
( 

• Volatilization and upward migration of vapors from groundwater and potential indoor 

inhalation of vapor emissions. 

Potentially complete exposure pathways for impacted groundwater from the "deep" aquifer 

include (MDNR, 2004) : 

• Volatilization and upward migration of vapors from groundwater and potential indoor 

inhalation of vapor emissions; 

• Ingestion of water if the groundwater is a potential source of drinking water; and 

• Dermal contact with groundwater. 

ESTIMATION OF RBTLS 

RBTLs are risk-based chemical concentrations associated with certain acceptable risk levels for 

certain exposure pathways. Calculation of RBTLs requires quantitative values of 1) target risk; 

2) COPCs-specific toxicity values; 3) receptor-specific exposure factors; 4) fate and transport 

parameters; 5) physical and chemical properties of COPCs; and 6) mathematical models 

(MDNR, 2004). For this TRA, the hierarchy for most of the quantitative values listed above is: 1) 

MDNR guidance (MDNR, 2003 and 2003) for all available values; 2) USEPA default toxicity 

values and exposure factors; and 3) Site-specific fate and transport parameters. 

For carcinogenic effects, risk is quantified using individual excess lifetime cancer risk (IELCR), 

which is a value representing an increase in the probability of an individual developing cancer 

as a result of exposure to a chemical via a specific route of exposure. For contaminated sites in 

Missouri, the MDNR sets the COPC- and pathway-specific target IELCR to be 1 x 10-5 (one in 

one hundred thousand). For non-carcinogenic effects, hazard is quantified using a hazard 

quotient (HQ) that represents the ratio of the estimated dose for a chemical via a specific route 

of exposure to the RfD. MDNR has set the COPC- and pathway-specific target HQ for 

contaminated sites to be 1.0. 

For protection of current/future on-site/off-site residents, the age-adjusted resident (0-6 year old 

child and 24-year old adult) is considered. To estimate RBTLs for soil and groundwater for 
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protection of the indoor air inhalation pathway, RBTLs for protection of indoor air inhalation were 

first estimated. Then the Johnson and Ettinger (J&E) (MNDR, 2003) soil and groundwater 

screening models (Version 3.0, dated April 2003 [USEPA, 2003]) were used to estimate RBTLs 

for soil and groundwater, so that the Cbuilding parameter in the INTERCALS sheet in the J&E 

model (representing indoor air concentrations) matched with the RBTLs for indoor air. 

Indoor Inhalation of Vapors (Age-Adjusted Resident) 

The following equations and parameters were used to estimate RBTLs for protection of the 

inhalation of indoor air pathway (MDNR, 2004). 

Carcinogenic effects 

T 
TRxATc x365 

RB 'L d. =--- - - ­
a,-a 1 JR . X SF. 

(Eq. 2) 
m-aa l 

Non-carcinogenic effects 

_ THQxATnc x365xRfD; 
RBTLai-adj - ---------

JRai-aa 
(Eq . 3) 

Where: 

JR . = JRai-c X ED c X £Fe X EY;_c + JRai-a X ED a X EFa X EY;_a 
a,-aa BW BW 

(Eq . 4) 

Where: 

RBTLai-adj 

TR 

THO 

ATc 

ATnc 

IRai-aa 

IRai-c 
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= 

= 

= 

= 

= 

= 

= 

C a 

Age-adjusted risk-based target level in indoor air (mg/m3
) 

Target risk or the increased chance of developing cancer over a lifetime 

due to exposure to a chemical, assumed 1 E-05 (MDNR, 2004) 

Target HQ for individual constituent, assumed 1.0 (MDNR, 2004) 

Averaging time for carcinogenic effects (years), 70 years (MDNR, 2004, 

USEPA, 1991 band 2002) 

Averaging time for non-carcinogenic effects (years), 30 years (MDNR, 

2004, USEPA, 1991 band 2002) 

Age-adjusted indoor inhalation rate (cubic meters per kilogram [m3/kg]), 

estimated to be 2,847.6 m3/kg 

Resident child indoor inhalation rate (cubic meters per hour [m3/hour]), 

0.416 m3/hour (MDNR, 2004) 
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{ IRai-a = Resident adult indoor inhalation rate (m3/hour), 0.833 m3/hour (MDNR, 

2004) 

EDc = Exposure duration for a child (year), 6 years (MDNR, 2004; USEPA, 

2002) 

EDa = Exposure duration for an adult (year) , 24 years (MDNR, 2004; USEPA 

2002) 

EFc = Exposure frequency for a child (days/year), 350 days/year (MDNR, 2004, 

USEPA, 1991b and 2002) 

EFa = Exposure frequency for an adult (days/year), 350 days/year (MDNR, 

2004, USEPA, 1991 band 2002) 

ETi-c = Indoor exposure time for a child (hours/day), 18 hours/day (MDNR, 2004) 

ETi-a = Indoor exposure time for an adult (hours/day), 18 hours/day (MDNR, 

2004) 

BWc = Resident child body weight (kg), 15 kg (MDNR, 2004, USEPA, 1991 band 

2002) 

BWa = Resident adult body weight (kg), 70 kg (MDNR, 2004, USE PA, 1991 b and 

2002) 

RfDi = Chemical-specific inhalation reference dose (mg/kg-day) 

SFi = Chemical-specific inhalation cancer slope factor (mg/kg-dayr1 

365 = Conversion factor ( days/year) 

Direct Ingestion and Inhalation of Groundwater from Potable Use (Age-Adjusted 

Resident) 

The following equations and parameters were used to estimate RBTLs for protection of the 

direct ingestion and inhalation of VOCs from groundwater pathways (MDNR, 2004), assuming 

domestic use/potability of the groundwater from the "deep" aquifer. 

Carcinogenic effects 

TR xATc x 365 
RBTLw-adj = - - - - ---=--- - - - ­

(IRw-aa X SF 0) + (K X !Ra-aa X SF) 

Non-carcinogenic effects 
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RBTL . = THQxATnc x365 
w-adj 1 1 (Eq. 6) 

[(--X JRw-aa) + (- - X K X /Ra aJ 
RfD

0 
RfD; -

Where: 

JR = JRa-c X £De X £Fe X £Tc + /Ra-a X ED a X £Fa X £Ta 
a-aa BW BW (Eq. 7) 

RBTLw-adj = 
RfDo = 
SFo = 
IRw-aa = 

IRw-c = 

IRw-a = 

IRa.aa = 

IRa-c = 

IRa-a = 

K = 

C a 

(Eq. 8) 

Age-adjusted risk-based target level for ingestion of groundwater (mg/L) 

Chemical-specific oral reference dose (mg/kg-day) 

Chemical-specific oral cancer slope factor (mg/kg-day)"1 

Age-adjusted groundwater ingestion rate (liters per kilogram [Ukg]), 

estimated to be 380 Ukg 

Resident child groundwater ingestion rate (liters per day [Uday]), 1 Uday 

(MDNR, 2004, USEPA, 1991 band 2002) 

Resident adult groundwater ingestion rate (Uday), 2 Uday (MDNR, 2004, 

USEPA, 1991b and 2002) 

Age-adjusted indoor inhalation rate (m3/kg), estimated to be 2,847.6 

m3/kg (see Equation 4 above) 

Resident child indoor inhalation rate (m3/hour), 0.416 m3/hour (MDNR, 

2004) 

Resident adult indoor inhalation rate (m3/hour), 0.833 m3/hour (MDNR, 

2004) 

Volatilization factor (Um3
), assumed 0.5 Um3 (Andelman 1990, as cited 

by USEPA, 1991 a) 

Other parameters have previously been defined. 
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Direct Dermal Contact with Chemicals in Groundwater (Age-Adjusted Resident) 

The following equations and parameters were used to estimate RBTLs for protection of the 

direct dermal contact from groundwater pathway (MDNR, 2004), assuming domestic use of the 

groundwater from the "deep" aquifer. 

