure, and dermal SFs (non-adjusted oral SFs) were used 
for dermal routes of exposure. 

The NCP (USEPA 1990) must be considered in order to interpret the significance of the CR 
estimates for individuals.  The NCP specifies that for known or suspected carcinogens, …“The 
10-6 risk level shall be used as the point of departure for determining remediation goals for 
alternatives when ARARs are not available or are not sufficiently protective because of the 
presence of multiple contaminants at a site or multiple pathways of exposure;”[ 40 CFR Section 
300(e)(2)(i)(A)(2)].  The NCP also states that: “For known or suspected carcinogens, acceptable 
exposure levels are generally concentration levels that represent an excess upper bound lifetime 
cancer risk to an individual of between 10-4 and 10-6.” 

Risk Characterization Results 
Risk calculations spreadsheets are shown in Attachment 1 and summarized below.  For  
MW-1-2004, the total CR was 3E-06 and the total HI was 0.6.  The total CR exceeds USEPA’s 
point of departure of 1E-06, but is within the NCP range of 1E-06 to 1E-04.  The total HI is less 
than the USEPA acceptable level of 1 for non-cancer effects. 
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Table 8.  Summary of Cancer Risks and Hazard Indices MW-1-2004 

Exposure CR HI 

PCE 2.55E-06 5.32E-01 

TCE 5.35E-07 1.07E-01 

Total CR/HI 3E-06 6E-01 

 
For MW-104, the total CR was 2E-06 and the total HI was 0.4.  The total CR exceeds USEPA’s 
point of departure of 1E-06, but is within the NCP range of 1E-06 to 1E-04.  The total HI is less 
than the USEPA acceptable level of 1 for non-cancer effects. 

Table 9.  Summary of Cancer Risks and Hazard Indices MW-104 

Exposure CR HI 

PCE 1.68E-06 3.51E-01 

TCE 3.18E-07 6.34E-02 

Total CR/HI 2E-06 4E-01 

 
Uncertainty in the HHRA 

Uncertainties are inherent in the HHRA process because of the numerous assumptions that are 
made in estimating exposure, toxicity, and potential risk.  Per USEPA guidance (USEPA 1989), 
conservative assumptions are made throughout the risk assessment process so as not to 
underestimate potential risk.  On the other hand, some uncertainties may contribute to 
underestimating exposure and risk.  This HHRA includes an evaluation of uncertainties related to 
the HHRA in order to place the risk estimates in perspective and to support risk-based decision-
making. 

Exposure Areas 
The exposure areas evaluated were individual groundwater sampling locations.  This approach 
assumes that the residential receptors are obtaining the groundwater directly from wells at 
individual sampling locations.  This assumption may have contributed to an overestimation of 
exposure and risk at the Site. 

Exposure Pathways Not Evaluated 
Impacts of VOCs in groundwater to indoor air via the vapor intrusion pathway was not evaluated 
in the HHRA because concentrations of VOCs at the Site are relatively low and groundwater 
depths for the six sampling locations evaluating in this HHRA range from approximately 27 feet 
to 140 feet below ground surface.  VOCs at those concentrations and groundwater depths would 
not be expected to impact indoor air. 
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Exposure Factor Parameter Values 
USEPA default RME values were used as exposure parameter values (e.g., for groundwater 
ingestion, skin surface area, exposure duration, etc.).  The RME condition is protective of people 
at the high end of the exposure distribution (approximately the 95th percentile).  For example, it 
was assumed that residents were exposed for 30 years (USEPA’s RME value for exposure 
duration) to groundwater at each individual well location evaluated in the HHRA.  The use of 
RME values may have contributed to an overestimation of exposure and risk for typical receptors 
at the Site. 

Exposure Point Concentrations 
The primary source of site-related uncertainty in the screening level and baseline risk HHRAs 
was the identification of EPCs in light of variation in the concentrations of PCE and TCE at 
individual sampling locations during different sampling events.  Sampling results from the past 
two years were considered to be the most relevant for current exposure and therefore were the 
only sampling results considered in the screening level and baseline HHRAs.  Sampling locations 
with the highest concentrations of PCE and TCE (the sampling locations evaluated in screening 
level and baseline HHRAs) were sampled numerous times in the past two years.  For example 
MW-1-2004, MW-104, MW-101, and MW-106i were each sampling 5 times over the past two 
years.  The Freda Well was sampled 6 times over the past two years.  Three sampling results for 
PCE and TCE were available for MW-108d (samples collected on 8/30/2012, 11/28/2012, and 
2/26/13).  Based on the recommendations of USEPA Region 8 and UDEQ, the concentrations of 
PCE and TCE from the most recent sampling event were used as the EPCs in the baseline HHRA. 

For the screening level HHRA, concentrations of PCE and TCE from each sampling event over 
the past two years were used to identify trends.  In MW-101, there was a clear trend for 
decreasing concentrations of PCE and TCE over the past two years.  Therefore, PCE and TCE 
concentrations from the most recent sampling event were considered to be the most relevant 
concentrations to evaluate MW-101 in the HHRA.  Because the most recent concentrations of 
PCE and TCE were less than the RSL for tap water, groundwater at MW-101 was not evaluated 
further in the HHRA. 

