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3.0 HUMAN EXPOSURE ASSESSMENT

_ "_'_I‘he purpose of the human exposure assessment is to estimate the magnitude,
frequency,  duration, and route of exposure to the COPC. The exposure estimation is used
with appropriate toxicity information to assess the nature and extent of health threats from .

the COPC. . The exposure assessment identifies receptor populations and exposure pathways_- .

as discussed in paragraph 3.1 through 3.4 below. This information is integrated with
measured or estimated contaminant concentrations to quantify contaminant exposures and is

-presented in paragraph 3.5. A summary of the exposure assessment is provided in _
paragraph 3.7. For the BRSRA, a separate discussion of the evaluation of the exposures to -

lead at 1100-2 and HRL is discussed in paragraph 3.6,

3.1  IDENTIFICATION OF HUMAN RECEPTOR POPULATIONS FOR BISRA

Identification of the human populations at risk from exposure to COPC at the 1100~

EM-1 subunits is usually determined by present and future land and water use assumptions.

For the purposes of the BISRA, it is assumed that future land and water use will remain
similar to existing conditions. The geographic distribution of the individual subunits
throughout the operable unit limits the potential for the same receptor to have long-term
exposures at multiple subunits. Currently, no workers are assigned to tasks in any of the
subunits on a regular basis. However, the BISRA conservatively assumes that such

assignments could occur in the future because the 1100-EM-1 Operable Unit is located in an

area designated for industrial use and is surrounded by areas zoned by the city of Rlchland
for industrial and commercial use. :

On-site industrial workers are selected as both the current and the future receptor
populations for the 1100-EM-1 Operable Unit. Industrial workers are assumed to work fuil-
time at only one subunit where they could potentially be exposed to contaminants from that
subunit alone. The BISRA also assumes that personnel are assigned io the 1100 Area for
purposes other than remediation. It is expected that the city of Richland’s water will
continue to be available to potential industrial facilities at the operable unit.

3.2 | IDENTIFICATION OF HUMAN RECEPTOR POPULATIONS FOR THE
BRSRA

There is no current residential use of 1100-EM-1, and none is expected in the future.

However, as indicated previously, the EPA has requested evaluation of residential receptors
at five subunits.
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Onsite residents are evaluated as the receptor population for the 1100-EM-1 Operable
Unit. Residents are assumed to live at only one subunit where they could potentiaily be
exposed to contaminants from that subunit alone. It is also assumed that availability of city
of Richland water at all subunits continues except at HRL. The hypothetical residents at
HRL are conservatively assumed to use groundwater as the only source of potable water.

3.3 IDENTIFICATION OF EXPOSURE PATHWAYS FOR BISRA

The HSBRAM (DOE/RL-91-45) provides the exposure pathways that are used to
evaluate the industrial scenario. The BISRA for the 1100-EM-1 Operable Unit is confined to
the soil contamination. Potential exposure to groundwater contamination is not evaluated: in
the BISRA because potable water at 1100 Area facilities is currently obtained from the city
of Richland. Although soil contaminants can leach to the groundwater and be transported to
the Columbia River, workers in the 1100 Area would not use surface water directly from the
Columbia River during the work day. Modeling presented in DOE/RL-90-18 also indicates
that the concentrations of contaminants currently found in the groundwater in the vicinity of
the 1100-EM-1 Operable Unit would undergo extensive dilution upon entering the Columbia

River. Therefore, potential exposures to groundwater and surface water are not evaiuated in
the BISRA.

~Although a few volatile organic compounds have been detected in the soil and/or soil

| gas, the evaluation of these contaminants in the Phase I RI Report indicates the mhalatlon of

volatiles at the concentrations detected does not pose a risk greater than 1E-06 :
(DOE/ RL-90-18). The EPA has also indicated that soil gas surveys are used for ﬁeld '
screening and data generated from soil gas surveys should not be used in risk assessment

_(Einan, EPA [Letter to R. Stewart, DOE/RL] January 16, 1992, sec appendix I). Given the |

above information, and because most volatile contaminants have been found only in soil gas
at very low concentrations, the potential volatilization of contaminants from the soil i is not
con51dered an operable exposure pathway for the BISRA

The potentlal exposure pathways through whlch industrial workers may be: exposed to
soﬂ contaminants at a specﬁ‘ic 1100-EM-1 subunit, are:

Soil ingestion;
inhalation of fugitive dust; and .
® dermal exposure.
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34 IDENTIFICATION OF EXPOSURE PATHWAYS FOR BRSRA

As defined by EPA [Einan, 1991 (see appendix I)] and a followup letter of
clarification [Einan, 1992 (see appendix IJ, the exposure pathways for the BRSRA have been °
focused on contaminated soil. The soil-related pathways for BRSRA, specified by EPA,
include the ingestion of soil, dermal contact with soil, ingestion of garden produce, and
mhalatlon of particulates (i.e., fugitive dust). Other potential soil-related pathways (e.g..
animal or crop uptake as assoaated with an agncultura] scenario) were not requested by EPA

[Einan, 1992 (see appendix I)].

Of the COPC specified by EPA for evaluation, three are classified as volatile
contaminants that would generally be evaluated via the inhalation pathway. These are
tetrachloroethane, trichloroethane, and 1,1, 1-trichloroethane. For reasons outlined in
paragraph 3.3, these contaminants will not be guanitatively evalvated in the BRSRA. The
volatlhzatxon of contammants from soil will be qualitatively addressed in paragraph 5.4.

. EPA has directed thal_ potential exposures through pathways associated with the
‘groundwater at HRL be evaluated in the BRSRA [Einan, 1991 and Einan, 1992 (see

~appendix D]. Pathways are evaluated for both direct groundwater use and for exposurés

through transport of contaminants off the Hanford Site. Currently, contaminants present in

‘the groundwater in the Vicinity of HRL may be transported to the Columbia River in the
- future. In the Phase I RI, the concentration of TCE at the groundwater interface with the

river was estimated to be approxnnately 0.05 mg/L and at the city of Richland water intake,
approximately 6E-06 mg/L. Additional modeling for the Phase IT RI indicates TCE at the
groundwater interface with the river would be less than 0.001 mg/L, which is less than the
maximum contaminant Iével (MCL) for this contaminant. :

In addition to the evaluation of direct groundwater use-in the vicinity of HRL, EPA
[Einan, 1992 (see appendix I)] directed that an evaluation of trichloroethane be conducted to
assess the potential contribution to exposures for subunit residents ‘who may swim in the
Columbia River or eat fish from the Columbia River. Groundwater and surface water
modeling results (DOE/RL-90-18), although shown to be conservative based on recent
modeling done during the Phase II RI, are used to estimate potential concentrations of
trichloroethane in surface water and fish. These conservative analyses result in an
overestimation of potential risks associated with this pathway.

Columbia River water is used to recharge the North Richland well field to supplement
potable water production. Groundwater modeling of contaminant transport to the Columbia
River was presented in the Phase I RI Report. Evaluation of the risk associated with the
ingestion of Columbia River water as a drinking source, as presented in the Baseline Risk
Assessment in the Phase I RI report, indicates that the incremental lifetime cancer risk i is
approximately 2E-0% (DOE/RL-90-18). Therefore, further evaluation of the exposures
through use of Columbia RlVGI' ‘water or city of Richland water is not. presented for the
BRSRA.
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Given the above information, the soﬂ—related exposure pathways evaluated in the
BRSRA for onsite residential receptors .at the five specified 1100-EM-1 subunits under
consideration are:

Soil ingestion; _
inhalation of fugitive dust;
ingestion of garden produce; and
dermal exposure to soil.

In addition, EPA specified groundwater exposure pathways for contaminants detected
in groundwater in the vicinity of HRL include:

Ingestion of groundwater :

inhalation of volatiles from groundwater

ingestion of Columbia River fish; and :
dermal contact with Columbia River water d-uring swimming,

The dermal route of exposure to potable water was also considered, but is not
included in the exposure pathway because the dermal route has been reported as m31gn1ﬁcant
‘tetrachloroethane (EPA 1985), and 1,1,1-trichloroethane (ATSDR 1988). It is not clear -
whether exposure to dermal nitrate is a concern. This issue is drscussed in the uncertamty
ana1y51s paragraph 5.4,

3.5 'QUANTIFICATION OF EXPOSURES FOR BISRA AND BRSRA

The exposure assessment includes a quantification of exposures for the receptors via
the exposure pathways that have been identified. An exposure concentration (i.e., a -
concentration that is contacted over the exposure period) is estimated and used w1th
population variables (e.g., ‘exposure parameters) and assessment variables (e.g., averaging
times) to determine an intake. The following paragraphs describe the assumptions,
information, and calculations used to estimate exposure intakes for onsite residents and
industrial workers. A detailed presentation of sample calculations is provided in appendix

V.

' 3 5.1 Exposure Concentrations

3.5.191 Soil Ingestion and Dermal Exposure Pathways for BRSRA and BISRA--The |
exposure concentrations for the soil ingestion and dermal exposure pathways are:

conservatively assumed to be the maximum concentrations. of :the COPC as determmed from
the Phase I RI Report or Phase II soil sampling (see tables 2-3 through 2-9). The use of the

maximum concentration is generally conservative because it does not consider any actual or
potenual spatial distribution of the contaminant over the subunit (i.e., it is highly likely that

the concentration at the actual exposure location will be significantly less than the

maximum). This assumption is also conservative because it assumes that the maximum

K34
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concentration is readily accessible for receptor contact even if the maximum concentration is
actually located below the surface at considerable depth.

3.5.1.2 Inhalation - Fugitive Dust for BISRA and BRSRA—Exposure concentrations for the ~
fugitive dust pathway are derived using subunit specific maximum soil concentrations and the

“subunit specific fugitive dust concentration in air at the receptor location. Exposure

concentrations-in air are not determined for the 1100-4 subunit because the contaminated soil
is located beneath a cement floor, inside the 1171 Building.

" The fugitive dust concentration is calculated by incorporating a subunit specific

emission rate and deposition rate into EPA’s FDM (version 91109 and Bowman

Environmental Engineering, version 1.21). The FDM uses site-specific meteorological data’ |

and has the capability to directly compute the effect of wind speed on each source-specific

emission.rate during each meteorological averaging period. The site-specific meteorological
data used by the FDM consists of 1 full year (1988) of hourly wind speed and direction data,
(collected at a monit’oring station located near the 1100-EM-1- operable unit), and hourly

temperature, mixing height, and stability class data, (measured at the Hanford Meteorological

Station). The FDM also accounts for deposm(m of suspended partlculates durmg airborne
travel. -

Fugitive dust emiSsion rates are calculated for each source using the Umversal Soil

' Loss equatlon as simplified by Woodruff and Siddoway, 1965:

EF = AIKCL'V’ -

where EF is the emission factor (tons/acre-yr), A is that portion of total dust emissions that -

- would be measured as suspended particulate matter and is typically defined as particles with
~ a diameter Iess than 30 microns. The value of A is 0.041 (dimensionless), for fine soils .

(Baskett, 1983). I is the soil erodibility factor (tons/acre-yr), K is the surface roughness
factor (dimensionless), C is a climatic factor (dimensionless), L’ is the unsheltered field
width factor (dimensionless), and V' is the vegetative cover factor (dimensionless).

" The soil erodibility factor, I, is determined from table 3 of Wind Erosion Forces In
The United States and Their Use in Predicting Soil Loss (Skidmore and Woodroff, 1968) and
is based on the portion of surface soil retained by a No. 20 standard sieve with 0.84 mm
{0.03 inches) square mesh. Conservatively biased estimates of the >0.84 mm (0.03 inches)
fractions of the surface soils for the 1100-2, 1100-3, UN-1100-6 subunits, and HRL subunits
are 35, 37, 5, and 29 -percent, respectively. These data are obtained from paragraph 3.5.2.2
of the Phase I RI Report (DOE/RI-90-18), and convert to I values of 65, 62, 180, and 76
tons/acre-yr. For the Bphemeral Pool, grain size distribution data are not available. The
fraction >0.84 mm (0.03 inches) at this subunit is conservatively assumed to be 5 percent
(the same as UN-1100-6 subunit), resulting in an I value of 180 tons/acre-yr.

The surface roughness factor, K, accounts for the resistance to wind erosion provided
by ridges and furrows and is conservatlvely assumed to be unity (i.e., no reductlon in
resistance). :
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An unsheltered ﬁeld width factor, L, of .7 is typlcal for exposed areas about 305 m
{1,000 feet) across (Baskett 1983). : .

A vegetative cover factor of unity is conservatively assumed, making no allowance for
reductions in emissions due to vegetation.

- Wind velocity and soil moisture contribute mgmﬁcantly to wmdblown fug1t1ve dust
emission rates and relate to the climatic factor, C, as:

C = 0.345113/PE2

Where v’ is the wind veloc1ty in miles per hour and PE? is the sife-specific Thornthwaite’s
precipitation-evaporation index, A PE? value of 29.1 was assumed (U.S. Weather Bureau
and SCS 1962). Meteorological records were used to determine u’. :

Because the climatic factor varies as the cube of the wind velocity, wmdspeed greatly
affects the emission rate. However, windspeed varies significantly with time. The FDM
model has the capability to directly compute the effect of windspeed on the emission ‘rate for
each source during each meteorological averaging period. Therefore, the emission rate is -
entered into the model as a conservative source-specific coefficient with wind speed as the
only vanable

= (0.041)I(0.T)(Q.345°/(29.17

The entire suspended particulate fraction is conservatively regarded as resplrable
These emission rates are used in the FDM to determme downwind air concentratwns of
respirable fugitive dust. -

In order to estimate the concentration of fugltwe dust at a receptor locatlon the FDM
accounts for grav1tat10na1 settling and particle disposition during airborne travel. A "default“
particle size distribution in the FDM test input data, listed below, was used. '

Particle Size Class Particle Dlameter {um) Fraction in Each Size Class
1 - L25 : 00262 -
2 ' 3.75 - 0.0678
3 7.50 S 0.1704
4 12.50 : _ 0.1536
5 20.00 o - 0.5820

A particle density of 2.5 g/cm was used, which is consistent with the range for most

mmefal soils (Brady, 1984). Comparison of dust concentrations calculated by the FDM,
with particle densities ranging from 0 to 2.5 g/cn’, showed very little sensitivity to this:

‘parameter; dust concentrations typically varied only hundredths of a ug/kg between hlgh aﬁd -

low pamcle densities.

The receptor location within each subumt was chosen as the point calculated by the.
FDM with the maximum fugitive dust concentration, based on a 25 meter grid system (50 m
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for HRL) that was centered on the middle of the subunit. The concentration of fugitive dust
at each subunit as calculated by the FDM, is shown in table 3-1. The contaminant _
concentration in air is assumed to be directly proportional to the contaminant concentration in
soil.  Therefore, the fugitive dust concentrations were multiplied by the maximum soil
contaminant concentrations (table 2-1), and appropriate conversion factors, to produce
contaminant concentrations in air shown in table 3-2.

3.5.1.3. Garden Produce Pamvgay for BRSRA--The quantification of exposures from the
ingestion of garden produce requires an estimation of the contaminant concentration in the

- produce. The amount of contaminant that is taken up by garden produce from the soil can
be estimated using published or derived plant uptake factors for specific contaminants. The _

Land Application and Distribution and Marketing of Sewage Sludge, Technical Support
Document (EPA, 1986a) provides plant-specific contaminaut uptake factors for a number of
contaminants.. Uptake factors are available for both inorganic and organic contaminants for a
variety of garden or agncultural plants. The relatlonshlp between the contaminant
concentratlon in soil to a contaminant concentlatlon in plants is:

'Plant concentration = Uptake factor x soil concentration

where the uptake factor is expressed as [ug/g tissue dry weight (ug/g soil)"] and the soil
concentration 1s expressed as pg/g. All soil concentrations are expressed as dry weight. The
evaluation takes into account only the contamination present in soil and does not include any
potential contributions from irrigation water,

_Four specific garden produce categories are evaluated in this BRSRA based on the
direction provided by EPA [Einan, 1991; Einan, 1992 (see appendix I)]. The garden
produce categories and corresponding vegetables evaluated are: root (e.g., carrots), potatoes,
leafy vegetables (e.g., lettuce), and garden fruits (e.g., tomatoes).

A summary of the plant uptake factors for the COPC is provided in table 3-3.
Contaminant-specific uptake factors are available for arsenic, PCB’s, and lead. The
following assumptions were made in the absence of more appropriate data. The plant uptake
factors for BEHP are conservatively assumed to be the same as for PCB’s. The plant uptake
factors for heptachlor are nsed as a conservative surrogate for chlordane. Chlordane is
chemically similar to heptachlor and contains approximately 10 percent heptachlor (by
weight). However, the root uptake factor for chlordane is conservatively derived as a 95
percent UCL for a variety of uptake factors for chloxrdane in sugar beets (EPA, 1986a).

Since uptake factors for chromium and beryllium are not reported in EPA, (1986a),
uptake factors for arsenic, cadmium, lead, mercury, nickel, selenium, and zinc are used to
derive a conservative estimate [i.e., upper 95 percent confidence limit (UCL)] for each
specific plant category. These values are used as a surrogate plant uptake factor for
chromium and beryllium, except the uptake factor for chromium in leafy vegetables, which is
published in Kabata-Pendias and Pendias, 1984.

K3-7



g

AR

DOE/RL-92-67

. Table 3-1. Fugitive Dust Concentration for Specific 1100-EM-1 l_]pgraiﬂe Suhunits’._ '

Subunit | Fugitive Dust Concentration -

{wglm’)

1100-1 0.0032

1100-2 3.17

1100-3 2.37

UN-1100-8 . 1.68

Horn Rapids Landfil -~ 1993

Ephemeral Pool 423

! Based on the maximum concentration generated hy the EPA Fugitive Dst model.

K3-8
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Table 3-2. Estimated Air Concentrations Based on Maximum Contaminant Concentrations.

L9-T6~TH/HOA

Cantamiriant 11081 - - . 11002 o | -.-1100-5 " UN-T100-6 Horn Rapids ' - Ephemeral Paal
o . i Landfil D
Downwind Air ' Dowrdwind Air _ Downwind Air Dewnwind Air Downwind Afr - " -Downwind Air
Concantration Goncentration - Concentration Concentration Concentration Concentration

{mgim?) {mg/m?} {mghn’) [mgim®) {mg/m’} {mgim’)

Antimony - 4 - - !t |

Arseric 10611 . 8,100 B.8E-08

Barium - - s - 1.3E-0

Berylium 1.1E08

Chromium - B.3E-08 3368 12808

Capper . . . ' -t -

Lead - . : 8.3E-08 -

Nickel . | 6.6E-06

Thallium - -

Yanadium : - - - -*

Zinc -t

BEHP - . ' . 40805

Beta-HCH | | 8.3E-10

Chlordane 2.8E-00 1.7E-08

ooT - " 20608

Haptachior - | S 10610 20890 1260

PCBs . . 1.0£-08 1.8E-07

Tetrachloroethang . : 1.1;‘.-10 B.OE-11

"inhalation RfDs and SFs ara nat available with which 10 evaluata these contamiants. of potential congern,
- Indicates not & contaminant ef potential concern for the air pathway at this subunit,
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The potential exposure to volatile compounds through the garden scenario Was not -
quantitatively evaluated in the BRSRA and volatile contaminants are not presented in table 3- SN
3. Volatile compounds such as tetrachloroethane have short half-lives in soil, are not ' e
persistent in the soil, and are not expected to be readily taken up by plants or to
bioaccumulate in plants (Ryan et al., 1988). Based on the very low concentrations of .

-volatile contaminants detected in the soil, plant uptake of these COPC is not considered an

operable exposure route and the uptake of volatile contaminants from soil or soil gas is not
evalnated further in this BRSRA.

A summary of contaminant concentrations for the garden pathway is provided in table
3-4. The 1100-2 subunit is not presented in this table becanse the only contaminant at th1s
subunit (tetrachloroethane) is not evaluated for the garden pathway. -

3.5.1.4 Groundwater Pathways for BRSRA--The exposure concentrations for the
groundwater ingestion and inhalation of volatiles from groundwater pathways are the
maximum concentrations of the COPC as determined from the Phase I and Phase I
groundwater sampling at HRL (DOE/RL-90-18 and appendlx 5). .The concentrations are
0.11 mg/L and 61 mg/L for trichloroethane and nitrate as N, respectlvely As du‘ected
1,1,1 tnchloroethane was not evaluated [Einan, 1991 (see appendm D]

3.5.4.5 Residential-Related Recreational Palhwavs for BRSRA--Two recreatlonal exposures

are evaluated for residents at HRL. Residents may swim in or consume fish from the

Columbia River, which could be potentially impacted by groundwater from the vicinity of the .
1100-EM-1 Operable Unit. Trichloroethane and nitrate are groundwater COPC that N
potentially could be transported to the Columbia River. Only trichloroethane is likely to be .
dermally absorbed. The estimated future concentration of trichloroethane in the Columbia

River is conservatively assumed to be 6E-06 mg/L. (DOE/RL-90-18), which is the value used

in evaluating potential dermal exposures during swimming. By extrapolating observations of

groundwater concentrations, the nitrate value at the Columbia River is estimated to be 0.003

mg/L.. This is below the MCL of 10 mg/L for nitrate.

As trichloroethane may bicaccumulate in fish, with a bioconcentration factor of 17
L/kg on a wet weight basis (EPA, 1986b), the resulting contaminant concentration in the .
tissue of fish inhabiting the Columbia River in the vicinity of the city of Richland water
intake is conservatively estimated to be 1E- 04 mg/kg.” Little information exists on the
bioconcentration potential of nitrate in animals. However, because nitrate is readily =~
metabollze_d bioconcentration is unlikely. Therefore, nitrate is not evaluated for exposures
through bioaccumulation in fish. :

o8
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Tahle 3-3. Summary of Plant Uptake Factors*®.

K3-11

- Contaminant’ Leafy Root Garden Fruits Potatoes
| Arsenic 0.04 0.02 " 002 0.0006
| BEHP® .0.38 0.36 0.02 0.02
Beryliiam* 0.43 026 0.041 0.06
Chiordane 002 202 0.21° 0.3
. Chromium 02" 028! 0.041° 0.06"
Lead 0.008 0.003 0.002 0.0008 -
| pcBs 0.38 0.36 0.02 002
| *All uptake f_:a&tars exp:réésed as [uglg tissue Dry Wéight {traly éhill"] '
®Source: EPA 1986a unless otherwise indicated
PCB uptake factors used as surrogates for BEHP
“95% upper confidence limit of mean for uptaka facturs of As, Cd, Pb, Hg, Ni, Se Zn
{EPA 1986a) .
*Heptachlor uptake factors used as surrogates for chlordane -
'95% upper confidence hmlt of mean for uptake of chfordane by sugar heets
¥ Kabata - Pendlas and Pendias 1984
Table 3-3

Page 1 of 1
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Table 3-4. Summary of Contaminant Concenitrations for the Garden Pathway - : N

at Specific 1100-EM-1 Operable Subunits Based on Maximum Eontaminant Concentrations. _ N
Leafy ' Root - | Garden Fruits {tomafoes) | Potatoes
{lettuce) {mglkg) | {carrots} imgfkg) - imghkgt 1 . imglkg}
Arsenic  1.36E01 - 68E02 6.8E-03
Chromium 28E+00 |  36E«00 |  BJEOY | 84E01
Lead ' 7.9E02 5IE03 | 20E0
BEHP | eBEs03 |  90R03 - 5OE+02 | 5OE+02
Chlordane | 3.7E-02 38E+00  3.8E01 . B.6EDT
m 3 T 5 T T g
ﬁg i : LR AR R A :
Chlordane 5.6E.02 5.7E+00 5.9E-01 . BA4EDT
= PCB 1.6E+01 1.5E+01 | " BAED1
N | Arsenic 28| 13E0r 13602 | 40E03 &
R Beryllium | 5.6EOT 3401 5.3E.0 1 e | 7
o | Chomium 2.5E+02 32E+02 5.1E+01 ' 75E+01
ot Lead | 6.8E+00 266400 1.7E+00 | ‘ssE01
- PCB 39E+01 37E+01 ~ 2.0E+00 2.0E+00
&
4
K3-12 - Table 3-4
Page 1 of 1
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3.5.2 Calculation of Contaminant Intakes
~Standard EPA equations for calculation of intakes, as provided in RAGS (EPA,
1989a) and the HSBRAM (DOE/RL-91-45 1991) are used as the basis for all intake

calculations. The table 3-4 basic equation for calcrulatmg mtakes, normahzed with respect fo_
bocly weight, for ingestion or inhalation is:

where: . -
" Intake = C % IR X EF x ED x CF
. . BW x AT
Intake = chronic daily intake of the contaminant (mg/kg-d)
c = concentration of contaminant 111 ‘the medium (e.g., mg!kg or
' mg/m’)
IR == intake rate (e.g., mg/d or m*/d)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
BW = body weight (kg)
AT = ‘averaging time (d/yr x yr) -
CF - =" conversion factor (as appropriate) -

The exposure parameters (i.e. body weiglit, averaging time, contact raté, exposure

~ frequency, and exposure duration) for the BISRA are those presented for the industrial

scenario of the HSBRAM (DOE/RL-91-45), and are discussed below with conversion factors
indicated, as appropriate. A summary of the industrial and residential exposure parameters
are provided in fable 3-5 and table 3-6, respectively. See appendix IV for spec1ﬁc BRSRA -
calculauons, e.g., in combining child and adult exposures.

3.5 .2.1 -Soﬂ Ingestion for BISRA--

maximum contaminant concentration (mg/kg)

intake rate (50 mg/d)

-exposure frequency (146 d/yr)

exposure duration (20 yr)

body weight (70 kg) ‘ _
averaging time (noncarcinogenic effects: 365 d/yr x 20 yr;
carcinogenic effects: 365.d/yr x 70 yr)

= conversion factor (1E-06 kg/mg)

3 REEEEC
i

3.5.2.2 Scil Ingestion for BRSRA--All exposure parameters for the soil ingestion pathway
are those presented for the residential scenario as discussed in Supplemental Risk Assessment
Guidance for Superfund, (EPA-10, 1991). These factors are used as required by EPA
[Einan, 1992 (see appendix I)]. For evaluating both carcinogens and noncarcinogens, the
exposure assumptions are based on a child and an adult exposure.

K3-13
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maximum contaminant concentrition (mg/kg)

intake rate (Child: 200 mg/d; Adult: 100 mg/d)

exposure frequency (350 d/yr)

‘exposure duration (Child: 6 yr; Adult: 24 yr)

body weight (Chlld 15 kg; Adult: 70 kg) :

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcmogemc
effects: 365 d/yr x 70 yr) .

conversion factor (1E-06 kg/mg)

3.5.2.2 Inhalation of Fugitive Dust for BISRA--The following are exposure parameters used
for the industrial scenario:

C
IR
ED
BW
AT

B n i

estimated air concentration (mg/m®)

intake rate (20 m*/d)

exposure frequency (250 d/yr)

exposure duration (20 yr)

body weight (70 kg) _

averaging time (noncarcinogenic: effects 365 d/yr X 20 yr; carcmogemc
effects: 365 d/yr x 70 yr) ..

3.5.2.3 Inha]auon of Fugitive Dust for BRSRA-—AII exposure parameters for the 1nha1at10n
of fugitive dust pathway are those presented for the residential scenario, as discussed in
EPA-Region 10 guidance (EPA-10 1991). For evaluating both carcinogens and
noncarcinogens, the exposure assumptions are based: on an adult exposure.

C.
IR

B

ED
CBW
AT

| | I (O T

estimated air concentration (mgf m’)
intake rate (20 m*/d)

- exposure frequency (350 d/yr)

exposure duration. (30 yr)
body welght (70 kg)

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcinogenic
effects: 365 d/yr x 70 yr)

3.5.2.4 Dermal Exposure to Contaminated Soil for BISRA--The intake equatioh prov‘ic_led in
paragraph 3.5.2 above, is modified to provide the absorbed dose equation for dermal

exposures to contaminated soil. For the purpose of the BISRA, it is conservatively assumed

that workers do not wear protective clothing that would limit dermal exposure. Exposure
factors, as provided in the HSBRAM (DOE/RL 91—45 1992), are indicated.

K3-14
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Table 3-5. Summary of Industrial Scenario Exposure Factors.

Exposure Factor

HSBRAM Reasonable Maximum Exposure®

Tntake Rate
" Soil Ingestion 50 mg/d
. Inhalation 20 o’/d
- Exposure Frequency
. Soil Ingestion 146 d/yr
Inhalation 250 dfyr
. Dermal 146 d/yr
Exposure Duration 20 yr
' Body Weight 70 kg
: Averéging Time B
' Carcinogens 70 yr x 365 d/yr
Noncarcinogens 20 yr % 365 d/yr
Skin Surface Area 5000 cm?

i Soil-to-Skin Adherence Factor

0.2 mg/iem?/event -

| Absorption F actor

_ Inorganics
 BEHP
- All other organics

0.001°
0.0055"
0.06°

 “DOE-RL '1992; factors based on EPA-10 (1991), WAC 173-340, EPA (1992¢)
- *Calculated; see Subsection 3.5.3

- °EPA (1992¢).

' Table 3-5
K3 1_5 Page 1 of |
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Table 3.6. Summary of Residential Scénario Exposure Factars.

Exposure Factor

Reasonable Maximum Exposure®

intake Rate

Ingestion '
Adult - Soil 100 mgld
Child - Soil 200 mg/d
Adult - Groundwater 2Lid
Inhalation .
Adult - Soil _ 20 m’id
Adult - Groundwater {volatiles) 156 m’ld
Fish Ingestion® 54 gid
Garden Produce” '
Root (e.q., carrats) 0.88 g/d
Leafy {e.g., lettuce) 1.1 gid
Garden fruit (e.g., tomato) 22 gid
Potato 9.1 gld
_Exposure Frequency 350 diyr

Exposure Duration
Soil Ingestion and Dermal

2.6 hrid, 7 diyr (swimming)

" Adult 24 yr
_ Child 6 yr
- Al other pathways 30 yr
Body Weight
Adult 0k
" Child 15 kg

| Averaging Time

Carcinogens
Non-carcinogens

70 yr x 365 diyr
30 yr x 365 diyr

Skin ‘Surface Area

Adult - Soil 5000 o {summer); 1900 o’ (winter)
Child - Suit 3900 ent’
Aduit - Swimming 20,000 cny’
Soil to Skin Adherence Factor 1 mgfem’fd
‘Contaminant-Specific Absorption Factor
“Inorganics’ 0.001
- BEHP® 0.0055
" Al other organics® _ 0.06
Permeability Coefficient - Trichloroethene® 4ED1 cmlhf
Groundwater Volatilization Factor® 0.5 Lim®

aE i"Feu:tm'é hased on EPA-10 {1991) unless etherwise specified .

"EPA. {1986a)
"EPA {1991a)

“EPA {1992c)

_’Ca[culated factor; see Section 3_.5.3

K3-16
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CSxSAxAFxABSxEFxEDxCF
BWxAT

Dermally absorbed dose =

where'

_ Dermally absorbed dose = (mg/kg—d) '
maximum concentration of contaminant in soil (mg/kg)

o ISA_' = skin surface area available for contact (5000 cm?)
AF = soil-to-skin adherence factor (0.2 mg/cm®/event)
ABS. = contaminant-specific absorption factor (unitless)
EF = event frequency (146 events/yr) '

ED - = exposure duration (20 yr)
CF = conversion factor (1E-06 kg/mg)
BW = body weight (70 kg) '

AT averaging time (noncarcinogenic effects: 365 d/yr x 20 yr; carcinogenic

 effects: 365 d/yr x 70 yn) -

The contaminant-specific absorption factor is a value that is either assumed or derived
from published literature. Many factors influence the dermal absorption of contaminants
from the soil. Some of these factors include the amount of soil adsorbed to the skin, the -
contact time of the. soil with the skin (time between exposure and washing), chemical .
properties of the contaminants, and the condition of the skin. Contaminants bound to a soil
matrix are less bioavailable than pure or dilute solutions of contaminants applied directly to
skin. Specific information on dermal absorption for most of the COPC is ]mnted

For the inorganic COPC, a review of the pubhshed literature, including avallable
tox1colog1ca.1 profiles from the Agency for Toxic Substances and Disease Registry (ATSDR),
indicates that uptake across intact skin is very limited for most metal ions. The average
dermal absorption of cadmium from a soil matrix is estimated at 1.0 percent (i.e., 0.01), as’
discussed in the "Dermal Exposure Assessment: Principles and Applications” (EPA 1992¢).
Therefore, for the calculation of dermal intakes, it is assumed that the contanunant—specﬂic

absorption factor (ABS) is 0.01 for all inorganic COPC based on the available Informatlon
for cadmium.

Several organic COPC are also present in the soil at UN-1100-6 subunit, HRL, and

" the Ephemeral Pool. A review of the literature provided little specific mfonnaltlon on the

absorption of the specific organic compounds of potential concern — beta-HCH, chlordane,
DDT, heptachlor, and PCB’s — from skin contact with contaminated soil. EPA (1992c)
recommends the use of an upper bound estimate of 6 percent (i.e., 0.06), as an absorption
factor for PCB’s based on studies of 3,3’, 4,4’ tetrachlorobiphenyl. A value of 0.06 is
assumed to be an appropriate ABS for all organic COPC except BEHP.

For BEHP, data are available on potential dermal absorption that can be combined
with assumptions of contact time with the soil and dermal biocavailability. Studies in rats
have shown that 6.9 percent of BEHP, applied as pure product, is dermally absorbed (Life
Systems, Inc. 1989). Ryan ef al. (1987) suggest that only 10 percent of organic

K3-17
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contaminants in soil are generally bloavallable for dermal exposures. If the contact tlme ‘with N
the soil is conservatively assumed to be 8 hr; 80 percent ‘of the contaminant is estimated to '
be absorbed during this time period (Shu ez al. 1988). This absorptlon information and
dermal bioavailability information can be combined to estimate an absorption factor_ for
BEHP of 0.55 percent (i.e., 0.0055). '

3.5.2.5 Dermal Exposure to Contaminated Soil for BRSRA--The equation and assumptions
used for the BRSRA for dermally absorbed dose is the same as that used for the BISRA, as
described above. The dermal exposure parameters for the contaminated soil pathway are
those recommended by EPA (EPA-10, 1991). For evaluating both carcinogens and
noncarcinogens, the exposure assumptions are based on a child and an adult exposure. The
followmg parameters are different for the BRSRA

SA = skin surface area avallable for contact (Child: 3900 o, Adult:
5000 cm? - summer, 1900 cm® - winter)

AF = soil-to-skin adherence factor (1. mg/cm¥event)

EF = event frequency (Child: 1/event/day, 350 d/yr; Adult: .
1/event/day, 350 d/yr with 90 d as summer and 260 d as winter)
exposure duration (Child: 6-yr; Adult: 24 yr)
body weight (Child: 15 ng; Adult: 70 kg')'

6

g 2
&
|

BW

i

3.5.2.6 Ingestion of Garden Produce for BRSRA~-The exposure parameters for.the mgestlon :
_ of garden produce [i.e. , dry weight (DW) consumption rates for each vegetable category) O
w0 have been derived from EPA (1986a, 1989d, and 1990]. The percentage of homegrown
vegetables and the remazmng exposure.factors are provided in EPA (1991a). The currently
recommended parameters in EPA (1991a) are based on fresh weight and are for total -

A vegetable consumption only. Therefore, they are not appropriate to evaluate md1v1dua1
vegetable categories or for use with plant uptake factors based on DW

: {
A

ey For evaluatmg both carcinogens . and noncarcmogens, the exposure assumption IS

_ based on an adult exposure. The highest daily DW consumptions for a vegetable category
o _ provided in EPA (1986a, 1989d, and 1990) have been adjusted to represent the amount that
is homegrown (i.e., 40 percent), as recommended in EPA (1991a). The adjusted dally DW
consumptions are:

Root (e.g., carrots) -~ -~ . - 0.88 g/d -
Leafy (e.g., lettuce) - : 1.1 g/d
Garden fruits (e.g., tomatoes) 2.2 gld
Potatoes = _ - 9.1 g/d

K3-18
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The exposure parameters for the garden produce pathway are:

c
IR
" 'ED
BW
AT

--.CF_

oo non

estimated plant concentration (mg/kg dry weight)
intake rate (produce-specific g/d dry weight) .
exposure frequency (350 d/yr)

exposure duration (30 yr)

body weight (70 kg)

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcmogemc _
effects: 365 d/yr x 70 yr)
conversion factor (1E-03 kg/g)

3.5.2.7 Ingestion of Groundwater for BRSRA--The exposure parameters for the consum'pti()n-.'

of groundwater are those presented for the residential scenario, as discussed in EPA-Reglon -
10 guidance (EPA-10, 1991). For evaluating both carcinogen and non-carcinogens, the
exposure assumptions are based on an. adult exposure.

cwW
IR
ED

BW

AT

T I )

estimated concentration in groundwater (mg}'L)
intake rate (2 L/d)

~ exposure frequency (350 d/yr)

exposure duration (30 yr)

body welght (70 kg)

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcinogenic
effects: 363 d/yr x 70 yr)

3.5.2.8  Inhalation of Volatiles from Groundwater for BRSRA--The potential inhalation of |
volatiles from the use of groundwater in a residence is evaluated as recommended in EPA- _
Region 10 guidance (EPA-10, 1991). Exposure assumptions are based on an adult exposure: .

CW

IR
ED

BW -

AT

|

estimated concentration in water (mg/L) x K volatlhzatlon factor (0. 5
L/m%)
intake rate (15 m%d)

exposure frequency (350 d/yr)

exposure duration (30 yr)

body we1ght (70 kg)

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcinogenic
effects: 365 d/yr x 70 yr)

K3-19



DOE/RL-92- 67

3.5.2.9 Fish Ingestion for BRSRA--The- exposure parametcrs for the consumption of ﬁsh are

those presented in EPA (1991a). Exposure assuinptions are based on adult exposure: j-/_}
C = estimated concentration in fish (mg/kg)
IR = intake rate (54 g/d) _
EF = exposure frequency (350 d/yr)
ED = exposure duration (30 yr)
BW = body we1ght (70 kg) -
AT = averaging time (noncarcinogenic effccts 365 d/yr x 30 yr; carcinogenic
effects: 365 d/yr x 70 yr) :
CF = conversion factor (1E-03 kg/g)

3.5.2. 10 Dermal Contact with Columbia River Water for BRSRA--The intake equation -
provided above for ingestion is modified to provide the absorbed dose equation for dermal
contact with Columbia River water. All exposure parameters for the dermal contact with
water are those presented for the residential scenario as discussed in EPA-Region 10
guidance (EPA-10, 1991). For-evaluating both carcinogens and noncarcinogens, the
exposure assumptions are based on an adult exposure. :

CW x SA x K x ET x EF x ED x CF
. Dermally absorbed doge = P :

BW x AT
- where : o ‘ o : SN
o ‘\ . /
Dermally absorbed dose = normalized with respect to bodywelght {mg/] kg—d)
CW = maximum cencentration of contaminant in water (mg/L)
SA = skin surface area available for contact (20,000 cm?)
K, = contarinant-specific permeability coefficient (cm/ hr)
ET = event-time (2.6 hr/d). -
EF = event frequency (7 d/yn)
ED = - exposurc duration (30 yD
CF = conversion factor (1 1/1000 cm)
BW = body welght (70 kg) L
AT = averaging time (noncarcinogenic. effects 365 d/yr x 30 yr; cammogemc
~effects: 365 d/yr x 70 yr) - '
The contammant-spemfic permeabﬂlty factor (K,) is a value that is either assumed or
- ¢an be derived from the literature if sufficient dermal absorption information is available.
Trichloroethane is the only contaminant of potential conicern that may impact the Columbia
River that is evaluated for the BRSRA. The K, for trichloroethane is 2E-01 cm/hr (0. 08
in/ hr) (EPA 1992¢).
e’
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3.5.3 Summary of Contaminant Intakes for BISRA

The estimated intakes of COPC for industrial workers are provided in tables 3-7 and
3-8. The intakes are provided for both noncarcinogenic effects and carcinogenic effects.
Specific intakes are not presented if there is no RfD or SF for a contaminant, or if the SF is
zero (e.g., a contaminant is not carcinogenic by this pathway). It should be noted that the
fugitive dust intake of arsenic is reduced by 30 percent because of absorption (EPA, 1992b).

3.5.4 Summary of Contaminant Intakes for BRSRA

The estimated intakes of COPC for onsite residents are provided in tables 3-9 through
3-12. As noted for the BISRA, specific intakes are not presented if there is no risk SF or
RfD for a contaminant or if the slope factor is zero. Table 3-9 provides the intakes for the
soil ingestion, inhalation of fugitive dust, and dermal contact pathways based on the
maximum contaminant concentrations. As referenced for the BISRA, fugitive dust intake of
arsenic is reduced by 30 percent because of absorption. The contaminant intakes from the
consumption of garden produce are presented in table 3-10. The 1100-2 subunit is not
presented in table 3-10 because the only contaminant at this subunit (tetrachloroethane) is not
evaluated for the garden pathway. Volatile contaminants detected at HRL are not presented
in this table. Contaminant intakes for the groundwater pathway are shown in table 3-11.
The contaminant intakes from the residential-related recreational pathways (consumption of
fish and dermal absorption through swimming) are presented in table 3-12. The intakes are
provided for both noncarcinogenic effects and carcinogenic effects.

3.6 EXPOSURE ASSESSMENT FOR LEAD IN BRSRA

EPA (see chapter 2 and appendix I) has indicated that lead is to be evaluated as a
contaminant of potential concern at 1100-3 and at HRL, where it is detected in soil at a
maximum concentration of 26.4 mg/kg, and 854 mg/kg, respectively. The EPA has also
recommended the use of the Uptake/Biokinetic Model (UBK) for evaluating the potential
residential exposures to lead at these two subunits.