Carcinogenic effects 

RBTL . = TR x ATC x 365 x 1000 
dew-ad] SF xPC x DC (Eq. 9) 

o w-aa 

Non-carcinogenic effects 

RBTL . = THQxATnc x365xlOOOxRjD0 

dcw-adJ PC X DC (Eq. 10) 
w-aa 

Where: 

DC = SAC xEDC xEFC xETC + SAa xEDa xEFa xETa 
w-aa BW BW 

(Eq.11) 

Where: 

RBTLdcw-adj 

PC 

DCw-aa 

SAc 

SAa 

1000 

ETc 

ETa 
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= 
= 
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C a 

Age-adjusted risk-based target level for dermal contact with chemicals in 

groundwater (mg/L) 

Chemical-specific dermal permeability constant (centimeters per hour 

[cm/hour]) (USEPA, 2001) 

Age-adjusted dermal contact rate with groundwater (hours-centimeters 

per kilogram [hour-cm2/kg]), estimated to be 1,158,720 hr-cm2/kg 

Resident child skin surface area available for contact (centimeters [cm2
]), 

4,236 cm2 (MDNR, 2004) 

Resident adult skin surface area available for contact (cm2
), 4,714 cm2 

(MDNR, 2004) 

Conversion factor from cm3 to L (cubic centimeters per liter [cm3/L]) 

Exposure time for a child (hours/day), 1 hour/day (MDNR, 2004) 

Exposure time for an adult (hours/day), 1 hour/day (MDNR, 2004) 
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Other parameters have previously been defined. 

Typically, the direct dermal contact to the groundwater used for domestic purposes addresses 

the bath or shower scenarios, in which whole body surface area is considered (USEPA, 2001 ). 

It should be noted that the SA parameters recommended by MDNR (MDNR, 2004) are not for 

whole body surface area (for example, 20,000 to 23,000 cm2 for adults [USEPA, 1997b]) . . 

These are the same parameters used for direct soil contact (MDNR, 2004). However, a typical 

shower or bath would take only 20 minutes or 10 minutes per event, respectively (USEPA, 

1997b). Since the MDNR assumes an exposure time of 1 hour/day for direct dermal contact to 

groundwater used for domestic purposes, no underestimation of exposure or risk is expected. 

Table 4.1 presents the RBTLs for the indoor air from soil and groundwater, direct ingestion and 

inhalation of VOCs from groundwater ("deep" aquifer), and direct dermal contact to groundwater 

("deep" aquifer). 

FATE AND TRANSPORT MODELING 

VOCs in the subsurface (soil and/or groundwater) can volatilize and migrate through the vadose 

zone into indoor air (ASTM, 1997). USEPA (USEPA, 2003) developed the 1991 J&E model to 

provide a set of screening-level, one-dimensional analytical models that incorporate both 

convective and diffusive mechanisms for estimating the transport of contaminant vapors 

emanating from either subsurface soils or groundwater into indoor spaces located directly above 

the source of contamination. Inputs to the J&E models include chemical properties of the 

contaminant, saturated, and unsaturated zone soil properties, and structural properties of the 

building. The J&E models are provided as Microsoft Excel spreadsheets and each model is 

constructed of 5 worksheets: 

1) DATAENTER (Data Entry Sheet for single chemical of interest); 

2) CHEMPROPS (Chemical Properties Sheet for single chemical of interest); 

3) INTERCALCS (Intermediate Calculations Sheet); 

4) RESULTS (Results Sheet); and 

5) VLOOKUP (Lookup Tables - Physical and chemical data for a list of chemicals). 
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TR = Target Cancer Risk 

THO = Target Hazard Quotient 

IR.;= Inhalation Rate (m 3/hour) = 

ET;= Indoor Air Exposure Time (hours/day)= 

IRw = Water Ingestion Rate (Uday) 

K = Water-air Conversion Factor (Um 3 ) = 

SA= Suriate Area for Dermal Contact (cm 2) = 

ET w = Exposure Time to Water (hours/day) = 

Inhalation 

Chemical SF RfD 

(mg/kg-day)"' mg/kg-day 

voes 
c-1,2-Dichloroethene 1.0E-02 

Trichloroethene 5.9E-03 1.0E-02 

TOTAL 

Table 4.1 

Current and Future Land Use Scenario - Risk-Based Target Levels for Soil and Groundwater 

On-Sile and Off-Site Residents 

Target Risk Assessment 

Former Hulett Lagoon 

Camdenton, Missouri 

For equations of RBTL, see text. 

Child Adult 

1.00E-05 1.00E-05 EF = Exposure Frequency (days/year) = 

ED = Exposure Duration (years) = 

4.2E-01 8.3E-01 BW = Body Weight (kg) = 

18 18 AT,= Averaging Time (Carcinogenic Effects) (years)= 

2 IR.; .•• = Age-adjusted Indoor Inhalation Rate (m 3/kg) = 

0.5 IRw ... = Age-adjusted Water Ingestion Rate (Ukg) = 

Child 

350 

6 

15 

70 

4236 4714 DCw.a, = Age-adjusted Dermal Contact Rate with Water (cm 2-hour/kg)) = 

Oral Indoor Air RBTL DeepGWRBTL Deep GW RBTL PC Soil to Indoor Air 

SF RfD (mg/m3
) Potable (mg/L) Dermal (mg/L) (cm/hour) RBTL (mg/kg) 

(mg/kg-day)"' mg/kg-day TR HQ TR HO TR HO TR HO 

1.0E-02 3.BE-02 0.061 12.3 7.70E-03 15.60 

1.1E-02 6.0E-03 1.5E-02 3.BE-02 0.020 0.053 1.7 4.7 1.20E-02 8.20 20.75 

Notes: RBTL = Risk-based Target Level; SF= Slope Factor; RID= Reference Dose; GW = Groundwater; PC= Permeability Constant 

' 

Adult 

350 

24 
70 

70 

2,848 

380 

1.16E+06 

Perched GW to Indoor Air 

RBTL (mg/L) 

TR HQ 

61.8 

19.1 48.3 

Blank means no data available or not determined. Soil and perched groundwater RBTLs are from the Johnson & Ettinger model SL-SCREEN and GW-SCREEN (USEPA, 2003) and indoor air RBTLs. 
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As mentioned in the previous section, to estimate RBTLs for soil and groundwater for protection 

of the indoor air inhalation pathway (MNDR, 2003), the J&E soil and groundwater screening 

models (Version 3.0, dated April 2003 [USEPA, 2003]) were used to estimate RBTLs for soil 

and groundwater, so that the predicted Cbuilding parameters in the INTERCALS sheet in the J&E 

model (representing indoor air concentrations) matched with the RBTLs for indoor ai r. 

Inputs to the J&E model include chemical properties of the contaminants and unsaturated zone 

soil properties, along with the chemical concentration in the appropriate subsurface media (soil 

and groundwater in this case). 

Unsaturated soil zone properties used in the J&E modeling are as follows: 

• Average soil temperature: 13.9 degrees Celsius (taken from Figure 8 in the 2003 J&E 

User's Guide). 

• Vadose zone soil type: Clay (site-specific) . 

• Vadose zone dry bulk density (grams per cubic meter [g/cm3
]) : 1.43 g/cm3

, standard 

default for clay (USEPA, 2003). 

• Vadose zone soil total porosity: 0.459 cubic centimeters per cubic centimeter (cm3/cm3
), 

standard default for clay (USEPA, 2003). 

• Vadose zone soil water-filled porosity (8w) : 0.423 cm3/cm3
, calculated as described 

below. 

As recommended by USEPA (USEPA, 1996 and 2003), moisture content measurements on 

discrete soil samples, even if they were collected, should not be used in risk assessment 

because they are too affected by antecedent rainfall events and may not represent annual 

average conditions. According to USEPA, site-specific yearly average infiltration rate can be 

used to estimate the volumetric average moisture content of soil at a site for fate and transport 

modeling purposes. For this TRA, long-term average volumetric soil moisture content (8w) can 

be calculated using the following equation (USEPA, 1996): 

e = 8 c-I-)1'(2b+3) 
w T K 

s 

(Eq. 12) 

Where: 
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( 8w = 
= 

Ks = 

b = 

Volumetric average soil moisture content, estimated to be 0.423 cm3/cm3
; 

Infiltration rate, in meters per year (m/year), estimated to be 0.601 meters 

per year (m/year) (see Eq. 13 below) (USEPA, 1985); 

Saturated hydraulic conductivity (m/year), assumed 5 m/year for clayey 

soil (USEPA, 1996); and 

Soil-specific exponential parameter (unitless), where 1/(2b+3) is 0.039 for 

clayey soil (USEPA, 1996). 