The concentrations of PCE in MW-106i and MW-108d appeared to also be decreasing relative to 
the maximum detected concentrations which were each collected more than one year ago.  The 
average concentration of PCE in MW-106i in sampling events subsequent to 2/2/12 was 6.9 µg/L 
and the concentration for the past two sampling events was 4.6 and 6.7 µg/L in samples collected 
on 11/28/12 and 2/26/13, respectively.  Concentrations of PCE in MW-108d were 4.7 and  
6.5 µg/L in samples collected on 11/28/12 and 2/26/13, respectively.  These concentrations are all 
lower than the USEPA RSL for tap water of 9.7 µg/L.  TCE has never been detected in MW-106i 
or MW-108d.  Because concentrations of PCE and TCE were less than the RSLs for tap water, 
groundwater at MW-106i and MW-108d was not evaluated further in the HHRA. 
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Concentrations of PCE in the Freda Well have been relatively stable over the past two years, with 
the maximum concentration being 5.6 µg/L.  Concentrations of TCE over the past two years have 
either been non-detect or detected at trace levels well below the USEPA RSL.  Because 
concentrations of PCE and TCE were less than the RSLs for tap water, groundwater at the Freda 
Well was not evaluated further in the HHRA. 

Concentrations of PCE in MW-1-2004 may be decreasing over time.  The maximum detected 
concentration of PCE of 46 µg/L was detected in 8/30/12.  The concentrations of PCE in the last 
two sampling events were 22 µg/L in 11/28/12 and 21 µg/L in 2/26/13.  If the average 
concentration of PCE of 28.2 µg/L is used as the EPC for MW-1-2004 (instead of using the 
concentration from the most recent sampling event of 21 µg/L), the total CR of 3E-06 would still 
exceed USEPA’s point of departure of 1E-06 and the total HI of 0.6 would still be less than 1.  
Therefore, using the concentration from the most recent sampling event as the EPC for PCE in 
MW-1-2004 was a reasonable, conservative approach that did not alter the overall conclusions in 
the HHRA.  Concentrations of TCE in MW-1-2004 have been relatively stable over time.  The 
EPC of 0.39 ug/L is higher than the average concentration of 0.344 µg/L over the past 5 
sampling events.  Therefore, using the concentration from the most recent sampling event as the 
EPC for TCE in MW-1-2004 was a reasonable, conservative approach.   

Concentrations of PCE in MW-104 have been relatively stable over time.  The EPC of 21 ug/L is 
higher than the average concentration of 18.6 µg/L over the past 5 sampling events.  Therefore, 
using the concentration from the most recent sampling event as the EPC for PCE in MW-104 
was a reasonable, conservative approach.  Concentrations of TCE may be increasing in MW-104.  
The concentration from the most recent sampling event of 0.32 ug/L is the maximum detected 
concentration of TCE in MW-104 out of six sampling events from 1/27/11 to 2/26/13.  
Therefore, using the concentration from the most recent sampling event as the EPC for TCE in 
MW-104 was a reasonable, conservative approach.    

Toxicity Assessment 
There is inherent uncertainty in assessing the toxicity of chemicals in humans.  However, 
USEPA’s methodology for toxicity assessment was specifically designed to reasonably ensure 
that estimates of toxicity are protective of human health.  Because uncertainties exist in the 
toxicity assessment process, numerous conservative (health-protective) approaches are used so as 
not to underestimate toxicity.  Conservative approaches used to derive toxicity factors include: 
 

 Assuming humans are more sensitive than the most sensitive laboratory species 

 Assuming most carcinogens do not have a threshold 

 Assuming animal carcinogens also cause cancer in humans 
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Depending on the chemical, humans can be more or less sensitive than animal species.  In 
addition, there is growing evidence that some carcinogens have threshold doses below which 
cancer does not occur.  In the HHRA, the conservative assumptions listed above may have 
contributed to an overestimation of the toxicity of PCE and TCE and risk. 

 
Risk Characterization 
Assumptions used in the exposure assessment, and toxicity assessment each contribute to risk 
characterization results.  Because there are uncertainties in each step of the risk assessment 
process, these uncertainties are often magnified in the final risk characterization resulting in a net 
overestimation of potential risk.  
 
Conclusions Regarding Uncertainty 
Assumptions were made in each step of the HHRA, which introduced uncertainty into the risk 
characterization results.  While this could potentially lead to an underestimation of risk, the use 
of numerous conservative (i.e., protective of human health) assumptions probably resulted in a 
net overestimation of potential risk.  Therefore, the results of this assessment are likely to be 
protective of health despite the inherent uncertainties in the process. 
 
Summary and Conclusions 

An HHRA, including screening level and baseline components, was conducted at the 5 Points 
PCE Plume (Site) to determine whether chemicals in groundwater might pose an unacceptable 
threat to human health.  Groundwater sampling results for numerous sampling events at 21 
sampling locations were evaluated for six chemicals (PCE, TCE, 1,1-dichloroethene,  
cis-1,2-dichloroethene, trans-1,2-dichloroethene, and vinyl chloride).  PCE and TCE were 
selected as the COPCs to be evaluated in the HHRA, because their detected concentrations 
exceeded their respective USEPA RSLs for tap water.  
 
Four sampling locations (MW-101, Freda Well, MW-106i, and MW-108d) were selected for 
evaluation in the screening level HHRA based on detected concentrations of PCE that did not 
exceed, but were in the range of, the RSL for tap water.  Two sampling locations (MW-1-2004 
and MW-104) were selected for quantitative calculation of cancer risk (CR) and non-cancer 
hazard index (HI) in the baseline HHRA based on detected concentrations of PCE and/or TCE 
exceeding their respective USEPA tap water RSLs.  The concentrations of PCE and TCE in the 
remaining 15 locations were well below their respective RSLs for tap water and therefore would 
not be expected to pose an unacceptable threat to human health even if the groundwater was used 
for domestic purposes.  Therefore, those 15 sampling locations were not evaluated further in the 
HHRA. 
 