EPA does not currently recommend numerical toxicity values for lead, in part,
because there is no scientific consensus concerning the effects of lead at low doses. Data on
blood-lead levels and various health effects indicate a spectrum of adverse health effects in
populations having increased blood-lead levels. EPA has reviewed key studies relating to the
toxicokinetics and health effects of lead in humans in its Air Quality Criteria Document for
Lead (EPA, 1986¢). Although a threshold for these effects has not been established, the
available evidence suggests that it lies within 10 to 15 ug/dl. The evidence for adverse
effects below this range of blood-lead is uncertain and remains controversial.
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Table 3-7. Summary of Industrial Scenario Intakes Based on Maximum Contaminant Concentrations for
1100-1, 1100-2, 1100-3, 1100-4, UN-1100-6, and the Ephemeral Pool.

Contaminant

Pathway

Soil Ingestion (mg/kg-d)

Fugitive Dust Inhalation (mg/kg-d)

Dermal Exposure (mglkg-d)

Noncarcinogenic

Carcinogenic

Noncarcinogenic

Carcinogenic

Noncarcinogenic

Carcinogenic

Arsenic 9.3-07 2.6E-07 1.7E-13" 1.86-08 5.2E-09
3.4E-05 - &

Vanadium

6.7€-07

ez

Chromium

4.8E-08

3.0€-08

9.5E-08

Chromium 4.0E-08 - 1.8E-08 7.9€-08 -
o0
Arsenic 1.7€-08 4.7E-07 3.3€-08 9.4E-09
Beryllium 2.7€-07 7.6€-08 5.3£-09 1.5E-08
UN11008
BEHP 7.2€-03 2.0-03 2.2E-06 7.9e-04 2.2E-04
Chiordane 5.3E-07 1.5E-07 1.8E-10 8.4E-07 1.8€-07
Heptachlor 6.4E-09
S
Chiordane 8.1€-07 2.3e-07 6.6E-10 9.6E-07 2.7E-07
Heptachlor B.4E-09 2.4E-09 B.9E-12 9.9E-09 2.8E-08
PCBs - 3.4E-08 1.0E-08 - 4.1E-08

‘Intakes adjusted based on 30% absorption of inhaled arsenic (EPA 1982b)

~ = Not Applicable

1 jo 1 23eq
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Table 3-8. Summary of Industrial Scenario Intakes Based on Maximum Contaminant Concentrations for the Horn Rapids Landfill.

Contaminant Pathway
Soil Ingestion (mglkg-d) Fugitive Dust Inhalation (mg/kg-d) Dermal Exposure (mglkg-d)
Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic

Antimony 45E-08 - 8.9€-08 -
Arsenic 1.9E-06 5.4E-07 1.1E-08* 3.7E-08 1.1€-08
Barium 3.8E-04 - 2.8€-06 NA 7.5E-06 -
Beryllium 3.7€-07 1.1€-07 7.2€-10 7.4E-08 2.1E-09
Chromium 3.6E-04 - 7.0€-07 7.1E-08

Copper 3.7€-04 = - 7.3€-08

Nickel 1.6€-04 - - 3.1E-07 3.2€-06 -
Thallium 8.9€-07 - - - 1.7€-08

Vanadium 2.9E-05 - - - 5.8E-07 -
Zinc 9.1E-04 - s & 1.8E-05 =
Beta-HCH 7.7€-08 - 5.2E-11 - 8.2E-08
Dot 5.7€-07 1.8E-07 - 1.1E-09 8.8E-07 1.8€-07
Heptachlor 5.BE-08 1.6E-09 - 1.1 6.8E-08 1.8€-09
PCBs - 8.4£-06 - 5.7€-08 - 1.0€-05

"intakes adjusted based on 30% absorption of inhaled arsenic (EPA, 1982b)

~ = Not Applicable
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Table 3-9. Summary of Residential Scenario Intakes Based on Maximum Contaminant
Concentrations for the Soil Ingestion, Fugitive Dust Inhalation, and Dermal

Exposure Pathways at Specific 1100-EM-1 Operable Subunits.

Contaminant

Pathway

Soil Ingestion (mglkg-d) 7

Fugitive Dust

Inhalation (mglkg-d)

Dermal Exposure (mg/kg-d)

Noncarcinogenic I

Carcinogenic

Noncarcinogenic

[ Carcinogenic

Noncarcinogenic l

Carcinogenic

Arsenic

2.9€-10°

27607 |

Chromium 5.2€-05 2 - 4.0E-09 1.1E-06 -+
4 .t d ] .4

Lead £

" BEHP

Chlordane

| Epl

Chiordane

PCBs - - : 8.6E-05
Horo Rapids Landfll e
Arsenic - 5.2E-07 2.2E-07
Beryllium £ 1.0E-07 4.4E-08
Chromium * 9.9E-05 b

Lead - 2 -‘ -4 ‘ -4

PCBs - 1.6E-04 £ 1.2E-07 ‘ 2.1E-04
Tetrachloroethene 2.2E-08 9.6E-09 - 7.1E-12 2.8E-08 1.2E-08

*Intakes adjusted for 30% absorption of inhaled arsenic (EPA, 1992b)
®Not considered carcinogenic by this route of exposure or pathway

‘RfD not available to evaluate intake for this pathway.
“SF not available to evaluate intake for this pathway.
- Indicates not applicable

L9-T6-T4/d0Aa
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Table 3-10. Summary of Contaminant Intakes for Homegrown Vegetables in the Garden Pathway at Specific
1100-EM-1 Operable Subunits Based on the Maximum Contaminant Concentrations in Soil.

Leafy Root Garden Fruits Potatoes* Totai Contaminant intake
{lettuce)* (carrots)* {tomatoes)® (mglkg-d) {mg/kg-d)
(mglkg-d) (mglkg-d) (mglkg-d)

Non-Carcinogenic I

Carcinogenic

Non-Carcinoge

Carcinogenic

Non-Carcinogenic l Carcinogenic

Non-CarcinugenicJ Carcinogenic

Non-Carcinogenic Carcinogenic

11003

Arsenic

Chromium

Lead

UNATDE

BEHP

Chlordane
Ephemeral Poal

Chlordane

PCBs

 Horn Rapids Lendfill

1.BE-08

Arsenic 4.0E-08 - -t 3.8€-07 =* 5.1E-07 - 6.4E-06 &
Beryllium B.4E-06 3.8E-06 4,1E-08 1.8E-08 1.BE-06 6.9E-07 9.8E-06 4.2E-06 2.4E-05 1.0€-05
Chromium 3.8E-03 -+ 3.8E-03 - 1.5E-03 =* 9.8E-03 ! 1.8E-02 -
Lead 1.0E-04 4.4E-05 3.1E-05 1.4E-05 5.1E-05 2.2E-05 8.7E-05 3.6E-05 2.6E-04 1.2E-04
PCBs - 2.5E-04 - 1.9€-04 o 2.6E-05 A 1.1E-04 - 5.8E-04

*Assumes intake of 1.1 g/d dry weight (EPA, 1986a)
*Assumes intake of .88 g/d dry weight (EPA, 1986a)
“Assumes intake of 2.2 gid dry weight (EPA, 1986a)
‘Assumes intake of 8.1 g/d dry weight (EPA, 1986a)
*Not considered carcinogenic by this route of exposure or pathway
'RfD not available to evaluate intake for this pathway.
'SF not available to evaluate intake for this pathway.

~ Indicates not applicable

1 jJo [ 28ed
0l1-¢ 21qeL
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Table 3-11. Summary of Residential Scenario Intakes Based on the Maximum

Contaminant Concentrations for the Groundwater Pathway at the
Horn Rapids Landfill.

Contaminant Pathway
Ingestion (mg/kg-d) Volatile Inhalation (mg/kg-d)
Non- Carcinogenic Non-Carcinogenic | Carcinogenic
carcinogenic
Nitrate 1.7E+00 - b b
Trichloroethene # 1.3E-03 --€ 4. 8E-03
“Not considered to be a carcinogen
"Not a volatile contaminant
‘RfD not available to evaluate intake for this pathway
-- Indicates not applicable
Table 3-11
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EPA is developmg the UBK model to estimate blood-lead levels due to overall

exposure to. lead in the environment (EPA, 1991c and 1991d). The model has not ofﬁc:ally _
been released but is available from EPA for limited evaluation and use. The current model

(version 0.5) estimates lead uptake and blood-lead levels in children ages O to-6. Children

at this age are a sensitive group of mdlvzdua}s are potentially more susceptible to the adverse .-
- effects assomated with lead exposures. :

The UBK model uses default parameters or subunit-specific information on
concentrations of lead in soil, dust, air, diet, or water to predict blood-lead levels in
children. The UBK model conservatively predicts absorption (uptake) of lead by various -
routes and applies that uptake {0 a compartment kinetic model. This compartment kinetic
model describes lead distribution in the body and integrates the effect of The lead uptake
over time. Graphical results of the UBK model are used to show the percentages of children
of ‘specific age groups that may have blood-lead levels above or below a specified -

- concentration. For this BRSRA, a value of 10 ug/dL has been selected as the blood-lead

level of interest. The Centers for Disease Control currently recommends that blood-lead -
levels in children should not exceed 10 pg/dL in order to prevent potential adverse
intellectual development. Based on this threshold, the model’s defauit exposure parameters
results in an acceptable soil concentration of approximately 500 mg/kg.

A discuSsion of the application of the UBK model at the 1100-3 subunit and HRL
subunit 1s discussed below. The results of the UBK model are discussed in chapter 5,
paragraph 5.1. Computer output for the model results is provided in appendix V.

3.6.1 1100-3

The UBK model is run for two assumed residential scenarios at this subunit. First, to
determine the predicted blood-lead Ievel in children from O to 6 years of age, the model’s
default exposure parameters are used with the maximum concentration of lead detected at the
1100-3 subunit {i.e., 26.4 mg/kg). This provides a subunit benchmark for each age for soil
ingestion and dust inhalation based on the maximum subunit lead concentration in soil and
assumes typical (default) dict, water, and air exposures.

The second scenario is to predict the blood lead level specificaily in a 2-year old child
(24 to 36 months) based on soil ingestion, dust inhalation, and dietary intake of lead from
consumption of the four vegetable groups evalvated in the residential scenarie,_in conjunction
with typical background. A 2-year old child has been selected because daily DW
consumption for éach vegetable group is readily available for this age group and young
children are one of the most sensitive subpopulations for lead exposure. Additionally, this
approach is consistent with the approach recommended in EPA (1986a).

To evaluate the dietary lead uptake for a 2-year old child, the daily dietary
consumption of lead (as DW) via intake of subunit-grown potatoes, leafy vegetables, root
vegetables, and garden fruits is determined for a 2-year oid child. The concentration of lead

" in each of the four vegetable groups, presented in table 3-4, is multiplied by the child’s DW

K3-27
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Table 3-12. Summary of Intakes from Residential-Related Recreational
Pathways for the 1100-EM-1 Operable Unit.

Contaminant o |  Pathway _
Swimming* (mg/kg-d) ' Eating Fish (mg/kg-d)
Non- Céréinog’enic | Non- Ca':c_inog'el_lic
Carcinogenic : Carcinogenic
Trichloroethene b [ 4E-08 b 3.1E08

*Indicates dermally absorbed dose

*RfD not available to evaluate intake for this pathway

K328 Table 3-12
' Page 1 of 1
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consumption of vegetables from each food group. The DW consumptions of a 2-year old
chﬂd as prov1ded in EPA (1986a) are: :

. Leafy vegetables {e.g., lettuce) 0.485 g/d
* - Root vegetables (e.g., carrots) 0.668 g/d
-®  (arden fruits (e.g., tomatoes) 1.669 g/d
e - DPotatoes 10.034 g/d

For chlldren potentially living at 1100-3 and consuming vegetables in these food

~ groups that are homegrown at the subunit, the daily lead intake from these foods is estlmated‘

to be
s Leafy vegetables (e.g., lettuce) - 0.1 pgid
® . Root vegetables (e.g., carrots) 0.05 ug/d
° Garden fruits (e.g., tomatoes) 0.009 pg/d
- Potatoes . . - 0.21 ag/d
Total additional lead mtake 0.37 pg/d

Tc complete this second scenario, the UBK model predicts the blood level in a 2-year
old child by combining the above subunit specific total additional distary lead intake data

~with the subunit specifie-benchmark data from the first scenario.

- Model outputs for these two scenarios are discussed in chapter 5, paragraph 5.1 and
provided in appendix V. The modelling results are conservative because of the assumption
that all vegetables in these four food groups are homegrown and that the entire subunit is
uniformly contaminated at the maximum concentration detected in the soil.

3.6.2 HRL -

The UBK model was run for the same two assumed residential scenarios at HRL as
were performed for 1100-3. With the exception of the concentrations in the four vegetable -
groups the parameters are the same as for subunit 1100-3. For children, potentially living at
HRL and consuming vegetables in these food groups that are all homegrown at the subunit, -
the daily additional lead intake from these foods was estimated as:

0 Leafy vegetables (e.g., lettuce) 3.3 ugid
®  Root vegetables (e.g., carrots) 1.7 ugid
° Garden fruits (e.g., tomatoes) 2.8 ug/d
s Potatoes 6.8 psl/d
Total additional lead intake . 14.6 upg/d

To complete this second scenario, the UBK model predicts the blood level in a 2-year
old child by combining the subunit specific total additional dietary lead intake data, with the
subunit specific data from the first scenario,
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Model outputs for these two scenarios are also discussed in chapter 5, paragraph 5.1 ~
and provided in appendix V. Again, the modelling results are conservative because of the S
assumption that all vegetables in these four food groups are homegrown and that the entire -
subunit is uniformly contaminated at the maximum concentration detected in the soil.

3.7 SUMMARY OF EXPOSURE ASSESSMENT

The exposure assessment for the BISRA and BRSRA quantifies potential exposures for
industrial workers who would work at a specific subunit on a regular basis and onsite
residents who would live at a specific subunit, respectively. The intakes, based on both
carcinogenic and noncarcinogenic effects, are estimated for exposure pathways recommended
in the HSBRAM (DOE/RL-91-45, 1992) for the industrial scenario and are as requested by
EPA [Einan, 1991 (see appendix I)] for the residential scenario. It has been noted that the
fugitive dust intake of arsenic is reduced by 30 percent because of absorption (EPA, 1992b). -
Pathways determined for the BISRA are only related to soil as discussed in paragraphs 3.3
and 3.5 above. Uncertainty in the estimated exposures is discussed in chapter 5, paragraph

5.4 as part of the overall uncertainty in the characterization of risks for the 1100-EM-1
Operable Unit. _ '

4
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4.0 HUMAN HEALTH TOXICITY ASSESSMENT

- The purpose of the toxicity assessment is to identify the potential adverse effects
associated_ with exposure to site-related substances and to estimate, using numerical toxicity
values, the likelihood that these adverse effects may occur based on the extent of the
exposure. The toxicity assessment for the BISRA was conducted in accordance with RAGS -
(EPA;, 1989a) and is discussed in the HSBRAM (DOE/RL-91-45). o

The preparation of a toxicity assessment relies primarily on existing toxicity -

~information, and does not usuaily involve development of toxicity information or dose- -~ -
TESponse relationships Current toxicological information that has already been evaluated and

summarized is available in a number of documents, databases, and other sources.
Toxxcologlcal profiles for the COPC are provided in appendix IT;

41 TOXICITY INFORMATION FOR NONCARCINOGENIC EFFECTS

Systemic, toxic effects other than cancer can be associated with exposures to
chemicals. - The RfD is the toxicity value used to evaluate noncarcinogenic effects resulting
from exposures to chemicals. The RfD has been developed based on the concept that '
protective mechanisms exist that must be overcome before an adverse effect is manif_ested
(i.e., there is a threshold that must be reached before adverse effects occur). The RiD is
developed to reflect the duration of exposure (e.g., subchronic exposures - 2 weeks to 7
years and chronic exposures - 7 years to a lifetime) and the route of exposure (e.g., _
inhalation, oral, efc.). In addition, RfD’s are currently being developed, as appropriate, to
evaluate specific critical effects such as developmental effects that may { occur because of
exposure to certain chemlcals

RfD’s derived from data obtained from studies in animals or humans using
modification and uncertainty factors that account for uncertainty in the information used to
derive the RfD. Uncertainty factors are applied for extrapolation of the no-observed-effects-.
level (NOEL) in a study population to the RfD used in the risk assessment. A factor of 10 is

-usually applied to reflect the level of each of the sources of uncertainty listed below:

. Use of lowest observed effect level (LOEL) or other parameters that:
' are less conservative than NOEL;

® Use of data from short-term exposure studies to extrapolate to long
- - term exposure;

. use of data from animal studies to predict human effects; and

e use of data from homogeneous animal populations or healthy human
populations to predict effects in the general population.
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A modifying factor may also be incorporated into the RfD to reflect quahtatwe o
professional judgements regarding scientific uncertainties not considered by the uncertainty - | )
factor, such as the completeness of the data base and the number of animals in the study..

Uncertainty factors and modifying factors, as pubhshed by EPA in IRIS or HEAST are
presented in table 4-1.

F.or purposes of these baseline risk assessments, the chronic RfD is utilized to
evaluate potential noncarcinogenic effects. The chronic RfD is a daily exposure level that is
not likely to cause an appreciable lifetime risk of deletenous effects to the general
population, and sensitive subpopulations.

Table 4-1 summarizes the noncarcinogenic toxicity values for the COPC at the
1100-EM-1 Operable Units evaluated. ‘Oral RfD’s have been published for all of the. COPC
except for PCR’s and trichloroethane. Confidence in these RfD’s is low or medium for all
COPC except nitrate. The confidence in the RfD for nitrate is high because the values are
derived from human infant studies. An inhalation RfD is published for only two of the
COPC, barium and 1,1,1-trichloroethane. However, 1,1,1-trichloroethane has only been
detected in soil gas (DOE/RL-90-18); and, soil gas exposures are not evaluated, as indicated
in chapter 3, paragraph 3.2. . The RfD for barium is based on a 4-month inhalation study
in rats that resulted in fetotoxicity. Based on this reproductive study, an interim RfD is-
published in HEAST, but it'is under review and the RfD is subj-ec"t to 'change. '

The noncarcmogemc effects for the COPC mclude a variety of effects such as altered Y
blood chemistry profiles for antimony, gastrointestinal irritation for copper, or mcreased : R
blood pressure for barium. Liver effects, such:as increased liver weight, lesions i in the liver,

- or changes in liver enzymes, are associated with thallium, BEHP, chlordane, DDT,

heptachlor, and tetrachloroethane. Skin effects are associated with arsenic. No critical
effects are identified for beryllium or chromium by the oral route. ~ Nitrate is associated

- with changes in the capacity of the blood system to transport oxygen.

Additional information on the noncarcinogenic effects for each contaminaﬁt of -

- potential concern is provided in the toxicity profiles presented in appendix TII.

4.2 TOXICITY INFORMATION FOR CARCINOGENIC EFFECTS

Tox1c:1ty values have also been developed for evaluatmg potennal hurnan carcmegemc
gffects from exposures to chemicals. Potential human carcinogenic effects are evaluated =
using the chemical-specific SF and accompanying EPA weight-of evidence determination.

The toxicity values (i.e., SF’s) for carcinogens have been derived based on the premise that
for any exposure toa carcmogemc chemical there is always a carcinogenic response (i.e.,

‘there is no threshold). The SF is used in risk assessment to estimate an upper-bound hfetnne

'prebablhty of an individual developing cancer as a result of exposure to a particular level of
a potentlal carcinogen.
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In addition to identifying the SF, the likelihood that a substance is a human .
carcinogen is also considered. A weight-of-evidence classification is assigned to each
substance based on the strength of evidence of carcinogenicity. The EPA wclght—of—eV1dence
classifications are:

. Group A - Human Carcinogen
. - Group B - Probable Human Carcmogen
Bl - Limited evidence of carcinogenicity in humans
B2 - Sufficient evidence of carcinogenicity in animals with
inadequate or lack of evidence in humans
. Group C - Possible Human Carcinogen
Group D - Not Classifiable as to. Human Carcmogemmty
Group E - Evidence of Non-Carcinogenicity in Humans

The toxicity values and supporting information for carcinogenic substances carried
through the BISRA are summarized in table 4-2. EPA has not published a SF for lead in -
either IRIS or HEAST. Eleven of the seventeen COPC are considered carcinogens.

Arsenic, chromium (VI), and nickel are known human carcinogens (EPA weight-of- evidence
classification A). Arsenic is associated with lung and skin cancer by both the oral and
inhalation exposure routes, Chromium (VI) and nickel are considered carcinogenic only by .
the inhalation route of .exposure, because no evidence is currently avaﬂable to mdicate that
they are carcmogemc by the oral route of exposure '

Beryllinm, lead, BEHP, chlordane, DDT, heptachlor, and PCB’s are probable human e
carcinogens (EPA weight-of-evidence classification B2) with insufficient human data, but -
sufficient data in animals to suggest that they are carcmogens Beta-HCH is an EPA welght-
of-evidence classification C, possible human carcinogen. The welght -of-evidence _
classification for tetrachloroethane and trichloroethane are currently under review pending

~ resolution of-the differing opin-ions on the classification (see appendix D.

- Additional information on the tox101ty assoc1ated with these COPC is prov1ded m
appendvc .

Y
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Table 4-2. Summary of Carcmogemc Toxicity Information for the Contammants
of Potential Concern at the 1100-EM-1 OperabIe Unit.

SvA

1 jo 1 a8eq

ras A CLAR

Cun!a.minam . Waight of Evidence o : } : ) o
Classification Type of Cancer Oral 8F Oral SF Inraiation SF - - Inhafation SF
{mgilkg-dy! {source} {ingikg-d}’ {source) -
Arssm'cI A Skin, Lung 1.75E +00° Surrogate 5,0E+01 IRISHEAST
Beryffium B2 4.3E+ _BDV IRIS 8.4 HEAST
Chramium ¥l A ; Lung NAY NA 4.9E+01 JRISHEAST
Lead B2 | ND NA ND NA
Nickat A Lung NAY NA B.4E01 RIS
BEHP B2 14E-02 IRi8 1.4£.02 Surragate
Beta-HCH ¢ 1.8E+00 RIS 1.8E+00 IRIS
Chlordane B2 1.3E+ 00 IRIS 1.3E+00 IRIS
DﬁT B2 - . 3.4E-01 RIS 34E01 IRIS
Heptachlor B2 4 5E+00 IRIS 4.5E +00 [RIS
PCBS B2 774000 RIS 7.7400° Surragate
Tetrachloreethens B2 B.2E-02 Region-10¢ 2E-03 Ragion-t0°
1,1, %-Trichloroethane NA NA NA NA NA NA
Trichforosthane B2¢d - 1.1E-02 Haginﬁ-In‘ 8.0E03 . Region-10°

‘Basad on propesed arsenic unit risk of 5E-05 g/l (EPA, 1901a)

*Not considsred carcinogenic by oral route of exposure
“As recemmendsd by Superfund Technical Support Center, April 1802 (EPA-10, see Appendix I}
Weight-of-svidenca classification under evaluation

*Surrogate; assumed same as oral SF

- Indicates not available; presented for Class A carcinogens anly

ND = Not determined
NA = Not applicable _

Sources: IRIS - Integrated Risk Information Access: July, 1982 {EPA, 1992a)

HEAST - Health Effecis Assessment Summary Tables (EPA, 1082b), unless otherwise indicated

s
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5.0  RISK CHARACTERIZATION

The mfonnauon from the exposure assessment and the toxicity assessment. is used to
charactenze the human health risks. The risk characterization presents quantitative and .
qualitative descriptions of risk. The quantification of the noncarcinogenic risk is dlscussed in

- paragraph 5.1 and quantification of carcinogenic tisk is discussed in paragraph 5.2. Based -

on the results of the risk assessment using the maximum contaminant concentrations,
confaminants that are estimated to have a risk greater than 1E-06 are considered for

~ evaluation using the 95 percent UCL values. A discussion of the estiniated risks using the 95

percent UCL is provuied in paragraph 5.3. A discussion of the uncertamty in’ the risk
charactenzatlon is prov1ded in paragraph 5.4.

51  QUANTIFICATION OF NONCARCINOGENIC RISK

Potential human health hazards associated with exposure io noncarcinogenic

~ substances, or carcinogenic substances with systemic toxicities other than cancer, are

evaluated separately from carcinogenic risks. The daily intake over a specified time period
(e.g.; lifetime or some shorter time period) is compared to an RfD for a similar time period
{e.g., chronic RfD or subchronic RfD) to defermine a ratio called the hazard quotient (HQ).
Estimates of intakes for both the BISRA and BRSRA are based on chronic exposures. The
nature of the contaminant sources and the low probability for sudden releases of contaminants
from the subunits preclude short-term fluctuations in contaminant concentrations that might
produce acute or subchronic effects.

- The formula for estimation of the HQ is:

' 1O = Daily Intake-
i RID

* If the HQ exceeds unity, the possibility exists for systemic toxic effects. The HQ is
not a mathematical prediction of the severity or incidence of the effects, but rather is an
indication that effects may occur, especially in sensitive subpopulatlons If the HQ is. less
than unity, then the likelihood of adverse noncarcmogemc effects is small. -

RfD s are route specific. Currently, all of the RfD’s in IRIS are based on ingestion’
and inhalation; none have been based on dermal contact. ‘As recommended by EPA, 1992c,
until more appropriate dose-response factors are available, the oral RiD’s should be used to
evaluate dermal exposures. EPA further recommends using the oral RfD to evaluate dermal
exposures, unadjusted for absorption, unless estimates of the gastromtestmal absorption
fraction are available for the compound of interest in the appropriate vehicle (EPA, 1992¢).
The uncertainty regarding these assumptlons is discussed in paragraph 5.4.

K5-1
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Some contaminants do not have RfD’s published in IRIS or HEAST. Therefore the
HQ cannot be calculated for these contaminants and the potential adverse effects are not e
evaluated. This lack of RfD’s is most significant for the inhalation pathway where banum is
the only contaminant of potential concern (COPC) with an inhalation RfD. Tt should be
noted that the inhalation RfD for chromium has been withdrawn by EPA and inhalation
issues are under review by the RfD/reference concentration (RfC) Work Group (EPA,
1992b). Chromium is evaluated for carcinogenicity via the inhalation pathway at subunits
where it is a COPC (e.g., 1100-2, 1100-3, and HRL), as discussed in paragraph 5.2.. The
lack of toxicity values i is dlscussed more fully in paragraph 5.4.

Inhalatlon RfD’s for 1,1,1-trichloroethane have been published in IRIS or- HEAST
As discussed in chapter 2 and chapter 3, paragraph 3.2; 1,1,1-trichloroethane has only been
detected in soil gas and groundwater at low concentrations and has not been quantitatively-
evaluated. Consequently, the HQ’s are not determined for any of the COPC in the inhalation
pathway. All COPC have published SF’s, used to estimate carcinogenic risk. Carcmogemc
effects usually occur at levels significantly lower than those associated with systemic toxic
effects; therefore, cancer is usually the predominant adverse effect for contammants that
produce carcinogenic as well as systemic toxic effects.

- The HQ for all contaminants for a specific: pathway Or a scenario can be summed to
prov1de a hazard index (HI) for that pathway or scenario.

Lead exposures have been evaluated for potential adverse impacts using the UBK

Model. The results are presented in appendix V and summarized below for 1100- 3 BRSRA - \_3‘.
and the HRL BRSRA, :

'5.1.1 SUMMARY OF SYSTEMIC TOXIC EFFECTS FOR BISRA

5.1.1.1 1100-1 BISRA. The noncarciaogenic HQ’s for the COPC are presented in table 5-
1. The HI for the soil ingestion pathway and dermal exposure pathways is at least 2 orders
of magnitude less than unity. Therefore, adverse systemic toxic health effects in industrial

‘workers are not likely from ingestion or dermal exposure to the maximum concentrations of
" arsenic or vanadium detected at this subunit. Neither arsenic nor vanadium have inhalation
RfD’s; therefore, an HI is not calculated for this exposure pathway. Arsenic is evaluated for-

carcinogenicity via inhalation in paragraph 5.2.

5.1.1.2 '1100-2 BISRA. Chrommm is the only COPC at this subunit. The overall hazard

index for exposure to chromium through the ingestion or dermal route of exposure is 0.001
as presented in table 5-1. Therefore, adverse systermc toxic health effects are not likely for .

-1ndustna1 workers exposed to the COPC at 1100-2 via the mgestlon or dermal pathways

| 5 1.1.3 "1100-3 BISRA. Chromium is the only COPC at this subumt The noncarcmogemc

HQ s for chromium are presented in table 5-1. The HI for the soil ingestion and dermal
pathway is 0.0008. Adverse systemic toxic effects in industrial workers are not: hker from
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5.1.1.4 1100-4 BISRA. The noncarcinogenic HQ’s for arsenic and beryllium, the two
COPC at this subunit, are presented in table 5-1. As indicated in chapter 3, paragraph 3.3.1,
the contaminated soils are located beneath a cement floor in a building, and hence the
fugitive dust pathway is not evaluated. The quantitative evaluation of the soil ingestion and
dermal pathways is provided for information purposes. Both the soil ingestion HI and the
dermal exposure pathway HI are at least 2 orders of magnitude less than unity. If contact
with the COPC were to occur by soil ingestion and dermal exposure, adverse systemic toxic
effects in industrial workers are not likely.

5.1.1.5 UN-1100-6 Subunit BISRA. The HQ’s for the COPC at this subunit are also
presented in table 5-1. The HI for the soil ingestion pathway is 0.4 and is due primarily to
the BEHP present in the soil at this site. The HI for the dermal exposure pathway is 0.05.
Adverse systemic toxic effects in industrial workers are not likely from ingestion or dermal
exposure to COPC detected at this subunit. None of the COPC have published inhalation
RfD’s, so no inhalation HQ’s or HI's are presented, although they have all been evaluated
for carcinogenity in paragraph 5.2.

5.1.1.6 Ephemeral Pool BISRA. The HQ’s for the COPC at the Ephemeral Pool are
presented in table 5-1. The soil ingestion HI is 0.01 and the dermal exposure pathway HI is
0.02. Adverse systemic toxic effects in industrial workers are not likely for soil ingestion or
dermal exposure to COPC detected at this subunit. None of the COPC have published
inhalation RfD’s, so no inhalation HQ’s or HI's are presented, although they have all been
evaluated for carcinogenity in paragraph 5.2.

5.1.1.7 HRL BISRA. The HQ's for the COPC at HRL are presented in table 5-2. The
soil ingestion pathway HI is 0.2, the fugitive dust inhalation pathway HI is 0.03, and the
dermal exposure pathway HI is 0.003. The total subunit HI is 0.2. Consequently, adverse
systemic toxic effects are not likely from potential exposures to the COPC for industrial
workers at this subunit.

5.1.2 SUMMARY OF SYSTEMIC TOXIC EFFECTS FOR BRSRA

5.1.2.1 1100-2 BRSRA. Tetrachloroethene is the only COPC at 1100-2. The individual
HQ and overall HI for exposure to tetrachloroethene through the ingestion or dermal route of
exposure is 5 orders of magnitude less than unity, as presented in

table 5-3. The garden produce exposure pathway assessment for each subunit is presented in
table 5-4, with the exception of 1100-2, because tetrachloroethene is not evaluated for the
garden pathway. Adverse systemic toxic effects are unlikely for residents who may be
exposed to tetrachloroethene in the soil at this subunit. As presented in table 5-7, HI
estimated for this subunit is 0.00003.

5.1.2.2 1100-3 BRSRA. The HQ’s via the ingestion and dermal pathways for the COPC at
this subunit are presented in table 5-3. For soil ingestion and dermal exposure, the HQ's are
all less than unity. The HI for the soil ingestion pathway is 0.05 and for the dermal
exposure pathway is 0.001. Adverse systemic toxic effects in residents are not likely from
exposure to the arsenic and chromium detected in soils at this subunit.
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Table 5-1.

~£

1100-3, 1100-4, UN-1100-6, and the Ephemeral Pool. (Sheet 1 of 2)

Summary of the Baseline Industrial Scenario Risk Assessment for 1100-1, 1100-2,

Contaminant

Pathway

Soil Ingestion

Fugitive Dust Inhalation

Dermal Exposure

Contaminant
Totals

Subunit Totals

HO ICR®

HQ* ICR®

HO® ICR®

HIf ICR®

HO* ICR®

Arsenic 0.003 4E-07 9E-12¢ 0.00006 9E-09 0.003 | 4E-07
Vanadium 0.005 0.0001 0.005 -
Pathway Totals 0.008 4E-07 9E-12 0.0002 9E-09 0.008 | 4E-07

Chromium

0.001

0.00002

0.001 1E-07

0.001 1E-07

Chromium

0.0008

8E-08

0.00002

0.0008 | BE-08

0.000 | 8E-08

004 ;
Arsenic 0.006 8E-07 0.0001 2E-08 0.006 | BE-07
Beryllium 0.0005 3E-07 0.000001 6E-09 0.0005 | 3E-07
0.006 1E-06 0.006 1E-06

Pathway Totals

0.0001 3E-08

0.04 3E-06

BEHP 0.4 3E-05 3E-08 0.4 3E-05
Chlordane 0.009 2E-07 2E-10 0.01 2E-07 0.02 4E-07
Heptachlor 0.0004 2E-08 3E-10 0.00004 3E-08 0.0004 | 5E-08
Pathway Totals 0.4 3E-05 3E-08 0.05 3E-06 0.4 3E-05
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Table 5-1. Summary of the Baseline Industrial Scenario Risk Assessment for 1100-1, 1100-2,
1100-3, 1100-4, UN-1100-6, and the Ephemeral Pool. (Sheet 2 of 2)

Pathway
Contaminant Subunit Totals
Contaminant Soil Ingestion Fugitive Dust Inhalation Dermal Exposure Totals
HQ* ICR® HaQ* ICR® HQ* ICR® HO* ICR® HF ICR®
EﬁhemeraiPMI :-:'3,513 e ' . S i e S
Chlordane 0.01 3E-07 9E-10 0.02 3E-07 0.03 6E-07
Heptachlor 0.0000 1E-08 JE-11 0.00002 1E-08 0.0000 | 2t-08
2 4

PCBs 3E-05 8E-08 3E-05 6E-05

Pathway Totals 0.01 3E-05 BE-08 0.02 3E-05 0.03 BE-05

*Hazard Quotient

®Lifetime Incremental Cancer Risk

‘Hazard Index

“Based on 30% absorption of inhaled arsenic (EPA 1332b)

- = Not Applicable
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Table 5-2. Summary of the Baseline Industrial Scenario Risk Assessment Based on Maximum
Contaminant Concentrations for the Horn Rapids Landfill.

9-CH

Pathway Contaminant Totals Subunit Totals
Cantiinkiiat Soil Ingestion Fugitive Dust Inhalation Dermal Exposure

HO ICR* Ha* ICR* HO* ICR* Ho* ICR* HE ICR*
Antimony 0.01 - - - 0.0004 - 0.01 =
Arsenic 0.006 9E-07 - 6E-08* 0.0001 2E-08 0.008 1E-06
Barium 0.005 = 0.03 - 0.00001 - 0.04 -
Beryllium 0.00007 5E-07 - BE-08 0.000002 9E-08 0.00007 5E-07
Chromium 0.07 - - 3E-05 0.001 - 0.07 3E-05
Copper 0.009 - - - 0.0002 - 0.009 -
Nickel 0.008 - - 3E-07 0.0002 - 0.008 3e-07
Thallium 0.01 - - - 0.0002 - 0.01 -
Vanadium 0.004 - - - 0.00008 - 0.004 -
Zinc 0.05 - - - 0.0009 - 0.05 -
Beta-HCH - 1E-08 - 9E-11 - 2E-08 - 3¢-08
poT 0.001 5E-08 - 4E-10 0.001 6E-08 0.002 1E-07
Heptachlor 0.00001 7E-08 - BE-1 0.00001 9E-08 0.00002 2E-08
PCBs - BE-05 - 4E-07 - BE-05 - 1E-04
Pathway Totals 0.2 B8E-05 0.03 3E-05 0.003 BE-05 0.2 2E-04

*Hazard Quotient

*Lifetime Incremental Cancer Risk

‘Hazard Index

‘Based on 30% absorption of inhaled arsenic (EPA 1992b)
~ = Not Applicable
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Table 5-1. Summary of Baseline Residental Scenario Risk Assessment Based on Maximum Contaminant Concentrations for the
Soil Ingestion, Fugitive Dust Inhalation, and Dermal Exposure Pathways, for Specific 1100-EM-1 Operable Subunits. (Sheet 1 of 2)

Pathway Contaminant Subunit
A : - : Totals Totals
Contaminant Sail Ingestion Fugitive Dust Inhalation Dermal Exposure
HO® ICR® Ho® iCR® HQ* ICR® HQ® ICR® HFF ICR®
1100-2
Tetrachloroethene 0.00001 3E-09 = 3E-14 0.00002 4E-09 0.00003 7E-09 | 0.00003 7E-09
11003
Arsenic 0.04 9E-06 - 1E-08° 0.0008 2E-07 0.04 9E-06
Chromium 0.01 - - 2E-07 0.0002 - 0.01 2E-07
Lead . . s .0 . 8 ND ND
Pathway Totals 0.05 9E-06 2 2E-07 0.001 2E-07 0.05 9E-086
UN-1100-6
BEHP 4.6 6E-04 - 7E-08 0.5 7E-05 5.1 7E-04
Chlordane 0.1 4E-06 - 5E-10 0.2 5E-06 0.3 9E-06
Pathway Totals 4.7 BE-04 - 7E-08 0.7 8E-05 5.4 7E-04
Ephemeral Pool
Chlordane 0.2 4E-06 . 2E-09 0.2 7E-06 0.4 1E-05
PCBs - 5E-04 . 2E-07 - 7E-04 -t 1E-03
Pathway Totals 0.2 5E-04 -4 2E-07 0.2 7E-04 0.4 5E-04

L9-T6-Td/d0d



Table 5-1. Summary of Baseline Residental Scenario Risk Assessment Based on Maximum Contaminant Concentrations for the
Soil Ingestion, Fugitive Dust Inhalation, and Dermal Exposure Pathways, for Specific 1100-EM-1 Operable Subunits. (Sheet 2 of 2)

8-S

Pathway Contaminant Subunit
: : a3 s Totals Totals
Containinant Soil Ingestion Fugitive Dust Inhalation Dermal Exposure
HQ? ICR® HQ* ICR® HO* ICR® HO® ICR® HF ICR®
Horn Rapids Landfill
Arsenic 0.08 2E-05 - 1E-07° 0.002 4E-07 0.08 2E-05
Beryllium 0.001 9E-06 - 1E-08 0.00002 2E-07 0.001 9E-06
Chromium 0.9 - - B6E-05 0.02 - 0.9 6E-05
Lead - - -8 - -8 ND ND
PCBs - 1E-03 - 9E-07 - 2E-03 - 3E-03
Tetrachloroethene 0.000002 5E-10 - 1E-14 0.000003 6E-10 0.000005 1E-09
Pathway Totals 1 1E-03 -t BE-05 0.02 2E-03 1 3E-03
*Hazard Quotient
®Lifetime Incremental Cancer Risk
‘Hazard Index
“Based on 30% absorption of inhaled arsenic (EPA, 1992b)
*RfD not available to evaluate this pathway
'Not considered carcinogenic by this route of exposure
’SF not available to evaluate this pathway
ND Not determined
- Indicates not applicable
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Table 5-4. Summary of Baseline Residential Scenario Risk Assessment
for the Garden Pathway at Specific 1100-EM-1 Operable Subunits
Based on Maximum Contaminant Concentration.

Contaminant Pathway
Garden
HQ® ICR*
B T
Arsenic 0.01 -
Chromium 0.04 -
Lead = -
Total Pathway ICR
Total Pathway HI° 0.05 -
BEHP 16.0 2E-03
Chlordane 2.0 7E-05
Total Pathway ICR - 2E-03
Total Pathway HIF
Chlordane 3.2 1E-04
PCBs - 2E-03
Total Pathway ICR - 2E-03

Total Pathway HI*
Horm Rapids Londfill

Arsenic

Beryllium 0.005 4E-05
Chromium 36 -4
PCBs -t 4E-03
Lead -2 A
Total Pathway ICR - 4E-03
Total Pathway HIF 3.6

*Lifetime Incremental Cancer Risk

*Hazard Quotient

‘Hazard Index

®Not considered carcinogenic by this route of axposure
‘RfD not available to evaluate this pathway

'SF not available to evaluate this pathway

- Indicates not applicable
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For the garden produce exposure pathway, the overall HI is 0.05, as presented in
table 5-4. Adverse health effects from exposure to residents though this pathway are not
likely.

The results of the UBK model for evaluating residential exposures for children
indicate that adverse health effects from the exposure to lead, which was detected at the
relatively low concentration of 26.4 mg/kg, would not occur. Based on soil ingestion, dust
inhalation, and the ingestion of garden produce grown at the subunit, blood-lead levels are
not likely to exceed 10 pg/dl for a 2-year old child (see appendix V).

5.1.2.3 UN-1100-6 Subunit BRSRA. The HQ’s for the COPC at this subunit are presented
in tables 5-3 and 5-4. The HI for the soil ingestion pathway is 4.7 and is almost entirely due
to the BEHP present in the soil at this site. The HI for the dermal exposure pathway is 0.7.
Adverse systemic toxic effects in residents may occur if there was exposure to the COPC
detected at this subunit. None of the COPC have published inhalation RfD’s, so HQ's and
HI's are not presented for the inhalation pathway.