Infiltration Rate of Water Through Soil 

The equation to estimate the average yearly infiltration I at the former lagoon is (USEPA, 1996): 

I(cm) = P-Q 

Where: 

p = 

(Eq. 13) 

Precipitation (cm), including rainfall and snow melt (M). For rainfall, monthly 

values in Camdenton, MO (see below), for a total of 43.59 inches/year were 

used (Midwestern Regional Climate Center (MRCC], 2004). 

Historical Climate Data 

Precipitation Summary 

Station: 231212 CAMDENTON 2 NW, MO 

1971 -2000 NCDC Normals 
.. 

Element JAN FEB MAR APR .MAY JUN 'JUL AUG SEP ·· OCT NOV DEC ANN 

Precip 
1.76 2.33 3.55 4.29 5.28 3.87 3.77 3.52 4.26 4.10 4.05 2.81 43.59 

(in) 

The most common expression used for estimating snow melt is the temperature index method, 

as follows (Lehr et al., 2004): 

Where: 

M 

D 

TRA final 

= 

= 
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(Eq. 14) 

Snow melt water produced in a unit time (centimeter [cm]); 

Degree-day factor (centimeters per degree Celcius [cml°C]); 
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= 

= 

Index air temperature or mean air temperature (°C); 

Base temperature, usually 0°C. 

Since Tb is typically 0°C, the factor (Ti - Tb) is equal to the average temperature Tave= (T max+ 

T min) / 2. The degree-day factor is influenced by the physical properties of the snow; and 

therefore, changes with time. There are a wide range of degree-day factors reported in the 

literature (ranging from less than one to 9.2 cm!°C), with the majority of the reported values 

range between 3 to 5 cml°C (Singh and Singh, 2001 ). The most conservative number of 0.45 

cm!°C (EPA, 1985) was used. 

Thus, Equation 14 can be rewritten as: 

M = 0.45xTav, (Eq. 15) 

M must also not exceed the water content of the accumulated snow pack. As such, only the 

months of December through March with more than 2.4 inches of snow were assumed to have 

snow melt (see data below) . 

Historical Climate Data 

Snowfall 

Station: 231212 CAMDENTON 2 NW, MO 

1971-2000 Averages 

Summary 

Element JAN FEB MAR APR MAY JUN · JUL AUG S~P ·OCT NOV DEC ANN 

Snow(in) 5.3 4.4 2.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.2 3.3 16.7 

Q = Runoff (cm), as estimated below (USEPA, 1985). 

Q(cm) = (P -0.2S)
2 

, for P 2: 0.2S 
(P +0.8S) 

s = Water retention parameter (cm). 

S(cm) = 
2

•
540 

- 25.4 
CN (Eq . 17) 

(Eq. 16) 

CN = Curve number, assumed 79 for woods, with fair hydrologic conditions and 
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surface with high runoff potential (mostly clays of high swelling percent 

(USEPA, 1985). 

Therefore, based on this calculation, the site-specific water-filled porosity value of 0.423 

cm3/cm3 was used for all of the J&E model runs. This estimated value, as presented in Table 

4.2, is consistent with RI observations that the clayey soils at the former lagoon were generally 

moist. 

Other parameters used in the J&E models include: 

• Depth below grade to bottom of enclosed space floor, LF (centimeters, or cm): 15 cm 

(typical 6-inch concrete slab in buildings) for the slab-on-grade building. 

• Depth below grade to top of contamination, L1 (cm): a) 183 cm (or 6 feet for soil 

modeling, which average depth of top soil layer at the former lagoon from 4.5 to 11.5 

feet) and b) 304.8 cm (or 10 feet for groundwater, which is the least conservative depth 

of top soil layer outside the perimeter of the former lagoon, from 1 Oto 55 feet). 

• Soil organic carbon fraction f oc: 0.002 (model default for clay). 

It should be noted that the J&E models assume that the soil type underneath a building is 

homogeneous; as such, the J&E models cannot effectively address the subsurface fractured, 

karst environment if the thickness of the fractured, karst bedrock is considered. Predicting the 

movement of contaminants in the fractured, karst environments is a difficult task due to the 

complex flow patterns which are inherent to such systems. Karst conduits are rarely simple and 

have tabular patterns. However, they tend to be highly varied in size, shape, and orientation in 

addition to often being directly connected to groundwater systems, which lend itself to extreme 

contaminant transport vulnerability (Wolfe and Williams, 2002; Field, 1993; and USEPA, 1988). 

Additionally, the rapid transport of contaminants can be observed over long distances, with little 

dilution or attenuation processes (Vesper et. al., 2003 and U.S. Geological Service [USGS], 

2001,) . Typical chemical transport models which employ advection-diffusion equations (e.g., 

J&E Model) fail to adequately characterize contaminant transport in karst environments due to 

their preferred flow pathways; however, currently available software packages for such systems 

are difficult to find and require a plethora of data (USGS, 2001 ). 

Although the "perched zone" ( approximately at 132 to 143 feet bgs) and "deep" aquifer 

(approximately at 168 to 179 feet bgs) are present at depths greater than 100 feet bgs, it was 
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Site Location: Camdenton, MO 

P = 
Rainfall 
+ Snow 

Rainfall Melt 

Month (in) (cm) a (cm) 

Jan 1.76 4.4 0.97 

Feb 2.33 7.4 2.84 

Mar 3.55 12.9 7.27 

Apr 4.29 10.9 5.59 

Mav 5.28 13.4 7.73 

Jun 3.87 9.8 4.72 

Jul 3.77 9.6 4.52 

Aug 3.52 8.9 4.02 

Sep 4.26 10.8 5.53 

Oct 4.1 10.4 5.19 

Nov 4.05 10.3 5.09 

Dec 2.81 8.1 3.36 

Total Yearly 43.59 117.0 56.8 

Notes: 

Table 4.2 

Estimation of Volumetric Water Content Using Precipitation Data 

Target Risk Assessment 

Former Hulett Lagoon 

Camdenton, Missouri 

l (cm) I (m) qws qas T max ('F) T min ('F) Tave ('F) 

3.5 42.7 21 31.85 

4.5 49.6 26.1 37.9 

5.6 60.2 34.7 47.5 

5.3 69.5 44.5 57.0 

5.7 77.1 53.8 65.5 

5.1 84.5 62.9 73.7 

5.1 90.2 67.9 79.1 

4.9 89.3 66 77.7 

5.3 81.5 58.2 69.9 

5.2 72 47.1 59.6 

5.2 57.8 35.8 46.8 

4.7 46.3 25.3 35.8 

60.1 0.601 0.423 0.036 

Tave ('C) 
-0 .1 

3.3 

8.6 

13.9 

18.6 

23.2 

26.1 

25.4 

21.0 

15.3 

8.2 

2.1 

For simplicity purposes, it was assumed that one primary storm/rain event occurs a month. Highlighted cells = rainfall + snow melt 

P = Precipitation = rain fall + snow melt (cm) 

a= Runoff (cm)= (P - o.2s)2 I (P + 0.8S), for P >= 0.2S 0.2S is the initial precipitation abstraction. 

6.75 for CN = 92 (Roadway, hard surface) 

Possible 
Snow 

Melt (cm) 

0.0 

1.5 

3.9 

6.3 

8.4 

10.4 

11.8 

11.4 

9.5 

6.9 

3.7 

0.9 

S= 

CN= 

Water retention parameter (cm) = (2540 I CN) - 25.4 

Curve number, for woods, fair hydrologic condition 

Curve number, for woods, fair hydrologic condition 

Infiltration rate (m/y) = P - Q 

79 High runoff potential Soil Group D (clay) 

I= 
qws = Volumetric water content in vadose zone soil (unitless) = 

qws = qT * (I / Ks) 1/(2b+3) 

qT = 
Ks= 

b= 
1/(2b+3) 

Total soil porosity (unitless) = 

Saturated hydraulic conductivity (m/y) = 

Soil-specific exponential parameter (unitless) 

For silty clay = 

qas = Volumetric air content in vadose zone soil (unitless) = 

qas = qT • qws 

Tave = (T max + T min) / 2 

Possible snow melt M = 0.45 x Tave 

36 not used Rapidly permeable loess Soil Group A 

0.459 for clay (USEPA, 2003) 

5 for clay (USEPA, 1996) 

0.039 for clay (USEPA, 1996) 

(USEPA, 1985) 
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Recorded 
Average Select 

Snow Fall Snow Melt 
(in) (cm) 

5.3 0.0 

4.4 1.5 

2.4 3.9 

0.1 

0 

0 

0 

0 

0 

0 

1.2 

3.3 0.9 
16.7 



conservatively assumed that the fractured bedrock beneath the clayey soil layer does not 

attenuate or retard the upward movement of soil vapor significantly. 

