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DATE: izt 19, 1992

SUBJECT: Evaluation of Landfill Soil Cover Criteria

A copy of the comparison of the Landfill Soil Cover Criteria
and soil levels derived using risk assessment methodology is
attached for your information and review.

Four Risk management criteria were used:

o Hazard Indices of 0.2 and 1 for consideration of
noncancer effects

o Excess Lifetime Cancer Risks of 1/1,000,000 and 1/100,000
for consideration of cancer effects

Conservative assumptions regarding the toxicity of the
chemicals and the exposure to soil were used in the calculations.

Comparison to soil levels derived in accordance with the most
conservative risk management criteria of Excess Lifetime Cancer
Risk of one in a million and a Hazard Index of 0.2 showed that the
Criteria exceeded the calculated soil levels in 3 cases: arsenic,
benzo-a-pyrene, and hexavalent chromium. There were no exceeding
Criteria when soil levels calculated using a 30-year exposure
period, an Excess Lifetime Cancer Risk of one in a hundred thousand
and a Hazard Index of 1 were compared to one criteria.
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We recommend that the group meet to discuss this work and
focus on these issues:

1. Should additional work be undertaken to refine the risk
assessment for arsenic, benzo-a-pyrene and hexavalent
chromium? : ’

2. Should the Landfill Cover Criteria meet a particular set of

risk management criteria?

3. Should future statewide policies for soil used as landfill
" cover incorporate <changes based on risk  assessment
evaluations? '

We would be pleased to meet with you to discuss these issues.
Thank you.



COMPARISON OF LANDFILL SOIL COVER CRITERIA TO SOIL LEVELS DERIVED
USING RISK ASSESSMENT METHODOLOGY

Prepared by the Office of Research and Standards, Massachusetts Department of.

Environmental Protection, One Winter St., Boston, MA 02108

I. Purpose

A request was received from the Bureau of Solid Waste for a
comparison of the Landfill Soil Cover Criteria with soil levels
derived for protection of human health using risk assessment
methodology.

The approach used in the evaluation was to derive levels of
chemicals in soil that would be without adverse effects for people
living adjacent to the active portion of the landfill. The
derivation included the use of conservative assumptions and a range
of risk management criteria for considering cancer and noncancer
- effects. These derived levels were compared to the Landfill Soil
Cover Criteria to determine the protectiveness of the Criteria.
Additional work to incorporate more specific risk assessment
assumptlons to refine the derived soil levels could be undertaken
if 1t is determined necessary.

II. Summary and conclusions

Soil levels were derived using risk assessment procedures and
risk management criteria for arsenic, cadmium, trivalent chromium,
hexavalent chromium, lead, inorganic mercury, polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), selenium,
vanadium, and vinyl chloride.

Risk management criteria used in that derivation were Hazard
Indices (HI) of 1.0 and 0.2 and Excess Lifetime Cancer Risks (ELCR)
of one in a million and one in‘'a hundred thousand. It was assumed

that exposure would be by inhalation of airborne soil from the

landfill. It was also assumed that the U.S. EPA Air Quality
Standards for particulates would not be exceeded. The analysis was
conducted with consideration of various receptor age groups and
exposure durations ranging from 90 days to 75 years. However, the

exposure durations of 30 years or less are more realistic for

landfill soil cover evaluations.
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These soil levels were compared to the Landfill Soil Cover
Criteria. Comparison to soil levels derived using a 30-year
exposure period and in accordance with the most conservative risk
management criteria of ELCR at one in a million and HI of 0.2
showed that the Criteria exceeded the calculated soil levels for
arsenic, benzo(a)pyrene, and hexavalent chromium. There were no
" exceeding Criteria when comparlsons were made to soil levels
calculated using an exposure period of 30 years, an ELCR of one in
a hundred thousand and a HI of one.

The results of critical analyses are summarlzed in the
accompanylng table.

DERIVED CHEMICAL LEVELS (MG/KG) FOR LANDFILL SOILS :
WHICH WOULD BE &I THOUT ADVERSE EFFECTS AT AN ADJACENT RESIDENCE

e — -
THRESHOLD EFFECTS: CANCER: AGE 2<5 YR CANCER: AGE 0<30 YEAR
LOWEST SOIL LEVEL EXPOSURE EXPOSURE
CHEMICAL »
Hi=l | -Hi=.2 ELCR=1E-5 | ELCR=1E-6 | ELCR=1E-5 | ELCR=1E-6 ||
wmg/kg in | ma/kg in | mgskg in wmg/kg in mg/kg in | mg/kg in
soil soil soil soil soil soi l
ARSENIC 8621 | 1ma2 633 6 127
CADMIUM 7522 1504 5855 586 1171 117
TRIVALENT 3E+07 GE+06 |
CHROMIUM
HEXAVALENT 1984 4355 871
CHROMIUM (20%)
LEAD v .
INORGANIC 5043 1189
MERCURY
PAH 2E+05 4E+05 3546 355 709
PCB 217 43 1015 102 203 20
SELENIUM 6E+04 1E+04
VANAD UM 25547 5109
VINYL CHLORIDE 36680 7336 5040 504 1008 101
|- : ———-———,_ — e ssid

The shaded cells with derived soil levels show that the derived soil level was lower than the Landfill
Criteria for the conditions specified.

This assessment indicates that the Landfill Soil Cover
Criteria would be below the so0il levels derived using risk
management criteria generally used by regulatory agencies.
However, under the conditions of the assumptions chosen, the
Criteria do not meet the risk management criteria of the Bureau of
Waste Site Cleanup Program. .
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For informational purposes, soil levels were similarly derived
for a residential scenario. Results indicate that the Landfill
Criteria represent concentrations of chemicals that would not be
protective of human health if such soil were placed in residential
areas.

The-values presented here should not be taken as protective of
the landfill worker. That type of exposure should be evaluated
using an industrial scenario and the increased exposure to soil
experienced by remaining in the dusty area for the entire shift.

III. Derivation of soil levels

'A. Risk management criteria

Risk management criteria are values used in many environmental
regulatory programs to determine that adverse health effects would
be unlikely or are not significant when an individual's exposure
and estimated risk is equal to or less than these criteria. The
risk management criteria used include the Hazard Index (HI) and the
Excess Lifetime Cancer Risk (ELCR).

For noncarcinogenic effects, it is assumed that a threshold
~dose is required before adverse effects result. The Hazard Index
is the measure used for estimating the risk of potential
noncarcinogenic health effects. It is based on the comparison of
an individual's exposure to that chemical and the dose of the
chemical at which no adverse health effects would be expected
(Allowable Daily Intake or EPA Reference Dose).

For the estimation of cancer risk, it is generally assumed
that there is no threshold dose, and that any exposure to a
carcinogenic substance is associated with some risk. As exposure
increases, the incidence of cancer is expected to increase. The
Excess Lifetime Cancer Risk is the risk management criterion that
is set for considering cancer risk and is considered to be an upper
bound probability of the 1likelihood of developing cancer as a
result of a given exposure. It is calculated as the product of an
individual's quantified exposure and the carcinogenic potency of a
chemical.
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A total of four alternative risk management criteria for
evaluating noncancer and cancer effects were utlllzed for deriving
chemical specific soil levels:

o Hazard Index - values of 1.0 and 0.2 for consideration
: of noncancer effects
o Cancer Risk - one in a million and one in a hundred
thousand for cancer effects

These risk management criteria are in accordance with current
environmental regulatory programs. Currently, Massachusetts and
U.S. EPA waste site cleanup programs use a Hazard Index of 0.2 and
1.0, respectively, for evaluating and remediating sites. In
addition, ORS typically sets medium-specific guidelines at a one in
a million cancer risk and the Massachusetts waste site cleanup
program uses a total (or cumulatlve) site cancer risk of one in a
hundred thousand.

B. Equations

For a glvén Hazard Index, the following equation was used to
calculate a soil level based on noncancer or threshold effects of
a chemical: :

CHEMsoil = Hazard Index / [SUM {(ADDsoil * AF) / ADI}]
where:

ADI = Average daily rate of intake or absorbed dose of a
chemical to which a person can be exposed over a defined
‘ period of time without suffering a deleterious effect.
ADDsoil = Average daily soil exposure rate to soil for a defined
‘ route over a defined period of time calculated with an
averging period egqual to the exposure period

AF = Adjustment factor required to relate the exposure
conditions relative to the ADI and the ADDsoil
calculatlon
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To derive soil levels based on cancer or nonthreshold effects
of a chemical for a given ELCR value, the following equatlon was
used:

CHEMsoil = ELCR * {1 / [SUM(CSF * LADDsoil * AF)}

where:
ELCR = Specific Excess Lifetime Cancer Risk _
C8F = The Cancer Slope Factor is a measure of the incidence of

cancer per unit of dose. It is specific to the route
- and medium of exposure for a chemical.
LADDsoil = Average daily soil exposure rate to soil for a defined
‘ route over a defined perlod of time calculated with a
lifetime averaging period.
AF = Adjustment factor required to relate the exposure
- conditions relative to the CSF and LADDsoil calculations

C. Toxicity data

Toxicity data provided by the U.S. EPA was given preference
for use in these calculations. For noncancer effects, the Oral
Reference Dose and Inhalation Reference Concentration listed in the
U.S. EPA Integrated Risk Information System (IRIS) or in the U.S.
EPA Health Effects Assessment Summary Tables (HEAST) were used when
available. For cancer effects, the U.S. EPA Cancer Slope Factors
(CSF) in IRIS and HEAST were used when available. When these
toxicity values were not available in the U.S. EPA publications,
values derived by ORS from toxicity 1nformatlon in the current
literature were used. _ ,

Table 1 contains a summary of the toxicity values for the
evaluated chemicals; the sources of these values are described in
the Table footnotes.
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TABLE 1.

TOXICITY VALUES FOR EVALUATED

CHEMICALS

ORAL ‘ I

INHALAT1ON
“ TOXICITY VALUE: AD] AD] CSF ADI - ADl CSF I
EXPOSURE PERIOD: CﬁRWlC SUBCHRONIC LIFETIME CHRONIC SUBCHRONIC LIFETIME
UNITS: MG/KG/DAY MG/KG/DAY 1/7(NG/KG/DAY) MG/KG/DAY HG/XG/DAY 1/(MG/KG/DAY)
CHEMICAL: _ )
8.6E-07 (d) 8.6E-07 (d) 50 (b) 3.0E-04 (a) | 3.0E-04 (b) 1.8 (d)
BaP 5.8 (f)
CADMIUM 5.76-06 (c) | 5.7€-06 (c) 6.1 (a) 1.06-03 (b) 1.%;03
CHROMIUM (TRI) 1.0E+00 1.0E+00
CHROMIUM (HEX) .S57E-06 (d) S7E-06 (d) 41 (a) 0.005 (a) 0.02 (b)
LEAD: ADULT 1.0E-04 (e) 1.0E-04 (e)
CHILD (2 2.0E-04 (&) 2.0E-04 (e)
YEAR OLD)
MERCURY 8.6E-05 8.6E-05 3.0E-04 3.0E-04
(METAL) (b) C(HETAL) (b) CINORGANIC) INORGANIC
(b) {b)
MAPHTHALENE 2.0E-02 (c) 2.0E-02 (c) 4.0E-03 (f) | 4.0E-03 ' (f)
PCBS ‘ 5.0E-06 () | 5.0E-05 (&) 7.7 (a)
SELENTUM 8.6E-04 (c) 8.6E-04 (c) 5,0E-03 (a) 5.0E-03 (b)
VANADIUM 3.0E-04 (¢) | 3.0E-04 (¢) 7.0E-03 (b) | 7.0E-03 (b)
VINYL CHLORIDE 4.96-03 (c) | 8.6E-02 (b) 0.3 (b) 1.0E-03 ¢d) | 1.0E-03 (d) 1.9 (b)
Notes for Table 1.
a). U.S. EPA IRIS database, 1992
b). U.s. EPA HEAST, (1992)
€). ORS Guidance Document, 1989
d). ©Prepared by ORs staff for use with the "shortform” (ORS, 1992c).
Inhalation ADI values were calculated from Inhalation Reference

Concentrations by multiplying the Reference Concentration (mg/cu.m) by
.1/70 kg and 20 cu.m/day.

e).

and lead (ORS 1992 a, b).

Prepared by ORS staff for use in derivation of soil levels of PCBs
The lead value is based on the blood lead

increment between the target blood lead level and the baseline blogd lead

level.

The PCB ADI is based on immunological effects.

£f). U.S. EPA OSWER directive (Poirier, 1992)
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In the absence of data which would allow a more specific
approach, the chronic ADI was used for subchronic exposures as well
as for chronic exposures. In the absence of data for tox1c1ty
values for the inhalation route and no localized effects in the
lung, the oral route toxicity data were applied.

The toxicity criteria values for some chemicals were
calculated in a slightly different way from the U.S. EPA values.
In the case of lead, the calculations are performed with an ADI
based on incremental absorbed dose. This absorbed dose is already
0.2 times the target ADI for lead. The derived soil level
corresponds to one at a Hazard Index of 0.2.

The cadmium ADI was calculated with consideration of all
sources of exposure. The soil level derived using that ADI would
not need to be adjusted further in order to compensate for off-site
‘exposure.

In the case of arsenic, the inhalation route carcinogenicity
data were derived from exposure to arsenic trioxide as a fine
particle not adsorbed to soil. This is highly conservative in that
arsenic pentoxide rather than trioxide is more likely to be the
major form of arsenic in soil, and absorption of chemicals from
soil may be less than if they are in the air as fine particles of
the pure substance. The probable difference in absorption was not
factored in. The cancer slope factor for arsenic trioxide was used
for the pentoxide form of arsenic based upon EPA recommendations.

In two cases, chromium and PAHs, it was assumed that only a
portion of the assayed chemical would produce specific toxic
effects. In the case of chromium, a separate soil 1level was
calculated for each of the following conditions: all trivalent
chromium, noncarcinogenic effects; 20% hexavalent chromium,
noncarcinogenic effects; 20% hexavalent chromium, cancer effects.
In the case of PAHs, it was assumed that the mixture would be
composed of 40% carcinogenic forms (represented by BaP) and 60%
non-carcinogenic forms (represented by naphthalene). These
variations in the concentration of the active form of the chemical
are included in the calculations as Adjustment Factors (AF)
together with factors used to adjust absorption efficiencies
between media and route of exposure. :

The absorption efficiencies used in the calculations are
summarized in Table 2. "Absorption efficiencies included in Table
2 are derived from literature search or assumed as values
protective of health. No adjustment was made for soil as a carrier
medium unless data on absorption from soil was available.
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TABLE 2.

ABSORPTION EFFICIENCIES USED IN THE CALCULATION OF SOIL LEVELS

ROUTE-SPECI Flﬁ ABSORPTION EFFICIENCY

ORAL ALVEOLAR  DERMAL
ARSENIC 0.98 o 0.85 ¢ 0.03 2
BaP 0.91a 0.70 ¢ 0.18 a
CADMIUM 0.06 b 0.60b  0.001 d
CHROMILM CTRI) 0.11a  0.10¢  0.01
CHROMIUM CHEX) 0.11 ¢ 0.25 ¢ 0.01 a
sz-yw OLD CHILD: 0.50 b 1.00 b 0.0006 b
ADULT: 0.10 b 1.00 b 0.0006 b
MERCURY, ELEMENTAL 0.85 ¢
INORGANIC 0.15 o . 0.85¢  0.01a
0.075 (soil matrix)a
NAPHTHALENE 1.00 a 1.00 d 0.1a
PCBs 1.00b ~ 1.00 b 0.05 b
SELENIUM 0.60 ¢ 0.70 ¢ 0.01 d
VANADTUNM 1.00 d 1.00 d 0.01 d
VINYL CHLORIDE 0.98 a 0.64 ¢ 0.12

Notes for Table 2:

a
b

a0

ORS, 1992¢ Literature derived values for use in the "Shortform”.

ORS, 1992a,b
chemicals
owen, 1990

Literature search for derivation of soil levels for these

pefault assumption conservative of human health (ORs, 1989)
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D. Exposure assumptions
1. Scenarios

Two exposure scenarios were evaluated. Scenario A is an
evaluation for residential soils in cases where gardening is not
performed in the scil. This scenario is included for informational
purposes only. The receptor is a female who is exposed to chemicals
in soil by direct ingestion, dermal contact, and inhalation of
airborne soil particles. '

Scenario B is a conservative evaluation for soils that would
be used as landfill cover when there is the possibility of exposure
of receptors in a residence adjacent to the landfill. The receptor
evaluated is a female who lives in a residence adjacent to an
operating landfill and who is exposed only by inhalation of
airborne soil particles from the landfill. Airborne particulate
material is assumed to be monitored and to not exceed the U.S EPA
Air Quality Standards for particulate mart:tc.er.3 These standards are
set as 50 ug/m’ (annual average) and 150 ug/m  (24-hour average).

2. Soil exposure

. Details of the derivation of the assumptions are provided in
another document (ORS,1991).

For both Scenarios, soil levels were calculated based on
exposure during various periods of the lifetime. Exposure during
Age 1 to 2 years (during three summer months), during Age 1 to B8
years, and during -0 to 75 years of age represent periods when
maximum exposure is received from a subchronic, chronic and
lifetime exposure, respectively. Soil levels based on exposure for
three years and during Age 0 to 30 years were included at the
request of the Bureau of Solid Waste.

As shown in Section III.B., the equations used for calculation
of concentration of chemicals in soil contain the terms ADDsoil and
LADDsoil. These terms represent the average daily dose of soil
with which a receptor comes into contact by a particular pathway.
ADDsoil represents the average daily dose when the averaging period
is the period of exposure. LADDsoil represents the average daily
dose when the averaging period is the lifetime. All other factors
used in calculation of these terms are the same. Details of the
- calculation of the average daily dose are provided in another
document (ORS, 1991). A brief description of the assumptions and
procedures is included here for convenient reference.
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a. Assumptions used in calculation of soil exposure by
direct ingestion and dermal contact (Scenario A only)

Exposures by the soil ingestion and dermal contact routes are
assumed to occur outdoors in that portion of the year when the
receptor would be out of doors and not completely covered by
clothing. Exposure is assumed to occur on an average of 5 out of
7 days. These considerations result in at most 153 days per year
having exposure events. On these days, the average daily soil
ingestion rate is assumed to be 100 mg/day for children under 6
years old, and 50 mg/day for other receptors. The average exposure
by the dermal route varies in accordance with the size of the body
exposed. The hands, feet, arms and legs were assumed to be all or
partially exposed. Age-specific values were used for these surface
areas. A soil mass of 0.51 mg per square centimeter of exposed
skin is assumed. ' '

Because the small child is also exposed by floor activity
indoors, an estimate of indoor exposure is also given for children
aged 1 to 6 years for the additional 212 days. Exposure events are
assumed to occur on an average of 5 out of 7 days. The average
daily soil intake is estimated by considering the duration of floor
activity (7 hours for ages 1 to 6), the number of times the hand is
mouthed per hour (9 times), the surface area mouthed (1/2 of 1 .
finge{), and the amount of soil on the surface area mouthed (0.056
mg/cm’ of dust, of which 80% is from soil).

b. Assumptlons used for calculation of average daily
intake of air (Scenarlos A and B)

Exposure by the inhalation route is assumed to occur on every
" day. The receptor aged 0 to 6 years is assumed to be at home for
24 hours per day; aged 6 to 18 years, for an average of 12 hours
per day; and aged 18 to 75 years, for an average of 16 hours per
day. Air intake is assumed to vary with age, ranging from 0.21
cubic meters/hour for a 1 year old to 0.83 cubic meters/hour for an
adult. Considering the time spent at home, the average hourly air
intake, and the body weight, the average daily air intake (cubic
meters/kg/day) was found to range from 0.16 for the 11 to 12 year
old child to 0.46 for the 1 to 2 year old child.
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c. Averaging procedures

For calculation of the average daily dose of soil or air
received for the period, the total amount received is divided by
the average body weight of the receptor in the exposure period and
by the number of days in the averaging period. This results in an
average daily soil intake expressed as mg soil per kg body weight
. per day or cubic meter of air per kg body weight per day.

For exposure periods of 1 year the yearly average for exposure
by these pathways would be used. For periods over 1 year, the
annual exposure rates are averaged using either the exposure period
as the averaging period (to obtain ADD values) or the lifetime, 75
years, (to obtain LADD values). For periods under 1 year, exposure
.during 3 summer months is used, and the averaging period is either
the 3 months (ADD values) or 75 years (LADD values). Because of
the intensity of exposure during these summer months, this type of
exposure results in the greatest ADD values for soil ingestion and
- dermal contact. Although the LADD values are calculated for a 3-
month exposure for comparison purposes, their routine use in
regulatory decisions is not advocated. This is because the Cancer
Slope Factors are derived from a near-lifetime exposure of animals,
and the extrapolatlcn to an effect that could occur in 75 years to
one that mlght occur in 3 months involves several assumptlons that
'would result in a high rate of uncertainty.

d. Concentration of particles in the air

Discussion of the importance of different sized particles-to
human health is glven in Casarett and Doull's Toxicology (Amdur et
al., 1986) and is briefly summarized here. Particles hav1ng an
. aerodynamic diameter greater than 30um are not of importance in the
inhalation exposure route. Those having an aerodynamic diameter
between 5 and 20 um are trapped in the nasopharyngeal region, those
with an aerodynamic diameter between 1 and 5 um may enter the
bronchiolar region, and only those with diameters <1 enter the
alveolar region. Particles with an aerodynamlc diameter of less
" than 10 um (PM10) are considered of importance in regulation of air
quality, and the U.S. Air Quality Standards apply to PM10O.

The mass of soil as particles with aerodynamic diameters of
10-30 um is expected to be increased considerably in Scenario B
because of the soil disturbance activity at the landfill. ' This
will result in an increased exposure when particles cleared from
the respiratory tract are swallowed. Particles with an aerodynamic
diameter of less than 30 um (PM30) are therefore considered in the
evaluation of Scenario B.
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As a conservative assumption, it is assumed that the amount of
soil in the air is the same whether the receptor is indoors or
outdoors. Thus the following discussion on alr-borne soil particles
applies to both indoor and outdoor air.