For the garden produce exposure pathway, the overall HI is 18. As presented in
table 5-4, the HI is based on a HQ of 16 for BEHP and a HQ of 2 for chlordane. The
garden pathway risk is calculated by using a surrogate uptake factor for BEHP based on
PCB’s. As summarized in table 5-7, the subunit HI for all pathways evaluated is 23.

5.1.2.4 Ephemeral Pool BRSRA. The HQ’s for the COPC at the Ephemeral Pool are
presented in tables 5-3 and 5-4. The soil ingestion HI is 0.2 and the dermal exposure
pathway HI is 0.2. Adverse systemic toxic effects in residents for these two exposure routes
are not likely for the COPC detected at this subunit.

RfD’s are not published for PCB’s for the oral, inhalation, or dermal routes of
exposure. Thus, the pathway and subunit HI’s may be an underestimation of the likelihood
of adverse systemic toxic effects because PCB’s are not included in the overall evaluation.

The HQ’s and HI for the garden produce exposure pathway are presented in table
5-4. The HI for the garden pathway is 3.2 and is due entirely to the chlordane detected on
the site. PCB’s are not quantitatively evaluated because there is no published oral RfD for
PCB’s. As summarized in table 5-7, the subunit HI is 3.6 indicating a potential for adverse
effects based on the assumptions used for the residential scenario.

5.1.2.5 HRL BRSRA. The HQ's for the COPC at HRL are presented in tables

5-3 through 5-6. The soil ingestion HI is 1 and the dermal exposure pathway HI is 0.02.
The HI of 1 for the soil ingestion pathway is due primarily to the potential exposure to
chromium in the soil. Although the HI for the soil ingestion pathway is 1, adverse systemic
toxic effects in residents are not likely because of the conservative assumptions used to assess
potential exposures. For example, it is assumed that exposure to the maximum concentration
detected in the soil occurs. Based on the spatial distribution for chromium presented in
DOE/RL-90-18, only a very small area of the soil may be contaminated with the maximum
concentration.
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~ For the garden produce pathway for residents at HRL, the estimated HI is 3.6.

. Chromium, with an HQ of 3.6, contributes the most to this value. Arsenic and'-beryllilim ail

have HQ’s much less than unity. PCB’s and lead do not have published RfD’s for the
evaluation of oral ingestion. Thus, the pathway and subunit HI’s may be an underestimation °
of the likelihood of adverse effects. However, it should be noted that PCB’s arc evaluated
for carcinogenic effects (see paragraph 5.2). Lead is evaluated for adverse effects using. the
UBK model as discussed below. As discussed in chapter 3, paragraph 3.3.1,
tetrachloroethene, aithough detected in soil, has a Yimited potential for uptake or ‘
accumulation in plants. Similasly, trichloroethene and 1,1,1-trichloroethane, detected in soil .
gas only, are not quantitatively evaluated for this pathway, and are not presented in '
table '
54.

_ None of the COPC except 1,1,1-trichloroethane have published RfD’s for the
inhalation route of exposure Therefore neither HQ’s nor HI's are provided for this potential
exposure. : _

The results of the UBK model for evaluating residential exposures to lead for children
are presented in appendix V. For the first scenario, based on the default model parameters
and using the maximum concentration of lead detected in the soil at HRL (854 mg/kg), the -
geometric mean for a blood-lead level in 2-year old children {24 to 36 months) is predlcted
to be 5.8 pg/dl. As indicated in the graph presented in appendix V for the default
parameters, based on the maximum concentration of lead detected at HRL and conservative
UBK model parameters, the geometric mean and geometric standard deviation of the
predicted blood-lead levels indicates that approximately 5 percent of the exposed children
would be expected to have a blood-Iead Ievel greater than 10 pg/dl.

When the ingestion of lead, through the consumption of homegrown vegetables, is
added to other intakes evaluated in this exposure pathway, the geometric mean for the blood-
lead level in a 2-year old child is predicted to be 7.01 gg/dl. As indicated in the graph

~ presented in appendix V for the default parameters, based on the maximum' concentration of

lead detected at HRL and conservative UBK model parameters, the geometric mean and
geometric standard deviation indicates that approximately 14 percent of the 2-year old
children would be expected to have a blood-lead level greater than 10 pg/dl. However,
because of the conservatism in the analysis using the maximum concentration, the actual
exposure is unlikely to produce toxic effects.

The results of the risk assessment for two contaminants detected in groundwater in the
vicinity of HRL. are presented in table 5-5. The HQ for nitrate, based on groundwater
ingestion, is 1. No oral RfD is available for evaluating trichloroethene; therefore, a HQ is
not presented for this compound. This may result in an underestimation of the HI for the
groundwater pathway. As shown in table 5-7, the Hi for HRL is 5.6.
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Table 5-5. Summary of Baseline Residential Scenario Risk Assessment Based on the
Maximum Contaminant Concentrations for the Groundwater Pathway

- Contaminant .. Pathway
Groundwater Ingestion | : Groundwéter_ Inhalation
HQ  ICR* HQ - ICR?
Nitrate o _ - -4 ed
Trichloroethene ~° [ E-05 —* ' 3E—05_

*Hazard Quotient

®Lifetime Incremental Cancer Risk

‘Nat considered to.be a carcinogen

“Not a volatile contaminant

*RfD not available to evaluate this pathway
-- Indicates not applicable

K5-12
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Table 5-6. Summary of Baseline Risk Assessment for
the Residential-Related Recreational Pathways for the
1100-EM-1 Operable Unit.

Contaminant

Pathway

Swimming

Eating Fish

HQ*

ICR®

HQ

ICRb

Trichloroétheiie :

<

1E-10

[+

*Hazard Quotient

¥ ifetime Incremental Cancer Risk

| ‘RfD not available to evaluate this pathway

3E-10

| -- Indicates not applicable
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Table 5-7. Summary of the Baseline Residential Scenario Risk Aé.ses_sment for Specific
1100-EM-1 Operable Subunits Based on Maximum Contaminant Concentrations.

Subunit . Pathway

Pathway Totals Subunit Totals
Hi IcR Hi (3
11002 Soil Ingestion 0.08001 3E-08 .
Fugitive Dust Inhalation - 3E-14
ﬁermaJ Exposure 0.00002 4E-08
G.arden Prnduc_e - )
o . " 000003 | 708
1_10!}3 .| Seit Ingestion 0.05 SE-06
Fugitive Dust Inhalation - 2807
Dermal Exposure 0.001 2E-07
Garden Fmduce 0.05 - :
. - 01 9E08
~ UN-1100-6 Soit lnﬁeslinn ' 47 BE-D4 |
Fugitive Dust Inhalation 7E:08
Dermal Exposure - - 0.7 . BE0%
Garden Praduce 18 2E-03
o o 3 3E-03
Ephemeral Posl Soilllhgesﬁan 02 BE-04
| Fugitive Dust inhalation - 2!.E-Df
Bermal- Exposure .U.2 TE-04
| Garden Produee 3.2
. o 36 3603
Hum_Haﬁids Landfill | Soil lhgestiun . 1 1E03 .
l Fﬁgitive Dust Inhalation - BE-05
nenﬁal Exposare 0.02 2E03
Garden Produce 38 4E-03
Groundwater Ingestion 1 1E-05
Inhaletion of Volatiles from Groundwater - .3E-05 i
L 55 | 703
Keereational | Dermal Exposure while swimmiag - 1E-10 -
Ingestion af Fish - | mw
Te— .. LT 1D

“*Hazard Ingex

*Lifetime Incremental Cancer Risk
- |ndicates nat applicable
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5.1.2.6 Residential-Related. Recreatmnal Activities. As discussed in pamgraph 3. 2, .
modeling presented in DOE/RL 90-18 indicates that nitrate and trichloroethene, cunvently E
found in the-groundwater in the vicinity of the 1100-EM-1 Operable Unit, would enter the .
Columbia River at concentrations less than their respective MCL’s. Neither an oral nor a
dermal RfD is published for trichloroethene. Trichloroethene, however, is evaluated .

quantitatwely for potential carcinogenic effects, as discussed in paragraph 5.2. Nitrogen in
the form of dissolved nitrate is an essential nutrient and does not bioaccumulate. Therefore,

as summarized in tables 5-6 and 5-7, HQ’s to evaluate noncarcinogenic adverse effects from
potential exposures to nitrate or trichloroethene by subunit reésidents, who may swim in the o
Columbla RIVCI' or eat fish from the Columbia River are not calculated.

52 QUANTIFICATION'OF CARCINOGENIC RISK

For carcinogens, risks are estimated as the likelihood of an individual develOping

cancer over a lifetime as a result of exposure (o a potential carcinogen (i.e., incremental or

excess ICR) The equation for risk estimation is:
ICR = (Chronic Daily Intake) (Slope Factor)

This linear equation is only valid at low-risk fevels (i.e., below estimated risks of .
1E-02), and is an upperbound estimate of the upper 95th percent confidence limit of the slope
of the dose-response curve. ‘Thus, one can be reasonably confident that the actual risk is
likely to be less than that predlcted Cancer risk estimates are expressed usmg one
significant ﬁgure only.

- Contaminant-specific ICR’s are assumed to be additive so that ICR’s. can be summed
for pathways and contaminants to provide pathway, contaminant, or subunit ICR’s.

ICR’s are presented for those contaminants known to be carcinogenic by a specific
route of exposure. For example, chromium is only carcinogenic by the inhalation route of
table 5-2 exposure. Consequently, an ICR is presented only for the exposure to chromium
through the inhalation of fugitive dust. All COPC that are classified as human carcinogens,
or probable human carcinogens, have published inhalation and oral SF’s with, two exceptions:-

® PCB’s and .BEHP do not have a published inhalation SF. For pﬁrpoées |
of this BISRA, the 1nha1at10n SF is assumed to be the same as the oral
SF.

e No SF’s are published for lead. Therefore, this contaminant of interest
is not evaluated for its potential contribution to the subunit total ICR.
This may result in an underestimation of the ICR for a subunit. The
potential exposures to lead are discussed in paragraph 5.4.

- As discussed above in paragraph 5.1, all of the toxicity factors in TRIS are based on

ingestion and inhalation. None of the toxicity factors have been based on dermal contact.
As recommended by EPA (1992¢), until more appropriate dose-response factors are
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~ recommends using the oral SF unadjusted for absorption, unless estimates of the ' S

DOE/RL~92—67
available, the oral SF’s should be used to evaluate dermal exposures. The EPA further

gastrointestinal absorption fraction are available for the compound of interest in the - S
appropriate vehicle (EPA 1992¢). For the BISRA -and BRSRA, the oral SF’s have not been

modified for absorption efficiencies. The uncertainty regardmg thls assumption is dlscussed

in paragraph 5.4.

. Arsenic is apprommately 30 percent absorbed when mhaled (EPA, 1991). The SF for

- arsenic is based on an absorbed intake, therefore, all intakes are adjusted by 30 percent to '

calculate the risks for arsenic inhalation ‘exposures at 110() I, 1100-4, and HRL

- The results of the risk characterlzatlon for carcinogenic effects are presented below by
subunit and summarized in tables 5-1 and 5-2. These risk estimates are based on the
maximum detected contaminant concentrations. EPA considers a. 1E-06 risk level to be the
point of departure for determining remediation goals for alternatives when applicable or
relevant and appropriate requirements (ARAR’s) are not available or not sufficiently
protectwe [40 CFR §300. 430(e)(2)(1)(A)(2)]

5.2.1 SUMMARY OF CARCINOGENIC RISK FOR BISRA

5.2.1.1 1100-1 BISRA, The carcinogenic risk estimates for this subunit are presented in
table 5-1. The estimated ICR for the soil ingestion pathway is 4B-07, for the fugitive dust
inhalation pathway it is 9E-12, and for the dermal exposure pathway it is 9E-09. - The total TN
subunit ICR is estimated at 4E-07. Potential ingestion of arsenic contammated 1)1 . /]
contributes solely to this estimated risk. i

5.2.1.2 1100--2 BISRA. Chromium is the only COPC at the 1100-2 subunit. Chromium,
as chromium(VI), is carcinogenic only by the inhalation route of exposure. The inhalation
pathway ICR for chromium, and then the total ICR, at this subunit is 1E-07 (see table 5-1).
This ICR may be an overestimate of the risk because it is conservatively assumed that all
chromium present in the soil is chromium(VI) and that the entire subunit is umformly
contammated at the maximum concentration detected

5.2.1.3 1100-3 BISRA. Again, chromium is the only COPC at th1s subunit., The estlmated

_ ICR’s.associated with chromium exposure at this subunit is presented in table 5-1. The

estim'ated ICR for the inhalation pathway. and the total 'subunit ICR is 8E-08.

5.2.1.4 1100-4 BISRA. The estimated ICR’S assocmted with exposures at 1100- 4 are -
presented in table 5-1. Arsenic and beryllium are the only two COPC at this subunit. The
ICR associated with the ingestion pathway is 8E-07 for arsenic and 3E-07 for beryllium. -

The dermal exposure pathway also results in negligible ICR’s of 2E-08 for arsenic and 6E-~ 09
for beryllium. The inhalation of fugitive dust is not evaluated, as discussed previously, =~
because of the location of the contamination. The ICR for the scenario (i.e., sum of afl
individual contaminant and pathway ICR’s) is negligible (i.e., 1E-06). Actual risk would be
much less than the estimated risks because of the limited area of this subunit, the use of the

.
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maximum concentration of the COPC to calculate the ICR’s and the location of the
contammatlon ‘beneath a cement floor in an existing bulldmg '

521 5 UN—1100~6 Subunit BISRA. The estimated ICR’s associated with.the three
exposure pathways at UN-1100-6 subunit are presented in table 5-1. The soil ingestion
pathway ICR is 3E-05, the inhalation pathway ICR is 3E-08, and the dermal exposure
pathway is 3B-06. All of the ICR’s are associated primarily with potential exposures to )
BEHP at the high concentrations detected in the soil at this subunit. All other carcinogenic
COPC are associated with negligible risks. The estimated subunit ICR for UN-1100-6

: subunit is 3B-05, is due primarily to BEHP.

' 5._2.1.6 Ephemeral Pool BISRA. The es_timated ICR’s associated with the COPC at the

Ephemeral Pool are presented in table 5-1. The soil ingestion pathway ICR is 3E-05; the . -

' fugitive dust inhalation pathway is 8E-08; and the dermal exposure pathway is 3E-05. The

ICR’s are due primarily to potential exposures to PCB’s. ICR’s for chlordane and heptachlor
are less.than 1E—06 The subunit ICR for all pathways is 6E-05.

5.2.1.7 HRI BISRA. The summary of ICR’s for HRL, based on the maximum detected
confaminant concentrations, is presented in table 5-2. The pathway-specific ICR for soil

ingestion is 6E-05. PCB’s detected in the soil have an ICR of 6E-05. for this pathway and
are the primary COPC for this pathway. All other COPC are-estimated to have negligible

. cancer risks by the soil ingestion pathway.

Thle fugltlve dust pathway at HRL is est.lmated to have an ICR of 3E-03 due primarily ) |

to the potentlal exposure to chromium. This ICR may be an overestimate of the actual risk

because it is conservatively assumed that all chromium present in the soil is chromium(VI)
and that the entire subunit is contaminated at the maximum concentration detected. Under-
natural soil conditions, organic matter in the soil stimulates the reduction of chromium(VI). to
the more stable, less mobile trivalent chromium (Kabata-Pendias and Pendias, 1984). ' As
indicated in the Phase I RI report (DOE/RL-90-18), this maximum chromium concentration
has been detected in only a single sample of HRL soil at a depth of 14:6 to 16.9 ft with the
maximum concentration elsewhere less than 300 mg/kg and most detections less than

50 mg/kg. .

For the other COPC, the ICR’s for the inhalation pathway are all less than 1E-06. -
As with chromium, these risks are also likely to be overestimates because it is assumed that
the entire landfill area is contammated at the maximum concentration detected for each
COPC.

The pathway- speciﬁc ICR for the dermal exposure pathway is 8E-05 and is associated
primarily with PCB’s. Al other carcinogenic COPC are associated with low cancer nsks by
the dermal exposure pathway

Contammant—spemﬁc ICR’s that are equal to or exceed 1E-06 at HRL are 1E-06 for
arsenic, 3E-05 for chromium, and 1BE-04 for PCBE’s.
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5.2.2 SUMMARY OF CARCINOGENIC RISK FOR BRSRA

5.2.2.1 1100-2 BRSRA. Tetrachloroethene is the only COPC at the 1100-2 subunit.. The
ICR for the subunit, based on soil ingestion, inhalation of fugitive dust, and dermal
exposures, is 7E-09 (table 5-3). As discussed in chapter 3, paragraph 3. 2 and summa:nzed in
table

5-4, tetrachloroethene is not a COPC through the garden produce pathway and an ICR has
not been calculated for this exposure pathway. As summarized in table 5-7, the subunit ICR
is also 7E-09.

5.2.2.2 1100-3 BRSRA. The estimated ICR’s associated with soil ingestion, fugitive dust
inhalation, and dermal exposures at this subunit are presented in table 5-3, Chromium is
only evaluated for the inhalation pathway because it is not known to be carcinogenic by other
routes of exposure as discussed in chapter 4, paragraph 4.2. The estimated ICR for the soil
ingestion pathway is 9E-06 and is primarily associated with arsenic detected in the soil. The
ICR for arsenic is 1E-08 and for chromium is 2E-07. The estimated ICR for the inhalation
pathway is 2B-07. The estimated ICR for the dermal exposure pathway.is 2B-07. For these
three exposure pathways the subunit ICR is 9E-06. '

For the garden produce pathway (see table 5-4), an ICR is not presented As

discussed in chapter 4, paragraph 4.2, arsenic in plants is usually the less toxic organic 'fOrm' :

that is noncarcinogenic and-there is no evidence that chromium is carcinogenic by the oral
route of exposure. SF’s are not published for evaluating the potential carcinogenicity of -

lead. This couid result in an underestimation of the overall subunit ICR. However, the very -

low concentrations of lead detected in the soil suggest lead exposures would be very low

5223 UN~11(_)0—6 Subunit BRSRA. The estimated ICR’s associated with the exposure

pathways at UN-1100-6 subunit are presented in tables 5-3 and 5-4. The soil ingestion - .
pathway ICR is 6E-04, the inhalation pathway ICR is 7E-08, and the dermal exposure

pathway. is 8B-05. - Potential exposures t0 BEHP at the concentrations detected in the soil at -

this subunit yield the greatest estimated ICR. Chlordane ICR’s for the soil 1ngest10n and
dermal exposure pathways are also both greater than 1E-06.

For the garden produce pathway at this subunit, the total ICR is 2E-03. BEHP is -

- estlmated to have an ICR of 2E-03 and chlordane is estimated to have an ICR of TE-05, as
- presented in table 5-4.

Further discussion of the risks estimated for BEHP and chlordane is prov1ded in
paragraph 5.3. As summarized in table 5-7, the subunit ICR is 3E-03. :

5.2.2.4 Ephemeral Pool BRSRA. The estimated ICR’s associated with the COPC at the

‘Ephemeral Pool are presented in tables 5-3 and 5-4. The soil ingestion pathway ICR is S5E-

‘04, the fugitive dust inhalation pathway is 2E-07, and the dermal exposure pathway is 7E- 04. _ |

The ICR’s are primarily the result of potential exposures to PCB’s. However, chlordane is

-also estimated to have an ICR of 4E-06 via soil ingestion and 7E-06 via dermal exposme to’

5011
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For the garden produce pathway, the total ICR for the Ephemeral Pool is 2E-03.

PCB’s are associated with an estimated ICR of 2E 03 and chlordane is estimated to have an
ICR of 1E—04

Further discussion of the risks estimated for PCB’s and chlordane detected at the .. _
Ephemeral Pool is provided in paragraph 5.3. As summarized in table 5-7, the subunit ICR
based on- the max1mum contammant concentrations, is 3E- 03

5;2.2.5 HRL BRSRA. The surmmary of ICR’s for HRL is presented in tables 5-3 thrciﬁgh -

" 5-6.. The'pathway—specif' ¢ ICR for soil ingestion is 1E-03. PCB’s detected in the soil-

contribute-most of this risk. However, arsenic and beryllium are also associated w1th
individual TCR’s that exceed 1E-06.

The fugitive dust pathway at HRL is estimated to have an ICR of 6B-05, based on the -
potential exposure to chromium. Tlus ICR may be an overestimate of the risk, as dlSClISSCd

, above for BISRA.

~ The pathway—spe_ciﬂc ICR for the dermal exposure pathway is 2E-03 and is associated
primarily with PCB’s. All other carcinogenic COPC are associated with low cancer risks for

the dermal exposure pathway.

The.esﬁmated ICR’s for the garden produce pathw:iy at this subunit is presented in -
table 5-4. The total pathway ICR is 4E-03. Individual COPC ICR’s are bery]hum (4E-05)
and PCB’s (_4E-03) '

As summarized in table 5-5, trichloroethene detected in groundwater are evaluated for _
exposure through ingestion of groundwater and the inhalation of volatiles from groundwater
use in a residence. Using the maximum concentration of trichloroethene detected, the ICR
for groundwater ingestion is 1E-05. The risk due to inhalation of volatile trichloroethene
from groundwater use is 3E-05. As summarized in table 5-7, the subunit total ICR is 7E-03
with the garden produce pathway contributing an ICR of 4E-03.

5.2.2.6 Residential-Related Recreational Pathways. Trichloroethene in groundwater may
be transported to the Columbia River based on modeling presented in the Phase IT RT
(DOE/RL-90-18). The estimated ICR’s for residents who may be exposed to trichloroethene
through swimming in the Columbia River or ingesting fish from the Columbia River are.
1E-10 and 3E-10, respectively, as presented in tables 5-6 and 5-7.

5.3  RISK CHARACTERIZATION BASED ON THE 95 PERCENT UCL -

The HQ’s and ICR’s presented in paragraphs 5.2 and 5. 3 are based on the maximum
concentration of the contaminant detected in the soil or groundwater. Several COPC at
1100-3, UN-1100-6 subunit, the Ephemeral Pool, and HRL are all associated with ICR’s
estimated to be greater than 1E-06. Additional evaluation of these COPC detected at these
sites was conducted to provide additional characterization of the risk. None of the
contaminants evaluated at any of the 1100-EM-1 operable subunits are estimated to have
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exposures resulting in HQ’s that exceed 1 for the industrial or residential scenario based on

the maximum detected contaminant concentration. Therefore, discussion of HQ’s is not - _ N
provided below, although the HQ’s based on the 95 percent UCL of the mean contaminant g
concentration are presented. The results of the evaluation of potential risks related to cancer

(i.e., ICR’s) are discussed in this paragraph for each 'subunit or both the mdustnal and
res1dent1a1 scenarios.

The samphng data from both the Phase I and Phase II site investigations were used to
calculate the 95 percent UCL. of the mean contaminant concentration at these subunits. The
procedure and data used to calculate the 95 percent UCL are presented in appendix IV. Data
was. used to calculate the 95 percent UCL that best represented the spatial distribution of
contaminants. This provides a conservative estimate of the mean concentrations since low
values and nondefects are not used. The 95 percent UCL is used to estimate contaminant
intakes, HQ’s, and ICR’s.

5.3.1 SUMMARY OF RISK CHA_RACTERIZATION BASED ON THE.
95 PERCENT UCL FOR BISRA

5.3.1.1 UN-1100-6 Subumt BISRA BEHP detected in soil at UN 1100-6 subunit is _
estimated to have an ICR greater than 1B-06 when using the maximum detected contaminant
concentration to calculate the ICR (see table 5-1). Although chlordane did not exceed an-
ICR of 1E-06, it was retained for evaluation based on the 95 percent UCL value because its
distribution is similar to that of BEHP in the soil. The 95 percent UCL’s for BEHP and ,
chlordane are presented in table 5-8; the associated estimated contaminant intakes for the soil o
ingestion, fugitive dust inhalation, and dermal exposure pathways are presented. in table 5-9;
and the HQ’s and ICR’s for the soil mgestlon fugitive dust inhalation, and dermal exposure
pathways are presented in table 5- 10

‘ Exposure to BEHP via the soil ingestion route is associated with an ICR of 2E-05.
Dermal exposure to BEHP is estimated to have an ICR of 2E-06. For chlordane, the soil

~ ingestion ICR is 2E-07 and the dermal exposure ICR is 2E-07. - The fugltlve dust pathway is

associated with negligible cancer risks for both contaminants. All ICR’S are the same order

. of magnitude as those estimated using the maximum detected contaminant concentrations.

The totaj ICR subumt is 2E—05

'5.3.1.2 Ephemeral Pool BISRA. PCB’s detected i in soil at the Ephemeral Pool are.
“estimated to have an ICR greater than 1E-06 when using the maximum detected contammant
' concentratlon to calculate the ICR (see table 5-1). Chlordane, although it is not estimated to

have an ICR greater than 1E-06 for any industrial scenario pathway, is also evaluated for thlS ;

subunit. -

The 95 percent UCL’s for chlordane and PCB’s are presented in table 5-8; the |

estimated contaminant intakes for the soil ingestion, fugitive dust inhalation, and dermal _
_exposure pathways are presented in table 5-9; and the HQ’s and ICR’s for the soil 1ngest10n

fugitive dust inhalation, and dermal exposure pathways are presented in table 5-10.°
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Table 5-8. 95% UCL Concentrations for Soil Contaminants Evaluated

in the Baseline Industrial Scenario Risk Assessment.

" Contaminants -

Horn Rapids Landfill

UN-1100-6 Ephemeral Pool
e ~ mg/kg mg/kg mg/kg
Arsenic 1.4 - B
| Chromium 83 - -
ABERP - 18,000 -
Chlordane - 1.6 1.9
PCBs - 38 - 15

ucL = Upper Confidence Limit

-- = Not applicable -
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Table 5-9.  Summary '_of-'Industrial Scenario Intakes Based on the 95% UCL
for UN-1100-6, the Ephemeral Pool, and the Horn Rapids Landfill.

Pathway

Soil Ingestion imglkg-d) Fugitive Dust Inhalation (mpikg-d} - Dermal Exposure (rhglkg-d}

Contaminant -

Noncarcinogenic Carcinogenic Noncarcinogenic (Carcinogenic Noncarcinogenic Carcinogenic

BEHP : 5.38-03 1.5E-03 ' - '1.8E-08 . 6.0E-04 1.6E-04

Chisrdana : 45E.07 15607 1.4E-10 5.4E.07 ' 15607

Chlordans 5507 | 18E07 - 45E10 B.5E-07 1.96:07

PCBs - 12508 - 3.8E:09 - 1.5E-08

Arsenlc 4007 11607 - - 2.3E10 80E08 23E.08
Chromium 24E.05 - ' . i 4,66-08 47E07 _ -
PCRs : R AT - 2608 “l - - 3TED8

'Intakes adjusted based on 30% abssrption of inhaled arsenic (EPA, 1882b)
- = Not Applicable

VA
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Table 5-16. Summary of the Baseline Industrial Scenario Risk Assessment

XA |

Pathway {:nﬁtaminam Totals Subunit Totals
Contaminant Sof Ingestion Fuﬁfliﬁe Dust Inkiatation Ds'rmfal Exposure

He R He fCR - He IR He R HE icR" -
BEHP 03 2E-05 2E-08 0.03 ‘2E.05 03 . 2E-05
Chierdane 0.008 2687 2E-10 0,008 2207 0.01 ' 4E-07
Pathway Totals . 205 - 2608 0.04 2E-08 0.3 2E-08 -
Chlordane 0.009 : 2E07 BE-10 0.01 2807 0.02 407
PCBs SE06 - - 3E08 - 1E-06 - : 2E-05
Pathway Totals 0.000 9E-06 - " 308 1E-0B 0.02 2E-06

Arsenic 0.001 2607 - 1608 0.00003 4E.09 0001 | 2607
Chromiutn 0.005 - 2406 - 0.00008 0.005 2606
PCBs 205 2807 " 305 B
Pathway Totals 0.007 - 2605 208 0.0001 %05 0.007 BE-06

*Hazard Quatiant

*Lifetime Incremental Cancer Risk

‘Hazard [ndex

“Based on 30% absurption of inhaled arsenic (EPA, 1992b)

- = Not Applicable
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The ICR’s associated with the soﬂ mgestlon fugitive dust, and dermal exposure
pathways calculated using the 95 percent UCL for chlordane are 2E-07, 6E-10, and 2E-07, 'jj/ﬂ\\
respectively. These are essentially the same as those estimated using the maximum detected
contaminant concentrations. The ICR’s for PCB’s are 9E-06 and 1E-05 for the soil ingestion
pathway and the dermal exposure pathway, respectively. The fugitive dust pathway is
estimated to have an ICR of 3E-08 for PCB’s. The total subunit ICR is 2E-05.

5.3.1.3 HRL BISRA. Three contaminants detected in the soil, arsenic, chromium, and
PCB’s, are estimated to have ICR’s greater than 1E-06 when exposures are evaluated using
the maximum detected concentrations of the contaminants. Further evaluation of these three
contaminants is discussed below. . E ' : :

Arsenic, chromium, and PCB’s, are evaluated using 95 percent UCL contaminant
concentrations. As discussed in appendix IV, for arsenic, all Phase I and II sa:mphng data
are used to calculate the 95 percent UCL. The sampling for this contaminant indicates that it
is evenly distributed throughout the subunit. Therefore, the 95 percent UCL represents the
spatial distribution and frequency of detection for arsenic and should be representative of the
potential contamination of the entire HRL. For chromlum and PCB’s, the site investigation
and sampling data results identified some areas that appear to have generally higher
concentrations of these two COPC’s. Therefore, the 95 percent UCL’s have been calculated
based on only part of the sampling data eellected at HRL. The use of the 95 percent UCL.
for estimating ICR’s and HQ’s associated with chronuum and PCB’s prowdes a hot spot
evaluation.

The 95 percent UCL’s for arsenic, chromium, and PCB’s are presented in table 5?8'
the estimated contaminant intakes for the soil ingestion, fugitive dust inhalation, and dermal
exposure pathways are presented in table 5-9; and the HQ’s and ICR’s. for the soil mgestlon

- fugitive dust inhalation, and dermal exposure pathways are presented in table 5-10.

For the soil ingestion pathway, ICR’s are 2E-07 for arsenic and 2E-05 for PCB’s
using the 95 percent UCL. By compansen based on the maximum detected contaminant
concentration, the ICR for arsenic, and PCB are 9E-07 and 6E-05, respectlvely Chrommm
1s not considered carcinogenic by the oral route of exposure

The ICR for chromium by the fugitive dust pathway is 2E-06 using the 95 percent
UCL whereas, for the maximum detected contaminant concentration the estimated ICR is

~3E- 05. The ICR’s for all other COPC’s are less than 11-3 06 for the fugitive dust pathway

The ICR for arsenic is less than 1E-06 for 'derrnal exposure. PCB’s are estimated to o
have an ICR of 3E-05 for the dermal exposure pathways, based on the 95 percent UCL, as
compared to 8E-05 based on the maximum detected contaminant concentration. Chromium-

‘is not known to be carcinogenic by the dermal route. The total ICR, based on the 95 percent
. UCL’s is SE-05 for HRL.
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5.3.2 SUMNIARY OF RISK CHARACTERIZATION BASED ON THE
95 PERCENT UCL FOR BRSRA

" The r_esults_ of risk characterization based on the 95 UCL are discussed in this -
paragraph ' '

_ As stated for BISRA, the sampling data from both the Phase I and Phase II sﬂe
inVestzga_uons were used to-calculate the 95 percent UCL of the mean contaminant
concentration at these subunits. The procedure and data used to calculate the 95 percent
UCL are presented in appendix IIl. The 95 percent UCL provides a conservative estimate of
the mean concentration. In order to provide an estimate of the potential risk due to the _
UN-1100-6 subunit and HRL, data from defined hot spots were used to develop a 95 percent

- UCL with a conservative bias. The 95 percent UCL contaminant concentration is used to

estimate contaminant intakes, HQ’s, and ICR’s.

5.3.2.1 1100-3 BRSRA. The risk estimate for 1100-3 (9E-06) is associated with potential
exposure to arsenic through the ingestion of soil, and is based on a maximum concentration
of 3.4 mg/kg detected in a near surface sample. All other concentrations of arsenic were
approximately one-half of that detected in the maximum, and are likely to represent typical -

- background concentrations of arsenic in soil at this subunit. Given that the estimated risk-

represents a significant-contribution from background arsenic in the soil and that even
background concentrations may pose an ICR greater than 1E-06, no further evaluation of
arsenic is made at this subunit. A characterization of risk at 1100-3 based on the 95 percent-
UCL i is,. therefore unnecessary

5.3.2. 2 UN-1100-6. Subunit BRSRA. BEHP and chlordane detected in soil at UN-1100-6
subunit are both’ estimated to-have. ICR’s greater than 1E-06 when using the maximum
contaminant concentrations to calculate the ICR’s (table 5-3).

The 95 percent UCL’s for-BEHP and chlordane are presented in table 5-11; the
associated estimated contaminant intakes for the soil ingestion, fugitive dust inhalation, and
dermal exposure pathways are presented in table 5-12; and the HQ’s and ICR’s for the soil
ingestion fugitive dust inhalation, and dermal exposure pathways are presented in table 5-13.

Exposure to BEHP via the soil ingestion route is associated with a HQ of 3 and an.
ICR of 4E-04. Dermal exposure to BEHP is estimated to have an ICR of 5E-05. For
chlordane, the soil ingestion ICR is 3E-06 and the dermal exposure ICR is 4E-06. The -
fugitive dust pathway is associated with negligible cancer risks for both contaminants. “All
ICR’s are within one order of magnitude of those estimated using the maximum contaminant
concentrations.

The 95 percent UCL’s for BEHP and chlordane in soil are also used to calculate
intakes, ICR’s, and HQ's, associated with the garden produce pathway. Table 5-14 presents
a summary of the estimated contaminant concentrations in garden produce based on soil
contaminated with BEHP and chiordane at the 95 percent UCL. A summary of the
associated contaminant infakes i$ prowded in table 5-15. A summary of the associated

estimated ICR’s and HQ’s are provided in table 5-16. The ICR’s and HQ’s for BEHP and
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“intakes, ICR’s, and HQ’s, associated with the garden produce pathway. Table 5-14 presents

DOE/RL-92-67

chlordane are essentially the same whether the maximum contaminant concentration (table

5-3) or the 95 percent UCL (table 5- -11).is used to evaluate potent1a1 garden produce i
exposures. . _ _ . o~

5.3.2.3 Ephemeral Pool BRSRA. Chlordane and PCB’s detected in soil at the Ephemeral
Pool are both estimated to have ICR’s greater than 1E-06 when using the maximum '

contaminant concentrations to calculate the ICR’s (table 5-3). Sampling data from both the
Phase I and Phase II site investigations were used to calculate the 95 percent UCL for each

contaminant at this subunit. The procedure and data used to calculate the 95 percent UCL
are presented in appendlx V.

The 95 percent UCL's for chlordane and PCB’S are presented in table 5-11; the
associated estimated contaminant intakes for the soil ingestion, fugitive dust 1nha1at10n and
dermal exposure pathways are presented in table 5-12; ‘and the HQ’s and ICR’s for the soil
ingestion, fugitivé dust inhalation, and dermal exposure pathways are presented in table 5- 13.

“The ICR’s associated with the soil ingestion, fugitive dust, and.dermal exposure
pathways calculated using the 95 percent UCL for chlordane are 4E-06, 1E-09, and 5E- 06,
respectively. These are essentially the same as.those estimated using the maximum
contaminant concentrations. The ICR’s for PCB’s are 2E-04 for both the soil ingestion

pathway and the dermal exposure pathway. The fugitive dust pathway is estlmated to have
an ICR of 6E 08.

The 95 percent UCL’s for chlordane and PCR’s in scil are also used to calculate N
a summary of the estimated contaminant concentrations in garden produce based on soil

‘contaminated with BEHP and chlordane at the 95 percent UCL. A summary of the

contaminant intakes is provided in tabie 5-15. A summary of the associated estlmated ICR’

and associated HQ’s are prov1ded in table 5-16.

The overall garden pathway ICR, based on the 95 percent UCL is 8E-04. Th1s is
pnmanly attributable to the estimated ICR for PCB’s, wh1ch is 7E-04. '

5.3.2.4 HRL BRSRA. Contaminants detected in both the soil and the groundwater are
associated with ICR’s of greater than 1E-06 when exposures are evaluated using the
maximum detected concentration of the contaminants (table 5-5). Further evaluatlon of these
soil and groundwater contaminants are dlscussed below

5324, 1 Soﬂ--Four contammants detected i in soil at. HRL arsenic, berylhum chromlum _

and PCB’s are evaluated using 93 percent UCL contammant concentrations.

For beryltium, all sampling data are used to calculate the 95 percent UCL. The

“sampling for this contaminant indicates that the contaminant is evenly distributed throughout

the subunit. Therefore, the 95 percent UCL represents. the spatial distribution and frequency

of detection for this contaminant and should be representatlve of the potential contammatlon
of the entire HRL.-
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Table 5-11. 95% UCL Concentrations for Soil Contaminants Evaluated
in the Baseline Residential Scenario Risk Assessment.

Ephémeral Pool

- Contaminants | Horn Rapids Landfill |  UN-1100-6
' mg/kg mg/kg mg/ke
Arsenic | 1.4 - o
| (. Beryllium 0.5 - _
Chror.niu.x‘n. : 83 - .
| BEHP -~ 18,000 -
Chlord_ahe - 1.6 1.9
PCBs 38 - 15

UCL = Up]l)er' Confidence Limit
-- Indicates not applicable
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Table 5-12. Summary of Remdentxal Scenario Intakes Based on the 95% UCL
- for UN 1100-6, the EphemeraI Pool, and the Horn Rapids Landfill.

Centaminant

Pathway

Soil Ingestion imgikg-d}

Fupitive Dust {nhalation {mgikg-d)

Dermal Exposure {mgfhkg-d

Noncarcinogenic

Carcinogenic

Noncarcinagenic

Carcinogenic

Noncarcinogenic

Carcinogenic

BEHP

8.7E-02

2.8E-02

3560

80E03

3.4E.03

Cislurdane

5.8E-08

2.58-08

3.0E-10

7.5E-06

3.2E-08

eral P

L9-26-TH/A0d - |

.Ep_h

Chiordane 7.0E-08 3.0E-08 - 8.6E-10 S.UE;OG 3.8E-08

PGBs - 2.4E-05 .

Hurn Rapufs La.ndn

Arsanic 5.1E-08 2.2E-08 - 5.1E-10 1.1E-08 4.BE-08

Beryllum 2.0E-06 B.E07 8.6E-10 44808 1.sé-§e
- Chromum 30E0 E 9.66:08 85606 >

PCBs f 8.0E-08 o 4,5E-08 . - 7.8E-06

"intakes adjusted based on 30% shsorption of inhaled arsenic (EPA, 1892h)

"ot considered carcinagenic by this route of sxpostre or pathway
*RiD not avadeble to evalute intake for this pathway
'SF not available te evaluate intake for this pathway
UEL = Upper Confidence Limit
- Indicates ot Applicable

N
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Table 5-13. Summary of the Baseline Residential Scenario Risk Assessment
Based on the 95% UCL for UN-1100-6, the Ephemeral Pool, and the Horn Rapids Landfill.

Pathway Contaminant Totals Subunit Totals
Soil Ingestion Fugitive Dust Dermal Exposure
Contaminant Inhalation

HO* ICR® HQ* ICR® HO* ICR HQ* J ICR® HF ICR®
UN-1100-6
BEHP 3 4E-04 - 5E-08 0.4 5E-05 34 4E-04
Chlordane 0.1 3E-06 - 4E-10 0.1 4E-06 0.2 7E-06
Pathway Total 3 4E-04 - 5E-08 0.5 5E-05 4 4E-04
Ephemeral Pool
Chlordane 0.1 4E-06 - 1E-09 0.2 5E-06 0.3 9E-06
PCBs - 2E-04 - 6E-08 - 2E-04 4E-04
Pathway Totals 0.1 2E-04 - 6E-08 0.2 2E-04 0.3 4E-04
Horn Rapids Landfill
Arsenic 0.02 4E-06 -* 3E-08° 0.0004 9E-08 0.02 4E-06
Beryllium 0.0004 4E-06 - 6E-09 0.000009 8E-08 0.0004 4E-06
Chromium 0.06 - - 4E-06 0.001 - 0.07 4E-06
PCBs -* 5E-04 -* 3E-07 - 6E-04 - 1E-03
Pathway Total 0.08 5E-04 - 4E-06 0.001 6E-04 0.08 l 1E-03

*Hazard Quotient

®Lifetime Incremental Cancer Risk

‘Hazard Index

9Based on 30% absorption of inhaled arsenic (EPA, 1992b)
*RfD not available to evaluate this pathway

'Not considered carcinogenic by this route of expesure

9SF not available to evaluate this pathway

UCL = Upper Confidence Limit

- Indicates not Applicable
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Table 5-14. Summary of Contaminant Concentrations for the
Garden Pathway at UN-1100-6, the Ephemeral Pool, and the

Horn Rapids Landfill Based on the 95% UCL.

Leafy Root Garden Fruits Potatoes
(lettuce) (carrots) (tomatoes) (mg/kg)
(mg/kg) (mg/kg) (mg/kg)
waess. T
BEHP 7TE+03 6.6E+03 3.7E+02 3. TE+02
Chlordane 3.2E-02 3.2E+00 3.3E-01 4.8E-01
Ephemeral_Pddl | - | | — e
Chlordane 3.8E-02 3.8E+00 4.0E-01 5.7E-01
A PCB 5.7E+00 5.4E+00 3.0E-01 3.0E-01
~ HornRepldstasslt. .~ .
- Arsenic 5.6E-02 2.8E-02 2.8E-03 8.4E-04
- Beryllium 2.4E-01 1.4E-01 2.3E-02 3.3E-02
Chromium 1.7E+01 2.2E+01 3.4E+00 S5E+00
3 PCB 1.4E+01 1.4E+01 7.6E-01 7.6E-01
UCL = Upper Confidence Limit
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Table 5-15. Summary of Contaminant Intakes for Homegrown Vegetables in the Garden Pathway at

UN-1100-6, the Ephemeral Pool, and the Horn Rapids Landfill Based on the 95% UCL.