Because the J&E model was used to estimate soil and groundwater concentrations so that the 

acceptable indoor air RBTLs are equal to the "Infinite Source Building Concentration" Csuilding, in 

micrograms per cubic meter (µg/m3
), in the INTERCALS Sheet), no changes to exposure 

parameters and toxicity data were made. Soil and groundwater RBTLs for protection of indoor 

air are also present in Table 4.2. 

COMPARISON OF RBTLS FOR DIRECT INGESTION OF GROUNDWATER TO MCLS 

It should be noted that the RBTLs for DCE and TCE for the direct ingestion and inhalation of 

VOCs from potentially potable groundwater ("deep" aquifer) are different from the current MCLs 

for these COPCs (70 and 5 micrograms per liter [µg/L], respectively) . The lowest estimated 

RBTL for TCE is 20 µg/L, based on an IELCR of 1 E-05. The estimated RBTL for DCE is 61 

µg/L, based on a HQ of 1.0. 

The MCL of 5 µg/L for TCE is not a risk-based value (US EPA, 2004). Because TCE is 

considered a C-B2 carcinogen, its Maximum Contaminant Level Goal (MCLG) set under the 

1974 Safe Drinking Water Act (SOWA) is zero, based solely on possible health risks and 

exposure. USEPA believes this MCLG level of protection would not cause any of the potential 

health problems (liver effects and cancer) from TCE in drinking water. Based on the MCLG of 

zero for TCE, USEPA has set an enforceable standard MCL of 5 µg/L for TCE in drinking water. 

The MCLG for DCE was set at 70 µg/L by USEPA to protect human health from potential liver, 

circulatory and nervous system damage from long-term exposure at levels above the MCL. As 

such, the MCL for OGE was set to be equal to its MCLG. This MCL value of 70 µg/L is slightly 

higher than the estimated RBTL of 61 µg/L because USEPA may not have taken into account 

the inhalation of VOC pathway in the estimation of MCLG. 

It should be noted that MCLs are not totally risk-based . They also do not consider the 

cumulative effects of exposure to multiple contaminants via multiple pathways. 
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UNCERTAINTIES ASSOCIATED WITH EXPOSURE ASSESSMENT 

Exposure assessment is a single step in the HHRA process that uses a wide array of 

information sources and techniques. In the absence of reliable sources of data, assumptions 

and inferences are often made, which lead to varying degrees of uncertainties (USEPA, 1992b), 

mostly on the conservative side of the risk assessment. Sources of uncertainty in exposure 

assessment include the degrees of completeness and confidence in (1) modeling parameter 

estimation; (2) time of contact identification (for example, exposure scenario characterization, 

target population identification, and population stability over time); and (3) the methodology for 

chemical intake/RBTL calculation . Variability or heterogeneity in exposure routes and exposure 

dynamics, such as age, gender, behavior, genetic constitution, state of health, and random 

movement of the potentially exposed populations, also cast large degrees of uncertainty over 

the exposure estimates. 

First, the use of screening-level analytical models (J&E and various equations in the Soil 

Screening Guidance) (USEPA, 1996) in estimating indoor air concentrations from soil and 

groundwater is conservative. The assumption that the karst, fractured bedrock would not retard 

soil vapor traveling from the "perched zone" and "deep" aquifer to the indoor air environment 

was the most conservative approach. Another conservative factor in the J&E model was the 

assumption that the underlying soil and groundwater is an infinite source of VOCs. Standard 

default air exchange rates and size of residential homes also contribute to the overall 

conservatism of the fate and transport model results. 

The goal of characterizing the time of contact is to identify who is exposed and to develop 

estimates of contact rate and frequency and duration of exposure. This was done indirectly by 

use of national demographic data and behavior observation, which is in some instances not 

site-specific and may lead to overestimation or underestimation of exposure. Also, the 

exposure routes considered in the TRA account for the most plausible complete or potentially 

complete pathways. Inclusion of every possible exposure pathway in the HHRA is not expected 

to significantly affect the risk results and, consequently, potential remedial recommendations for 

the site. 

The averaging process for daily exposure also assumes that repeated dosing continues to add 

to the risk potential. In some cases, after cessation of exposure, toxicological processes are 
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( reversible over time (USEPA, 1992b), or individuals develop higher tolerances when subchronic 

exposure becomes chronic exposure. It was also assumed that 100 percent of chemicals in 

environmental media is bioavailable. This assumption presents additional conservatism to the 

HHRA process. 

Calculation of the RBTLs in the exposure assessment is based upon a linear relationship 

between chemical concentrations and other intake parameters. For this HHRA, most of the 

standard default exposure factors recommended by the MNDR are "reasonable maximum 

exposure"' (RME, defined as maximum exposure that is reasonably expected to occur [USEPA< 

1989a]) values. No "central tendency exposure" (CTE) exposure factors, as recommended by 

USEPA, were used (USEPA, 1989a and 1992b). According to USEPA, when constructing the 

exposure estimate from a series of factors (environmental concentrations, intake rates, 

individual activities, etc.), not all factors should be set at values that maximize exposure or d9se, 

since it will almost always lead to an estimate that is much too conservative (USEPA, 1992b). 

This degree of conservatism can be up to two or more orders of magnitude when comparing 

CTE with AME risk values in a standard HHRA recommended by USEPA. 

Among the variables in the RBTL equations, it is noted that upperbound values (USEPA 

generally uses the phrase upperbound value to refer to the goth or 95th percentile of the range) 

were used for many variables (e.g., contact rate, exposure frequency, and exposure duration) 

(MDNR, 2003 and 2004). Using a simple relationship of probability, the multiplication of three 

95th percentile numbers (assuming log-normal distribution) yields a value at the 

99.78th percentile, which is translated to an estimated risk by a factor of 10 to 20 or more above 

the intended RME risk using the Monte Carlo simulation results (Burmaster and Harris, 1993). 

When there are more than four upperbound exposure parameters in an equat ion, as in the case 

of the dermal contact route, multiplication of these values will yield a result starting at the 99.951h 

percentile (Burmaster and Harris, 1993), which is much above USEPA-defined high end of the 

exposure distribution (above the 90th percentile of the population distribution) (USEPA, 1992b). 
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( SECTION 5.0 

HUMAN HEALTH RISK CHARACTERIZATION 

INTRODUCTION 

Risk characterization is the culmination of the HHRA process (USEPA, 1992c) integrates the 

results of the identification of COPCs, exposure assessment, and toxicity assessment to 

describe the risks to individuals and populations in terms of extent and severity of probable 

adverse health risks under both current and future land-use conditions. The overall quality of 

the assessment, including the confidence on the risk estimates, is presented in the human 

health risk assessment. 

In the human health risk assessment, the risk characterization process involves integrating the 

representative concentrations with the RBTLs to estimate two types of potential health effects, 

carcinogenic and non-carcinogenic, as described below. 

CARCINOGENIC RISK CHARACTERIZATION 

This section is divided into two subsections: the carcinogenic risk characterization methodology 

and acceptable risk ranges. 

Carcinogenic Risk Characterization Methodology 

In assessing the carcinogenic effects resulting from exposures to environmental contaminants, 

the chemical-specific and pathway-specific IELCR, in addition to the background fatal cancer 

risk, is calculated using the following equation (USEPA, 1991a; MDNR, 2004) : 

Where: 

Riskii = 

RBTLii = 

TR = 
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Risk . = '1 (Eq. 18) 

u RBTL 
l} 

Carcinogenic risk (IELCR) for chemical i1h for route of exposure t 
Risk-based target level for each chemical i1h for route of exposure r, based on 

carcinogenic effects 

Target risk used to derive RBTL, an IELCR of 1 E-05 
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Carcinogenic risk characterization methodology stems from the current regulatory assumption 

that chemicals causing tumors through direct interaction with DNA may not have a threshold. 