Three situations are postulated for exposure by inhalation of
soil particles. The first applies to Scenario A; relevant values
are summarized in Table 3a. An average PM10 mass of 44 ug/m’ of air
was measured during air quality monitoring by the Division of Air
Quality Control (DAQC, 1987). It was assumed that the proportion
of particles from soil was 50% and the proportion of PM10 deposited
in the pulmonary region was 50% (ORS, 1991). These values taken
together give 11 ug/cublc meter of 5011 deposited in the pulmonary
region.

Calculations were made to derive the proportion of mass
between PM30 and PM10, and this was assumed to be incidentally
ingested after inhalation. This is a highly conservative
assumptlcn. These values are also shown in Table 3a. Information
from the Division of Air Quality Control showed that the PM10 was
approxlmately 42% of the Total Suspended Particle (TSP) mass (Lane,
1991). Using this information and a PM10 mass of 44 ug/cubic
meter, it was possible to calculate the TSP mass as 105 ug/cubic
meter. A survey in the Boston area (Thurston and Spengler (1987)
found that all of the soil mass in the sampled area was in
particles less than 30 um in diameter (all PM30). This indicated
that the total ambient TSP mass could be considered as PM30 in the
absence of construction or other soil-disturbing activities.
Subtraction of the PM10 mass gave the proportion of mass that would
be between PM30 and PM10 as 58%. The PM10 that was not deposited
~in the lung was also assumed to be 1ngested. This gave a total of
42 ug ingested soil per cubic meter air inhaled. Since the impact
of this amount of soil would be negllglble when the direct
ingestion of soil by the oral route is considered, 1t was not
factored in for Scenario A.

The second situation applies to Scenario B when exposure is’
considered for over 1 year. Relevant values are summarized in
Table 3b. In that case, it is assumed that the yearly average PM10
will be 50 ug/cubic meter of air. The proportion of TSP that is
PM10 is assumed to be 0.42 in this case as well. However, the non-
soil mass that is present in the absence of being adjacent to a
landfill (as in Scenario A) is considered as baseline, and is
subtracted from the total PM10 mass. This results in a PM10 mass
from soil which is 50 * 0.56 or 28 ug/cubic meter; the proportion
deposited in the lungs is assumed to be 0.5. The resultant mass
deposited in the pulmonary region is 14 ug/cubic meter. The total
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ingested soil was found to be 50 ug/m3 and was included in the
calculations for this scenario because in this case, ingested soil
could have an influence on the calculated soil level.

The third situation applies to Scenario B when exposure is
considered for less than 1 year. Values relevant to this are
summarized in Table 3c. In that case, it is assumed that the yearly
average PM10 of 50 ug/cubic meter of air will not be exceeded for
the year in question. If it is assumed that the PM10 can reach an
average of 150 ug/cubic meter of air on some days but averages 44
ug/cubic meter of air on all other days, then the number of days
with an average of 150 ug/cubic meter of air can be approximately
20 without exceeding a yearly average of 50 ug/cubic meter. It is
assumed that these 20 days are distributed over the 3 summer
months, but that they are not consecutive.

-When soil 1is disturbed, particles of varying sizes are
released. The U.S. EPA model for size of particles released under
soil tilling conditions indicates that the proportion of particles
that is PM10 is 0.21, and the proportion that is PM30 is 0.33. It
is assumed that these values may be used to estimate the so0il
exposure by inhalation on the days when the PM10 reaches 150 ug/m.
In order to estimate the average for the 3-month period of
exposure, it was assumed that the soil masses ingested or reaching
the lung were as in Table 3a for 70 days, but that they were as
shown in Table 3c for 20 days. This results in average values of
23 ug/cubic meter of air for PM10 and 36 ug/cubic meter of air for
particles between PM30 and PM10.
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JABLE 3a. ASSUMPTIONS FOR CALCULATION OF DISPOSITION OF AIR-BORNE SOIL

PARTICLES IN THE ABSENCE OF LANDFILL EXPOSURE ‘
PARTICLE SIZE PROPORT ION UG/CU.H PROPORTION PROPORT ION UG/CU.K PROPORT ION UG/Cu. K
BY SIZE FROM SOIL DEPOSITED IN DEPOSITED IN INGESTED INGESTED
PULMONARY REGION PULMONARY
REGION

PM10 0.42 1A 0.5 0.5 11 0.5 11

PM30-PH10 0.58 61 0.5 0 0 1 31

P30 1.0 105 0.5 1" 42
(total) (total) (total) (total)

It is sssumed that TSP is equal to particles <30 um (Thurston and Spengler, 1983).

In Scenario A, sll ingested sofl is included in the 100 mg/day average daily intake.
therefore not factored in when the soil ingestion route is considered.

The values are shown for comparative purposes only.

The amount sualloue& after inhalation is.

TABLE 3b. ASSUMPTIONS FOR CALCULATION OF DISPOSITION dF AIR-BORNE SOIL [FROM THE LANDFILL WHEN EXPOSURE IS >1 YEAR
P - ————
PARTICLE SIZE PROPORT ION UG/CU. ¥ PROPORTION PROPORTION UG/CU.M PROPORTION UG/CU.H
’ 8Y SIZE FROM SOIL DEPOSITED IN DEPOSITED IN INGESTED INGESTED
PULMONARY REGION PULMONARY A
REGION
PM10 © 0.62 50 (50-22)/50 0.5 14 0.5 1%
0.56
PH30-PM10 0.58 69 (69-31)/69 0 0 1 36
PH30 1.0 119 1% 50
(total) (total) (total)
e —— e m

The PH10 value i{s set equal to the U.S. standard of 50 ug/m3 (yearly average). The proportion of PH10 is left at the same level a3 the average
exposure to be conservative of the amount of inhalation exposure.

It is assumed that the TSP {8 equal to the PM30 as a conservative measure.
The amount of non-soil particulate material from Table 3a is subtracted from the total mass in Table 3b to obtain the soil masa.
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TABLE 3c. ~ASSlHPleNS FOR CALCULATION OF DISPOSITION OF AIR-BORNE SOIL PARTICLES FROM A LANDFILL WHEH EXPOSURE IS FOR LESS THAN A YEAR

PARTICLE PROPORTION UG/CU.M PROPORTION FROM PROPORTION UG soiL/ PROPORTION | UG SOIL/ QUARTERLY
SI1ZE BY SI2E SOIL DEPOSITED CU.M AIR INGESTED CU.M AIR AVERAGES:
i : IN DEPOSITED B INGESTED UG SOIL/CU.M AIR
PULMONARY IN .
REGION PULMONARY
REGION
INGESTED
LUNG -
PM10 .21 150 (150-22)7 150 .5 64 ‘ .5 64 23 23
PM30-PHM10 .33-.21= 86 (86-31)/86 : 0 0 1 55 " 0 36
.12 . .64
714 64 19 23 59
(total . (total) (total) (total) (total)
1SP)
e — —

+

It is assumed that the PM30 is equal to 0.33 TSP, and that the PM10 1s equal to 0 21 TSP in accordance with a sofl tﬂlim model used by the U.S. EPA
(U.S. EPA, 1989).

The quarterly averages were calculated assuming exposure for 70 days as in Table 3a and for 20 days as in Table 3c. The calculations are shown belou:
PM10 deposited in lungs: [(11%70)+(64*20)1/90 = 23 ug sofl/cu.m air, '
PM30 swallowed: PM10 not In lungs (23) + C[(31*70)+(55%20)1/90) = 59 ug soil/cu.m air.
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Iv. Calculation

Spreadsheets showing how the soil levels were calculated using
a computerized process are reproduced in the Appendix. Tables in
the Appendix with the prefix "1" contain the calculations for soil
levels based on threshold effects (noncarcinogenic) of the
chemicals, and those with the prefix "2" contain the calculations
for soil levels based on cancer effects (nonthreshold effects) of
the chemical.

V. Results and discussion
A. Scenario A, residential soil levels

For the residential exposure conditions (Scenario a), the soil
levels based on cancer and non-cancer effects are summarized in
Table 4 in the unshaded columns. The source of the toxicity data,
Cancer Slope Factor (CSF) and Acceptable Daily Intake (ADI) is
shown so that reference to the other tables and spreadsheets may be
made more easily. The values in Table 4 represent the best
estimates under health-conservative exposure conditions. Where
values based on cancer risk-are absent, it is because the chemicals
are not known to induce cancer.

The lowest derived soil 1level of the various exposure
durations considered and for each type of effect is given under the
shaded columns marked "Lowest Value". The values are shown as
calculated using a Hazard Index (HI) of 1 and an Excess Lifetime
Cancer Risk (ELCR) of one in a hundred thousand (1E-05). Also
shown are the Lowest Values after adjustment to meet the risk
. management criteria HI of 0.2 and ELCR of 1 in a million (1E-06).
The Landfill Cover Criteria suggested by the Department are
included in the last (shaded) column.

The soil level derived using an exposure period of 90 days for
the 1 to 2 year old is the critical calculation for threshold or
noncarcinogenic effects in most cases. This is because the
exposure is concentrated in the summer months, because the child is
a smaller receptor to a larger dose, and because similar ADI values
are used for chronic and subchronic exposures. An execption is the
PCB mixture, for which different ADI chronic and subchronic values
are used, and the critical exposure period is the one between ages
1 and 8 years. _ -

A lifetime exposure provides the lowest soil level for cancer
effects but the soil levels associated with specific risk when
other exposure periods are used are also included. These periods
include one between 0 and 30 years of age recently suggested by the
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U.S. EPA, and a three year period of exposure between 2 and 5 years
of age. The 3~-month exposure period is included for comparison,
"but is not recommended for use because of the high degree of
uncertainty in the extrapolation of results from a llfet:une animal
test to a 3-month human exposure. :

The DEP Landfill Cover Criteria are generally greater than a
residential soil level, indicating that use of these soils would be
inappropriate as so0il cover in a residential area. There the
exposure by soil ingestion, dermal contact and inhalation would
result in adverse health effects. The exceptions are cadmium,
trivalent chromium and selenium. : o
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TABLE 4. SCENARIO A: SUMMARY OF DERIVED SOIL LEVELS (MG/KG)
AGE (YEARS): 25 ~ 1B 0<30 0<75 1<
EXPOSURE PERICD 3v Ty 30V Y 90 D 0Df A
el e e
. ARSENIC
THRESHOLD EFFECTS (ORAL ADI) 54 65 149 226 3 . 186
CANCER EFFECTS (SPEC.CSF) 24 13 6.6 4.0 169 985
PAH
CANCER EFFECTS (ORAL ADI for BaP) 13 6.6 3.0 1.8 1.8 403
THRESHOLD EFFECTS (SPEC.AD! for Maphthalene) 726 830 1569 2246 429 1679 |s
CADMILM
THRESHOLD EFFECTS (ORAL ADI) 204 251 620 965 117 842
CANCER EFFECTS (INHAL. CSF) 7452 4516 1490 648 95533 | 191066
CHROMIUM, TRIVALENT
THRESHOLD EFFECTS (ORAL ADI) - 114766 | 131698 | 252549 | 362713 | 677i0| 272764
CHROMIUM, 20X HEXAVALENT 8%
THRESHOLD EFFECTS (SPEC.AD1) 7693 1430 2308 2754 |' 5045 16146 |
CANCER_EFFECTS (INHAL. CSF) 5543 3360 | 1109 482 71067 | 142134 |3
“LEAD
THRESHOLD EFFECTS (ABS. AD1) 56 1209
INORGANIC MERCURY
THRESHOLD EFFECTS (SPEC.AD1) 55 62 113 159 33 17l
PCBs &
THRESHOLD EFFECTS (ORAL ADI) 7.6 0.9 1.9 2.8 4.4 21.9
CANCER EFFECTS (ORAL CSF) 4.9 2.5] 1.2 0.7 34 169
SELENIUM
THRESHOLD EFFECTS (SPEC.AD!) 1023 1260 3122 4874 586 4250
VANAD IUM
THRESHOLD EFFECTS (SPEC.ADI) 1516 1886 4872 7662 868 7028
VINYL CHLORIDE
| THRESHOLD EFFECTS (SPEC.ADI) 108 124 235 337 &4 252
CANCER EFFECTS (SPEC.CSF) 14 R 3| 2 101 39
R e —— e —
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/
Soil 1levels identified as being of particular interest for
comparison to the Landfill Cover Criteria are summarized in Table
5. These values are not the lowest; they are provided here for

comparative purposes only.

TABLE 5. SUMMARY OF PROTECTIVE DERIVED SOIL LEVELS FOR SCENARIO A (RESIDENTIAL EXPOSURE): HG/KG CHEMICAL

IN SOIL FOR SPECIFIC EXPOSURE CONDITIONS

THRESHOLD EFFECTS: CANCER: AGE 2<5 YR CANCER: AGE 0<30 YEAR
LOWEST VALUE EXPOSURE EXPOSURE
CHEMICAL '
Hl=1 Hi=.2 ELCR=1E-5 ELCR=1E-6 ELCR=1E-5 &QR"lE'G ;
mg/kg in | mgske in | wmg/kg in mg/kg in mg/kg in wg/kg in

soil 801 L goil 801l -g0i L goil
ARSENIC 31 6.2 24 2.4 7 0.7
CADMIUM 117 7452 745.2 1490 149.0
TRIVALENT
CHROMIUM
HEXAVALENT 1430 286 5543 554 1109 111
CHROMIUM (20%)
LEAD 55
INORGAKIC 33 6.6
MERCURY
PAH 429 85.8 13 1.3 3 0.3
PCB 0.9 0.18 5 0.5 1.2 0.3
SELENIUM 586 137
VANAD IUM B68 173.6
VINYL CHLORIDE 64 12.8 - 14 1.4 3 0.3
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B. Scenario B, 1landfill soil cover levels

Soil levels derived for Scenario B are summarized in Table 6.
Some of the soil levels are high values so that scientific notation
is used. The process of calculating a soil level using a risk
factor and an exposure rate is valid only when the ratio
(ADI*AF) / (ADDsoil*AF) is less than 1 in a million. When this is
exceeded, the derived soil level would contain 100% or more of
chemical which is impossible. Therefore, the high levels simply
indicate that under the specified conditions, no adverse effects on
health would be anticipated.

The Lowest Values from evaluations of all exposure durations
and risk management criteria are compared with DEP Landfill Cover
Criteria in the shaded columns. Those chemicals which would not
. present a hazard under any of the risk management criteria are:
cadmium, trivalent chromium, lead, inorganic mercury, naphthalene,
PCBs, selenium, vanadium and vinyl chloride. Risks from exposure
to arsenic, BaP and hexavalent chromium would exceed some of the
specified management criteria.

Additional consideration and evaluation of the assumptions
used to derive soils levels for arsenic, BaP and hexavalent
chromium may be warranted. For example, the concentrationos of BaP
and hexavalent chromium were requested to be 40% and 20%,
respectively. Additional study of soil levels of these chemicals
could be used to refine. these assumptions. Others have used 3%
total chromium as representing the portion that might be hexavalent
in soil for risk assessment purposes (Microenvironmental Analysis
of Residential Exposure in Chromium-Laden Wastes in and Around New
Jersey Homes by P.J. Lioy et al., Risk Analysis, June, 1992).
Also, the BaP was used as representing all carcinogens in PAH.
Since the other carcinogens are of lower potency (to our current
knowledge) this results in a strong conservative bias.  Finally,
it was assumed that carcinogenic effect from arsenic in soil would
be the same as from arsenic trioxide in air or water. The
absorption efficiencies from these media are likely to differ, and
the mechanism of arsenic carcinogenicity is still under review.
However, the U.S. EPA treats does not distinguish between arsenic
chemical forms in carcinogenicity potency, so no distinction was
made here.
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B: SUMMARY OF DERIVED SOIL LEVELS (MG/KG

11856 e

Sweel . el

. TABLE 6. SCENARIQ
AGE (YEARS): 2S 18 0<30 0<75 12 2l
EXPOSURE PERIOD 3vY 7Y  30°V° Y 90D 90D
m—m— prom— —
ARSENIC «
THRESHOLD EFFECTS (ORAL ADI) 12378 13410 19310 20990 8621 16521 e
CANCER EFFECTS (SPEC.CSF) 633 384 127 55 5103| 10206 E
PAH . B
CANCER EFFECTS (ORAL AD1_for BaP) 3546 2149 709 308 36028 | 72055
THRESHOLD EFFECTS (SPEC.ADI) 3E+05 4E+05 SE+05 | 6E+05 2E+05|  SE+05 |
CADMIUM
THRESHOLD EFFECTS (ORAL ADT) 13495 14620 | 21053 | 22883 7522 15044
CANCER EFFECTS (INMAL. CSF) 5855 | ' 3548 17 509 45690 | 91379
CHROMIUM, TRIVALENT
THRESHOLD EFFECTS (ORAL ADI) 4E+07 | 4E+07 | 6E+07 | TE+O7 3e407 | SE+07
CHROMIUM, 20% HEXAVALENT
THRESHOLD EFFECTS (SPEC.ADI) 18314 1984 2857 3106 9451 | - 18903
CANCER EFFECTS (INHAL. CSF) 4355 2640 871 379 33989 ] em977
LEAD
THRESHOLD EFFECTS (ABS. ADI) 8282 8282
INORGANIC MERCURY )
THRESHOLD EFFECTS (SPEC.ADI) 10417 11286 16252 ] 17665 5943
pCBs
THRESHOLD EFFECTS (ORAL ADI) 2003 27 - 313 340 1326 2651 E
[ CANCER EFFECTS (ORAL CSF) 1015 615 203 88 10152 ] 20305 |
SELENIUM i
| THRESHOLD EFFECTS (SPEC.ADI) 1E+05 1E+05 26405 | 26405 6E+04 | 1E+05 B
VANADIUM ;
THRESHOLD EFFECTS (SPEC.ADI) 47651 ] 51622 ] 74336 | 80800 25547
VINYL CHLORIDE
THRESHOLD EFFECYIS (SPEC.ADI) 51116 52553 75676 82256 36680 73359
CANCER EFFECTS (SPEC.CSF) 5040 3055 1008 438 53868 | 107735 |:

21



Table 7 contains data for only shorter exposure periods. The
shaded boxes show soil 1levels lower than the Landfill Cover
Criteria. These results should be interpreted with con51deratlon
of the concentration of the toxlc form of the chemical in the so:.l.

TABLE 7. DERIVED CHEMICAL LEVELS (HG/KG) FOR SCENARIO B: LAMDFILL SOILS WHICH WOULD BE WITHOUT ADVERSE EFFECTS
AT AN ADJACENT RESIDENCE ‘ . : ,

THRESHOLD EFFECTS: CANCER: AGE 2<5 YR - | CANCER: AGE 0<30 YEAR
LOWEST SOIL LEVEL -~ EXPOSURE ' EXPOSURE
CHEMICAL
Hi=1 #1=.2 | ELCR=1E-5 .| ELCR=1E-6 | ELCR=1E-5 | ELCR=1E-6
mg/kg in | mg/kg in | mgrkg in wg/kg fn mg/kg in | mg/kg in
[1-311 goil soil ; goi l goil soil
ARSENIC 8621 1724 633 63 127
CADMIUM 7522 €1504) 5855 . 586 171 17
TRIVALENT 3407 6E+06 '
CHROMIUM
HEXAVALENT 1984 4355
CHROMIUM (20%) -
LEAD 8282
INORGANIC 5043 1189
MERCURY ‘
PAH 2E+05 4E+05 3546 355 . 709
PCB 217 43 1015 102 203
SELENIUM 6E+04 __1E+04
VANAD UM 25547 5109
VINYL CHLORIDE 36680 7336 5040 504 1008 101
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APPENDIX |
CALCULATION OF CHEMICAL SOIL LEVELS FOR SCENARIOS A AND B

SOIL ADVISORY LEV-EL§ FOR LANDFILL; ORS/DEP; AUGUST, 1992



CALCULATION OF CHEMICAL SOIL LEVELS FOR SCENARIOS A AND B

The calculations of the soil levels are shown as spreadsheets

in Tables 1 and 2.

separate pages.

used in the calculations are presented below.

CHEMICAL

THRESHOLD EFFECTS
RESULTS TABLE AND ADI

The results for each chemical are shown on
An index of the Tables and the toxicity values

CANCER EFFECTS
RESULTS TABLE AND CSF

ARSENIC 12: ROUTE-SPECIFIC ADY | 2a: ROUTE-SPECIFIC CSF
faa: ORAL ADI

PAH AS 40X BaP 2b: ORAL CSF

CADMIM ic: ORAL ADI 2c: INHALATION CSF

TRIVALENT CHROMIUM 1d: _ORAL ADI

HEXAVALENT CHROMIUM (20%)

1dd: ROUTE-SPECIFIC AD1

2dd: INHALATION CSF

LEAD

fe: ABSORBED INCREMENT ADI

INORGANIC MERCURY

1f: ROUTE-SPECIFIC ADI

1g: ROUTE-SPECIFIC ADI

PAH AS 60X NAPHTHALENE
PCBs

th: ORAL ADI

2h: ORAL CSF

SELENIUN

1i:  ROUTE-SPECIFIC ADI

VANAD [ UM

S NN NN NN U NN S S . ———

VINYL CHLORIDE
e—_—

1j: ROUTE-SPECIFIC ADI
1k: ROUTE-SPECIFIC ADI

2k: ROUTE-SPECIFIC CSF

In each table, the soil level (CHEMsoil) for Scenario A is
shown in the upper half of the Table and for Scenario B in the
lower half. The proportion of exposure from each_pathway is also

included.

Table 1 contains the calculations for soil levels derived

using noncancer (threshold) effects of the designated chemicals.
In some cases where the toxicity data based on an inhalation route
were not available or considered inappropriate, the exposure by
inhalation was converted to absorbed dose and compared to an
absorbed dose derived from the Oral ADI. These adjustments are.
shown as "AF" in the Tables. This adjustment was made for all
exposures received by the dermal route.

