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D-28  Hydrograph of Site 07, A2-Aquifer Wells

D-29  Hydrograph of Site 07, C-Aquifer Wells

D-30 Hydrograph of Site 08, Al-Aquifer Wells

D-31  Hydrograph of Site 08, Al1-Aquifer Wells (Continued)
D-32  Hydrograph of Site 08, A2-Aquifer Wells

D-33  Hydrograph of Site 08, C-Aquifer Wells

D-34  Hydrograph of Site 09, Al-Aquifer Wells
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VOLUME 2, APPENDIX A (Continued)
HYDROGRAPHS (Continued)

NUMBER

D-35  Hydrograph of Site 09, A1-Aquifer Wells (continued)
D-36  Hydrograph of Site 09, A1-Aquifer Wells (continued)
D-37  Hydrograph of Site 09, A1-Aquifer Wells (continued)
D-38  Hydrograph of Site 09, A1-Aquifer Wells (continued)
D-39  Hydrograph of Site 09, A2-Aquifer Wells

D-40  Hydrograph of Site 09, A2-Aquifer Wells (continued)
D-41  Hydrograph of Site 09, A2-Aquifer Wells (continued)
D-42  Hydrograph of Site 09, A2-Aquifer Wells (continued)
D-43  Hydrograph of Site 09, A2-Aquifer Wells (continued)
D-44  Hydrograph of Site 09, B-Aquifer Wells

D-45  Hydrograph of site 09, B-Aquifer Wells (continued)
D-46  Hydrograph of Site 09, C-Aquifer Wells

D-47  Hydrograph of Site 10, A-Aquifer Wells

D-48  Hydrograph of Site 10, B-Aquifer Wells

D-49  Hydrograph of Site 10, C-Aquifer Wells

D-50 Hydrograph of Site 11, Al-Aquifer Wells

D-51  Hydrograph of Site 12, Al1-Aquifer Wells

D-52  Hydrograph of Site 14, Al-Aquifer Wells

D-53 Hydrograph of Site 14, A2-Aquifer Wells

D-54  Hydrograph of Site 19, A-Aquifer Wells
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Potentiometric Surface Contour Map, A-Aquifer West, May 1990 (Potentiometric
Maps)

Potentiometric Surface Contour Map, A-Aquifer East, May 1990
Potentiometric Surface Contour Map, A-Aquifer, May 1990, Sites 1 and 2
Potentiometric Surface Contour Map, A 1-Aquifer, August 1990
Potentiometric Surface Contour Map, A2-Aquifer, August 1990
Potentiometric Surface Contour Map, A1-Aquifer, November/December 1990
Potentiometric Surface Contour Map, A2-Aquifer, November/December 1990
Potentiometric Surface Contour Map, A1-Aquifer, March 1991
Potentiometric Surface Contour Map, A2-Aquifer, March 1991
Potentiometric Surface Contour Map, Al-Aquifer, May 1991

Potentiometric Surface Contour Map, A2-Aquifer, May 1991
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ANALYTICAL DATA

Analytical Data

Results of Validated Sample Analyses
Site 8 - Aquifer Al

- Aquifer A2

- Aquifer C

Results of Validated Sample Analyses
Site 9 - Aquifer Al

- Aquifer A2

- Aquifer B2

- Aquifer B3

- Aquifer C

Results of Validated Sample Analyses
Site 12 - Aquifer Al

Results of Validated Sample Analyses
Site 14 - Aquifer Al
- Aquifer A2

Results of Validated Sample Analyses
Site CLEAN - Aquifer Al
- Aquifer A2

Results of Validated Sample Analyses
Site MEW - Aquifer Al

- Aquifer A2

- Aquifer B2
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W8-3(C)
W8-4(A1)
W8-6(A1)
W8-8(Al)
W8-10(A2)
W8-11(A2)
W8-12(A2)

CPT-(I Site 8 - CPT
(IT)
CPT8-3
CPT8-5
CPT8-7
CPT8-10
CPT8-12
CPT8-14
CPT8-18
CPT8-19
CPT8-21
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CPT-2

CPT-4
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WELLS - (MEW) Site 9 - Wells

(MEW)
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MEW-3(C)
MEW-4(B)
RW-9
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Appendix D
Groundwater Flow Model and Solute Transport Model

This appendix contains input and output data for the flow model and output data for the
solute transport model. Input for the flow model consists of the modular input data files.
Each data file is marked for the reader’s convenience. Input data are followed by the model
output.

Only the output for the solute transport model is included. Four separate output files are
included reflecting the conditions imposed. The output files list all input parameters before
the computational results are given.

D.1.0 MODFLOW Model Development

For development of a three-dimensional flow model for Moffett Field, the aquifer system was
divided into four horizontal layers to represent the Al-, A2-, B2-, and B3-aquifer zones as
defined in Chapter 3.0 of the Remedial Investigation (RI) Report. The aquitards were
simulated by varying the leakance between the appropriate aquifer zone. The input parame-
ters for the computer code were developed from data obtained during the field investigation
and from the RI/Feasibility Study (FS) reports for the Middlefield-Ellis-Whisman (MEW)
Area. In the model, Layer 1 corresponds to the Al-aquifer zone, Layer 2 to the A2-aquifer
zone, Layer 3 to the B2-aquifer zone, and Layer 4 to the B3-aquifer zone.

Aquifer boundary conditions were established for the bay and southern portions of the model
area. General head boundaries were used for the upgradient boundary (southern) to simulate
heads controlled by a piezometric surface external to the model and removed at an unknown
distance. Constant head boundaries were used to simulate heads controlled by the external
source or sink within the Model Area. The hydraulic heads near the bay were known to lie
below sea level within the Al- and A2-aquifers and were simulated by constant head bound-
aries. As indicated in Chapters 3.0 and 5.0 of the RI Report, the low heads are believed to be
the result of excessive water withdrawal.

The following steps were followed to develop the three-dimensional flow model for Moffett
Field:
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* Determine thickness of aquifer units and layer limits.

 Establish optimum finite difference size.

 Establish water transmission properties of each layer and areal heterogeneities.
+ Assign constant head or river boundaries and leakance terms to salt pond/bay
cell or node.

Determine area recharge values for Base area.

Develop general head boundary terms for off-site hydraulic heads.

Determine leakance terms for aquitards separating layers.

Calibrate model against known groundwater elevation configuration.

D.1.1 Aquifer Zone Characteristics

Aquifer and aquitard thickness for each unit has been established from geophysical and well
boring log data (IT calculation check prints, 1991a). Cumulative thicknesses of each aquifer
zone were summed and plotted on isopach maps. Using the isopach maps, the thickness
variations were discretized into domains of equal thickness for each model layer and then
transformed into transmissivity domains for each area by multiplying by the appropriate
hydraulic conductivity value.

The finite difference block size that allowed adequate resolution with a reasonable number of
grid blocks was 300 by 300 feet.

Transmissivities/hydraulic conductivities for aquifer materials below the Al-aquifer at Moffett
Field are poorly constrained. Pump tests have been conducted in the Al-aquifer by PRC
Environmental Management, Inc. (PRC), and in the RI Report for the MEW sites by Harding
Lawson Associates (HLLA, 1987). The results are summarized here as Table D.1-1. Transmi-
ssivities/hydraulic conductivities for the A1 and A2 zones calculated from aquifer tests
conducted during this RI are presented in Appendix F.

Table D.1-1
Hydraulic Conductivities for Aquifers at MEW?
(ft/min)
Source Al A2 B2 B3
HLAD 0.79 0.25 24x103 |25x103

PRC 1991 0.18 - - -

3please refer to Section 3.6 of the RI for comparisons between MEW, PRC, and IT aquifer
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designations. Aquifer units in this table follow IT designations.
YData from HLA derived from pump tests conducted during the MEW RI/FS in 1987/1988.
See Figure 3.6-2 for correlations between MEW and IT aquifer designations.

As discussed in Section 3.6, there are differences in aquifer definition between the MEW area
and Moffett Field. These differences may be, in part, due to facies changes. Table 3.6-1
provides the comparisons between MEW, PRC, and IT designations of aquifer zones. Based
on the thickness and depth to the top of the respective aquifer zones, there may be some
thickening and thinning of the aquifers. From examination of this figure, it is apparent that
the aquifer zone designated B1 at the MEW area corresponds with the aquifer zone designat-
ed A2 at Moffett Field.

From analysis of data available for aquifer materials in the MEW area (IT, 1991b), the
aquifer materials in the A1 and A2-aquifer zones are heterogeneous. For the purpose of
setting up the flow model, it was assumed, based on boring logs and pumping tests, that the

aquifer is principally silty sand, cut by sand channels. Hydraulic conductivity values for these
material types are provided in Table D.1-2.

Table D.1-2

Hydraulic Conductivity Assigned to Model Material Types

Unified Soil
Classification
Soil Types System Symbol K (cm/s)? K (f/day)
Silty sand SM or SC 1x105t01.0x 104 | 0.028 to 0.280
Sand SP or SW 1x103t01x 107 2.83 to 28.3
Gravels GC to GM 1x1021t01x 10° 28.3 to 283.0

% rom Freeze and Cherry, 1979.

D.1.1.1 A1-Aquifer Zone Hydraulic Conductivity Distribution

Hydraulic conductivity ranges from a high value of 1.6 cm/s (4535.4 ft/day) (PRC, 1991) to a
low value of 1.8 x 107 cm/s (5.10 ft/day) (HLA, 1988; IT calculation sheets, 1991c).
Within Site 9 values for hydraulic conductivity are on the order of 0.10 to 0.5 cm/s (283 to
1,417 ft/day) with notable outliers. Values for hydraulic conductivity from tests in the MEW
Area are on the order of 1 x 107! to 1 x 1073 cm/s (283 to 0.28 ft/day) (HLA, 1988), also
with outliers. The Al-aquifer materials in the MEW Area are assumed to comprise poorly

KN/WPS13.APDAT-22-92/F1 D-3



graded fine sands with K = 1.0 x 102 cm/s (2.83 ft/day). At Moffett Field, which lies closer
to the bay, the fine fractions of the sands are assumed to be more dominant with a hydraulic
conductivity on the order of 1 x 103 cm/s (0.29 ft/day). Pump tests in the area of Site 9
suggest the presence of localized sand channels, and borings indicate unit thickening. Figure
D-1 indicates the distribution of material types and the zones used to develop the Al-aquifer
zone hydraulic conductivity model. Hydraulic conductivity in the sand channels defined in IT
calculation sheets, (1991a) is assumed to be 1 x 10! cm/s. Table D.1-3 provides the values
of hydraulic conductivity assigned to the zones shown in Figure D-1.

Table D.1-3

Hydraulic Conductivity Values Assigned to Model Zones for Al-Aquifer

Zone K
Zone 1 28.3 ft/day
Zone 2 0.283 ft/day
Zone 3 283 ft/day
Vertical hydraulic conductivity A1/A2 1.78 x 10’2 ft/day

D.1.1.2 A2-Aquifer Zone Hydraulic Conductivity Distribution

All aquifer model layers that are below the upper most model layer require transmissivity as
input rather than hydraulic conductivity. Transmissivity was computed as the product of the
thickness of aquifer material (b) and hydraulic conductivity. Hydraulic conductivity for the
A2-aquifer zone was derived from pump tests conducted by HLA (1988). As shown in IT
calculation sheets (1991a), the hydraulic conductivity for the A2-aquifer (MEW Bl1-aquifer)
ranges from 1.4 x 103 t0 2.5 x 107! cm/s (3.97 to 708 ft/day). There are fewer data control
points for the A2-aquifer, and fewer pump tests were run; however, channels mapped for both
the Al-and A2-aquifer zones appear to fall in the same general areas (see Figures 3.4-14 and
3.4-15).