Leafy Root Garden Fruits Potatoes’ Total Contaminant Intake
(lettuce)* (carrots)® (tomatoes) (mglkg-d) (mglkg-d)
{mglkg-d) (mglkg-d) Imglkg-d)
Nen-Carcinogenic Carcinogenic Non-Carcinogenic J Carcinogenic Non-Carcinogenic Carcinogenic Non-Carcinogenic Carcinogenic Nun-CarcinogenicJ Carcinogenic

BEHP 1.1E-01 45E+02 8.1E-02 3.4E-02 1.1€-02 4,8E-03 4,7€-02 2.0€-02 2.5¢-01 1.0€-01
Chlordane 5E-07 2.1E-07 3.8E-05 1.76-05 1.0€-05 4.3E-08 6.1E-05 2.8E-05 1.1E-04 4.7E-05
Chiordane 5.8E-07 2.5€-07 47E-05 2.0E-05 1.2€-05 5.2E-08 7.3E-05 3.1E-05 1.3E-04 5.8E-05
PCBs - 3.7E-05 - 2.8E-05 -! 3.9€-08 - 1.6E-05 - 8.5E-05
Harn Rapid Landfill : o o ' e
.Arsenic 8.6E-07 - 3.4E-07 - 8.6E-08 - 1.1E-07 - 1.4€-08 -
Beryllium 3.7€.08 1.6E-06 1.7E-06 7.3£:07 7.1E-07 3E-07 4.2E.08 1.8E-08 1.0E-05 4.4E-08
Chromium 2.6E-04 - 2.7e-04 - 1.0€-04 - 6.4E-04 - 1.3€-03 -
PCBs - 9.1€-05 - 7.3£-05 - 8.9€-08 - 4.1€-05 - 22604

*Assumes intake of 0.88 g/d dry weight (EPA, 1986a)
*Assumes intake of 1.1 g/d dry weight (EPA, 1986a)
‘Assumes intake of 2.2 g/d dry weight (EPA, 1986a)
‘Assumes intake of 8.1 gid dry weight (EPA, 1966a)
*Not considered carcinogenic by this route of exposure or pathway
‘RID not available to evaluate intake for this pathway

SF not available to evaluate
UCL = Upper Condence Limit
- Indicates not applicable
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Table 5-16. Summary of Baseline Residential Scenario Risk Assessment
for the Garden Pathway at UN-1100-6, the Ephemeral Pool,
and the Horn Rapids Landfill Based on the 95% UCL.

Contaminant Pathway
Garden
HQ ICR"
2E-03
Chlordane 1.8 6E-05
Total Pathway ICR - 2E-03
Total Pathway HI° 15 -
Chlordane 7TE-05
- PCBs -° 7E-04
| Total Pathway ICR = 8E-04

Total Pathway HI° 2.2 -

—

Arsemc . 0005 el

o™ Beryllium 0.002 2E-05
Chromium 0.3 -4
PCBs --° 2E-03
Total Pathway ICR -- 2E-03
Total Pathway HI° 0.3 -

"Lifetime Incremental Cancer Risk

*Hazard Quotient

‘Hazard Index

“Not considered carcinogenic by this route of exposure
‘RfD not available to evaluate this pathway

'SF not available to evaluate this pathway

UCL = Upper Confidence Limit

-- Indicates not applicable
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The 95 percent UCL’s for arsenic, beryllium, chromium, and PCB’s are presented in

table 5-11; the estimated associated contaminant intakes for the soil ingestion, fugitive dust - '

inhalation, and dermal exposure pathways are presented in table 5-12; and the associated
HQ’s and ICR’s for the soil ingestion, fugmve dust inhalation, and dermal exposure
pathways are presented in table 5-13.

_ _. For the soil mgestlon pathway, the ICR for beryllium (4E-06) exceeds 1E-06 (Thble. o
-5-13). By comparison, based on the maximum detected contaminant concentration, the ICR .

for beryllium is (9E-06) (table 5-1). The ICR for beryllium is less than 1E-06 for the
fugltlve dust pathway.

' The 95 percent UCL’s in soil are also used to calculate intakes, ICR’s, and HQ S,
associated with the garden produce pathway. Table 5-14 presents a summary of the
estimated contaminant concentrations in garden produce based on soil contaminated with

. arsenic, beryllium, chromium, and PCB’s at the 95 percent UCL concentration. A summary

of the associated contaminant intakes is provided in table 5-15. A summary of the assoc1ated N
est;mated ICR’S and HQ’s are provided in table 5-16. '

For the garden produce pathway, beryllium is estimated to havc an ICR of 2E-05 and
PCB’s are estimated to have an ICR of 2E-03.

5.3.2-4.2 Groundwater--Two contaminants detected in the groundwater in the vicinity of
HRL are trichloroethene and nitrate. In addition to these contaminants, gross alpha and
gross beta activity were detected at levels that exceed the drinking water criteria during some.
sampling rounds. Therefore, additional evaluation of the trichloroethene, nitrate, and
elevated radioactivity based on the 95 percent UCL is presented.

Data from a select group of wells has been used to calculate the 95 percent UCL’s for
the contaminants. Further information on the wells selected and the data are provided in-
appendix TV. For trichloroethene, data from wells that have trichloroethene consistently
detected above the MCL of 5 pg/L are used for the statistical calculation of the 95 percent
UCL. For nitrate, wells with data exceeding the nitratc MCL of 10 mg/L are used for the
calculations, . The selection of these wells incorporates a conservative bias in the calculation
of the ICR’s and HQ’s. The frequency of detection and the spatial distribution used to
provide & 95 percent UCL is representative of the groundwater quality within the
contaminant plume.

The 95 percent UCL’s for trichloroethene and nitrate in groundwater are presented in
table 5-17. ‘A summary of the associated estimated intakes for these contaminants based on
the 95 percent UCL'’s is provided in table 5-18. The associated estimated ICR’s and HQ's
are presented in table 5-19. The HQ estimated for potential ingestion of nitrate at the 95°
percent UCL is 0.8, as compared to a HQ of 1 based on the maximum detected concentration
(table 5-3). Trichloroethene is estimated to have an ICR of 1B-05 for the ingestion pathway
and an ICR of 2E-05 for the inhalation of trichloroethene during groundwater use in a
residence. The ICR’s are essentially the same as those estimated for exposures to the
maximum detected concentration detected in the groundwater where the ICR for ingestion is
also 1E-05 and for inhalation is 3E-05 (table 5-3). '
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Table 5-17. 95% UCL Concentrations fi}r Trichloroethene and Nitrate
“in Groundwater at the'Horn Rapids Landfill.

. Contaminant o L C(__)noentraﬁon (mg/L)
Nitrate 45
Trichloroethene : o 0.075

UCL = Upper Confidence Level
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Table 5-18. Summiary of Residential Scenario Intakes Based on the 95% UCL .
* Concentrations for the Groundwater Pathway at the Homn Rapids Landfill. -

| _ Cohtafninémt B Pathway L
: | Ingestion (mg/kg-d) Volatile Inhatation (mg/kg-d) |
| Noncarcinogenic Carcinogenic Noncarcinogenic Carcinog"en'ic e
Nitrate 1 1.23E+00 = b -
Trichloroethene 8.8E-04 -  33E-03

“Not considered to be a carcinogen

"Not a volatile contaminant

~°RfD not available to evaluate intake for this pathway

UCL = Upper Confidence Level

-- Indicates not applicable’
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Table 5-19. Summary of Baseline Residential Scenario Risk Assessment Based on the
'95% UCL, Congcentrations for the Groundwatcr Pathway at the Hom Rﬂplds Lanclﬁl]

. Contaminam;

Pathway
_ Groundwaer Ingestion  Groundwater Inhalation
_HQ e | me | im
‘.Nltl‘ate = . 0;8, — - _ﬁc — _‘d __cd ]
TI’lCthI’Oethene _ | d=__le. . 1]5‘,05 | E— -

CB05

“Ha_zard Quotient
*Lifetime Incremental Cancer Risk -
‘Not considered 1o be a carcinogen

Not a volatile contaminant

| “RfD not available to evaluate this pathway
UCL = Upper Confidence Level '
-- Indicates not applicable
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Gross alpha and gross beta activity has also been detected in the groundwater in the

~ yicinity ‘of HRL. The 95 percent UCL’s for both gross alpha and gross beta are

5 pico Curié/liter (pCI/L) and 65 pCi/L, respectively. The current MCL for gross alpha =
activity (excliding radon and uranium) is 15 pCi/L. In addition, since the gross alpha - =
measurement .does not exceed 5 pCi/L, compliance with the MCL’s for Ra-226 and Ra- 228
may be assumed without further analysis. An MCL for gross beta activity has not been

“developed. However, compliance with individual MCL’s for beta emitters may be assumed’

without further analysis if the average annual concentration of gross beta activity is less than

- 50 pCi/L. Since the gross beta activity exceeds this concentration, an analysis of the sample_

to zdentlfy the major radioactive constituents present is required and was performed (see . |

: below)

Although gross alpha and gross beta measurements can pr0v1de an mdlcatlon of
radioactive contamination, such values are of limited usefulness in risk assessment. This is
because slope factors are radionuclide-specific, and associated risks cannot be calculated from

~ gross alpha and gross beta measurements when the relative propomons of vanous sediments
- are known.

- More specific analysis of the potential beta-contributing radionuclides was conducted. -
Technetium-99 appears to account for most, if not all, of this beta activity, and no other
significant contributors to the total beta activity have been detected (Prentice er al., 1992).
Other anaﬂyses performed were tritium, Sr-90, liquid scintiliation, and gamma spectrometry. .
Tc-99.is a fission product released to the environment mainly from recycling of nuclear
fuels, and is very persistent with a half-life of 2.1E+05 yr. It has a relatively small
ingestion slope factor (1.3E-12/pCi), indicating that this radionuclide poses a relatively small
internal hazard. This is also indicated by the high proposed MCL for Tc-99 (3,800 pCi/L).
The average Tc-99 concentration measured in the plume was 120 pCi/L. Under a residential
scenario, the lifetime incremental cancer risk associated with this concentration in drmkmg
water is apprommateiy 3E-06.

A summary of the pathway and subunit ICR’s and HQ s based on the 95 percent UCL
is presented for UN—l 100-6 subunit, the Ephemeral Pool, and HRL in table 5-20. :

_The subunit ICR for UN-1100-6 subunit is 2B-03 because of the potential risks . -
associated with garden produce. At the Ephemeral Pool, the subunit ICR is 1E-03. The -
garden produce pathway contributes a pathway ICR of 8E-04. The soil ingestion and dermal
exposure pathways are both estimated to have ICR’s of 2E-04. The HRL subunit ICR. is
3E-03. Again, the garden produce pathway (dCR = 2E-03) contributes most of the risk.

5.4 RISK CHARACTERIZATION UNCERTAINTY ANALYSIS |

A human tisk characterization examines the sources of the contammant its dispersion
in the environment and resulting exposure to humans, and the toxicological effects of such
exposure. The risks, both carcinogenic and noncarcinogenic, presented in this risk

“assessment are conditional estimates given multiple assumptions about exposures, toxicities,
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and other variables. This discussion focuses on the uncertamnes surroundmg the pro]ected
risks-and hazards due to uncertamty in these Vanables ’ _ - A

54.1 Uncertainty Associated with 'the Identification of COPC’s

_ The soil sampling conducted under the Phase I and Phase II RI’s provides conﬁdence
that the COPC’s at the 1100-EM-1 Operable Unit have been identified. Phase II sampling
confirthed sampling data from the earlier remedial investigation activities except as noted
below. Additional COPC’s have been identified and evaluated in the BISRA because of the
more. conservative risk-based screening procedure used relative to DOE/RL-90-18 (e.g., ICR
= 1E-07 and HQ = 0.1), the availability of new toxicity information (e.g., regarding -
berylhum), and additional sampling data and maximum concentrations (e.g., regarding .

PCB’S) However, overall results are conststent w1th the results of the Phase IRI Report

Two para.meters were detected in the Phase II soil samplmg at HRL l;hat reqmre :

_ add1t10nal consideration for the residential risk assessment. Dieldrin has been detected at a
 maximum concentration of 1.2 mg/kg. - Recent data validation has revealed that
“concentrations reported for Dieldrin are "qualified,” which indicates that the case narrative

from the lab should be consulted. -Upon review, the analysts’s opinion is that Dieldrin is
actually a part of the Arochlor pattern 'I'herefore Dleldnn has not been evaluated as a .

~ COPC.

Alpha chlordane has also been detected at a maximum concentration of O 78 mg/kg in /_‘\
the Phase IT sampling at HRL, but is also qualified. It has also been detected at 0. 41 mg/kg.
without any qualifiers nearby. Although not evaluated as a contaminant of concern,.

chlordane, at.either of these concentrations, would not be associated with a nsk greater than

~ 1E-06 based on the industrial scenario evaluated in the BISRA. By comparison, the risks for
 chlordane at UN-1100-6 subunit (detected at about 1.9 mg/kg) are associated witha -
“contaminant-specific ICR of 4E-07 (summary of chlordane ICR’s presented in table 5-1 for
UN-1100-6) for the soil ingestion, fugitive dust, and dermal exposure pathways. This would
- correspond approximately to an ICR of 2E-07 for a concentration of 0.78 mg/kg or 9E-08
_for a concentration of 0.41 mg/kg. Consequently, there is uncertainty in the contribution of

. ‘chlordane to the overall risk estimate for HRL, but it appears that the contribution to_the -
‘overall subunit risk in the BISRA, would be low. :

Although not evaluated as a contaminant of concern, chlordane at either of the above
concentrations could be associated with a risk greater than 1E-06 based on the residential

-scenario evaluated in the BRSRA.  As'a comparison, the risks for chlordane at

UN-1100-6 subunit (detected at 1.9 mg/kg) are associated with a contaminant-specifi ic ICR of

8E-05 (summary of chlordane ICR’s presented in tables 5-1 and 5-2 for UN-1100-6 subumt)
~ for the soil ingestion, fugitive dust, dermal exposure, and garden pathways. This would

correspond approximately to an ICR of 3E-05 for a concentration of 0.78 mg/kg or 2E-05
for a concentration of 0.41 mg/kg Consequently, there is uncertainty in the contr:butxon of
chlordane to the overall rlsk in the BRSRA est:mate for HRL : '

.

K538



DOE/RL 92- 67

Table 5-20. Summary of the Baselinic: Res1dent1a1 Scenario Risk Assessment for

UN 1100-6, the Ephemeral Pool, and the Horn Rapids Landfill Based on the 95 % UCL

Subunit Tntah

,S‘I.Ii]l.;l'lit Pathway Pathway Totaks
: | He IcR" H* (CR*
CUNHRS | Sol ingestion 30 04
. Fugitive Bust Inhalation SE-08
" Dermal Exposure 05 ) 5E-ﬁ5_
Garden Pmdq.me 15 2E-03
R x
Ephemeral Pol | Soil igestion 01 EM
Fugitive Dust Inhalation - _BE-OB
Dermal Expusnrl-z 0.2 2B
Garden Produce BE-04
25 AE-03

Hom Rogids Landil | Sail ngestion 0.08 5E-04

| Fugitive Dast tnhafation - “4E0R

' Dermat Exposure . 0.001 . BEO4
. Garden Produce . 03 ZE-03
Groundwater Ingestion [13:] 1E-05
Inhalation of Volatiles from - 205
Groundw : : :

| 12 3E-03

“Hazard. Index - .
*Lifetime Incremental Can
- indicales not applicable

cer Risk
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Berylhum is a COPC that has been evaluated in the BRSRA for HRL because of new
toxicity information that was not avallable when the Phase T RI was prepared

54.2 Uncertai.nty Associ'ated with the Ex_posure -Assessment'

The exposure assessment is based on a large number of assumptions regarding the
physical setting of the 1100-EM-1 Operable Unit, and the exposure conditions of the. réceptor
population.  For the purpose of the BISRA, a conservative assumptlon is made that the
COPC’s being evaluated are readily accessible for worker contact via ingestion, inhalation
and dermal exposure pathways. Actual site conditions, however, may ‘substantially limit or
preclude such exposures. In most cases, the maximum concentrations detected are not
uniformly distributed in the soil and- may be several feet below the surface. At subunit 1100-
4, the contamination is located inside a building under a cement floor. For the purpose of
the BRSRA, a conservative assumption is made that the COPC’s being evaluated arc readily
accessible for receptor contact via ingestion, inhalation, dermal, and garden produce
pathways. Actual site conditions, however, may substantially limit or preclude such

_ -exposures. For example, residential use 'of the area in the foreseeable future is unlikely.

The fugitive dust inhalation pathway utilizes a number of assumptions, including
potential for soil erodabﬂlty, soil grain-size distribution, length of each operable subunit
relative to the prevailing wind, and othier chmatlc factors. Conservatlve parameter valuyes are
<chosen when site-specific information is not available. In general, use of FDM should

provide appropriate, but conservative, estimates of fugltlve dust because the model
incorporates actual site meteerologlcal data,

- Uncertainty in the fugitive dust mhalatlon pathway is also present because of the 1ack
of information relating the concentration of a contaminant with the particle size fraction, -

_ Concentrations may be greater in the fine fractions because of the greater surface area- of
these pariicles, resultmg in selective pamtlomng of contaminznts to the fine fractions.

Exposure parameters (i.e., body welght averaging time, contact rate, exposure
frequency, and exposure durahon) are generally conservative default parameters that
represent reasonable maximum values as defined by EPA (EPA-10, 1991) and in the .

'HSBRAM (DOE/RL-91-45), but may not reflect actual exposure condi_tions. For example,
- the soil ingestion exposure pathway uses the assumption that a resideni or worker is present

and ingesting dirt from the same site 350 d/yr for 30 years (residential scenario) or 146 d/yr
fer 20 years (industrial scenario).

Another example of conservative exposure parameter assumptions is found in the
fugltlve dust pathway. It is assumed that for the industrial scenario that workers are outside

- during the entire working lifetime and inhaling the estimated fugitive dust concentrations. .
presented in table 3-1.. In reality, current 1100 Area employees are inside various facilities

and not working outside for 250 d/yr for 20 yr. Climatic conditions at the Hanford site. -
would also limit such conservative assumptions from actually occurring. The assumption for
residential scenario is that residents are outside during the entire 30 years and inhaling the " .
estimated airborme concentrations presented in table 3-1. In reality, residents would be inside
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homes, away at school or jobs, and not workmg of playing outsnie for a large portion of the
350 d/yr for 30 yr.

- The: chorce of intake parameters for all exposure pathways is governed by the spec:ﬁc _
land use evaluated. Any land use change that would increase exposures by workers or'
indicate a different receptor populatron would result in a need to reevaluate the risks

' pru;ented here.

 The inhalation of volatile contaminants present in soil or soil gas has not been
quantitatively evatuated in the BRSRA. Tetrachloroethene has been detected at very low .
concentrations in soil at 1100-2 and HRL. Tetrachloroethene, trichloroethene, and
1,1, 1-trichloroethane have been detected in soil gas at HRL. Although inhalation of these

volatrle COPC’s could occur if resrdents lived on the landfill, the low concentrations detected _

suggest that this would not result in unacceptable exposures. This is further supported by
modelling performed in the Phase I RI report and the results of additional soil gas surveys
during the Phase IT RI. . However, the lack of a quantified evaluation may result in an
underestlmate of the total site risk. -

' The garden produce pathway utilizes conservative uptake factors to estimate ~
concentrations of contaminants in the plants. Actual subunit soil conditions could affect the
uptake. ‘In addition, the- assumption that the garden is located at the site of the maximum
contaminant concentration or the 95 percent UCL concentration is conservative since these
arcas usually represent only a portion.of the entire subunit. The exceptrons are UN- 1100 6.

subunit and the Ephemeral Pool.

Thle chmce of intake parameters for all exposure pathways is governed by the specific
land use evaluated. This assessment considers only an onsite residential scenario which '
assumes that there wiil be major changes in current land use at the Operable Unit. - This

seems improbable based ‘on current land use, zoning, and restrictions related to the ‘Hanford .
Site.

" The spatial distribution of chromium from the Phase I RI suggests that high
concentrations are confined to a smalf area of HRL and are not uniformly distributed in the
soil. Estimations based on maximum concentrations and 95 percent UCL in general would
overestimate actual risks, where use of data collected over the entire landfill may
underestimate risks from exposure to hot: spots. Natural background conditions are not _
considered in the evaluation of the estimated ICR’s for any of the COPC’s. In some cases, -
for example arsenic, natural background concentrations may be associated with risks that
would be potentially unacceptable at a remediated NPL site.

In the control-screening process, parameters detected below project-specific - -
background (i.e., UTL) were not considered background. This process was approved for use .
according to the version of HSBRAM (DOE!RL 91-45,1992) followed for this risk
assessment. ‘The HSBRAM is currently undergoing revision, and the final form may not
recommend control-screening in this manner for organic parameters. To determine if the -
organic parameters below UTL’s would contribute significantly to the risk, EPA requested _
that maxrmum concentrations of these parameters be compared to risk- based concentrations
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for soil ingestion. This was presented at the October 1992 Hanford site unit manager’s P
meeting. Risk calculations performed: for contammants below background showed ‘that these o
contaminants would net contribute to the overaII nsk '

_Absorption factors of contaminants from soil have been derived to evaluate the dermal
absorption pathway. Limited data are available on the absorption of chemicals from.a soil
matrix. Therefore, the assessment of risks may be an overestlmatlon or an underestimation
of the actual risk.

543 Uncertainty Associated with the ’I‘oxicity Aésessment-

Uncertainty is also associated with the toxicity- values and toxicity information
available to assess potential adverse effects, This uncertainty in the information-and the lack

of specific toxicity va]ues for some COPC’s contribiite to uncertainty in the toxicity.
assessment. :

5.34.1 "I'J'ncertainty in Toxicity Values and Information. An understanding of t.'he'deg-l.'ee.

of uncertainty associated with toxicity values is an important part of interpreting and using.

- those values. A high degree of uncertainty in the information vsed to derive a toxicity value
. contributes to less conf’ dence in the assessment of risk associated with exposure toa

substance

The RfD’s and SF’s have multiple conservative calculations built into them that can ' 2

' contnbute to overestimation of actual risk (i.e., factors of 10 for up to four different levels R

of uncertainty for RfD’s, and the use of a 95 percent upperbound confidence estimate. dernved
from the linearized: muln—stage carcinogenic model for SEF’s). For example, table 4-1
indicates that an uncertainty factor of 1,000 is used to calculate the RfD’s for chIordane and
tetrachloroethene. Table 4-2 shows that, while bsrylhum BEHP, chiordane, and PCB’s are
evaluated as human carcmogens the available information indicates that there is inadequate
evidence of carcinogenicity in humans. The extrapolation of data from high-dose animal
studies-to low-dose environmental human exposures may overestimate the risk in the human

population because of metabohc dszerences repalr mechanisms, or dlfferent sw;cepttblht.les ‘

An underestlmatlon of systemic toxicity couId be associated with the mhalanon :

- pathway because only one COPC, barium, has a pubhshed inhalation RfD. The RfD for

barium is an interim nuwmber based on short term reproductlve studies in rats and i is under

‘review.

5.4, 3 2 Uncertainty in the Toxicity Assessment. Uncertainty' is also present in the overall -
toxicity assessment for several reasons. First, substances have been evaluated quahtatwely

when there is a lack of toxicity values. Second, route specific toxicity values have been _
extrapolated from one route to another {e.g., oral to' dermal). Additionally, surrogate values

are used and potential synergistic or antagomstlc interactions of substances have not been
evaluated
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Conservative assumptions are pr0v1ded regardmg the specms of the contaminant
present For example, all chromium is assumed to be chromium(VI) which is carcinogenic. -

T0x1c1ty values are not available for several contaminants detected at the subunits
(e.g; ‘lead can have significant toxic effects. In addition, the form of lead present may also -
affect the toxicity because some compounds are more bioavailable than others. Because
many of the effects for lead toxicity are apparently without a threshold, the EPA does not

provided numerical toxicity values. Lead has been evaluated using the UBK model, which 1.s_ :

based on conservative assumptions of the form of lead that may be present, and

consequently, assumes a form of lead that is very bioavailable. Lead was not tetained as a o

COPC at any of the subunits because the maximum concentrations detected are within the
range of the recommended soil cleanup guideline of 500 to 1,000 mg/kg (EPA, 1989b).
However, lead is retained as a contaminant of interest at HRL because it exceeds the soil

concentration (500 mg/kg) associated with increased blood levels in children. Children are a’

sens1t1ve subpopu]atlon for lead exposures. Lead at the concentrations detected is unlikely to
pose an unacceptable hazard to workers under the industrial scenario. However, if the

expected land use at the 1100 Area were to change, it may require more extensive evaluation "

might be warranted.

Some contaminants, such as PCB’s, only have toxicity values for carcinogenic effects

'~ (i.e., SF's), but do not have toxicity values for noncarcmogemc effects (i.e., RfD’s). These -
contammants are known to produce systemic toxic effects in addition to cancer. Without an .

RfD, quantitative evaluation of these other effects is limited. However, the potential to cause

~cancer is usually the effect of most concern and is usually the effect that drives risks at most.
" sites. As indicated, surrogates are used to evaluvate COPC’s when numerical toxicity values

are not available. For all COPC’s, the level of confidence that key effects have been
evaluated is high. ' '

“The uncertainty surrounding dermal exposures and absorption from dermal exposure
is another significant source of uncertainty. The lack of toxicity information to adequately
determine RfD’s and SF’s for dermal exposures forces extrapolation from oral toxicity
values, and increases the conservative bias associated with these calculations. This
conservatism is reflected in the significant estimated risks associated with this pathway for
some compounds, most notably PCB’s. Conversely, the assumption that dermal toxicity
values are the same as oral toxicity values could underestimate the risk for contaminants that.
are poorly absorbed in the gastrointestinal tract, but might well be absorbed dermally.
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6.0 'SUMMARY OF THE BISRA AND THE BRSRA

_ The BISRA and the BRSRA have been conducted as recommended in the HSBRAM
(DOE/RL- -91-45), and the direction of EPA [Binan, 1991 (see appenduc D], respectively.

The BISRA was prepared prior to completion of the Phase I RI for the 1100-EM-1 Operable -
Unit, The data from the Phase I RI, and additional sampling data from Phase II sampimg at

the Ephemeral Pool and HRL, were included in the BISRA. Contaminants have been _
determined by comparison of maximum detected concentrations of parameters. to the UTL for -

that parameter. A BRSRA for an onsite residential scenario at each of five 1100-EM-1

" operable subunits, as defined in letters [Einan, 1991, and Einan, 1992 (see appendix I)]. The

scope of the BRSRA defined by these letters mciuded evaluatlon of specific COPC and =
specific exposure pathways. The COPC derived from the comparisons for both the BISRA
and the BRSRA are presented in table 2-1. The BISRA and the BRSRA initially were
conducted independently and later were combined for the purposes of the RI/FS.

The maximum concentrations of COPC detected at each subunit are evaluated at each -
of the designated subunits.  As discussed in chapter 5, paragraph 5.4, conservative
assumptions have been made with respect to the species of the contaminant present. For
three subunits, UN-1100-6 subunit, the Ephemeral Pool, and HRL, soil contaminants-that are .
estimated to have an ICR greater than 1E-06, based on the maximum detected contaminant - -
concentration, are also evaluated using a 95-percent UCL concentration. An overall. pathway |
and subunit comparison based on the specific COPC that exceeded 1E-06 using the maximum
detected contaminant concentration and the 95-percent UCL is provided in table 5.3. - B

As discussed in appendix IV, the 95-percent UCL for COPC at the Ephemeral Pool-
are based on ali data for that subunit. The 95-percent UCL is used to evaluate chlordane and
BEHP at UN-1100-6 subunit. At HRL, the 95-percent UCL for arsenic is based on data
collected throughout the landfill. For chromium and PCB’s, the 95-percent UCL
concentrations reflect data selected to evaluate the arcas of maximum contamination (i.e., hot
spots). Therefore, the 95-percent UCL’s are not directly comparable between contaminants.
Consequently, although a quantitative comparison is presented, the results should be carefully.
mterprctcd and emphasus should be placed on the qualitative nature of the results.

6.1 BISRA

Currently, no workers are assigned to work at any of the subunits on an ongoing
basis. For purposes of the BISRA, it is assumed, based on current land use and zoning in
the 1100 Area, that industrial workers are likely potential receptors at the subynits, The
current and future receptor population that has been evaluated is onsite industrial workers
who are assumed to work full time at only one subunit where they could potentially be
exposed to contaminants from that subunit. The BISRA also assumes that personnel are
assigned to the 1100 Area for purposes other than remediation.
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The exposure pathways are those indicated for the industrial scenario deﬁned in the - )
HSBRAM (DOE/RL-91-45). The BISRA evaluates only pathways associated with exposure
to soils (i.e., soil ingestion, dermal exposure to soil, and fugitive dust inhalation). Potential -
EXposures associated with groundwater and surface water are not evaluated in the BISRA. -
As discussed in chapter 3, paragraph 3.2, neither groundwater use nor direct use of surface
water occurs because of the availability of city of 'Ri(;hlahd water services.

~ The ajr inhalation pathway assumes exposure to contaminated dust directly at each .
subunit. The EPA FDM is used to estimate concentrations of airbome particulates at a site
based on conservative estimations of soif and climatic conditions. Chromium present in the
soil at HRL is the only contaminant that may be associated with risks greater than 1E-06.
However, all chromium is assumed to be chmmmm(VI) which is 2 conservative assumptlon_
as discussed in chapter 5, paragraph 5.4

_ Given the above considerations, the _BISR‘A identifies and evali;ates the contaminants
that are’ most likely to pose a potential human bealth risk. A review of the results presented
in tables 5-1 through 5-5, and summarized in table 6-1, is discussed below for each subunit.

6.3 BRSRA

The BRSRA has been conducted as recommended in RAGS (EPA, 1989a) and by

| _(EPA 10, 1991). Currently there is no residential use of any of the subunits. The : -”/4\.1

1100-EM-1 Operable Unit is used for industrial purpeses and is surrounded by land zoned by B _

the city of Richland for industrial or commercial uses: For purposes of the BRSRA, as’

directed by EPA, it is assumed that residents are living at 1100-2, 1100-3, UN—I_I 00-6-
subunit, HRL, and the Ephemeral Pool. It is assumed that such individuals live only at one

subunit where they could potentially be exposed to contaminants from that subunit.

As defined by EPA (Einan 1991) and a follow up letter of clarification:[Einan, 1992 -
(see appendix )], the exposnre pathways are focused on contaminated soil. The pathways
include the ingestion of soil, dermal contact with soil, ingestion of garden produce, and
inhalation of particulates (i.e., fugitive dust). Other pathways evaluated as discussed below,
include ingestion of groundwater and recreational exposures through swimming in the

'Columbia River or eating fish from the Columbia Rwer

The dermal contact with soil pathway utilizes absorption factors to estimate the. _'
absorptlon of contaminants from soil through the skin-of the receptor. The garden produce

__pathway, similarly, uses plant uptake factors to estimate the transport of contaminants from .

the soil to the plant. Discussions of the conservative assumptions for these pathways are .
provided in chapters 3 and 5, paragraphs 3.3.2 and 5.4, respectively. Both pathways are

associated with relatively high ICR’s (see tables 5-1, 5-2, 5-15, and 6-2). These pathways
- have a great deal of uncertainty associated with them because the transport of soil-bound
: contammants across skin and the uptake of contaminants by plants are not well understood
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Tahle 6-1. Comparison of the Basefine Industrial Incrsmental Cancer Risk Assessment Results -

“the Ephemeral Paol, and the Homn Repids Landfil :

using the Maximum Contaminant Concentrations and 85% UCL for UN-1100-8,

-Maximum Congentration

95% UCL

Suburit Pathway  95% UL )  Magimum Concantration Subur
o Pathway Totals - Pathway Totals Subunit Totals " Totals '
R R - IR IcR
UN-1100-6 Soil Ingestion 2606 305
Fugitive Dust_inhalatiun 2E-08 3e-08
Dermal Exposure 2t-08 3E-05
2E-06 SE-UEI
Ephemeral Pool Soil Ingestion 9E-08 3E-05
Fugitiva Dust Inhalation 308 8E-08
Dermal Exposure TE05. _ 305
2E05 BE-05
Hom Rapids Landfill Sail.'_lngestinn 2E-08 8E-05
Fugitive Dust Inhalation %08 3605
ﬁermal Expnsum‘ 3E-05 8£-05
: BE-05 2604
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Table 6-2. Comparison of the Basefine Resifiential.Scenario Rigk Assessment Results
using the Maximuim Contaminant Concentrations and 95% UCL for UN-1100-6,
_ the Ephemeral Pool, and the Horn Rapids Landfill.

| Subunit Pathway - 85% UCL Maximum Goncentration _ _95%. ucL Maximum Concentration
Pathway Totals Pathway Totals Subunit Tetals Subunit Totals
Hi* “ ICR H* - IcR* Hi* ‘ ICR Hi* ICR*
UN-1100:6 Soi Ingestion b s 4504 &7 " be04
Fupitive Dust Inhalation : : - BE-08 _—-. 7£-08
Dermai Exposure . 05 5E-05 0.7 8E-05
Garden Produce s 2603 . 2603
o 18 203 2 303
Ephemeral Pool Soil Ingestion : 0.1 2E-04 1) GE-04
Fugitive Dust Inhalation - BE.08 - %07
Dermal Exposure : 0.2 26.04 .02 TE:04
_ E.ardan-Prm_iuce . 2.2 BE-04 3.2 2E:03
. | . 25 1E03 1 | %
Mo Ropids Londfil | Sofl mgestion BT R BE.04 1 1E03
Fugitive Dust [nhalation - 4E-06 . BE-05
Darmat Expaosure V 0.0G1 BE-04 0.02 2603
. Gardan .l.’r.qduca | 0.3 JE-03 - 38 4E-03
Groundwater Ingestion 0.8 B0 1 1E-05
lnhalation of Volatiles from ' - 2E-05 - 3E-05
Ground water ‘ :
| 1.2 303 68 | 7E03
*Hazard Index o
Yifatime Incremeniat Cancer Risk -
-UGL Upper Confidenca Limit-
~ Indicates:not applicable
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- Consistent with the BISRA, the air inhalation pathway assumes exposure to
contaminated dust directly at each subunit. The EPA FDM is used to estimate concentrations
of airborne particulates at a site based on conservative estimations of soil and climatic

‘conditions. Chromium present in the soil at HRL is the only contaminant that may be

associated with risks greater than 1E-06. However, all chromium is assumed to be
chromium(VI) which is a very conservative assumptton as discussed in chapter 5,

. paragraph 5.4.

The EPA also directed that potential exposun'es through pathways assocmted with use.
of groundwater at HRL should be evaluated in the BRSRA. The evaluation of nitrate in the
groundwater indicates a HQ of 0.8, if welis with nitrate detected over the MCL are

“evaluated, or a HQ of 1 if the maximum concentration of nitrate is evaluated for potential

exposures. through ingestion of groundwater. A HQ of unity indicates that there is a potential
for adverse health effects. Because of the conservative assumptions used in the evaluation,
however, the estimate of a HQ of I may be an overestimation of the actual hazard.
Trichloroethane is present in the groundwater at concentrations that are estimated to have a
ICR of 3E-05 (based on 95-percent UCL) or 4E-05 (based on maximum concentration) if

lifetime exposures were to occur through ingestion of groundwater and inhalation of volatiles -

from groundwater use in the home.

- Of the COPC specified, three are classified as volatile contaminants that would
generally be evaluated via the inhalation of volatiles from soil. These are tetrachloroethane,
trichtoroethane, and 1,1,1-trichloroethane. Although the inhalation of volatile contaminants
from: soil was suggested as a potential exposure pathway. . EPA directed [Einan, 1992 (see
appendix I)] indicated that data generated from soil gas surveys should not be used in risk -
assessment. ‘Because the majority of the volatile COPC from the specified subunits have
only been detected in soil gas the potential exposures and associated risks are not
quantitatively evaluated in the BRSRA. The volatilization of contaminants from soil is

qualitatively addressed in chapter 5, paragraph 5.4.

Lead exposures, as directed by EPA [Einan, 1991 and Einan, 1992 (see appendix A)} -

are evaluated using the UBK model. The UBK model predicts blood-lead levels in children
from potential exposure to lead through soil ingestion, dust inhalation, and dietary exposures.
Lead exposures are evaluated at the 1100-3 subunit and HRL.

Recreational pathways associated with the Columbia River are also evaluated in the -

'BRSRA. The two pathways considered are the dermal contact with potentially contaminated

water through swimming and the ingestion of fish caught from the Columbia River.

Other pathways may also occur that have not been evaluated in the BRSRA
however, the potentla]iy dominant risk driving pathways and those routmely evaluated for
residential scenarios are included.

Given the above considerations, the BRSRA identifies and evaluates the contaminants
that are most likely to pose a potential human health risk if residential use of the subunits

K6-5
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were to occur. The COPC that pose a potential for noncarcinogenic systemic toxic effects _ c
(i.e., HQ > ) or ICR of > 1E-06 for each subunit are discussed below. g
6.4 1100-1 SUBUNIT
6.4.1 BISRA

"Arsenic and vanadium are the COPC at this subunit. The HI (0.008) and total ICR

(4E-07) do not exceed unity or 1E-06, respectively, for the subunit. Consequently, potential

worker exposures to the maximum detected COPE would not be hkely to result in adverse
health effects. -

6.4.2 BRSRA

(Does not Apply)

6.5  1100-2 SUBUNIT
6.5.1 BISRA

Ch:omium is the enly céntaminant of potential concern at thls subunit. The HI N
respectively. Consequently, potential worker exposures to the maximum dctected :
concentratlon of chromium would not be likely to result in adverse health effects

| 6.5.2 BRSRA

Tetrachloroethane is the only contaminant of potential concern at this subunlt

" Residential exposure to the concentrations of tetrachlorogethane detected at this subunit are not
likely to result in adverse health effects. The subunit HI for the exposure pathways evaluated

is 0.00003 and the ICR is 7E-09 (table 5-1). Based on the BRSRA, no contaminants of
concern’ are 1dent1ﬁed at 1100-2.

6.6  1100-3 SUBUNIT

661 BISRA

" The contaminant of potentlal concern aft the 1100 3 subunit is chromium. The HI
(. 0008) and total ICR (8E-08) for this subunit do not exceed unity or 1E-06, respectwely

~
N
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Therefore, adverse systemic health effects are not likely for industrial workers exposed to the
maximum concentration of contaminants detected at this subunit. "

6.6.2. BRSRA

~ Arsenic, chromium, and lead are the COPC at this subunit. The ICR for exposure o
arsenic at this subunit is 9B-06, primarily due to the potential ingestion of arsenic-

~contaminated- soil. This estimate, however, includes the contribution of potential risk from

the background concentration.of arsenic in the soil. The ICR for the inhalation of fugitive
dust containing chromium is iess than 1E-06. All 1nd1v1dua1 HQ’s and the HI for the subumt
are less than unity.

- An 'eva]uation of lead using the UBK model indicates that children exposed to lead in _
the soil and ingestion of garden produce potentially contaminated with lead will not result in

- blood-lead levels that exceed the currenl:ly recommended level of concern

Based- on this BRSRA, arsenic is the only possible contanuna,nt of concern for the
1100-3 subunit. The ingestion of soil is the exposure pathway associated with the greatest
estimated risk. However, the background concentration of arsenic normally present in soil 1s' _
included in the risk estimate and may conmbute significantly to the overall ICR.

6.7 ~ 1100-4 SUBUNIT
6.7.1 BISRA

Arsemc and beryllium are the only two COPC identified at the 1100-4 subunit. The .
HI (0.006) for this subunit is less than unity. Therefore, adverse systemic health effects are
not likely for industrial workers exposed to the maximum concentration of contaminants
detected at this subunit. '

Although individual contaminant ICR’s are all negligible (i.e., <1E-06), the soil
ingestion pathway and subsequently the subunit-specific ICR is 1E-06. However, because the
site of the subunit is located inside a building and under a cement floor, this risk estimate is
considered to be an overestimation of actval risk. Hence, potential worker exposure to the
maximum detected concentrations of contaminants are not likely to result in any adverse
health effects..

6.7.2 BRSRA.

(Does not Apply)
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6.8 UN-1100-6 SUBUNIT | o - o
6.8.1 BISRA

BEHP chlordane, and heptachlor are the COPC at this subunit. The HI (0 4y for this
subunit is less than unity. Therefore, adverse systemic health effects are not likely for.
industrial workers exposed to the maximum concentration of contaminants detected at this
subunit.

~ BEHP is the only COPC associated with ICR’s greater than 1E-06. The ICR’s for
BEHP for the soil ingestion pathway, the fugitive dust pathway, and the dermal exposure’
pathway are 3E-05, 3B-08, and 3E-06, respectively, with a total ICR of 3E-05.- Therefore,
BEHP is the only contaminant of concern identified at the UN-1100-6 subunit.