In two cases (chromium and PAH), an additional adjustment was
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made since the toxic chemicals would not be 100% of the assayed
chemical. An adjustment factor of 20% was used for hexavalent
chromium; 40% was used for carcinogens (BaP) in PAH; and 60% for
noncarcinogens (naphthalene) in PAH. These adjustments are shown
in the "AF" line. These adjustments were made for illustrative
purposes; the soil levels derived do not apply to mixtures having
other proportions of the toxic forms. '

In the case of lead, the calculations are performed with an
ADI based on incremental absorbed dose. This absorbed dose is
"already 0.2 times the target absorbed dose. The derived soil level
corresponds to one at a Hazard Index of 0.2. The cadmium ADI was
calculated with consideration of all sources of exposure and
receptors. ‘ -

In the case of arsenic, two methods of calculation were used
to derive soil levels from threshold effects. The reason for this
is that the Inhalation Reference Concentrations from which an
Inhalation ADI was derived. were based on inhalation of arsenic
trioxide in water and on industrial exposure to fine particles in
air. It was questionable if the the threshold effects from these
exposures would be seen after exposure of arsenic in soil. Table
la contains calculations made with these Inhalation ADIs.  As an
alternative, the dose from an inhalation exposure was compared to
the ADI for oral route exposure. These calculations are shown in
Table laa. When the soil levels in these two Tables are compared,
there is little difference in the soil levels for Scenario A, where
inhalation contributes a small proportion of the dose. However,
the results in Scenario B are markedly different. The results from
Table laa are considered more representative of the toxicity of
soil arsenic and are included in the text in Tables 4-7.

Because of the uncertainties in cancer induction by arsenic,
this adjustment was not made for the calculation of soil levels
based on arsenic's carcinogenic effect. Arsenic induces cancer
after exposure by either the inhalation or the oral routes. These
cancer effects were evaluated using the route-specific cancer slope
factors. The results are shown in Table 2a; these are included in
the text in Tables 4-7. Although the nature of the carcinogenic
effect of arsenic is still under discussion, the U.S. EPA considers
both the trivalent and pentavalent forms equally carcinogenic.
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TABLE a. DERIVED SOIL LEVELS BASED ON. THRESHOLD EFFECTS FOR ARSENIC AND ROUTE-SPECIFIC ADIs

ttt*tt*t*.‘.i*'.ﬁ'itt'.i."Qt.'t."Qi*"i'.**i*ﬁii*.iti'ti*'*ﬁ*****t*ti'ti*tttiit.0ﬁ*'Qtttiﬁi.tt.iti‘.ﬁ..‘i‘..i‘iﬂ.ﬁ'tii‘ii.iti*

AGE (YEARS): ‘ 2<5 1<8 0<30 0<75 1<2 22
EXPOSURE PERIOD: ] 3y a1 30v 75Y 900 900
HI FOR CALCULATION: 1 1 1 1 . 1

--------------------------------------------------------------------------------------------------------------------------------

SCENARIO AR, AVERAGE RESIDENTIAL EXPOSURE:

SOIL INGEShON' ADDsoil (KG/KG/DAY) 4.0E-06 3.1E-06 -1.1E-06 6.26-07 7.1E-06 6.0E-07
AF (.98/.98 1.00 1.00 1.00 1.00 1.00 1.00
ADDsoil * AF 4.0E-06 3.1E-06 1.1E-06 6.26-07 7.1E-06 6.0E-07
ADI (MG/KG/DAY), ORAL 3.0e-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
(ADDsoil * AF)/ADI 1.38-02 1.0E-02 3.56-03 2.1E-03 2.4E-02 2.0E-03
DERMAL CONTACT: ADDgoil (KG/KG/DAY) 5.2E-05 4.9E-05 3.2E-05 2.36-05 B.4E-05 3.4E-05
AF- (.0 98) 0.03 0.03 - 0.03 0.03 0.03 0.03
ADDsoil * - 1.6E-06 1.5E-06 9.6E-07 7.0E-07 2.56-06 1.0E-06
ADI (HGIKG/DAY) ORAL 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
(ADDgofi L * AF)7ADI 5.2E-03 4.9£-03 -3.26-03 2.3E-03 B8.4E-03 3.4E-03
TNHALATION ADDair (CU.M/KG/DAY 3.9e-01 3.6E-01 2.5E-01 2.3E-01 4.6E-01 2.3E-01
PH10 SOIL HASS DEPOSIYED .
PER UG) 11 11 11 11 11 11
ADDsoil (KG/KG/DAY)' 4.38-09 4.0E-09 2.BE-09 2.56-09 5.1E-09 2.5E-09
AF (.85/, 85) 1.00 1.00 1.00 1.00 1.00 1.00
ADDsOTL * A 4.3e-09  4.0E-09 2.BE-09 2.5E-09 5.1E-09 2.5E-09
AD] (HGIKGIDAY) INHAL : 8.6E-07 B.6E-07 B8.6E-07 B.GE-07 B.6E-07 8.6E-07
(ADDsOfl * AF)lb ' 5.0E-03 4.6E-03 3.26-03 2.9E-03 5.9-03 2.9E-03
SUM OF 3 PATWAYS .
((ADD!OH. . AF)/AD1} AS KG/MG 2.4E-02 2.0E-02 9.9£-03 7.4E-03 3.8E-02 8.3E-03
sofl = 1/[SUM (SADDBOH * AFzIADl)] AS MG/KG: 43 5 1 136 2 12
atttittii&tttntttitttt“tﬂittttitﬁ T S T A I T T L T L T P R e R T I A e R T e P 2 )
PROPORTION ‘FROM SOIL INGESTION: 0.57 0.52 0.35 0.28 0 62 g .24
PROPORTION FROM DERMAL CONTACT: 0.22 0.25 0.32 0.32 0.22

PROPORTION FROM PARTICLE INHALATION (LUNG z 0.21
BARRIEARERRARDRARINRARRRAR AR RR RN RAN AR RENRRT AR R ARRANEAR AR *tttit«uttattttitQﬂnnmatact*ttwtm\tt*ttﬁattt-ﬂmagnmattmn.aa**t

SCENAR!O B ENHANCED EXPOSURE BY INHALATION OF PARTICLES ONLY:

AIR 1 ADDair (CU.M/KG/DAY) 3.96-01 3.66-01 2.56-01 2.36-01 &.66-01 2.3£-01
LUNG oeposn PM10 SOIL m\ss neposneo PER CU.M (UG) 14 23 23
ADDsoil (KG/KG/ 5.56-09 5.0E-09 3.56-09 3.26-09 1.1€-08 5.3E-09

AF ( 85/.85 1.00 ~ 1.00 1.00 1.00 1.00 1.00

ADDSOil * AF 5.56-09 5.0£-09 3.56-09 3.26-09 1.1E-08 5.3E-09

ADL (WG/KG/DAY), INHAL B.6E-07 B.6E-07 B8.6E-07 8.6E-07 8.66-07 B8.6E-07

f ADDsoil * AF)7hp - 6.3£-03 5.9E-03 4.1€-03 3.7E-03 1.2E-02 6.2E-03

CHEMsofL = 17¢CADDsOIL * AF)/ADI) AS MG/KG: 158 17 246 267 81 163
Gl TRACT DEPOSIT  PN10 SOIL INGESTED (UG/CU.H AIR) 1% 14 14 14 23 23
, NON-PM10 SOIL MASS INGESTED ws/cu M AIR) 36 36 36 36 3% 36
ADDsoil (KG/KG/DAY) 2.0E-08 1.8£-08 1.36-08 1.26-08 2.7¢-08 1.4E-08

.98/. 1.00 1.00 1.00  1.00 1.00 1.00

soil * 2.0E-08 1.8£-08 1.36-08 "1.2E-08 2.7E-08 1.4E-08

ADI (nc/m/nm ORAL 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04

(ADbsoH Ar)An : 6.5E-05 6.0E-05 &.2E-05 3.BE-05 9.0E-05 4.SE-05

SUM C(ADDsof( * AF)/ADI} A 6.4E-03 5.9£-03 &.1E-03 3,86-03 1.26-02 6.2€-03
CHEMsoil = 1/[SUM moosou e Arymn AS MG/KG: 156 169 243 264 81 161
ARRANEARERARRAINARAENRRARNARORAR AR R *i*i'ii*tQQt.*.i*‘iﬁiQ'&ilﬁtttiﬁ**’i*.ﬁiﬁ*.ﬁ*itQlit*Qitittttt.i*i..ﬁﬁﬁ'ﬂ.tﬁﬁi'*'Q..Qittt*

PROPORTION ‘FROM PARTICLE INHALATION (LUNG): 0.99 0.99 0.99 0.99 0.99 0.99
TION FROM SWALLOWED INHALED PARTICLES: 0.01 0.01 0.01 0. 01 " 0.01 0.01

" PROPOR
QQ"QQit..i’.ﬁ.“i*itﬁt.it'ﬁﬁt..ﬁ*i'*ﬂtttﬁ*i*'*ii'ttt.i*tii**itt.ti'*i.‘i.’itiiiiti.itii*ii‘..‘ﬁﬁ'i*"ﬂ‘i‘ .’*.i'**ii.ﬁ,'*.ti*
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TABLE 1aa. DERIVED SOIL LEVELS BASED ON THRESHOLD EFFECTS FOR: ARSENIC AND ORAL AD

1
ARRRARNARAARARARNERANN AR NERRARAATRAARNRRARANRAREARRARAARRRARAARARAAAAARRRERARAARREAREARRAAARNERERARRAART AR AN AAR AR ARNRA R AR A d R

AGE (YEARS): . 2<5 1<8 0<30 0<75 1<2 22
EXPOSURE PERIOD: 3y 4 4 3oy Y 900 900
HI FOR CALCULATION: 1 1 1 1 ] 1
SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE:
SOIL lNGEShOﬂ: ADDgoil (KG/KG/DAY) 4.0E-06 3.1E-06 1.1E-06 6.26-07 7.1E-06 6.0E-07
AF (.987,98) 1.00 1.00 1.00 1.00 1.00 1.00
ADDsoil * AF 4.0E-06 3.1E-06 1.1E-06 6.2E-07 7.1E-06 6.0E-07
ADI (MG/KG/DAY) ORAL 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
(ADDsoil * AF)/ADI 1.36-02 1.0E-02 3.5E-03 2.1E-03 2.4E-02 2.0E-03
DERMAL CONTACT: ADDgoil (KG/KG/DAY) 5.26-05 &4.9E-05 3.26-05 2.3E-05 B8.4E-05 3.4E-05
AF (.03/.98) 0.03 0.03 0.03 0.03 0.03 0.03
ADDsoll * AF 1.6E-06 1.5€-06 9.6E-07 7.0E-07 2.5E-06 1.0E-06
AD] (MG/KG/DAY), ORAL 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
(ADDgOfil * AF)/&DI 5.2E-03 4.9E-03 3.2E-03 2.3E-03 B.4E-03 3.4E-03
INHALATION ADDair (CU.M/KG/DAY) 3.9-01 3.6E-01 2.5E-01 2.3e-01 &4.6E-01 2.3E-01
PM10 SOIL MASS DEPOSITED
PER CU.M (UG) 11 11 11 11 11 11
ADDsoil (KG/KG/DAY): 4.3E-09 4.0E-09 2.8E-09 2.5E-09 5.1E-09 2.5E-09
AF (.85/.98) . 0.87 0.87 0.87 0.87 0.87 0.87
ADDsoil * AF 3.7E-09 3.4E-09 2.4E-09 2.2E-09 4.4E-09 2.2E-09
ADI (MG/KG/DAY), ORAL 3.0e-04 3.0E-04 3.0E-04 3.0E-05 3.0E-04 3.0E-04
: (ADDgoil * AF)IADI 1.26-05 1.1E-05 B.0E-06 7.3E-06 1.5E-05 7.3E-06
SUM OF 3 PATHWAYS .
SUM ((ADDsoil * AF)/ADI) AS KG/MG 1.96-02 1.56-02 6.7E-03 4&.4E-03 3.2&-%2 5"";82

CHEMsoil = 1/[SUM S!ADDSOH. * AQIADI)] AS MG/KG:

4
AERRRARARRRRAR AR AR RN AR ARENARE AR RANERAARRAAAN AN RARARANRAAARAARARAANAARRAAAARRARAREAAANARAREAAAEARANAAEANRAAREAAAR AR AT RRRAR

PROPORTION FROM SOIL INGESTION: : 0.72 0.68 0.52 0.47 0.74 8.37
PROPORTION FROM DERMAL CONTACT: . 0.28 0.32 0.48 0.53 0.26 .63
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.0 v - . 0.00 0.00
BRRRRRARAS AR ERAARRARSREARRAERRDEARARAAANANARNAAR R AR RAAANE R AR AR AR AR RO RARAR AR AR AR AR RAANR AR AR A AR D AR RS, ERAAAAAAEERRAARN
SCENARIO B, ENHANCED EXPOSURE BY IMHALATION OF PARTICLES ONLY: . . .
AIR INTAKE ADDair (CU.M/KG/DAY) 3.96-01 3.6E-01 2.56-01 2.36-01 4.6E-01 2.3e-01
LUNG DEPOSIT PM10 SOIL MASS DEPOSITED PER CU.M (UG) 4 14 14 23
ADDsofl (KG/KG/DAY): 5.5e-09 5.0E-09 3.56-09 3.2E-09 1.1E-08 5.3E-09
AF (.857,98) 0.87 - 0.87 0.87 0.87 0.87 .87
ADDsoil * AF 4.TE-09 &.4E-09 3.0E-09 2.8E-09 9.2E-09 &.6E-09
ADI (MG/KG/DAY) ORA 3.0E-04 3.0E-04 3.0E- 3.0E-04 3.0E-04 3.0E-04
%ADDSOH * AF)/hol 1.6E-05 1.5€E-05 1.0E-05 9.3E-06 3.1E-05 1.5E-05
CHEMsofl = 1/{(ADDsoil * AF)/ADI) AS MG/KG: 63348 68627 - 98826 107417 32692 65384
GI TRACT DEPOSIT PM10 SOIL INGESTED (UG/CU.M AIR) 14 14 14 14 23 23
HON-PM10 SOIL MASS INGESTED (UG/CU.M AIR) 36 36 36 36 36 36
ADDsoil (KG/KG/DAY) 2.06-08 1.86-08 1.3e-08 1.26-08 2.7E-08 1.4E-08
AF (.98/.98) - 1.00 1.00 1.00 1.00 1.00 1.00
ADDsoil * AF 2.0E-08 1.8E-08 1.3E-08 1.26-08 2.7E-0B 1.4E-08
ADI (MG/KG/DAY) ORAL 3.0e-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
(ADDsoil * AF)/ADI 6.56-05 6.0E-05 4.2E-05 3.8E-05 9.0E-05 4.5E-05
SUM ((ADDsoil * AF)/ADI)} AS KG/MG B'IES% 7.5E-05 5.2E-05 4.%5‘05 1.25'2? 6.}2-2?

CHEMsoil = 1/[SUM ((ADDsoil * AE)/ADIN] AS MG/KG: 0 0990 2
B T T L T Tty e e e L T e T e
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.20 0.20 0.20 0.20 0.25 0.25

PROPORTION FROM SWALLOWED INHALED PARTICLES: 0.80 0,80 0.80 . . .
D L et L D e r e DT 2t 1)
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TABLE 1c, DERIVED SOIL LEVELS BASED ON THRESHOLD EFFECTS FOR CADMIUM AND AN ORAL AD

l*iQt'i'ﬁii...iiii"'.t*'-'.Qt'iit'i*tﬁi*i"*Qﬁﬁti**itﬁtﬁﬁ'*iﬁittti*iitiﬁtﬁti*i!ﬁiiQ‘i*‘iiti..iiﬁtlili*i"ﬁiiﬁ.Qﬁ‘.ﬁ*iﬁ"i"ﬁi.i

AGE (YEARS): 2<5 i<8 0<30 0<75 1<2 22
EXPOSURE PERICD 3y w 30v [£14 900 900
Hl FOR CALCULAT wu- 1 1 1 1 1 1

--------------------------------------------------------------------------------------------------------------------------------

SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE:

SOIL INGESHON: ADDsofil (KG/KG/DAY) 4.0%-88 3.1;-83 1.1?-% 6.2;-% 7.1;-% 6.0?‘85

ADDsofl * AF 4.0E-06 3.1E-06 1.1E-06 6.2€-07 7.1E-06 6.0E-07

ADI (MG/KG/DAY), ORAL 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03

(ADDsoil * AF)7ADI 4.0E-03 3.1E-03 1.1E-03 6.2€-04 7.1E-03 6.0E-04

DERMAL CONTACT: AgD:oil ;x%n)m/om 5.26-05 49E-05 3.26-03 2'35'33 B4E-03 3.4g-03

ADDsoil * : 8.6E-07 B8.2E-07 5.3E-07 3.96-07 1.4E-06 5.6E-07

AD1 ms/m/om (ORAL) 1.0E-03 1.0E-03 1.0€-03 1.0E-03 9.0E-03 1.0E-03

(ADDaoi L *'AF)/ADL B.6E-04 B.2E-04 5.36-04 3.9E-04 1.4E-03 5.6E-04

INHALATION ADDair (CU HIKGI Y) 3.9e-01 3.6E-01 2.5-01 2.3E-01 4&.6E-01 2.3E-01

PH IR0 R 11 11 1 11 11 11

ADDsoH c/xs/om- 4.36-09 4.0£-09 2.82-09 2.5E-09 5.1E-09 2.5E-09

AF 10.00 10.00 _ 10.00 _ 10.00 _ 10.00 _ 10.00

moaou Sl 4.36-08 4.0E-08 2.8E-08 2.5E-08 5.1E-08 2.5E-08

I (NG/KG/OAT) | ORAL  1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.06-03

UM OF 3 PATHUATS * AF)/AD1 4.36-05 4.0E-05 2.8E-05 2.5E-05 5.1E-05 2.5E-05

t-mmn AS KG/MG 4.9€-03 4.0E-03 1.6E-03 1.05;23 8.6e.03 1.2€.03
iQii'ii.ﬁi.i.l.ttt..gliﬂ:fl ﬁti eges21l*ﬁiez2452121tégi!E‘Eeiitiit*QI.iiiiQiitii’tﬁi.*i'i*ti*ﬁ!i..‘iQ.i‘i;.ﬁi‘.t.!z;ﬁ‘i‘.ﬁ‘it '

PROPORTION FROM SOIL IHGESTIOH' 0.82 0.78 0.65 0.83 0.51

PROPORTION FROM DERMAL CONTACT 0.18 0.21 0.33 0 38 0.16 0.47

OPORTION FROM PARTICLE IHHALATION.SLUNG : 0.02 0,02 0.01

PR . 0.01 0.
RARARRANEANAAAAARARAAAAAAANRCAANNBAANENANAATRANRR R RN RN Qtii2tiiiiiittti*ﬁii*t;.i.t.’**;iIit'.**.'*..ﬁ.‘i.ittt’t‘t Qﬁﬂ.*ﬁ‘iﬁ‘t

SCENARIO 8 ENHANCED EXPOSURE BY IHHALA‘HON OF PARTICLES ONLY:

AIR INTAKE Dair (CU.M/KG/DA 3.9e-01 3.66-01 2.56-01 2.3E-01 4.66-01 2.36-01
LUNG DEPOSIT Plﬁ SOIL MASS DEPOSITED PER CU.H (UG) - 14 14 14 14
ADDsoil G/KG/DAY)' 5.56-09 5.0E-09 3.5E-09 3.2E-09 1.1E-08 5. SE ~09
AF 10.00 . 10.00 10.00 10.00 10.00 10.00
ADDBO‘ 5.56-08 5.0E-08 3.5€-08 3.26-08 {.1E-07 5.3E-08
AD1 (HGIKG/DAY) (ORAL) 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
s soil * AF)/AD 5.5€-05 5.0E-05 3.5€-05 3.2E-05 1.1E-04 5.3E-05
CNEHsoH = 1/((ADDsoIl * AF)/ADD AS HG/KG' 18315 19841 571 31056 9452 18904
Gl TRACT DEPOSIT PN10 SOIL INGESTED (UG/CU.M A 14 14 14 14 23 23
NON-PHM10 SOIL MASS INGESTED (UGICU H AIR) 36 36 36 36 36 36
ADDsoil (KG/KG/DAY) 2.0E-08 1.BE-08 1.3E-0B 1.26-08 2.7E-0B 1.4E-08
AF (. 06) 1.00 1.00 1.00. 1.00 1.00 1.00
ADDsofl # 2.0E-08 1.8E-08 9.3-08 1.26-08 2.7E-08 1.4E-08
ADI (HGIKG/DAY) (MM.) 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0£-03 1.0£-03
(ADD soﬂ I 2.0E-05 1.BE-05 1.3E-05 9.2E-05 2.7E-05 1.4E-05
SUM ((ADDsoil * AF)/AD 7.4E-05 6.8E-05 4.8E-05 &.4E-05 1.3E-04 6.6E-05
CHEMsoil = 1/7[SUM ((ADDGOH "' AF)IADDI AS MG/KG: 13495 14620 21053 2883 . 7522 15044
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.74 0.74 0.74 0.74 0.80 0.80
PROPORTION FROM SWALLOWED INHALED PARTICLES: 0.26 0.26 0 26 0.20 0.20
**'.t".’*i".ﬁ'.i‘i...'*'.'t'..itliti**ﬁ'i'titii"*i.ii'iQ*ii*fit.ﬁ’*i.i.'*‘.ii.ﬁ"ﬁ.".’*‘*’*‘i"".."ﬁ."*.." *

RRARER AR




TABLE 1d.

DERIVED SOIL LEVELS BASED ON THRESHOLD EFFECTS FOR TRIVALENT CHROMIUM AND AN ORAL

AD1

'itttﬁiﬁ'ii*tﬁQtﬂi.ii‘.'t'.'t.iﬁttiﬁﬁ‘i*tti*tt*ﬁ*itiitittt*'****tiii*****t*i*it*#iiiitti'*i*.ﬁQiﬁii'QQ‘iﬁ'ﬁiﬁii"‘***iﬁiﬁﬁ’."i‘

AGE (YEARS):
EXPOSURE PERIOD:
HI FOR CALCULATION:

2<5
3y

1<8

0<30
30y

<75
.7?

