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1. INTRODUCTION 

This Risk Assessment evaluated the human health risks from exposure during and after 
application of AGSS-ICS.  This information will determine whether AGSS-ICS used to 
treat soil will present a long-term human health risk.  

AGSS-ICS is an ionic clay soil stabilizer.  It is shipped in 15-gallon to 55-gallon 
containers, where it is diluted 300 fold with water.  The diluted solution is applied via 
water trucks for new construction or via injection wands for remediation of existing 
structures.  This assessment considers exposures experience during application of 
AGSS-ICS and subsequent exposure to treated soil.  It should be noted that this risk 
assessment applies to the chemicals in AGSS-ICS only and not to any specific soil.  
Chemicals already in soil or pre-existing chemical constituents of soil in a particular 
location would not be reflected in this assessment.  Additionally, this assessment does 
not represent concentrated AGSS-ICS, prior to dilution.

2. METHODOLOGY 

This human health risk assessment has used protocols consistent with the 
Environmental Protection Agency’s (EPA) regulations and guidance.  This approach is 
based on estimating the reasonable maximum exposure that a person could have to the
hazardous substances found in the diluted solution and treated soil combined with the 
toxicity of the substances to estimate the potential effect on human health.  This 
approach is based on estimating upper bound exposures and estimating risk of adverse 
health effects using toxicological data for various constituents

For carcinogens, risks are estimated as the incremental probability of an individual 
developing cancer over a lifetime as a result of exposure to the potential carcinogen.  

For non-carcinogenic compounds, the human health effect is quantified in terms of a 
“Hazard Quotient”.  A hazard quotient is the combination exposures considering several 
routes of entry compared to the respective “Reference Dose”.  The EPA has published 
Reference Doses for several chemicals, defined as the highest dose causing no adverse 
effect on survival, growth, or reproduction in human populations.  A separate reference 
dose may be established for inhalation, ingestion, and skin absorption, respectively, for 
a given chemical.

For purpose of this assessment, upper bound exposures were estimated in two phases: 
application of AGSS-ICS and subsequent exposure to the treated soil.
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This evaluation focuses on two receptor groups; 1) a nine-year-old child playing in soil 
where AGSS-ICS has been sprayed onto the ground and 2) a nine-year-old boy applying 
AGSS-ICS.  This receptor was selected because it represents an upper limit for exposure 
to contaminants.  EPA guidance documents provide exposure routes applicable to a 
child playing in soil and specific parameters to be used to calculate the exposure.

Laboratory analyses conducted on samples of AGSS-ICS to determine the concentration 
of constituents present are summarized in Table I.  Values compiled were based on 
results from Columbia Analytical Laboratory, an AIHA accredited laboratory.  Laboratory 
reports are included in Appendix A.  Based on analytical results, concentrations were 
calculated both in the diluted soil stabilizer as applied and in the water held by treated 
soil.  These concentrations are listed in the table as "App Conc." and "In Soil H2O", 
respectively. "Soil Concentration" is the calculated value of each constituent in dry soil 
based on the application concentration and application rate.  “App Conc.” and “Soil 
Concentration” were used in the risk assessment.

3. TOXICITY ASSESSMENT 3.1 Non-Carcinogenic Effects 
Non-carcinogenic chemical exposures are compared to a reference dose (RfD),
published in the EPA IRIS database, for each route of entry.  An RfD is an estimate of a 
daily exposure that is likely to be without an appreciable risk of deleterious effects 
during a lifetime.  A reference dose is expressed as the weight of the chemical per 
kilogram of body weight per day (mg/kg-day).  For chemicals in air, the threshold is 
expressed as a reference concentration (RfC) in milligrams per cubic meter of air 
(mg/m3).  EPA's RfD's and RfC's have been calculated to be protective of sensitive 
members of human populations and incorporate uncertainty factors to reflect limitations 
toxicology data.  For the purposes of this study, chronic (seven years to a lifetime, by 
EPA definition) exposure doses were used.  Where EPA IRIS RfD were not available, 
RfD values referenced in the EPA Regional Screening Level (RSL) for Resident Soil Table 
(Nov. 2012) were used.  Table VI-A lists toxicity values, including reference doses for 
non-carcinogenic chemicals.3.2 Carcinogenic Effects 
EPA considers the weight of evidence that a chemical is a carcinogen.  Based on EPA 
risk assessment criteria, a low cancer risk of less than 1x10-6 indicates that no excess 
cancer risk is likely.  Table VI-B lists toxicity values, including slope factors, for 
carcinogenic chemicals.
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3.3 Constituents Lacking a Reference Dose 
Calculations were not performed for the following constituents since the EPA has no 
published Reference Doses:

Calcium Sodium
Magnesium Thallium
Potassium Titanium
Silicon

These constituents are considered to be of low toxicity and assumed to not pose a 
health risk at their calculated concentration.  Other limitations on specific chemicals are 
as follows:

Beryllium
The EPA does not list an oral slope factor for beryllium; therefore, the cancer risk 
calculation is based solely on the inhalation cancer slope factor.  Available oral data is 
considered inadequate for the assessment of carcinogenicity.  

Cadmium
The EPA does not list an oral slope factor for cadmium, thus, the cancer risk calculation 
is based solely on the unit risk.  There are no positive studies of orally ingested 
cadmium suitable for quantification.

Chromium VI
Note that "total chromium" measured from lab analyses was assumed to be chromium 
VI or chromium III, as applicable, to calculate worst case exposures.

Lead
Calculations were not performed for lead since the EPA has not established a Reference 
Dose.  The EPA recommends a screening level for lead in soil for residential land use of 
400 mg/kg.  The EPA considers lead concentrations less than 400 mg/kg as protective.  
The concentration of lead in AGSS-ICS treated soil falls well below the EPA limit and,
therefore, is not considered a health risk.

4. EXPOSURE ASSESSMENT  4.1 Exposure after Application of AGSS-ICS 
Exposure to AGSS-ICS constituents from treated soil was evaluated through several 
pathways, including ingestion, inhalation, and dermal contact.  For the purpose of this 
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evaluation, a nine-year-old boy was presumed to be the exposed population, which is 
presumed to represent an upper-bound estimate of risk.

To estimate risks to the child playing in soil, exposure assumptions were made using 
EPA’s guidance documents and the Exposure Factors Handbook1.  See Table III, 
Exposure Factors, for a list of parameters used.

Equations (1), (2), (7), and (9) calculate an Average Daily Dose (ADD) for non-
carcinogens, for ingestion, inhalation, and dermal exposure pathways, respectively.  
These same equations were used for carcinogens to calculate a Lifetime Average Daily 
Dose (LADD).  For LADD's, the equations assumed a 70 year exposure duration and 365 
days per year exposure frequency. 4.1.1 Ingestion 
Table IV-A lists the calculated ADD for non-carcinogens and LADD for carcinogens via 
the ingestion pathway.  The average daily dose to the child playing in the soil through 
the ingestion pathway was calculated using the following:

(Equation 1)

where:

ADD = Average daily dose (mg/kg/day)
CS = Contaminant Concentration in soil (mg/kg)
IRs = Ingestion Rate (mg soil/day)
CF = Conversion Factor (10-6 kg/mg)
FI = Fraction Ingested from contaminated source (unitless)

EFig = Exposure frequency (days/year)
EDig = Exposure duration (years)
BW = Body weight, average (kg)
AT = Averaging time, (days)

Ref. EPA RAGS - Exhibit 6-144

All of the above factors for each constituent are listed in Table IV-A.  An "Ingestion
Rate" of 100 milligrams of soil per day was used based primarily on fecal tracer studies 
and account for ingestion of indoor dust as well as outdoor soil.  This value is viewed as 
representative of long-term average daily ingestion rate for children and therefore an 
"Exposure Frequency" of 365 days was used in this study to represent a worst case 
scenario.  "Fraction Ingested" is a term used to account for the fraction of soil that is 

BW * AT
ADD =

CS * IRS * CF * FI * EFig * EDig
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presumed to be contaminated (i.e., bioavailability factor).  A value of "1.0" was used in 
this study to represent total soil contamination, a worst case scenario.