An estimation of the ICR’s for BEHP and chlonde using the 95-percent UCL’
indicates no significant difference when compared to the ICR’s estimated for the maximuny
detected concentrations. The ICR’s for BEHP based on the 95-percent UCL for the soil
ingestion pathway, the fugitive dust pathway, and the dermal exposure pathway are 2E-05,
2E-08, and 2E-06, respectively. The ICR’s for. chlordane based on the 95-percent UCL for _
the soil ingestion pathway, the fugitive dust pathway,: and the dermal exposure pathway are
2E-07, 2E-10, and 2E-07, respectively. The total ICR for UN-1100-6 subunit is 3E-05 -
based on the maximum detected concentration, and 2E-05, based on the 95-percent UCL-.

6_.8.2 : BRSRA

- The evaluation of potential exposures to BEHP and chlordane present in the soﬂ at
this subunit are associated with risks greater than 1E:06. The subunit HI for all pathways
(table 6-1) is 23 (based on maximum contaminant concentratlons) or 18 (based on the

95-percent UCL) indicating the potential for adverse systemic health effects in mdwnduals

that may ‘ingest the soil from the site or eat produce grown at the site.

The subunit ICR is 3E-03 based on the max:mum contaminant concentmtlon and

2E-03 based on the 95-percent UCL. As with the HI, the potential ingestion of garden )

- produce contributes the majority of the risk. Because of the conservative assumptions used
in deriving the SF’s and the conservative assumptlons utilized in estimating the uptake of

. BEHP by plants, the actual risk may be less than the estimated risk.

'The contaminants of concern at this subunit are:
e Ndncarcinogenic Effects:

. BEHP - Soil ingestion, Garden Produce Pathway
. Chlordane - Garden Produce Pathway

K6-8
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: Caf_cinogenic Effects:
e . BEHP - Soil ingestion, Dermal Exposure, Garden Produce Pathv'va:y .
. Chlordane - Soil Ingestion, Dermal Exposure, Garden Produce Pathway
6.9 EPHEMERAL POOL
6.9.1 BISRA

| Chl'ordane, heptachlor, and PCB’s are COPC at the Ephemeral Pool. The estimated -

 HI (= 0.03) for this subunit is less than unity. Therefore, adverse systemic health effects

are not likely for industrial workers exposed to the maximum concentratlon of contaminants -
detected at thls subunit.

_PCB’_s are the only contaminant of potential concern associated with ICR’s greater
than 1E-06. The ICR’s for PCB’s are 3E-05, 8E-08, and 3E-05 for the soil ingestion
pathway, the fugitive dust inhalation pathway, and the dermal exposure pathway,

respectively, with a total subunit ICR of 3E-05 based on all COPC evaluated using the
maximum contammant concentrat:ons

“An estimation of the ICR’s for PCB’s using the 95-percent UCL indicates similar
results when compared to the ICR’s estimated for the maximum detected concentrations.
The ICR’s for PCB’s based on the 95-percent UCL for the soil ingestion pathway, the
fugitive dust pathway, and the dermal exposure pathway are 9E-06, 3E-08, and 1E-05,
respectively, with a total subunit ICR of 2E-05 (sce table 6-1). Therefore, PCB’s are the -
only contaminant of concemn for the Ephemeral Pooi. :

6.9.2 BRSRA

- Chlordane and PCB’s are the COPC at this subunit. The subunit total HI is 3.6 -
(maximum contaminant concentration) or 2.5 (95-percent UCL concentration), related
primarily to potential exposures to chlordane through the garden produce pathway. PCB’s
are not quantitatively evaluated for systemic toxic effects through the ingestion pathway
because there are no published toxicity values for noncarcinogenic effects.

‘The subunit ICR is 3E-03 based on the maximum contaminant concentration and .
1E-03 based on the 95-percent UCL. In both cases the risk is primarily due to the potential
ingestion of PCB’s through the garden produce pathway. Both chlordane and PCB’s are
contaminants of concern for this subunit as summarized below:

Noncarcinogenic Effects:

* Chlordane - Garden Produce Pathway

- K69
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Carcinogenic Effects: ' L

] Chlordane - Soil Ingestion, Dermat Exposure, Garden Produce Pathway
. PCB’s - Soil ingestion, Dermal Exposure, Garden Produce Pathway

6.10 HRL

Fourteen COPC have been identified at. HRL. The subunit HI for all pathways is
(0.2) less than unity. Therefore, adverse systemic toxic effects are not likely based on the. -
assumptions and maximum detected concentrations evaluated for the subunit.

The following are COPC with individual pathway: ICR’s that exceeded 1E-06 based
on maximum detected contaminant concentrations, and therefore may be associated w1th
adverse carcinogenic effects

Chromium - Fugitive Dust Inhalation
. PCRB’s - Soil Ingestion, Dermal Exposure

The inhalation of fugitive dust is associated with the greatest ICR, with a pathway
ICR of 3E-05 associated primarily with chromium at the maximum detected concentration. -
The assumption that the entire landfill is uniformly contaminated with the maximum _
‘concentration of chromium detected and that all chromium is chromium(VI) results in an _ VRN
overestimation of actual risk. When chromium is evaluated using a conservatively biased o S
" 95-percent UCL based on the area where the highest concentrations of chromium were -
- detected, the ICR is estimated as 2E-06 (sce table 5-10). This risk estimate, however, would
' overestxmate actual risks for most of the landfill. .

PCB s are associated with the greatest risks for the soil mgestlon pathway and the
" dermal exposure pathway, with pathway ICR’s of 6E-05 and 8E-05, respectively, at the
maximum detected concentrations, When evaluating the potential risks for PCB’s based on a
95-percent UCL determined from the areas of greatest PCB detection, the estimated ICR's

for the soil ingestion and dermal contact pathways are reduced by apprommately a thll‘d
a.lthough they still exceed 1E-06.

: Therefore, chrom;um and PCB’s arc the. only contaminants of concern 1dent1ﬁed at
HRL. |
6. 1(} 1 BRSRA
- The subunit HI-for all pathways evaluated at HRL is 5.6 based on the maximum -
detected contaminant concentration and 1.2 based on the 95-percent UCL. The total ICR for

“the subunit is 7E-03 based on the maximum detected concentration and 3E-03 for 95—percent _
UCL "The COPC identified at thls subumt are: - _ o — '
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Noncarcinogenic Effects:

. Nitrate - Groundwater Ingestion (however, nitrate would not be ',
considered a contaminant of concern based on the 95-percent UCL
contaminant concentratzon)

- Carcinegenic Effects:

Arsenic - Soil Ingestion
~ Beryllium - Soil Ingestion, garden produce
PCB’s - Soil Ingestion, Dermal Exposure, Garden Produce Pathway
Trichloroethane - Groundwater ingestion
Chiromium - Fugitive Dust Inhalation

6.1 RESIDENTIAL-RELATED RECREATIONAL PATHWAYS

- As indicated in table 5-6, it is unlikely that adverse effects from exposure to .
trichloroethane would occur in residents who may swim in the Columbia River or ingest fish
caught in the Columbia River. As discussed in chapter 3, trichloroethane may migrate to the
river via the groundwater. The ICR’s for both potential exposures are estimated as less than
4E- 10

6.12 SUMMARY

6.12.1 BISRA

The contdmmants of concern for the mdeual subunits in the 1100-EM-1 Operable
Unit as determmed in this BISRA are: '

e UN-1100-6 subunit

" BEHF
o Ephemeral Pool
PCR’s
e HRL
Chromium
PCB’s

As discussed above, this list does not consider background conditions, and has been
developed based on conservative industrial exposure parameters. The list of contaminants of
concern assume that current land and water use for the 1100 Area will remain the same in
the future and that onsite industrial workers are the primary receptors.
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6.12.2 BRSRA

The contaminants of concern for the md1v1dual subunits in the 1100-EM-1 Operable

Unit, based on this BRSRA, are:
. 1100-3
Arsenic
. UN-1100-6 subunit

- BEHP.
Chlordane

® Ephemeral Pool

| Chlordane
PCB’s

Arsenic
Beryllium
Chromium
Nitrate
PCB’s

Trichloroethane

T \\_ ) - B

R

3

_ The BRSRA has been conducted at the direction of EPA It should be noted that the
 residential use of any of the subunits at the 1100-EM-1 Operable Unit in the foreseeable.
future is improbable. The 1100-EM-1 Operable Unit is located in an area designated for
‘industrial or commercial use, as zoned by the city of Richland. The subunits themselves are
located immediately adjacent to actively used industrial sites such as the 1171 Building, .
- railroad tracks, or parking lots. For HRL, it is also extremeiy unhkely that homes would be
‘built immediately adjacent to the subunit, based on current regulations in the state of
" Washington. Consequently, the onsite residential exposure pathways that have been

evaluated are not probable.. As a result, the estimated risks presented in the BRSRA are very '
- conservative estimates based on an unlikely scenario.
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ATTACHMENT 1
Troewa SETE L R i RIS 2% 154 o
Unted swa.-. Lo T Reglon 10 Sl
Ervironmermg! Protécion’ Hanfard Profoct Officy R S
Agency o 712 Svafl Boulevard, Sulte 5

Richinnd WA BRAG2

SEPA

" Re

May 30, 1992

szbert K. Stewart
Tinit Manager

- U.5. Department of Energy

P.O, Box 550, A6-95

' Rlchland Washington 99352

1100-EM~1 Rcmcd:al Investigation

Dear Mr@ Stewart:

~This letter has several purpuses. First, the enclosure to
Lhig letter should provide the clarifications requested by the
U.S. Department of Energy (DOE) on February 28, 1891 (Ref:

Letter, 3. Wisness to P, Day).

Secondly, due Lo olher commilments (e.g. Tri-Party Agreement
negotiations) and internal communication problems, combined LPA
and Ecology comments on the "Remedlal Investigation Phase 2
Supplemental Work Flan for the Hanford Site 1100-EM-1 Operable
Unit* and the "Phase I and II Feasibillty Study Report for the
Hanford Siie 1100-EM-1 Opuxahlp Unit" will be delayed by not morn
Lhar 30 days. I expect {o send any comments on the abova

- documents hy June 28, 1991.

Finally, in responsec to the April 26, 1591 letter frdm Mr.
Wisness to Mr. Dny, I underatand and agrec that interim
milestones M-15-01B (November 1891} anhd M-15-<01C {(April 1992} ara
in jecpardy. T will work with you to develop an aggressive and
attainable schedule upon which to develop a change package.

If,you have any guestions, please call me at 37¢-3883.

Sincereaely,

Vs & é«v

avid R. Einan
Unit Manager

¢cc: R. Hibbard, Ecnlogy
7. Stewart, USACE
T. Venezliano, WHC
Administrative Record (1100-EM-1)
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CLARIFICATIOH OF 1100-EM-1 REMEDIAL INVESTIGATION ISSUES
RAISED BY U.S, DEPARTHMENT OF ENERGY

May 24, 1591

1. Identificat1on of land areas for agricu]tura?/res1dent1a} Tand use
exposure scenarias

The 1100-EM-1 subunits that should be included in the evaluation uf r1sk
from resfdential exposures for the baseline risk.assessment are shown in Table:

1. The. rationale for including or excluding each subunit is also presented in
Tdb]E . : :

The quantitative risk assessment of a residential scenario will provide

‘risk estimates that are protective of agricullural health threats because an

exposure palhway itnciuding homegrown vegetables and fruits s required.
Rgriculturai scenarios do nut need to be included in the baseline risk
assessment. In addilion, the health risk to agricultural workers is
adequately addressed in the Industrial scenario as provided in the baseline

risk assessment (U.S5. DOE, 19%0).

2. . Residential exposure scenario for the 1100-EM-1 baseline risk assessment

A residance should be located directly adjacent tc each subunit. For

" the Horn Rapids Landfill, ihe residence should be placed near monitoring well

MW-12.

Receptor pupulalions should include typical populations such as
children, adults, and the elderly.

_Tab1e 2 shows each subunit wilh ils associated centaminants, exposure
medium, and expaosure roulas. The {nformation presented in Table 2 assumes
that’ exposure to contaminanls includes the following pathways: inhalation of
vapors and particulates, accidental ingestion of soil, ingestion of hamegrown
vegetables and fruils, ingestion of drinking water, derma] contact with
potable water, inhalation of vapors during showering, and dermal contazct wWith

soil.

- The existing ddta are sufficient for performing residential risk
assessments for the subunits listed in Table 1. A1l subunits should address
exposure pathways ralated to contaminated soil. The Horn Rapids Landfill,
however, should also address ‘exposure pathways related to groundwater,
Potent&al groundwater health threats will be assessed far the other subunits
in the Phase 2 remedial {nvestigation if Lhe data support the need to do so.

1t is appropriate to present Lhe residential risk aszassmunt in the
basel ine risk assessment uncertainty section.
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3. Reascnable maximum exposure

A tabie summarizing exposure parameters used, references for those
paramaters, and rationales for using each paramater should be Included as part
of the baseline risk assasament,

Example calculations for one contaminant in each pathway should he
pruvided in an appendix. The appendix should include generic Equat1nns as
weil as &xfmplp ralculations.

Reasonabie maximum exposure parameters as outlined in Region 10 guidance
(U.S. EPA, 1850a) shouid be used. If Region 10 guidance for a particular.
parameter 15 not published or eslablished, then reasonable maximum exposure
paramelers as provided by U.S, Environmental Protection Agency (LPA) :
headquartars (1989) should be used. If U.S. EPA guidance is not avai?able
then exposure parameters found in open 15teratu:e or developed using '

-profess1cnai judgment should be used.

4. Toxicity screéning

The preliminary luxicity screening first compares contaminant

concentrations lv backyrcund, then to calculated toxicity screening criteria,

The first step is acceptable. The second step may eliminate chemicals that
individug)ly may not pose a heaith risk, but cumulatively might pos¢ health
risks. Hot enough 1information is previded by U.S. Department of Energy:

(U.S. DOE} (1990) to determine this. A table summarizing critical effecis for

all potential contaminants of concern before implementing the screening should
have bean provided 1n the Phase 1 remedial investigation report. Therefore,
the acceptability of the screenipg method cannot be determined at this time.

Based on available Information, the preliminary toxicity screening

contains: the following technical flaws:

Il appears that the screening criteria for lead is an applicable
or relevant and appropriate requivement (ARAR). 1t is not _
appropriate for screening purposes to use an ARAR. Thcrefure,
tead should be included in the baseline risk assessmenl.

«  The use of the.Occupational Safety and Health Administration’s.

" permissible exposure 1imit for polynuclear aromatic hydrocarbons
(PAHs) as the surrogate residential exposure limit development is-
not appropriate. U.S. EIPA (1930b) recommends thal critical ‘
toxicity values for benzo(a)pyrene be used in the absence of

~eritical toxtcity values for PAHs. However, because the samp1ed -

~ PAR level exceeds Lhe surrogate residential exposure limit L

. screening criterion, and PAHS were not eliminated from the risk

" assessmenl al Lhat pgint, it is not necessary to.develop 2 new.'
preliminary toxicily screening criterion for PAHs based on

benzo(a}pyrene information. In the future, the critical tcxiciLY:H_

“values for benzo(a)pyrene should be used for developing a PAH -
toxicity screening criterion.

2
KI-4:
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Subunit

Battery Acid Pit (ilG0-1)

Paint and Solvent Pit (1100-2)

Antifreeze and Degraaser Pit
(1100-3)

Antifreeze Tank Site (1100-4)

Radiztion Contaminatien Incident

(UN-1100-5)

it
g
LT
Bl
L
N
Pl
LI
a9
[+

g

TABLE 1
RATIONALE FOR INCLUDING 1100-EM-1 SUBUHITS
RESIDENTIAL SCENARIO RISK- ASSESSHEWT

Deci$iun to Include a - Rationale

No The Jead found in soil samples is most

likely associated with backfill materials.
The arsemic levels are not significantly
" elevated above background levels.

Yes Significant levels of tetrachloroethene
was found in so0il. (Tetrachlorcethene may
also pose a groundwater health threat, but
inclusion in the risk assessment will be
based on Phase 2 Rl results.}

Yes SigniFicant levels of lead, arsenic, and
chromiuvn were found in surface soil..
(Chromium may pose a groundwater health
threat, but inclusion in the risk
assessment will La based oh Phase 2 Ri
results.)

No The Lank has been removed and the subunit
is located in a building. - (Alpha and beta
radiation may pose groundwater health
threats, but inclusion in the risk
assessment will be based on Phase 2 RI
results.)

Na o Contamination no longer exists.

&2
-
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Subunit
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TABLE 1

RATIDNALE FOR THCLUDING 1100-EH-1 SUBUH]TS_

RESTOENTTAL SCENARIGQ RISK ASSESSHENT
{Continued)

Decision to Include

Rationale

Discolored Soil Site {UN-1100-6)

Horn Rapids Landfiil

Pit 1

Ephemeral Pool

Sigaificant levels of BEHP and chlordane
vere found in surface soil. (1,1,1-
trichloroethane may pose a health threat

" in. grodndwater, but inclusion in the risk

assessment will be basad upen Phase 2 RI

Significant levels of arsenic, chromium,
Yead, PCBs, tetrachlordethene,
trichlaraethene, and 1,1,1- tr1ch}nroethane
were found in sotl lechtornethnne was
feund in groundwater.  (Tetrachloroethene
and 1,1,1-trichlorcethane may pose
groundwater health threats, but inclusien
in the risk assessment will be based on .

Pit I is an operational gravel pit.

Yes
resuits.)
Yes
Phase 2 Rl resuits.)
No
Yes

- Significant levels of PCB and chlordane

were found in surface soil.

Pefinitions:
C Rl -
BEHP
“PCR

ooy

Remedial Invéstxgat1oﬁ
Bis(Z-ethythexyl)phthalate.

Palych}orlnated biphenyl

o /_.'__\L
N

N
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TABLE 2

EXPOSURE KEDIA AND EXPOSURE ROUTES FOR 1100-£H-1
RISK ASSESSHENT RESIDENTIAL SCENARIO

Subunit.
paint and Solvent Pit (1100-2)
Antifreeze and Degreaser Pit

(1100 3)

Discalored Soil Site (UN-1100-6)

Horn Rapids Landfill

Ephemeral Pool

Contaminants

of Concern

Tetrachloroethene

Arsenic
Chromium
Lead

BEHP
Chiordane

Arsenic

Chromium

PCH
Tetrachlaroethene
Trichloreethene

L,1,1-Trichloroethane
Lead

Chlordane
pc8

Expostre
Medium

Soil
éoil
Soil
Soil’

Sail
Sail

Seil
Soil
Sail
Sail
Soil
Groundwater
Sail
Soil

Soil
Soil

LTI LIITYI O ¢y

' - ' N
Exposure Route

1

[N N ]

Pefinitions:

THL = Inhalation
ING = Ingestion
D =Dermal

C - ~Exhibits carcinogenic effects in exposure route indicated
§ = fxhibits systemic noncarcinogenic effects in exposure rocte indicated
. BEHP = Bis{2-ethylhexyl)phthalate . -

PCB = Polychlorinated biphenyl

L9-36-’_IH/’5{0(1 _
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N
' Unitad States. Hagion 10
Enommariipocion - Haor Polec Ofton
M Richland WA 93352
January 16, 1992
Robert K. Stewart
tinit Manager
U.5. Department of Energy
- ?.,‘O. ‘Box 550, A5-19
R ‘Ricshland, Washington 995352
e Re: 1100~EM-1 Risk Assessment _
. " ‘Enclosed please find the additional clarifications requested
‘by ‘the U.S. Department of Energy in regards to the above subject.
o These clarifications wers also informally transmittaed to you by
_ cc:Mail. Also transmitted informally was a copy ¢f o Groungwaiar
ol Risk EEmen r ~EM=
A ¥aghingten prepared for the U.S5. Environmental Protection Agency
¢ (EPA). by PRC Environmental Management, Inc. This document is
provided to you for information, especially as an example for -
e formatting the revised baseline risk assessment for 1100-EM-1.
o - If you have any guestions, please call me at (509) 376-3883.
- : o Sincerely '
. B | e g"-——”\ '
' - - _ vid R. Einan B
' Unit Manager
cc: D. lacombe, PRC
~ R. Hibbard, Ecology (w/ Risk Assessment)
- W. Greenwald, USACE '
- hdminietrative Record, 1100-EM-1
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DOE/RL-92-67
ATTACHMENT 2 -
1100-EM-1 ON-SITE RESIDENTIAL BASELINE RISK ASSESSMENT ISSUES =

What is the role of the Hanford Site Baseline Risk L
Assessment Methodology (DOE-RL-91-=45)2 If the residential .-

~scenario from DOE~RL-91-45 is used, we should have EPA specify

which pathways will be evaluated at each operable subunit.

EPA RESPONSE

The 1100-EM-1 residential risk assessment should use the
residential scenario and associated pathways presented in
the Hanford Site Baseline Risk Assessment Methodology (DOE
1951}. | i

The residential scenario should be used for the 1100~-EM-1
operable unit. The residential scenario was coriginaily _
chesen because 1) it is the most conservative, 2) residences
are in close proximity, and 3) industrial zoning is not a
permanent remedial solution. In addition, an agricultural
worker scenario was not requested because the remedial
investigation report (DOE 1990) &ealt sufficiently with that
type of risk. .

Although the agricultural scenaric as defined in DOE (1%91)
. is the most conservative, an agricultural. scenarioc dees not
"'need to be considered at this time because farm dwellings
_ are not the typical residences in the immediate area.

e

1. GROUNDWATER QUESTIONS:

According to the May 30, 1991, EPA letter, the cnly groundwater
contaminant to be evaluated under an on-site residential scenaric
is trichloroethene (TCE). at the Horn Rapids Landfill with a
residence and water supply well located at MW-12. :

A Will we be considering other potential groundwater
contaminants at the Horn Rapids Landfill? At least two
additional rounds of groundwater monitering data are now.
available. When this information is evaluated it may identify
other contaminants of potential concern or may confirm that TCE
is not a contaminant of potential concern attributable to the
landf£ill. _ : :

R - Do we consider groundwater contaminants related to
Siemens/ANF activities? This would be especially important for
radionuclides, nitrates, and TCE. If specific radicactive
isotopes are not yet available from the sampling, it may be
prudent to defer evaluation of such substances until the Phase II

KI-13
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RI rather than make too many conservatlve assumptlons at thlS
time. D

c. Do we assume grcundwater use despite the fact that city
service exists toc industrial, commerc1a1, and r951dentlal araas
in the vicinity of 1100~EM-1° ‘ :

d. There is a conflict between State law and the suyggested
location of the residence with respect to the Horn Rapids
Landfill. Do we assume the presence of a drinking water well.
even though WAC 173-150-205(2) does not permit location of such a
well within 1000 feet of solid waste landfills? A possibility
may bpe that the site of the potential residence is moved at least
1000 feet from the lahdfill thus limiting the potential contact

‘with Horn Raplds Landflll contamlnatlon by other pathways.

Era'nzsponsz'ro ITEM 1

a. The additional rounds of groundwater data should be
evaluated. If the data indicate that contaminants
other than trichloroethene are of concern (e.g..
nitrate}, those contamlnarts should be 1nc1uded in the_
rlsk assessment. :

b, The risk assessment should consider contaninants

' related to Siemens/ANF activities because the. issue is
to understand the potential human health and = '
environmental risks posed: by the 1100-EM-1 operable
unit irrespective of the original contaminant source.
The risk assessment should focus only on chemical .
contaminants until adequate data is- avallable for

radionuclides.
‘c. The risk assessment should asSume groundwater use.
4. The risk assessment should assume a drinking water well

is located adjacent to the Horn Rapids Landfill. - For
an intrusion scenario, 1000 feet w111 not make" much of
a difference.

EXPOSURE PATHWAYS'

a. Are the reszdent;al exPosure pathways only those

_outiined in Section 2, p. 1 of the May 30 letter? Should
. potential ccntamlnatlon of City of Richland water from

groundwater reaching the Columbia River be considered? Whére.are
the activities cccurring for: the pathways’ (e. g,, see 4a,“snd

'_Sa. below)

b. ‘Given the size of the landfill, the restrlcted area,

'_and the distribution of the potent1a1 contamlnants, what- spelelC

KI-14
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assumptlcns should be made regarding access to the landf£ill’ by
the assumed family located in the residence near the landflll

(E 9

a. .

if the residence is located at Mw~12)?

EPA RESPONSE TO ITEM 2

‘The risk assessment should include the exposure .
‘pathways as cutlined in EPA (1991a), Section 2, rage 1.
-~ In addition, the risk assessment should include .
- additional contaminants or exposure pathways if new

data indicate the need to do so.

The risk assessment should consider the 1mpact of

‘groundwater on the Columbia River and the city of

Rlchland well fleld..

Unrestrlcted access to the larndfill shculd be assumed
in the risk assessment because closure cannot be
assumed at t&ls time.. :

3. _TOXICITY VALUES:

a.

b.

PN
SR

Should we assume that all toxlcity values be updated to
current values?

. What RFD and slope factor should be used for lead?

EPA RESPONSE TO ITEM 2

=

Current toxicity values from the Integrated Risk :

- Information System (IRIS) or the Health Effects Summary

Tables (HEAST) should be used in the risk assessment.

Since no reference dose or slope factor is available
for lead, the risk assessment should use the. EPA-
Uptake/Bloklnetlc Model for determlning 51te-spec1f1C'
risks from exposure to lead (EPA 1991b,c). The model
predicts blood lead levels in the most sensitive
population (chlldren) via 1nhalatlon or ingestion.

4. EXPOSURE PARAMETERS:

What exposure parameters should be used? The May 30, 1891,
letter recommends outdated reasonable maximum exposure parameters
and does not consider new national standard default exposure
parameters recommended in OSWER Directive 9285.6-~03, Harch 25,

Ki-15
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1991. In addition, Region-10 now recommends new parameters in

the EPA Region 10 Supplemental. Risk Assessment Guidance for

Superfund August 16, 1991.

EPA RESPONSE TO ITEM 4

- Current exposure parameters as specified by EPA headquarters
- *ror Reglon 10 should Le used in the rlsk assessment._

5. HOME GROWN FRUITS AND vscETABLE’-

: a. - Where should gardens be located’ Are supposed on-site
residences to be placed directly adjacent to the subunits? Are
the gardens on the subunits? Since some subunits are small,

could all of the subunit be garden thus 11m1t1ng any regular
Chlld ‘exposure to the dlrt° ' _ _

b. What specific fruits and vegetables should be
evaluvated? . :

c. What biocaccumulation factors should be used?

EPA RESPONSE TO ITEM 5
a. Dwellings should be located adjacent to the subunit.

The Exposure Factors Handbook (EPA 1990) glves the
median size of a vegetable garden as 325 square feet _
“(approx1mately 18 feet by 18 feet). Therefore, assume
gardens are also locatsd adjacent to the subunit.

Even if the entire subunlt is garden, a Chlld'
exposure would not be limited because a gardEn is not
an impermeable cover.

b c. The followlng strategy is presented for the selectlon -
. of frults and vegetables : -

. Three plant qategories should be inclﬁdéd;in“thé

risk dssessment: root, fruit, and leafy
vegetable. :
. The bloaccumulatlon factor for the contamlnants of

concern should be determined for the three
categories llsted above. :

* At least one plant from each category should bs
1ncluded in ‘the rlsk assessment. Additional

KI-16
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'plants may be included based on information
cbtained from Pao, et al. (1582) or other
informational sources. h '

The references below may be useful in 1ccat1ng
bicaccumulation factors:

. A Review and Analysis of Parameters for Assessing

Transport of Fnvironmentally Releas :
Radionuclides Through Adriculture. C.F. Base, -
R.D. Sharp, A.L. Sjoreen, and R.W. Shore.  ORNL-
5786. 'Oak Ridge National Laboratory. 1984.

Bioconcentration of Qrganics in Beef, Milk,. and
Vegetation. 1988. C.C. Travis and A.D. Arms.

Environmental Science and Technology 22: 271-274.

6. CONTAMINANT CONCENTRATIONS:

a. Will the residential scenario consider Model Toxics
Control Act definition of surface soils as a depth of 15 ft’_

b. Addltlonal soil gas data are avallable for Horn Rapids
LandL111 UN-1100-6, and the Scuth Pit. Should these data be
1ncorporated in the on=-site re51dent1al risk assessment?.

. Addltlonal soil data are available for Horn Rapids

ILandfill and the Ephemeral Pool. Should these data be
1ncorporated° '

EPA RESPONSE TO ITEM 6

a.  The residential scenario should consider the Model -

- Toxics Control Act (Ecology 1991) definition of surface
soils as a depth of 15 feet inasmuch as the risk
assessnent needs to consider accessible soil
contaminant concentrations. If it is determined that
the site needs cleanup to residential levels, then the
surface soil depth of 15 feet should be used in the

" calculation of cleanup levels.

b 'Soil gas surveys are used for field screening. Data

generated from soil gas surveys should not be used in
-the risk assessment. .

c. Any avallable soil data ‘should be evaluated. If the

data indicate contaminants are of concern, those
contaminants should be included in the risk assessment.

Ki-17
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When should the r251dent1al scenarlo be applled (i.e., now,

30 years in the future, etc.}?

EPA RESPCONSE TOQ ITEM 7

*-.For the purpoSes'of the "residence" iecated-adjacehtfto'the
Horn Rapids Landfill, the time pericd should be now, i.e.
‘use the concentratjons found in the well.

' REFERENCES

Phase 1 Remedial Investigation Report for the'Haﬁerd
Site 1100~EM~1 Operable Unit. DOE/RL+~90-18B. A&guSt‘lSQQ; T.5.
Department of Energy. .

DOE 19¢1. Hanford Site Basel;ne Rlsk ‘Assessment ‘Methodelogy.
Decisicnal Draft. DOE/RL-31-45. September 1991. U.s.

.Department of Energy.

'fcology 1991. The Model Toxics: Control Act Cleanup Regulatlcns.

Chapter 173-340 WAC. Departﬁent of Ecology._ February 28, 1991.

EPAfl990; Exposure Factors Handbook EPA 600/8 89/043. - U.S.
Environmental Protection Agency. March 1980, L

- EPA 199l1a. 1100-EM-1 Remedial Investigation. Letter from Dave
. Einan, U.S. Environmental Protection Agency. May 30, 1991..

. EPA '19%1b. Update on OSWER Soil Lead Cleanup Guidance. Office
of Solid Waste and Emergency Response. August'ZQ, 1991. U.S.
rnVL?onmental Prctectlon Agency, . '

prPA 1991c. User's Guide for Lead: A PC Software Appllcatlon of
the Uptake/Biokinetic Model Version 0.50, First Draft.

‘Environmental Criteria and Assessment Offlce, office of Héalth

and Envircnmental Assessment, U.S. Env1ronmental Protectlon
Agency January 1991,

"Pao, E.M., C. H.‘Flemlng, P M. Guenther, and §.J. Mickle.  1982.
- Foods Commonly Eaten by Individuals:. Amount Per Day and Per

" Eating Occasion. Consumer Nutrition Center, Human Nutrition
~Infermation Service, U.S. Department of Agrlculture, Hyattev1lle
-MD 20782, Home Eccnomlcs Research Report No. 44. March 1982‘
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Department of Energy
" Hichland Operations Office
P.0O. Box 550
Richiand, Washington $8352
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-Paul T. Day
Hanford Project Manager
U. S. Environmental Protection Agency
712 Swift Boulevard, Suite 5
Richland, wash1ngton 89352

Mr. Timothy L. Nord

Hanford Project Manager

State of Washington
Department of Ecology

Mail Stop PV-11 -

O}ymp1a WBsh1ngton 99504-8711

Dear Messrs Day and Nord: _
LAND USE/RISK ASSESSHENT FOR THE 1100-EM-1 OPERABLE UNIT (OU)

The purpose of this letter is to inform you that the DOE Field Office,'
Richtand (RL}, will comply with direction as provided by your letters

. regarding a revised baseline risk assessment for the 1100-EM-1 QU as discussed

with you earl{er. Specifically, we will perform the required risk assessment
that evaluates residential and agricultural scenarios as directed by the
Yetier of January 23, 1931, from Mr. Dave Cinan, ¥.S. Environmental Protection
Rgency (EPA) to Mr. Bob Stewart RL and the follow-up clarifications contamned
in the May 30, 1981, letter from Mr. Einan to Mr.-Stewart.

Whether to- conduct a baseline risk assessment for the 1100-EM-1 OU u31ng

residential and agricultural scenarios has been a Jong term issue. RL
continies to belfeve that neither residential nor agricultural use is
reasonably 1ikely in the arsas within the QU. Further we do not believe that .
the risk assessment is necessary nor approprizte under app11cab1e requtraments
of the National Contingency Plan or regulatory guidance.

Part1cu1nr1y troublesome aspects of the proposed risk assessment are the
assumed  exposure pathways Tor groundwater. HNeither RL nor Siemens Nuclear
Power Corporation {Siemens) believes that there is any reasonabie expectation
for either residential or agricultural use of the groundwater which may have
been infiuenced by contamination from the Horn Rapids Landfill and/or Siemens.
We continue to believe that the risk assessment contained in the completed
Remedial Investigation {RI) Phase 1 Report used appropriate Reasonable Maximum
Exposure (RME} assumptions.
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Messrs. Day and Nord o e ' " e N
91-ERB-202° - | | i R

Noththstand1ng our position, to show goud fa{th in providing the requested
information and to get on with the scheduled Rl/ Feasibility Study (FS), Rt
will perform a revised baseline risk asse¢ssment as discussed in the first
paragraph of this letter. However, our agreement to proceed with this
assessment is premised on the understanding that we have reached agreement

with EPA and the State of Hash:ngton Department of Eco?ogy (Eco]ogy) on two
points:

1. That RL's performance of a revised baseIine ¥isk assessment which
includes evaluation of residential and agricultural scenarios sha11 not
- be viewed as a concession by RL or be used as any evidence that

- residential or agricultural use of the property or groundwater is
reasonable or foreseeable; and -

2. That RL has the right under the Manford Federal Faci]ity Agreement: and

- Consent Order (Tri-Party Agreement} to take to dispute and to obtain

dispute resolution of any future regulatory direction to evaluite or
‘investigate remedial alternatives based on assumed residential or
agricultural use of the property or groundwater

Because the EPA has the Tead responsibi11ty for the 1100~EH 1 OU. we have :

discussed these two points with you. We understand that both EPA and Ecology N
are in agreement with RL. This Jetter confirms those discussions. If we have e
misunderstood in any way the agencies' views, p]ease 1nform us in wrlting '
within ten days of the date of this letter

. RL has begun to -work on the revised baseline risk assessment It-1s expected
that the work to perform this assessment can be accomplished in about two

months. - However, we have not evaluated factors associated with the slightly

‘elevated alpha or beta contamination in the groundwater and this could modify
‘the amount of time required. Work on the assessment for these scenarios will
- be completed without prejudice to RL's right to express reservations about the

sccuracy of the assessment and the sufficiency of aVa11ab1e data to support a

“meaningful assessment.

" We have discussed with you a proposed: rocedure to bring any: d1spute over Iand :

use in the 1100-EM-1 OU to early formal Dispute Resolution. We have agreed

- - that RL will provide the revised baseline risk assessment to EPA/Ecology
. promptly upon its completion. In transmitting the assessment, RL will request

regulatory directfon regarding the land use scenario(s) on which to base
remedial alternatives selection for inclusion in the FS. After you have

o received the assessment, we request a response to this request as quickly 2s |

practicab?e
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- It s our understanding that neither EPA nor Ecology has determined that

remedial alternatives must be based fn whole or in part on the assumption of
residential or agricultural use of the Tand or groundwater. Thus, a dispute-

'_ over tand use assumptions may not develop. However, if EPA directs RL to
develop remedial alternatives based on assumed residential or agricultural use

or uses of the property or groundwater, then we will immediately invoke the

dispute resolution process under the Tri-Party Agreement for a resolution of.
the appropriate land use assumptions.

Regarding the land use issue as discussed in the May 30, 1991, letter from
Mr. Einan to Mr. Stewart, two technical issues related to the baseline risk
assessment were carried forward; i.e., caiculation of RME and use of the
Golder toxicity screening technique:. It is our understanding that these
issues have been satisfactorily resolved through informal discussions and
gxchanges of information among the Unit Managers and respective support
conlractors. If these issues have not been resolved to your satisfaction,
please communicate such to Mr. Stewart.

Should you have any questions about this Tetter, please call Mr. Bob Stewart
on (508) 376-6192. | . i o

Sincerely,

77N ‘

van H., Wisness

ERD:RKS = nford Projéct Manager

. Einan, EPA :
. -Goldstein, Ecology
. Greenwald, USACE
. ‘Harmon, EM-442
. Hibbard, Ecology
Hofer, EPA
Lauterbach, WHC
. Lerch, WHC
. Malody, Siemens
Nord, Ecology
Stewart, USACE
. Welch, Siemens,
{Law Dept. Bellevue, WA)
T. Wintczak, WHC
S. Woodbury, EH-222
T. Veneziano/L. Powers, WHC
Administrative Record, 1100-tM-1,
K4-~22

*

K1-21



m
£
¥ g
et

;:.

b

GGGGGG

DOE/RL-92-67

This page left intentionally blank.

KI-22

N

—



'DOE/RL-92-67

Scrlpt for Superfund Technical Support Center Questions
on
Tetrachloroethylene, Trlchloroethylene and styrene

etrach “‘en' erchloroet e c

The carc;nogen1c1ty characterization has a long hlstory A

July 1985 Health Assessment Document for- Tetrachloroathylene

- (Perchloroethylene), EPA ¥ 600/8-82/005F, class;fled the agent in
;aWelght-of-Ev1dence Group "C - Possible Human Carcinogen® mentioning
-~ that this would be reevaluated because of new information. The
-+ 1985 .document also provided upper bound inhalation and oral risk
. estimates. An April 1987 addendum to the Health Assessnent

Document, EPA# €00/28-82/005FA, proposed that the Weight-of-Evidence
be upgraded to "B2 - Probable Human Carcinogen' and provided a-

.. revised inhalation risk estimate. A February 1991 document titled
.. Response to Issues and Data Submissions. on the Carcinogenicity of
" Tetrachloroethylene, EPAF# 600/€-917/002R discussed newer - gata

relative to weight-of-evidence classification. The . Agency's
Science Advisory Board has reviewed these documents finding them to
be technically adeguate while offering an opinion that the weight-
of-evidence is on C-B2 continuum (C=Possible Human Carcinogen,
B2=Probable Human Carcinogen). At present time, the Agency his not

~adopted a final position on the welght-of—ev1dence,c13551f1catlon.
The upper bound risk estimates from the 1985 Health Assessment..

Pocument as amended by updated inhalation values from the 1687
Addendum have not as yet been verified by the IRIS-CRAVE Workgroup.
The estimates are viewed as useful informatioen in the context of
the: informatlon available in the 1985-1987 periocd.

ORAL: 1985 HAD; Unit risk = 1.S5E~€ per ug/L

Slope Factor = 5.2E-2 per mg/kg/day

INHALATION: 1987 Addendum; Unit risk = range form 2.9E-7 to

9,5E-7 with a geometric mean of
S.8E~7 per ug/cu.m

Slope factor = 2,.0E-3 per ng/kg/day

Those needing to make a choice about carcinogenicity have
found the 1985, 1987 and 19%%1 EPA documents and the 1988 and 1991
Science . Advisory Board letters of advice useful background
information. When the Agency makes a decision about weight-of-
evidence, the CRAVE-~-IRIS verification will be completed and the
1nformatxon put on IRIS.

KI-23
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Trichlorcethvlene (TCE)

The current phase of the carc;nogen;cxty characterlzatlon for

'.trlchloroethylene started with a July 1985 Health Assessment

Document for Trlch;oroethylene, EPAF 600/8-82/006F which classified

trichloroethylene in Weight-of-Evidence Group "B2 - Probable Human
Carcinogen®,  Inhalation and oral upper bound risk estimates were

provided. This information was verified on IRIS from 3/87 through
7/89. A June 1987 Addendum to the Health Assessment Document for

Trichlorcethylene, EPA# 600/8-82/006FA proposed that the Weight-of-
. 'Evidence finding of "“B2" was further supported by newly available
- animal bioassay data and offered & minor revision to thé inhalation
upper bound risk estimate. In 1588 the Agency's Science Advisory

Board offered an opinion that the weight-of~evidence was on C-B2
continuum (C=Possible Human: Carcinogen, B2=Probable Human
Carcinogen). The Agency withdrew the IRIS carcinogenicity file in
7/89 and has not adopted a current position on the weight-of-

g evzdence classification,

_ The guantitative risk estimates providcd in the 1985 Health.
-Assessment Document and 1987 Addéndum have been reviewed by the

IRIS-Crave Workgreup but are not verified as such pending
zesolution of the weight-of-evidence classification. - The upper
bound risk values in these documents are as follows:

ORAL: 1985 HAD;  Unit Risk = 3.2E-7 per ug/L

Slope Factor = 1.1E~2 per mg]kq[day

INHALATION: 1987 Addendum; _Uni_.t Risk -_1.71'.'-_6 per_'-ug/cu.m-.
- Slope Factor = 6.03—3 per mg/kg/day

When the Agency adopts a current position on weight-of-

evidence classification, the ' trichloroethylene file will be
reentered on IRIS. o
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1.0 TOXICITY PROFILES

" The purpose of appendix II is to present toxicological information used in the BISRA
and BRSRA. Tables II-1 and TI-2 present toxicity values for all contaminants evaluated in
chapter 2. - This appendix provides toxicity profiles for potentiai contaminants of concern
identified at the 1100-EM-1 Qperable Unit and carried through the risk assessment. This
'mformanon supplements information discussed in chapter 4.0. The categones of information
mclude B

General background information
-Exposure rouates
Acute toxicity
Chronic toxicity
. Carcinogenicity
Toxicity values and supporting information.