1<2
90D

22

--------------------------------------------------------------------------------------------------------------------------------

SCENARIO A

AVERAGE RESIDENTIAL EXPOSURE:
soit INGestioN ADDso{

L (KG/KG/DAY)
A 117,11
ADDsoil * AF
ADI (MG/KG/DAY) ORAL
(ADDsoil * AF)/ADI
ADDsoi l (KG/KG/DAY)
AF ( 1)

ADDsofl * AF

AD] (MG/KG/DAY) (ORAL)

(ADDsoil * AF)/ADI

ADDair (CU.M/XG/DAY)

PM10 SOIL MASS DEPOSITED
PER CU.M (UG)

ADDsoil gKG/KG/DAY).

ADDsoH AF
ADI_(MG/KG/DAY) ORAL
(ADDsofl * AF)/ZADI

SUM ((ADDsoil * AF)/ADI) AS KG/MG
= /[SUM {(ADDsOil * AF

DERMAL CONTACT:

INHALATION

S Of 3 PATWAYS
/AD1}] AS MG/KG:

Wvaalds NSy
Py . .

e o L] NooQ O
nﬁ#rn;#::rpnanun..ns

-

[ X

MMMm.am

1 h e

& 333332 2FSRIFRSKSK

N oPar

€ :\-af\ &~
.
gk

R S

.
B2

@ $3553= 2siozssdsas

..
[T~}
ﬁ; r?ﬂﬂ

131698

_a--~v'u

NN} Watbtwh
»

.
1

14t

nam
S8 3333832 2RSRIGR3F3R

R RAR.R

thJ-IPJ NOv s

\

2,8E-06
362713

7.1E-06
.00
7.1E-06

1.5€-05
7710

CHEMso 1147 252
'QQ.Q.‘..QQQ."Qtt**tttiitttﬁﬁtQ.'ﬁtttﬁitt.t'ﬁtzi*ti'tttiﬁittiiiﬁ*ittiiii**iitQi"i".t..‘tt‘i"it.ﬂ*ﬁ***'.i"*‘..* REARAERAER AR

0.4120 0.2660 0 2248 0. 4807 0.1637
875 7334 0.8357

PROPORTION FROM SOIL INGESTION'
PROPORTION FROM DERMAL C
FROM PARTICLE lNNALATlOﬂ (LUNG

PROPORT1ON z 0.0005
L T e e T L T T 4 T a2

SCENARIO B ENHANCED EXPOSURE BY INHALATION OF PARTICLES ONLY:

AIR INT ADDair (CU.M/KG/DAY)

LUNG DEPOS!T L MASS DEPOSITED PER CU.M (UG)
:DDSOH gKG/KG DAY):

ADDsoil * AF
ADl (HGIKG/DAY)N?’?RAU

iADDsoil
CHEMgoll = 1/((ADDs AF)/AD MG/K
GI TRACY DEPOSIT PM10 SOIL HIGESTED (UG/C‘U MA
NOW-PM10 SOIL MASS INGESTED (UGICU M AIR)

ADDsofl (KG/KG/DAY)
AF (.Hl 11)
ADDsoil * AF
ADI (MG, KG/DAY) (ORM.)
(RDDsOil ™ AF)/AD
SUM ((ADDsoil * AF)/ADI) AS KG/MG
CHEMgoil = 1/7[SUM ((ADDsoil * AFIIAD!)] AS MG/KG:
ARARRRRRANRERANERREIRRAANIRRA AR
PROPORTION FROM PARTICLE INHALATION (LUNG):
ON FROM SUALLOWED INHALED PARTICLES:

PROPORT1
ltiitﬂi.ti'ﬁﬁ".iﬁ'ﬂﬁﬂtﬁitt.tﬁitttiitt*itt*ii'*t*ti*tt**i**i**ti*iiﬁtitii'iﬁiﬁt*t**i.ﬁtt**itﬁittﬁi'ﬁ‘t*ﬁ*"'i."ﬂﬁﬁ

0.4591

7 &LE+0 e+ +0 SE+Q
ﬁ*ttttitt'itii'*ittt*ii*l.lttiii'ﬁ*tttltitﬁ*iiﬁttttitﬂ'*Qtttitttttttiiﬁtttttt*ﬂt!ttﬁtﬁiﬁiiﬁt.ﬁa

. 0.5 0. 0.7743 .
0.0005 0,0007 0.0009 O, 0003 0.0007
ttt***ﬁtttt*ti*i'tiktitttﬂittﬁﬁttiﬁtitt*lt

3.9e-01 3.6E-01 2.5E-01 2.3e-01 4.6E-01 2.3E-01%
14 14 14 14 23
5.56-09 5.0E-09 3.56-09 3.2E-09 1.1E-08 5.3E-09

1.00 1.00 .00 1.00 1.00 1.
5.5€-09 5.0E-09 3.5€-09 3.2e-09 ‘HEOB 5.3e-09
1.06+00 1.0E+00 1.0c+00 1.0E+00 1.0£E+00 1.0E+00
5.5-09 5.0E-09 3.56-09 3.26-09 1.1E-08 5.3e-09
2E+08 2E+08 3e+08 E+08 9E+07 2E+08
16 14 14 14 23 23
36 36 36 36 36
2.0E-08 1.8E-08 1.3£-08 1.26-08 2.TE-0B 1.4E-08
1.00 1.00 1. 1.00 1.00 1.00
2.0E-08 1.BE-08 1.3E-08 1.2E-08 2.7E-08 1.4E-08
1.06+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
2.0e-08 1.BE-08 1.3e-08 1.2E-08 2.76-08 1.4E-08
2.5E-08 2.3E-08 1.6E-08 1,56-08 3.BE-0B 1.9E-08

4E+Q 7 7 3E+07 7
0.22 0.22 0.22 - 0.2 0.28 0.28

. *hhw




TABLE 1dd, DERIVED SOIL LEVELS BASED OH THRESHOLD EFFECTS FOR 20X HEXAVALENT CHROMIUM AND ROUTE-SPECIFIC ADIs

AHRRARRNARNAIRANNEARAARARAAEARAANRAIARTRENANRARANRAARREARNRAARAARAAARARAARRRNERRAARRAARRAEAEAERRRAAR AT AR RS SRAARAER SRR AR R dd

AGE (YEARS): 2<5 1<8 0<30 0<75 1<2 22
EXPOSURE PERIOD: . 3y 7Y 307 7sY _ 900 900
HI FOR CALCULATION: 1 1 1 1 1 1

--------------------------------------------------------------------------------------------------------------------------------

SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE:

sofL INgesfIoN: . ADDsoil (KG/KG/DAY) 4.0E-06 3.1E-06 1.1E-06 6.2E-07 7.1E-06 6.0E-07
AF (.2%.11)7.11 0.20 ©0.20 ~0.20 0.0 _0.20 _ 0.20
ADDsoil * A 8.0E-07 6.3E-07 2.1E-07 1.26-07 1.4E-06 1.2E-07
. ADI_(MG/KG/DAY) ORAL ‘ 2.0E-02 5.0E-03 5.0E-03 5.0E-03 2.0E-02 2.0E-02
(ADDsoil * AF)/ADI 4.0E-05 1.3E-04 4.2E-05 2.56-05 7.1E-05 6.0E-06
DERMAL CONTACT:  ADDsofl (KG/KG/DAY) 5.26-05 4.9E-05 3.26-05 2.3£-05 B.4E-05 3.4E-05
AF (0.2*.01)/.11 0.02 ~0.02  0.02  0.02  0.02  0.02
ADDsof L * AF - 9.4E-07 B.9E-07 5.BE-07 4.3E-07 . 1.56-06 6.1E-07.
ADI (MG/KG/DAY) (ORAL) 2.0E-02 5.0E-03 5.06-03 5.0E-03 2.0E-02 2.0E-02
(ADDsoil * AF)/ADI 4.TE-05 1.8E-04 1.2E-04 B.SE-05 7.7E-05 3.1E-05
INHALATION ADDafr (CU.M/KG/DAY) 3.9E-01 3.6E-01 2.56-01 2.36-01 4.66-01 2.3E-01
PH10 SOIL MASS DEPOSITED
PER CU.M (UG) 11 11 11 11 11 1
ADDeof L (KG/KG/DAY): 4.36-09 4.0E-09 2.BE-09 2.5E-09 5.1E-09 2.5E-09
AF (.2%.35)/.2 0.20 '0.20 0.20 _ 0.20  0.20 _ 0.20
ADDsoi L * AF B.6E-10 7.9E-10 5.56-10 5.1E-10 1.0E-09 5.1E-10
ADI_(MG/KG/DAY) INHAL FOR HEX } 2.0E-05 2.0E-06 2.0E-06 2.0E-06 2.0E-05 2.0E-05
(ADDsoil * AF)/ADI 4136-05 4.0E-04 2.8E-04 2.56-04 5.1E-05 2.S5E-05
SUM OF 3 PATHUAYS
" SUM ((ADDsoil * AF)/ADI) AS KG/MG 1,36-04 7.0E-04 4.3E-04 3,6E-04 2.0E-04 6.2€-05
CHEMsofl = 1/[SUM ((ADDBoil * AF)/ADI}] AS MG/KG: 7692.8 5 2308,0 "2753.5 5044.5 16145,
P22 222 2 242 22122 At paa 2 2 22 et g A e i f A LTI ol P A I L A2 R R d L Tt p e At e d L g f d e P bl g ]
PROPORTION FROM SOIL INGESTION: 0.3077 0.1789 0.0972 0.0683 0.3582 0.09%9
PROPORT ION FROM DERMAL CONTACT: : 03623 0.2551 0.2681 0.2351 0.3866 0.4946
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.3300 0.5661 0.6347 0.6966 0.2553 0.4085
SCENARIO B, ENHANCED EXPOSURE BY INHALATION OF PARTICLES ONLY:
AIR INTAKE ADDa{r (CU.M/KG/DAY) 3.96-01 3.66-01 2.56-01 2.36-01 4.6E-01 2.3E-01
LUNG DEPOSIT PMI0 SOIL MASS DEPOSITED PER CU.M (UG) 14 14 14 4 23
ADDsoil (KG/KG/DAY): 5.56-09 5.0E-09 3.5E-09 3.26-09 1.1E-08 .5.3E-09
AF (.2%.35/.25) 0.20 0.20 _0.20 ~ 0.20 _ 0.20 .
ADDsoi L * A 1.16-09 1.0E-09 7.0E-10 6.4E-10 2.1E-09 1.1E-09
ADI_(MG/KG/DAY) (INHAL FOR HEX) 2.0E-05 2.0E-06 2.0E-06 2.0E-06 2.0E-05 2.0E-05
(Abpsoil = AF)/ADI 5.5E-05 S5.0E-04 3.5E-04 3.26-04 1.1E-04 5.3E-05
CHEMsofl = 1/{(ADD=oil * AF)/ADI)} AS MG/KG: 18315 ~T 1984 2857 ~ 3106 9452 18904
GI TRACT DEPOSIT  PM10 SOIL INGESTED (UG/CU.M AIR) 1% 14 14 14 23 23
NON-PM10 SOIL MASS INGESTED (UG/CU.M AIR) 36 36 36 36 36 36
ADDsoil (KG/KG/DAY) - 2.06-08 1.86-08 1.36-08 1.26-08 2.7E-08 1.4E-08
AF (.2%.11/.11) 0.20 ~0.20 0.20 ~0.20 ~ 0.20 _  0.20
ADDsoi L '* AF 3.9E-09 3.6E-09 2.5E-09 2.3E-09 5.4E-09 2.7E-09
ADI (MG/KG/DAY) (ORAL) 1.0E400 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
(ADDsoil * AF)/ADI 3.9E-09 3.6E-09 2.5E-09 2.3E-09 5.4E-09 2.7€-09
SUM ((ADDsoil * AF)/ADI) AS KG/MG 5.56-05 5.06-04 3.5E-04 3.2E-04 1.1E-04 5.3E-05
CHEMsOf{ = 1/[SUM ((ADDsoil * AF)/ADID] AS MG/KG: 18314 1984 2857 3106 9451 18903
ARRRARERAAARNEIRAREEANARARAIANRAARNREANRAAETRCAARREERAATRCERRRTERAAARRAEARREERRAARRARAARRARRARREANAARAEAENNRETERAAR AN NRERRA AR RY
PROPORTION FROM PARTICLE INHALATION (LUNG): 1.00 1.00 1.00 1.00  1.00  1.00
PROPORTION FROM SWALLOWED INHALED PARTICLES: 0,00 0,00 0,00 0.00 0.00 0,00

tl'Q..iiﬁ.itﬁﬁiﬁﬁﬁtﬁtiiiiiiﬁiiii!iiiiiitiiiit'.&Qﬁﬂ***tﬁQQ***Qttiiiiiﬁt"i.i"t;ﬁtiﬁ*ilQ**Oi*it‘i.ti.t.i"i.t..ii'ﬁ.ﬂ!ﬁ'*.iﬁtttt
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TABLE 1e, DERIVED SOIL LEVELS BASED ON THRESHOLD EFFECTS FOR LEAD AND AN ABSORBED AD!

BRARRAAARARARERARARNAREARRAANRRAAAARAARARAARRRARARRRAAARARAARRNAARREAAARAARAR AR ARAAARRRRA RN RAARAAAAANRAARRARARARAAAAREARARANES

AGE (YEARS): 2<5 1<8 0<30.  0<75 1<2 2
EXPOSURE PERIOD: 3y o1 307 751 900 900
HI FOR CALCULATIOH: 1 1 1 1 1
SCENARIO A, AVERAGE RES!DEHTIAL EXPOSURE:
sorL inGestion: Dsoil (KG/KG/DAY) 4.0E-06 NOT 7.1E-06 6.0E-07
AF (PROPORTION ABSORBED) -0.50 CRITICAL 0.50 0.10
ADDsofil * AF 2.0E-06 PERIODS 3.6E-06 6.0E-08
ADI (HG/KG/DAY) ABSORBED INCREMENT 2.08-9-’. 2.0E-04 1.0E-04
DERMAL CONTACT: ADDsoﬂ (KG/KG/OAY) 5.2E-0% B.4E-05 3.4E-05
F_(PROPORTION ABSORBED) 0.0006 0.0006 _0.00
AbDSe il * AF 3.9E-08 5. 1E-08 2.0£-08
AD1 (HGIKG/DAY) ABSORBED INCREMENT 2.0E-04 2.0E-04 1.0E-04
INHALATTON ADDair (CU.M/KG/DAY) 3.9E-01 4.6E-01 2.3E-01
PM10 SOIL MASS DEPOSITED
PER CU.M (UG) 1 1 1
ADDsoil (KG/KG/DAY): 4.3E-09 5.16-09 2.5E-09
AF (PROPORTION ABSORBED) 1.00 1.00 1.00
ADDsoil * 4.3E-09 5.1E-09 2.5E-09
ADI (HGIKG/DAY) ABSORBED INCREMENT 2.0E-04 2.06-06 1.0E-04

o
<

SUM OF 3 PATHWAYS
SUM (ADDsoil ® AF) AS KGIKG/DAY 2.0E-06 3.6E-06 8.3E-08

CHEMgofil = ADIISADDSO' L* AF! MG/KG: .3 (APPROX) 1208.5

DT T T L L Tt a4 B INmAr 4 T8 Ar o a3 3 FUNRANE SRASSUANL - DI S e ST 44 - YA SRR R Y T T ee-a-4 T O L2 44+
PROPORTION FROM SOIL INGEST lOﬂ' 0.9826 0.9846 0.7251
PROPORTION FROM DERMAL CONTACT 0.0153 . 0.0140 0.2’044

ION FROM PARTICLE INRALATWN (LUNG

PROPORT 0.0021
iQﬁQti‘Qttﬁﬁti'l.iﬁtt'ti.i.i't.i*t*ﬁ**ﬁ*ttﬁtitiﬁ‘ttiﬁitit*t'tltﬁﬁtiﬁ*t**ti**i;itt*titiiﬁ**tﬁ**iiitiﬁ.iﬁi.i*i.t.ﬁt;ﬁiiﬁiti*;iﬁiiﬁ

SCENARIO B, ENHANCED EXPOSURE BY lNHM.A"ON OF PARTICLES ONLY:

AIR INTAKE' ADDair (CU.M/KG/ 3.98-01 4.66-01 2.3E-01
LUNG DEPOSH’ PM10 SOIL MASS DEPOSITED PER CU.M (UG) 14 ) 23 23
ADDsoil (KG/KG/DAY): 5.5€-09 1.1€-08 5.3E-09
AF (P! OPORTION ABSORBED) 1.00 1.00 1.00
ADDsoil * AF 5.5E-09 i 1.1€-08 5 3E-09
AD1 (MG/KG/DAY) ABSORBED INCREMENT 2.0E-04 2.0E-04 1.0E-04
CHEMBoil = AD1/(ADDsoil * AF) AS MG/KG: 36630.0 . A . 18903.6 18903.6
GI TRACT DEPOSIT PM10 SOIL INGESTED (UG/CU.M AIR) 14 23 23
NON-PM10 SOIL MASS INGESTED (UG/C‘U H AIR) 36 ) 36 36
ADDsofl (KG/KG/DAY) 2.0E-08 2.TE-08 1.4E-08
AF (PRWORT!ON ABSORBED) (.50 ) 0.50 0.50
ADDsoil * 9.86-09 1.46-08 6.8E-09
AD1 (HGIKGIDAY) ABSORBED INCREMENT 2.0E-04 2.0E-04 1.0E-04
SUM (ADDsofl * AF) KG/KG/DAY 1.5€-08 2.4E-08 1,2E-08
CHEMsoil = ADI/(ADDsoil * AF! MG/KG: 13149.2 (APPROX, 2 ) 8281.6 .
D T L L S At A e L T e T L L e L e
PROPORTION FROM PARTICLE INHALATION (LUNG)' 0.36 0.44 0.44

FROM SWALLOWED INHALED PARTICLES

PROPORTION
PUDPUOURIPINIRONR A 1441 £ 3 DTS it i1 S A £33 SUTOUITIU. £ 1 o STTUDITOUVIIUINPPIIIURPROTDS. | +1 SRS + -+ 18
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TABLE 1f. DERIVED SOIL LEVELS BASED OM THRESHOLD EFFECTS FOR INORGANIC MERCURY AND ROUTE-SPECIFIC ADis

ARRREAREAAREARANEAARAARAAARRRASRNRRENAXERRARARRRAREARIAAAARRERAEEARAAEAANRRRARAAAAARTRCARAAERRAATRREANARAAAANRARRRR AR AN AR R R b o Rl d

AGE (YEARS): . 2<5 i<8 0<30 0<73 <2 22
EXPOSURE PERIOD: 3y Y 30v 5Y o0 90D
HI FOR CALCULATION: 1 1 1 1 1 1

--------------------------------------------------------------------------------------------------------------------------------

SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE:

SoIL INGEStION: ADDgoi L (KG/KG/DAY) 4.0£-06 3.1E-06 1.1E-06 6.26-07 7.1E-06 6.0E-07
AF 0. 15) 0.50 0.50 0.50 _ 0.50 _°0.50 _ 0.50
ADDSOi L * A 2.0E°06 1.6E-06 5.3E-07 3.1E-07 3.66-06 3.0E-07
ADI (MG/KG/DAY) 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
(ADDs0iL * AF)/ADI 6.7E-03 5.26-03 1.B€-03 1.0E-03 1.26-02 1.0E-03
DERMAL CONTACT:  ADDsoil (KG/KG/DAY) 5.26-05 4.9E-05 3.26-05 2.3£-05 B.4E-05 3.4E-05
F (.0.01/0.15) 0.07 0.07 _ 0.07 _ 0.07 _ 0.07 _ 0.07
ADDSOL [ = A 3.5E°06 3.3E-06 2.1E-06 1.6E-06 5.6E-06 2.2E-06
ADI_ (HG/KG/DAY) (ORAL) 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-04
(ADDsoil * AF)/AD 1.26-02 1.1E-02 7.1€-03 5.26-03 1.9€-02 7.5E-03
INHALATION ADDair (CU.M/KG/DAY) 3.96-01 3.6E-01 2.56-01 2.3€-01 &.6€-01 2:3¢-01

PMIO SOlL HASS DEPOSITED )
PER CU.H (UG) 1 11 11 11 11 11
ADDR0! L (RG/KGONY) 4.38-09 4.0E-09 2.8E-09 2.5E-09 S5.1E-09 2.5€-09
AF (0.85/0.85) 1.00 ~1.00 " 1.00 _""1.00 _  1.00 _ 1.00
~ ADDsoil * 4.3E°09 4.0E-09 2.86-09 2.5E-09 5.1E-09 2.5E-09
ADI me/xs/om INHAL B.6E-05 8.6E-05 8.6E-05 B.86-05 B.6E-05 8.6E-05
‘ (ADDgoil * AF)/AD : 5.0E-05 4.6E-05 3.26-05 2.9€-05 5.9€-05 2.9€-05

SUM OF 3 PATHUAYS
SUM ((ADDsofL * AF)/ADI) AS KG/H 1.8-02 1.6E-02 B.9€-03 6.3£-03 3.1E-02 B.5€-03
CHEMsoiL = 1/[SUM ((ADDSo{l * Aqmnl AS MG/KG: .9 9 1125 159, 2.7

ﬁ*ﬁiQ.QQ.iti.iiiitiiiiti.*iittttt. A e oy e o e o Y oy o o e T Ve o o t*ti*iﬁiQiQiit*iit.iiﬁ.ﬁQtﬁ.*'ii'i.’*iiﬁ.‘*i'Qi’."Qiﬂi‘*.’*ﬁiii***'i.'.i'
PROPORTION FROM SOIL INGESTION: 0.3657 0.3225 0.1975 0.1645 0.3864 0.1174
PROPORTION FROM DERMAL CONTACT 0.6315 0.6746 0.7989 0.8309 0.6117 0.8792

OPORTION FROM PARTICLE INHALATION SLUNGV : 0.0028 0.0036 0,0047 0.0019 0.0035

0.0027
Q.‘i..'.'.Qi‘....ii'it'i‘ittﬁii‘ittii*.'Q't'*.'*iﬁ*ﬁt*ﬁt t'.*zi..ii.ﬁiﬁiitﬁ.i;tt*iliiitttt*ii**Qit*QQﬂi.‘ﬁiiQ’*ﬁit.i..f’iiii*t*.