The exposure scenario evaluated in the HHRA was domestic use of groundwater by child and 
adult residents.  Pathways included in the HHRA were intentional ingestion of groundwater, 
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dermal exposure to groundwater, and inhalation of VOCs in indoor air from household use of 
groundwater.  USEPA default RME exposure factor parameter values for domestic use of 
groundwater were used in the HHRA.  The USEPA RSLs for PCE and TCE in tap water are 
based on this exposure scenario and those exposure factors.  Toxicity values for non-cancer and 
cancer effects from oral and inhalation exposure were obtained from IRIS.  The toxicity values 
for non-cancer and cancer effects from oral exposure were used to assess risk from dermal 
exposure.  The USEPA RSLs for PCE and TCE in tap water were calculated using these toxicity 
values.  

Four sampling locations were evaluated qualitatively in the screening level HHRA by comparing 
detected concentrations of PCE and TCE in sampling events over the past two years to USEPA 
RSLs for tap water.  Based on the screening level HHRA, domestic use of water containing PCE 
and TCE from locations at or near MW-101, Freda Well, MW-106i, and MW-108d would not be 
expected to pose an unacceptable threat to human health. 

In the baseline HHRA, total CR and total HI were calculated for exposure to PCE and TCE in 
groundwater at MW-1-2004 and MW-104.  Total CRs at both sampling locations slightly 
exceeded the USEPA’s point of departure of 1E-06.  PCE was the risk driver for total CR (i.e., the 
CR from PCE alone exceeded 1E-06) at both sampling locations.  The total HIs at both sampling 
locations were less than the USEPA acceptable level of 1, indicating that exposure to PCE and 
TCE in groundwater at MW-1-2004 and MW-104 would not pose an unacceptable threat of non-
cancer effects. 
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Table 1.  Comparison of Maximum Detected Concentrations of PCE to the USEPA (2013) Tap Water RSL

Groundwater 
Sampling 
Location

Maximum 
Detected 

Concentration 
for PCE 
(µg/L)

Sampling 
Date

Exceeds RSL 
(9.7 µg/L)?

FREDA 5.6 2/26/2013 No
MW-101 32 9/20/2010 Yes
MW-102 <0.5 9/20/2010 No
MW-103 0.5 1/27/2011 No
MW-104 26 2/2/2012 Yes
MW-105 0.9 1/27/2011 No
MW-106d 2.7 2/26/2013 No
MW-106i 9.6 2/2/2012 No
MW-106s <0.5 2/2/2012 No
MW-107d 2.3 2/26/2013 No
MW-107i 1.2 2/26/2013 No
MW-107s <0.5 2/2/2012 No
MW-108d 7.2 8/30/2012 No
MW-108i 1 8/30/2012 No
MW-109d 0.6 2/26/2013 No
MW-109i 1.5 2/26/2013 No
MW-110d 2.6 2/26/2013 No
MW-110i 0.3 8/30/2012 No
MW-1-2004 46 8/30/2012 Yes
MW-2-2004 2.2 2/26/2013 No
WC#2 0.24 5/16/2011 No

< PCE was not detected (value shown is the reporting limit)
PCE tetrachloroethene
RSL regional screening level
µg/L micrograms per liter
USEPA U.S. Environmental Protection Agency

Sampling location was evaluated in the screening level human health risk assessment
Sampling location was evaluated in the baseline human health risk assessment

USEPA. 2013a.  USEPA Master Regional Screening Level (RSL) Table (HI=1).  May.



Groundwater 
Sampling 
Location

Maximum 
Detected 

Concentration 
for PCE (µg/L)

Sampling 
Date

Exceeds RSL  
(0.44 µg/L)?

FREDA 0.15 8/30/2012 No
MW-101 0.61 1/27/2011 Yes
MW-102 <0.5 9/20/2010 No
MW-103 <0.5 2/26/2013 No
MW-104 0.32 2/26/2013 No
MW-105 <0.5 2/26/2013 No
MW-106d 0.13 5/15/2012 No
MW-106i <0.5 2/26/2013 No
MW-106s <0.5 2/2/2012 No
MW-107d <0.5 2/26/2013 No
MW-107i <0.5 2/26/2013 No
MW-107s <0.5 2/2/2012 No
MW-108d <0.5 2/26/2013 No
MW-108i <0.5 2/26/2013 No
MW-109d <0.5 2/26/2013 No
MW-109i <0.5 2/26/2013 No
MW-110d <0.5 2/26/2013 No
MW-110i <0.5 2/26/2013 No
MW-1-2004 0.48 2/2/2012 Yes
MW-2-2004 <0.5 2/26/2013 No
WC#2 <0.5 11/17/2011 No

< TCE was not detected (value shown is the reporting limit)
RSL regional screening level
TCE trichloroethene
µg/L micrograms per liter
USEPA U.S. Environmental Protection Agency

Sampling location was evaluated in the screening level human health risk assessment
Sampling location was evaluated in the baseline human health risk assessment

USEPA. 2013a.  USEPA Master Regional Screening Level (RSL) Table (HI=1).  May.