The reason for the assumption is that people are exposed to numerous chemicals from natural 

to man-made sources, and this background exposure may generally exceed whatever threshold 

exists for a particular cancer-causing mechanism (HCRA, 1993b). Moreover, some people may 

be more susceptible to cancer than others, which means that background levels of exposure 

may already exceed the threshold values for those individuals. Also, even if carcinogens exhibit 

threshold doses, the levels may be too small to be meaningful to the risk assessment process. 

On the basis of these reasons, USEPA scientists emphasize that background levels of exposure 

to cancer-causing agents are already initiating the carcinogenic process (HCRA, 1993b; 

USEPA, 1989a). 

-4 
These excess cancer risk values are expressed in terms such as one-in-ten-thousand (1 x 10 , 

-4 . ~ ~ 

10 , 1 E-04, or 0.0001) or one-in-a-one-hundred thousand (1 x 10 , 10 , 1 E-05, or 0.00001 ). 

An IELCR of 1 x 10·
5 

means that an exposed individual may have an added one-in-ten-thousand 

chance of developing cancer over a lifetime, or one person among ten thousand exposed 

people might be expected to develop cancer as a result of exposure to site contaminants. 

Calculation of the excess lifetime cancer risks is based on the assumption that the 

dose-response relationship is linear in the low-dose portion of the LMS model curves due to the 

low levels of environmental exposures. This linear equation is valid only at excess cancer risk 
-2 

levels below 1 x 10 (USEPA, 1989a). 

Typically, RBTLs are individually calculated for each chemical and each exposure pathway or 

combined exposure pathways (MONA, 2003). These RBTLs do not consider the additivity of 

risk (risk from a chemical via multiple pathways in multiple media and risk from multiple 

chemicals). 

For multiple chemical or mixture exposures, the total risk is conservatively estimated by 

summing the excess cancer risks for all chemicals for each exposure route, using the following 

simple additive equation (USEPA, 1989a): 

Where: 
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Multiple Substance Risk = L Risk i 
i=I 

5-2 

(Eq. 19) 
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( Multiple Substance Risk= Total excess cancer risk from multiple substances, unitless 

probability; 

Riski = IELCR for the i1h chemical (a total of N). 

The additive model is based on the assumption that the chemicals being considered 

independently have the same mode of action and elicit the same effects. Although the additive 

model has been shown to predict the acute toxicities of many mixtures of similar and dissimilar 

compounds (U.S. Council on Environmental Quality, 1989), it can lead to substantial errors in 

risk estimates if synergistic or antagonistic interactions occur. For carcinogenic effects, the total 

excess cancer risk estimate might become artificially conservative because the upper 95th 

percentile SFs are not strictly additive. Also, the above equation sums all carcinogens with 

different weight-of-evidence and tumor sites equally. 

To be health-protective, IELCRs from various exposure pathways are assumed to be additive, 

whenever applicable, as indicated by the following equation (USEPA, 1989a): 

Total Risk = Risk pathway, + Risk pathway2 + .. . Risk pathwayi (Eq. 20) 

According to USEPA, multiple-pathway RME risks may consist of RME risks from one pathway 

in combination with typical (CTE) risks from other pathways, because in real situations the same 

individual may not experience the RME from more than one pathway over the same period of 

time (USEPA, 1989a). In this human health risk assessment, this CTE/RME pathway 

combination was not used because RBTLs were derived based solely on RME exposure factors 

(MDNR, 2003 and 2004). Therefore, the cumulative risks were RME risks conservatively added 

together. Due to the conservatism of current cancer risk assessment methodologies, the 

estimated risks associated with exposure to site-related COPCs may even be zero 

(USEPA, 1989a; Kostecki et al. , 1993; ASTM, 1997). 

Acceptable Risk Ranges 

For more than a decade, cancer mortality data in the U.S. remain relatively constant (HCRA, 

1993b; Crouch and Wilson, 1982; National Cancer Institute [NCI], 2002) . The latest cancer 

mortality rates available from the National Center for Health Statistics indicate that cancer 

deaths constitute 23.2 percent of total 1998 deaths (approximately one in four) . This value was 
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-6 
increased from 17.7% in 1973. According to US EPA, an IELCR of 1 x 1 O is considered as the 

point of departure, while the risk range between 1 x 10
4 

to 1 x 10·
6 

may be acceptable for 

regulatory purposes, (USE PA, 1990 and 1991 c). In many cases, chemical-specific applicable 

or relevant and appropriate requirements (ARARs), which Congress intended to be used as 

cleanup goals at Superfund sites, are typically set at risk levels far less stringent than the point 
-6 

of departure of 1 x 10 (USEPA, 1990). 

Travis et al. (1987) retrospectively examined 132 regulatory decisions and found that population 

sizes had an influence on regulatory decisions regarding trigger levels of IELCR. They found 

that for small population sizes, regulatory actions were always taken when the IELCR is about 4 

x 10·
3 

and higher; but were never taken for risks less than 1 x 10·4, which is similar to US EPA 

(1991 c) guidance for typical Superfund or hazardous waste sites where small potentially 

exposed populations are involved. For large population sizes (such as the entire U.S . 
• 4 

population), regulatory actions were always taken when the IELCR is about 3 x 10 or higher, 

with 1 x 1 o·6 
used as the point of departure. 

An IELCR of 1 in one million (1 x 10.
6

) as an acceptable risk level was first used by the U.S. 

Food and Drug Administration (USFDA) for public health protection of the entire U.S. 

population. OSHA has used an IELCR of 1 x 10·
3 

as a threshold of significant risk (HCRA, 

1993b). Thus, the size of the exposed population, as well as the level of individual risk, will 

need to be considered and presented in a human health risk assessment, because history 

suggests that the acceptable risk level will ultimately be defined on a case-by-case basis, upon 

site-specific conditions. 

The use of risk assessment results by USEPA in supporting risk management decisions and 

evaluating hazardous waste site (i.e., Superfund site) remedial alternatives is indicated in the 

following items (USEPA, 1991 c) : 

• Where the cumulative carcinogenic site risk to an individual based on an RME for both 

TRA final 

.4 
current and future land-use is less than 1 x 1 O and the non-carcinogenic hazard 

quotient is less than 1, action generally is not warranted unless there are adverse 

environmental impacts. 
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• Records of Decision (ROD) for remedial actions taken at sites posing human health risks 

within the 1 x 10-
4 

to 1 x 10-6 risk range must explain why remedial action is warranted. 
-4 

• The upper boundary of the risk range is not absolutely set at 1 x 10 , although US EPA 
-4 

generally uses 1 x 10 in making risk management decisions. (In certain cases, USEPA 
-4 

may consider risk estimates that are slightly greater than 1 x 10 to be protective.) 

According to MNDR, a target risk of 1 E-05 for individual carcinogenic COPC is recommended 

for contaminated soil. Cumulative carcinogenic risk of 1 E-04 must not be exceeded at any level 

for contaminated soil. For potable groundwater, MCLs, if available, are typically used as target 

cleanup goals, although MCLs are not totally risk-based and they do not consider the 

cumulative effects of exposure to multiple contaminants via multiple pathways. For chemicals 

with no available MCLs, RBTLs can be derived. 

NON-CARCINOGENIC RISK CHARACTERIZATION METHODOLOGY 

To assess the potential adverse non-carcinogenic effects resulting from exposure to 

contaminants , the pathway-specific and chemical-specific HQ based on non-carcinogenic 

effects is estimated as follows (USEPA, 1991 a; MNDR, 2004): 

C.. x THQ HQ = - •1 __ _ (Eq . 21) 
ij RBTL. 

lj 

Where: 

HQii = 
RBTLij = 

THO = 

Hazard quotient for chemical i1h for route of exposure r 
Risk-based target level for each chemical i1h for route of exposure r. non­

carcinogenic effects-based 

Target hazard quotient used to derive the RBTL, a HQ of 1.0 for non­

carcinogenic effects 

As with the case of carcinogenic effects, the potential additivity of non-carcinogenic hazard due 

to exposure to multiple substances is quantified as a hazard index (HI), which is the sum of all 

possible chemical-specific HQs (USEPA, 1989a). To be health-protective, His due to various 

exposure pathways are assumed to be additive. Usually, if the HQ or HI is greater than unity or 

one, meaning the exposure level exceeds the threshold RfD, a potential for adverse non-
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carcinogenic health effects may exist. If the HQ or HI is equal to or less than one, exposures to 

the eoPes are not expected to result in a systemic toxic response. As the frequency of 

exposures exceeding the RfD increases and the size of the excess increases, the probability for 

adverse effects also increases. However, a clear distinction that could categorize all exposures 

below the RfD as acceptable (risk-free) and all exposures in excess of the RfD as unacceptable 

(causing adverse effects) cannot be made (USEPA, 1994). 