Hydraulic conductivity ranges from 1 x 10310 1 x 10! cm/s (2.83 to 28.3 ft/dy) with values
around 1 x 1072 cm/s occurring 8 out of 18 times (HLA, 1988, and summarized in calcula-
tions in IT calculation sheets, 1991c). The A2-aquifer zone at Moffett Field appears to be
continuous with the Bl-aquifer at the MEW area. These results suggest that hydraulic
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conductivity distribution is similar to that of the Al-aquifer zone (compare Figure D-1 to
Figure D-2). This assumption was used in developing the A2 model layer. Table D.1-4 lists
transmissivity zones (derived from data presented in IT calculation sheets, 1991a).

Table D.1-4

Transmissivity Values Assigned to Model Zones for A2- Aquifer

Thickness Zones
=5 b=10 b=15 b =20
K T (fi’/day) | T (f%/day) | T (f/day) | T (fi2/day)
K Zone 1 = 28.3 fy/day 142 283 425 566.0
K Zone 2 = 2.83 f/day 14.2 28.3 425 56.6
K Zone 3 = 283.0 ft/day 1420 2830 4250 5660

3y = thickness

D.1.1.3 B2- and B3-Aquifer Unit Hydraulic Conductivity Distribution

Data for the B2-aquifer are limited to three monitoring wells. The mean value for the
hydraulic conductivity is approximately 1 x 10~ cm/s (2.83 ft/day). The B2-aquifer is
considered as confined (IT, 1991b) and therefore is treated in the same way as the A2-aquifer
(i.e., the thickness and hydraulic conductivity are entered to the computer model as transmis-
sivity). Thickness domains are obtained from IT calculation sheets (1991b). The thicknesses
of individual domains and the corresponding transmissivity domains derived are provided in
Table D.1-5.

Data for the B3-aquifer are limited; therefore, it was hypothesized that data from the B2-
aquifer exhibits the same mean values. Transmissivity for both B2- and B3-aquifers are
distributed based on thickness zones. Figures D-3 and D-4 show the location of transmissi-
vity zones used in the flow model for the B2- and B3-aquifer zones, respectively.
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Table D.1-5

Transmissivity Values Assigned to Model Zones for B2- and B3-Aquifers

Thickness Zones

b=5 [b=10|b=15{b=25| b

35 | b=40

Hydraulic Conductivity T T T T T T
f®/day | f®/day | f¥/day | f¥/day | f¥/day | ft’day

For B2 and B3 K = 2.83 ft/day 14.3 28.3 42.5 70.9 99.2 113.0

D.1.2 Boundary Conditions

The major recharge areas for the Al-, A2-, B2-, and B3-aquifer zones (Moffett designation)
are believed to be outside of the Moffett Field and MEW areas (PRC, 1991); therefore, these
recharge areas are treated as general head boundaries in the model. Heads for the boundaries
at Column 39 were projected from the water table surface maps for May 1991 for aquifers Al
and A2, (Figures L-1 and L-5, IT, 1991d). Therefore, the head values at the southern
boundaries are dependent on and proportional to heads outside of the model area. Head
values for the northern boundaries are controlled by heads imposed by the bay and water
withdrawal at the drainage sump and are assumed to be consistent head boundaries for this
model.

The values for the general head boundaries were derived from water elevation contours as
shown in the above referenced figures. The southern boundary values appear to be approxi-
mately 2 feet lower in the A2-aquifer than in the Al-aquifer.

D.1.3 Leakance Terms

Hydraulic conductivities were derived from test analysis of aquifers based on evaluation of
data and an assumed leakance factor (computed by the model from values of vertical
hydraulic conductivity and estimated aquitard thickness, which are input terms) and assuming
100 percent contribution of inflow from either the overlying or underlying aquitard (HLA,
1988). (Vertical conductivities for the A1/A2, A2/B2, and B2/B3 aquitards are reviewed in
IT calculation sheets, 1991c.) Table D.1-6 indicates the order of magnitude of the hydraulic
conductivity in the vertical direction (K,).
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Table D.1-6

Input Values for Calculation of Leakance Term for Aquitard Layers

Aquitard K, (cm/s)
A1/A2 1x 107
A2/B2 1x 10
B2/B3 1x10*

K, = hydraulic conductivity in the vertical direction.

Leakance terms required by MODFLOW (McDonald and Harbaugh, 1988) are defined as
K,/b where b is the aquitard thickness.Aquitard thickness was estimated from the depth to the

bottom and top of the respective aquifers. Vertical hydraulic conductivities for the A1/A2
and A2/B2 aquitards are given in Table D.1-6.

Aquitard thickness for each model layer was estimated from the elevations of the base of one
aquifer and the top of the underlying aquifer as shown in the structural contour maps
provided in IT calculation check sheets (IT, 1991a).

D.1.4 Calibration

The initial model runs for each aquifer layer did not produce satisfactory reproduction of
steady-state water elevations at the facility. Specifically, the position of the sea level contour
line was shifted too far north, and the curvature of the contour lines did not match the
contour shapes as shown in IT 1991b. Although some uncertainty in contour curvature and
placement exists because of the limited number and areal distribution of control points, the
initial simulation was not close to site conditions. Therefore, the position and order of
magnitude of the aquifer parameter zones were adjusted to produce a more acceptable water
table configuration. This adjustment was justifiable because more is known about the water
table surface than about the position of changes in material properties of the aquifers.

Hydraulic conductivities for the east side of the facility were adjusted downward in the area

of Sites 5, 6, and 7, which caused displacement of the zero lines in the Al- and A2-aquifer
zones to the south, more in line with observed site conditions.
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Modeled drains were located in Layer 1 only (Al-aquifer zone). The model defines a drain
as a sink when groundwater elevation is above a predetermined elevation within the node. If
the groundwater elevation is below the predetermined elevation, the node will be inactive.
The effect of the drain in Layer 1 was very evident in Layer 2, matching the effects seen in
the observed data. This demonstrates leakance between the Al- and A2-aquifer zones at this
location.

Transmissivity was reduced in the area of Sites 5, 6, and 7 for the B2-aquifer so that water
levels would more closely match the observed data.

While calibration was based on comparison of the water table configuration, model water
levels were numerically compared to the average water elevations collected during the
Second, Third, and Fourth Quarters of 1990 and the First Quarter of 1991. The final
comparisons are given in Table 5.2-3 (Chapter 5.0). Monitoring wells were located by the
grid node in which they fell. Where a well was on or near a block boundary, model levels in
the adjoining grid blocks were averaged for comparison. Actual water levels used for
comparison are averages of up to four quarterly water level measurements from 1990 to 1991.
The mean of the difference between average observed and model water levels for the Al-
aquifer is 0.16 foot (standard deviation [SDEV] = 2.16 feet), for the A2-aquifer 0.95 foot
(SDEV = 1.95), and for the B2-aquifer 2.15 feet (SDEV = 1.57). There is only one data
point for the B3-aquifer, and the predicted head is 2.59 feet higher than the historical average
head in that well. Comparisons should not be used to statistically evaluate the model results
with respect to individual wells.

Modeling of the groundwater levels for the B2-aquifer closely matches actual conditions of
that aquifer at the base. Transmissivity domains were adjusted slightly, and hydraulic
conductivities were reestimated during calibration. It was found that the adjustments made
did not markedly affect the absolute magnitude or gradient of heads within the B2-aquifer;
however, some changes were noted in the hydraulic head levels in both the Al- and A2-
aquifers.

Similarly, comparison of actual water levels (average of all data) and modeled water levels
did not compare favorably when comparisons were made to the initial runs for the A1, A2,
and B2-aquifers. Hydraulic conductivity domains and transmissivity domains were shifted or
multiplied by factors of 10 to establish the sensitivity of the model to these parameters. It
was found that the model was not greatly sensitive to changes in transmissivity within the
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confined layers but did appear to be somewhat more sensitive to changes in hydraulic
conductivity in the uppermost unconfined layer.

D.1.5 References for Flow Model Development

Canonie Environmental, 1988, Feasibility Study, Middlefield-Ellis-Whisman Area, Mountain
View, California.

Freeze, L. A. and V. A. Cherry, 1979, Groundwater, Prentice-Hall Inc., Englewood Cliffs,
New Jersey.

Harding Lawson Associates (HLLA), 1987, Remedial Investigation, Middlefield-Ellis-Whisman
Area, Mountain View, California.

Harding Lawson Associates (HILA), 1988, Remedial Investigation Report; RI/FS Middlefield-
Ellis-Whisman Area, Mountain View, California.

IT, 1991a, Thickness of Aquifer Units at NAS Moffett Field, IT Calculations and Calculation
Check Prints.

IT, 1991b, Site Characterization Report, NAS, Moffett Field.

IT, 1991c, Hydraulic Conductivities for Aquifers A to B3 MEW Sites Based on Results of
Harding Lawson Pump Tests, IT Calculation Check Prints.

IT, 1991d, Quarterly Status Report for the 3rd Quarter 1991, Moffett Naval Air Station.
McDonald and Harbaugh, 1988, A Modular Three Dimensional Finite Difference Ground-

water Flow Model, U.S. Geologic Survey Techniques of Water Resources Investigations,
Book 6.

PRC, 1991, Draft Operable Unit 4 Technology Screening Report, CLEAN Contract No.
N62474-88-D5086.
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D.2.0 Solute Transport Model

D.2.1 Transport Model Development

The solute transport model, MOC, used for the west side aquifers is a two-dimensional finite
difference model developed by the U.S. Geological Survey (USGS). The Al- and A2-aquifer
zones exhibit the most significant impact by chlorinated solvents, which form the most
extensive plume at Moffett Field. Therefore, these aquifers were chosen for solute transport
modeling.

Figure 3.6-1 of this RI report provides comparisons between aquifer zones at Moffett Field,
the MEW area, and terminology used by PRC (1991). Thus, for the modeling of solute
transport, one layer can represent the Al- and A2-aquifer zones. Aquifer testing at Moffett
Field has shown that the Al- and A2-aquifer zones are hydrogeologically connected (see
Appendix F). The objectives of the modeling were (1) to establish whether the observed
plume configuration could be due to encroachment of a plume front migrating into the
Moffett Field area from off site and (2) to estimate the magnitude of on-site sources, if
required, that would account for observed concentrations that cannot be accounted for based
on off-site sources only.

The model area was telescoped down to the Site 9 area because this area of the west side
aquifer exhibits the most significant impact of groundwater by a suite of organic compounds,
most notably trichloroethene (TCE) and tetrachloroethylene (PCE). (Groundwater at Sites 8
and 12 exhibits less impact by organic compounds.)

In the flow modeling (see Chapter D.1.0) at Moffett Field, the observed configuration of
groundwater levels was closely matched by utilizing a relatively heterogeneous hydraulic
conductivity field or transmissivity field. For contaminant transport modeling, the same
values were applied. However, because a much smaller region was modeled, more detail
could be incorporated into the aquifer model, such as sandy deposits near gravel filled
channels. Transmissivities for the modeled aquifer zones are shown in Figure D-5.

Geochemical data required for the transport model were derived from information available in
the Superfund Public Health Manual (U.S. EPA, 1986) and from the literature. The main
geochemical datum required by the model is the distribution coefficient (K;). K, is computed
as a function of the organic carbon partition coefficient (K,.), the organic carbon fractions of
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the compounds of the medium, and fraction of silt and sand. The method used to compute
K, follows the method outline in U.S. EPA, 1987 (page 51). From U.S. EPA 1986, K for
TCE is 126 mL/kg. From Roberts, et al. (1991), the fraction of organic carbon in silts is
0.004 mg/kg and 0.0007 mg/kg for sands. The distribution of silt and sand in the Al- and
A2-aquifer zones is assumed to be 0.20 silt and 0.80 sand (Table D.2-1).