Data sources for the information provided in the append1x are from EPA documents

" and standard reference texts. "These sources are:

EPA Integrated Rigk Information System (IRIS)
EPA Health Effects Assessment Summary Tables (HEAST) :
SRC, Toxicological Profile for Individual Compounds, Agency for
_ Toxic Substances and Disease Registry (ATSDR) -
. Casarett and Doull’s Toxicology, The Basic Science of Poisons (Amdur' '

et al. 1991)
. Patty’s Industrial Hygzene and Toxicelogy (Clayton and Clayton,. 1981) '
. Threshold Limit Values and Biological Exposure Indices
e 29 CFR 1910.1000
L ]

- Recommendations for Occupational Safety and Health Standards.

1.1 ANTIMONY

Elemental antimony does not exist naturally in the environment, but is found in small -

- amounts as part of the earth’s crust. Antimony has been detected in air, water and soil in

varying concentrations. Soil concentrations are usua.lly less than 1 pg/kg. Concentrations up
to 2550 ug/kg have been found at antimony-processing sites. Antimony at these sites is
strongly attached to the soil.

Exposure to antimony can occur through inhalation of antimony-containing particles, .
ingestion of antimony-containing soils, and ingestion of foodstuffs coutaining antimony. It is

not known if contamination through dermal contact with antimony-containing soils is a route

of exposure. -

K1-1
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Table TI:1. Summary of Noncarcinogenic Toxicity Information for Contaminants at the 1100-EM-1 Operable Unit. (sheet 1 of 3)
Contaminant ORAL INHALATION
- ral Rfd OraI.Rfd Confidence Critical Effect Uncertainty Mudifying Inhelation Inhalation Rid Confidence Critical Uncertainty Modifying
(mgikg-day) {basis/source) Level . Faetors Factors Rfd {hasisfsource) leve) effect Factor Fagtor
(makg-d} : '
Antimony 4E4 -  WaterIRIS low lonigevity, blood 1,800 1
ghic.
. Arsenic 3t4 Food/IRIS meditzm hvperpigmur';;tati 3 -1
on keratosis
Barium 7E2 WaterfiRIS medium incr. blgad 3 1 1E4 HEAST 1,000
| : prass : : :
Bsryllium 8E-3 Watar/IRIS nons ohserved 180 1
Cadmium 1.0E-03 Food!iRiS high significant 10 1
g preteinuriz
Chrumiuﬁ I BEd ~ WaterllRIS low nona 500 1
‘Cobalt BE-02 EPA Region 10
- Copper 4£.02 EPA Region 10 Gl ieritation
Lead ND ND
Manganese 1E1 FoodfiRIS medium CNS effects 1 1 1.7E-04 ‘RS CNS and 300 3
i : " resp.
. symptom
Mercury {in organic) 3E-4 HEAST . kidnay effects 1,000 ‘8,BE-08 HEAST 30
Nickal 22 Food/IRIS medium decrease bady 300 1
+ organ weight
| Selenium B.3E-3 IRIS hair + nall loss 3 - 1
Silver B3 - | VRIS T low atgyiia 3 ;
Thallium 7EE .| RIS |- seot and 3,000
- - . saram LDH : )
level
el
i &
i
a7
1 Tho=
w
3 -
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Table II-1.
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Summary of Noncarcinogenic Toxicity Information for Contaminants at the 1100-EM-1 Operable Unit. (sheet 2 of 3)

ORAL

" Gofitaminant INHALATION
Oral Rfd " Orel Rfd - Confidence Critical E¢fect Urcertainty Mogifying Inhalation " inkalation Bfd | Cnnfit[e.nce'. ©Gritical | Unceriainty Madifying
{mylkg-day) {basisfsourca) Lovel ) . - Factors Factars Rfd {hasis/source} * level  effect Factof Factor
: ) : " mglka-d) :

Vanadium 7E3 WaterHEAST nane 100

Zinc 281 HEAST anemia s 10
"BEHP 282 IRIS low liver weight 1000 1

Beta-HCH

{Haxachlorosycie-

hexane}

Chlordana BES FoodfIRIS low fiver 1,000 1

hypertrophy in :
mice
Chlorabenezene CoR2 Food/IRIS medium liver changss 1,000 1 BE-3 HEAST liver, kidney 10,000
affects
Cyanide 282 FoeditRIS medium weight loss, 100 5
thyreid affect,
ryslin deg.

DeT BE-4 Feod{lRIS medium liver lesions 100 1

Endosulfan [l BE& DietflRIS medium kidney toxieity 3,000 1

Endrin 34 Diet/IRIS low mild changes 100 1-

liver

Heptachlor 5E-4 Food/IRIS lew liver weight 300 1

2-Hexanene

Naphthalane 4,0£-02 Gavage/HEAST medium decreasad 1,000

welight
PCBs
Totrachlorogthene 1E-2 GavagellRIS medium . hepatofoxic in i,UlJU 1
HEAST 1981 mice, weight
) yain rat

L9-T6~"T/300
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% Tabfe' n-1. Sum'mzfry of NOncarcihbgenic_Tox.iczi'ty‘ Information for Contaminants at the 1100-EM-1 Operable Unit. (sheet 3 of 3)

Contaminant ORAL © INHALATION
Oral Rid Oral Rfd Confidence Critical Effect Uncertainty Madifying nhalation iwhalation Rfd Canfidence Critical Uncertainty Madifying
{mg/kg-day) {basis/sourca Lavel ‘Factors “Faetors Rfd {basisisourca) level effoct Fsctor Factar
{mglkg-d) '
1,1 1-Trichloroathane BE-2 Oral(HEAST 1,000 SE-DII Dral/HEAST 1,000
Trighlorasthane
Sources:  Integrated Risk Information System Access: March 1802a

Health Effects Assessment Summiary Tables (1892Zb) unless otherwise indicatad

ND Nat Detarmined
- Not Avaiable

4441
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Table II-2, Summary of Carcinogenic Toxicity Information for C.oritamina_n'ts' .

“at the 1100-EM-1 Operable Unit. (sheet 2 of 3) ~

Contaminaiit Weight of _ _ o : . ot
Evidence Type of Cancer Qral SF Oral .SF .+ Inhalation SF . [Inhalation SF

Classification : (mofkg-d! {source) imglkg-dl? {saurece)

Beta-HCH {Hexachloroeyco- c 18840 IRtS 1.8E+0 IRIS

hexana)

Chiordane B2 1.3E+0 RIS 1.3E+0 RIS

Chiorebenezene

Cyanide

boT B2 3.4E1 IRIS 3.4E-1 IRIS

Endosutfan Il

Endrin.

Heptachior B2 4.5E+0 fRIS 4.5E+0 IRIS

2-Hexanone

Naphthalene _

PCBs | B2 7.7E+0° - | IRIS 7.7E+0" Su.rrogata

Tetrachloroethens B2t 5.2E-2 Region-10° 2E-03 Region-10°

1;1,.1-Trichlqruethane ; |

L9-T6-TH/HO0A
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Table I1-2. Summary of Carcmogemc Toxicity Information for Contaminants

at the IIOO—EM 1 Operable Unit. (sheet 1 of 3)

Contaminant Weight of
Evidence Type of Cancer Oral SF Oral SF Inhalaticn SF Inhaiation SF
Classification {mofkg-d)* {source} {mglkg-d1! (source)
Antimony
Arsenic A Skin, Lung A.78E+0° Surragate BOE+1 - IRISfHEAST
Bari.um. |
Berylium N 4.3E+00 IRIS 8.4 HEAST
Cadmium B1 ND 6.1E+0 !RIS.'HEAST. :
Chromium V A lung ND A7E+01 IRISIHEAST
_ Cﬁ_balt
Copper
.Lead B2 ND ND
Maﬁganase
Mercury {in organic)
Nickel | A * Lung 8.4E-1 IRIS
Selenium
Silver
.'_Thailium.. _
: Vanadimr; R
'Z.i"nc' | o )
BEHP - B2 g | RS 1.4E-02° Surrogats.

L9706 I-I/HOd
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Table 1I-2. Summary of Carcinogenic Toxicity Information for Contaminants

.at the_ 1100-EM-1 Operable Unit_.' {(sheet 3 of 3)

* Contaminant © Waight of S - o - o
' Evidence - Type of Cancer Oral SF _ Oral 8F Inhaiation' SE | Inhalation SF -
Classification ' " (mgkg-d)! {source} mglkg-d)’ " (source)
Trichiorosthene B2 1.1E02 Region-10° 6.0E-03 Hegion-lﬂ‘ :

"Based on proposed arsemc unit risk of BE-05 ugi. {EPA 1991]
*Surragate; assumed same -as oral SF :
‘As recemmended by Superfund Technical Support Center, Aprli 1992 (EPA- 10, Personal Cummumcatmn] .
*Weight -of evidence classification under review
ND Not determined

- Not available
Sources:- -Integrated Risk Information System Access: March 18922

Health Effects Assessment Summary Tables (1992b uniess otherwise indicated}
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-1 °I9el

L

L9-T6"TH/HOA



* Other reported antimony-related symptoms include heart problems, vomiting, and diarrhea-_ '

DOE/RL-92-67

Antimony has been used in medicat treatments for persons infected with parasites. TN
Exposure to antimtony for prolonged periods can cause eye, skin, and respiratory irritations. ' N

The carcinogenicity and teratogenicity of antimony are currently unknown. High: _
concentrations have caused animal mortality but it is not known if this would occur in -
humans. Human health effects (heart problems and stomach ulcers) have been Observed
following exposure to airborne antimony at a concentration of 2 mg/m’ for § 024 months-

Lung, eye, and skin irritations were present following 9 years of exposure to 9 mgfm of
antimony.

Data from acute exposure indicate that the gastrointestinal (GI) tract is a target organ
following inhalation of antimony. Respiratory and cardiovascular effects alse occur, but at
exposure levels lower than those associated with gastrointestinal effects. The GI tract is aIso

targeted following oral exposure to antzmony There is no information on target ergans
followmg dermal exposures. :

Chronic exposure to antimony indicates that the respiratory tract, heart, eyes, and,

skin are target organs. There is ne evideénce of inereased cancers due to chronic ::urbome

antimony exposure by humans. Studies have shown that chronic oral exposures result in -

‘accumulation of antimony in the liver and GI tract. No dermal cancer studies were located
in the literature. '

The EPA has set an oral chronic reference dose (RfD) of 4E-04 mg/kg-d (IRIS) for

-antimony with an uncertainty factor of 1000. The RID confidence is low due to a lack of -

adequate oral exposure investigations. The critical effects in humans include altered blood N
chemistry, reduced Iengevnty and changes in the blood glucose level :

- The Occupauonal Health and Safety Admlmstratlon (OSHA) has set a hrmt of
0.5 mg/m’* of antimony in workroom air during an § hour time- -weighted average (TWA)
The National Institute of Occupational Health and Safety (NIOSH) recommends an identical

.lumt The American Conference of Gevernmental Industrial Hygienists (ACGIH) has a
_ Threshold Limit Value (TLV} of 0.5 mg/m*.

| 12. . ARSEMC

Arsemc is a common element found in the earth’s crust usually in the form of arsenic.

bearing minerals. It is difficulf to characterize as a -single element because its chemistry is
-very complex. Elemental (metallic) arsenic is a relatively non-toxic steel gray metal which is

fairly rare in nature. Trivalent and pentavalent forms are widely distributed in nature as both

- inorganic and organic compounds. The trivalent form is more toxic than the pentavalent

form, and the-inorganic is typically more toxic than the organic forin which is rapidly

eliminated. Soil levels range from 1 to 50 mg/kg, but are usually less than 10 meg/kg. In
the soil, compounds revert to arsenates which are held by clay soils and are not readily.

avaﬁable for plant uptake. Arsenic compounds have found use as pesticides, l’lbl‘blCldBG .
wood preservatlves pigments, and medicinal agents. S N



Depending on the chemical species; arsefiic can be toxic via all routes of exposure.
Acute arsenic poisoning is usually the result of homicidal, suicidal, or accidental ingestion of
inorganic arsenical. Arsenic is well absorbed from the gastrointestinal tract. Symptoms .

~include constriction of the throat, stomach pain, vomiting, fever, cardiac disturbances, and

watery diarrhea usually within 4 h of exposure. If the amount is sufficiently high (100 to
200 mg), death as a result of severe fluid loss and shock may occur within 24 to 48 h.

Toxicity in humans and animals results from the interaction of arsenic with sulfhydryl groups _
in essemna] protems

~ Chronic exposures can produce toxic reactions in the skin, mucous membranes, o

: gastromtestmai tract (GI) tract, and central nervous system (CNS). Peripheral vascular

discase (gangrene) related to a cumulative effect can occur. Liver injury has also been
associated with chronic exposure. Arsenic has a predilection for skin and concentrates in
hair and nails. Long term exposure to arsenic compounds can result in hyperpigmentation,
hyperkeratosis (thickening, drying, and cracking of the skin and growth of warts), and skin
cancer, -Skin cancer has been primarily associated with ingestion. of drinking water .
containing high levels of arsenic.” Chronic exposure through inhalation of arsenic compounds

can produce ‘weakness, loss of appetite, nausea, occasional vomiting and charrhea and lung
cancer. _

The oral RfD for arsenic provided in HEAST is 3E-04 mg/kg-d and the adverse
effects of concern aré keratosis and hyperpigmentation. Arsenic is a confirmed human
carcinogen (EPA welght—of~ev1dence~clas51ﬁcailon Group A) known to produce Iung cancer.
from inhalation and skin cancer from ingestion of drinking water. The inhalation slope

- factor (SF) listed in IRIS is 5.0E+01 (mg/kg-d)' and based on excellent exposure

assessment; using air monitoring and some biomonitoring, in large populations of smelter
workers.. The carcinogenic risk associated with ingestion of inorganic arsenic has been the
focus of much-debate. A mean unit risk of 0.00005 (ug/L)’ has been recommended by EPA -
(IRIS, EPA 1992). The unit risk is defined as the risk associated with a lifetime
consumption of inorganic arsenic n drinking water. Applying standard exposure
assumptions, this unit risk corresponds to an estimated oral slope factor of 1.73 (mg/kg dy'.
This proposed value, reflecting the most recent opinions regarding the mechanism of action
of ingested inorganic arsenic, is used to assess the carcinogenic oral exposure to arsenic.

The unit risk is based on human studies showing a definite dose-response relationship - -
between the consumption of drinking water and the development of skin cancer.

Recommended occupaiional air exposure limits of arsenic are also available. The
ACGIH has established a TWA TLV of 0.2 mg/m’ (as arsenic) for arsenic and soluble
compounds, in ‘situations other than the producnon of arsenic. OSHA has established a TWA
permtissible exposure Yimit (PEL) of 0.1 mg/m® for inorganic arsenic (29 CFR 1910.1018).

‘The National Institute for Occupational Safety and Health (NIOSH) recommended exposure

limit (REL) is 0.002 mg/m



1.3 BARIUM o o o 7N
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Barium is a silvery-white metal that occurs in hature in many different forms It is
found naturally in drinking: water and food. Barium and barium compounds are commonly
used in various industries and in human health care For example, barium carbonate, barium
chloride and barium hydroxide are used to make ceramics, pesticides and addrtwes for oil -
and fuels. Barium sulfate is used by medical doctors for medical tests and X-ray

* photography. There is limited quantitative information regarding the extent of barium

absorption following inhalation, oral or dermai exposure; however, as with other metals
banum is probably very poorly absorbed from gastrointestinal tract.

Occupatlonal studies of workers exposed to barrum dust have shown that workers’
have developed "baritosis". Affected workers did not:show any clinical symptoms except a
significantly higher incidence of hypertension (i.e., high blood. pressure). The most
commonly observed cardiovascular effects in cases of acute ingestion of barium compounds
are hypertension and abnormalities in heart rhythm, while respiratory weakness and paralys:s
is observed in cases of acute ingestion of barium salts by humans. Acute expostire: i rats
mdlcates a lethal doseso {LD,,) of 132 mg/kg—d for adult rats and 220 mg/kg-d for weanlings.

‘The EPA has set an RfD of 0.05 mg/kg-d for chromc oral exposures. Conﬁdence in
the oral RfD is medium. Increases in blood: ‘pressure -have been observed as a critical effect
in oral exposure studies. An inhalation RfD of 1E-04'mg/kg-d was derived by the EPA
based on a short-term reproductive study in rats. This RfD is under review and subject to
change as indicated in HEAST. There are no rehable data at present regardmg the - - /.\
carcinogenicity of barium, o P Lo

1.4 BERYLLIUM

.é

Berylllum occurs in nature in rocks, sorls and’ volcamc dust It (loes not ¢ occur in its

_elemental form naturally. - Beryllium compounds vary in water solubility. A major portion

of beryllium will bind to soil and is not likely to mlgrate deeper into the ground and -

groundwater

_ The pnmary exposure routes for beryllium are inhalation and mgestlon The dermal
route is a minor one. Most ingested beryllium (>99 percent) is excreted. Inhaled beryllmm

that enters the lungs remain there for an extended period of time (months to years).

Beryllium contact with open wounds can cause rashes .or ulcers. Acute airborne exposure to -
beryllium can result in lung damage similar to pneumonia. Hypersensitivity to berylhum can

- also result from exposures. Chronic exposure at levels permitted under OSHA. may result m

lung damage to some workers.

The EPA has set an oral RfD of 5E-03 mg/kg -d (IRIS) with an accornpanylng

‘ uncertainty factor of 100.. The confidence is low due to limited toxicity data by the ora'l

route. - There are no toxic effects reported for the reference dose.  Beryllium is a B2
(probable) human carcinogen. The human epidemiology studies are considered madequate TN
The oral slope factor (SF) for beryllium is 4.3E+00 (mg/kg-d)"' (IRTS) based on water /

KII-10
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ingestion, and the inhalatiou SF is 8.4E+'OO"(ulg/kg-d)‘] I(I'RIS). Both slope factors were
derived from experimental animal exposures to beryllium sulfate and other beryllium

compounds. Tung and bone cancer are the most common cancers assocmted with berylhum
exposure -

Airbbme 8 hour TWA workplace exposutes have been set as foliows: OSHA,
0.002 mg/m?* NIOSH, Ca (carcinogen)-lowest feasible concentration is 0. 00005 mg/m ;
ACGIH 0 002 mg/m’. _ _

1.5 BIS (2—ETHYIJ{EXYL)PHTHALATE

BIS (2*ethylhexyl)phthalate (BEHP) is a chemical used to make plastics more flexible. -
This compound is a constituent of numerous products including rainwear, flooring, shower =
curtains, and medical tubing. This substance and other phthalate-ester plasticizers have been
found to be general contaminants in virtually all soil and water ecosystems.. Insoluble
phthala!e esters complex with fulvic acid components of humic substances in soil. Fulvic
acid functions as a solubilizer for the phthalates and thus serves. to. mediate the mobilization

-and transport -of phthalates in soil and water, The widespread occurrence of phthalates such

as BEHP: has produced concern regarding their toxicity.

BEHP is well absorbed orally and there is evidence of some absorptlon through the

- dermal and inhalation routes of exposure. Acute toxicity is low by all routes of exposure.

No effects have been observed from a single 5,000 mg oral dose in humans while 10,000
mgs produced only some gastromtestmal distress.

Ammai studies mdicate the fiver and testes are target organs for adverse effects from

chronic exposure to BEHP. This compound has also been reported to affect male and female

reproductive capacity and oral ingestion has produced birth defects in laboratory. animals.

The chronic oral RfD is 2E-02 (mg/kg-d). A 1953 study is cited by IRIS in which the
observed critical effect was an increase in relative liver weight. Confidence in the RfD is
low to medium. Although sufficient numbers of animals were tested and multiple endpoints
wmeasvred, only two dosages were utilized for less than lifetime exposures to determine RfD.
Corr_oboraliing chronic animal bioassays, however, do support this RfD.

BEHP is considered fo be a probable human carcmogen (EPA B2 classification) based
on a 1982 National Toxicology Program (NTP) oral study in amimals. A statistically -
significant, dose-dependent increase in liver tumors. was observed in male and female mice .
and fcmale rates receiving BEHP in food. The oral SF listed in IRIS is 1.4E-02 (mg/kg-d)*.
A potential source of variation in the NTP study that could effect the stope factor in the use
of an intake based on standard food consumption rates rather than administration of a known
dose. Evidence for carcinogenicity of BEHP in exposed human populations is inadequate.

The ACGIH recommended TLV-TWA for BEHP is 5 mg/m® and a TLV short-term
exposure limit (STEL) of 10 mg/m*. The NIOSH REL is reduction of the exposure to the
lowest feasible concentration because of the cancer-causing potential of BEHP. The OSHA.
PEL for BEHP is 5§ mg/m’.

Ku-11.
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1.6 CHLORDANE

Chiordane is man- -madg chemlcal used prior to 1983 as an agncultural pcstncade and
until 1988 for termite control. - It is a multicomponent mixture with alpha- and gamma- .
chlordane as the primary components. Exposure to chlordane is possible via all routes
including inhalation, ingestion, and dermal absorption. Chlordane is extremely persistent in
the environment and can be toxic to wildlife. - -

_In humans, acute toxicity from inhaling h:gh concentrations of chlordanc vapors is :
manifested as headache, irritation, confusion, and gastrointestinal complaints. Slmllar
adverse effects have occurred after dermal contact and heavily contaminated soil for several
hours. Suicidal or accidental ingestion of large quantities of chlordane have produced liver
damage, ‘seizures, and death. The acute lethal dose i in man is not known but has been -
estimated to be 25 to 50 mg/kg by mgestlon

Chronic toxic effects have not been identified in WOrkers who produced or used
chlordane. The critical effects in a 1983 chronic feeding study in rats was regional IiVer‘
hypertrophy in female rats. Based on this study, the EPA oral RfD reported in IRIS is
6E-05 (mg/kg-d). Confidence in this RfD, however, is low. The database lacks adequate
reproductive studies, testing in multtple mammalian species, and inadequate assessment of
sensitive endpoints. Chlordane is known to biaccumulate in body fat with chromc exposure.,

The EPA classifies chlordane as a B2 probable human carcinogen. Results of a-1977
National Cancer Institute (NCI) study indicate a significant dose—response increase in liver
tamors in mice. These data are supporied by additional animal studies. However, evidence

- from human studies to -document the carcmogemmty of chlordane is insufficient. An oral SF

for chlordane of 1.3E+00 (mg/kg-d)" is reported i in IRIS. The mhalatlon SF pubhshed in

‘IRIS is 1 3E+00 (mg/kg-d) .

The OSHA establlshed TWA-PEL for ch]ordane is 0.5 mg/m with a recommcndatlon-
to protect skin in order to limit dermal absorptlon of chlordane. This occupational exposure.
limit is the same as that recommended by NIOSH and the ACGIH

1.7 CHROMIUM

Elemental chromium does not exist naturaily i in the environment, but is found
pnmarﬂy as a part of chromite ore. In compounds, this element exists in one of: threé.

“valence states, +2, +3, or +6. The trivalent form is an essential human micronutrient
“involved in carbohydrate metabolism. Adverse effects have not been associated with the

trlvalent form. The hexavalent form is Important mdustnally (typically in the form of
chromates) and has been associated with serious toxwmes _

Hexavalent chromium is mobile in soil, but under aerobic and ac:dlc soil condltlom

it is reduced to trivalent chromium which readily prec:pltates with carbonates, hydroxides,

and 5u1ﬁdes in the soil. Hexavalent chrom:um is. toxic to plants; however, plants actually

KIIle
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tolerate relatwely high levels of chromium i in the soil and do not bicaccumulate mgmﬁcant
dmounts

I—Iuman t0x1c1ty has been associated w:th hexavalent chromium by all routes of &
exposure -Hexavalent chromium is irritating and short-term high exposures can result in
adverse. effects at the site of contact, whether it is the skin, GI tract, or respiratory tract.

Such contact can result in coughing, wheezing, irritation aud perforation of the nasal mucosa,
and puimonary edema. Kidney and liver damage have also been associated with acute
exposures. H_exavalen[ chromium is a potent sensitizer causing allergic reactions in the

‘lungs, nasal passages, and skin. Long term exposure to airborne hexavalent chromium -

higher than natural background levels is known to produce lung and resplratory tract cancer

in humams

“The EPA has determined the oral RfD for hexavalent chromium as 5E-03 mg/kg-d

- (IRIS) based -on a drinking water study in rats. The confidence in this RfD is low and no-

crmcal effects were observed because of poor study deSIgn

Hexavalent chromium is classified by EPA as a known human carcinogen (weight-of-
evidence classification is Group A) by inhalation exposure. A number of studies,’ cited in-
IRIS, demonstrate dosc-response relationships betwsen hexavalent chromium exposure, and
lung tumor production.-The inhalation SF is 4.1 E+01 (mg/ke-d)y'. No-evidence exists to
indicate that chromium is carcinogenic by the oral route. ' o

* Occupational air exposu.re fimits for chromium are based on the toxicities associated
with differeat forms. For car_cinogen_ic forms of hexavalent chromium, the NIOSH TWA
recommendation is 0.001 mg/m®. The OSHA Permissible Exposure Level (PEL) for

chromium metal is 1 mg/m’®, and the Immediately Dangerous to Life or Health (IDLH) level
is 500 mg/m

1.8 - COPPER

Copper is a natorally occurring metal in rock, soil, water, sediment, and air. It also
occurs in plants and animals. Copper compounds are not easily removed from the
environment. Copper is an essential element for all known living orgamsms and is important
for iron utlllzatron in humans. '

h Exposure to copper can occur through the inhaleﬁon, ingestion, and dermal routes. .
Copper in concentrations over { mg/L has been found in household water supplies that utilize

- copper pipes. Dietary intakes of naturally occurring copper-containing foeds amount to

about 1 mg/day.

- Acute copper exposure by ingestion can cause vomiting and diarrhea. The copper is
excreted after several days. It is unknown how much exposure by inbalation and dermal
routes occurs. Chronic exposure to high concentrations of copper can cause eye, nasal and
oral irritations, headaches, dizziness and diarrhea. Liver and kidney damage can occur ‘
following high intakes of copper. Copper exposure is not known to cause cancer.
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o Workers exposed to airborne copper expenenced resplratory irritation, hepatomegaly TN
(enlargement of the liver), and ocular mucosal irfitation. Metal fume fever has been. : ‘

associated with exposure to copper fumes. Gastromtestmal effects include anorexia, nausea
and occasmnal diarrhea.

An mtenm oral RfD of 4. OE 02 mg/kg-d has been recommended for copper by the
EPA. “Gastrointestinal irritation is.the critical effect assocrated with copper exposure
Copper is not classified as a carcinogen.

‘The OSHA, NIOSH, and ACGHH occupational exposure Timit is 1 mg/m® as cOpper
dust.. ‘ . - o : LT

1.9 DDT

DDT isa synthetlc chemical produced for control of pests on crops and control of
insects that act a vectors for diseases such as malaria“and typhus. The abbreviation stands
for 1,1,1-trichloro-2,2-bis- (p-chlorophenyl)ethane It 'was one of the most widely used
pest101des in the world. Technical DDT is primarily: composed of three forms (p,p’-DDT,
0,p’-DDT and 0,0’-DDT), which are white, crystalhne tasteless and almost odorless solids.
In addition, 1,1-dichloro-2 2-hls(p-ch10rophenyl)ethylene (DDE) and 1,1-dichloro-2,2-bis -
(p- chloropheny])ethane (DDD) are found as contaminants and degradatron products m
technical DDT. DDT and its metabolites are persistent in the environment, bloaccumulate S
throﬂgh the food chain and have been detected in human adipose tissues. The presence of : /ﬂ\ o
DDT in the environment is generally as a result of past use of the insecticide and. subsequent _ g
movement from sites of apphcatmn to Iand water- and air. ' '

The central nervous system is a major target organ in humans and dmmals the liver

* is'also a-major target organ in animals. Occupatlonal exposure by inhalation, skin absorptlon ‘

and dermal confact with liquid forms of DDT have shown some CNS effects such as cold
moist skin, hypersensitivity to contact, tremor, and convulsions. “The acute oral exposure in

- mice mdlcates lethal doses, (LDs) that range from 237 to 325 mg/kg and in rats the LDy,

range from 113 to 800 mg/kg. Doses as hlgh as 285 mg/kg have been mgested accuientally

-~ by humans with no fatal resuits.

o C:hronie exposure of experimental animals to DDT is associated with tremors end'j
general hyperirritability. In one human study, DDT exposure for 12 to 18 months at
0.61 mg/kg have induced hepatic, hematological and cardiovascular responses “The EPA has

~ set an oral RfD of 0.0005 mg/kg and slope factors of 0.34 (mg/kg-day) for both oral and

mhalatlon exposures (HEAST). DDT is classified as. probable human carcinogen by EPA
weight-of-evidence classification (Group B2) based on positive cancer findings in animal -

“studies.

The OSHA occupational exposure limit TWA is | r'ng/m with indication for pot'ential ‘

'dermal absorptlon NIOSH regards DDT as a potentlal carcinogen and recommended the

exposure limit of 0.5 mg/m ACGIH recommended TWA for DDT of 1 mg/m’. L | —~
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Heptachlor is a synthetic chemical produced as a component of the pesticide chlordane
(approxnmately 10 percent by weight).. Heptachlor is metabolized to heptachlor epoxide by
humans, animals and bacteria in the environment. The EPA has banned the use of . -

heptachlor as an insecticide for crops, for homes and buildings; however, it is still approved
to kill fire ants in power transformers.

Human exposure to heptachlor or heptachler epoxide commonly occurs by ingestion .
of contaminated water or food, and may occur by inhalation and skin absorption. The target

- organ affected by heptachior and heptachlor epoxide are the central nervous system and the

hver (seen as changes in the enzymes and cells).

In humans, signs of neurotoxicity (irritability, salivation, lethargy, dizziness, labored
respiration, muscle tremors, and convulsions) are seen following exposure to technical grade
chiordane which contains between 6 to 30 percent heptachlor. However, these effects can
not be attributed solely to heptachlor. Heptachlor and heptachlor epoxide have long half- -
lives-and because they are lipophilic, they bioaccumulate in the adipose (fat) tissues.
Measmable levels of heptachlor and heptachlor epoxide have been detected in breast milk.
and serum w1thout evidence of adverse health effects. Acute éxposure in rodents and tabbits
indicate lethal doses, (LDy) that range from 40 to 162 mg/kg for heptachlor and 39 to
144 mg/kg for heptachlor epoxide.

.~ The EPA has set an oral RfD of 0.0005 mg/kg and a slope factor of 4.5 (mg/kg - T
day)” for both oral and inhalation exposures (IRIS). Heptachior is classified as probable
human carcmogen by EPA weight-of-evidence classification (Group B2) based on posmve
cancer findings in animal studies.

Both OSHA and the NIOSH recommended occupational exposure on TWA basis of |
0.5 mg/mr’. Only NIOSH regarded heptachlor as potential human carcinogen. The dermal -

absorpnom is likely and should be prevented as necessary. The ACGIH TWA for heptachlor '
is aiso 0.5 mg/m

111 Beta HEXACHLOROCYCLOHEXANE

~ Beta-Hexachlorocyclohexane (HCH) is a synthetic chemical that exists in eight
isomers. All HCH isomers are solids at room temperature. Gamma-HCH, commonly called
lindane, has been used a an insecticide on fruit vegetable and other crops, and to treat head
and body lice in humans. The general population can be exposed to lindane, alpha-, beta-,
and delta-HCH in the air surrounding heptachlor manufacturing plants or agricultural fields
where the pesticide is used, and through ingestion of contaminated food and water.
Production of lindane in the U.S. was prohibited by 1976, and none of the isomers are -
currently produoed in the U.S. It is currently imported from France, Germany, Japan and
China. The primary health effects associated with exposure to HCH are hematological,
hepatic, renal, immunological, neurological, reproductive and cancer.
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Most available information in the literature is for the health effects of lindane or
gamma-HCH. Typically, humans are not exposed to the individual isomers of HCH but to
gamma-HCH or to technical-grade HCH which contains several HCH isomers.  In rats T
hematological effects, spec1ﬁcaily reduced numbers of red and white blood cells, were
observed in rats fed beta—HCH in diet for 13 weeks. '

A

The EPA has set a SF of (1.8 mg!kg—d) for inhalation exposure (IRIS). It is
classified as possmle human carcinogen (Group C) since there is a limited ev1dence of
carcinogenicity in animals, and no published human data is avallable

Both OSHA and the NIOSH recommended exposure limits TWA of 0.025 mg/m? for |
gamma- hexachlorocyclohexane. The ACGIH determines exposure limit TWA of 0 5 mg/m
Skin precautions are also recommended to prevent dermal absorption.

112 LEAD

- Lead is a naturally occurting bluxsh-gray metal found in small amounts in the earth 8
crust. It is widely distributed in the environment, and can be transported fong distances
Anthropogenic sources of lead come from gasolme additives, various metal products,
ammunition, paint, and storage batteries. - The biggest single source of lead in air is from
automobile exhaust. Oral exposure occur from ingestion of contammated food and :
beverages in addition to incidental soil ingestion,

‘Acute exposure data for inorganic lead inhalation are not available. The repoi'ted N
lethal concentratlons0 (LCs, ) in rats for mhalatlon of tetramethyl and tetracthyt 1ead are 8,870
and 850 mg/m?, respectively. - :

Chlldren and pregnant women are the most sersitive populations to chromc effects
from lead exposure, - In children lead exposure is associated with frequent ingestion of dirt
(pica) and inhalation of household dust from crawling and playing on floors. The effects of
such exposure. are reported as a decrease in IQ, neurobéhavior impairment and hearing
problems. Excessive exposures can result in serious neurological effects including. changes
in brain function (encephalopathy) which may progress to coma. The moﬂallty rate for
untreated lead encephalopathy in children was approxtmately 65 percent prior to 1he .
introduction of chelation therapy. -

Transplacenta} transfer of lead from mother to fetus in humans has been demonstrated
in several studies. This transfer can result in nervous system damage or changes.  Lead also
interferes with heme blosynthems by altering the activity of three aminolevulinic acid
(ALAD) enzymes The result is a reduction of hemoglobm concentration in’ blood (ancmla)

_'Aithough EPA has-classn‘“led- lead as a B2 carcmogen (probable human carcinogen

:based on adequate animal studies) there are no Agency-verified toxicological values that can

be used to perform a risk assessment and to develop protective soil cleanup levels for-lead.
Studies relatmg soil lead to blood lead leveis are dlfﬁcult to compare. However EPA has
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recommended soil criieria for lead, as dan interim guideline (EPA, 1989b) of 500 to'l 000
ppm total Jead to be protective of sensitive populations.

113 .";NICKEL

" Nickel is a naturally occurring metal found in the earth’s crust. - Nickel can also be
found in wind-blown soil. Many nickel compounds are water-soluble, causing the water to =~
‘have a green color. Nickel is released into the environment during metal working processes :
and incineration and power preduction. Nickel will settle into the soil where it has an

- affi inity for iron- or manganese-containing particles. Under acidic conditions, nickel may

migrate into groundwater. Nickel does not.appear to bioaccumulate in fish or plants. Food-
naturally contains nickel, and adult dictary intake of nickel is estimated to be in the range of -
300 - 600 ,ugfday

Exposure routes for nickel include inhalation, ingestion and dermal contact. Inhaled -
particles can enter the bloodstream, if small, or remain in the lungs if large. Ingested nickel
will enter the body through the stomach and intestines. Smalil amounts of nickel can enter
the bloodstream through dermal contact. The kidneys are the primary target organ. Nickel

is excreted through feces and to a lesser extent through urine. Excretion is nearly cornpleted
in 4 to 5 days. -

Exposure to nickel has been shown to cause lung and nasai.sinu.s cancers. The heart,
blood, and kidneys have also been shown to be effected by exposure to nickel. Dermal
exposures can result in skin rashes and asthma. Allergic contact dermatitis from exposure to

nickel 'is common in persons in the general population. Nickel’s reproductlve effccts are
unknown .

- The EPA has cstablished an oral RfD of 2E-02 mg/kg-d (IRIS) based on food

_ consumpiion Decreased body and organ weights have been reported as the critical effects of”

nickel exposure. An inhalation RfD has not been determined: There is madequate ev1dence
for carcmogemmty by the oral route fo support the establishment of an oral SF. ‘

Airbome occupational exposure limits are: OSHA, 0.1 mg/m’ for soluble ‘compounds
and 1 mg/m’ for insoluble compounds; NIOSH, 0.015 mg/m3 based on a determination that
nickel refi mery dust is a carcinogen; ACGIH, 1 mg/m? for both soluble and insoluble
compounds. The ACGIH is currently reviewing its limits.

1.14 NITRATE

As a class, nitrate compounds are a variety of chemicals used as explosives,
medications, dyes, food additives, and as numerous other industrial products. Nitrate occurs
naturally, and the majority of dietary intake is from vegetables. The dietary contribution
from drinking water.is usually quite small. The nitrate form of nitrogen is very water
soluble and is highly mobile in water and soil contributing to concern over the presence of
these compounds in the environment.
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Exposure can result primarily from mgestlon of contaminated water, but may also be

)

related to the specific nitrate compound. However, as a class, acute exposure to mitrates ¢an
produce headache, decrease blood pressure, abdomlnal pain, dilation of blood vessels, and
methemoglobinemia, an impaired ability of the blood system to transport oxygen. Chronic-
exposure may.result in weakness, general depression, headache and mental impairment.

Human tomcrty to nitrates in water is due to- the conversion of nitrate (0 nitrite which
results in the oxidation of hemoglobin to methemoglobin. Animals are a poor model for
methemoglobin formation because many species lack nitrate-reducing bacteria. Infants,
however, are particularly susceptible to nitrates due to their high gut content of nitrate-
reducing bacteria, their lower enzymatic capacity to convert methemoglobin back to
hemoglobin, and the presence of hernoglobm F, whrch is more susceptlble to oxidation.

_ “The chronic RfD for nitrate as mtrogen is 1. 6E+00 mg/kg-d based on human mfant
studies of exposure to nitrate in drinking water. The observed adverse effect was .
methemoglobinemia. No uncertainty factors have been applied to this intake because of the
RfD was determined from epidemiological studies inthe most sensitive human populat:on
Thus, confidence in the RfD is high. Nitrate has not been evaluated for carcmogemc
potential. :

115 - POLYCHLORINATED BIPHENYLS

Polychlormated biphenyls (PCB’s) are very stable materials that contain 12 o RN
68 percent chlorine and are extremely persistent in the environment. Because of their low
flammability and stability, PCB’s have been used as insulating materials in electrical =
transformers and capacitors, as plastlclzers in waxes, in paper manufacturmg, and for a
variety ‘of other industrial purposes. The diversity of their use patterns, the large quantities
used, and their stability has led to wrdespread occurrence of these compounds in soil and
water. PCB’s have been banned from use in the U.S. since 1978, but are still found in older
electrical equipment and as contaminants in the environment. All PCB’s are mixtures of

chlorinated congeners, but the exact nature of these mixtures is unknown. Arochlor 1260 -

and Arochlor 1254 are commonly recogmzed PCB products The last two dlgrts in the

-number indicate the percentage of chlonne in the compound (i.e., 60 and 54 percent
o 'respectlvely) :

Exposure to PCB’s can occur from inhaling PCB- contaminated pamculates dennal

absorptlon or ingestion of contaminated food, soil, or water. Toxicity by all routes of -
~exposure is similar. However, because of high public awareness of PCB’s, in large part due

to thelr extensive publicity, concern about exposure may far outweigh documented human
tomcxty

Skm irritation can occur with acute and chromc exposure. A severe and drsablmg

 form: of acne called chloracne is the primary dermal effect. Chronic toxicity studies in - _
‘animals have suggested that PCB’s can cause resprratory tract impairment, neurotoxicity, . . N

liver damage, blIﬂ’l defects, and cancer. PCB congeners vary in their potency for producmg Y ) g
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biological etfects but little is known about which CONgeners may be responsible for the
effects aud to what extent the effects occur in humans.

 PCB’s as a group (not as specific congeners or total chlorine mixtures) are considered -
probable human carcinogens because of data in animals indicating increased liver cancer-in
exposed animals. However, the commercial preparations used may not be representative of
actual mixtures of congeners found in the environment. There is inadequate but suggestlve
ewdence that PCB’s may also cause liver cancer in humans by all routes of exposure

The EPA oral SF listed in IRIS is 7.7 (mg/kg-d)*. This slope factor is based on'a_

study in rats showing a sequential progression of liver lesions to liver cancer during the

natural life of the rat, The EPA carcinogenicity classification for PCB’s-is B2 (probable
human _carcmogen) ' ' :

O'ccupatlonal exposure limits for polychlorinated blphenyls are based on the chlorme |

content of the compound ‘Both OSHA and the ACGIH recommend a TWA of 0.5 mg/M®

for 54 percent PCR’s.  The NIOSH recommendation for an occupational exposure limit is

0.001. mg/M®. This level is the minimum reliably detectable concentration using the
y

recommended ‘sampling and ana]ytlcal methods. Skin precautions are also recommended to

'prevent dermal absoxption

1.16 ‘TETRACHLOROETHENE

Tetrachlorocthene, also known as perchloroethylene and tetrachioroethylene, is.a
nonflammable liquid solvent used for dry cleaning fabrics and for metal degreasing
operations. When tetrachloroéthene evaporates, it produces an etherlike odor. However; it
is relatively resistant to hydrolysis and biodegradation and thus persists in the environment.
Tetrachloroethene is moderateiy to highly mobile in soil and suscept:ble to SIgmﬁcant

‘leaching.