Table 2.  Comparison of Maximum Detected Concentrations of TCE to the USEPA (2013) Tap 
Water RSL



Table 3.  Concentrations of PCE in MW-1-2004

Sample 
Location

Sample ID Collection Date Sample Type Qualifier
PCE 

Concentration 
(µg/L)

MDL RL

MW-1-2004 5P-MW1-2004-109DL 2/2/2012 Normal = 39 0.0758 2.5
MW-1-2004 5P-MW12004-109112 5/15/2012 Normal = 13 0.0758 0.5
MW-1-2004 5P-MW12004-112DL 8/30/2012 Normal = 46 0.0758 2
MW-1-2004 5P-MW12004-112-YDL 8/30/2012 Field Duplicate = 42 0.0758 2
MW-1-2004 5P-MW1-2004-109DL 11/28/2012 Normal = 22 0.0758 2
MW-1-2004 5P-MW1-2004-YDL 11/28/2012 Field Duplicate = 19 0.0758 2
MW-1-2004 5P-MW1-2004-101DL 2/26/2013 Normal = 21 0.0758 1
MW-1-2004 5P-MW91-101DL 2/26/2013 Field Duplicate = 16 0.0758 2

Maximum Concentration 46
Exposure Point Concentration (Most Recent Sample) 21

= PCE was detected
MDL method detection limit
PCE tetrachloroethene
RL reporting limit
µg/L micrograms per liter

Value used in selection of exposure point concentration
Value not used in selection of exposure point concentration



Table 4.  Concentrations of TCE in MW-1-2004

Sample 
Location

Sample ID
Collection 

Date
Sample Type Qualifier

TCE 
Concentration 

(µg/L)
MDL RL

MW-1-2004 5P-MW1-2004-109 2/2/2012 Normal TR 0.48 0.0674 0.5
MW-1-2004 5P-MW12004-109112 5/15/2012 Normal TR 0.1 0.0674 0.5
MW-1-2004 5P-MW12004-112 8/30/2012 Normal TR 0.42 0.0674 0.5
MW-1-2004 5P-MW12004-112-Y 8/30/2012 Field Duplicate TR 0.43 0.0674 0.5
MW-1-2004 5P-MW1-2004-109 11/28/2012 Normal TR 0.32 0.0674 0.5
MW-1-2004 5P-MW1-2004-Y 11/28/2012 Field Duplicate TR 0.31 0.0674 0.5
MW-1-2004 5P-MW1-2004-101 2/26/2013 Normal TR 0.39 0.0674 0.5
MW-1-2004 5P-MW91-101 2/26/2013 Field Duplicate TR 0.39 0.0674 0.5

Maximum Concentration 0.48
Exposure Point Concentration (Most Recent Sample) 0.39

MDL method detection limit
RL reporting limit
TCE trichloroethene
TR trace
µg/L micrograms per liter

Value used in selection of exposure point concentration
Value not used in selection of exposure point concentration



Table 5.  Concentrations of PCE in MW-104

Sample 
Location

Sample ID Collection Date Sample Type Qualifier
PCE 

Concentration 
(µg/L)

MDL RL

MW-104 5P-MW104-120DL 2/2/2012 Normal = 26 0.0758 2
MW-104 5P-MW104-119122 5/15/2012 Normal = 14 0.0758 0.5
MW-104 5P-MW104-120 8/30/2012 Normal = 18 0.0758 0.5
MW-104 5P-MW-104-120 11/28/2012 Normal = 14 0.0758 0.5
MW-104 5P-MW104-120DL 2/26/2013 Normal = 21 0.0758 2

Maximum Concentration 26
Exposure Point Concentration (Most Recent Sample) 21

= PCE was detected
MDL method detection limit
PCE tetrachloroethene
RL reporting limit
µg/L micrograms per liter



Table 6.  Concentrations of TCE in MW-104

Sample 
Location

Sample ID Collection Date
Sample 
Type

Qualifier
TCE 

Concentration 
(µg/L)

MDL RL

MW-104 5P-MW104-120 2/2/2012 Normal TR 0.19 0.0674 0.5
MW-104 5P-MW104-119122 5/15/2012 Normal < 0.25* 0.0674 0.5
MW-104 5P-MW104-120 8/30/2012 Normal TR 0.13 0.0674 0.5
MW-104 5P-MW-104-120 11/28/2012 Normal TR 0.12 0.0674 0.5
MW-104 5P-MW104-120 2/26/2013 Normal TR 0.32 0.0674 0.5

Maximum Concentration 0.32
Exposure Point Concentration (Most Recent Sample) 0.32

*the concentration used for sample 5P-MW104-119122 is one-half of the RL.
< TCE was not detected
MDL method detection limit
RL reporting limit
TCE trichloroethene
TR trace
µg/L micrograms per liter



Table 7.  Exposure Factor Parameter Values for Domestic Use of Groundwater by Child and Adult Residents

GWIRc Groundwater Ingestion Rate, child (L/day) 1 (1)

GWIRa Groundwater Ingestion Rate, adult (L/day) 2 (2)

GWIRadj Age-adjusted groundwater ingestion rate (L-year/kg-day) 1.086 calculated(3)

BWc Body Weight, child (kg) 15 (2)

BWa Body Weight, adult (kg) 70 (4)

EDc Exposure Duration, child (years) 6 (2)

EDa Exposure Duration, adult (years) 24 (2)

EF Exposure Frequency (days/year) 350 (2)