The most important assumption concerning the solute transport is that transport is controlled
by a linear adsorption reaction. The mathematical treatment is given in Konikow and
Bredehoeft (1978) and Goode and Konikow (1989).

Known concentrations in groundwater at suspected upgradient sources were used to develop
input data for model contaminant sources. Two contaminant source types were modeled: a
boundary source that simulated encroachment of an external plume to Site 9 and an injection
source to model on-site sources. Review of quarterly data suggests that concentrations within

the MEW area have not changed significantly and that this area can act as a general source.
The modeling has been used to estimate the mode of development of the VOC plume. TCE

was chosen as a representative component for indicating VOC because of its high concentra-
tion in the upgradient area and its low organic carbon distribution coefficient.

KN/WP813 APDAY7-22-92/F1 D-11



Table D.2-1

Input Values used in the Transport Modeling

I. Finite Difference Grid

18 Nodes

1990)

X Axis (active nodes) 150 ft/node
Y Axis (active nodes) 18 Nodes 150 ft/node
II. Hydrogeologic
Parameters
Material Type K (cm/s) Thickness
Silty sand (zone) 1x10* 10 ft
Fine sand 1x10° 10 ft
Coarse sand 1x 10! 10 ft
Sandy gravel 3.1 x 10! 15 ft
Precipitation Pavement prevents recharge
Flow regime Steady state
Boundary Conditions Constant head
North boundary 2 to 9 ft msl*
South boundary 20 to 23 ft msl
III. Geochemical
Parameters
Source Type Concentration Rate
Constant Head 2 3,700 ppb
Constant Head 3 6,700 ppb
Injection 10,000 ppb 0.002 cfs®
Distribution coefficient | 0.17 mL/g"
Bulk density 1.8 g/mL?
X e 0.004 (Roberts, et al., 1990)
oc
Xo' 0.0007 (Roberts, et al.,

'msl - mean sea level.

bcfs - cubic feet per square inch.

‘mL/g - milliliter per gram.
4g/mL - gram per milliliter.

°x{t Fraction of organic carbon in the fine grain material.

fx;. Fraction of organic carbon in the sand material.

KN/WP813.APDA7-22-92/F1

D-12




D.2.2 References for Solute Transport Modeling

Goode, D. J. and L. F. Konikow, 1989, Modifications of a Method-of-Characteristics Solute-
Transport Model to Incorporate Decay and Equilibrium Controlled Sorption or Ion
Exchange, U.S. Geologic Survey, Water Resources Investigations Report 89-4080.

IT, 1991a, Flow Model Setup for Moffett NAS, OU4, West Side Division, IT Calculational
Check Prints.

IT, 1991b, Site Characterization Report for Moffett Naval Air Station.

Konikow, L. F. and J. D. Bredehoeft, 1978, Techniques of Water-Resources Investigations,
Computer Model of Two Dimensional Waste Transport and Dispersion in Groundwater,
U.S. Geologic Survey, Water Resources Division.

PRC Environmental Management, Inc., 1991, "Building 29 Area Field Investigation Technical
Memorandum," CLEAN Contract No. N62474-88-D5086.

Roberts, P. V., G. D. Hopkins, D. M. Mackay, and L. Semrini, 1990, "A Field Evaluation of

In-Situ Biodegradation of Chlorinated Ethenes: Part I, Methodology and Field Site Character-
ization," Ground Water, Vol. 28, No. 4.

U.S. EPA, 1986, Superfund Public Health Evaluation Manual, Environmental Protection
Agency, U.S. EPA/540/1-86/060.

U.S. EPA, 1985, Water Quality Assessment - A Screening Procedure for Toxic and Conven-

tional Pollutants in Surface and Groundwater Part II, Environmental Protection Agency
U.S. EPA/600/6-85/0026.

KN/WP813APDA7-22-92/F1 D-13



N00296.001453
MOFFETT FIELD
SSIC NO. 5090.3

APPENDIX D - GROUNDWATER FLOW MODEL
AND SOLUTE TRANSPORT MODEL

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD
DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
NOT BE IMAGED.

TO VIEW THE DATA, CONTACT:

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST
NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST
1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



VOLUME 4, APPENDIX E
RISK ASSESSMENT MODELS

KNWP813.COV/06-23-92/F 1



Appendix E

E.1.0 Modeling

Indoor Air Modeling

Models used to describe potential indoor concentrations are equations describing use of
groundwater as potable water. These models are volatilization while showering (Murphy, 1987)
and from general household water use (Murphy, 1987). Henry’s Law is used to describe
partitioning from the water to the air; hence, volatilization is directly proportional to the
magnitude of the Henry’s Law Constant. The general water use model describes volatilization
from total water use. This model assumes that all water use occurs at a single average tempera-
ture, and thus does not precisely account for individual uses such as cooking.

Volatilization while showering

D, = 10°FC/V)[1+1/aT ("™ 1)][1-exp-[0.93+(1.48 x 10°/H™)]

where:
C, = concentration while showering (mg/m?)
F = shower water flow rate (0.48 m*/hr)
C = concentration of chemical in water (chemical-specific, mg/L)
V = volume of shower/bathroom (12 m?)
a = air exchange rate between shower/bathroom and rest of house (12 hr!)
H = Henry’s Law Constant (chemical-specific, m*-atm/mole)

Volatilization from general water use

C, = (Q./Q)MC[l-exp-[1.26 + (2.00 x 10?)"]
where:
C, = concentration from general household water use (mg/m?)
Q, = water use in home (980 l/day)
Q. = volume of air exchange rate for home (8,700 m’/day)
M = mixing factor (0.5 unitless)
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Concentration in Vegetables

The following model (modified from NRC, 1977) was used to estimate potential concentrations
of chemicals in leafy vegetables due to deposition of irrigation water onto the soil and the
exposed portions of plants:

RO - | FL
(K*Y) D

el

where:
C, = concentration in vegetables (mg/kg)
C, = concentration in water (mg/L)
I, = annual irrigation rate = 0.097 I/m?*/hr (Baes et al., 1984)
F, = fraction of irrigation water retained on plant surface (unitless) = 0.25 (NRC, 1977)
K = removal rate constant from weathering = 0.0021 hr'
t = length of time plant is exposed = 1,440 hr (NRC, 1977)
Y = agricultural productivity yield = 1.0 kg/m? (Baes et al., 1984)
F, = fraction of year that irrigation occurs (unitless) = 0.58 (Baes et al., 1984)
B, = chemical-specific root uptake factor -- transfer to vegetative portion of plant
T, = time soil is exposed to irrigation = 131,000 hr (NRC, 1977)
D, = effective soil surface density = 240 kg/m? (NRC, 1977)

It was assumed that leafy vegetables would be grown as these will intercept the greatest amount
of irrigation water on the edible plant surface. Contamination may result through both direct
deposition of irrigation water onto the edible portion of the plant and uptake of the water by the
roots from the soil. It was assumed that vegetables will be eaten raw and unwashed, thus
eliminating these potential removal mechanisms.
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E.2.0 Concentration/Toxicity Screen for Chemicals of Poten-
tial Concern

Infrequently detected chemicals (<5 percent frequency of detection) were excluded as chemicals
of potential concern. However, if a chemical was analyzed for in less than 20 samples at a site,
a single positive hit would result in greater than 5 percent detection; therefore, chemicals with
fewer than 20 samples analyzed were evaluated on a case-by-case basis. The chemicals’ toxicity
and concentration were considered in this evaluation.

Chemicals were evaluated by estimating a potential ILCR and/or HQ for a worst-case residential
exposure to the maximum concentration of that chemical at the site. Intakes were estimated for
estimated for drinking water ingestion by adults using the equations shown in Section 6.3.3.1.
The exposure parameters are shown below:

Parameter Value Reference

Drinking water ingestion rate 2 L/day U.S. EPA, 1991a
Exposure frequency 365 days/yr Worst-case assumption
Exposure duration 70 years Worst-case assumption
Body weight 70 kg U.S. EPA, 1991a
Averaging time 25,550 days U.S. EPA, 1989a

Four chemicals were excluded because they were detected only once at a site and had very low
toxicity at the detected concentration. The results of the toxicity screen for these chemicals is
shown below:

Chemical Exposure Estimated
Concentration® Intake CPF Estimated
(mg/L) (mg/kg/day) (mg/kg/day) ILCR
Trichloroethene 0.002 57 x 107 1.1 x 10?2 6.3 x 107
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Chemical Exposure Estimated
Concentration* Intake RfD Estimated
(mg/L) (mg/kg/day) (mg/kg/day) HQ
Benzoic acid 0.025 6.0 x 101 40x 10° 1.5 x 10
2-Butanone 0.15 43 x 10?3 5.0 x 107 8.6 x 10?
Nickel 40 9.6 x 107 2.0 x 10% 48 x 10°
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E.3.0 Hazard Identification

The information in this section comes from IRIS (U.S. EPA, 1992).

Acetone. An RfD of 1 x 107! mg/kg/day, an NOAEL of 100 ng/kg/day, and an LOAEL of
500 mg/kg/day were reported with an uncertainty factor of 1000, 100 for inter- and intra-
species extrapolation and 10 to extrapolate from subchronic to chronic exposure.

Acetone was administered by gavage to groups of albino rats at three different levels. Body
weights, food consumption, clinical chemistry, hematology, and histopathologic parameters, as
well as organ weights and organ-to-body weight ratios, were measured and analyzed.

Animals were sacrificed after 30 or 90 days of exposure. No effects were seen at the low
dose level throughout the study. RBC parameters were significantly increased in the high
group at 30 days (males only) and at 90 days in males and females. Statistical analysis of the
absolute and relative organ weight data revealed significantly increased kidney weights for
females in the medium and high dosage groups and increased kidney-to-body and brain
weight ratios for males and females in the high doses. Liver weight and liver/body weight
ratios were also increased in the high dose males and females. Histopathologic studies
revealed a marked increase in severity in tubular degeneration of the kidneys and hyaline
droplet accumulation with increasing doses. This accumulation was significant in the medium
and high males and the high females.

Based on the above findings, the NOEL for this study is 100 mg/kg/day and the LOAEL is
500 mg/kg/day based on increased liver and kidney weights and nephrotoxicity.

Limited human studies have shown that workers exposed to acetone vapors experienced
transient eye and nose irritation. Animals exposed to acetone vapors experienced slight, but
not significant, decreases in organ and body weights.

Confidence in the principal study is rated medium, since a moderate number of ani-
mals/dose/sex and an extensive number of parameters were measured. The data base is rated
low because a very limited number of studies are available and no pertinent supporting
studies were located. The overall confidence rating for the RfD is low.

Acetone is classified as a class D carcinogen based on lack of data concerning carcinogenicity

in humans or animals.
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Acetone did not show mutagenic activity when tested in Salmonella typhimurium strains
TA98 and TA100 or in Schizosaccharomyces pombe strain P1 either in the presence or
absence of liver homogenates or in cell transformation systems. Furthermore, acetone gave
negative results in assays for chromosomal aberrations and sister chromatid exchange, DNA
binding, point mutation in mouse lymphoma cells, and transfection of E. coli CR63 cells. In
one study, however, acetone was reported to produce chromosomal aberrations but not sister
chromatid exchanges.