It should be noted that HQs and His are not statistical probabilities, such as IELeR, and the 

level of concern does not increase linearly as the HQ or HI is increased. For regulatory 

purposes, an HQ or HI of 1 or less is considered to be an acceptable non-carcinogenic risk level 

(USEPA, 1989a, 1990, and 1991 c; MDNR, 2003 and 2004). When the pathway-specific or 

cumulative exposure HI is greater than one, segregation of the HI, based on the type of effects 

(i.e., target organs) or mechanisms of action, is considered (USEPA, 1989a; MDNR, 2003 and 

2004). According to MDNR (2003), if the HI segregated by target organs is equal to or less than 

1, further evaluation is not typically warranted. 

SUMMARY DISCUSSION AND TABULATION OF RISKS 

Table 5.1 presents the cumulative I ELeR and HI for the indoor air vapor intrusion/inhalation 

from the "perched zone" and "deep" aquifer, direct ingestion and inhalation of voes (from 

domestic use) from the "deep" aquifer, direct dermal contact (from domestic use) to "deep" 

aquifer, and indoor air vapor intrusion/inhalation from subsurface soil. The eoPes considered 

are oeE and TeE in soil and groundwater. 

Assuming residential future land use for the former lagoon, the cumulative IELeR and HI from 

the indoor air vapor intrusion/inhalation from soil are 7E-07 and 3.2E-02, respectively. These 

levels are below the MDNR's risk levels of concern for soil (a cumulative IELeR of 1 E-04 and a 

segregated HI of 1.0) (MONA, 2003). Therefore, no further remediation of former lagoon soils 

for protection of human health is necessary. 

The cumulative IELeR and HI for the indoor air vapor inhalation from the "perched zone" and 

"deep" aquifer groundwater, direct ingestion and inhalation of voes from "deep" aquifer, and 

direct dermal contact to "deep" aquifer are presented in Table 5.1 for each monitoring well 

location. For all "perched zone" wells considered, the range of IELeRs from the indoor 
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Table 5.1 
Cumulative Health Risks via Different Exposure Pathways 

Current and Future Residents 
Target Risk Assessment 

Former Hulett Lagoon 

Camdenton, Missouri 

Average Concentration Indoor Inhalation from 

Well Location re lative lo HL (µg/L) Groundwater GW Potable Use 

DCE TCE TR HI TR HI 

Perched Monitoring Wells (µg/L) 

MW-5 Southwest edge of former lagoon 12.1 251.7 1.E-07 5.4E-03 

MW-8 50 feet South of former lagoon 28 686.7 4.E-07 1.5E-02 

Near Facility, 800 feet Southwest from 
former lagoon, 50 feet from a resident 

MW-9 home ND 43 .1 2. E-08 8.9E-04 

400 feet Southwest of former lagoon, 50 

MW-12 feet from a resident home 58.3 1100 6.E·07 2.4E-02 

300 feet Southeast of former lagoon, 75 

MW-13 feet from a resident home 6.5 132 7.E-08 2.8E-03 

Deep Monitoring Wells (µg/L) Use Perched RBTL 

MW-1 West of Facility ND 1.6 8.E-10 3.3E-05 8.E-07 3.1E-02 

MW-2 East of Facility ND 3 2.E-09 6.2E-05 2.E-06 5.7E -02 

MW-3 South of Facility, abandoned ND 11 .6 6.E-09 2.4E-04 6.E-06 2.2E-01 

MW-4 North of Facility, abandoned 3.9 63 3.E-08 1.4E-03 3.E-05 1.3E+OO 

300 feet Southeast of former lagoon, 75 

MW-14 feet from a residential home 1.7 11 .8 6.E-09 2.7E-04 6.E-06 2.5E-01 

<100 feet North of former lagoon , 50 feet 

MW-16 from an apartment complex 15.2 173.5 9.E-08 3.BE-03 9.E-05 3.6E+OO 

MW-19 Northwest of former lagoon 17 263.3 1.E-07 5.7E-03 1.E-04 5.3E+OO 

Subsurface Soils at the Former former lagoon (mg/kg) 

Onsite former lagoon 0.055 0.59 

Chemical-specific Risk-based Target Levels 

Chemical Soil lo Indoor Air Perched GW to Indoor Air Deep GW RBTL 

RBTL (mg/kg) RBTL(µg/L) Potable (µg/L) 

TR HQ TR HQ TR HQ 

DCE 15.60 61,800 61.0 

TCE 8.20 20.75 19,100 48,300 20.0 · 530 

Risk-based Target Level (RBTL) for Target Risk (TR) is based on 1E-05. RBTL for Hazard Quotient (HQ) is based on a HQ of 1. 

5-7 

Indoor Inhalation f rom 
Subsurface Soil 

TR HI 

7.E-07 3.2E-02 

DeepGW RBTL 

Dermal (µg/L) 

TR HQ 

12,273 

1,670 4,725 



( 
air vapor intrusion/inhalation pathway is 2E-08 (MW-9) to 6E-07 (MW-12); the range of HI is 

8.9E-04 to 2.4E-02. All these risk levels are well below the MDNR's risk levels of concern (a 

cumulative IELCR of 1 E-04 and a segregated HI of 1.0) (MDNR, 2003). Therefore, the J&E 

model did not predict any significant health risks posed by COPCs in the "perched zone" to 

current and potential future residents within the Study Area. 

For all "deep" aquifer wells considered, the range of IELCRs from the indoor air vapor 

intrusion/inhalation pathway is 8E-10 (MW-1) to 1 E-07 (MW-19); the range of HI is 3.3E-05 to 

5.7E-03. All these risk levels are well below the MDNR's risk levels of concern (a cumulative 

IELCR of 1 E-04 and a segregated HI of 1.0) (MDNR, 2003). Therefore, the J&E model did not 

predict any significant health risks posed by COPCs in the "deep" aquifer to current and 

potential future off-site residents situated within the Study Area. 

Should the "deep" aquifer be used for potable/domestic purposes, the range of IELCRs for the 

direct ingestion/inhalation of VOCs and direct dermal contact pathways is 8E-07 (MW-1) to 1 E-

04 (MW-19); the range of HI is 3.1 E-02 to 5.3. Thus, although the cumulative IELCRs are at or 

below the MDNR's risk level of concern (1 E-04), the cumulative HI at certain well locations is 

above the target HI set by MDNR (HI of 1.0). The well locations with a cumulative HI above 1.0 

are: MW-4 (HI= 1.3), MW-16 (HI= 3.6), and MW-19 (HI= 5.3). Because both DCE and TCE 

can cause adverse liver effects, no segregation of HI based on target organs was needed. It 

should be noted that these risk levels represent hypothetical future potential risks. If the 

groundwater within the "deep" aquifer plume is not allowed to be used for potable/domestic 

purposes, current and future on-site/off-site residents will not incur these risk levels. 

Overall, TCE is the risk driver chemical for both carcinogenic and non-carcinogenic effects at 

the former lagoon site because it is a Class C-82 carcinogen and it was detected at much 

higher levels than DCE, given the fact that its non-carcinogenic potential is comparable to that 

of DCE. Assuming that the groundwater from the "deep" aquifer is potentially potable, the risk 

driving pathways are direct ingestion and inhalation of VOCs during domestic usage. The direct 

dermal contact to groundwater pathway represents a minor pathway that contributes 

insignificantly to the cumulative risks. 
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UNCERTAINTIES ASSOCIATED WITH RISK CHARACTERIZATION 

Uncertainties in the risk characterization essentially involve the methodologies used in 

estimating the health risk results. They are also the products of many factors affecting each 

component of the risk assessment process, namely data collection/evaluation and selection of 

CO PCs, exposure assessment, and toxicity assessment. These factors generally include, at a 

minimum, measurement errors, exposure and modeling assumptions, and uncertainty and 

variability of the values used in the assessment. This section presents a qualitative discussion 

of the uncertainties, assumptions, and limitations as well as the scientific basis and rationale for 

the human health risk assessment. 