SCENAR!O B, ENHANCED EXPOSURE BY INHALATION OF PARTICLES ONLY:

AIR_INTAKE ADDair (CU.M/KG/DAY) 3.96-01 3.6E-01 2.5E-01 2.3€-01 4.6E-01 2.3E-01
LUNG DEPOSIT PH10 SOIL HASS DEPOSITED PER CU.M (UG) 14 14 1 14 3 23
ADDsoil (KG/KG/DAY): 5.56-09 5.0E-09 3.56-09 3.26-09 1.1€-08 5.3¢-09

AF (-85/.82) 1.00 ~° 1.00 .00 T 1.00 T 1.00 AL
ADDsoil. * AF 5.56-09 5.0E-09 3.5E-09 3.2E-09 1.1E-08 5.3E-09
ADI_(MG/KG/DAY) unm\u B.6E-05 B.6E-05 B.6E-05 B.6E-05 B.6E-05 B.6E-05
(Abpsoil * AF)/AD .3£-05 5.9E-05 &.1E-05 3.7E-05 1.26-04 6.2€-05
CHEMsoil = 1/((ADDsoil * AF)/ADI) AS MG/KG: 15750.9 17063.5 24571.4 26708.1 8128.5 16257.1
GI TRACT DEPOSIT  PM10 SOIL INGESTED (UG/CU.M AIR) 14 14 14 4 23 3
NON-PHM10 SOIL MASS INGESTED (UG/CU.M AIR) 36 36 36 36 36 36
ADDsofl (KG/KG/DAY) 2.0£-08 1.8€-08 1.36-08 1.26-08 2.7E-08 1.4E-08
AF (.075/.13) 0.50  0.50 0.5 _ ©0.50 _ 0.50 _ 0.50
ADDsoi L * AF 9.8E-09 9.0E-09 6.36-09 5.86-09 1.4E-08 6.86-09
ADI (HG/KG/DAY) (ORAL) 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0£-04 3.0E-04
(ADDsol1 * AF)/ADI 3.3E-05 3.0E-05 2.1E-05 1.9E-05 &.5E-05 2.3E-05
SUM C(ADDSOf L * AF)/AD 9.6E-05 B.9€-05 6.26-05 5.7€-05 1.7E-04 B.4E-05
CHEWGo11 = 1/ ISUM {(ADDBOIL = Arymn AS_MG/KG:' 10617 11285 16252 ~"17665 ° 5943 "11886
tit*.iﬁl'i.t'..i‘.ﬁﬁﬁ'iﬁ'itﬁﬁtt RANARAAAARRARARERERRARRNENEARARAARARAARERAAARARAAARAAA R RAARRAREARARAREAA A SARCARA A RAV AR RS ARD
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.66 0.66 0.66 066 0.73 0.73
TION FROM SWALLOWED INHALED PARTICLES: 0.3, 0.3 0.3 03 027 0,27

PROPOR
it*liﬁi*iﬁ.."ﬁ.ﬂ*.ﬁii'iiQ.tittiiﬁ.i*iiiiiitﬁ.*i*ii**it.tlti*tiQiii*ii.tttttii‘*i&iit'ittﬁt..ii’ti...QQQQQ iﬁ.ﬁ‘*i.iiiﬁlitﬁﬁiti
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IABLE 1g;. DERIVED SOIL LEVELS BASED ON THRESHOLD EFFECTS FOR NAPHTHALENE AND ROUTE-SPECIFIC AD1

8
RN Rkd® ARRAAAAARARARRERRANNRNAAREERARRRANAARARANRARANARAAEERRAARANREANRAAAARAARREAAARARARAAREAAARNEAAERAEARAACAREAAAAR RN RARN

AGE (YEARS): 245 1<8 0<30 0<75 1<2 22
EXPOSURE PERIOD: 3y 7Y 307 7sY 900 900
HI FOR CALCULATiON: 1 1 1 1 1 1
SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE:
soIL InGestion: ADDsof | (xc/xc/nm 4.0E-06 3.1E-06 1.1E-06 6.2€-07 7.1E-06 6.0E-07
AF (.6%1/1) 0.60 0.60 0.60 0.60 0.60 0.60
ADDsoil * AF 2.4E-06 1.96-06 6.36-07 3.7E-07 &.3E-06 3.6E-07
ADI_(MG/KG/DAY) om 4.0E-03 4.0E-03 4.0E-03 &.0E-03 4.0E-03 &.0E-03
(ADDsoil * AF)/AD 6.0E-04 4.7E-04 1.66-04 9.3E-05 1.1E-03 9.0E-05
DERMAL CONTACT: ADDsoi L sxc/xs/om 5.26-05 4.9E-05 3.2€-05 2.36-05 B8.4E-05 3.4E-05
AF (.6%.4/1 0.06 0.06 0.06 0.06  0.06 0.06
ADDsoi L 'AF 3.1€-06 2.9€-06 1.9E-06 1.4E-06 5.1€-06 2.0E-06
ADI ms/xs/om (mn 4.0E-03 4.0E-03 &4.0E-03 4.0E-03 &.0E-03 . 4.0E-03
(ADDgoil * AF)/AD 7.86-06 7.4E-04 64.8E-04 3.56-04 1.3£-03 5.1E-04
INHALAT IOM ADDair <cu.n/xc 3.9E-01 3.6E-01 2.5€-01 2.3E-01 &.6E-01 2.3E-01
PM10 SOIL HASS DEPOS!TED
PER CU.M (UG) 1 1 1 1 1 1
ADDsoll <xc/xc/om 4.36-09 4.0E-09 2.8€-09 2.5€-09 5.1€-09 2.SE-09
F (.6%1 ) : A 0.60 0.60 0.60  0.60 0.60 0.60
ADDSOTL 4 2.66-09 2.4E-09 1.7€-09 1.5€-09 3.0E-09 1.5E-09
ADI (ns/xs/om HIHAL 2.0E-02 2.0E-02 2.0E-02 2.0E-02 2.0E-02 2.0E-02
(ADDsoil * AF)/AD 1.36-67 1.26-07 8.36-08 7.6E-08 1.5E-07 7.6E-08

SUM OF 3 PATHUAYS
M ((ADDsofL * AF)/ADI) AS KG/MG 1.46403 1.2E-03 6.4E-04 4.5E-04 2.3E-03 6,0E-04
SHEMS o1t o1/ ISt {(ADDBOTL * AF)/ADI}] AS MG/KG: 569.4 5.9 .2 1679.0
..ﬁ'i'ﬁ'.i‘."fﬁﬁiﬂtt'"i.'ﬂﬂ'iiﬁ. AR i e de o b sk ok ﬁ*l‘*iitﬁiﬁt*tiﬂiﬁ**'tﬁ*ﬁ'.*tiﬁ*ﬁﬁ*!ﬁi*ﬁQ*iﬂ'...ﬁ**tﬁ'"i.'.'tiﬁiiiﬁlti*i'ii'*!i
PROPORTION FROM SOIL INGESTION: 0.4357  0.3893 0.2479 0.2088 0.4571 0.1511
PROPORTION FROM DERMAL CONTACT: 0.5642 06106 0.7520 0.7911 0.5 -848s8
FROM PARTICLE INHALATION (LUNG): 0:0003 _ 0:0009. 0000 _ 00002 620001 _ 0:000]

PROPORTION
AERARARAAAAAARA R AN AR AN AAAEAANTRAAAAAAARARELRER N RS RR AN RRA RN *#.i*’iti*t’*t**it'*iii*i’t*tiitiQttltii.**ﬂtitiii't'iiti*’tiﬁ'tt*

SCENARIO B, EHHANCED E)(POSURE BY IHHALAT!ON OF PARTICLES ONLY:

AIR INTAKE' Dair (CU.M/KG 3.9e-01 3.6E-01 2.5E-01 2.38-01 4.6E-01 2.3e-01
LUNG DEPOSIT PH‘|0 SOIL MASS DEPOSH’ED PER CU.M (UG) 4 14 23 23
AODsoH (KG/KG/DAY) 6 5.56-09 5.0E-09 3.5£-09 3.2€-09 1.1E-08 5.3E-09

AF (.6 1/ ) 0.60 0.60 0.60 0.60 0.60 0.60

ADDsofl * AF 3.36-09 3.0E-09 2.1E-09 1.9E-09 6.36-09 3.2E-09

AD1 (HGIKG/DAY) (INHAL) 2.0E-02 2.0E-02 2.0E-02 2.0E-02 2.0E-02 2.0E-02

{ADDsoit * AF)/AD 1.6E-07 1.5€-07 1.1E-07 9.7€-08 3.2€-07 1.6E-07

CHEMsoil = 1/((ADDsoil * AF)/ADI) AS HGIKG' 6105006 6613757 9523810 10351967 3150599 6301197
GI TRACT DEPOSIT PHW SOIL INGESTED (UG/CU.M AIR) 14 14 14 14 23 23
ON-PM10 SOIL MASS INGESTED (UGICU M AIR) 36 36 36 36 36 36

ADDaoH (KGIKGIDAY) 2.0E-08 1.8E-08 1.3E-08 1.26-08 2.7E-08 1.4E-08

AF (.6*1 ) 0.60 -0.60 0.60 0.60 0.60 0.60

ADDBOH * 1.26-08 1.1E-08 7.5E-09 6.9E-09 9.6E-08 8.1E-09

IKG/DAY) (ORAL) 4.0E-03 4.0E-03 4.0E-03 &.0E-03 4.0E-03 4.0E-03

ADD o )I 2.96-06 2.7E-06 1.9E-06 1.7E-06 4.1E-06 2.0E-06

SUM ((ADDsofl * AF)/AD!) 3.1E-06 2.9E-06 2.0E-06 1.BE-06 4.4E-06 2.2E-06
CHEMsoil = 1/[SWM (ADDSOH ' AF!IAD!)] AS MG/KGs: 323750 350730 05051 548968 227873 455747
tﬁi*Qit'tiitttﬁtittttt'tt".it. T T T T LT T S s b o e e T L e P
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.05 0.05 0.05 0.05 0.07 0.07

t'*.ﬁ*.ttiiQtQQQtti*gsQ'tlIl9!'I5ggi§!ek&9&521!!!&&52.:55115&5t;iitttttttQiit*gi22i’iit2‘22‘iﬁttgiggﬁtﬁﬁfg;zzﬁftiﬂ0 9§Qiiiiiﬁli.
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TABLE 1h, DERIVED SOIL LEVELS BASED ON THRESHOLD EFFEéTS FOR PCBS AND AN ORAL AD

I .
RARRAAARAARAARARREAREAARAARAARARAAARRANAAREARAARRAAAAAAN TR ERARREARATARARARRAAAAARRSARAANATTARAAAREAARRANRAARRAARARE AR AAARD O SR OO T

AGE (YEARS): 2<5 1<8 0<30 0<75 1<2 * 22
EXPOSURE PERIOD: 3y I 307 sY 90D 900
HI FOR CALCULATION: 1 1 1 1 1 1

----------------------------------------------------------------------------------------------- R T Ty P S L L T T Y Y )

SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE:

soIL INGEStION: ADD!O“ (KG/KG/DAY) 4.0E-06 3.1E-06 1.1E-06 6.2E-07 7.1E-06 6.0E-07
AF (1/1) 1.00 1.00 1.00 1.00 1.00 1.00
ADDsofl * AF §.0E-06 3.1€-06 1.1E-06 6.2E-07 7.1E-06 6.0E-07
ADI (MG/KG/DAY) ORAL 5.0E-05 5.0E-06 5.0E-06 5.0E-06 5.0E-05 5.0E-05
(ADDsoil * AF)/ADI 8.0E-02 6.3E-01 2.1E-01 1.2E-01 1.4€-01 1.2E-02
DERMAL CONTACT: ADDBOH iKG/KG/DAY) 5.2E-05 4.9E-05 3.2E-05 2.3E-05 B.4E-05 3.4E-05
AF 0.05 0.05 0.05 0.05 0.05 0.05
ADDsoal " AF 2.6E-06 2.5E-06 1.6E-06 1.26-06 4.2E-06 1.7e-06
ADI (HG/KG/DAV) (ORAL) 5.0E-05 5.0E-06 5.0E-06 5.0E-06 5.0E-05 5.0E-05
(ADDsoil ™ AF)/AD 5.2E-02 4.9E-01 3.2E-01 2.3E-01 B8.4E-02 3.4E-02
INHALATION ADDair (CU, H/KGIDAY) 3.9E-01 3.6E-01 2.5E-01 2.3E-01 .4.6E-01 2.3-01
PH10 50". MSS DEPOSITED
PER CU.M (UG) 11 11 11 11 11 11
ADDSofl (KG/KG/DAY): 4.36-09 4.0E-09 2.86-09 2.56-09 5.1E-09 2.5€-09
AF (1/1) 1.00 1.00 - 1.00 1.00 1.00 1.00
ADDsoil * AF 4.3-09 4.0E-09 2.8E-09 2.5E-09 5.1E-09 2.5€-09
ADI (HG/KG/DAY)W‘L 5.0E-05 5.0E-06 5.0E-06 5.0E-06 5.0E-05 5.0E-05
. (ADDSD“ AF)}/RD 8.6-05 7.9e-04 5.5E-04 5.1E-04 1.0E-04 5.1E-05
- SUM OF 3 PATHWAYS :
SUM Daoil * AF)/ADI) AS KG/MG - 1.36-01 1.1E400 5.3-01 3.6E-01 2.3E-01 4.6E-02
CHEMgofl = 1/[SUM !ADDBO" bnd AleADl}J AS MG/KG: 2.8
..'....‘.".*‘.‘*.*‘..‘..'.".’... SR e iy s b oy oy o e o "..*...*'*ﬁﬁ*..*‘ﬁ...*‘..*"".'.“*.*‘-...‘.*“..'““m“m......”...*t*..
PROPORTION FROM SOIL I"GESTIOU. 0.6066 0.5600 0.3970 0 3450 0.6272 0.2623
PROPORTION FROM DERMAL CON 0.3928 0.4393 0.6020 0.6536 0.372% 0.
PROPORTION FROM PARI[CLE INHALATID" (LUNG): 0.0007 0.0007 0.0010 0.0014 0.0006 0.0011
BARAREEANAAAARANRARRAARARNERARRAAARARANRRANRARAAARARN RN AR fehded ...‘n...“"*.*'*'..".*'*..**..*“*“m"”“m..'."‘..’.‘*’.
SCENARIO 8, ENHANCED EXPOSURE BY INHM.ATION OF PARTICLES ONLY:
AIR INT ADDair (CU.M/KG/DAY) 3.96-01 3.66-01 2.56-01 2.3E-01 4.66-01 2.3E-01
LUKG DEPOS!7 PM10 SOIL MASS DEPOS!TED PER CU.M (UG) 14 14 14 14 23
ADDsoil (KG/KG/DAY): 5.5€-09 5.0E-09 3.56-09 3.2€-09 1.1€-08 5.3E-09
AF (1/1) 1.00 .00 1.00 1.00 1.00 .00
ADDsofil * AF 5.56-09 5.0E-09 3.5E-09 3.26-09 1{.1E-08 5.3E-09
ADl (HG{KG/DAY) ORAL 5.0E-05 5.0E-06 5.0£-06 5.0E-06 5.0E-05 5.0E-05
* AF)/AD : . 1.1E-04 1.0E-03 7,0E-04 6.4E-04 2.1E-04 1.1E-
CHEMsoil = 1/{(ADDso |. * AF)/ADI) AS HG/KG‘ . 9157.5 992.1 1428.6 1552.8 4725.9 9451.8
GI TRACY DEPOSIT P"‘o SOIL "'GESTED (UG/CU.M AIR) 14 14 14 14 23 23
. PMI0 SOIL MASS INGESTED (UG/CU M AIR) 36 36 36 36 36 36
ADD!O" (KG/KG/DAY) 2.0£-08 1.86-08 1.36-08 1.26-08 2.7E-08 1.4E-08
AF (/1) 1.00 1.00 1.00 1.00 1.00 1.00
ADDsofl ® A 2.0E-08 1.86-08 1.3E-08 1.26-08 2.7e-08 1.4E-08
AD1 (HG{KG/DAY) (ORAL) 5.0E-05 5.0E-06 5.0£-06 5.0E-06 5.0E-05 5.0E-05
ADDSO' * AF) : 3.9E-04 3.6E-03 2.5E-03 2.3E-03 5.4E-04 2.7E-04
s ot S LEN TES el G5 il Lad
= H » [3 »
EEE!221&tttt‘t[Qtﬁts£92222’t"tc:z‘egzzlicgi!E‘sgtittttiiittttititta'tiﬁttttiﬁtgi&E‘it*tli‘tttittt*;tnﬂiﬂtmttﬁttntﬁiti*t
. PROPORTION FROM PARTICLE INHALATION (LUNG): 0.22 0.22 0.22 0.22 0.28 0.28
PROPORTION FROM SWALLOWED INHALED PARTICLES: 0.78 0.78 0.78 0.78 N (A
'..."..*"."...‘...*‘...’.*"‘*i’..*'ﬁ"*ﬁ.""**Q**ﬁ‘.ﬁﬁ'ﬁ*’t..*‘..’.‘*“‘.'.‘ﬁ“.'“...*.““".m*‘”mﬂ.'.‘m’. L4
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TABLE 1§. DERIVED SOIL LEVELS BASED ON THRESHOLD EFFECTS FOR SELENIUM AND ROUTE-SPECIFIC ADIs

AARRREARAIRRRERRANARARAAAARANRRNRAAAARAARAARAARAAAARERAARARARARERAAARANAARRARARRAAARRAEARNAARANAANARAANIRRANRARATAAARAARNAARENAARY

AGE (YEARS): 2<5 1<8 0<30 0<7H 1<2 22
EXPOSURE PERIOD: k3 e 30y ™Y 900 900
HI FOR CALCULATION: 1 : 1 1
SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE: )
soIL - INGEST1ON: ADDsgof ( aKGIKG/DAY) 4.06-06 3.1E-06 1.1E-06 6.2€-07 7.1E-06 6.0E-07
AF (0,6/0.6) 1.00 1.00 1.00 - 1.00 1.00 1.00
ADDso{l * AF 4.0E-06 3.1E-06 1.1E-06 6.2E-07 7.1E-06 .6.0E-07
ADI (MG/XG/DAY)ORAL 5.06-03 5.0E-03 5.0E-03. 5.0E-03 5.0E-03 5.0£-03
(ADDsofl * AF)/ADI 8.0E-04 6.3E-04 2.1E-04 1.26-04 1.4E-03 1.2E-04
DERMAL CONTACT: ADDsoi | EKG/KGIDAY) 5.26-05 4&.96-05 3.26-05 2.3E-05 B8.4E-05 3.4E-05
AF €.0170.6) 0.02 0.02 0.02 0.02 0.02 0.02
ADDsoil * AF 8.6E-07 8.2E-07 5.3-07 3.9€-07 1.4E-06 5.6E-07
ADI (MG/KG/DAY) (ORAL) 5.0E-03 5.0E-03 5.0£-03 5.0E-03 5.0E-03 5.0E-03
(ADDgoil * AF)/ADI 1.76-04 1.6E-04 1.1E-04 7.BE-05 2.BE-04 1.1E-04
INHALATION ADDsir (CU.M/KG/DAY) 3.96-01 3.6E-01 2.5E-01 2.3E-01 4.6E-01 2.3E-01
PM10 SOIL MASS DEPOSITED
PER CU.M (UG) 11 11 11 1 1 1
ADDsoil (KG/KG/DAY): 4.36-09 4.0E-09 2.8E-09 2.5E-09 S5.1E-09 2.5€-09
AF (0,770.7) 1.00 1.00 1.00 1.00 1.00 1.00
ADDsoll * AF ‘ 4.3E-09 4.0E-09 2.8E-09 2.5E-09 5.1E-09 2.5€-09
ADT (MG/KG/DAY)INHAL B.6E-04 B.6E-04 B.6E-04 B.6E-04 B.6E-04 B.6E-04
(ADDsoil * AF)/AD! : 5.0E-06 &.6E-06 3.26-06 2.9E-06 5.9E-06 2.9E-06
SUM OF 3 PATHWAYS
SUM ((ADDsofil * AF)/ADI) AS KG/MG 9.8E-04 7.96-046 3.26-04 2.1E-04 1.7E-03 2.4E-04
CHEMsol| = 1“50!1 (;Avosoil * AF;/ADI); AS MG/KG: 3 260 74 86 4250
ARARANAAAARRAAARAAAARANANRARA ERARRREANEREAEARRARAARRARARAARA R AN AALARARRAAAARRANREAAANERRGANRRERRAROANARAAARARRARARAAE AR RA RSN RN
PROPORTION FROM SOIL INGESTION: 0.8183 0.7881 0.6576 0.6041 0.8319 0.5100
PROPORTION FROM DERMAL CONTACT: 0.1766 0.2061 0.3324 0.3815 0.1646 0.47
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.005¢ 0.0058 0.0100 0.0143 0.0034 0,0125

BRRARAAANARAR AN AARAAARANRAARAARARAAL RN CEANANRAAAARARARAR AR AR iti.ﬁtiti'i'tiﬁ;iﬁﬁ*ﬁ"ii'iiii"ﬁ"'*Q'QQ*Q*.‘QI‘.Q.QQ..itﬂﬁiﬁi'i'

SCENAR'}RKE' ENHANCED EXPOSURE BY INHALATION OF PARTICLES ONLY:

AIR IN AbDair (CU.M/KG/DAY) 3.96-01 3.6E-01 2.5e-01 2.36-01 &.6E-01 2.3-01
LUNG DEPOSIT PM10 SOIL MASS DEPOSITED PER CU.M (UG) b & 14 14 23
ADDsoil (KG/KG/DAY): 5.56-09 5.0E-09 3.56-09 3.2E-09 1.1€-08 5.3t-09
AF €0.770.7) 1.00 1.00 1.00 - 1.00 1.00 .
ADDsoil * AF 5.56-09 5.0E-09 3.5€-09 3.26-09 1.1E-08 5.3E-09
ADI (HG{KGIDAV) CINHAL) 8.6E-04 B.6E-04 B.6E-05 B.G6E-04 B8.6E-04 B.6E-04
’ADDsol * AF)/ADI 6.36~06 5.9E-06 4.1E-06 3.7E-06 1.26-05 6.2E-06
CHEMsoil = 1/((ADDsofl * AF)/ADI} AS MG/KG: 157509 170635 45714 67081 81285 162571
GI TRACT DEPOSIT PM10 SOIL INGESTED (UG/CU.M AIR) 14 14 14 14 23 23
NON-PM10 SOIL MASS INGESTED (UG/CU.M AIR) 36 35 36 36 36 36
ADDsofl 8KGIKG/DAY) 2.0E-08 1.8£-08 1.3E-08 1.26-08 2.7E-08 1.4E-08
AF (0,6/0.6) 1.00 1.00 1.00 1.00 1.00 1.00
ADDsoil * AF 2.0E-08 1.86-08 1.3E-08 1.2E-08 2.7E-0B 1.4E-08
ADI (MG/XG/DAY) (ORAL) 5.0E-03 5.0E-03 S5.0E-03 5.0E-03 5.0E-03 5.0E-03
(ADDsoil * AF)/ADI 3.96-06 3.66-06 2.5E-06 2.3E-06 5.4E-06 2.7E-06
SUM ((ADDsofil * AF)/ADI} AS KG/MG 1.0E-05 9.5E-06 6.6E-06 6.0E-06 1.8E-05 8.9:-06
CHEMgoil = 1/1SUM ((ADDsoil * AF)/ADI)] AS MG/KG: 97572 105703 152212 165448 56401 112801
::mm"g“l FROM PARTICLE INHALATION (LUNG): 0.62 8.%5 8.?2 o.gg g.g? g.gg
."...."..nnmu..-“.L'....5595.5!5259!59-1'.'13.'5";52.55539'.:55;““."“..m.eiiem.n;n......a"m-&nanw'nmn;.u .
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TABLE 1 DERIVED SOIL LEVELS BASED OM THRESHOLD EFFECTS FOR VANADIUM AND ROUTE-SPECIFIC ADIs

tttt"il‘.iit'Qit'ﬁ‘.i'"!i...itittiQ.iii.ﬁl.**i*iit*'*'tﬁitit.*iQiit'i*i*t*iiltiilit*i*tiﬁ..*tmi“*.“m.i*‘ﬁ.*“ﬁ.“’m.