Arsenic. An RfD of 3 x 10% mg/kg/day, an NOAEL of 0.008 mg/kg/day and an LOAEL of
0.014 mg/kg/day were reported with an uncertainty factor of 3. The UF of 3 is to account for
both the lack of data to preclude reproductive toxicity as a critical effect and to account for
some uncertainty in whether the NOAEL of the critical study accounts for all sensitive
individuals. The data reported in Tseng show an increased incidence of blackfoot disease that
increases with age and dose. Blackfoot disease is a significant adverse effect. The
prevalences (males and females combined) at the low dose are 4.6 per 1000 for the 20-39
year group, 10.5 per 1000 for the 40-59 year group, and 20.3 per 1000 for the >60 year
group. Moreover, the prevalence of blackfoot disease in each age group increases with
increasing dose. However, a recent report indicates that it may not be strictly due to arsenic
exposure. The data in Tseng also show increased incidences of hyperpigmentation and
keratosis with age. The overall prevalences of hyperpigmentation and keratosis in the
exposed groups are 184 and 71 per 1000, respectively. The text states that the incidence
increases with dose, but data for the individual doses are not shown. These data show that
the skin lesions are the more sensitive endpoint. The low dose in the Tseng study is
considered a LOAEL.

Ferm and Carpenter produced malformations in 15-day hamster fetuses via intravenous
injections of sodium arsenate into pregnant dams. Exencephaly, encephaloceles, skeletal
defects and genitourinary systems defects were produced. These and other terata were
produced in mice and rats at similar exposure levels. Minimal effects or no effects on fetal
development have been observed in studies on chronic oral exposure of pregnant rats or mice
to relatively low levels of arsenic via drinking water. Nadeenko reported that intubation of
rats with arsenic solution during pregnancy, produced no significant embryotoxic effects and
only infrequent slight expansion of ventricles of the cerebrum, renal pelves and urinary
bladder. Hood reported that very high single oral doses of arsenate solutions to pregnant
mice were necessary to cause prenatal fetal toxicity, while multiple doses of lower concentra-
tions had little effect.
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Extensive human pharmacokinetic, metabolic, enzymic and long-term information is known
about arsenic and its metabolism. Valentine established that human blood arsenic levels did
not increase until daily water ingestion of arsenic exceeded approximately 250 ug/day.
Methylated species of arsenic are successively 1 order of magnitude less toxic and less
teratogenic. Some evidence suggests that inorganic arsenic is an essential nutrient in goats,
chicks, mini pigs and rats. No comparable data are available for humans. Confidence in the
chosen study is considered medium. An extremely large number of people were included in
the assessment (>40,000) but the doses were not well-characterized and other contaminants
were present. The supporting human toxicity data base is extensive but somewhat flawed.
Problems exist with all of the epidemiological studies.

Arsenic is classified as a class A carcinogen based on observation of increased lung cancer
mortality in populations exposed primarily through inhalation and on increased skin cancer
incidence in several populations consuming drinking water with high arsenic concentrations.

Studies of smelter worker populations (Tacoma, WA; Magma, UT; Anaconda, MT; Ronnskar,
Sweden; Saganoseki-Machii, Japan) have all found an association between occupational
arsenic exposure and lung cancer mortality. Both proportionate mortality and cohort studies
of pesticide manufacturing workers have shown an excess of lung cancer deaths among
exposed persons. One study of a population residing near a pesticide manufacturing plant
revealed that these residents were also at an excess risk of lung cancer. Case reports of
arsenical pesticide applicators have also demonstrated an association between arsenic exposure
and lung cancer.

A cross-sectional study of 40,000 Taiwanese exposed to arsenic in drinking water found
significant excess skin cancer prevalence by comparison to 7500 residents of Taiwan and
Matsu who consumed relatively arsenic-free water. This study design limited its usefulness in
risk estimation. Arsenic-induced skin cancer has also been attributed to water supplies in
Chile, Argentina and Mexico. No excess skin cancer incidence has been observed in U.S.
residents consuming relatively high levels of arsenic in drinking water. The results of these
U.S. studies, however, are not necessarily inconsistent with the existing findings from the
foreign populations. The statistical powers of the U.S. studies are considered to be inadequate
because of the small sample size.

A follow-up study of the population living in the same area of Taiwan, where arsenic
contamination of the water supply was endemic, found significantly elevated standard
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mortality ratios for cancer of the bladder, lung, liver, kidney, skin and colon. This study of
bladder, liver and lung cancer cases in the endemic area found a significant association with
arsenic exposure that was dose-related. The association of arsenic ingestion and

cancer of various internal organs has also been cited in a number of case reports. Persons
treated with arsenic-containing medicinals have also been shown to be at a risk of skin
cancer.

There has not been consistent demonstration of arsenic carcinogenicity in test animals for
various chemical forms administered by different routes to several species. There are some
data to indicate that arsenic may produce animal tumors if retention time in the lung can be
increased.

Sodium arsenate has been shown to transform Syrian hamster embryo cells and to produce
sister-chromatid-exchange in DON cells, CHO cells and human peripheral lymphocytes

exposed in vitro. While arsenic compounds have not been shown to mutate bacterial strains,
it produces preferential killing of repair deficient strains.

Barium. An RfD of 7 x 102 mg/kg/day and an NOAEL of 0.21 mg/kg/day were reported
with an uncertainty factor of 3. Because of both the critical study’s unique focus and the
supporting studies, a 3-fold UF, instead of a 10-fold UF, was chosen as most appropriate to
protect for sensitive individuals within that population.

Wones administered barium (as barium chloride) in the drinking water of 11 healthy male
volunteers. There were no changes in systolic or diastolic blood pressures, orserum chemis-
try, especially total cholesterol, HDL, LDL, triglycerides, potassium or glucose levels. There
was an increase in serum calcium levels that was attributed to a decrease in serum albumin
levels. This increase, although statistically significant, was considered borderline and not
clinically significant. There were also no changes in cardiac cycle as noted by electrocardio-
grams and no significant arrhythmias. A NOAEL of 10 mg/L. was identified in this study
which corresponds to 0.21 mg/kg/day, based on an actual consumption rate of 1.5 L/day and a
70-kg body weight.

Occupational studies of workers exposed to barium dust have shown that workers develop
"baritosis." Affected workers showed no symptoms, no abnormal physical signs, no loss of
vital capacity or interference with function, although they had a significantly higher incidence
of hypertension.
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McCauley studied the histologic and cardiovascular effects of drinking water containing
barium on Sprague-Dawley rats. No significant histologic, carcinogenic, or cardiovascular
(including hypertension) effects were observed. No changes were reported in body weight, or
food and water consumption in any of the treated animals. Animals treated at the highest
dose did exhibit ultrastructural changes in the kidney glomeruli and the presence of myelin
figures. No other effects were reported at any dose level for males or females.

Perry exposed weanling rats to barium. There were no signs of toxicity at any barium dose
level. Systolic blood pressure measurements revealed no increase in animals.

EPA does not believe that any single study, considered alone, is adequate to calculate an RfD
for barium. However, EPA believes that medium confidence can be placed in the total data
base used to determine the RfD.

A risk assessment for this substance/agent is under review by an EPA work group.

Benzene. No reference dose is available for benzene. A risk assessment for this sub-
stance/agent will be reviewed by an EPA work group.

Benzene is classified as a group A carcinogen. This classification is based on several studies
of increased incidence of nonlymphocytic leukemia from occupational exposure, increased
incidence of neoplasia in rats and mice exposed by inhalation and gavage, and some support-
ing data.

Aksoy reported effects of benzene exposure among 28,500 Turkish workers employed in the
shoe industry. Mean duration of employment was 9.7 years (1-15 year range) and mean age
was 34.2 years. Peak exposure was reported to be 210-650 ppm. Twenty-six cases of
leukemia and a total of 34 leukemias or preleukemias were observed, corresponding to an
incidence of 13/100,000 (by comparison to 6/100,000 for the general population). A
follow-up paper (Aksoy, 1980) reported eight additional cases of leukemia as well as evidence
suggestive of increases in other malignancies.

In a retrospective cohort mortality study Infante examined leukemogenic effects of benzene

exposure in 748 white males exposed while employed in the manufacturing of rubber
products. A statistically significant increase (p less than or equal to 0.002) of leukemias was
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found by comparison to the general U.S. population. There was no evidence of solvent
exposure other than benzene.

In a subsequent retrospective cohort mortality study Rinsky observed seven deaths from
leukemia among 748 workers exposed to benzene and followed for at least 24 years (17,020
person-years). This increased incidence was statistically significant.

In an updated version of the Rinsky study, the authors followed the same cohort to 12/31/81.
An in his earlier study, cumulative exposure was derived from historic air-sampling data or
interpolated estimates based on exisitng data. Standardized mortality rates ranged from 109 at
cumulative benzene exposures under 40 ppm-years and increased montonically to 6637 (6
cases) at 400 ppm-years or more. The authors found significantly elevated risks of leukemia
at cumulative exposures less than the equivalent current standard for occupational exposure
which is 10 ppm over a 40-year working lifetime.

Ott observed three deaths from leukemia among 594 workers followed for at least 23 years in
a retrospective cohort mortality study, but the increase was not statistically significant.
Exposures ranged from <2 to >25 ppm 8-hour TWA.

Wong reported on the mortality of male chemical workers who had been exposed to benzene
for at least 6 months during the years 1946-1975. The study population of 4062 persons was
drawn from seven chemical plants. Dose-dependent increases were seen in leukemia and
lymphatic and hematopoietic cancer. The incidence of leukemia was responsible for the
majority of the increase. It was noted that the significance of the increase is due largely to a
less than expected incidence of neoplasia in the unexposed subjects.

Numerous other epidemiologic and case studies have reported an increased incidence or a
causal relationship between leukemia and exposure to benzene. In addition to this human
data, both gavage and inhalation exposure of rodents to benzene have resulted in development
of neoplasia. Numerous investigators have found significant increases in chromosomal
aberrations of bone marrow cells and peripheral lymphocytes from workers with exposure to
benzene. Benzene also induced chromosomal aberrations in bone marrow cells from rabbits,
mice and rats. Several investigators have reported positive results for benzene in mouse
micronucleus assays. Benzene was not mutagenic in several bacterial and yeast systems, in
the sex-linked recessive lethal mutation assay with Drosophila melanogaster or in mouse
lymphoma cell forward mutation assay.
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Based on these studies the EPA recommends an inhalation unit risk of 8.3E-6 per (ug/cu.m)
using the One-hit (pooled data) dose extrapolation method. This unit risk is based on
occupational studies on humans which showed increased incidence of leukemia. The unit risk
estimate is the geometric mean of four ML point estimates using pooled data from the Rinsky
and Ott studies, which was then adjusted for the results of the Wong study. The Rinsky data
used were from an updated tape which reports one more case of leukemia than was published
in 1981. Equal weight was given to cumulative dose and weighted cumulative dose exposure
categories as well as to relative and absolute risk model forms. The results of the Wong
study were incorporated by assuming that the ratio of the Rinsky-Ott-Wong studies to the
Rinsky-Ott studies for the relative risk cumulative dose model was the same as for other
model-exposure category combinations and multiplying this ratio by the Rinsky-Ott geometric
mean. The age-specific U.S. death rates for 1978 (the most current year available) were used
for background leukemia and total death rates. It should be noted that a recently published
paper reported yet another case of leukemia from the study population.

An oral slope factor of 2.9E-2 per (mg/kg)/day is recommended based on human data for
inhalation exposure. The human respiratory rate was assumed to be 20 cu.m/day and the
human drinking water intake was assumed to be 2 L/day. The fraction of the administered
dose absorbed systemically via inhalation and via drinking water were assumed to be equal.