On the basis of a qualitative method suggested by USEPA (USEPA, 1989a), the magnitude of 

uncertainties and variabilities inherent in the HHRA are summarized and presented as low, 

moderate, and high in Table 5.2. Uncertainty with a rating of low means exposures and risk 

estimates are affected by less than an order of magnitude, while moderate indicates between 

one and two orders of magnitude, and high is associated with more than two orders of 

magnitude. 

In general, uncertainties associated with the sampling and analysis and COPC selection are 

related to the assumptions that the sampling activities adequately characterized the 

contamination problems at and adjacent to the former lagoon, and that the COPC 

concentrations were representative of the chemicals occurring in different environmental media. 

As previously discussed, this type of uncertainty resulted in a low overestimation or 

underestimation of the potential health risks. Data evaluated in the HHRA was collected under 

a comprehensive RI sampling program approved by MDNR. Thus, there are limited differences 

in the sample collection procedures, packing and shipping procedures, and analytical 

procedures. 

Exposure and toxicity assessment, on the other hand, have been recognized by USEPA as the 

largest sources of uncertainties in the health risk assessment process (USEPA, 1992a). 

Uncertainties associated with exposure assessment in this HHRA involve, at a minimum, 

estimation of representative exposure point concentrations, identification of complete or 

potentially complete pathways, use of conservative fate and transport models and assumptions, 

and use of upperbound exposure parameters in RBTL calculations. 
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Assumption 

,~~rii~!i~~' An~1v~ii •~~• 9:0:t,o: ~##.tiiln::: 
Assumption of sufficient samples collected for 
site characterization purposes. 

Only TCE and DCE were selected as CO PCs 

Exp6fliJt~A:ss~ssrnen:t :: ::::::::-: : : :;::::-.. 

Table 5.2 

Qualitative Uncertainty Assessment for the Human Health Risk Assessment 
Targeted Risk Assessment 

Former Hulett Lagoon 
Camdenton, Missouri 

Potential Magnidute of Underestimation of 
Potential Magnidute of Overestimation of Risksl Risks 

. · -·. 

LOW -- MDNR has agreed that metals were not of 
concern at the site. Although number of potentially 
laboratory or field contaminants were found, they 
were not present at elevated levels and were not ri 
driving chemicals. 

i::: ::::: I> lC>Yl:fO M()[)ERA;T':_{ < ::\ :;::: ::, .. :. :::-:-. 
Assumption of constant COPC concentrations,LOW to MODERATE -- Site-related chemicals can 
over the exposure duration being considered. biodegrade and the Mulberry well continues to 

operate to contain/remedia te the groundwater pluni fl. 

High detections of voes have "J" qualifiers. 

Use 1/2 SQL for non-detected values in 
statistical calculations. 

Assumption of daily exposure and use of 
standard assumptions regarding exposure 
duration and frequency, body weight, intake 
rates, and population lifestyle. 

Assumption that COPCs are 100% 
bioavailable. 

LOW TO MODERATE -- Only exposure factors for 
the RME case were recommended by MDNR. No 
CTE case was considered. 

LOW -- Most COPCs are volatile and highly 
bioavailable. 

Use of the Johnson & Ettinger (J&E) JMODERATE to HIGH-This is a conservative 
Screening Level model to estimate indoor air screening level model. The difference between 
concentrations from soil and groundwater dat indoor air concentrations using the J&E screening 

Minor exposure pathways are not included in 
the risk assessment. 

level model and the J&E advanced model can be u1 
to 3 orders of magnitude. 

5- 10 

LOW -- Risk driving chemicals such as TCE and 
DCE have high detection frequency at some 

LOW -- Minor exposure pathways considered are 
expected to contribute to the majority of the overall 
risks. 

Potential Magnidute of Underestimation 
or Overestimation of Risks 

.. ::::::: .. _. :.:··:.· Low:::::::::::::::::::: ···· 
LOW -- RI sampling program at the site werE 
approved by MDNR and were selected base 
on results of past studies and to delineate th 
contaminated groundwater plumes. Recent 
groundwater data were used in the HHRA. 
No expected sample collection differences 
between study phases. 

L' 
. .. .. . 

LOW -- Laboratory reports were not availabli 
to determine the nature of the 'estimate ' 
qualifier. 



Table 5.2 {continued) 

Qualitative Uncertainty Assessment for the Human Health Risk Assessment 

Targeted Risk Assessment 

Fo rmer Hulett Lagoon 

Camdenton, Missouri 

Assumption 
Potential Magnidute of Overestimation of Risks 

Potential Magnidute of Underestimation of 
Risks 

Toxictty:Assessmerit ::::::::::::: ::· -:-:::::: :: :.· .·.·.·.-:-. ::_:_. _ :·:·.-:-:-:: :-: ::: Low:fo:MODERATE::::::: ::·· 

Uncertainty with MDNR-recommended and LOW to MODERATE -- Toxicity values for COPCs 
USEPA-derived toxicity values. at the site are provisional values and were based 01 

ijj~k ¢ii~l'~~t~riza~i6ri 
Additive assumptions for multi-pathway and 
multi-chemical exposures. 

Summation of RME risks across pathways. 

animal data 
••: ::::::: i,;ow to MOPERATJ= :::: 

LOW TO MODERATE -- Overall site RME should 
be a combination of a single-pathway RME and oth 
average exposures (EPA 19891!1' 

1.C)ver~n:Huin~_nJleafttlf{i~~:Ass~~srnen(;:;:j:::;:::: _:_ :;::::::· ::•:•:::::JhoQe:~A:11:: :::::::::::::: ~ 
Cumulative health risk results. MODERATE -- with the majority of the uncertaintiei 

resulted from the exposurl) and toxicity assessmen 

5- 11 

. . . . . ' 

.... 

Potential Magnidute of Underestimation 
or Overestimation of Risks 

llll~fliiii~ 
. . :::· .... .. ·.·.·.-:::::::::-. 

·· ~ 



Assuming that the concentration in the bulk medium (e.g., soil or groundwater) is the same as 

the exposure concentration is a clear source of potential error in the exposure analysis. In this 

HHRA, as well as in other risk assessments for impacted sites, chemical concentration 

characterization was accomplished indirectly by measuring the data on concentrations in the 

bulk media rather than the at the point of contact (USEPA, 1989a and 1992b). Environmental 

sampling performed to date was designed to assess the most likely impacted portion of the site 

(e.g., PIO screening for samples to be sent to fixed laboratory for analysis), and thus is likely 

biased toward high concentrations. 

Because all chemical concentrations at the former lagoon were assumed to be constant over 

the exposure period, especially when there are active remediation systems and/or activities in 

place (e.g., groundwater extraction from the Mulberry well), the estimated exposures are more 

likely to be overestimated than underestimated. Especially, risk-driving COPCs at the former 

lagoon tend to degrade in the environment (TCE and DCE), as such, this assumption has a low 

to moderate effect on the health risk results for soil and groundwater at the former lagoon where 

risk drivers include degradable VOCs. 

When the data set contains values that are lower than the SQLs, these data points are reported 

as ND and are referred to as censored. While the concentration may be highly uncertain for 

substances below the reporting limit, it does not necessarily mean that the concentration is zero 

(USEPA, 1992b). In this HHRA, a simple substitution method was used to address censored 

data, and the ND values were assigned a value of one-half the SOL. As recommended by the 

USEPA (1989a), elevated SQLs as a result of high dilution factors were eliminated to reduce 

certain uncertainties associated with the data evaluation process (for example, cases where 

arithmetic means are above the highest detected values). The use of MDNR's standard MDLs 

for SQLs has low effects on the exposure assessment because SQLs for risk-driving 

COPCs are adequately health protective. 

In addition, the pathways quantitatively evaluated in the PEA are considered to be the primary 

exposure pathways at the former lagoon. Minor or secondary pathways that may exist (dermal 

exposure to groundwater potentially discharged to ravines) were not considered in the analysis. 

The contribution of these minor and secondary pathways to the cumulative risks for the former 
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lagoon is not likely to be significant. It is, therefore, expected that the pathways addressed in 

the HHRA account for the vast majority of potential human exposure at the site, and the 

potential for underestimation of risks by not considering some minor or secondary pathways is 

estimated to be low. 