AGE (YEARS): , %;5 ;;8 0;33 0;57'; ;&%

EXPOSURE PERIOD:
HI FOR CALCULATION: 1

22

--------------------------------------------------------------------------------------------------------------------------------

SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE:

soiL INGEstioN: ADDsoil (KG/KG/DAY) 4.0E-06 3.1E-06 1.1E-06 6.26-07 7.1E

] © AF (/1) : 1.00 1.00 1.00 1.00 1

ADDsoil * AF 4.0E-06 3.1E-06 1.16-06 6.2E-07 7.1E

ADI (MG/KG/DAY) ORAL 7.0E-03 7.0E-03 7.0E-03 7.0E-03 7.0E

(ADDsoil * AF)/ADI 5.76-04 4.5E-04 1.5E-04 B8.9E-05 1.0F

DERMAL CONTACT: ADDsoil (KG/KG/DAY) 5.26-05 4.9E-05  3.26-05 2.3E-05 B.4E

AF (,01/1) 0.01 0.01 0.01 0.01 0

ADDsoil * AF 5.26-07 4.9€E-07 3.2E-07 2.3E-07 B8.4E

ADI (MG/KG/DAY) (ORAL) 7.0E-03 7.0E-03 7.0e-03 7.0E-03 7.0E

(ADDsoil * AF)/ADI T.4E-05 7.0E-05 4.6E-05 3J.4E-05 1.2E

INHALATION ADDair (CU.M/KG/DAY) 3.9e-01 3.6E-01 2.5E-01 2.3E-01 4.6E
PM10_SOIL MASS DEPOSITED

PER CU.M (UG) 11 11 11 11

ADDsoil (KG/KG/DAY): 4.36-09 4.0E-09 2.BE-09 2.5E-09 5.1E

AF (/1) 1.00 1.00 1.00 1.00 1

ADDsoil * AF 4.36-09 4.0E-09 2.BE-09 2.5E-09 5.1E

AD] (MG/KG/DAY) INHAL 3.0E-04 3.0E-04 3.0E-04 - 3.0E-04 3.0E

"(ADDsofl * AF)/AD! 1.4E-05 1.3E-05 9.26-06 B8.4E-06 1.TE

- SUM OF 3 PATHUAYS 1.3€

SUM ((ADDsoil * AF)/ADI} AS ‘G’?G 6.6E-04 5.3E-04 2.1E-04 1.3;-04

CHEMsoil = 1/!5“1 {(ADDsoOil * A I/ADD] RS MG/KG: 1886 868 7028
ARNAARAAARARARAAR LR ANAARAAAARNENAANRRRAN AR RARAARARRREARRAAAAAAR RN EREAAAARARAAENAATREAEEAARRAAREEEEARRSRRL AR ENRRRERD SRR

PROPORTION FROM SOIL INGESTION: , 0.8662 0.8429 0.7330 0.6784  0.8808  0.60%

PROPORTION FROM DERMAL CONTACT: 0:1122 001322 0.2223 0.2570 0.1046 0.3383

PROPORTION FROM PARTICLE INHALATION (LUNG!: 0.0217 - 064T 0646 0.0146 0,.0593
RARARARANATAIRERARAAAIA AR RRAARR A RAAEREARANAAREARAARRERAIRRERARRREARAAREEREAERERERARAARAARARRREAAAARAERNERRRARRRRAACRRAEAERRARANARTANR

SCENARIO B, ENHANCED EXPOSURE BY INHALATION OF PARTICLES ONLY: .

AIR INTAKE ADDair (CU.K/KG/DAY) 3.9E-01 3.6E-01 2.56-0% 2.3E-01 4.6E-01 2.3£-0%

LUNG DEPOSIT PMI0 SOIL MASS DEPOSITED PER CU.M (UG) 4 146 - 23 23
~ ADDsofl (KG/KG/DAY): S.SE-Og 5.05-08 3.5E~gg 3&?-% 1.15-88 5.3?‘08

ADDso1L % AF 5.5E-09 5.0E-09 3.56-09 3.2E°09 1.1E-08 5.3E-09

AD1 (MG/KG/DAY) (INHAL) 3.0E-04 3.0E-04 3.0E-04 3.0E-04 3.0E-054 3.0E-04

?ADDBOH * AF)/ADI ) 1.86-05 1.7E-05 1.2E-05 91.1E-05 3.5E-05 1.8E-05

CHEMsoil = 1/((ADDsoil * AF)/ADI) AS MG/KG: 54945 59524 714 68 28355 56711
Gl TRACT DEPOSIT P10 SOIL INGESTED (UG/CU.M AIR) 14 14 14 14 23 23
NON-PM10 SOIL MASS INGESTED (UG/CU.H AIR) 36 36 36 36 36 36

ADDsofl (KG/KG/DAY) . 2.0E-08 1.86-08 1.3E-08 1.26-08 2.76-08 1.4E-08

AF (1/1) ) 1.00 1.00 1.00 1.00 1.00 1.00

ADDsofl * AF . 2.0E-08B 1.8E-08 1.3E-08 1.2E-08 2.7E-08 1.4E-08

AD1 '(HG{KG/DAY) (ORAL) 7.0E-03 7.0E-03 7.0E-03 7.0E-03 7.06-03 7.0£-03

(ADDsoil * AF)/ADI 2.8E-06 2.6E-06 1.8E-06 1.6E-06 3.96-06 1.9E-06

SUM ((ADDsoil * AF)/ADI) AS SGIHG 2.25'05 1.9€-05 1 .3%‘?2 1.2E-05 3.;5;2; Z.g?égz
5!5!22!3.:.1(!5‘!.‘.2&99!213-..&5 ‘ﬁl!1Qc2.!9‘595ttttiatmQaatntttt*tt.ttnaQZgglantgltﬁttNQZMmtittmtttﬁmtttﬁ
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.87 0.87 0.5; 8-?; g.gg g.?g
.m.m..n.-n.m...fﬁmllﬂ.ﬁﬂﬁfﬁkﬁfe.55.'55&59.5551,',5&55;.-n.......-'-Qslz.n..gal':‘mo;l.nm.&. -2+ STPPN-4 5N
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TABLE 1k, SOIL ADVISORY LEVELS BASED ON THRESHOLD EFFECTS FOR VINYL CHLORIDE AND ROUTE-SPECIFIC ADIs

ARAAARANARAREASAN AN RARASAAANAARRAAAAAAAAAAAAARAAAAAAARATERAARARARARERARERRRARRAARAANARRNAARAENNRARLRTAREGRARARRNAL RN RRANRARERAN

AGE (YEARS): 2<5 1<8 0<30 0<7S5 1<2 22
EXPQSURE PERIOD: 3y 7Y 3oy 7Y 900 90D
HI FOR CALCULATION: 1 1 1 1 1 1
SCENARIO A AVERAGE RESIDEN‘HAL EXPOSURE:
SOIL INGESf ADDsoil (KG/KG/DAY) 4.0E-06 3.1E-06 1.1E-06 6.2E-07 7.1E-06 6.0E-07
AF (. 98) 1.00 1.00 1.00 . 1.00 .00 .00
ADDsofl * 4.0E-06 3.1E-06 1.1E-06 6.2E-07 7.1E-06 6.0E-07
AD] (HGIKG/DAY) ORAL 1.0e-03 1.0e-03 1.0E-03 1.0E-03 1.0e-03 1.0E-03
(ADDsoil * AF)/ADI 4.0E-03 3.1E-03 1.1E-03 6.2E-04 7.16-03 6.0E-04
DERMAL CONTACT: ADDsoll éKGIKG/DAY) 5.2E-05 4.9E-05 3.2E-05 2.3E-05 B8.4E-05 3.4E-05
AF 0.10 0.10 0.10 0.10 0.10 .10
ADDao! 5.3E-06 4.9E-06 3.2E-06 2.3E-06 8.4E-05 3.4E-06
AD] (HGIKG/DAY) (ORAL) 1.06-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
(ADDgofl * AF)/AD 5.3e-03 4.9E-03 3.2E-03 2.36-03 8.4E-03 3.4E-03
INHALATION ADDalr (CU.M/KG ID Y) 3.9e-01 3.6E-01 2.56-01 2.36-01 4.6E-01 2.3k-01
PM10 SOIL HASS DEPOSITED
PER CU.M (UG) 11 11 11 11 11 11
ADDgoil (KG/KG/DAY): 4.3E-09 4.0E-09 R2.BE-09 2.5E-09 5.1E-09 2.5€-09
AF (.64/, 64) 1.00 1.00 1.00 1.00 1.00 1.00
ADDsoil * 4.36-09 4.0E-09 2.BE-09 2.5€-09 5.1E-09 2.5E-09
AD1 (HGIKG/DAY) INHAL 8.6E-02 4.9E-03 4.9E-03 4&.9E-03 B.6E-02 B8.6E-02
(ADDsoil * AF)/AD 5.0E-08 B.1E-07 5.6E-07 5.2E-07 5.9£-08 2.9£-08
SUM OF 3 PATHWAYS
SUM ((Annso!l * AF)/ADI} AS KG/MG 9.3e+03 8. 05103 .2E-03 3.0E-03 1.6£-02 4.0£-03

CHEMsoil = 1/[SUM {(ADDs0il * AF)/ADI)] AS MG/KG:

'Q.iiﬁi'.ii'.QQt.'iﬁtt‘i.t'ttt"it.iﬂ!i*i‘.i". RARARALZARARAARARAALTAARATARAEARAERERRAERAARAAREAAAERANRAARERRRANARERRAN VAN IE AR AN

PROPORTION FROM SOIL INGESTION: 0-4308 0.3893 0.2679 0.2088 0. 4572 0.1511

PROPORTION FROM DERMAL CONTACT: 0.5692 0.8106 0.7520 0.7911 0.5428 0.8489

PROPORTION FROM PARTICLE INHALATION (LUNG): 0:0000 0:000 0:0001 00002 0:0000 020000
RARARARARARRARRERARERRARTIAARAANRANIAARANRAA R RN A RARNR AR dd s ﬁ.ﬁii'iiiiiﬁ‘it*ttiQiitt*t*tt*i.i'.Qt*fﬁ*ﬁiit..*‘.iiiititi*ttiﬁi'ﬁ
SCENARIO B, ENHANCED EXPOSURE BY INHALATION OF PARTICLES ONLY:
AIR INTAKE ADDair (CU.M/KG/DAY) 3.96-01 3.66-0] 2.5€-01 2.36-01 4.6€-01 2.36-01
LUNG DEPOSIT PH10, SOTL ANSS DEPUSITED PER CU.M (UG) 14 14 23

14 3

ADDsoil (KG/KG/DAY): 5.5-09 5.0E-09 3.56-09 3.2€- 09 1.1€-08 - 5.3E-09

AF (.64/, 64) 1.00 1.00 1.00 1.00 1.00 1.00

ADDsoil * 5.5-09 5.0E-09 3.5€-09 3.25-09 1.1€-08 5.3€-09

AD1 (HG{KGIDAY) (INHAL) 8.6E-02 4.9E-03 4.9E-03 4.9E-03 B8.6E-02 8.6E-02

‘ Dsof AF)/AD1L 6.3e-08 1,0E-06 7.1E-07 6.6E-07 1.2E-07 6.2E-08

CHEMsoil = 1/((ADDsoil * AF)/ADI)} AS MG/KG: 15750916 972222 1400000 1521739 8128544 16257089
Gl TRACT DEPOSIT PM10 SOIL INGESTED (UG/CU.M AIR) 14 14 14 14 23 23
NON-PM10 SOIL MASS INGESTED (UG/CU.M AIR) 36 36 36 36 36 36

ADDsoil (KG/KG/DAY) 2.0E-08 1.86-08 1.3-08 1.2€-08 2.7E-08 1.4E-08

AF (.98/, 98) 1.00 1.00 1.00 1.00 1.00 1.00

ADDsoil # 2.0E-08 1.BE-08 1.3E-08 1.26-08 2.7E-08 1.4E-08

ADI (HG{KGIDAY) (ORAL) 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0£-03 1.0E-03

(ADDsof ADY 2.0E-05 1.86-05 1.36-05 1.26-05 2.7E-05 1.4E-05

SUM ((ADDsoil * AF)/AD S KG/MG 2.0E-05 1.9E-05 1.3E-05 1.26-05 2.7E-05 1.4E-05
CHEMsoil = 1/[SUM ((ADDsoi\ * AF)/ADI)}] AS MG/KG: 51116 52553 75676 82256 36680 73359

PROPORTION FROM PARTICLE INHALATION (LUNG): 0.00 0.05 0.05 0.05 0.00 0.00
TION FROM SWALLOWED INHALED PARTICLES:

PROPOR 1.00 0.9
..tttt't"ﬁilt.'ﬁ'ﬁﬁitii'ﬁ'tiiititi*ittt.titii*t***i*t***iiti*iit'ﬁit'.*i'tii*tﬁ*i.’iit'ﬁ*t*ﬁ‘i‘i*l*tﬁ..ti'tt..'*'tiﬁi'.‘i.ﬁ*ttﬁ
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Table 2 contains the calculations for soil levels derived
using noncancer (threshold) effects of the designated chemicals.
In some cases where the toxicity data based on an inhalation route
were considered inappropriate, the exposure by inhalation was
converted to absorbed dose and compared to an absorbed dose derived
from the Oral ADI. These adjustments are shown as Y“AF" in the
Tables. This adjustment was made for all exposures received by the
dermal route since no ADIs have been identified for that route.

In two cases (chromium and PAH), an additional adjustment was
made since the toxic chemicals would not be 100% of the assayed
chemical. An adjustment factor of 20% was used for hexavalent
chromium;- 40% was used for carcinogens (BaP) in PAH; and 60% for
noncarcinogens (naphthalene) in PAH. These adjustments are shown
in the "AF" line. .

SOIL ADVISORY LEVELS FOR LANDFILL; ORS/DEP; AUGUST, 1992 ~ A-16



TABLE 2a, DERIVED SOIL LEVELS BASED ON CARCINOGENIC EFFECYTS FOR ARSENIC AND ROUTE-SPECIFIC CSFs

RARAEANAAAARAAAARNAARNANRRAEARRRARNRAARERRARARATARRNARARRRRRARRRAARAAARARERANARARAREANTAARRASEARAARAERERNARARRARAARANAR

AGE (YEARS)- - 2<5 1«8 0<30 0<75 1 22
EXPOSURE PERIOD: 3y rad 30y Y 900 900
ELCR FOR CALCULATION PURPOSES: 1.0e-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-O5
SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE: R
soit INGEStION: I.ADI()soI; KI;IKG/DAY) 1.6E-07 2.9E-07 4.2E-07 6.25-0{ 2.4E-08 2.05-0?
éggosoil * AF 1.66-07 2.9e-07 4.2E-07 6.25-0; 2.4E-08 2.0E'-Og
LADDaoil ’)' AF * CSF 2.98-07 S5.2E-07 7.6E-07 1.1E-06 4.3E-08 3.6E-09
DERMAL CONTACT:  LADDsofl (KG/KG/DAY) 2.15-06 4.6E-06 1.3E-05 2.38-05 2.8e-07 1.1E-07
AF  (0.03/.98) : 03 0.03 0.03 0.03 0.03 0.03
L.wosou * AF 63!2 08 1.4E-07 3.9e-07 6.9E-07 B8.56-09. 3.4E-09
CSF (OR 2 1.8 1.8 1.8 1.8 1.8 1.8
LADDsoil * AF "CSF - 1.1€-07 2.56-07 7.0E-07 1.26-06 1.56-08 6.1E-09
INHALATION LADDair (CU.M/KG/DAY) . 2.0E-02 3.38-02 1.0E-01 2.36-01 1.6E-03 7.8E-04
PMI0 SOIL HASS DEPOSITED
PER CU.M (UG . 1.1€+01 1 1E+01 1.1E+01 1.1E+01 1.1E+401 1.1E+01
LADDs0i { KG/KG/DAY) 2.2E-10 3.6E-10 1.1E-09 2.56-09 1.7e-11 B8.6E-12
AF (.85/.85) . 1 1 1 1 1 1
LADDsOiL * AF 2.2E-10 3.6E-10 1.1E-09 2.5E-09 1.7e-11 B.6E-12
CSF (INHAL) . 50 50 50 50 50 50

LADDgoil * AF * CSF 1.1€-08 1.86-08 5.5€-08 1.36-07 B8.6E-10 4.3E-10
SUM OF 3 PATHWAYS: : :

SUM (LADDSOil * AF * CSF) 4.1E-07 7.98-07 1.56-06 2.5E-06 5.9E-08 1.0E-08
CHEMsoil = ELCR ISSW (LADDsO{ l’AF*CSFn N ol . &, 5 - 985,
ARARREAAAARRNEARARAERARGARANSAEAARARRARAAAAARRAARARRAIRRAARIAARRANARARARARAARNAANBARRLAC N RN CARNAAARRAAEARAAN RN RN AR RN
PROPORTION FROM SOIL INGESTION: 0.70 0.66 0.50 0.45 ’0.73 0.35
PROPORTION FROM DERMAL CONTACT: 0.27 0.32 0.46 0.50 0.26 0.60
PROPORTION FROM PARTICLE INHALATION (LUNG): 0,03 0.02  0.04  0.05 0,01 __ 0.04
ARRRANRARARRAAREARARANRRAANERTAANRRAARRARARA AN ARRR AR R RR R ii‘ﬁiQﬁtti***i*i.ﬁ*ﬁ.‘*t*ii'.i'i.t't*'ﬁt..ﬁiii..ﬁ'*it.**'
SCENARIO l ENHANCED EXPOSURE BY- INHALATIOH OF PARTICLES OMLY:
INTAK LADDair (CU.M/KG 2.0£-02 3.36-02 1.0E-01 2.3t-01 1.66-03 7.8-04
I.UNG DEPOSIT PMI0 SOIL HASS DEPOS!TED :
PER CU.M (UG 14 1% 14 14 23 23
k;nl(ng;l lsa’;/xclon) 28610 4.66-10 1.46-09 3.26:09 3.66-11 1.8€-1)
LADDsoi L '* AF 2.86-10 4.6E-10 1.4E-09 3.26-09 3.66-11 1.86-11
CSF_(INWAL) 50 0 0 50 50 S0
LADDSof | * AF * CSE 1.46-08 2.36-08 7.0E-08 1.66-07 1.86-09 9.0€-10
CHEMsofl = ELCR / (LADDsofl * AF * CSF) : 714 433 143 62 5576 11148
GI TRACT DEPOSITY Pmoﬂs'?‘l)l. INGESTED (UG/CU.M MR) 14 14 1% 14 23 23
TNGESTED wc/cu N AIR) 36 36 36 36 36 3%
LADDagiL (KG/KG/DAT) 1.06-09 1.7€-09 5.06-09 1.26-08 9.26-11 4.66-1]
LADDgoTL 'S A : 1.0-09 1.7E- ov 5.0E-09 1.26-08 9.26-11 &4.6E-11
CSF (ORAL) 1.8 1.8 1.8 ' 1.8 1.8 1.8
LADDsoH AF * CSF 1.86-09 3.06-09 9.0-09 2.3E-08 1.76-10 B.3€-11
SUM (LADDSOIL & AF * CSF 1.66-08 2.6E-08 7.9E-08 1.86-07 2.06-09 9.8€-10
CHEMsoil = ELCR / slAbbnoll * AF % CSE)) AS MG/KG: -~ ' 633 8% 27 5 “""5103 10206
i'ﬁ‘.‘i.Qiii".l'ﬂ.ﬁ.i'..ﬂ RAARAAANAAARARANRARAARNS i.*Qi‘tiﬁi*tiit*ii*i..ﬁ.’tiiii'i*"."*ii'Qt*‘.‘."*’.’.ﬁ"i.‘ﬁi
PROPORTION FROM PARTICLE INHALATION (LUNG): 0.89  0.89  0.89 0.92 0.92
PROPORTION FROM SWALLOWED INHALED PARTICLES: 0.11 0.11 0.11 0.1 0. 0.
Q.ﬁ"i.i’.*Q.ﬂ."ﬁ"ﬁ'ﬂﬁii*'.i'.i.‘iiit*iti't*ii'it*ii*iiiﬁiit*‘.ﬁiﬁ.i."i'.t"*ﬁi’ﬂt*"ﬁlﬁ*i&****.‘Q*ﬁ'!ﬁ"ﬁi"’*'f’
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TABLE 2b  DERIVED SOIL LEVELS BASED ON CARCINOGEN]IC EFFECTS FOR BaP AND AN ORAL CSF