Beryllium. An oral RfD of 5 x 10”3 mg/kg/day and an NOAEL of 0.54 mg/kg/day were
reported with an uncertainty factor of 100. The uncertainty factor of 100 reflects a factor of
10 each for interspecies conversion and for the protection of sensitive human subpopulations.

Fifty-two weanling Long-Evans rats of each sex received beryllium (as BeSO4, beryllium
sulfate) in drinking water. Exposure was for the lifetime of the animals. At natural death the
rats were dissected and gross and microscopic changes were noted in heart, kidney, liver, and
spleen. There were no effects of treatment on these organs or on lifespan, urinalysis, serum
glucose, cholesterol, and uric acid, or on numbers of tumors. Male rats experienced de-
creased growth rates from 2 to 6 months of age.

Similar studies were carried out on Swiss (CD strain) mice. Female animals showed
decreased body weight compared with untreated mice. Male mice exhibited slight increases
in body weight. These effects were not considered adverse, therefore, 0.95 mg/kg/day is
considered a NOAEL.
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This RfD is limited to soluble beryllium salts. Data on the teratogenicity or reproductive
effects of beryllium are limited. It has been reported to produce embryolethality and terata in
chick embryos.

Confidence in the study is rated as low because only one dose level was administered.
Although numerous inhalation investigations and a supporting chronic oral bioassay in mice
exist, along with the work by Cox which indicates that a higher dose level might be a NOEL,
these studies are considered as low to medium quality; thus, the data base is given a low
confidence rating. The overall confidence in the RfD is low, reflecting the need for more
toxicity data by the oral route.

The 1985 Drinking Water Criteria Document for Beryllium is currently undergoing Agency
review,

Beryllium is considered a B2 probable human carcinogen. Beryllium has been shown to

induce lung cancer via inhalation in rats and monkeys and to induce osteosarcomas in rabbits

via intravenous or intramedullary injection. Human epidemiology studies are considered to be
inadequate.

Human carcinogenicity was considered inadequate. Reported increases, while apparently
associated with exposure, did not take a variety of possible confounding factors into account.

Wagoner observed 47 deaths from cancer among 3055 white males employed in
beryllium-processing with a median duration of employment of 7.2 months. Among the 2068
followed for 25 years or more, 20 lung cancer deaths were observed. These increased
incidences were statistically significant. When lung cancer mortality data became available
for 1968-1975, the number of expected deaths was recalculated and the increased incidence
was statistically significant only among workers followed 25 years or more. When the
number of expected deaths was adjusted for smoking, the increased incidence was no longer
significant.

An earlier study of workers from this same beryllium processing plant, and several studies of
workers from this plant combined with workers from other beryllium plants, have reported a
statistically significant increased incidence of lung cancer. No adjustment was made for
smoking in these studies, and all were limited in their ability to detect a possible increased
incidence of lung cancer because of methodological constraints and deficiencies.
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Animal carcinogenicity is adequate and based on the evidence for induction of tumors by a
variety of beryllium compounds in male and female monkeys and in several strains of rats of
both sexes, via inhalation and intratracheal instillation, and the induction of osteosarcomas in
rabbits by intravenous or intramedullary injection in multiple studies.

Slight increases in cancer incidence (not statistically significant in comparison with controls)
were reported in Long-Evans rats administered 5 ppm beryllium sulfate in the drinking water
for a lifetime. The authors reported a slight excess of grossly observed tumors in the 5 ppm
group over controls in the male rats. The power of this test to detect a carcinogenic effect
was reduced by high mortality. Schroeder and Mitchener administered 5 ppm beryllium
sulfate in drinking water to Swiss mice over a lifetime. A non-statistically significant
increase in incidence of lymphoma leukemias were reported in the females relative to
controls.

An increase in reticulum cell sarcomas of the lungs was seen in male, but not female
Wistar-derived rats administered beryllium sulfate in the diet.

Osteogenic sarcomas were induced in rabbits by intravenous injection of beryllium com-
pounds in at least 12 different studies and by intramedullary injection in at least four studies.
Bone tumors were induced by beryllium oxide, zinc beryllium silicate, beryllium phosphate,
beryllium silicate and beryllium metal. No bone tumors were reported to be induced by
intravenous injection of beryllium oxide or zinc beryllium silicate in rats or guinea pigs.
Positive results, however, were reported in mice injected with zinc beryllium silicate, although
the numbers were not listed. The sarcomas were generally reported to be quite malignant and
metastasized to other organs.

Lung tumors, primarily adenomas and adenocarcinomas, have been induced via the inhalation
route in both male and female Sprague-Dawley rats during exposure periods of up to 72
weeks by beryllium sulfate, in both male and female Sherman and Wistar rats by beryllium
phosphate, beryllium fluoride and zinc beryllium silicate, in male Charles River CR-CD rats
by beryl ore and in both male and female rhesus monkeys by beryllium sulfate. Positive
results were seen in rats exposed to beryllium sulfate at concentrations as low as 2 ug/cu.m.

Tumors were also induced by intratracheal instillation of metallic beryllium,
beryllium-aluminum alloys and beryllium oxide in both Wistar rats and rhesus monkeys.
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Adenomas, adenocarcinomas and malignant lymphomas were seen in the lungs, with
lymphosarcomas and fibrosarcomas present at extrapulmonary sites.

Beryllium sulfate and beryllium chloride have been shown to be nonmutagenic in bacterial

and yeast gene mutation assays. In contrast, gene mutation studies in Chinese hamster V79
and CHO cells were positive. Chromosomal aberrations and sister chromatid exchange were
also induced by beryllium in cultured human lymphocytes and Syrain hamster embryo cells.

Bis(2-ethylhexyl)phthalate (BEHP). BEHP has an estimated oral RfD of 2 x 1072
mg/kg/day. This RfD is based on increased liver weight in guinea pigs and rats and includes
a total uncertainty factor of 1000. Factors of 10 each were used for interspecies variation and
for protection of sensitive human subpopulations. An additional factor of 10 was used since
the guinea pig exposure was longer than subchronic but less than lifetime, and because, while
the RfD is set on a LOAEL, the effect observed was considered to be minimally adverse.
Confidence in this RfD is described as medium.

Male and female guinea pigs consumed feed containing BEHP. No treatment-related effects
were observed on mortality, body weight, kidney weight, or gross pathology and histopatholo-
gy of kidney, liver, lung, spleen, or testes. Statistically significant increases in relative liver
weights were observed in treated females. Groups of male and female Sherman rats were fed
diets containing BEHP. Mortality in the treated and control groups was high; 46.2 and
42.7%, respectively, survived to 1 year.There was, however, no effect of treatment on either
parental or offspring mortality, life expectancy, hematology, or histopathology of organs.
Both parental and offspring rats receiving the BEHP diet were retarded in growth and had
increased kidney and liver weights.

In additional studies dietary levels of 0, 0.01, 0.1, and 0.3 percent BEHP were administered to
male and female CD-1 mice that were examined for adverse fertility and reproductive effects
using a continuous breeding protocol. BEHP was a reproductive toxicant in both sexes
significantly decreasing fertility and the proportion of pups born alive per litter at the 0.3%
level, and inducing damage to the seminiferous tubules. DEHP has been observed to be both
fetotoxic and teratogenic.

There is currently no reference air concentrations available for BEHP.
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BEHP is classified as a B2 carcinogen with an oral Slope Factor of 1.4 x 102 (mg/kg/day)'l
(Linearized multistage procedure) based on studies in which orally administered DEHP
produced significant dose-related increases in hepatocellular carcinomas and adenomasin male
B6C3F mice.

In an NTP study, male and female fisher 344 rats were fed diets containing BEHP. Similarly,
groups of male and female B6C3F1 mice were given BEHP in the diet. No clinical signs of
toxicity were observed in either rats or mice. A statistically significant increase in the
incidence of hepatocellular carcinomas and combined incidence of carcinomas and adenoma
were observed in female rats and both sexes of mice. The combined incidence of neoplastic
nodules and hepatocellular carcinomas was statistically significantly increased in the
high-dose male rats. A positive dose response trend was also noted.

Carpenter did not find a carcinogenic effect in guinea pigs and dogs exposed to BEHP. Both
guinea pigs and dogs were terminated after 1 year of exposure. The treatment and survival
periods for these animals were considerably below their lifetimes.Human studies are inade-
quate to show carcinogenicity. Thiess conducted a mortality study of 221 BEHP production
workers exposed to unknown concentrations of DEHP for 3 months to 24 years. Workers
were followed for a minimum of 5 to 10 years (mean follow-up time was 11.5 years). Eight
deaths were reported in the exposed population. Deaths attributable to pancreatic carcinoma
(1 case) and uremia (one case in which the workers also had urethral and bladder papillomas)
were significantly elevated in workers exposed for >15 years when compared to the corre-
sponding age groups in the general population. The study is limited by a short follow-up
period and unquantified worker exposure. Results are considered inadequate for evidence of a
causal association.

Studies indicate that DEHP is not a direct acting mutagen in either a forward mutation assay
in Salmonella typhimurium or the recassay in Bacillus subtilis. Information is not available
on the potential carcinogenicity of BEHP via inhalation.

Bromodichloromethane. An RfD of 2 x 10”2 mg/kg/day and an LOAEL of 17.9
mg/kg/day were reported with an uncertainty factor of 1000. A factor of 100 was employed
for extrapolation from animal data and for protection of sensitive human subpopulations. An
additional factor of 10 was used because the RfD was based on a LOAEL (although minimal-
ly adverse), and to account for data base deficiencies (no reproductive studies).
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Bromodichloromethane (BDCM) was administered in corn oil by gavage. Final mean body
weights of dosed female mice and high-dose male and female rats were 75 to 91 percent that
of vehicle controls.

Compound-related nonneoplastic lesions included cytomegaly and tubular cell hyperplasia of
the kidney and fatty metamorphosis of the liver in male rats; eosinophilic cytoplasmic change,
clear cell change, focal cellular change, and fatty metamorphosis of the liver and tubular cell
hyperplasia of the kidney in female rats; fatty metamorphosis of the liver, renal cytomegaly,
and follicular cell hyperplasia of the thyroid gland in male mice; and follicular

cell hyperplasia of the thyroid gland in female mice.

In a subchronic bioassay conducted by NTP, male and female rats received doses of Bromodi-
chloromethane. Centrilobular degeneration of the liver and degeneration and necrosis of the
kidney were seen in high-dose male rats; liver lesions were observed in high-dose female rats
and in female mice at a lower dose, and kidney lesions were seen in male mice at a low dose.
These data define a NOAEL of 35.7 mg/kg/day, a dose above which produced kidney lesions
and depressed body weight in male mice. Because the chronic study used more animals/dose,
was of longer duration, and presented more complete data, more confidence is placed in the
chronic LOAEL than in the subchronic NOAEL.

There are no published data on teratogenicity or reproductive effects of trihalomethanes.

Confidence in the study is rated medium because although NTP incorporated both chronic and
subchronic exposures in two species using sufficient numbers of animals and measured
muitiple endpoints, including histopathology of most organ systems, a NOEL was not
determined. Although there are some discrepancies in the dose levels producing adverse
effects, there are several published subchronic studies of bromodichloromethane

permitting confidence in the data base to be rated medium to low. Thus, overall confidence
in the RfD is rated medium to low.