This same formula, Equation 1, was used to calculate LADD for carcinogenic 
constituents.  The exposure duration, ED, for carcinogenic constituents was lengthened 
to 70 years.  The averaging time, AT, was changed to 25,550 days, corresponding to 70 
years.4.1.2 Inhalation  
Table IV-B summarizes the Exposure Concentrations for non-carcinogens and 
carcinogens for each constituent via the inhalation pathway.  The exposure 
concentration for the child playing in soil through the inhalation pathway was calculated 
using the following:

(Equation 2) 

where:
EC (μg/m3) = exposure concentration
CA (μg/m3) = contaminant concentration in air
ET (hours/day) = exposure time
EFi (days/year) = exposure frequency
ED (years) = exposure duration

AT (ED x 365 days/year x 24 hours/day) = averaging time 
Ref.: EPA Risk Assessment Guidance for Inhalation Risk Assessment, page 149  
      

Table IV-B lists each of the factors in calculating EC for each non-carcinogenic 
constituent.  Equation 2 was also used to calculate the EC for carcinogenic constituents.  
The child may be exposed to the constituents in air by inhalation in the particulate or 
vapor state.  The inhalation equation was adjusted to calculate for inorganic compounds
and volatile organic compounds, as discussed below.

AT
EC =

CA * ET * EF *EDih
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4.1.2.1 Inhalation of Particulates (inorganic compounds) 
The "Contaminant Concentration" in inhaled air was estimated using the following 
equation:

(Equation 3) 

where:

CI = Contaminant concentration in inhaled air (mg/m3)
Airmax = Particulate concentration in air (mg/m3)

Cs = Contaminant concentration (mg/kg)
Ref. EPA RAGS - page 6-43, paragraph 6.6.34

For this assessment, a particulate concentration of 5mg/m3 was assumed.  Particulate
concentration below 5 mg/m3 are typically experienced during soil remediation 
activities, so this is presumed to be an upper bound assumption.  

The particulate concentration in the air, Airmax, equals the OSHA PEL for respirable 
particulates (5mg/m3).

The contaminant concentrations in the respirable particulate are the same as in the 
treated soil, Cs. 

Once the "Contaminant Concentration" was calculated, this figure was then used in the 
Inhalation Equation to determine the ADD or LADD for each inorganic compound.

4.1.2.2 Inhalation of Vapors (volatile organic compounds) 

The inhalation exposure concentration for volatile organic compounds were calculated 
using the Volatilization Factor (VF) approach.  This method includes calculation of the 
flux of the contaminant from the soil and the dispersion of the contaminant in the air 
before it reaches the breathing zone.  The equations used in the calculation are:

(Equation 4)

(Equation 5)

CI = Airmax * Cs * 10-6

CI = (Cs/VFs)* Fs

(2 * Pb * DA)
VF (m3/kg) =  (3.14 * DA * T)1/2

Q/C * * 10-4(m2/cm2)
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(Equation 6)

where:

CI = Contaminant concentration in air (mg/m3)
Cs = Contaminant concentration in soil (mg/kg)
Fs = Fraction of soil contaminated
VF = Volatilization factor (m3/kg)
DA = Apparent Diffusivity (cm2/s)
Q/C = Inverse of the mean conc. at center of square source (g/m2-s 

per kg/m3)
T = Exposure intervals (s)
Pb = Dry soil bulk density (g/cm3)

a = Air filled soil porosity (Lair/Soil)
N = Total soil porosity (Lore/Soil)

w = Water filled soil porosity (Later/Soil)
Ps = Soil particulate density (g/cm3)
DI = Diffusivity in air (cm2/s)
H' = Henry's Law constant
Dw = Diffusivity in water (cm2/s)
Kd = Soil water partition coefficient (cm3/g) = KocFoc

Koc = Soil organic carbon water partition coefficient (cm3/g)
Foc = Organic carbon content of soil (g/g)

Ref.: EPA Soil Screening Guidance - Equation 65

Table V-A presents the values used for the variables to calculate the Apparent 
Diffusivity, DA, in Equation 6.  Once apparent diffusivity was determined, the 
Volatilization Factor in Equation 5, VF, could be calculated.  Using VF and the 
concentration of a constituent in soil, Cs, the contaminant concentration in air was 
determined according to Equation 4.  VF values are presented in Table V-B.  For 
"Fraction of Soil Contaminated", 100% or one (1.0) was used assuming total soil 
contamination. The resulting contaminant concentration in air is listed as "CA" in the 
first column of Table IV-B, expressed in terms of g/m3. 4.1.3 Dermal Contact 
Table IV-C list the Average Daily Doses for non-carcinogens and Lifetime Average Daily 
Doses for carcinogens for each constituent via dermal exposure from soil.  The average 
daily dose to the child playing in soil through the dermal pathway was calculated using 
the following:

Pb * Kd + w + a * H'
DA =

[( a
10/3 * Di * H' + w

10/3 * Dw) / n2]
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(Equation 7) 

(Equation 8) 

where:

DAD = Dermally Absorbed Dose (mg/kg-day)
DAE = Absorbed dose per event (mg/cm2 -event)
CSOIL = Contaminant concentration in soil (mg/kg)
AF = Adherence factor of soil to skin (mg/cm2 -event)

ABS = Absorption fraction
EVd = Event frequency (events/day)
EDd = Exposure duration (years)
EFd = Exposure frequency (days/year)
SA = Skin surface area available for contact (cm2)
BW = Body weight (kg)
AT = Averaging Time, (days)

Ref.: EPA Risk Assessment Guidance for Dermal Risk Assessment, page 3-206

Before the DAD can be calculated, the dermally absorbed dose, DAE, must be 
determined.  

Assuming upper bound limits for exposure to contaminants, a value of 0.2 mg/cm2-
event was used as the adherence factor of soil to skin according to the EPA RAGS 
Guidance6. 

The absorption fraction, ABS, was only applied to acetone, the volatile chemical 
constituents.  With AF equaling 1.0 (upper bound), and ABS assumed to be 1.0 (upper 
bound), the absorbed dose per event in the Equation 8 is equivalent to the soil 
concentration of acetone (DAE = CSOIL).  Once the DAE was determined from equation 8,
it was used to estimate the DAD.  

For the purpose of this assessment, it was assumed that 25% of total body surface of a 
9-year-old female child was available for contact.  Based on EPA RAGS Guidance6,
outdoor soil exposure frequency for older children is estimated at 350 days per year.

BW * AT
DAD =

DAE * EVd * EDd * EFd * SA

DAE = CSOIL * AF * ABS1
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4.2 Exposure during Application of AGSS-ICS 
Exposure to AGSS-ICS during application was also evaluated as part of the risk 
assessment.  For the purpose of this evaluation, a nine-year-old boy was presumed to 
be the exposed population, which is presumed to represent an upper bound estimate of 
risk.

Experimental studies have demonstrated that the internal dose of chloroform from 
showering (inhalation and dermal) can be comparable to the exposure dose resulting 
from drinking the water (Jo et al. 1990a and b).  An upper limit for exposures to 
contaminants would assume an ingestion rate of 2L/day for a nine-year-old boy 
applying the diluted solution.  Therefore, the ADD of ingestion for a child applying the 
diluted concentration was calculated using the following:
________________________________________________________________

        (Equation 9) 

where:
   
ADD = Average daily dose (mg/kg/day)

C = Contaminant Concentration in the AGSS-ICS solution (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (2 applications per year for 30 years*)
BW = Body weight, average (kg)
AT = Averaging time, (days)

*70 years for carcinogenic constituents
Ref.: ATSDR Public Health Assessment Guidance Manual: Appendix G

5. RISK CHARACTERIZATION 

To characterize potential non-carcinogenic effects, comparisons were made between 
projected intakes of substances and toxicity values; to characterize potential 
carcinogenic effects, probabilities that an individual will develop cancer over a lifetime 
of exposure are estimated from projected intakes and chemical-specific dose-response 
information.5.1 Non-Carcinogenic Effects 
The potential for non-carcinogenic effects is evaluated by comparing an exposure level 
over a specified time period with a reference dose derived for a similar exposure period.  
This calculated ratio of exposure and toxicity is called a "Hazard Quotient" and the 
equation is given below:

BW * AT
ADD 

C * IR * EF
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(Equation 12)

where:

ADDig = Average Daily Dose, ingestion
ADDih = Average Daily Dose, inhalation
ADDd = Average Daily Dose, dermal
RfD = Reference Dose (specific to each exposure route)

Ref. EPA Risk Assessment Guidance for Superfund - page 8-114

A hazard quotient for each non-carcinogenic constituent of AGSS-ICS was calculated 
using this equation.  Results are presented in Table II.  Hazard quotients for individual 
constituents were on the order of 1 in 10,000 (10-4) or less.  This means that the 
hazard quotient is one ten thousandth or less than the EPA risk criteria for each 
respective chemical.  By comparison a value over 1.0 would mean that the exposure 
has exceeded EPA risk criteria.