ATnc Averaging Time for Noncarcinogens (days) 10,950 (4)

ATc Averaging Time for Carcinogens (days) 25,550 (4)

SAc Skin Surface Area Exposed, child (cm²) 6,600 (5)

SAa Skin Surface Area Exposed, adult (cm²) 18,000 (5)

GWCRadj Age-adjusted groundwater contact rate (cm2-hours-year/kg-day 6219 calculated(6)

ETc Exposure time, child (hours/day) 1.0 (5)

ETa Exposure time, adult (hours/day) 0.58 (5)

BWc Body Weight, child (kg) 15 (2)

BWa Body Weight, adult (kg) 70 (4)

CF Conversion Factor (cm3/L) 1000 -

PC Permeability constant (cm/hour) chemical-specific -

EDc Exposure Duration, child (years) 6 (2)

EDa Exposure Duration, adult (years) 24 (2)

EF Exposure Frequency (days/year) 350 (2)

ATnc Averaging Time for Noncarcinogens (days) 10,950 (4)

ATc Averaging Time for Carcinogens (days) 25,550 (4)

ET Exposure Time (hours/day) 24 (7)

EF Exposure Frequency (days/year) 350 (2)

EDt Exposure Duration, total (years) 30 (2)

VF Volatilization Factor (L/m3) 0.5 (8)

ATnc Averaging Time for Noncarcinogens (hours) 262,800 (9)

ATc Averaging Time for Carcinogens (hours) 613,200 (9)

(1) USEPA (2004a)
(2) USEPA (1991a)
(3) GWIRadj = (GWIRc x EDc/BWc) + (GWIRa x EDa/BWa)
(4) USEPA (1989)
(5) USEPA (2004b)
(6) GWCRadj = (SAc x ETc x EDc/BWc) + (SAa x ETa x EDc/BWa)
(7) USEPA (2009)
(8) USEPA (1991b)
(9) Averaging time in days x 24 hours/day (USEPA 2009)

cm/hour - centimeters per hour

cm2 - squared centimeters

cm2-hours-year/kg-day - squared centimeters-hours-year per kilogram-day

cm3/L - cubed centimeters per liter
kg - kilograms
L/day - Liters per day

L/m3 - liters per cubed meter
L-year/kg-day - liter-year per kilogram-day
RME - Reasonable Maximum Exposure
VOC - Volatile organic compound

Inhalation of VOCs in Indoor Air 
During Household Use of 

Groundwater

Exposure Pathway Parameter Description
Exposure Parameters

RME Source

Groundwater Ingestion

Dermal Contact with Groundwater
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Risk Calculations: Reasonable Maximum Exposure
Residents: Ingestion of Groundwater Pathway-Carcinogenic Effects

MW-1-2004

Page 1 of 9

Ing-Risk =

Equation Ing - Risk = ( Cwater × SFo × EF × GWIRadj ) ÷ ( ATc )
Units unitless mg/L kg-day/mg days/year L-year/kg-day days
Tetrachloroethene 6.56E-07 = ( 2.10E-02 × 2.1E-03 × 350 × 1.086 ) ÷ ( 25,550 )
Trichloroethene 2.67E-07 = ( 3.90E-04 × 4.6E-02 × 350 × 1.086 ) ÷ ( 25,550 )

Notes:
ATc – Averaging Time for Carcinogens
Cwater – Water Concentration
EF – Exposure Frequency
GWIRadj – Age-adjusted groundwater ingestion rate
Ing - Risk – Ingestion Risk
kg-day/mg - kilogram-day per milligram
L-year/kg-day - liter-year per kilogram-day
mg/L - milligrams per liter
NC - Not Calculated
NV - No  value
SFo – Oral Slope Factor

Cwater × SFo × EF × GWIRadj

ATc



Risk Calculations: Reasonable Maximum Exposure
Residents: Ingestion of Groundwater Pathway-Noncarcinogenic Effects

MW-1-2004

Page 2 of 9

Ing - HQ =

Equation Ing - HQ = ( Cwater × EF × GWIRadj ) ÷ ( ATnc × RfDo )
Units unitless mg/L days/year L-year/kg-day days mg/kg-day
Tetrachloroethene 1.21E-01 = ( 2.10E-02 × 350 × 1.086 ) ÷ ( 10,950 × 6.0E-03 )
Trichloroethene 2.71E-02 = ( 3.90E-04 × 350 × 1.086 ) ÷ ( 10,950 × 5.00E-04 )

Notes:
ATnc – Averaging Time for Noncarcinogens
Cwater – Water Concentration
EF – Exposure Frequency
GWIRadj – Age-adjusted groundwater ingestion rate
Ing - HQ – Ingestion Hazard Quotient
L-year/kg-day - liter-year per kilogram-day
mg/kg-day - milligram per kilogram-day
mg/L - milligrams per liter
NC - Not calculated
NV - No value

ATnc × RfDo

Cwater × EF × GWIRadj



Risk Calculations: Reasonable Maximum Exposure
Residents: Dermal Contact with Groundwater Pathway-Carcinogenic Effects 

MW-1-2004

Page 3 of 9

Derm - Risk =

Equation Derm - Risk = ( Cwater × SFabs × EF × GWCRadj × PC ) ÷ ( CF × ATc )