Bromodichloromethane is classified as a class B2 probable human carcinogen. This is based
on inadequate human data and sufficient evidence of carcinogenicity in two animal species
(mice and rats) as shown by increased incidence of kidney tumors and tumors of the large
intestine in male and female rats, kidney tumors in male mice, and liver tumors in female

mice.
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In a 2-year carcinogenicity study, bromodichloromethane was administered in corn oil by
gavage. The study using the male rats was restarted at 10.5 months into the original study
because a temperature elevation killed 45/50 of the vehicle control male rats. Survival in
vehicle control and dosed female mice was reduced after week 84; the mortality was
associated with ovarian abscesses.

Bromodichloromethane induced tumors in the large intestine, kidney and/or liver of mice and
rats. In male mice, the incidence of tubular cell adenomas and the combined incidence of
tubular cell adenomas or adenocarcinomas of the kidneys were statistically significantly
increased in the high-dose group.

In female mice, a significant, dose-related increase was observed in the incidence of hepato-
cellular adenomas or carcinomas (combined); incidences of these tumors were significantly
higher than controls for both low-dose and high-dose female mice.

In rats, the incidence of tubular cell adenomas and adenocarcinomas, and the combined
incidence of adenomas and adenocarcinomas were statistically significantly increased in male
and female rats only in the high-dose group. Tumors of the large intestine, namely adenoma-
tous polyps, adenocarcinomas, and polyps or adenocarcinomas (combined) were significantly
increased in males in a dose-dependent manner, whereas these tumors were observed only at
the high dose in females. Neoplasms of the large intestine are uncommon in this strain of
rats; the historical control incidence of large intestine tumors is less than 0.2% in males and 0
percent in females. Under the conditions of this bioassay, NTP concluded there was clear
evidence of carcinogenicity of bromodichloromethane in male and female F344/N rats and
B6C3F1 mice.

Theiss tested bromodichloromethane in a short-term lung adenoma test in strain A/St mice.
There was no effect of treatment on survival. Twenty-four weeks after the first injection, the
mice were sacrificed and the lungs examined for surface adenomas. The number of pulmo-
nary tumors per mouse was elevated in the high-dose animals, although the increase was not
statistically significant.

Tumasonis administered 1.2 mL bromodichloromethane per liter of drinking (tap) water to
male and female Wistar rats for 72 weeks, after which concentrations were halved for the
remainder of the lifetime of the animals (140 to 180 weeks). Controls were untreated. Body
weight was decreased in treated animals relative to controls by approximately 35 to 40%.
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Hepatic neoplastic nodules were statistically significantly elevated in female rats when
compared with controls. Neoplastic nodules in males and lymphosarcomas and pituitary
tumors in both sexes were reported but did not have an increased incidence relative

to the controls. Two males and one female were noted to have renal adenoma or adenocarci-
noma, while none were reported in the control group.

Voronin examined the carcinogenicity of bromodichloromethane in CBA x C57Bl/6 mice.
The authors concluded that under the conditions of this bioassay bromodichloromethane was
not carcinogenic.

Bromodichloromethane was mutagenic in Salmonella typhimurium strains TA100 and
TA1535 in both the presence and absence of liver homogenate in a vapor phase test per-
formed in a desiccator. When tested in a standard Salmonella/microsomal assay, however,
the compound was not mutagenic in both the presence and absence of liver homogenate in
strains TA98, TA100, TA1535, TA1537, and TA1538. Mortelmans reported bromodichloro-
methane to be not mutagenic in S. typhimurium strains TA98, TA100, TA1535, or TA1538
both with and without rat or hamster liver homogenate. Simmon reported a mutagenic effect
in Escherichia coli WP2 exposed to bromodichloromethane both with and without liver
homogenate in a desiccator. Bromodichloromethane did not induce mitotic recombination in
the presence or absence of liver homogenate in studies with Saccharomyces cerevisiae strain
D3. However, Nestmann and Lee observed weak effects in S. cerevisiae strains D7 and
XV185-14C following exposure to bromodichloromethane in the absence of liver homogenate.

Bromodichloromethane was not mutagenic in the mouse lymphoma L5178/TK+/- assay in the
absence of rat liver homogenate but did induce forward mutations in this system in the
presence of rat liver homogenate. Morimoto and Koizumi reported that bromodichloro-
methane produced a significant increase in the frequency of sister chromatid exchanges
(SCEs) in both cultured human peripheral blood lymphocytes treated in vitro and mouse bone
marrow cells treated in vivo. NTP reported that cytogenetic tests with Chinese hamster ovary
cells demonstrated no induction of chromosomal aberrations or SCEs following treatment with
bromodichloromethane in either the presence or absence of liver homogenate. Bromodichlo-
romethane is structurally similar to other known animal carcinogens such as dibromochloro-
methane and chloroform.

Bromoform. An oral RfD of 2 x 102 mg/kg/day, an NOAEL of 17.9 mg/kg/day, and an
LOAEL of 35.7 mg/kg/day were reported with an uncertainty factor of 1000. Factors of 10
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each were employed for use of a subchronic assay, for extrapolation from animal data, and
for protection of sensitive human subpopulation.

In a study by NTP (National Toxicology Program) rodents were subjected to various
concentrations of bromoform. Liver histology was conducted on all rats and on male mice
receiving doses greater than 100 mg/kg. Females of both species did not show any chemical-
ly-related effects. A decrease in body weight of both sexes of mice was reported, but was not
dose-related. The male mice showed fatty metamorphosis of the liver at doses of 200 and
400 mg/kg. The only effect reported for male rats was a dose-related increase in clear cell
foci of the liver. A Fisher Exact Test showed that the incidence of the clear cell foci at doses
of 50 mg/kg (the LOAEL) or above was statistically elevated relative to the vehicle control,
therefore, 25 mg/kg is the NOEL for F344/N rats.

There are no adequate published data on teratogenicity or reproductive effects of trihalo-
methanes.

The NTP study utilized both sexes of two species of animals. Both species showed liver
lesions, but the study did not investigate clinical chemistries or perform urinalysis; thus,
confidence in the study is rated medium. Several studies support the choice of hepatic lesions
as the critical effect for the basis of the RfD, but the chosen study is of subchronic

duration and reproductive effects have not been monitored; thus, the data base is rated
medium to low. Medium to low confidence in the RfD follows.

The 1985 Drinking Water Criteria Document for Trihalomethanes is currently undergoing
Agency review.

Bromoform is classified as a B2 probable human carcinogen-based on inadequate human data
and sufficient evidence of carcinogenicity in animals, namely an increased incidence of
tumors after oral administration of bromoform in rats and intraperitoneal administration in
mice.

Bromoform is genotoxic in several assay systems. Also, bromoform is structurally related to

other trihalomethanes (e.g., chloroform, bromodichloromethane, dibromochloromethane) which
have been verified as either probable or possible carcinogens.
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Human carcinogenicity data is inadequate. Cantor suggests a positive correlation between
levels of trihalomethane in drinking water and the incidence of several human cancers.
Additional geographic studies of bromoform indicate that there may be an association
between the levels of trihalomethanes in drinking water and the incidence of bladder, colon,
rectal, or pancreatic cancer in humans. However, the information from these studies is
considered incomplete and preliminary because their designs do not permit consideration of
several possible variables which may be involved (e.g., personal habits, information on
residential histories, and past exposures).

Bromoform has been tested for animal carcinogenicity in two species, rat and mouse, by oral
or intraperitoneal administration.

Neoplastic lesions (adenomatous polyps or adenocarcinomas) were observed in the large
intestine (colon or rectum) of male rats and female rats. Adenocarcinomas alone were not
significantly increased compared with controls. The reduced survival of male rats in the
high-dose group may account for the lower incidence of lesions in this group. No
treatment-related tumors were observed in mice at either dose level. Under the conditions of
this study, the NTP judged there was clear evidence of carcinogenicity for female rats, some
evidence of carcinogenicity for male rats, and no evidence of carcinogenicity for male and
female mice.

In a feeding study with microencapsulated bromoform, Kurokawa observed no evidence of
carcinogenicity in male or female Wistar rats exposed for 24 months at various concentra-
tions.

Pereira determined that bromoform did not induce GGTase-positive foci in the rat liver at 1
mM (253 mg/kg) or 0.8 mM (202 mg/kg) following a 2/3 hepatectomy and promotion with
phenobarbital. However, Pereira found that bromoform is a potent inducer of omnithine
decarboxylase, which is an indication of tumor promotion activity in the skin and liver.

Bromoform has been shown to produce mutations in Salmonella typhimurium

strains TA97, TA98, TA100, and TA1535 with and without rat hepatic homogenates. Bromo-
form also produces mutations at the TK locus in mouse cells; SCE induction in Chinese
hamster ovary cells, human lymphocytes (in vitro) and mouse bone marrow cells (in vivo);
chromosomal aberrations in Chinese hamster ovary cells; cell cycle delay in human lympho-
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cytes; and an increased incidence of micronuclei in bone marrow erythrocytes from mice
given bromoform i.p.

Cadmium. An oral RfD of 5 x 10 mg/kg/day, a NOAEL of 0.005 mg/kg/day and 0.01
mg/kg/day for water and food respectively, were reported with an uncertainty factor of 10.
This uncertainty factor is used to account for intrahuman variability to the toxicity of this
chemical in the absence of specific data on sensitive individuals.

A concentration of 200 ug cadmium (Cd)/gm wet human renal cortex is the highest renal
level not associated with significant proteinuria. A toxicokinetic model is available to
determine the level of chronic human oral exposure (NOAEL) which results in 200 ug Cd/gm
wet human renal cortex; the model assumes that 0.01 percent day of the Cd body burden is
eliminated per day. Assuming 2.5 percent absorption of Cd from food or 5 percent from
water, the toxicokinetic model predicts that the NOAEL for chronic Cd exposure is 0.005 and
0.01 mg Cd/kg/day from water and food, respectively (i.e., levels which would result in 200
ug Cd/gm wet weight human renal cortex). Thus, based on an estimated NOAEL of 0.005
mg Cd/kg/day for Cd in drinking water and an UF of 10, an RfD of 0.0005 mg Cd/kg/day
(water) was calculated; an equivalent RfD for Cd in food is 0.001 mg Cd/kg/day.

Cd is unusual in relation to most, if not all, of the substances for which an oral RfD has been
determined in that a vast quantity of both human and animal toxicity data are available. The
RfD is based on the highest level of Cd in the human renal cortex (i.e., the critical level) not
associated with significant proteinuria (i.e., the critical effect). A toxicokinetic model

has been used to determine the highest level of exposure associated with the lack of a critical
effect. Since the fraction of ingested Cd that is absorbed appears to vary with the source
(e.g., food vs. drinking water), it is necessary to allow for this difference in absorption when
using the toxicokinetic model to determine an RfD.

The choice of NOAEL does not reflect the information from any single study. Rather, it
reflects the data obtained from many studies on the toxicity of cadmium in both humans and
animals. These data also permit calculation of pharmacokinetic parameters of cadmium
absorption, distribution, metabolism and elimination. All of this information considered
together gives high confidence in the data base. High confidence in either RfD follows as
well.

A risk assessment for this substance/agent is under review by an EPA work group.
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Cadmium is a class B1 probable human carcinogen based on a limited evidence from
occupational epidemiologic studies of cadmium is consistent across investigators and study
populations. There is sufficient evidence of carcinogenicity in rats and mice by inhalation and
intramuscular and subcutaneous injection. Seven studies in rats and mice wherein cadmium
salts (acetate, sulfate, chloride) were administered orally have shown no evidence of carcino-
genic response.