To assess the overall potential for non-carcinogenic affects for all constituents of AGSS-
ICS, a "Hazard Index" was calculated based on the following equation:

(Equation 13)

where:

HQn = Hazard Quotient for each constituent

Ref. EPA Risk Assessment Guidance for Superfund - page 8-134

The hazard index of 1.15x10-3 for non-carcinogenic constituents in AGSS-ICS is 
presented at the bottom of Table II.  This means that the combined hazard index, 
considering all non-carcinogenic constituents, is approximately one thousandth.  A value 
over 1.0 would mean that EPA risk criteria for combined constituents has been 
exceeded.5.2 Carcinogenic Effects 
Risks are estimated as the incremental probability of an individual developing cancer 
over a lifetime as a result of exposure to the potential carcinogen.  The slope factor 
converts estimated daily intakes averaged over a lifetime of exposure directly to 
incremental risk of an individual developing cancer.  Because low intakes (LADD) were 

Non-cancer Hazard Quotient = ADDig/RfD + ADDih/RfD + ADDd/RfD

Non-cancer Hazard Index = HQ1 + HQ2+ . . .  +HQi
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calculated, it is assumed that the does-response relationship will be linear in the low-
dose portion of the multi-stage model dose-response curve.  Thus, the linear form of 
the carcinogenic risk equations is applicable and listed below:

(Equation 14)

where:

Risk = Unitless probability of an individual developing cancer
LADD = Lifetime average daily dose

Sf = Slope factor
Ref. EPA Risk Assessment Guidance for Superfund - page 8-64

Cancer risk for each carcinogenic constituent of AGSS-ICS was calculated using this 
equation.  Results are presented at the bottom of Table II under "Cancer Risk".  All 
levels were on the order of 10-10 or less.  EPA risk criteria for an individual chemical 
carcinogen is based on a one-in-a-million, or 10-6, individual excess cancer risk for 
carcinogens. The calculated risk for an individual chemical is at least four orders of 
magnitude below this criteria.  

Summation of all cancer risks was calculated to assess the overall "Total Cancer Risk" 
for carcinogenic constituents of AGSS-ICS and is listed at the bottom of Table II.  The 
combined cancer risk is 3.60x10-10.  This is four orders of magnitude below the EPA 
criteria of 10-4 to 10-6 for combinations of chemicals.

6. DISCUSSION 

There are numerous uncertainties associated with conducting a risk assessment rather 
than performing exposure sampling.  Worst-case assumptions were applied to represent 
an upper bound estimate of risk. Some of these uncertainties are discussed here:

o For the purpose of this assessment, it was conservatively assumed that AGSS-ICS 
was applied to an area of 2,500 square feet at a depth of one foot. Used as 
intended to treat soil to a depth of seven to eleven feet, the concentration in the 
soil would be approximately seven to eleven times lower than estimated, which 
would result in exposures much lower than those estimated here.  Likewise, if the 
solution only penetrated inches into the soil, the concentration in the soil and 
resultant dose would be higher.

Risk = LADD * Sf
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o The use of a nine-year-old boy as the exposed population significantly over 
estimates the risk if the exposed population consists of adults.  Using adults in the 
exposure model could results in risks estimates two to three times lower. 

o The assumption that AGSS-ICS is applied twice a year for 30 years is expected to 
over estimate risk from actual use by a factor of two to fifteen. 

  
7. CONCLUSION 

Using EPA prescribed methodology, calculations demonstrate that risk criteria for non-
carcinogenic and carcinogenic chemicals are far below EPA risk criteria.  This is also 
when considering combined affect of the constituents.

Please contact us if you have any questions about this assessment.

Casey Wallace
PCA Health and Safety Consultants, Inc.
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