Units unitless mg/L kg-day/mg days/year
cm2-hour-

year/kg-day cm/hour cm³/L days
Tetrachloroethene 1.24E-07 = ( 2.10E-02 × 2.1E-03 × 350 × 6,219 × 3.30E-02 ) ÷ ( 1.00E+03 × 25,550 )
Trichloroethene 1.83E-08 = ( 3.90E-04 × 4.6E-02 × 350 × 6,219 × 1.20E-02 ) ÷ ( 1.00E+03 × 25,550 )

Notes:
ABSgi – Gastrointestinal Absorption Factor (assumed to be 1.0 for VOCs)
ATnc – Averaging Time for Noncarcinogens
CF – Conversion Factor
cm/hour - centimeter per hour
cm2-hour-year/kg-day - centimeters squared-hour-year per kilogram-day
cm3/L - cubed centimeters per liter

Cwater – Water Concentration
Derm - Risk – Dermal Risk
EF – Exposure Frequency
GWCRadj – Age-adjusted groundwater contact rate
kg-d/mg - kilogram -day per milligram
mg/L - milligrams per liter
NC - Not Calculated
NV – No  value 
PC - Permeability Constant
SFabs -Dermal slope factor (SFo / ABSgi)

Cwater × SFabs × EF × GWCRadj × PC
CF × ATc



Risk Calculations: Reasonable Maximum Exposure
Residents: Dermal Contact with Groundwater Pathway-Noncarcinogenic Effects

MW-1-2004

Page 4 of 9

Derm - HQ =

Equation Derm - HQ = ( Cwater × EF × GWCRadj × PC ) ÷ ( CF × ATnc × RfDabs )

Units unitless mg/L days/year
cm2-hour-

year/kg-day cm/hour cm³/L days mg/kg-day
Tetrachloroethene 2.30E-02 = ( 2.10E-02 × 350 × 6,219 × 3.30E-02 ) ÷ ( 1.00E+03 × 10,950 × 6.0E-03 )
Trichloroethene 1.86E-03 = ( 3.90E-04 × 350 × 6,219 × 1.20E-02 ) ÷ ( 1.00E+03 × 10,950 × 5.00E-04 )

Notes:
ABSgi – Gastrointestinal Absorption Factor (assumed to be 1.0 for VOCs)
ATnc – Averaging Time for Noncarcinogens
CF – Conversion Factor
cm/hour - centimeter per hour
cm2-hour-year/kg-day - centimeters squared-hour-year per kilogram-day
cm3/L - cubed centimeters per liter

Cwater – Water Concentration
Derm - HQ – Dermal Hazard Quotient
EF – Exposure Frequency
GWCRadj – Age-adjusted groundwater contact rate
mg/kg-day - milligrams per kilogram-day
mg/L - milligrams per liter
NC - Not calculated
NV - No value
PC - Permeability constant
RfDabs – Dermal Reference Dose (RfDo ×ABSgi)

Cwater × EF × GWCRadj × PC
CF × ATnc × RfDabs



Calculation of EC: Reasonable Maximum Exposure
Resident: Inhalation of Groundwater-derived Chemicals Pathway– Carcinogenic Effects

MW-1-2004

Page 5 of 9

EC =

Equation EC = ( Cwater × ET × EF × EDt × VF ] ) ÷ ( ATc )
Units mg/m3 mg/L hours/day days/year year L/m3 hours
Tetrachloroethene 4.32E-03 = ( 2.10E-02 × 24 × 350 × 30 × 5.00E-01 ] ) ÷ ( 613,200 )
Trichloroethene 8.01E-05 = ( 3.90E-04 × 24 × 350 × 30 × 5.00E-01 ] ) ÷ ( 613,200 )

Notes:
ATc – Averaging Time for Carcinogens
Cwater – Water Concentration

EC – Exposure Concentration
EDt – Exposure Duration, Total

EF – Exposure Frequency
ET – Exposure Time
L/m3 - liters per cubic meter

mg/L – milligrams per liter

mg/m3 – milligrams per cubic meters

NC - Not calculated

NV - No value
VF – Volatilization Factor 

Cwater × ET x EF × EDt x VF
ATc



Risk Calculations: Reasonable Maximum Exposure
Resident: Inhalation of Groundwater-derived Chemicals Pathway– Carcinogenic Effects

MW-1-2004

Page 6 of 9

Inh - Risk =

Equation Inh - Risk = ( EC × Unit risk × CF )
Units unitless mg/m3 m3/ug ug/mg
Tetrachloroethene 1.12E-06 = ( 4.32E-03 × 2.6E-07 × 1000 )
Trichloroethene 3.29E-07 = ( 8.01E-05 × 4.10E-06 × 1000 )

Notes:
CF – Conversion Factor
EC – Exposure Concentration
Inh - Risk – Inhalation Risk

m3/ug – meters cubed per microgram

mg/m3 – milligrams per cubic meters

NC – Not Calculated
NV – No  value 
ug/mg – microgram per milligram

EC × Unit Risk × CF
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EC =

Equation EC = ( Cwater × ET × EF × EDt × VF ] ) ÷ ( ATn )
Units mg/m3 mg/L hours/day days/year year L/m3 hours
Tetrachloroethene 1.01E-02 = ( 2.10E-02 × 24 × 350 × 30 × 5.00E-01 ] ) ÷ ( 262,800 )
Trichloroethene 1.87E-04 = ( 3.90E-04 × 24 × 350 × 30 × 5.00E-01 ] ) ÷ ( 262,800 )