A 2-fold excess risk of lung cancer was observed in cadmium smelter workers. The cohort
consisted of 602 white males who had been employed in production work a minimum of 6
months during the years 1940-1969. The population was followed to the end of 1978. Urine
cadmium data available for 261 workers employed after 1960 suggested a highly exposed
population. The authors were able to ascertain that the increased lung cancer risk was
probably not due to the presence of arsenic or to smoking. An evaluation by the Carcinogen
Assessment Group of these possible confounding factors has indicated that the assumptions
and methods used in accounting for them appear to be valid. As the SMRs observed were
low and there is a lack of clear cut evidence of a causal relationship of the cadmium exposure

only, this study is considered to supply limited evidence of human carcinogenicity.

An excess lung cancer risk was also observed in three other studies which were, however,
compromised by the presence of other carcinogens (arsenic, smoking) in the exposure or by a
small population.

Four studies of workers exposed to cadmium dust or fumes provided evidence of a statistical-
ly significant positive association with prostate cancer, but the total number of cases was
small in each study. The Thun study is an update of an earlier study and does not show
excess prostate cancer risk in these workers. Studies of human ingestion of cadmium are
inadequate to assess carcinogenicity.

Exposure of Wistar rats by inhalation to cadmium as cadmium chloride at concentrations of
12.5, 25 and 50 ug/cu.m for 18 months, with an additional 13-month observation period,
resulted in significant increases in lung tumors. Intratracheal instillation of cadmium oxide
did not produce lung tumors in Fischer 344 rats but rather mammary tumors in males and
tumors at multiple sites in males. Injection site tumors and distant site tumors (for example,
testicular) have been reported by a number of authors as a consequence of intramuscular or
subcutaneous administration of cadmium metal and chloride, sulfate, oxide and sulfide
compounds of cadmium to rats and mice. Seven studies in rats and mice where cadmium
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salts (acetate, sulfate, chloride) were administered orally have shown no evidence of a
carcinogenic response.

Results of mutagenicity tests in bacteria and yeast have been inconclusive. Positive responses
have been obtained in mutation assays in Chinese hamster cells (Dom and V79 lines) and in
mouse lymphoma cells.

Conflicting results have been obtained in assays of chromosomal aberrations in human
lymphocytes treated in vitro or obtained from exposed workers. Cadmium treatment in vivo
or in vitro appears to interfere with spindle formation and to result in aneuploidy in germ
cells of mice and hamsters.

Chloroform. An oral RfD of 1x10 mg/kg/day and an LOAEL of 12.9 mg/kg/day with an
uncertainty factor of 1000. Uncertainty factors of 10 each were applied to the LOAEL of
12.9 mg/kg/day to account for the interspecies conversion, protection of sensitive human
subpopulations, and concern that the effect seen was a LOAEL and not a NOEL.

Beagle dogs were administered chloroform in a toothpaste base in gelatin capsules. Fatty
cysts, considered to be treatment-related, were observed in livers of some dogs in both
treatment groups. Nodules of altered hepatocytes were considered treatment-related but not
dose-dependent. A dose-related increase in SGPT levels was noted and a less marked
increase in SGOT was noted in the high-dose animals. The LOAEL was determined to be
12.9 mg/kg/day, and an RfD was set at 0.01 mg/kg/day.

Chloroform is considered to be highly fetotoxic, but not teratogenic.

A study in rats, using only one treatment dose, identified 60 mg/kg/day by gavage as a
LOAEL for decreased weight gain, plasma cholinesterase and relative liver weight. Other
data in the literature also indicate changes in liver fat to be treatment-related.

The critical study was of chronic duration, used a fairly large number of dogs, and measured
multiple endpoints; however, only two treatment doses were used and no NOEL was
determined. Therefore, confidence in the study is rated medium. Confidence in the data base
is considered medium to low; several studies support the choice of a LOAEL, but a NOEL
was not found. Confidence in the RfD is also considered medium to low.
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The 1985 Drinking Water Criteria Document for Trihalomethanes is currently undergoing
Agency review.

A risk assessment for this substance/agent is under review by an EPA work group.

Chloroform is considered a class B2 probable human carcinogen based on increased incidence
of several tumor types in rats and three strains of mice.

Human carcinogenicity information is inadequate. There are no epidemiologic studies of
chloroform itself. Chloroform and other trihalomethanes are formed from the interaction of
chlorine with organic material found in water. Several ecological and case-control studies of
populations consuming chlorinated drinking water in which chloroform was the major
chlorinated organic show small significant increases in the risk of rectal bladder or colon
cancer on an intermittent basis. Many other suspected carcinogens were also present in these
water supplies.

Chloroform has been tested for carcinogenicity in eight strains of mice, two strains of rats and
in beagle dogs. In a gavage bioassay, Osborne-Mendel rats and B6C3F1 mice were treated
with chloroform in corn oil. A significant increase in kidney epithelial tumors was observed
in male rats and highly significant increases in hepatocellular carcinomas in mice of both
sexes. Liver nodular hyperplasia was observed in low-dose male mice not developing
hepatocellular carcinoma. Hepatomas have also developed in female strain A mice and NLC
mice gavaged with chloroform.

Jorgenson administered chloroform (pesticide quality and distilled) in drinking water to male
Osborne-Mendel rats and female B6C3F1 mice. A significant increase in renal tumors in rats
was observed in the highest dose group. The increase was dose related. The liver tumor
incidence in female mice was not significantly increased. This study was specifically
designed to measure the effects of low doses of chloroform.

Chloroform administered in toothpaste was not carcinogenic to male C57B1, CBA, CF-1 or
female ICI mice or to beagle dogs. Male ICI mice administered were found to have an
increased incidence of kidney epithelial tumors. A pulmonary tumor bioassay in strain A/St
mice was negative as was one in which newborn C57X DBA2/F1 mice were treated s.c. on
days 1 to 8 of life.
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The majority of tests for genotoxicity of chioroform have been negative. These negative
findings include covalent binding to DNA, mutation in Salmonella, a Drosophila sex-linked
recessive, tests for DNA damage a micro-nucleus test, and transformation of BHK cells. By
contrast one study demonstrated binding of radiolabeled chloroform to calf thymus DNA
following metabolism by rat liver microsomes. Chloroform caused mitotic recombination in
Saccharomyces and sister chromatid exchange in cultured human lymphocytes and in mouse
bone marrow cells exposed in vivo.

The carcinogenicity of chloroform may be a function of its metabolism to phosgene, which is
known to cross-link DNA. A host-mediated assay using mice indicated that chloroform was
metabolized in vivo to a form mutagenic to Salmonella strain TA1537. Likewise urine
extracts from chloroform-treated mice were mutagenic.

Chloroform administered to mice in drinking water promoted growth and metastasis of
Ehrlich ascites cells injected i.p.

Chromium (lll). An oral RfD of 1.0 mg/kg/day and an NOEL of 1800 g/kg with an
uncertainty factor of 100. The factor of 100 represents two 10-fold decreases in mg/kg
bw/day dose that account for both the expected interhuman and interspecies variability to the
toxicity of the chemical in lieu of specific data.

Ivankovic, S. and R. Preussmann subjected rats to food contaminated with chromic oxide
(Cr203) baked in bread. No effects due to Cr203 treatment were observed at any dose level.

Ivankovic and Preussmann also treated rats at higher dietary levels of Cr203. The only
effects observed were reductions in the absolute weights of the livers and spleens of animals

in the high-dose group. Organ weights relative to body weight were not reported.

Other subchronic oral studies show no indication of adverse effects attributable to trivalent
chromium compounds, but dose levels were considerably lower.

This RfD is limited to metallic chromium (III) of insoluble salts. Examples of insoluble salts
include chromic III oxide (Cr203) and chromium III sulfate {Cr2(S0O4)3].
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Very limited data suggest that Cr III may have respiratory effects on humans. No data on
chronic or subchronic effects of inhaled Cr III in animals can be found. Adequate teratology
data do not exist, but reproductive effects are not seen at dietary levels of 5 percent Cr203.

The principal study is rated low because of the lack of explicit detail on study protocol and
results. Low confidence in the data base reflects the lack of high-dose supporting data. The
low confidence in the RfD reflects the foregoing, but also reflects the lack of an observed
effect level. Thus, the RfD, as given, should be considered conservative, since the MF
addresses only those factors which might lower the RfD.

A risk assessment for this substance/agent is under review by an EPA work group.

Rats were exposed to drinking water containing Cr(VI) (K2CrO4) at levels of 80 or 134 mg
Cr(VI)/L for 60 days (8.3 or 14.4 mg Cr(VI)/kg/day, respectively) without adverse effects.
Therefore, a NOAEL of 14.4 mg/kg/day is identified.

In a 1-year drinking water study, consumption of water containing either Cr(Ill) (CrCl3) or
Cr(VI) (K2CrO4) (0 to 1.87 mg/kg/day for male rats and O to 2.41 mg/kg/day for female rats)
produced no significant differences in weight gain, appearance, or pathological changes in the
blood or other tissue. Therefore, a NOAEL of 2.41 mg/kg/day is identified.

Chromium (VI). An oral RfD of 5 x 103 mg/kg/day and an NOAEL of 2.4 mg/kg/day with
an uncertainty factor of 500. The uncertainty factor of 500 represents two 10-fold decreases
in dose to account for both the expected interhuman and interspecies variability in the toxicity
of the chemical in lieu of specific data, and an additional factor of 5 to compensate for the
less-than-lifetime exposure duration of the principal study.

MacKenzie, R.D., R.U. Byerrum, C.F. Decker, C.A. Hoppert and R.F. Langham treated
groups of Sprague-Dawley rats with drinking water containing hexavalent chromium (as
K2CrO4) for 1 year. No significant adverse effects were seen on appearance, weight gain,
or food consumption, and there were no pathologic changes in the blood or other tissues in
any treatment group. An abrupt rise in tissue chromium concentrations was noted in rats
treated with greater than 5 ppm. The authors stated that "apparently, tissues can accumulate
considerable quantities of chromium before pathological changes result.” In the 25 ppm
treatment groups, tissue concentrations of chromium were approximately 9 times higher for
those treated with hexavalent chromium than for the trivalent group.
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Similar no-effect levels have been observed in dogs and humans. Anwar observed no
significant effects in female dogs (2/dose group) given chromium(VI) (as K2CrO4) in
drinking water for 4 years.

This RfD is limited to metallic chromium(VI) of soluble salts. Examples of soluble salts
include potassium dichromate (K2CR207), sodium dichromate (Na2Cr207), potassium
chromate (K2CrO4) and sodium chromate (Na2CrO4).

Trivalent chromium is an essential nutrient. There is some evidence to indicate that hexava-
lent chromium is reduced in part to trivalent chromium in vivo.

The literature available on possible fetal damage caused by chromium compounds is limited.
No studies were located on teratogenic effects resulting from ingestion of chromium.

Confidence in the chosen study is low because of the small number of animals tested, the
small number of parameters measured and the lack of toxic effect at the highest dose tested.
Confidence in the data base is low because the supporting studies are of equally low quality,
and teratogenic and reproductive endpoints are not well studied. Low confidence in the RfD
follows.

A risk assessment for this substance/agent is under review by an EPA work group.
Chromium VI is classified as a class A human carcinogen due to the results of occupational
epidemiologic studies of chromium-exposed workers are consistent across investigators and
study populations.

Epidemiologic studies of chromate production facilities in the United States, Great Britain,
Japan, and West Germany have established an association between chromium (Cr) exposure
and lung cancer. Most of these studies did not attempt to determine whether Cr III or Cr VI
compounds were the etiologic agents.

Three studies of the chrome pigment industry, one in Norway, one in England, and the third

in the Netherlands and Germany also found an association between occupational chromium
exposure (predominantly to Cr VI) and lung cancer.
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Results of two studies of the chromium plating industry were inconclusive, while the findings
of a Japanese study of chrome platers were negative. The results of studies of ferrochromium
workers were inconclusive as to lung cancer risk.