The primary route of exposure to tetrachloroethene is through inhalation of vapors.
Ingestion may occur from contaminated water. Dermal absorption is limited because
tetrachloroethene does not penetrate intact skin to any great extent. The principal target
organs are the CNS, liver, and kidney. Acute exposure to tetrachloroethene in confined,
poorly venttlated areas, can produce dizziness, headache, confusion, nausea, and difficultly
in walking. These effects are rapidly reversed when the individual is moved to clean air.
The effect of long-term, low level exposure is not as well understood. Studies in animals
suggest liver and kidney damage, birth defects, leukemia, and liver cancer may occur.

The oral RfD provided in IRIS for tetrachloroethene is 1E-02 (mg/kg-d). The critical
adverse cffects found in animal studies used to determine the RfD were liver damage in mice
and weight gain in‘rats. No inhalation RfD is currently available. Confidence in this RfD is
only medium; a good overall database of information is available, but insufficient

reproductive studies have been conducted.
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The carcmogenlcﬂy of tetrachloroethene is under review as is the classification of B2 N
(probable human carcinogen) or ¢ (possible hufian carcinogen). Currently, epidemiological
studies suggest an association between tetrachloroethene and an increased cancer risk but the
human studies provide no good quantltatlve exposure information and involve exposute to
other.chemicals. Thus, the association is inconclusive. “All SF’s have been withdrawn form
IRIS.  The Superfund. Technical Support Center recommends an oral SF of §. 2E ()2 (mg/kg—
d)y! and-an mhalanon SFE of 2.0E-3 (mgikg—d) k

1.17 THALLIUM

- Thallium is a bluish-white metal that is WIdely' distributed in_trace amounts in the
earth crust. It is present in air, water and soil. Tt can be found in pure form or mixed alloys
with other metals, Thallium can also be found combined with other substances such as
bromine, chlorine, fluorine and iodine to form salts. Thallous is the most commen form of
thallium in the environment. Manufacturing industries of electronic devices, sw:tches .and
closures are significant users of this metal. Thallium compouinds have limited use in the
manufacture of special ‘glasses and for medical procedures that evaluate heart disease.
Thallium was used as a rat poison unti! 1972 when it was banned in the U.S. because of its

' potentlal to cause adverse health effects in exposed human’ populatlons

- Human exposure to thallium may occur by inhalation, mgestion or dermal absorptlon
The general population is exposed most frequently by ingestion. of contaminated foods.
Thallium compounds such as thallium oxide and thallium sulfate can be lethal at reiallvely ' /—\\
low doses; however, typical human exposure levels are significantly below such doses. o N
Thallium compounds affect the respiratory, cardiovascular, GI, and CNS systems. They are
also-toxic to the liver, kidneys, and the male reproductwe system. Temporary hair loss has

_also been assocxated with mgestion of thallium in human

The EPA has set an oral RfD of 0.00007 mg/kg -d for chronic oral exposure' No

' published inhalation RiD is available. There are no rehable data at present regardmg the
carcmogemmty of thaillum : _

‘The OSHA, NIOSH and ACGIH each recommend an occupauonal exposure hmlt
TWA of 0.1 mgl’lM3 There is a potentlal for derma] absorpnon and should be prevented

- 'when necessary.

f L 18 1,1,1-TRICHLOROETHANE |

1,1,1 -trichloroethane (TCA), also known as methyl chloroform isa ha]ogenated

. hydrocarbon used primarily as a solvent because of a favorable combination of chemical,

- physical; flammability, and toxicologic properties. Although TCA is probably the least toxrc )
~ ‘chiorinated solvent, careléss use, high volatility, and poor dnsposal practices have contnbuted
to the potentlal human and environmental exposure.
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Acute exposure 1o TCA can produce CNS' depression. Inha]atlon of 1,600 mg/M® by
humans produces no untoward response. while inhalation of 5,400 to- 10,800 mg/M3 for
60 min can produce eye and nasal irritation and minor CNS impairment. The inhalation’ of -
100,000 mng3 for 60 min can produce anesthesia, cardiac sensitization to epinephrine, and
possible death. Chronic, industrial exposure to TCA over 6 years did not demonstrate 11ver .
toxicity or cardiac toxicity in humans. Sonie studies have suggested that animals exposed to .,
TCA may develop fatty livers and liver necrosis. However, no adverse effects were detected

_in a 6-month inhalation study in guinea pigs on which the IRIS oral RfD is based. An older

supporting study noted only slight growth retardation in chronically exposed animals. The B
oral RfD is 9.0E-02 {img/kg-d). Confidence in the RfD is medium to low because the
number of animals at each dose level was limited, lengths of exposure were variable, and .

few toxic endpoints were examined. No mhalatxon RID is published in IRIS; but HEAST

lists an inhalation RfD for TCA of 3. OE 01 (mg/kg—d) The adverse effect noted for the

mhalatmn RfD 18 hepatotoxmxty

Ammal studics have not demonstrated carcmogemcxty nor are there any human’ data '

‘reported to 1nd1cate that 1,1, 1-trichloroethane is a human carcmogen

i. 19 TRICHLOROETHENE _

Tll‘lCh]OI‘OLthGlle (also known as trichloroethylene) is a colorless liquid w1th an odor

- similar to ether or chloroform. This chemical is a man-made solvent used for degreasing -

metal parts, extracting caffeine from coffee, and in numerous consumer products such as
typewnter correction fluid, paint removers, and spot removers.

Trichloroethene moves readily through soil and groundwater. Ingestion of

contaminated water and inhalation of volatilized trichlorocthene are the chief source of

exposure Absorptlon is not significant from skin contact with this solvent.

“Acute oral toxicity in humans is fow. Death has occurred from an' ingested dose of
170 mg/kg. Acute effects from inhialation of trichloroethene are associated with the central -
nervous system (dizziness, headache, sleepiness) and occur at a threshold of 43610592 . -
mg/M®. Extremely high, acute exposures may produce cardiac rhythm disturbances. In
animals, chronic exposure 1o trichloroethene by inhalation and mgestmn has produced liver

- and kldne} damage and may affect reproductmty foxicity.

Neither_ IRIS nor HEAST currenﬂy provide an RfD for trichloroethene and
determination of an RfD is pending. Trichloroethene may induce lung cancer in animals
when inhaled and may produce liver cancer in animals from oral administration. The EPA
weight-of-evidence classification ¢f B2 (probable human carcinogen) is under review. The™
oral and inhalation SF’s for trichloroethene have also been withdrawn from IRIS pending
further review of carcinogenicity studies. The Superfund Technical Support Center- _
recommends an oral S of 1.1E-2 (mg/kg-d)” and an inhalation SF of 6.0E-3 (mg/kg-dy'.
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1.20  VANADIUM

' Vanadium is a metal found in compounds that arc widely distributed at low _
concentrations in the earth’s crust. Elemental vanadium' does not occur in nature, but is
associated with over 50 different mineral ores and in fossil fuels. Vanadium replaces other
metals such as iron, titanium and alyminum in crystal structures. Natural releases of
vanadium to soil result from the weathering of rock-bearing vanadium minerals, '
precipitation/deposition of vanadium from the atmosphere or water, and plant and animal -
wastes. Anthropogenic sources of vanadium are: fossrl fuel combustlon mining, sIag heaps,
sewage sludge and certain fertilizers. : '

The only s1gmﬁcant effect of vanadiom exposure in human is mild to moderate -
respiratory distress, and mucosal irritation from exposure o vanadium dust. Workers.
exposed to vanadium through inhalation may develop coughs, chest pain, sore throat or eye.
irritation that can last for several days, following the exposure. These cffects are not specific

to pure vanadium but are equally associated with other vanadim chemical forms, followmg
1nha1at10n exposure. :

- The EPA has set an oral RfD of 0.007 mg/kg-d for chronic exposure via drinking'
water ingestion. An assessment of carcinogenic potential in humans can-not be ‘made at
present because of the madequacy of human and animal data. :

_ The OSHA, NIOSH and ACGIH recommend the same occupational. exposure lrmlt
TWA of 0.05 mg/m’ as respirable dust and fume N‘{OSH recommends a ceiling; exposure
level (REL) for 15 minutes. '

1.21 ZINC

_ Zinc is a common element in the earth’s crust. Tt is detected in rock, soil,
groundwater ‘surface water, and air. Zinc may be released by natural or anthropogemc .
activities. Major anthropogenic sources are metallurgic wastes from smelter and refining.
operations, mining drainage, electroplating, smelting, plastrcs agricultural practices, and
mdustnal and mummpal waste effluents. -

ch is an essential nutnent and is found in alF foods The average American dar]y
intake is 12 to 15 mg, mostly from food. Zinc is 1mportant for the maintenance of heaithy

‘skin and hair, -good healing, and resisting infections. Zinc does nol accumulate with. .

continued exposure, but the body regulates absorptlon and storage depending on body - needs
It is often concentrated in the tissues of organisms even in the absence of abnormally hlgh

background concentrations,

Overexposure to zinc by oral ingestion can produce severe gastric and d:gestwe -
problems Inhalation of zinc dust or fumes from smelting or welding induced a syndrome
called metal fume fever, characterized by difficulty in breathing and flu-like symptoms.. “The
degree of adverse effects appears to be influenced by the associated compounds in zinc salt
or oxides. The EPA has set an oral RfD of 0.2 mg/kg-d. The critical effect of zinc
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exposure is anemia. No published inhalation RfD is available. Currently zinc is not
classified as a human carcinogen. '
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ThlS appendlx presents the equations used to generate the Intake and Risk Assessment ‘
Tables created for the residential scenario risk assessment, but are similar to those used for -

the industrial scenario. = All example calculations are based on the maximum contaminant
conceniration from the Phasc T RI data, although the same calculations can be used wnth the
95 percent UCL umu,nlrttl()m : o

1.0 CALCULATION OF CONTAMINANT INTAKES FOR THE SOIL

INGESTION, INHALATION, AND DERMAL PATHWAYS

“Standard EPA equations for calculation of intakes, as provided in RAGS (EPA,
1989a) and EPA (1991a) are used as the basis for all intake calculations. The basic equation
for calculating intakes, normalized with respect to ibody weight, via soil ingestion or
mhalatlon 180 :

Intake = CxIRxEF x EDXCF m
BW x AT ’
where:
Intake = ' chronic daily intake of the contaminant (mg/kg-d) .
c = concentration of contarainant in the medium (e.g., mg/kg or
: S mg/m?)
IR = intake rate (e.g., mg/d or m*/d)
EF - = exposure frequency (d/yr)
- ED - = exposure duration (yr)
BW = body weight (kg)
AT = averaging time (d/yr x yr)
CF = . conversion factor (as appropriate)

All exposure parameters (i.e., body weight, averaging time, contact rate, exposure
frcquency, and exposure duration) are those presented for the residential scenario, as
presented in EPA Region-10 guidance (EPA-10, 1991). A summary of the residential
exposure factors is provided in table ITI-1.
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Tahle H1-1. Summary of Residential Scenari.u‘Exp_usur_e Factors.

Exposure Factor

Reasonahle Maximum ExpuSu’rE’

Intake Rate

Ingestion _ : _
Adult - Soil 100 mgld
Child - Soit 200 mgld
_ -Adult - Groundwater 210
Inhalation S
Adult - Sail - 20 m¥ld
~ Adult - Groundwater {volatiles} 15 mid
Fish Ingestion® 54 gid
Garden Produce® :
Root [e.g., carrots) 0.88 gid
Leafy (e.g., lettuce) 1.1 gid
Garden fruit (e.g., tomato) 22 gid -
~ Potate 9.1 gid
Exposure Frequency 350 diyr

Exposure Duration

“ Soil Ingestion and Dermal

2.6 hid, 7 diyr [swimmingl

Aduit 24 it
_ Chitd 6 yr
" All other pathways 30 yr

. Body Weight
' Adult 70 kg
* Child 15 kg

Averaging Time
~ Garcinogens
. Non-carcinogens

.70 yr x 365 diyr
30 yr x 365 diyr

| 'Skin.‘Sur_face Area

. 5000 cm’ {summer); 1900'cm2‘lwinti3r)--

" Adult - Soil
Child - Soil 3900 o
. Adult - Swimming 20,000 ¢m?
Soil to Skin Adherence Factor 1 mgfem/d
: Cuhtaminant-Speciﬁc’ Absorption Factor.
‘ - Inorganics® 0001
CBEHP' 0.0065
All other organics® 0.06 _
| Permeahility Coefficient - Trichlorethene’ * 4E01 cmihr -
Groundwater Volatilization Factor* 0.5 Lim’

“EPA (1981a)

| “EPA {1992¢)

: *Factors based on EPA-10 (1991) unless otherwise specified
. %EPA (1986a)

*Calcilated factor; see Section 3.3.2

KITI-2
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" The intake equation provided above is modified to provide the absorbed dosc equatlon
for dermal exposures to contaminated soil. Exposure factors, as provided in EPA-10 (EPA-

10, 1991) are indicated.

(CS x CF x ABS x AR) [(MF_"_EE) child + (EA_,"_I;C-%.L?E) adult]

Dermally Absorbed Dose =

@
BW

where :

AT

Dermally absorbed dose = (mg/kg-d)

CS =

SA =

- ABS
EF

|

"ED .
CF
BW
AT

il

oo

maximum concentration of contaminant in soil (mg/kg)

skin surface area available for contact

(child: 3,900 cm?, Aduit: 5,000 cm®-summer, 1,900 cnr’-
winter) : _
soil-to-skin adherence factor (1 mg/cm¥day) o 5
contaminant-specific absorption factor (unitless)

event frequency (child: 1 event/day, 350 d/yr; adult: 1
event/day 350 d/yr with 90 d as summer and 260 d as winter)
exposure duration (6 yr) child (24 yr) adult

conversion factor (1E-06 kg/mg)-~

body weight (15 kg) child (70 kg) adult

averagmg time (noncarcinogenic effects: 365 d/yr x 30 yr
carcinogenic effects: 365 d/yr x 70 yr)

1.1 INTAKE CALCULATIONS

The following subsections present intake calculations for the soil ingestion, ﬂjgmve :
dust inhalation and dermal exposure pathways.

KHI-3
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1.1.1 Soil Ingestion

Non-Carcinogenic

intake mglkg—d =

(c ngkgme 08 kgimg) (‘2“” mgld}350 diyr x B vrl) chid + (neu mgld}350. diyr x 24 yrs}) adult
15 kg 70 kg
{365 diyr x 30 yil —

= € mgikg x 3.75—0.5 d? ) : @

Carcinogenic

Intake mgtkg-d =

15 kg " Tk

(C mg kngE 06 kgimgl [ (120[] mgfd)(350 diyr x B yﬂ) ch!lti . (HUU mgfdll35[] dIvr X 24 Vrsl) adult—l
- {365 dlyr x 70 vr_l

= mglkg X ‘I.BE-"dﬁ d’? : | . @ |

© 1.1.2 Inhalation

- Intakes for the inhalation of fugitive dust are calculated for a residential receptor at
each subunit and are based on fugitive dust emissions from that subunit only. Contaminant

specific concentrations within fugitive, dust are calculated by multiplying the subtnit spcc:ﬁc

.dust’ concentrat;on in table 3-1, with the maximum contammant concemranon in sori
‘table 2- 1.

Non_@arcmogcnic

- IC mgim%i20 m?d)350 dIyrl{30 vl o_ 3 o
] ~d - [H 0.27 -4 - {5)
ntake mofkg- (70 kgl30 7 X 365 dfyrl mgim? x mkg - -

KN4
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Carcinog enic

{70 kgK70 yr x 365 diyr)

1.1.3 :Dermal Absorption

Non-Carcinogenic

* Dermally Absorhed Dose mgfkg—d =

{CS mglkgH1E-06 kg/mg){ABSH1 mglem?-d} -~

(3900 om?)(350 diyek6 y) | oy , [ 15000 cm?90 diyrli24 yri , (1900 em?260 diyrii24 yi ) .
I8 15 kg - 70 kg 70 kg ]

{365 dfyr x 30 yr)
 = €S mglkg x ABS x 78E-05 47 - {7 .
‘See t_abi.e D-1 for ABS values (contaminant-specific absorption factors) and sources. |
Carcin_og‘enic
Dermaﬂx‘I Ahsn.rhed Dose mglkg—d =

(€S mghkgl(1E~0 kglmg)(ABSI(T mglcm?~d)

H (380C cm2{350 dyr)i6 yrl} child + ESUUO_ ¢m?)(90 diyri24 yr) 1900 cm?{260 diyri24 V"]] aduﬂ

15 kg 70 kg 70 kg
: {365 diyr x 70 yr)

= CS mglky x ABS x 3.4E-05 d~° B @

See table III-1 for ABS values (contaminant-specific absorption factors) and sources.
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1.2 - EXAMPLE CALCULATIONS
All example intake calculations are made using the maximum contaminant

concentrations for arsenic at the HRL. Calculations are not performed for the non-
carcinogenic inhalation pathway because none of the COPC have an mhalatlon RfD.

1.2.1 Soil Ingestion
Non—Carc_inogenic

N 6.6 mg/kg x 3.7B-06 d' = 2.4B-05 mg/kg-d.
Carcinogenic |

6.6 mg/kg x 1.6E-06d" = 1.0E-05 mg/kg-d

'1.2.2 Inhalation

: The concentration of arsenic in air, contributed to the residential receptor via the _
inhalation of fugitive dust from the HRL is:

€ {mgim® = U {mgtkg) x D {ugim® x CF (kglug) SR
where:
c = Contaminant concentration of arsenic in ar.
u = maximum contaminant concentration in soil for arsenic at the HRL (table 2«1).
D = Dust concentration at remdentla! receptor for the HRL {table 3- 1)
CF = Conversion Factor = 1E-09 kg/pg. o

G =66 mglkg x 9.93 wgim® x 1E-09 kgl,ug 6.6E - 08 (mgim¥) L '_ (1)

Therefbre,

Caibihogenic
Intake = 6.6B- 8 mg/m® x 0.12 mslkg dx 30 =2 4Eﬂ()9 (mg/kg—d)

Assumes approximately 30 percent of the inhaled dose of arsenic is ahsorbed

* KII-6.
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Non—‘Carcin'OQEnic
Not applicable.

1’.2.3 D_éﬁﬁal Absorption

* Non-Carcinogenic

6.6 mg/kg x .001 x 7.9E-05 d! = 5.2E-07 mg/kg-d
Carcinogenic -
6.6 mg/kg x 001 x 3.4E-05 d"' = 2.2E-07 mgrkg-d

2.0 CALCULATION OF CONTANIINANT INTAKES FOR THE GARDEN -
PATHWAY -

Calculanon of contaminant mtakes was performed for 4 categories of Vegetables

1) . Leafy (lettuce)

2)- - Root (carrot)

3 Garden vegetable (tomato)
4y -Potato

ta

2.1 PLANT CONCENTRATIONS

Before intakes can be calculated a contaminant concentration within each plant must
be determmed via the following equation: :

CP = SC x UF
where:
cP = concentration in plant mg/kg
- SC = maximum soil concentration mg/kg
UF =  uptake factor (unitless)

Table 'I_II—"). presents the uptake factors specific to each vegetable category.

KIII-7
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Table -2, | Summary of Plant Uptake Factors®.

~ Contamipant . Leafy Root '_ Garden Fruits o Pdtatées-

Arsenic 1 0.04 | 0.02 0.002 | 00006 -
BEHP* 038 0.36 0.2 002
Beryllium* | 043 0.26 0.041 0.06
Chiordane 0.02° 2.0 Coare 0
Chromium 0.2 0.26' 0.041¢ 0.06¢
| PCBs. 0.38 0.36 0.02 002
Tetraéhldroethéne NA CNA NA NA
1,1,1'-Tetrachloroe;hane _ NA NA’ 'NA - NA
Tnchloroethene _ | NA NA NA NA

*All uptake factors expressed as [;Lg/g tissue DW (ug/g soil)y ']
*Source: EPA 1986a unless otherwise indicated

:1 “PCB uptake factors used as_surrogates for BEHP
| 95% UCL of mean for uptake factors of As, Cd, Pb, Hg, Ni, Se, Zn (EPA 1986a)

"Heptachlor uptake factors used as surrogates for chlordane

95% UCL of mean for uptake of chlordane by sugar beets
' _g Kabata - Pendlas and Pendias 1984

NA Indicates not applicable

KITT-8
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2._1;1.'-'Cal¢ulation of Contaminant Concentration in the Four Vegetable Categorieé

: All example calculations use the soil concentration of arsenic at HRL.

: Leafv (J“L,cttuce)

CP mg/kg = 6.6 mglkg x 0.04 = 0.26 mg/kg

CP mg/kg = 6.6 mg/kg x 0.02 = 0.13 mg/kg

Garden Vegetable (tomato)
CP mg/kg = 6.6 mg/kg x 0.002 = 0.013 mg/kg
Potat'o. |

CP mg/kg = 6.6 mg/kg x 0.0006 = 0.004 mg/kg

2.2 INTAKE CALCULATIONS

The following section presents intake calculations for the four vegetable groups. (leafy,

root, ganden vegetable, and potato).

* The basic intake-equation is:

CP x IR x EF x ED x CF -

Intake mg/kg—-d =
ake mg/kg BW ¥ AT

where:

- CP = concentration in plant mg/kg

EF = exposure frequency (350 d/yr)

ED = exposure duration (30 yr)

CF = conversion factor (1E-03) kg/g

BW = body weight (70 kg)
AT = averaging time:

carcinogens (365 d/yr x 70 yrs)
_ non-carcinogens (365 d/yr x 30 yrs)

‘IR = intake rate for specific vegetable (g/d)

KHI-9
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Vezetable Grour) Intake Rate ( E-/d)

Iﬁafy (lettuce) 1.1
Root (carrot) ‘ - 0.88
Garden vegetable (tomato) 22
Potato 9.1

Non-Carcinogenic

d = ICP mgfkgllR gid)(350 diyri30 wH1E-03 kglg)
{70 kg}365 diyr x 30 yr

Intake mogfkg- =
' {12}

Intake mgtkg-d = CP mglkg x 1R gid x 1.4E-05 ¢ B

Carcinogenic

_4 = 6P mgkg)IR ghf)i350 diyr)30 yril1E-03 kalgl

Intake mglk
n a._e mglkg - {70 kg){365 diyr x 70 yri

(13)

Intake mgfkg—-d = CP mglkg x IR gid x 5.9E-06 ¢

23 EXAMPLE CALCULATIONS

‘Example calculations for the noncarcinogenic intakes are made using concentrauons

for arsenic at the HRL. As discussed in section 4.2, arsenic in plants is predominaily in

organic forms that are not carcinogenic. Therefore, beryllium is used to calculate the '

“example carcinogenic intake.

Non—Carcmogem (leafy) arsenic

Intake = 0.26 mg/kg x 1. 1gldx14E05g' —4E06mg/kgd

' Carcinogenic (leafy) - beryllium

Intake = 0.56 mg/kg x 1.1 gid x 5. 9EZ—O6g" = 3.6E-06 mg/kg-d

The additional three vegetable categories are calculated in the same manner wnh the ‘

group specific intake rate (see section 3. 2) and plant contaminant concentrations (tab]e 3- 3)
:as the two vanables -

KIm-10 - S .\
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3.0 ‘CALCULATION OF CONTAMINANT ]lNTAKES FOR THE GROUNDWATER
PATHWAYS '

- As in sections D2.0 and D3. 0, Standard EPA Bquatlons for calculation of contaminant -
intakes, as provided in RAGS (EPA, 1989a) and EPA (19913.) are used as the basis for -
groundwater contanyinant intake calculations.

The basrc equatlon for calculatmg intakes via groundwater lngestlon or volatile
mhalanon is:

CxIRxEFxED
Intake = B AT ‘(141
where: _ :
Intike = estimated contaminant intake (mg/kg-d)
= estimated water concentration (mg/L)
IR = ~contact rate (2 L/d)
“EF = exposure frequency (350 d/yr)
- ED = exposure duration (30 yr)
BW = body weight (70 kgy
AT = averaging time:

carcinogens (365 d/yr x 70 yrs)
non-carcinogens (365 d/yr x 30 yrs).

For volatile inhalation the equation is modified to include a volatilization factor (K):

Therefore, .-

CW x IR x EF x ED
BW x AT

Intake =

- (15)

where:

KITI-11
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estimated contarinant mtake (mg/kg-d) o L
estimated water concentration (mgfL) x K voiatlh?allou factor (O 5

L/m?)

contact rate (15 Lid)

exposure frequency (350 dfyry
exposure duration (30 yr)

body weight (70 kg)

averaging time:

" carcinogens (365 d/yr x 70 yrs)

non-carcinogens (365 d/yr x 30 yrs)

31 Intake Calculations

" The following Subsections present intake calculations for the groundwater ingestion

 Non-Carcinogenic

- Carcinogenic

~ and volatile inhalation pathways.

._3.1.1 ‘Groundwater Ingestion

Intake mgtkg—d =

(C mgiL)(2 LI)350 diyiN30 yo -

(70 kg(365 diyri30 yi}

= Cmg/L x 0.027 Likg-d

Intake mgtkg—d =

{C mgiLi2 /350 diyri3o yr)
{70 kgh365 diyr x 70 yri

= ¢ mglt x 0.012 Likg—d

KHI-12
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'3.'1'_.2' ..;In'halation of Volatiles
Nﬁ Qn—Carcinég' enic
- Not applicable. |
Carcinogenic
' : Intake mgtkg—d =

{C mg/L{15 m3d)(350 diyri(30 yr{0.54 m3)
{70 kgl(36% dfyr x 70 yr)

{18y
= C mgft x 44E-02 Likg—d
3.2 ‘-EXA'MPLE CAPCULATIONS
Example calculations are performed using the maximum contaminant concentrations |

for nitrate and trichloroethene as appropriate.

3.2.1 Groundwater Ingestion

Non-Carcinogenic - Nitrate

61 mgil x 0.027 Lkg~d = 1.7 mghkg-d 09

Carcmogem - Trichloroethene

0.11 myil x 0.012 Likg—d = 1.3E-03 mglkg—d 20)

3.2.2 Inhalation of Volatiles

Non-Carcinogenic

~ Not applicable.

KII-13
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Carcinogenic - Trichloroethene

0.11 mglL x 4.4E-02 Likg~d = 4.8E-03 mghkg—d R

4.0 = CALCULATION OF HUMAN HEALTH ASSESSMENT
Hazard Quotient
‘The basic equation for determining the HQ for all pathways is:

'HQ = URID

where:

HQ hazard quotient (unitles's)
I intake (mg/kg-d) .
RfD = contaminant- spec1fic chronic reference dose (mg!kg—d)

i

I_ncretﬁental Cancer Risk
- "The basic equetion for determining ‘the ICR for all pathways is: o :‘ o L
ICR =1xSF
‘where:
ICR

I
SF

lifetime incremental cancer risk (unitless) -
intakg (mg/kg-d)
contaminant-specific sfope factor (mg/kg-d)'

Bt

: '_Note: All ICR calculations are made to one significant figure only.

‘4.1 EXAMPLE CALCULATIONS

.~ All example calculations ere made using values for arsenic at the HRL with the -

o exceptlon of the HQ for the Inhalation Pathway. No HQ’s have been calculated for thrs

pathway since there are no published inhalation RfD’s available for any of the COPC

Kio-14 L
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4.1:1 Soil Pathway

4401 . Soil Ingestion

Haiard Quotient

Ho = 2-%E-05 mofkg—d |
3.0E--04 myfkg—d

0.08 : Ry

Incremental Cancer Risk

ICR = [.0E-05 mghkg-d x 1.7 (mghg-0)" = 26-05 -~ @

4.1.1.2 Inhalation of Fugitive Dust

Hazard Quotient - Not Applicable

Incremental Cancer Risk
ICR = 2.4E-09 mg/kg-d x 50 (mg/kg-d)* = 1E-07*

" “The slope factor for arsenic is based on 30 percent absorption of the inhaled arsenic, -
Therefore, mmtakes have-been adjusted accordingly for arsenic; to determine the ICR.

4.1.1.3 Dermal Exposure

Hazard Quotient

3.0E-04 mgfkg-d

Incremental Cancer Risk

ICR = 2.2E-07 mgfkg-d x 1.7 (mgfkg-d)' = 4E-07

KIL-15
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4.1.2 Garden Pathway
The values used to calculate HQ and ICR for the garden pathway are the totél
contaminant intake, i.e., the sum of all the intakes for arsenic for the four vegetable groups
combined. As discussed in section 4.2, arsenic in plants is predominantly in organic forms
that are not carcinogenic. Therefore, beryllium is used for the example ICR calculation.
'Ha'zard. Quotient - arsenic

Hg - B-E-06 mglkg-d _

B.4E-08 mkg-d _ ) | N
3.0E-04 myfkg-d '

Iﬁ_creﬁlental Cancer Risk - berylium

ICR = 1B-05 mg/kg-d x 4.3 (mg/kg-dy' = 4B-05

- 4.1.3 Groundwater Pathway

4.1.3.1 _ Groundwater Ingestion

_ 1.7 mghg-d _ i

1.7 mgikg—d (26}
1.6 mglkg-d-: -
| ‘-"Incremental Cancer Risk - trichloroethene __
R ICR = 1.3E-03 mglkg-d x 1.1E-02 {mgkg-dI" = 1E 05 S 2
4.1.3.2.  Inhalation of Volatiles
' Hazard Quotient
~ Not applicable.
- Irj;irefn-éhtal Cancer Risk - trichloroethene ,
' | ICR = 4.8E-03 mg/kg~d x 6.0E-03 (mghkg—t)" = 3E-05 o

KII-16
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APPENDIX IV

STATISTICAL INFORMATION
FOR BISRA AND BRSRA
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- This appendix presents the methodologies and results for the calculation of the . . .
95 percent upper confidence limit (UCL) of the mean contaminant concentration. Soil .
contaminants are discussed in section 1.0 and groundwater contaminants are discussed in -

-sectron 2 0. A discussion of upper tolerance limit calculations is provided in section 3 O

1.0 'CALCULATION OF 95 PERCENT UCL’S FOR SOIL CONTAMINANTS -

_ To calculate the 95 percent UCL, data were used that appfoximétely represented the

- distribution of specific contaminants for each site. Data that were rejected by validation

were not included in calculations. All data from the Phase I and Phase II RT’s were =~
considered but not all data were used in the calculations. Selected data at the Horn Rapids
Landfill (HRL) and the UN-1100-6 subunit were selected to provide analyses of "hot spots”
for soil and the contaminant plume in the groundwater in the vicinity of the HRL, as
discussed below. This provides a conservative bias to the 95 percent UCL for certain
contaminants. For a contaminant of concern, specific to a subunit, one-half the sample

_quantitation limit (SQL) (DOE-RL 1992) was used in the calculations when a contaminant of

concern was not detected in a sample. These are reported at one-half the SQL (j.e., noted
witha U qua]:ﬁer) in all tables in this section. Anywhere PCB’s were detected, the
measured concentrations or one-half the SQL, were summed for all the Arochlors detected at
that subumt :

" Phase T soil data used in the calculations were taken from DOE-RL (1990) and
Phase TI soil data is presented in appendix D.

95 percent UCL was caiculated as follows (Hines and Montgomery, 1980):

95% UCL = Sample average + {, 4 (sampie standard deviation/square
' o root (n)) '
n = sample size
t = Student’s t statistic for «, df (i.e.; degrees of freedom)
where:
o = 0.05
df = n-1

~The 95 percent UCL’s for soil contaminants are summarized in table V-1. The data .
used for calculating the UCL’s is provided in tables V-2, V-3, and V-4 for the UN-1100-6
subunit, the Ephemeral Pool, and HRL, respectively.
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Table IV-1. Summary of Statistical Calculation Information for_S(iiis;

Sample Mean

| Sam[jle '

a5% UCL

_ . Sample
Location Contaminant Cdncér_ttratiqn - Standard Deviation Number mglkg
mytkg mglkg
Ephomeral Pool Chlordane 14 089 g IRER
Ephemeral Pool | Total PCBs 85 14 g | 15
' UN-11006 -BEHP 13,300'_” T 6 | 18,000
UN-1100-6 Ctlordane L1 056 5 16
Horn Rapids Landfil | Arsenic 13 6.7 100 4
 Horn Rapids Landfill | Beryllium u.s' ! 03 100 a.s“"
Horn Ragids Landfil | Chromium a [ 170 55 8
Horn Rapids Landfil | Total PCBs 28 % P 38

KIV-2
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Table IV-2. Sum.mary of Phasc | BEHP and Chlordane Surface

Soil Sampling at UN-1100-6.

BEHP - Bist2-ethylhexylphthalate :
_* ‘Chlordane is sum of alpha and gamma chlorane
Q - data gualifier '

KI1v-3

Sample BEHP “Chlordane
No. uglkg o uglkg ]
S6150 | 25000000 1860 4
s61s1 | 670000 530 J
S6152 | se00000 1780 J
Iseis3 | 11000000 820 J
s6154 | 13000000 860 J
] s6155 . 14000000 670 J
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Table IV-3, Summary of Phase 1 and Phase 2 Soil Samplmg Data
at the Ephcmeral Pool
{ SDG Bﬁf:iﬁg ‘Lu;:. | Sample No. Samﬁlg |- Total PCB's “Chlordane
' Depth{fty | ugtkg. ugfkg
PHASE | DATA
|seson {wmk | ssieea | 005 4700 480
| | uNK | ss1e8a |o005  [300 3 1181
PHASENDATA B ) _
BOOGST B BOOGTS | § 170 |v [2800
E2 | BOOBST | § 42000 | 950
| E3 |eoossz |s 11000 [s |70
£4 | soogss | s | 165 |u | 540
E4 | Boogs4 | | 170 u | 730
£ Bos77 |s |1 u | 2560
| £ {Booes6 | S 190 Tu {1710

PCB's - polychiorinated biphenyls

*. Chlordane is sum of alpha and gamma chlorane

Q - data: qualifier

KIv-4
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Table IV-4. . Summary of Phase I and Phase II Soil Sampling at the Horn Rapids Landfill '_(sheet-:l of 8). -

b7
ket

%.:

.znf za,

LY

Ghrumiurﬁ

| Total PCBs

SnG Boring Loc.. S'a_mpie No. Sample Depth Arsenic Beryllium
o ' mglkg ‘mglky o mylkp ughky
PHASE | DATA o . i NA
AH188S) AH168S 0.05 0.65 y 0.48 NA NA
A13075 | ' o |
AH16SS 005 15 J 0.09 u NA NA
AHIT1S 005 21 s oa NA NA
AH172s | 005 18 079 NA - NA
AH1738 005 0.67 J 0.106 NA NA
AHITAS | 005 11 J 0.08 NA NA
AH1758 0.05 16 0.08 u NA NA
AH1768 00.5 1.1 | 0.085 U NA NA
AH177S 005 17 02 NA NA
AH178S 0-0.5 0.96 J 0.2 NA NA
AH178S 005 i, J 0.085 U NA NA
AH180S/ AH180S 0-0.5 0.62 0.085 U NA NA
A13128 : |
AH181S 005 2.3 0.83 NA NA
AH184S 005 0.87 0.13 NA NA
AH18ES | 005 3.6 0.67 NA NA
AH186S W8S ) 005 1.1 0.09 fu NA NA
AH1865 lamszs {005 13 0.085 U |NA Cwa
| AHiges | 005 11 {009 U {NA tha

L9-T6-TH/A0d
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. "Table IV-4, Summary of Phase I and Phase IT Soil Sampling at the Horn Rapids Landfill (sheet 2 of 8).

. Bdriﬁg. Loe.

1 Sample No.

Sample Depth

B Arsenic -
mglkg

Barylliﬂm
myfky

Chromium

- malky

Total PCBs ..
uglko

-AH1B3S

005

1.8

0.095

NA

AH1908

0-6.5

21

[ 018

NA__

NA

NA

AH181S

005

14

0.08

NA

| NA

AH1928

005

1.5

0.08

NA

NA

AH1938

0-0.5

1.2

0.0

NA

NA

{aH10as

005

1.1

0.095

| Na

I na

AH1988

0-0.5

1.8

10.095

NA

NA

| AH198S

0.05

18

| NA

NA

0-0.6

1.7

{ 0.085
1 0.085

I NA

NA

L 9-AIM

AH197S
| an1ses

005

2.2 =

| 009

‘NA

A

| 'an1ags

Joos

13

0.085

NA

NA

AH200$

{005

1.6

0.08

NA

NA

AH201S

0-0.5

0.92

007_

NA

| AH2028

005

19

0.08

NA

™

AH2038

005

07

0.07

L

5000

AH2048

0-0.5

19

0.08

NA

NA

| Ana0ss

005

148

|09

cleclelclcleciclclele e ijc e |le|afjae |l

| NA

NA

1976 TA/A0a
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Table IV-4. Summary of Phase I and Phase II Soil Sampling at the Horn Rapids Landfill (sheet 3 of 8).

93128 )21 1384

S0G  Boring Loc. Samﬁlé No. | Sample E}ep.th' Afs@_mic B | Eerylliurﬁ _ Chr'umiu.m' o & Total PC_Bé
: P o o ‘mefkg mglkg mglkg ugtky
AH206S | anzoss {005 {19 0.62 N NA
| AH207S 005 12 ITE R [na NA
AH208S | 0-05 15 J i NA | Na
AH209S | 005 12° 14 0.94 INA NA
AH2118 0-0.5 19 J 0.85 NA NA
AH2128 005 1.8 J 0.98. NA NA
AH2138 0:05 14 J 1 NA NA
AH2148 00.5 2.1 J 052 NA NA -
AH2158 005 NR R NA NA
AI6158 | HRL2 A1802S 025 1.2 0.42 9. NA
ATBI4S (5179 1.3 J 0.52 6.6 NA
A1805S 5.1.7.9 1.1 J 0.55 6 NA
A1807S 13.9-16.2 0.67 J 0.57 5.1 | Na
1 At8108 139162 | 0.67 J 0.55 7.3 NA
A19015 - |HRLS A025 [o25°  laz 059 13.2 NA
A20048 4575 13 056 7.8 NA
A2005S 4.67.5 18- 0.69 6.6 NA
A2007S 10.8-13 14 J |os 48 NA
a1901s.  |HRLZ - | a2008s 14517 14 0.78 7 NA

e

L9-T6-TH/A0A
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L

- L _Ta'b_['e:_IVA.' Summary of Phase I and-Phas_e i Soil Sampling at the Horn Rapids Landfill (sheet 4 of 8).

N

@

sﬂG : B.(;rin.g--t'qc.' .,.f"ﬁ-étmp.lé'No. . -Sﬁ'mpie Depth Arsenic - Beryllium Chromium - Total PCBs
_ ' _ mifkg a mghkg mylkg uglkg
A19125 HRL4 AZ2028 02,8 0.82 J |oss 4.1 | 65000
A2204S 549 15 0.97 7.4 NA
A22058 | 548 11 087 6.2 NA
A22078 | 105136 1 11 | 10 | na
a22008 | 146169 |17 .1 {1280 NA
15O © | HRLS At502S | o021 111 J 0.58 157 J NA
| at5038 3.8 056 J Joss a1 J NA
| at5048 0486 0.71 J 0.71 {52 ;|
|asoss . |sans  jore |4 0.8 |6 J NA
-A15._r'17s 9.4-11.8 079 J o8 {62 J - NA -
A15088 131156 {078 1o 81,5 s NA
HRL6 AIBOIS | 2448 067  |J 0.38 7.9 IE NA
A16025 | 4871 0.81 J |oss 78 s NA
_A1604s 7,194 0.372_ J 048 48 J |'NA
A1506S 4118  “|od |y |oas |52 J NA
AGO7S | 118138 {057 J 058 13.7 b N
I | ateoss | 118138 oz |y 052 |8 J NA
anus o lwr  |azsms o2s AE {9 foss  les i
b ameas fasr2 o fos o oz e Ina

’/."’_‘-\

L9-T6-TA/HOQ
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Table IV-4. Summary of Phase I and Phase II Soil Sampling at the Horn Rapids Landfill (sheet 5 of 8).

|2

iy

8 Y21 1

%

8

i

. 806G Baring L'éc. _Sample'No. Sample Débth A_rsénic : Beryilium - o ..Chrumium ' .Tut.a!-,.PCBs . _:_
: I . kg - mygkg - a - mqlkg_ o uglkg
A22148 HRL-7 A23048 1872 0.82 J 054 9.7 N
| A23088 89112 42 ! 0.76 55 NA
_ A23108 12.7-15.1 0.97 J 0.61 9.1 NA
A1401W HRLS A14028 0-2.5 {1 0.95 162 NA
A1404S 5.9.7.4 1.0.73 0.73 114 NA
A14068 8,7-10.9 0.2 1 284 NA
A14088 10.912.8 0.45 0.89 72 NA
A14088 15.17.3 "1 1 118 INa
A16158 HRL-9 A17015 0-25 0.76 J 0.44 5 J NA
| At704S | 3748 0.46 J 0.51 24.9 J NA
A17088 6.8:9.1 0.58 J 0.62 14 J NA
A1707S 6891 0.37 J 0.48 13.2 J NA
-| 17088 10.9-13.1 0.48' J 042 4.7 J NA
A19018 HRL-10 A1901S 0-2.3 1.9 0.37 10.8 J NA
ases [234 1.7 0.61 17.8 J NA
A19055 | 690, 15 0.69 9.9 J NA
A19065 £.99.1 1.8 0.6 | 9.8 J NA

1926 THOa
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Table TV-4. Summary of Phase I and Phase II Soil Sampling at the Horn Rapids Landfill (sheet 6 of 8).
- 806 - ".B'ﬁring'_an. 7' 'Sa;m'pie No. | Sample Depth  Arsenic ! Befyi}ium T . Chromiﬁm - | 'Tﬁtal PCBs
T ' o mgfkg a . mglkg 1] myfkg 0 7 uglkg
PHASE Il DATA | o o o
wie 23 [ TP 800259 |4 4.1 0.115 v |esz | NA
WHC28 | TP3B BOOZT3 7.5 R- R “ las i
TP-38 BODZT4 775 R R 43 JINA
TP-3A BO0ZT7 5 R I a7 | N
| TP3A BOOZTS 0 R R 199 J NA
| TP BOOZVI |6 IR R 32 J NA
. TPAf5 B00ZV2 2 R R 133 S I Y
< lwHo2s | TP BOOZV3 - | & 074, B .|o5s B |198 | na
= wic27 - |7 | BOOZT2 5 29 g o TR Y | | na
wic23 |1 |Boozro: . |5 W [ m ] Mo
TP BoozT1 |9 NA | NA | Mo TN
WHC 30 B52 | BOOZXG 1 | NA. | NA 1NA e
whca |esa | BOOZX7 s NA Mo | {ma | na
BE3 | BODZYD P NA INA RET NA
WHE 30 Bat  |BooZws | I na e NA R
Ba1 - |eoozwr |1 LT e e m
[wiear  fssa  |eooze s {m. | |m | na | BITEE
wics  |esa |soosao  jor {12 o Joss s |m h B
WHee  es3  |soossr |1z |12 J o4 | (m | NA
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Table IV-4. Summary of Phase I and Phase II Soil Sampling at the Horn Rapids Landfill (sheet 7 of 8)..