Notes:
ATn – Averaging Time for Noncarcinogens
Cwater – Water Concentration

EC – Exposure Concentration
EDt – Exposure Duration, Total

EF – Exposure Frequency
ET – Exposure Time

L/m3 - liters per cubic meter

mg/L – milligrams per liter

mg/m3 – milligrams per cubic meters
NC - Not calculated
NV - No value
VF – Volatilization Factor 

Cwater × ET x EF × EDt × VF
ATn
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Inh - HQ =

Equation Inh - HQ = ( EC ÷ RfC )
Units unitless mg/m3 mg/m3

Tetrachloroethene 2.52E-01 = ( 1.01E-02 ÷ 4.0E-02 )
Trichloroethene 9.35E-02 = ( 1.87E-04 ÷ 2.0E-03 )

Notes:
EC – Exposure Concentration
Inh - HQ – Inhalation Hazard Quotient

mg/m3 – milligrams per cubic meters
NC – Not Calculated

NV – No toxicity value available for this pathway
RfC – Inhalation Reference Concentration

EC/RfC
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Equation CR = Ingestion + Dermal + Inhalation HI = Ingestion + Dermal + Inhalation
Units unitless unitless unitless unitless unitless unitless unitless unitless
Tetrachloroethene 1.90E-06 = 6.56E-07 + 1.24E-07 + 1.12E-06 3.96E-01 = 1.21E-01 + 2.30E-02 + 2.52E-01
Trichloroethene 6.14E-07 = 2.67E-07 + 1.83E-08 + 3.29E-07 1.22E-01 = 2.71E-02 + 1.86E-03 + 9.35E-02

CR 3E-06 = 9E-07 + 1E-07 + 1E-06 HI 5E-01 = 1E-01 + 2E-02 + 3E-01

Notes:
CR – Cancer Risk
HI – Hazard Index
NC - Not Calculated

Carcinogenic Risk Noncarcinogenic Hazard
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Ing-Risk =

Equation Ing - Risk = ( Cwater × SFo × EF × GWIRadj ) ÷ ( ATc )
Units unitless mg/L kg-day/mg days/year L-year/kg-day days
Tetrachloroethene 6.56E-07 = ( 2.10E-02 × 2.1E-03 × 350 × 1.086 ) ÷ ( 25,550 )
Trichloroethene 2.19E-07 = ( 3.20E-04 × 4.6E-02 × 350 × 1.086 ) ÷ ( 25,550 )

Notes:
ATc – Averaging Time for Carcinogens
Cwater – Water Concentration
EF – Exposure Frequency
GWIRadj – Age-adjusted groundwater ingestion rate
Ing - Risk – Ingestion Risk
kg-day/mg - kilogram-day per milligram
L-year/kg-day - liter-year per kilogram-day
mg/L - milligrams per liter
NC - Not Calculated
NV - No  value 
SFo – Oral Slope Factor

Cwater × SFo × EF × GWIRadj

ATc
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Ing - HQ =

Equation Ing - HQ = ( Cwater × EF × GWIRadj ) ÷ ( ATnc × RfDo )
Units unitless mg/L days/year L-year/kg-day days mg/kg-day
Tetrachloroethene 1.21E-01 = ( 2.10E-02 × 350 × 1.086 ) ÷ ( 10,950 × 6E-03 )
Trichloroethene 2.22E-02 = ( 3.20E-04 × 350 × 1.086 ) ÷ ( 10,950 × 5E-04 )

Notes:
ATnc – Averaging Time for Noncarcinogens
Cwater – Water Concentration
EF – Exposure Frequency
GWIRadj – Age-adjusted groundwater ingestion rate
Ing - HQ – Ingestion Hazard Quotient
L-year/kg-day - liter-year per kilogram-day
mg/kg-day - milligram per kilogram-day
mg/L - milligrams per liter
NC - Not calculated
NV - No value

ATnc × RfDo

Cwater × EF × GWIRadj
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Derm - Risk =

Equation Derm - Risk = ( Cwater × SFabs × EF × GWCRadj × PC ) ÷ ( CF × ATc )

Units unitless mg/L kg-day/mg days/year
cm2-hour-

year/kg-day cm/hour cm³/L days
Tetrachloroethene 1.24E-07 = ( 2.10E-02 × 2.1E-03 × 350 × 6,219 × 3.30E-02 ) ÷ ( 1.00E+03 × 25,550 )
Trichloroethene 1.50E-08 = ( 3.20E-04 × 4.6E-02 × 350 × 6,219 × 1.20E-02 ) ÷ ( 1.00E+03 × 25,550 )

Notes:
ABSgi – Gastrointestinal Absorption Factor (assumed to be 1.0 for VOCs)
ATnc – Averaging Time for Noncarcinogens
CF – Conversion Factor
cm/hour - centimeter per hour
cm2-hour-year/kg-day - centimeters squared-hour-year per kilogram-day
cm3/L - cubed centimeters per liter

Cwater – Water Concentration
Derm - Risk – Dermal Risk
EF – Exposure Frequency
GWCRadj – Age-adjusted groundwater contact rate
kg-d/mg - kilogram-day per miligram
mg/L - milligrams per liter
NC - Not Calculated
NV – No  value 

Cwater × SFabs × EF × GWCRadj × PC
CF × ATc
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Derm - HQ =

Equation Derm - HQ = ( Cwater × EF × GWCRadj × PC ) ÷ ( CF × ATnc × RfDabs )