Analytical modeling performed for indoor air exposure point concentration estimation purposes, 

using the Screening version of the J&E models, has also employed the most conservative and 

health protective assumptions (USEPA, 2003). It should also be noted that under current land 

use conditions, actual health risks to residential receptors are much lower than those estimated, 

because of the presence of the thick, fractured/karst bedrock underneath the clayey surficial 

soil. The conservative uncertainty associated with the use of the J&E model can be from 

moderate to high. 

Another source of uncertainty in estimating exposures is the assumption that individuals within a 

particular receptor population (or subpopulation) will receive the same intake doses. Variability 

in parameters such as absorption rates, ingestion rates, dermal contact rate, skin surface area, 

frequency and duration of exposure, body weight, and activity pattern will exist even in a 

narrowly defined age group or identified sensitive subpopulation (USEPA, 1992b). This range 

of uncertainty and variability is difficult to assess. In the HHRA, however, MDNR and USEPA 

standard default factors representing the upper limit of these exposure parameters for the RME 

case are deemed to have mostly overestimated the potential health risks and the associated 

uncertainty is between low to moderate. 

Additional uncertainties associated with exposure assessment are related to the assumption 

that chemicals in environmental media are 100 percent bioavailable. Other uncertainties are 

related to the averaging times selected in estimating average daily intakes for potential 

carcinogenic and non-carcinogenic effects, the assessment of dermal contact exposure, and the 

assumption that the same receptor will be exposed daily to site-related contaminants. On the 

basis of the information discussed above, the net overall uncertainty associated with the 

exposure assessment is rated as low to moderate with a bias toward overestimation of risks. 

Uncertainties in this HHRA are also related to the use of MDNR-recommended and USEPA 

provisional toxicity values. For all COPCs, animal data served as the principal basis of their 

toxicity values evaluated in this HHRA. Extrapolation from animals exposed to high doses to 
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( humans potentially exposed to much lower doses is a major source of uncertainty influencing 

chemical toxicity and, consequently, the evaluation of risks. 

Finally, it was assumed in the risk characterization step that the health effects of multi-chemical 

and multi-pathway exposures are additive. In the HHRA, chemical-specific His were summed. 

This assumption of additivity is most properly applied only to compounds that produce the same 

toxic effect by the same mechanism of action . This summation of risk adds low bias to the 

estimation of cumulative risks because DCE and TCE have the same liver effects. 

The summation of risks across pathways to arrive at location-specific cumulative risks is also 

conservative. As a result of compounding conservatism, the actual risks, if any, are likely to be 

less than the RME estimates presented earlier and even be negligible or zero (USEPA, 1989a). 

The net overall uncertainty associated with risk characterization, therefore, was given a rating of 

moderate with a bias toward overestimation of risks. 

As a result, the cumulative uncertainty associated with the multi-chemical and multi-pathway 

health risk results in this HHRA should have a rating of moderate on the conservative side. 
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SECTION 6.0 

QUALITATIVE ECOLOGICAL SCREENING EVALUATION 

CALM guidance requires a qualitative ESE for all sites. Per appendix F of CALM (Ecological 

Risk Assessment) (MONA, 2001 ), the qualitative ESE is keyed to answering a series of 

pertinent questions about the ecological attributes of a site, among the more important of them 

being the following questions: 

1) Are ecological receptors actually present at or near the site? and, 

2) Are there complete pathways of exposure for the identified receptors? 

If there are no receptors or no complete exposure pathways present at a site, then no 

quantitative ESE is required. 

As an aid in establishing wildlife use potential of the former lagoon site, a review of 

environmental resources was performed in 2003 by Goodpaster and Associates, Inc. (2003). 

The details of the study were included in a report that is included in Attachment C. The findings 

in this report included the following: 

• The former lagoon site does not contain wetlands; 

• The dominant vegetation on the site is common fescue, a grass species (comprised 90% 

of the vegetation on the site), while the surrounding area is forested (predominant tree 

size is generally less than 12 inches in diameter at breast height). This is an indication 

that the habitat has been altered due to disturbance (i.e., remediation activities and past 

land use); 

• The site is not located within a federally mapped floodplain or flood prone area; 

• The site is not located in the vicinity of any wild and scenic river; 

• The site is not located in or near any designated wilderness area; 

• The site is not located within a National Wildlife Refuge, and no refuges are located 

within a mile of the site; and 

• Of two threatened and two endangered species that have been listed as occurring in 

Camden County, only one (the endangered Indiana bat) could be present in forested 

areas surrounding the former lagoon site. The entire former lagoon contains no trees, 

so there is no possibility that the endangered bat could be located on the site. 
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( In filling in the details of the two checklists contained in Appendix F of CALM (MDNR, 2001 ), 

forested habitats are directly adjacent to the former lagoon and the former lagoon itself is a 

grassland habitat (these are two "yes" questions in Appendix F, Figure F2 [Checklist for 

Potential Receptors and Habitat]). In addition, "contaminants" are present in the surface soil 

(this is a "yes" question in Appendix F, Figure F3 (Checklist of Exposure Pathways) . Thus, from 

a strict interpretative perspective, the former lagoon could, at the direction of MDNR, be subject 

to further (i.e. quantitative) ecological assessment because if any answer in Figure F2 (Checklist 

for Potential Receptors and Habitat) and Figure F3 (Checklist of Exposure Pathways) is "yes", 

then the former lagoon could be subject to further ecological assessment. However, from a 

realistic perspective, a quantitative ESE is not warranted because the former lagoon does not 

contain more than cosmopolitan wildlife that might be found in any setting, including high­

density human-populated settings. The former lagoon is located within a developed residential 

area. While the presence of residences in the vicinity does not eliminate the potential for wildlife 

to inhabit the former lagoon area, the presence of residences does likely diminish the intrinsic 

ecological value of the former lagoon. 

The sole remaining issue at the former lagoon (and the Study Area) is impacted groundwater. 

The impacted groundwater is more than 100 feet deep, which is beyond the depth of root 

penetration into the soil. Thus, there is no potential for uptake of constituents in impacted 

groundwater into plants that might serve as food fo r wildlife. Since impacted "perched zone" or 

"deep" aquifer groundwater is not anticipated to discharge to any surface water body, there 

should be no issues associated with exposure of aquatic life to constituents that might enter 

surface water. 
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SECTION 7.0 

SUMMARY AND CONCLUSIONS 

This TRA was performed to evaluate the actual and potential risks to human health and the 

environment in the absence of any remedial actions and institutional controls at the former 

lagoon. In reality, natural attenuation processes and continuing pumping of the Mulberry well 

will continue to reduce existing contaminant levels in the underlying groundwater and soil vapor. 

This TRA consists of two components: a quantitative HHRA and a qualitative ESE. 

This TRA was accomplished by first reviewing sampling data and identifying COPCs for the 

former lagoon and Study Area. To characterize the human health risks, a backward risk 

assessment approach was adopted, and health risk results were estimated from representative 

exposure point concentrations and RBTLs. 

After an evaluation of site data, only TCE and DCE were selected as site-related COPCs in soil 

and groundwater. The datasets include all environmental samples collected from the SECOR 

RI investigations. In addition, soil samples collected by MDNR were also included. 

Groundwater samples collected from June 2000 to June 2003 from the "perched zone" and 

"deep" aquifer were presented for each monitoring well. 

As part of the toxicity assessment, the potential for each COPC to elicit adverse health effects 

was qualitatively evaluated, and toxicity values (SFs and RfDs) determined for each COPC 

were identified for use in the RBTL estimation and risk characterization process. 

The only receptors of concern at the former lagoon are current off-site residents and 

hypothetical future on-site residents. The complete or potentially complete pathways that were 

evaluated in the HHRA are: indoor air vapor intrusion/inhalation from "perched zone" and "deep" 

aquifer groundwater, direct ingestion and inhalation of VOCs (from domestic use) from "deep" 

aquifer groundwater, direct dermal contact (from domestic use) to deeper aquifer groundwater, 

and indoor air vapor intrusion/inhalation from subsurface soil. Chemical-specific RBTLs were 

estimated for residential receptors of concern (0-30 year old residents), using MDNR­

recommended exposure factors and the J&E models. 
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