7 3

I 2

SDG Bu;i.ng Loe. Samp'la No Samﬂ!é 'Delith. _ Arsei?it; . | : Bar-yilium Chromiurn Total PCBs- -
mglkg | mgikg a mylky . upkg. -1

B5-2 BOCGB2 |01 1 0.86 J 042 B |wa N
B5-2 BOOGB3. |12 0.76 J 0.42 B NA NA
B4-1 BOOGEA 0-1 18 J 1 B NA NA
B4-1 BOOGBS 0-1 18 J 1.1 B NA NA
B4.1 B0OGB7 12 1.2 J 0.7 B NA NA
PCB-1 B00GSZ | 01 NA NA NA 49000 J
PCB-1 BO0GS3 1-2 NA NA NA 41000 J
PCB-2 BOOGS4 |0 NA NA NA 80000 J
PCB-2 B0OOGYS 1.2 NA NA NA 100,000 J
PCB-3 BODG9E 0-1 NA NA - NA 6100 J
PCB-3 BOOGI7 12 NA NA NA 15000 J
PB4 BOOGSS 01 NA NA NA 21000 J
PCB-4 BOOGSY 1.2 NA NA NA 1500 J

WHC 30 PCB2A  |BOOZVA |1 NA INA NA 8500 B
PCB2A | BOOZVE | 15 NA NA NA. 12000 B
PCB3A ~ |BOOZVE~  |S NA NA NA | 3500 B
PCB-3A BOOZVY i NA NA NA 23000 B
PCB-3A BO0ZVE 20" NA NA NA { 700 B
PCB-4A BOOZVY s NA NA  na {16000 B

WHC30 | PoB2A  |BOOZXE . |15 NA e NA 2300 I8

1926 TaHOa
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. " "__I‘-able' V-4, 'Smﬁmary-_of Phase I‘a-n'_d. Phase II Soil Sampling at the Horn Rapids Landfill (sheet 8 of 8).

N

.': S[ll’:‘ _ Bo-rilig-ll_ot:'. B Sample No. - ‘Sample Depth. | Ar_é_enic .'-Berylliu.m Chromium | Total PCBs
R _ : myflg ] mglkg mlky ~ uglkg
PCB4A BOOZW! S | NA NA NA 36000 8
pcB4A  |Boozw2z |1 iNa |na NA - 39000 B
pcaia  |Boozws | | na o NA 20000 B
PcB-1A  |Boozwa |1 NA | NA | na 29000 |8
PCB-1A | BOOZWS 15 NA NA NA | 43000 B
PCR's - polychlorinated biphenyls
{ - data qualifier '
D C .

L9-T6-T/HOA
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Table IV-5. Summary of Statistical Calculation Informaiion for Groundwater
at Horn Rapids Landfill. -

_ Cumaminant,. Sample Sample Standard 95% Sample

‘units Mean Deviation UCL of Number
Mean '
Conc.

TCE, mglL 71 13 75 38

'NO3-N, mgiL 43 8 45 58

Alpha, pCilL 43 3 5 49

Beta, pCill 60 21 65 53

TCE - Trichloroethene
UCL - Upper confidence limit

KIV-13
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- Table 1V-6. Summary of Groundwater Sampling Data (Non-Radioactive)
at Hom Rapids Landfill. (sheet 1 of 2)
S well Round Trichloraethene (mgil) | Nitrate as nitragen
: ' - {mg/L}
“MW-10 1 - ' 384
o 2 - 36.9
3 421
4 38.3
5 39
6 38
7 47
75 - 38
8 - 42
9 43
£l '
- MW-11 1 406
o 2 405
— 3 478
. 4 45.5
e 5 40
. 6 46
™ | 7 - 38
/ s 15 - 43
' 8 NA
i g9 49
g -MW-12 1 92 49
- 2 110 ! 49
- 3 g0 867
Py 4 74 508
b 79 50
£ 6 78 49
7 £9 b1
75 87 B2
8 g3 NA
9 58 52
MW-13 1 50 47
2 g1 44.9
3 81 60.8
4 69 48.7
5 68 - 45
] 70 48
7 69 45
75 66 43
8 83 NA

KIV-15
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Table IV-6. Summary of Groundwater Sampling Data (Non—Radioactivé)

at Horn Rapids Landfill. (sheet 2 of 2)

Well Round Trichloroethene (mgjL) Nitrate as nitrogen
{mg/L)
MW-14 1 40 485
2 73 50.9
3 60 61
4 66 499
5 82 47
6 75 47
7 75 47
75 76 43
8 67 - NA
9 58 51
MW-15 1 84 323
2 80 322
3 82 443
4 58 31
5 60 a0
8 62 33
7 70 30
75 68 38
8 64 ~ NA
8 - 24
MW-20 ] NA
7 31
75 3
8 28
g 35

" Data not used in stafistical calculations

NA Not available

KIV-16

S
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- " Table IV-7. Summary of Groundwater Sampling Data (Radioactive)
~ at Hom Rapids Landfill. (sheet 1 of 2)
Wall . Round Alpha {pCifL} . Beta (pCi/L}

MW-10 1 1139 302

2 <22 85.2

3 <0 954

4 6.6 88.9

5 <2 83

6 <3 62

7 <1 18

75 2.9 43

8 <2 .48

9 NA NA

Mw-11 1 122 35.2

- 2 <24 86.5
' 3 6.6 74.7
i 4 42 ' 81
5 <2? 80

- 6 <3 61
- 7 <2 . 20
15 <2 49

£ 8 9.6 60
N 9 NA NA
_ - MW-12 1 78 4.6
o ' 2 48 87.6
3 RA. 91

o 4 65 - 778
5 <2 . 61

e ) 8 55 66
7 NiA NA

D 75 1.6 53
. 8 <2 58
9 NA NA

MW-13° 1 9.1 288

2 4.1 71

3 6.5 81.2
4 5.8 85.8

5 64 81

6 <5 48

7 NA NA

75 35 48

8 23 ‘81

KIv-17
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Table IV-7. Summary (_if_ Groundwater Sampling Data (Radioactive)

DOR/RL-92-67

at Horn Rapids Landfill. (sheet 2 of 2)

Wall Round Alpha (pCifL} ~ Beta {pCilll
MW-14 1 6.3 5.1
2 43 89.4
3 9.6 90.8
4 92 89
5 <3 70
8 84 61
7 NA NA
75 <2 46
8 5.3 56
9 NA NA
MW.-15 1 9.3 232
2 <18 514
3 37 63.6
4 5 57.6.
5 <2 46
6 <5 50
7 NA NA
15 2.2 41
8 35 43
8 NA NA
MW-20 6 NA
7 n
75 53
8 87
g NA

Data not used in statistical calculations

NA  Not available

KIV-18
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Table IV-8. TAL Parameter UTLs for Background Soils (mg/kg).. _('Shect 1 of 2)

Operable Unit Specitic Background

Parameter
02 ft desy >2 ft deep'

X s n d uTL X s n ¢ uL
aluminum 8703 843 8 S g 8,710 ' aom0 498 1 " 5,238
artimony ] 0 | 70 N 0 AN
arsanic 151 5.78 8 8 3.99 10 0.87 1 10 (282"
barium 735 145 8 8- 120 308 'B15 1 1 236
berylium 032 8.3 I 074" an 058 T 2 0.27"
cedmium 0.24 ot | 8 2 0.70" 11 0 0.38"
calgium 3073 845.2 g 8 5,130 5,443 848 1 1 7.830
chromium 9.19 118 8 g 12,8 195 12,01 1 1 - 473
cobalt -~ 10 2.42 g 8 17.7 124 144 1 Rl 188
cl;pper m 250 8 8 18.1 16.00 1.22 il 1 185
iron 18,226 3,728 8 8 31,110 - 22,445 2460 1 1 26,400
lead 5.04 2.38 8 g 128 o | o 1 1 5.0
magnesium 3,604 797 SRR "854 3878 286 1 11 4,680
mangénesn 323 720 8 8 562 260 231 11 11 35
mercury g 0 0.10° m 0 0.1
nickel 892 - 318 8 7 180" 108 35.4 1 1 260
potassium 1,318 188 : 8 8 1810 843 15 1 1 048
selenium 8 0 . 0.3.9'_ o n 0 0.41* .
sitver 085 050 o | e 244" 21 0 05 |,

i

L9-T6-" TI/HOC
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Table IV-8.. TAL Parameter UTLS for Background Soils (mg/kg). (Sheet 2 of 2)

Parameter ' o QOperable Unit Specific Background
0-2 ft deep > 2 ft doep'

X s n L X 5 n ¢ uTL
sodium 103 43.5 ‘8 243 306 404 13 . 419
thallium 8 0.38" Rt 0 0.4t
vanadium 4.4 124 8 819 704 15.8 1 1 115
2ing ' 30.9 7.30 B 822 411 3.53 1 1 - 504
eyanide 1 052" 1 0 Y
¥ - Mean,

0T-ATA

s = standard deviation,
n = numbar of samples.
d = number of detects,
UTL = upper 85 percentile tolerance limit,
" *Patametar was naver detected in the respective. background samples therefare, the highest reported:respective hackground SﬂL is substituted as-a surrpgate UTL.
**Some non-détects present, 112 SOL used as surrogate value for correspending samp{e
'Does not include saturated se|ls

7N

'f'r“_\_
N

L9-T6-Td/A0Ad
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Table IV-9. TCL Parameter UTL’s for Background Soils (ug/kg). {Sheet 1 of 7)

93128 Ya1198

‘Operable Unit Specifio Background

Parameter
'>2 ft deep’ >2 ft deep'
n d UTL X 5 n d uTL

Volatiles ‘ B

chloromethane 9 0 11 11 0 11
bromemathane . 9 0 11 i1 o 11
.vinyl chloride 9 o 11 11 0 11
chloroathane 9 0 5 11 0 11
methylene chloride 9 0 B 11 0 5
acetone 9 0] 43 i1 0 22
carbon disulfide 9 o 5 11 o 5
1,1-dichloroethene 9 0 5 11 0 5
1, 1-dichloroethane '8 ] 5 11 0 5
1.,2-dichlorosthene 9 0 5 11 0 5
chloroform 9 0 5 . 11 0 5
1,2-dichiorosthane 3 o 11 11 0 5
2-butanone 9 o B 11 0 1"
1,1,1-trichloroethane 9 0 5 11 0 5
carbon tetrachloride g o 1 1. 11 0 5
vinyf acetate - 9 o] 5 11 0 11
bromodichloromethane 8 o 5 CaM 0 5
1,2-dichloropropane : .9' o 5 : 11 . 0 - _5_
cis~1,3-dichlor0probene 9 0 B " 0 5
trichloroethene 9 o} 1 11 0 5

T

L9-T6-Td/504 -
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s Table IV-9. TCL Parameter UTL’s for Background Soils (ug/kg). (Sheet 2 of 7)

Operable Unit Specific Background

19-76-"Td/20d

—

Parameter
>2 ft desp® >2 ft deep’
8" .n d Uty 8 : n d UTL
dibremoghloromethane 9 0 <] | 11 o 5
t,1,2-trichloroethane <] o 5 11 Q 5
benzens 9 c & 11 0 5
trans-1,3-dichloropropens 9 0 5 11 . o 5
" bromoform g 0 5 11 o 5
4-methyl-2-pentancne 2 G . 11 11 o] 11
2-hexanone 9 0 1" 1t o} 11
tetrachleroethene 2 0 5 11 0 5
+ 1,1,2,2-tetrachlorosthans .8 0 . 5 11 . 0 5.
- toiuena -9 0 5 11 . o .5
chiorobenzeng 9 0 5 11 i 0 5
ethylbenzene 9 o B 11 0 _ .S
styrena 2 o 5 11 o B
xylena(total) 2] (o] B 11 0 -
Semivolatiles
.phenol . 2 1 38,100 1" [s] 380
bis(2-shioroethyliether - 9" 2 680 11 o 350
.2wch'|r>.;ophano_¥._ - ) 6 : 690 11 6 : 380
- ,SI-di'chiOr.oi;enzene - . 3 9 s 690 1" 0 350
1,4-dichlorobenzens .- 9 0 690 11 0 350
benzyl alechol g c ' 890 11 0 350
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21200

Table IV-9, TCL Parameter UTL’s for Background Soils '(pg/kg). (Sheet 3 of 7)

‘Operabie Unit Specific Background

' Para'meter.
. > deeg' >3 ft doep’

A d utL - X 8 n d UTL
1,2-dichlorobenzane - 9 0. 690 i1 0 360
Zer;:;t.h\-,'-lphenni- 3 0 590 11 ) 350
bie{2-chlgroisopropyllether 9 o 890 11 o 360
4-methylphenol 9 ) 690 11 0 350
N-nitroso-di-n-propylamine 9 o] 690 i 0 360
hexachiorosthane 9 0 690 11 0 350
nitrobenzene 9 v} 680 11, 4] 350
isophorone - ] o 690 il 0 350
2-nitrophenol 9 0 690 11 ) 350
2,4-dimethylphenol g 0 880 11 ) 550 :
benzoic acid 9 o 2,792 11 0 1,700
bis{2- 9 0 890 11 0 350
chloresthoxyjmathane . .
2,4-dichlorophenol 9 0 890 11 ] 350
1,2.4-trichlorobenzena ! o] . _ 690 11 0 350
naphthalens 9 0 690 11 ) 380
4-chloroaniline 9 0 890 11 0 360
hexachlorobutadisne 9 0 690 11 0. 350
4-chioro-3-methyiphenol 9 0 690 A1 o 350
Z-mothylnaphthalene 9 o 690 1 0 350'_.
hexachlorocyclopentadiene g 0 690 11 o 360 -
2.4, 6-trichlorophenot 9 o] 690 11 [¢] 350

g
o
By,

L9-76-T4/MA0d
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- _Tab_le IV-9. TCL Parameter UTL'’s for Background Soils (ug/kg). (Sheet 4 of 7).

B 5
Al
P

2

Parameter QOperable Unit Specific Backg.round
>2 ft deep’ ' »2 ft deep’

n d uTL COX s Cn 4 uTL
2,4,5;t|;ichloroph;enol 2] 0 3,300 - 11 0 1,7d0
2-chloronaphthalene . 9 o . 680 11 o} 350
2-nitroaniline 9 0 3,300 11 0 1,700
-dimet.hvlphthalata g 0 690 Iy o 350

1 acenaphthylene 3 0 690 11 0 380
2,6-dinitrotoluene ] 0 890 11 o 350
é-nitrpaniline 9 o] © 3,300 11 o] 1,700

~ acenaphthens g 0 890 KT 0 350

' 2',_4-.ains_tmp59np|. 9 o | 3300 1 o 1,700
4-nitrophenol 9 0 | 3,300 11 0 1,700
dibenzofuran 8 0 : 830 11 0 - 350
2, 4-dinitrotoluene 9 0 690 11 0 350
dia.tl%\.rl‘phthalate g | 0 690 11 ) 350
4-chiorophenyl- 9 0 820" 11 o 350
phenytether . .
fluarens 9. 0 690 11 el 380

- 4enitroaniline " 3 0 3,300 iy 0 1,700

'-4,s-d'initro-é-rﬁethy{phen&i 9 0 3,300 BEE ) 1,700 -

N-"_ﬁit;c-)sodl:bhenylam‘&.pe_.("1}" : g e 690 '.11 0 ' 350
4lbr'omesp_5ehy|-.: el 9 o 890 11 0 350
phenylether

hexachlofobenzene 9 ) 690 ': 11 0 380

19-26-TR/AOd



STAIA

i,

e

| Table IV-9, TCL Parameter UTL’s for Background Soils (ug/kg). (Sheet 5 of 7)

Dberable Uni.t Spécific Backgreund

Parameter
>2 ft daap’.1 >2 ff deep’

n d uTL % . Cn d uTL
pentachlorophenol 9 0 3,300 | ‘ 11 0 1,700
phenanthrene ) 6 890 - 1 0 - 350
anthracene 8 0 690 11 b 350
di-n-butylphthalate 9 o 890 R o 350
fluoranthene 9 0 890 11 0 360
pyrene 8 0 690 11 ) 350
butylbenzylphthalate ) 0 690 BT o 350
3,3'-diclh|orobenzidine 2 0 890 11 0 710
banzolalanthracene 9 Q 590 . 11 -0 350
chrysene 9 0 890 ' 0 350
bis(2)-ethylhexytiphthal ate 9 o] 690 1 ¢] 350 -
di-n-octylphthalate 9 0 690 11 0. 350
benzo(b)fluoranthena 9 0 690 11 0 350
benzolk)fluoranthene 9 ) 690 - 1 ) 350
benzolalpyrene ) 0 690 1 0 350
indeno(1,2,3-cdlpyrens 9 o 690. . R L .o 350
dibenz(a,h).ant:hracanﬁ 9 0 690 1. 1 o 350
benzoig,h.iparylena 9 0 B90 i1 o] 350
Pesticides . . - ..
alpha-BHC 9 0 17 11 0 17 '
beta-BHE 9 0 17 1 0 17

i,

L9-T6-T/A0A
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: Table IV—9 ‘TCL Parametéf UTL_’é for Background Soils (ug/kg). (Sheet 6 of 7)

Parameter Oper_able. Unit Specific Background
> 2 ft deep! ' ' >2 ft deep’
| w d L UTL X o Nl d uTL
delta-BHC g 1 14 " 0 17
. gamma-BHC {ind.e;ne) 9i 0 17 11 0 17
heptachlor L) o 17 1 .1 0 17
aldrin . 9 0 17 11 0 17
heptachlor epoxide 9 0 17 . 0 17
endosultan | 9 0 17 11 o 17
dietdrin 9 0 33 1 0 24
4,4DDE 9 0 33 11 o ‘34
endrin 8 "o 33 11 0. 34
é.ndos_u-lfqn Il 9 0 33 11 0 | 34
4,4'-DDD 9 o 33 11 o 34
Aniline 9. ) 33 1" 0 34
andosulfan sulfate 91 o 33 - 11 o 34
4,4-DDT 9 0 33 11 0 24
methoxychlor 9 0 170 11 0 170
endrin ketone 9 0 33 1.1 0. 34
.aiph.a-chl..ordane. o | o 170 1 o 170
"._g'amm'a_.-'émorda_r;e: 3 R 160 11 o 170,
“toxaphene 9 ‘0. 330 1 o 340
”aroci<0r-1016 h 9 0 170 11 o 170
aroclor-1221 9 - 0 176° 11 Q 170

O

—

L9-76-TA/H0A
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Table IV-9, TCL Pafameter_ UTL’s for Background Soils (ug/kg). (Sheet 7 of 7)

Opérabte Unit Spedific Background

" Parameter
>2 ft deep’ >2 ft deep’

X s n d - uTL X s n uTL
arocior-1232 9 C - 170 11 170
aroclor-1242 ] o] 170 11 170
aroclor-1248 9 0 170 T 170
aroslor-1254 9 0 330 11 340
arocior-1260 9 0 330 11 340

X = Mean

s = standard deviation

n = number of samples

d = number of detects

UTL = upper 95 percentile tolerance limit
Does not include saturated soils.

NA = Not analyzed for.

L]

L9-T6"T4/H0d
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Table 3-1. Maximum Concentrations for Detected Compounds, Compared to UTLs for
' Surface Soils (0.to 2 feet) from Phase I and IT Data. (Sheet 1 of 3)

j21.2 356

|

. - Surface Max Max Max Max Max Max . [ ‘Max
" Parameter Soil Value Value Value Value Valae Valiie - Velue
uTL 1100-1 1100-2 11003 11004 11008 HRL - B
INORGANIC GOMPOUNDS (mghkg)
Aluminym 970879 710 | 8300 9770 7320 8880 15800* 5310
Antimony. 370 ND ND ]3] ND ND 156 ~ ND
Arsenic 399 3.2 23 a4 28 27 38 28
Barium . 120.10 90.8 214 106 80.8 88.2 1328 | - 723
. Beryllium © 074 ND 0.5% 044 0.25 04 13 | 02
Cadmium 0.70 ND ND ND ND ND 2 NG
Calcium 5120.25 B9 6480 6310 9710 4180 86700 3030
Chro mim 1294 105 168 12 1.3 10.9 171 77
Cobalt 17.78 132 138 14.1 114 12.2 - 58] 103
Gopper’ 18.1 378 244 228 144 16.2 586 | 152
ron 3111042 . 21100 [ 26800 25500 23360 23500 29800 - | 18800
Lead: 1264 266 946 264 5 nm 482 542
Magnesium 652358 6430 5210 8170 4650 4840 25900 4750
Manganess 552.27 484 385 436 330 383 423 354
Mereury 0.10 022 NB ND CND ND 13 ND
Nickel . 19.00 208 15 14.8 88 129 174 125
Potassium 1909.71 850 2060 1730 1210 - 1350 2230 1240
Selenium- 0.39 ND | ND ND ND KD 697" ND
Silver . . 2.4 ND{ - NOD ND ND - ND 45 | WD
Sadium 24152 478 374 495 413 143 5140 218
Thallium - 039 NO 048 A0 KD ND A2 ND
Venadiim 8393 325 734 702 818 608 8713 444
Zine 62.20 92 56.6 59 459. - 111 408 675
Cyanide . 0.52 ND D ND KD ND . 056 NG
VOLATILE ORGANIC COMPOUNDS {gkg)
1,1, Mtrichloroethane 5 ND 2 fD ND L ND [
1, T-dichirozthene 5 ND 5 ND ND ND ND ND
Z-butanone 1 ND 10 1 -NB 69" 35~ ND
Z-hexanone n NI ND NO ND E3 ND ND
Acelone 43 ND i 92" Ky 180° . ND - ND
Chlorobenzene 5 NI 6 ND ND ND ND ND
Methylene chloride 5 ND 1 1200 ND w 43" g
Tetrachloreethene 5 ND 35 NO ND ND 5 ND
Tuluehe 5 ND " & ND 8 16" No
Trichloreethene- 5 ND 6 KD ND ND ND NO
Aylene 5 KD 6 ND ND ND D ND
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Table 3-1. Maximum Concentrations for Detected Compouﬁds, Compared to UTLs for
Surface Soils (0 to 2 feet) from Phase I and II Data. (Sheet 2 of 3)

DOE/RL—92.~67

Surface Max Max Max - Max Max Max - Max
- Parameter Sail,  Value \'ﬁlgg Valye Vaiue Value Value Valiie
yiL - 1oet 1100-2 11003 11004 11006 HRL . Ep
SEMIVOLATILE ORGANIC COMPOUNDS (ugkg) '
1.2, 4trighlarobenzene 690 ND 120 ND ND 83 ND ND
1,3-dichlorcbenzene 890 ND 120 ND | ND ND “ND- NO
14-dichlorobenzene 880 ND 120 ND ND 88 - NI ND
Z-chioraphennl 890 KD ‘230 ND ND 170 NG ND
Zimethylnaphthalene 890 NO ND ND ND ND 7100 ND
2,B-dinitroteluene 890 ND ND ND ND. ND Lone ND
4-chlorg-3-metiylphenai B30 NO - 180 ND ND 45 ND-- ND -
4-nitrophenal 3300 NG ND ND ND' KD 3-““_:,_ “ND
Acenaphthene 890 ND 10 Np D H ND. ND
“Anthracens 890 ND ND ND . ND ND | biis ND
Benzoic acid 2700 ND ND ND ND ND 220 _ND
Benzolalantheacene 890 NG ND | 128 ND “ND ©o18n ND
Benaofa)pyrene £90. ND o 150 NB- ND 200 ND
Benzoihifluoranthene 890 150 78 180 NO ND | 750 ND
Benzolg.h.ipecylene 890 - ND 330 230 ND ND i5i1 KD
- Benzolk)fludranthepe 8an ND 120 160 ND ND 100 ND
Bis{2-ethylhexyliphthalate 690 300+ 2800 940" - ND 25E+07 | - - ND.. ND
Butylbenzyiphthalate 880 ND ND ND ND ND 98 ND
Chrysers 690 100 N3 1] ND ND M KD
[ Dibenzofuran 830 ND | ND ND N ND. 130 ND
Dibenz{a,hianthracene 690 NG 300 10 ND "ND ND ND
Dirbuty! phthatate 690 ND ND ND § ND ND- (i1 ND
Din-octyl phthalate 690 ND 8 ND ND ‘46000 S ND ND
Fleoranthens 890 1 ND 220 ND ND 160 ND
Indend{t,2,3-cdlpyrene 690 ND 300 230 ND ND 170 ND
Naphthalene : © 690 ND | ND ND ND ND 1100 ND
N-nitrose-di-n-propylamine 890 ND 110 ND - ND 8 ND ND -
Pentachloraphenol 3300 ND NB a8 ND ND QSU" . ND
Phenanthrene ... 690 ND ND 130 ND ND “380* ND
Phenol 38100 L] o ND ND ND ND ND
Pyrene 590 87 120 250 ND M 220 - ND
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Table 3-1.. Maximum Concentrations for Detected Compounds, Compared to UTLs for
- Surface Soils (0 to 2 feet) from Phase I and I Data. (Sheet 3 of 3)

Surface Max Max Mayx Max Max Max’ Max

Parameter Sail Value Value Value Value Valye Value Vaiue

S uTL 11001 11002 1100-3 11904 1008 HRL EP
PESTICIDESIPCBs {mikg)

I a4~pDE 33 B8 . 12 ND ND 178 1200 ND
44000 33 NG 36 ND ND ND 260 ND -
44007 33 AD 57 ND KD ND 520 HD
Aldrin 17 ND 9.6t 1.1 ND 9.6" 11 ND
Alpha-chtordane 170 85 ND ND NB 1006 70 1100
" Total PEBs 1510 290 300 150 N ND 100558 42000,
Aroclor 1248 170 ND NI ND ]3] NB 100000* ND
Aroclor 1260 330 240 300 150 ND ND 260 42000°
Atoclor-1254 530 ND ND N ND ND 290 D

- Beta-BMC - - 17 HD ND ND ND ND 54 N
Delta-BHC W D KD ND ND 13 ND ND
Dieldrin . 3 ND 13 ND ND 23 1200 ND
Endosulfan 33 ND ND ND ND ND 11¢* 180
Endosulfan sulfate 33 ND ND ND ND ND 19 - ND
Endein n MO ND ND ND ND 2500 k]
Endrin ketona 33 ND 2 ND ND 13 140 ND
Gamma-BHE (Lindans) 17 ND NG ND ND 077 18 ND
Gamma-chlordane 158 6.2 ND ND ND 860 82 17004
Heptachlor 17 ND 1.2 ND D 66 ND 28
Methoxychlor 170 ND NI ND ND NO 1404 ND

ND ~ Centaminant nol detected
YTt - Upper talerance fimit

‘Concentration less than detection limit after blank-adjustment

*Phase i data
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* This page left intentionally blank.
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Table IV- 11. Maximum Concentrations for Detected Compounds Compalred to UTL’s for
' Subsurface Soils (> 2 feet) from Phase I and Phase II Data.  (Sheet 1 of 2)

Sz b 210

2 8

i

Parameter Subsurface Soil | Max Velue Max Velue { Max Value Max Value Max Value | -Max'Valye | Max Value
--' Utk 11001 11402 1100-3 11004 1100-6 HRL - £p
INORGANICS (mglkg) ‘
Alominum 6236 5360 7470 7400 6600 NS ‘17800 NS
Antimany 31 ND 3 ND ND NS T 158 NS
Arsenic 2027 32 18 18 5§ NS 1 NS
Bavitm 236 850 96,5 5.9 987 NS 511* | Ns
Beryfium 027 ND KD ]3] 043 NS B NP N§
Cagdmium 0.36 ND ND ND ND NS e NS
Calcium 7830 6240 13000 9080 10600 NS 24500* NS
Chiofitim 473 14.6 16.3 13.6 13.2 NS 1,250 NS
"~ Cobait 168 118 153 17.8 165 NS 9% NS
Copper 185 25 236 nz7 198 NS 1280 NS
Cyanide 051 ND ND D ND NS " 056 NS
Iran . 29400, 25800 27100 31700 26700 NS - 35200 - | ]
Lead 5 191 459 | 47 87 NS . g4 NS
"Magnesium 4680 3850 1820 5280 4830 Ns 7640 N§
Manganese 355 8 366 381 328 NS N TiT I NS
Mercary 0.1 239 ND MD ND NS - 044 NS
Nickel 26 95 13.8 113 10.7 NS 557 NS
Potassiuih 966 4880 1200 878 1930 N3 3a20* N8
Selenium 041 ND KD KD D NS - 0.36 . NS
Silver 054 NB ' 1] ND z NS L1 NS
Sodium 419 808 458 939 776 . NS 2360 NS
Thalliury 0.41 KD ND ND ' GAB NS 0.56 NS
Vanadiim 115 18 802 163 824 NS 101 NS
Zinc 504 100 549 &0 63.8 NS 3,180° NS
VOLATILE ORGANIC COMPOUNDS (gt
2-bytanone 11 g & i ND NS 23 NS
Acetone 2 2% 28 P.L o NS 200 NS
Benzene 5 NG NG ND MD NS 03~ NS
Ethylbenzene & ND 2 ND ND NS NG NS
Methylene Chioride 5 ND 61" is ND Ns Ly NS
Tetrachiomecthene 5 ND 15* ND ND NS ¢ NS
Tolugne’ 5 ND E ND ND NS NG NS
SEMI-VOLATILE ORGANIC COMPOUNDS {tyikg)
1,2 4-trichlorobenzene 350 ND D ND ND NS 230° NS
14-dichigrobenzene 350 ND KD ND ND s 170 NS
2-chlorophenol - 350 ND D ND ND NS 240 NS
24-dinitrotaivene 350 ND ND ND ND NS 82 NS
4-choro-3-methyphenol 50 ND KD ND ND NS 290 NS
4 nitrophenol 1700 ND MD ND ND NS 310 NS
Acenaphthene 380 ND KD ND ND NS 320t NS
Benzoic Acid 1700 ND Np ND ND NS 160~ NS
Benzo{b)fiuoranthene 350 74 ND ND ND NS ND NS
Bis{Z-sthyhexyl} phihadate 350 ND 3600 950" KD NS 1,000° NS
Oi-n-butyiphthalate 350 ND 37 ND ND NS ND NS
DBi-n-octylphthalate 350 ND ND ND HD NS 2704 NS
Fluoranthene 358 110 ND ND KD NS ND NS
N-nitro-di-n-propylamine 350 ND NG ND ND N3 17 NS
Peatachlarsphenol 1700 ND ND ND NE NS 280 NS
Pheno) 50 ND ND ND ND NS 236+ NS
Pyrens 350 84 290 ND ND NS bylig NS
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Table IV-11. Maximum Concentrétions for Detected Compounds Compared to UTL’s for

' DOE/RL-92-67

N__uies:
ND: contaminant net detected
UTL: upper tolerance fimit

NS: no subsurface semples collected for analysis _
*Cancentration less than detection lmit after blank - adjustment

"Phase 2 data

Subsurface Soils (> 2 feet) from Phase I and Phase II Data.  (Sheet 2 of 2)

Parametar Subsurface Soil | Max Valae Max Value .| Max Value Mayx Value Max Value Max Value Max Value

: uTL 11001 1100:2 11003 - | - 11004 11006 ° HRL “EP
PESTICIDES (/)

Aldrin 17 ND 1% | . N ND NS EEY NS
Alpha-chiordane - 170 13- ND " ND ND NS - i3 NS
4.4DDE M NG 39 . ND ND NS 14 NS
44007 24 ND 12% - ND ND NS ND NS
Eeta BHC 7 ND ND " ND ND NS 1.2 NS

" Dieldrip: M ND ND ND ND NS - 9 NS
“Endrin 34 ND ND N ND NS f20 NS

_ Endrin ketone KL ND 2 ND ND NS ND NS
Heptachler 17 ND ND 0.58 ND NS [} NS
Total PCB's 1530 ND 160 - ND KD NS 2640 NS

1 Araclor 1248 170 ND ND KD " ND NS G40 NS -
_Aroclor 1254 340 ND ND ND ND NS 2,000 NS
_ Aroclor 1260 340 ND 180 - “ND ND NS " ND NS
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DATA REPORTING QUALIFIFRS

. The following is a summary of data repontmg qua]lﬁers and abbrewatlons used i n the
Lables for thls appendix. .

B i—-“. Organ'ic- Samples: - Indicates compound was found in the assocxated blank as weIl as
AR - In the sample.

- Inorganic Samples: Indicates value is greater than the instrument detection limit and
below the contract required detection limit. '

y- _-Indieates an estimated vaiue.

U- ]Indxcates compound was analyzed for but not detected at the given detection limit.
‘Values associated with a U qualifier are one-half the SQL.. '

R - . Data has been rejected durmg the vahdatlon-process.

ABBREVIATIONS

s Data result not used (see groundwater discussion Section 2, Appendix E). :

UCL - Upper confidence limit of 95 used in the statistical calculations. o
SDG - Sample delivery group.. |
 UNK - - Location is unknown.
NA - _A.nalysis' not performed, not available, or not used in the .n'sk assessfnent.
NR - | Not requested for analysis.

*Chlordane - The concentmtions' reporied for alpha and gamma chlordane were summed.

SQL .— | .Sample quantitation limit.

S - ' 'Surface sample.

WHC - | Westinghouse Hanford Company.

< - ' Indicated the mdioactivity. is less than the given count.

Q- Data qualifier indicating acceptability for use in risk assessment; (a blank |

indicates no associated qualifier).
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1.1  UN-1100-6 SUBUNIT (DISCOLORED SOIL SITE) R
Bis(2-ethylhexyD) phthalate (BEHP) and Chiordane - I . N

- Alpha and gamma chlordane were summed for statistical calculations. Data for.
BEHP and chlordane were treated in the same way since their distributions on the site are
similar, BEHP and chlordane were detected in samples A6150S to A6153S and were greater
than-any other detections. Because these samples are all in close proximity to each other,
only data from these samples were used for statistical calculations. - Data uséd in'the.
calculations are provided in table E-2. The use of these data provides a conservatively
biased estimate of the 95 percent UCL because low values or nondefects are not used.

1.2 EPHEMERAL POOL
Chlordane and PCB’s

All data for these contammants collected from this site, were used in the calculations.

The data are summarized in table E-3.

1.3 HRL
 Arsenic and Beryllium ' | . N

' Tiese contaminants are evenly distributed on the site. All data were included thet

.w_ere' taken from the surface to a depth of 15 feet. -

€

Chromium

In borehole HRL-4, chromium was found to be at a significantly higher concentrntion _
than any of the other samples on the site. In order (o estimate the concentrations over the
15-foot soil column, data taken from all boreholes and trenches down to 15 fect were used in

"calculations. Data from auger holes and surface samples not associated with boreholes were

not used to calculate the 95 percent UCL. These data provide a conservatively biased

estimate of the 95 percent UCL for evaluation of chromium.

. PCB’

Elevated levels of PCB were mostly found in close proximity to HRL-4, therefore the .

.95 percent UCL calculations used data from samples taken from this vicinity. Data used =
. Were from AH203 Borehole HRL-4 (0-2.,8 feet), PCB-1 to PCB-4 and PCB-1A to PCB 4A

The data for the HRL used to calculate. the 95 percent UCL are presented in
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2.0 CALCULATION OF 95 PERCENT UCL FOR GROUNDWATER -
CONTAMINANTS

The 95 percent UCL’s for contaminants in the groundwater in the vicinity of the HRL '

were calculated as described dbove. Two nonradioactive contaminants are evaluated. Thf:se ;
contamrinants are trichloroethene and nitrate. In addition, gross alpha and gross beta are
evaluated because thcy have becn detected at elevated concentrations in some sampling

rounds as discussed in Section 5. For rad:oactlve contaminants, actua] net counts were used E

in the tables .

2.1 ':NON_RADIOACTIVE CONTAM]NANTS
Trichloroethene (TCE)

Data from MW-12 to MW-15 were used for statistics, because concentrations of TCE
are consistently. detected over MCL (5 mg/L) at these wells. The use of these data provide a

conservatively biased 95 percent UCL of groundwater quality within the contaminant plume,

Nitrate (as Nitrogen)

Statistics are performed on data from MW-10 to MW-15 and MW-20 because nitrate
was detected above MCL (10 mg/L) at these wells. Other data for nitrate were not used to
calculate the 95 percent UCL. As indicated above, this provides a conservatively biased.
estlmate of the groundwater quality within the contaminant plume. -

The 95 percent UCL’S are summarized in table E-5. The data used to calculate the
95 percent UCL’s are presentecﬂ in table E-6.

22 - RADIOACTIVE CONTAMINANTS

. Grbss alpha and gross beta contamination have also been detected in the groundwater
in the vicinity of HRL.  As discussed in Chapter 5 of the risk assessment, most of the beta

activity appears to be associated with Technetium-99. The 95 percent UCL’s for gross alpha

and gross beta activity are summarized in table E-5. Data from wells located within the -
contaminant plume were used to estimate conservatively biased 95 percent UCL’s. In-
general, gross alpha activity exceeded 5 pCi/L. or gross beta activity exceeded 50 pCi/L at
the wells used for the calculation of the 95 percent UCL’s. These activity ievels are not
MCL’s, but are concentratlon limits with which the assumption of compliance with
radionuclide MCL’s ‘may be assumed without further analysis.

The data used to ca]culate the 95 percent UCL’s are presented in table E-7. The
wells used to calculate the 95 percent UCL’s for gross alpha are MW-10 to MW-15. The
wells used to calculate the 95 percent UCL’s for gmss beta are MW- 10 to MW-15 and
MW-20. '
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- subsurface soils (> 2 feet) to provide a representation of analyte concentrations that could be -

eoncentratlon for contaminants detected in surface and subsurface soil samples, respectwely,

DOE/RL 92-67
3.0 UPPER T(}LERANCE LIMIT

The tolerance interval is a statlstlcal- interval that contains at least a speciﬁed
proportion, p, of the population with a specified degree of confidence, 100(1-a) percent
‘(Hahn and Meeker, 1991). Thus, the tolerance interval provides an estimate of the limits
which define a proportion of the population, in centrist te the confidence interval which
provides an estimate of a population parameter (e.g., mean or variance). - As the samp!e size,
n, approaches infinity, the width of the tolerance interval approaches a finite range .
determmed by the tolerance limits. In contrast, the width of a confidence interval approaches .
zero as n increases (Hines and Montgomery, 1980).

The UTL is an upper bound on the tolerance mterval and, therefore provides an
estimate of the maximum expected value for the specn" ed proportlon of the populatlon This
UTL is calculated using the equation :

UTL=X+Ks

where UTL is the upper tolerance limit, X is the samﬁl_e- mean, K is the tolerance factor; and
s is the sample standard deviation. Values for K are found in appropriate tables in Hahn-and
Meeker, 1991, and are based on specified values for the population proportion (p),

confidence (1- a), and the number of samples (n) used to calculate the mean and standard
deviation. .

) For this risk assessment, the UTL was calculated for surface soils (1 to 2 feet) and - "

O

expected in samples that have been unaffected by activities associated with the 1100-EM-1-
Operable Umt ‘(background). Comparison of analyte concentrations in samples collected. -
from within the operable unit with the appropriate analyte UTL determined which analytes ‘

_are greater than background and must be considered contammants

‘IThe U’I‘L s were calculated to contain 95 percent of the pOpulatiOH (p) witha 95
percent degree of confidence (a=0.05). Tables IV-8 and IV-9 contain the sample mean (X),
sample standard deviation (s), number of background samples analyzed (n), the number of

o background samples in which the analyte is detected (d), and the UTL for the target analyte

list (TAL) and target compound list (YCL) analytes, réspectively. Background sample data

~ used to generate the statistical values are contained in appendlx I of the 1100-EM-1 Phase I
RI (DOE-RL, 1990). The samples used to calculate UTL’s for surface soils are: AH217S,
-~ AH218S, AH2228, AH?224S, AH2258, A0201S, AO101, A0301S. The samples used to,
' calculat'e UTL’s for subsurface soils are A0203S, A0204S, A0206S, A0208S, A0209S, .
A02108, A0302, A0306, A0104, AO105, AG109S. For those analytes not detected in any

sample, the thhest sample quantitation 11m1t (SQL) wds used as the UTL. If an analyte was.
detected in at least one sample, the mean and standard deviation were calculated; one—half of

the SQL is used as a surrogate sample value for those samples where the analyte was .

reported as. nondetectable in this case. This is consrstent with DOE-RL, 1992,

Tables IV-10 and IV-11 prowde a comparison between the UTL and the maximum T
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from the various subunits. These tabies incorporate data that was collected during the Phase
I and Phase II Operable Unit RI.
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