Units unitless mg/L days/year
cm2-hour-

year/kg-day cm/hour cm³/L days mg/kg-day
Tetrachloroethene 2.30E-02 = ( 2.10E-02 × 350 × 6,219 × 3.30E-02 ) ÷ ( 1.00E+03 × 10,950 × 6.0E-03 )
Trichloroethene 1.53E-03 = ( 3.20E-04 × 350 × 6,219 × 1.20E-02 ) ÷ ( 1.00E+03 × 10,950 × 5.00E-04 )

Notes:
ABSgi – Gastrointestinal Absorption Factor (assumed to be 1.0 for VOCs)
ATnc – Averaging Time for Noncarcinogens
CF – Conversion Factor
cm/hour - centimeter per hour
cm2-hour-year/kg-day - centimeters squared-hour-year per kilogram-day
cm3/L - cubed centimeters per liter

Cwater – Water Concentration
Derm - HQ – Dermal Hazard Quotient
EF – Exposure Frequency
GWCRadj – Age-adjusted groundwater contact rate
mg/kg-day - milligrams per kilogram-day
mg/L - milligrams per liter
NC - Not calculated
NV - No value
PC - Permeability constant
RfDabs – Dermal Reference Dose (RfDo ×ABSgi)

Cwater × EF × GWCRadj × PC
CF × ATnc × RfDabs
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EC =

Equation EC = ( Cwater × ET × EF × EDt × VF ] ) ÷ ( ATc )
Units mg/m3 mg/L hours/day days/year year L/m3 hours
Tetrachloroethene 4.32E-03 = ( 2.10E-02 × 24 × 350 × 30 × 5.00E-01 ] ) ÷ ( 613,200 )
Trichloroethene 6.58E-05 = ( 3.20E-04 × 24 × 350 × 30 × 5.00E-01 ] ) ÷ ( 613,200 )

Notes:
ATc – Averaging Time for Carcinogens
Cwater – Water Concentration

EC – Exposure Concentration
EDt – Exposure Duration, Total

EF – Exposure Frequency
ET – Exposure Time
L/m3 - liters per cubic meter

mg/L – milligrams per liter

mg/m3 – milligrams per cubic meters

NC - Not calculated

NV - No value
VF – Volatilization Factor 

Cwater × ET x EF × EDt x VF
ATc



Risk Calculations: Reasonable Maximum Exposure
Resident: Inhalation of Groundwater-derived Chemicals Pathway– Carcinogenic Effects

MW-104

Page 6 of 9

Inh - Risk =

Equation Inh - Risk = ( EC × Unit risk × CF )
Units unitless mg/m3 m3/ug ug/mg
Tetrachloroethene 1.12E-06 = ( 4.32E-03 × 2.6E-07 × 1000 )
Trichloroethene 2.70E-07 = ( 6.58E-05 × 4.10E-06 × 1000 )

Notes:
CF – Conversion Factor
EC – Exposure Concentration
Inh - Risk – Inhalation Risk

m3/ug – meters cubed per microgram

mg/m3 – milligrams per cubic meters

NC – Not Calculated
NV – No  value
ug/mg – microgram per milligram

EC × Unit Risk × CF
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EC =

Equation EC = ( Cwater × ET × EF × EDt × VF ] ) ÷ ( ATn )
Units mg/m3 mg/L hours/day days/year year L/m3 hours
Tetrachloroethene 1.01E-02 = ( 2.10E-02 × 24 × 350 × 30 × 5.00E-01 ] ) ÷ ( 262,800 )
Trichloroethene 1.53E-04 = ( 3.20E-04 × 24 × 350 × 30 × 5.00E-01 ] ) ÷ ( 262,800 )

Notes:
ATn – Averaging Time for Noncarcinogens
Cwater – Water Concentration

EC – Exposure Concentration
EDt – Exposure Duration, Total

EF – Exposure Frequency
ET – Exposure Time

L/m3 - liters per cubic meter

mg/L – milligrams per liter

mg/m3 – milligrams per cubic meters
NC - Not calculated
NV - No value
VF – Volatilization Factor 

Cwater × ET x EF × EDt × VF
ATn
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Inh - HQ =

Equation Inh - HQ = ( EC ÷ RfC )
Units unitless mg/m3 mg/m3

Tetrachloroethene 2.52E-01 = ( 1.01E-02 ÷ 4.0E-02 )
Trichloroethene 7.67E-02 = ( 1.53E-04 ÷ 2.0E-03 )

Notes:
EC – Exposure Concentration
Inh - HQ – Inhalation Hazard Quotient

mg/m3 – milligrams per cubic meters
NC – Not Calculated

NV – No  value
RfC – Inhalation Reference Concentration

EC/RfC
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Equation CR = Ingestion + Dermal + Inhalation HI = Ingestion + Dermal + Inhalation
Units unitless unitless unitless unitless unitless unitless unitless unitless
Tetrachloroethene 1.90E-06 = 6.56E-07 + 1.24E-07 + 1.12E-06 3.96E-01 = 1.21E-01 + 2.30E-02 + 2.52E-01
Trichloroethene 5.04E-07 = 2.19E-07 + 1.50E-08 + 2.70E-07 1.00E-01 = 2.22E-02 + 1.53E-03 + 7.67E-02

CR 2E-06 = 9E-07 + 1E-07 + 1E-06 HI 5E-01 = 1E-01 + 2E-02 + 3E-01

Notes:
CR – Cancer Risk
HI – Hazard Index
NC - Not Calculated

Carcinogenic Risk Noncarcinogenic Hazard
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