LA 2 T 2 e e T e e AT T e I e e e e A et LA L R et R e et s T LI Il Rt it

AGE (YEARS): 25 18 0<30  0<T5 1@ 22
EXPOSURE PERICD: 3y v 307 75Y 900
ELCR FOR CALCULATION PURPOSES: 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05
SCEWARIO A, AVERAGE RESIDENTIAL EXPOSURE:
soIL INGEStioN: LADDeo] [ (KG/KE/DAY) 1.6E-07 2.9E-07 4.2E-07 6.26-07 2.4E-06 2.0E-09
0.40 " 0.40 " 0.40 _ 0.40  0.40 _ 0.40
I.ADDaoH it 6.4E-0B 1.2E-07 1.TE-O7 2.5E-07 9.6E-07 B8.0E-10
- CSF (ORAL) 5:8E+00 5.BE+00 5.8€+00 5.BE+00 5.86+00 5.8E400
LADDso{l * AF * CSF 3.7E-07 6.7E-07 9.7E-07 1.4E-06 5.6E-06 .6E-09
DERMAL CONTACT: uumsou KG/KG/DAY) BL4E-07 1.86-06 5.2E-06 9.26-06 1.1E-07 .4E-08
AF ( 0.08 ~0.08 0.08 008 ~ 0.08 _ 0.08
LADDaoH kirty 6.66-08 1.5E-07 4.1E-07 7.3€-07 B8.9E-09 3.SE-09
CSF(ORAL) 5.8E+00 5.BE+00 5.86+00 5.8E+00 5.8E+00 5.86+00
LADDsoi [ * AF * C 39E-07 B.4E-07 2.4E-06 4.2E-06 5.1E-08 2.0E-08
INHALAT ION LADDAGE (CUB/KGIDAY) 200E-02 3I36-02 1.0E-01 2.3E-01 1.6E-03 7.8£-04
- PHI0 SOIL WSS DEPOSITED ' ’
PER CU.M (UG) 1.1E401 1.16+01 1.16401 1.1E+01 1.1E+01 1.1E+01
LADDsol{ (KG/KG/DAY) 2:26-10 3.6E-10 1.1E-09 2.56-09 1.7€-11 Bl6E-12
AE (.48.7)/.9 0.31 " 031 “0.31 031 0.3 0.3
ADDaoH 6.85-11 1.1E-10 3.4E-10 7.86-10 5.36-12 2.6E-12
| CSF_( 2 5.8E+400 5.8E+00 5.8E+00 5.BE+00 5.BE+Q0 S5.8E+00
- EADDSOTL S AF * CsF 3.9E-10 6.56-10 2.0E-09 4.5€-09 3.1E-11 1.5€-11
SUM OF 3 PATHWAYS:
SUM (LADDSOil * AF * CSF) 7.66-07 1.56-06 3.4E-06 5.7E-06 5.6E-06 2.5E-08
- CHEMSOlL = ELCR J(SUM_(LADDso [*AF*CSE)) . . 3, . .8 '302.5
AERRARANRARRARAAAVOAANANAAANANEAARNATREARESRAR RN TR td i*iﬁiﬁiiii'.QQ'Qiitﬁii&t..'QIiﬁﬁ‘...Qi*tii‘i.ﬁﬁﬁ.’iﬂﬂtit.'ﬁ
PROPORTION FRON SOIL INGESTION: 0.4003  0.4433 0.2898 0.25%9 0.9908 Q.18
PROPORTION FROM DERMAL C 05093 04%63 07006 0.7053 o.0091 0.8126
00005 020004 0.0006. _0-0008 _0:0000

TION FROM PARTICLE INHALATIO’I SLUHG :

PROPOR
ARERANNREARRBATREARLAEAANARNAAARRAATIREARNER RN RO AR R Qtiizﬁﬁ**i*t*Q.ﬁiﬁﬁtﬁi*tQi*i.iﬁ.tt..Q***iﬁ*i'i.ﬂt*ﬂiﬁiti.ttii.

SCEHAR!O B, ENHANCED EXPOSURE BY INHM.ATIOH OF PARTICLES ONLY:

AARARRA AR AARANAAR Ladag s 2 o

PROPORTION FRG' TRCLE INHALATION (LUNG): 0.1 i 104 9
*-aa*ttat-ttﬁaaaaoaa*ttnm m fasd Lo 5325&55 Mn gAY e

ARRRE
23

AIR IHTAKE LADDai ¢ (CU M/KG/ 2.0E-02 3.36-02 1.0E-01 2.3E-01 1.6E-03 7.8E-04
LUNG DEPOSIT PH10 SO MASS DEPOS!TED :
PER H (UG) 14 14 14 14 23 . 23
lADDaoH (KG/KG/DAY) 2.8E-10 4.6E-10 1.4E-09 3.26-09 3.6E-11 1.8E-11
AF (.&%.7/.91) 0.31 0.31 0.31 0.31 0.31 0.31
LADDaoH * AF 8.6E-11 1.4E-10 4.3E-10 9.9€-10 1.iE-11 5.5€-12
CSF_(ORAL 5.8E+00 5.BE+00 5.BE+00 5.8E+00 5.8E+00 5.8E+00
LADDsoil * AF * CSF 5.0E-10 8.2E-10 2.5€-09 5.7E-09 6.4E-11 3.2E-11
CHEMsoil = ELCR / (LADDsoil * AF * CSF) 20012 © 12129 4002 + 1740 156172 312344
Gl TRACY DEPOSIT P’(I”i.omS?(l’L IHEE'S‘IED (UG/CU.M AIR) 14‘ 14 14 14 3 23
i
INGESTED (UG/CU.M AIR) 36 36 36 36 3
LADDsoi ‘KG‘KGIDAY) 1.06-09 1.7E-09 S5.0E-09 1.26-08 9.26-11 4.66-11
AF (.4*.9 1 0.40, 0.40 0.40 0.40 0.40 0.40
LADDaoH * AF &.0E-108: - 6.6E-10 - 2.08- i6E-09 3.;5:11 1.BE-11
CSF (OR z 5.864088 | % -3.BE# LBE+00 S5.86400 5.B£+00
LADDsoil * AF * CSF 2.3k~ +BE-U9 1.2E- .7E-08 2.1E-10 1.1E-10
S!.H (LADDsO{l * AF * CSF) 2.86-09: 4. =09 1.4E- 3.26-08 2.BE-10 1.4E-10
CHEMsoil = ELCR / !LADD!OH * AF * CSFM AS MG/KG: 3546 149 {308 - 36028 72055
tngnngnnnnnannn R e e e P e :

1
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TABLE 2c. DERIVED SOIL LEVELS BASED ON CARCINOGENIC EFFECTS FOR CADMIUM AND AN INHALATION ROUTE CSF
AAAERRAARRERAREAAANA TR AAAARARR AR RARAAABARNRAR AR R A RERAAAARRARAARRRAARAAREARARAAARANRERRANARAAARRARARAARARRRRA AN R AR RR RS

AGE (YEARS): 2<5 1<8 0<30 0<75 1<2 22

EXPOSURE PERICD 3y rad 3oy Y 900 900

ELCR FOR CALCULATION PURPOSES: 1.0e-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05

....................................................................................................................

SCENARIO A, AVERAGE RESIDENT!AL EXPOSURE ¢
NOTE THAT CADMIUM IS CARCINOGENIC ONLY WHEN INHALED - -

INHALATION LADDair (CU.M/KG/DAY) . 2.0E-02 3.3£-02 1.0E-01 2.36-01 1.6E-03 7.8E-04

PM10 SOIL MASS DEPOSITED

PER CU.M (UG) 1.16401  1.1E+01  1.1E+01 1.1E+01 1.1E+401 1.1€+01
LADDsoil (KG/KG/DAY) i 2.26-10 3.6E-10 1.1E-09 2.5€-09 1.7E-11 B.6E-12
AF (0.6/0.6) , 1.00 1.00 1.00 1.00 1.00 1.00
LADDsoil * AF 2.2E-10 3.6E-10 1.1E-09 2.5E-09 1.7E-11 B8.6E-12
CSF_(INHAL) 6.1E+00 6.1E+00 6.1E+00 6.1E+00 6.1E+00 6.1E+00
LADDsoil * AF * CSF 1.3e-09 2.26-09 6.7E-09 1.5€-08 1.0E-10 5.2E-11"

CHEMsoil = ELCR /(SUH (LADDsOf | *AF*CSF

32 7452 4516 90 648 33 191
PUTUUBIUPUUOTOIUIIN ..+ § T 1L I 621008 LTt 433 s 2 4 e L

TION FROM PARTICLE INHALATION (LUNG): 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

PROPOR
ARRARAAAANRARRAANAAAAAARNEARAARAARARARRRAREAARANAARRAN AR AR A i*t.tt*ii*ittiiﬁtiiiﬁiiiilt*titi***it*t'i*.*'ﬁii...’.ﬂ'i'

SCENARIO B, ENHANCED EXPOSURE BY INHALATION OF PARTICLES OMLY: '

AIR INTAKE _LADDair (CU.M/KG/DAY) 2.0E-02 3.36-02 1.0E-01 2.36-01 1.6€-03 7.8€-04
LUNG DEPOSIT PM10 SOIL MASS DEPOSITED ‘ .

PER CU.M (UG) 14 14 14 14 23 23
LADDso{l (KG/KG/DAY) 2.8E-10 4.6E-10 1.4E-09 3.2E-09 3.6E-11 1.8E-11
AF (.6/.6) o0 1.00 ~1.00 ~1.00 " 1.00 ~~1.00  1.00
LADDsoii * AF 2.8E-10 4.6E-10 1.4E-09 3.2E-09 3.6E-11 1.8E-11
CSF_(INHAL) 6.1E+00 6.1E+00 6.1E+00 6.1E+00 6.16+00 6.1E+00
LADDSOiL * AF * CSF 1.7E-09 2.8E-09 B.5E-09 2.0E-08 2.2E-10 -1.1E-10
CHEMsoll = ELCR / (LADDSOiL * AF * CSF) 5855 3548 1171 509 45690 91379
ii'i*ii*.'iiQﬁi'i.iii.ﬁ.ﬂ.‘ﬁi'.iiit.ﬁi.ii"..iﬁﬁ*.ﬁ.i*.'QQ"QQ*.**‘Q'.t’itii.*.*ti.t.i‘i'i*iiiii.'*‘i"ﬁ‘."ﬂi'..ﬁ".
PROPORTION FROM PARTICLE INHALATION (LUNG): 1.00 1.00 1.00 1.00 1.00  1.00

TION FROM SWALLOWED INHALED PARTICLES: 0.00 0.00 0.00 0.00 0.00 0.00

*ti****ii'tt’it'ﬁtﬁt*iﬁttiitﬁ!tﬁ.*ﬁtiitﬁﬁﬁiﬁ*iitttt*iﬁ'ttﬁ.tit‘tiiQﬁ*i*ii*ittQt*iQi*iittti'iidii*i**.’i'iiii...***'i'
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TABLE 2dd SOIL ADVISORY LEVELS BASED ON CARCINOGEMIC EFFECTS FOR 20% HEXAVALENT CHROMIUM AND ROUTE-SPECIFIC CSFs

Qt*Q'Qttt;iiti*tt'tttﬁti.i'ii*‘*t.iiﬁiiiit.i.ﬁtiitﬁﬁi*iii"*ﬁ**i*iti.ii*i*tiﬁit***‘tttiii*t‘tt.ﬁi*'.t..i.i*iit'itﬂ..’

AGE (YEARS):
EXPOSURE PERIOD:
ELCR FOR CALCULATIOH PURPOSES:

2<5

i<8 0<30 0<75 1<2 22

k34 fad 3oy Y 90D 90D
1. OE 05 1.0E-05 1.0E- 05 1.0E-05 1.0E-05 1.0E-05

...................................................................................................................

SCENARIO A, AVERAGE RESIDEHTIAL EXPOSURE:

HEXAVALENT CHRDH!UH 1S CARCINOGENIC BY THE INHALATION ROUTE
2.0e-02

1.1E+01
2.2E-10

0.20
4.4E-11
4.1E+01

INHALATION

AREAFARRAEAREAARAARAEARARNARRA TR RN

- PROPOR
LRI LI TTE T DL UT TR LTS M T bR A s Tt Tt P

LADDsfr (CU, M/KG/DAY)
P:ég SOIL ?ASS DEPOSITED
LADDso‘l KG/Kg/DAY)

LADDs !l * AF
CSF (INHALATION)
LADDsoil * AF * CSF

SUM (LADDsoil * AF * CSF)
CHEMsoil = ELCR /‘SUH (LADDsof L *AF*CSF

PROPORTION FROM SOIL INGESTION:
PROPORTION FROM DERMAL CONTACT:
TION FROM PARTICLE INHALATION (LUNG):

1.8E-09

1,0000

SCENARIOA!, ENHANCED EXPOSUﬁE BY INHALATION OF PARTICLES ONLY:
HEXAVALENT CHROMIUM IS CARCINOGENIC (LUNGS) BY THE INHALATION ROUTE

AIR INTAKE
LUNG DEPOSIT

AARANRARERARREANAAANRRRERRRARANTAAANERERAARRRAAAAARAARAAARAARAARAAAARAEAREREARRARAANAALAELTARASRRLAERSALERRCRLLRERARL

PROPOR .00 0.
'ii'*tt**.i'Qtitﬁﬁ**i*it.Qt'.'iitit**'ﬁ*ii'.idtititﬁiiitt*'ttitii*.'**i.i.t’iiiii*i*Oti'ﬁﬁiﬁii*ti*ii.ili'iti.i'itittﬁ

LADDair (CU M/KG/DAY)
PH10 SOIL HASS DEPOSITED

PER CU.M (UG)
LADDsoil (KGIKG/DAY)
AF (.2*.6 /
LADDsoil

CSF ( 2
Dsofl * AF * CSF
CHEHsofl - ELCR / (LADDsoil * AF * CSF)

PROPORTION FROM PARTICLE INHALATION (LUNG):
TION FROM SWALLOWED INHALED PARTICLES:

1.00
0.00

3.38-02 1.0E-01 2.3£-01 1.6E-03 7.86-04
196401 1.9E+401 1.1E+01 1.9E+01 1.1E+01
3.66-10 1.1E-09 2.56-09 1.7E-11 8.6E-12
0.20 0.20 _ 0.20  0.20  0.20
7.36-11 2.26-10 S5.1E-10 3.4E-12 1.7E-12
G 16401 &4.1E+01 &.1E+01 - 4.1E+01 4. 1E+01
3.0E-09 9.0E-09 2.1E-08 1.4E-10 7.0E-11
1.46-10 7.0E-11

3.0E-09 9.0E-09 2.1E-08
48 162134

...i.iiiitt'*itti't.lli.tiiliiti&ttQ*ﬁ**..*ii.‘.'ii*'ﬁﬁittii'tti*iitit.’*t'.ti.i.

0.0000 0.0000 0.0000 0 0000 0.0000
0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1,.0000 1.0 00 1.0000

tlitt*iii**i.i***tt*itﬂt*ttiiiitﬁihiiititiﬁ**ti'tﬁ*itiii.

3.36-02 1.0E-01 2.36-01 1.6E-03 7.86-04

14 14 14 23
4.6E-10 “ 1.4E-09 3.26-09 3.6E-11 1.BE-11
0.20 0.20 0.20 0.20
9.26-11 2.8E-10 6.4E-10 7.26-12 3.6E-12
§.1E+01 4.1E+01 4.1E+01 4.1E+01 4.1E+01
2.6E-08 2.9€- 1.56-10

3.8E-09 1.1E-08 8
2640 87 379 33989 61977

1.00 1.00 1.00 1.00 1.00
.00

IVISORY LEVELS FOR LANDFILL; ORS/DEP; AUGUST, 1992 .
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TABLE 2h. DERIVED SOIL LEVELS BASED ON CARCINOGENIC EFFECTS FOR PCBS AND AN ORAL CSF

ARARARAEARRRA AR AR RN AN ERRANNNAARAAERRRARAEARRARAARARARARANRRENRARAAARAARRAXARREARANNERANERRAAANRAREAAANAERTAAAAANAEAARY

AGE (YEARS):
EXPOSURE PERIOD:
ELCR FOR CALCULATION PURPOSES:

---------------------------------------------------------------------------------------------------------------------

SCENARIO A, AVERAGE RESIDENTIAL EXPOSURE:
soiL INGeESFION: k‘”“ﬂ‘ (KG/KG/DAY)

F (V/
I.ADDsolt * AF

CSF (ORAL!

LADDsofl * AF * CSF
DERMAL CONTACT:  LADDsoll (KG/KG/DAY)

AF (0.05/1) :

LADDsoil * AF

CSF (ORALI .

LADDsoil * AF * CSF
INHALATION LADDair (CU.M/KG/DAY)

Pgég SOIL I:ASS DEPOSITED
LADDsoi i (KGIKG/DAY)
AF (11

(
_ LADDsofl * AF

CSF (WALI
LADDsoil * AF * CSF
SUM OF 3 PATHWAYS:
LADDsoil * AF * CSF

SUM ( )
CHEMsoil = ELCR /SSW (LADDso! L*AF*CSF
POPPPPPPPTIRIOROINN 13~ 45 3 Tt 3 - A
PROPORTION FROM SOIL INGESTIOH'
PROPORTION FROM DERMAL C
FROM PARTICLE INHALATION (LUNG

titﬁ'.ﬁtmtﬁﬁfilissﬁttﬁtli'ttttttt'itiitttt*tttttti*ﬁtﬁ*ﬁtziiti*
SCENARID 8, ENHANCED EXPOSURE BY l”HAL?TlON OF PARTICLES 8NLY'

AIR INTAKE LADDair (CU.M/KG/DA .0E-02 3.3e-02 1.0E-01 2.3E-01 1.6E-03 T.BE 04
LUNG DEPOS!T PM10 SOIL MASS DEPOSITED
PER CU.M (UG) 14 14 14 14 23
LADDsoil (KG/KG/DAY) 2.8E-10. 4.6E-10 1.4E-09 3.2E-09 3.6E-11- 1.BE-11
AF (171 1.00 1.00 1.00 1.00 1.00 1.
LADDsoil * AF 2.86-10 4.6E-10 1.4E-09 3.26-09 3.6E-11 1.BE-11
CSF (ORAl.z 7.76400 7.7E400 7.7E+00 7.7E+00 7.7E+00 7.7E+00
LADDsoil * AF * CSF 2.2E-09 3.6E-09 1.1E-08 2.5E-0B 2.8E-10 1.4E-10
CHEMsoil = ELCR / (LADDsoil * AF * CSF) 4638 2811 928 403 36196 723
GI TRACT DEPOSIT P&OP"S?# INGE:XED (UG/CU.M AIR) % % 14 14 23
INGESTED (UG/CU.M AIR) 36 36 36 36 36 36
LADDsoil (XG/KG/DAY) 1.0E-09 1.7e-09 S5.0E-09 1.26-08 9.26-11 4.66-11
AF (1/1 1.00 1.00 1.00 1.00 1.00 1.00
LADD'M * AF 1.0E-09 1.7e-09 . 5.0E-09 1.26-08 9.2E-11 4.6E-11
CSF ( l 7.7E+00 7.7E400 7.7e+00 7.7E+00 7.7E+ 7.7e+400
LADD!OH AF * CSF 7.7E-09 1.3E-08 3.96-08 8.96-08 7.1E-10 3.5E-10
SUM (LADDsoil.® AF * CSF) 9.96-09 1.66-08 4.96-08 1.1E-07 9.8E- &.9E-10
Hsoil = ELCR ““.ALADD soil * AF * CSFR*AS MG/KG: 1015 615 2 01 20305

CHE
it'iﬁi'.ﬁt.titti.'*i.'t" ARRARAAENRRNAEARTRE

PROPORTION FROM PARTICLE INHALATION (LUNG):
TION FROM SWALLOWED INHALED PARTICLES:

PROPORY
nvnnnnnnnanun"mntniﬁmununtnnnﬂnutnnt"tnann\nnnnnnt»nnttnn"aa\uﬁanmahnu

2<5
3y
1.0E-05

1.1€+01
2.2E-10
1.00
2.2E-10
7.7e+00
.TE-09

2.0E-06

1<8

4.0E-06

0 6033 0.5573 0.3921
69

3959
0.0008

0.22

0<30 0<75 1<2 22
307 ™Y 200 90D
1.0E-05 1.0E-05 91.0E-05 1.0E-05
4.2E-07 6.2E-07  2.4E-08 2.0t-09
1.00 1.00 1.00 . 1.00
§.26-07 6.2E-07 2.4E-08 2.0E-09
TE+00 7.7E+00 7.7E+00 .7.7E+00
.2E-06 4.8E-06 1.8E-07 1.5€-08
1.3e-05 2.3E-05 2.BE-07 1.1E-07
0.05 0.05 0.05 0.05
6.5E-07 1.2E-06 1.4E-08 5.7E-09
TE+00 7.7E+Q00 7.7E+00 7.7E+00
5.06-06 8.9t-06 1.1E-07 &.4E-08
1.0e-01 2.3t-01 1.6E-03 7.8t-04
1.16401 1.16401 1.1E+01 1.1E+01
1.1E-09 2.5E-09 1.7E-11 B.6E-12
1.00 1.00 1.00 1.00
1.1€-09 2.5e-09 1.7€-11 B8.6E-12
C.TE+00 7.7E400 7.7E+00 7.7E+Q0
8.5e-09 . 1.9E-08 1.3E-10 6.6E-11
8.2E-06 1.4E-05 2.9E-07 5.9t-08

1. 34,0 169.2
WRARRR R RhdkhddRh

0.3498 0.6285 0.2605

0. 6488 0.3711 0.7383
0.0007 0.0010 0.0014 0.0004 0,.0011

0.22

0.22

T Py T,
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TABLE 2k, OERIVED SOIL LEVELS BASED ON CARCINOGENIC EFFECTS FOR VINYL CHLORIDE

*'tttt*ltttﬁt*ti.t*Qtt.ﬁﬁfti*t'iﬁ.ﬁ.t.ﬂttttit't*!*ﬂQ.ﬁt*!ﬁﬁ't*’ﬁﬁtti***itﬁ*i*tt*‘ﬁﬁi..*ﬂiii..*..ti*.**t.*‘iﬂi.iiiﬁi'i‘i*’

AGE (YEARS): 2<5 1<8 0<30 0<75 1<2 22
EXPOSURE PERIOD: 3y Fad 307 Y 90D 90D
ELCR FOR CALCULMIQI PURPOSES: 1.0E-05 1.0E-05 1.0E- .0E- 1.0E-05 1.0E-05
SCENARIO A AVERAGE RESIoEnnAL EXPOSURE :
SolL INGEshon- ADDsoil (KG/KG/DAY) 1.6E-07 2.95-07 4.26-07 6.26E-07  2.4E-08 2.0E-09
AF (1/1{ ' 1.00. 1.00 1. 1.00 1.00 1.00
LAoo-oi ® AF 1.66-07 2.9E-07 4.2E-07 6.2E-07  2.4E-08  2.0E-09
CSF 1.96+00 1.95+00 1.9E+00 1.9E+00 1.96400 1.9€+00
Aoouoi l * AF * CSF 3.0E-07 S5.5€-07 8.0E-07 1.26-06  4.6E-08  3.8t-09
DERMAL CONTACT: LADDsoil (KG/KG/DAY) 2.1E-06 4.6E-06 1.3E-05 2.36-05 2.86-07 1.1€-07
AF 0.10 0.10 0.10 0.10 0.10 0.10
LADDsofL * AF 2.1E-07 4.6E-07 1.3E-06 2.3E-06 2.86-08 1.1E-08
CSF (ORAL! 1.96+00 1.9E+00 1.9E+00 1.9E+00 1.9€+00 1.9£+00
: LADDsoil * AF * CSF 4.0E-07 B.7TE-07 2.5E-06 4.4E-06 5.4E-08 2.2E-08
ENHALATION LADDafr (CU.M/KG/DAY) 2.0E-02 3.3e-02 1.0E-01 2.3E-01 1.6E-03 7.8E-04
S -PH10 sou. MASS DEPOSITED
PER CU.M (UG) ' 1.1E+01 1.1E+01 1.1E+01 1.1€+01 1.16+01 1.1€+01
LADDsoil (KG/KG/DAY) 2.2E-10 3.6E-10 1.1E-09 2.58-09 1.7E-11 8.6E-12
AF - 1.00 1.00 1.00 _ 1.00 1.00 1.00
uonno! ' AF 2.2E-10 3.6E-10 1.1E-09 2.5E-09 1.7E-11 8.6E-12
_ CSF_CINHAL) 3.0E-01 3.0E-01 3.0E-01 3.0€-03% 3.0E-01 3.0E-01
: LADDsofl * AF * CSF 6.6E-11 1.1E-10 3.3E-10 7.6E-10 5.1E-12 . 2.6E-12
SUM OF 3 PATH\ms-
: : sofl * AF ¢ CSF) 7.0E-07 1.4E-06 3.3!—:-06 5.5¢-06 9.98-08 2.5e-08
HEMsolil = EL f {LADDsoi L*AF2CSF)) 14 7 2 101 395
ti0.Q'ﬁﬁ.ﬁﬁ..tﬁ.ttttiti!tiﬁ W e o e e o e o oy o e W e o tttiitt.’.ﬂ"it'tttQttt**Qtt.ﬁtiﬁitﬁ‘ﬁ‘ti‘t‘i.t.‘..ﬁitiﬁii.t**t
PROPORTION mon sou INGES"ON. 0.4324 0.3866 0.2442 0.2123 0.4585 0.1500
PROPORT!OH FROM DER! CONTACT: 0.5675 0.6133 0.7557 0.7876 0.5414 8499
PROPORTION FROM. mmcuz INHALATION gl.uus;- 0.0001 0,0001 1 o .0001%
ARVRAANAAAEARAAAAREANRRNRAARCAAAARERARAANEAAAAANARANRNA A ARy ti.&.ttit*.ﬁtittit*i*ttitt..’iﬁiﬁiﬁ tttttﬁﬁtt*t&ﬁtﬁift'itt.t
SCENARIO B, ENHANCED EXPOSURE BY lmmunou OF PARTICLES ONLY:
AIR INTAKE LADDafr (cu M/KG/DAY) .0E-02° 3.38-02 1.0E-01 2.36-01 1.6E-03 7.8E-04
neposn PM10 SOIL ss DEPOSITED .
PER CU.M (UG 14 14 14 14 23 23
LADDsof i (KG/KG/DAY) 2.8E-10 4.6E-10 1.4E-09 3.26-09  3.6E-1% 1.8E-11
AF (1/1( 1.00 1.00 1.00 1.00 1.00 1.00
LADDsofl * AF 2.BE-10 4.6E-10 1.4E-09 3.2€-09  3.6E-11 1.86-11
CSF (INHA 3.0E-01 3.0E-01 3.0E-01 3.0E-01 3.0E-01 3.0E-01
LADDsoil * AF * 8.4E-11 1.4E-10 4.2E-10 9.7E-10 1.1E-11 5.4E-12
, CHEMsoil = ELCR / (LADDsoH ' AF * CSF) 119048 72150 23810 10352 -~ 929023 1858045
Gl TRACT DEPOSIT PM10 SOIL INGESTED (UG/CU.HM AIR) 1% 14 1 14 23 23
NON-PM1Q SOIL MASS -
INGESTED (UG/CU.M AIR) 36 36 36 36 36 36
LADDsoitl (KG/KG/DAY) 1.0E-09 1.7¢-09 S5.0E-09 1.2E-08 9.2E-11 4.6E-11
AF (1/1" 1.00 1.00 1.00 1.00 1.00 1.00
LADDsoi| * AF 1.0e-09 1.7e-09 S5.0E-09 1.26-08  9.26-11 4.6E-11
cs 2 1.96400 1.9£400 Y1.9E+00 1.9£+00 1.9€+00 1.96400
no!l AF * CSF 1.96-09 3.1E-09 9.5E-09 2.26-08 1.76-10  8.7E-11
sun (LADDsoil * AF * 2.0E-09 3.3E-09 9.9£-09 2.3e-08 1.9€-10 -  9.3E-11
sofl = ELCR / S s Aoocoil * AF ® csrn AS MG/KG: 5040 3055 1008 107735
Dttt*&ttttﬁt*itittﬁitittﬁ’ AN ARERNARRORERD Qttiﬂttttti‘t*tttwtﬁﬁﬁ**tt.tiii'...iit.i'.ttttitt'*ttitt‘*itﬁn {231 ]
PROPMTIOH FROM PARTICLE INHALATION (LUNG): 0.04 0.04 0.0% 0.04 0.06 0.06
‘PROPORTION FROM SWALLOWED INHALED PARTICLES: 0.96 0.96 0.94
tittiit.'t.i‘.ﬂ..it*tttitttﬁttttii‘..’tt*iﬁ.'t.tQ*Qt.tttittttﬁtﬁiﬂi'*ii.iﬁ.ﬁi.ﬂtﬂiﬁ'ﬁi Qtttiiiti*iiﬂiﬁtiﬂtittiiﬁtittt*t!.
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TO: Elizabeth Callahan, BWSC PPD
Brian Moran, BWSC PPD
FROM: Paul W. Locke, ORS :(}\
§
~CC: Carol Rowan West, Director ORS

Marion Harnois, ORS
DATE: October 15, 1993

SUBJECT: Landfill Daily Cover

This memorandum is in response to questions which have arisen concerning the chemical-
specific concentrations which appear in the draft Division of Solid Waste Managemeént
(DSWM) policy Requirements for Contaminated Soil Use as Landfill Cover (last update
6/23/93). The discussion which follows relies heavily upon previous work conducted by
Marion Harnois and Carol Rowan West of the Office of Research and Standards.

- SUMMARY

o The chemical-specific concentrations contained in the draft policy were not derived
using quantitative risk assessment.

° The distinction between proposed values for Category A .(lined) and Category B
(unlined) landfills is based on the potential that the material leaching from the soil.
Since the primary concern for Category A landfills is the potential direct contact
exposures associated with the cover material, this memorandum focuses on the

Category A numbers and does not make a proposal concerning the Category B landfill
criteria.

. Some of the chemical-specific concentrations proposed fall below the most stringent

(category S-1) MCP Method 1 soil standards and more fall below the category S-3
standards. As a result, the proposed values would minimize or eliminate the

One Winter Street e  Boston, Massachusetts 02108 . FAX (617) 556-1048 e  Telephone (617) 292-5570



beneficial reuse or recycling of slightly contaminated soils from c.21E disposal sites.

Based upon the exposure scenario previously used to evaluate the draft cover
criteria’, the chemical-specific concentrations associated with typical regulatory risk
criteria (an Excess Lifetime Cancer Risk of one-in-one million and/or a noncancer risk
expressed as a Hazard Index of 0.2) are generally higher than the values proposed in
the draft policy. In other words, soil containing oil or hazardous:material in
concentrations higher than those proposed could be used without significant risk of
harm to the health of neighboring residents.

Alternative chemical-specific concentrations are proposed (Table 1) which are
protective of public health, generally consistent with the promulgated MCP soil
standards and which would increase the opportunities to beneficially reuse
contaminated soils.

Table 1
DSWM DRAFT VALUES and PROPOSED LANDFILL COVER CRITERIA
DSWM Draft Policy PROPOSED
6/23/93 CRITERIA
LANDFILLS CATEGORY A LANDFILLS CATEGORY A
mg/kg mg/kg
ARSENIC (TOTAL) 40 40
CADMIUM (TOTAL) 25 80
CHROMIUM (TOTAL) 500 500
LEAD (TOTAL) 500 60C
MERCURY (TOTAL) 10 60
SODIUM  (TOTAL)Y 4,000 4,000
PCBs (TOTAL) 2. 2
PAHs (TOTAL) 100 200
Assumes 40% Carcinogens
TPH 1,500 5,000
TCLP pass pass
VOCs (TOTAL) 10 10

Evaluation of Landfill Soil Cover Criteria. Memorandum from Marion Harnois and Carol Rowan West (ORS) to Rich
Gioisa, Steve Lipman, Joel Hartley, Brian Moran, Rick Dunn, John Fitzgerald, Iris Davis and John Carrigan.
August 19, 1992, »



BACKGROUND

In the summer of 1992, the Office of Research and Standards (ORS) was asked to review a
list of numerical standards being proposed to identify soil containing oil or hazardous
material (OHM) which could be used as daily cover at landfills. The numerical criteria had
been identified by an internal DEP workgroup representing the various programs involved
in soils management. The resulting memorandum’ compared the proposed criteria to risk
assessment-derived concentrations and concluded that the proposed criteria "would be below
the soil levels derived using risk management criteria generally used by regulatory agencies."
This conclusion was somewhat qualified by conservative assumptions made about assumed
exposures and assumed mixtures of PAHs and chromium species. (These results are
summarized in Table 2.)

Table 2 - ORS 8/19/93 Analysis

DSWM Draft Policy ORS 8/19/92 Analysis
6/23/93 Landfill Cover Scenario ("B" - Inhalation Only/Residential)
LANDFILLS
CATEGORY: ) _
ELCR Hazard Index
. 2-5yr 30 yr
A B i :
{ 1E-06 1E-05 1E-06 1E-05 i 0.2 1
mghg ~ mgkg | mgkg mghg mghg mghg | mgkg  meghkg
ARSENIC (TOTALS 40 40 63 633 13 127 ! 1,724 8,621
CADMIUM (TOTAL) 25 14 586 5,855 17 un i 1,504 7,522
CHROMIUM (TOTAL) 500 100 - - - - - -
CrVvi . . 436 4,355 87 871 - 397 1,984 .,
Cr III - - na na na na > 1E+06 > 1E+06
LEAD  (TOTAL) 500 500 na na na na | 8,282 ne
MERCURY (TOTAL) 10 2 . . . . . .-
Hg Inorganic - - na na na na 1,189 5,943
Hg Organic - - na na na na ne ne
SODIUM (TOTAL) 4,000 4,000 . N . S . N
PCBs  (TOTAL) 2 2 102 1,015 20 203 ! 43 . 217
PAHs  (TOTAL) ‘ 100 100 355 3,546 71 709 | 40,000 200,000
Benzo[a]pyrene - - - - - - . .
Naphthalene - - - - . s . -
SELENIUM (TOTAL) . - na na na na{ 10,000 60,000
TPH 1,500 1,000 . . . - . .
TCLP pass pass - - - - ' - -
VANADIUM (TOTAL) - - na na na na | 5,109 25,547
VOCs  (TOTAL) 10 4 - - - . - -
Vinyl Chloride . . 504 5,040 101 - - -
~ ibid.

pwl/ors101593 3



Subsequent to this work, the Bureau of Waste Site Cleanup promulgated soil standards as
part of the revised Massachusetts Contingency Plan (310 CMR 40). Soil standards were set
based upon three exposure scenarios:

S-1 -

S-2 -
S-3 -

High Exposure Potential, consistent with residential (or unrestricted) use of
a property; -

Medium Exposure Potential ,

Low Exposure Potential, consistent with many industrial uses.

These standards consider exposures associated with direct contact with the soil as well as the
potential for the material to leach to groundwater.

A comparison (Table 3) of the MCP Method 1 Standards and the proposed Landfill Cover
(Category A) concentrations indicates that 2 of the proposed values (total cadmium and total
chromium) are less than the promulgated MCP Method 1 S-1 standards and 6 of the
proposed values (Cd, Cr, Pb, Hg, PAHs and TPH) are less than the MCP Method 1 S-3

standards.
Table 8 . :
DSWM Draft Policy MCP Standards
6/23/93 .
{ Direct Contact Only Direct Contact +
i Leaching
LANDFILLS :
CATEGORY A |  S-1 53 | S-1/GW-1  S-3/GW-1
mg/kg mg/kg meg/kg mg/kg mglkg
ARSENIC (TOTAL) 40 | 30 30 |} 30 30 .
CADMIUM (TOTAL) 251 30 80 ! . 30 80
CHROMIUM (TOTAL) 500 i 1,000 5,000 1,000 5,000
Cr VI - 200 1,000 200 1,000
Cr I -f 10000 5000 1,000 5,000
LEAD  (TOTAL) 500 300 600 | 300 600
MERCURY (TOTAL) 10 § . L - -
Hg Inorganic - 10 60 i 10 60
Hg Organic - 7 20 i 7 20
SODIUM  (TOTAL) 4,000 } . Coe .
PCBs  (TOTAL) 2 i 2 2 i 2 2
PAHs  (TOTAL) 100 : . - - .
Benzo[a]pyrene < 0.7 0.7 § 0.7 0.7
Naphthalene N 100 2,500 | 4 4
TPH 1,500 i 500 5000 i 500 5,000
TCLP pass% - - - -
VOCs  (TOTAL) 10 | . - . .
Viny] Chloride - 0.3 2 i 0.3 0.4
pwl/ors101593 4



MISCUSSION
1. What is the purpose of the landfill cover policy?

By identifying levels of oil or hazardous material representative of mildly contaminated soil which

could be used as daily cover, intermediate cover and/or grading material at landfills, the proposed

policy would extend landfill capacity: such use of this soil would eliminate the need to dispose of

this material in the landfill and directly reduce the amount of clean soil which would otherwise be

needed as cover material. In addition, the policy would be a basis of regional and program
consistency. The purpose of the draft policy is consistent with the BWSC’s preference for the reuse

or recycling of contaminated material written into the MCP.

2. What is the relationship between the landfill cover criteria and the MCP standards?

In general, soils which are at or below the applicable Method 1 standards do not pose a significant
risk of harm to health, safety, public welfare or the environment. Only soils which exceed these
standards must be addressed under the MCP, and in many cases this will mean the excavation and
removal of the contaminated material, If the goal is to maximize the reuse and recycling of this
excavated material the landfill cover criteria should be set at concentrations greater than the
Method 1 standards as long as the levels do not result in significant risk at or near the landjiil.

Note that if the landfill cover criteria were less than the Method 1 standards, soils meeting the S-1
standards would be acceptable as surficial soil in a residential area, but if the soil were excavated
it would not be clean enough to be used as cover at a landfill. Such a result would make sense only
if the exposures associated with the landfill use were different and/or greater than thz assumed
residential exposures.

3. What are the highest possible concentrations which could be used as landfill cover criteria without
causing a condition of significant risk?

As noted above, ORS has already reviewed the proposed landfill cover criteria and concluded that
those concentrations would not pose a significant risk of harm to the health of adjacent residents
In fact, the same analysis pointed out that higher concentrations of these materials may also be
safely used as cover. '

Table 4 compares risk-based’ landfill cover concentrations to the values in the proposed policy.

The risk assessment assumes a chronic (7 year) exposure to fugitive dust (assumed to be continuously at the PM,,
standard) in a home at the fence-line of the operating landfill. This scenario evaluated the risk of noncancer health
effects by focusing on the exposures experienced by a young child (age 1-2 years) during the summer months. The rigk
management criterion used was a Hazard Index equal to 0.2 (consistent with the target noncancer risk level of the
Method 1 standards). The excess lifetime cancer risk (ELCR) associated with a chronic (7 year) exposure was hased

pwi/ors101583 5



Based solely upon the results of the risk assessment, soil containing significantly higher
concentrations of cadmium, lead, mercury, TPH and total VOCs could be used as cover material at
a landfill. In addition, slightly higher concentrations of PAHs and PCBs could be used.

Table 4

COMPARISON: DSWM Proposed Values to Risk-based Values
Risk-Based Concentrations
DSWM Draft Policy '
6/23/93 (7 year residential exposure -7
at the fence-line)
LANDFILLS Inhalation Exposures
CATEGORY A
mglkg mglkg
ARSENIC (TOTAL) 40 40
CADMIUM (TOTAL) 25 400
CHROMIUM (TOTAL): 500 -
20% Cr VI - 300
100% Cr III . > 10,000
LEAD (TOTAL) 500 8,000
MERCURY (TOTAL) - 10 1,000
SODIUM (TOTAL) 4,000 -
PCBs (TOTAL) 2 43
PAHs (TOTAL) 100 200
Assumes 40% Carcinogens
TPH 1,500 500,000
TCLP pass - .
VOCs  (TOTAL) 10 -
Vinyl Chloride - ~ 300

Are the risks associated with the landfill cover use of these materials the only factor to be considered
in determining the acceptable criteria? :

No. The risk-derived concentrations are but one factor which should be considered in identifying
the landfill cover criteria. This memorandum explicitly answers the question which was not asked
in August, 1992: What are the highest allowable concentrations which would not pose a significant
risk given a specific use scenario. The results of the risk assessment indicate that, in general, the
assumed exposures to the nearest residents are relatively low and that the risks associated with
those exposures may not be the most critical factor in setting the landfill cover criteria.

upon the exposures experienced by the residential receptor during the period of highest exposure: ages 1 - 8 years.
The risk management criteria used is an ELCR equal to one-in one million (again consistent with the cancer risk goal
of the Method 1 standards). Details of the risk assessment can be found in the August 19, 1992 memorandum. No
additional risk assessment was performed for this memorandum excépt to extend the same analysis to the Total
Petroleum Hydrocarbon measure.

pwlfors101593 ‘ 6



The final policy should be crafted so that the criteria work to promote all of the purposes expressed
in the policy. Other factors to be considered include: how the numbers will be implemented; who
will be making the decisions about the disposal of this material; what percentage of this material
DEP wants to divert to use as landfill cover compared to other forms of reuse or recycling; and how
to best coordinate the soil management practices of numerous DEP programs. That is risk
managemendt.

Table 1 contains a list of criteria developed in consideration of the "new" risk-based concentrations
identified in this memorandum. It is offered as a point of departure for further discussions. These
values are not simply the risk-based numbers of Table 4, but are proposed considering the criteria
contained in the draft DSWM policy (reflecting the collective wisdom of many DEP staff) and the
Method 1 soil standards as well. ‘ .

In creating the list, the following rules were used:

L If the MCP S-3 direct contact standard is less than the DSWM values, or if there is
no MCP standard for that material, then the DSWM value was retained. (Arsenic,
 Sodium, TCLP and Total VOCs fall into this category.)
2. If the MCP S-3 direct comtact standard is less than the calculated risk-based standard
then the MCP S-3 direct contact standard was proposed. (Cadmium, lead, mercury,
PCBs and TPH fall into this category.)

3. If the risk-based concentration is greater than the DSWM value but less than the S-3
standard, then the risk-based concentration was proposed. (The PAH value is the
only example of this category.)

4. If the risk-based concentration is less than both the DSWM value and the MCP S-3
standard then the chemical must be considered specifically. The only example of this
is chromium. The risk-based value is more stringent than the MCP S-3 standard due
to the high inhalation exposures assumed for this scenario: hexavalent chromium is
considered carcinogenic only via inhalation. Another complicating factor is the fact
that Total Chromium is a mixture of trivalent (III) and hexavalent (VI) chromium,
and the risk-based value depends upon the percentage of hexavalent chromium
assumed to be in the mixture. The DSWM value is only slightly higher than the risk-
based number derived assuming 20% Cr (VI) mixture. For the purpose of this
discussion the DSWM value has been retained .

These rules result in a list of criteria which are generally consistent with both the original list
proposed by the Division of Solid Waste Management and the MCP soil standards.

If you would like to discuss this material in more detail, please feel free to contact me at
617-556-1160.

pwl/ors101593 7
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