Hexavalent chromium compounds were carcinogenic in animal assays producing the following
tumor types: intramuscular injection site tumors in Fischer 344 and Bethesda Black rats and
in C57BL mice; intra-plural implant site tumors for various chromium VI compounds in
Sprague-Dawley and Bethesda Black rats; intrabronchial implantation site tumors for various
Cr VI compounds in Wistar rats; Levy as quoted in NIOSH); and subcutaneous injection site
sarcomas in Sprague-Dawley rats.

A large number of chromium compounds have been assayed in in vitro genetic toxicology
assays. In general, hexavalent chromium is mutagenic in bacterial assays whereas trivalent
chromium is not. Likewise Cr VI but not Cr IIl was mutagenic in yeasts and in V79 cells.
Chromium III and VI compounds decrease the fidelity of DNA synthesis in vitro, while Cr
VI compounds inhibit replicative DNA synthesis in mammalian cells and produce unsched-
uled DNA synthesis, presumably repair synthesis, as a consequence of DNA damage.
Chromate has been shown to transform both primary cells and cell lines. Chromosomal
effects produced by treatment with chromium compounds have been reported by a number of
authors; for example, both Cr VI and Cr III salts were clastogenic for cultured human
leukocytes.

There are no long-term studies of ingested Cr VI. There appears to be significant in vivo
conversion of Cr VI to Cr III and III to VI; Cr IIl is an essential trace element.

1,2-Dichlorobenzene. An oral Rfd of 9 x 10" and an NOAEL of 120 mg/kg/day with an
uncertainty factor of 1000 was reported that allows for uncertainty in the extrapolation of
dose levels from laboratory animals to humans (10A), uncertainty in the threshold for
sensitive humans (10H), and uncertainty because of the lack of studies assessing reproductive
effects and adequate chronic toxicity in a second species (10D). The chronic study, coupled
with results of subchronic studies provides a NOAEL and LOAEL for several toxicologic
endpoints, but the chronic study did not assess biochemical and clinical endpoints. Therefore,
a medium level of confidence is assigned. Lack of reproductive and adequate additional
supporting toxicity studies in nonrodent species lead to low confidence in the data base.
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1,2-Dichlorobenzene in com oil was given by gavage to F344/N rats and B6C3F1 mice. An
increase in renal tubular regeneration in high-dose male mice was observed there was no
other evidence of treatment-related renal lesions in either species. Further, the incidence of
this lesion in male control mice was below those of three similar control groups that were
studied during approximately the same period at the testing facility. There was no other
evidence of treatment-related effects in this study. Because the decrease in survival and the
increase in renal tubular regeneration in the high-dose animals were of questionable signifi-
cance, a NOAEL of 120 mg/kg/day is established.

1,2-Dichlorobenzene in com oil was given orally by gavage to F344/N rats and B6C3F1
mice. Liver necrosis was found in mice and rats given 250 mg/kg/day. Deaths, degeneration
and necrosis in the liver, lymphocyte depletion in the spleen and thymus, renal tubular
degeneration (male rats only), and slight decreases in hemoglobin, hematocrit and red blood
cell counts (rats only) were induced at 500 mg/kg/day.

Hepatocellular necrosis (focal or individual hepatocyte) was observed in 1 male and 3 female
rats given 125 mg/kg/day. Increases in serum cholesterol at all doses except 60 mg/kg/day in
male rats and at doses of 125 to 500 mg/kg/day for female rats; liver weight/body weight
ratios in male and female rats at 125 to 500 mg/kg/day; and serum protein at all doses in
female rats and at 250 to 500 mg/kg/day in male rats indicate treatment-related liver effects at
doses >125 mg/kg/day. However, no evidence of treatment-related liver pathology in rats and
mice given 60 or 120 mg/kg/day, 5 days/week in the 2-year NTP carcinogenicity bioassay and
no increase (P=>0.05) in serum enzymes (SGPT, GGPT, alkaline phosphatase) for either rats
or mice in the 13-week study are grounds for considering 125 mg/kg/day as a NOAEL in the
13-week study.

In rats dosed by gavage with 1,2-dichlorobenzene at 18.8, 188, or 376 mg/kg/day, 5
days/week for 192 days, liver and kidney weights were increased at 188 mg/kg/day, and liver
pathology and increased spleen weight were observed at 376 mg/kg/day. No effects were
observed at 18.8 mg/kg/day. Thus, the NOAEL was 18.8 mg/kg/day.

Rats, guinea pigs, mice, rats, and monkeys were exposed by inhalation to 1,2-dichlorobenzene
at levels of 49 or 93 ppm, 7 hours/day, 5 days/week for 6 to 7 months. At 93 ppm, body
weight gain in rats and spleen weight in guinea pigs were reduced (P=>0.05). Estimated
daily doses with 49 ppm exposure are 387 mg/kg (mouse), 19.3 mg/kg (rat), 14.4 mg/kg
(guinea pig), 15.9 mg/kg (rabbit), and 20.3 mg/kg (monkey).
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Pregnant F344/N rats and New Zealand rabbits were exposed by inhalation to 0, 100, 200, or
400 ppm 1,2-dichlorobenzene 6 hours daily on days 6 through 15 (rats) or 6 through 18
(rabbits) of gestation. Body weight gain was lower (P=>0.05) in rats at all doses and in
rabbits at 400 ppm, during the first 3 days of exposure. Liver weights (absolute and relative
to body weight) were increased in rats at 400 ppm. No developmental toxicity was evident at
any dose. Estimated daily doses at 100 ppm exposure are 40 mg/kg (rat) and 32 mg/kg
(rabbit).

1,2-Dichlorobenzene is classified as a class D carcinogen due to a lack of human data and
both negative and positive trends for carcinogenic responses in rats and mice. It is also
classified as a class "C" pesticide.

Two carcinogenicity studies were conducted by the National Toxicology Program using
1,2-dichlorobenzene. Survival was statistically significantly reduced in the high-dose males
due to causes incidental to treatment. An increased incidence of pheochromocytomas of the
adrenal gland was found in low-dose males but not the high-dose males. The increased
incidence of pheochromocytomas in low-dose males was discounted because there was no
dose-response trend or high-dose effect, no malignant pheochromocytomas had been observed,
and no incidence increase was seen in females; additionally, the biological consequence of
this endpoint is often questioned because pheochromocytomas are not considered to be a
life-threatening condition. There was a decrease in the incidence of testicular interstitial cell
tumors.

In the mouse study, no significant differences in survival were noted in the treatment groups
when compared with controls. A dose-related increase was seen in malignant histiocytic
lymphoma in male mice and female mice. An increased incidence of alveolar and bronchi-
olar carcinomas (combined) in male mice was significant by a trend test; the combined
incidence of alveolar and bronchiolar adenomas and carcinomas did not show a significant
elevation. One high-dose male had a testicular interstitial cell tumor. In males there was a
decrease in the incidence of hepatocellular adenomas and carcinomas.

Chromosome studies, in workers occupationally exposed for 4 days (8 hours/day) to

1,2-dichlorobenzene vapors showed a statistically significant increase in the incidence of
chromosomal alterations in chromosomes isolated from peripheral blood cells. The number of
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single and double chromosome breaks was also increased. A followup study 6 months after
the initial exposure indicated a significant increase in only double chromosome breaks.

1,1-Dichloroethane. A risk assessment for inhalation RfD this substance/agent is under
review by an EPA work group.

1,1-Dichloroethane is classified as a C possible human carcinogen based on no human data
and limited evidence of carcinogenicity in two animal species (rats and mice) as shown by an
increased incidence of mammary gland adenocarcinomas and hemangiosarcomas in female
rats and an increased incidence of hepatocellular carcinomas and benign uterine polyps in

mice.

An NCI bioassay provides limited evidence of the carcinogenicity of 1,1-dichloroethane in
Osborne-Mendel rats and B6C3F1 mice. This is based on significant dose-related increases in
the incidence of hemangiosarcomas at various sites and mammary carcinomas in female rats
and statistically significant increases in the incidence of liver carcinoma in male mice and
benign uterine polyps in female mice. The study is limited by high mortality in many groups;
the low survival rates precluded the appearance of possible late-developing tumors and
decreased the statistical power of this bioassay.

Technical grade 1,1-dichloroethane in com oil was administered by gavage.In female rats
there was a statistically significant positive dose-related trend in incidence of hemangiosarco-
mas. The incidence of mammary gland adenocarcinomas showed a statistically significant
dose-related positive trend in those female rats surviving at least 52 weeks; tumor incidence
increased respectively with the dosage. No mammary gland adenomas or hemangiosarcomas
were observed in the dosed-male rats.

In the same NCI study, groups of 50 B6C3F1 mice/sex/group were administered technical
grade 1,1-dichloroethane in corn oil by gavage. An increased incidence of hepatocellular
carcinoma in male mice was not statistically significant by either pair-wise or trend test. The
incidence of hepatocellular carcinoma in male mice was displayed a positive trend that was
statistically significant. In female mice, liver carcinomas were reported in only the vehicle
control and the low-dose groups: no liver tumors were seen in the untreated controls or in the
high-dose group. A statistically significant increase in benign uterine endometrial stromal
polyps was observed in high-dose females; these were not observed in any other group. A
preliminary report of the NCI study was published by Weisburger.
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To determine if 1,1-dichloroethane in drinking water could act as a tumor promoter or a
complete carcinogen, Klaunig exposed groups of 35 male B6C3F1 mice to 1,1-dichloroethane
in drinking water. Neither the initiated nor the noninitiated 1,1-dichloroethane-treated groups
showed a significant increase in the incidence of liver or lung tumors compared with initiated
or noninitiated controls, respectively. The authors concluded that 1,1-dichloroethane was not
carcinogenic to mice and did not act as a tumor promotor following initiation with DENA.
These conclusions may not be entirely justified, since the duration of the study may have
been inadequate for the development of tumors in noninitiated 1,1-dichloroethane-treated
animals. In addition, the incidence of liver tumors in DENA-initiated controls was 70% at 24
weeks and 100 percent at 52 weeks, and the number of tumors/mouse in DENA-initiated
controls at these times was 3.00 and 29.30, respectively. Hence, an increase in tumors or
decrease in latency in 1,1-dichloroethane-treated DENA-initiated animals would have to be
marked in order to be detectable.

Milman and Story investigated the chlorinated ethanes and ethylenes to detect their potential
tumor initiating or promoting effects in a liver foci assay in Osborne-Mendel rats. In this
assay, 1,1-dichloroethane did not give positive results for initiation (with phenobarbital as
promotor), or as a complete carcinogen when administered in the absence of initiation or
promotion. Positive results for were seen for promotion with DENA as initiator. The
assumption that the liver foci seen in this type of assay are precancerous has not been
validated.

Lattanzi determined that 1,1-dichloroethane, like 1,2-dichloroethane, binds covalently to DNA,
forming DNA adducts. The Covalent Binding Index (CBI) of both 1,1-dichloroethane and
1,2-dichloroethane classifies them as weak initiators.

Chronic bioassays performed by NCI on the isomer 1,2-dichloroethane resulted in many of
the same tumor types as seen in the bioassays of 1,1-dichloroethane. Significant increases in
the incidences of forestomach squamous cell carcinomas and hemangiosarcomas were
observed in male rats and an increased incidence of mammary adenocarcinomas was observed
in both female rats and mice. In addition, alveolar and bronchiolar adenomas were reported
in male and female mice; endometrial stromal polyps and sarcomas in female mice; and
hepatocellular carcinomas in male mice.

Based on these findings, as well as the appearance of lung papillomas in mice after topical
treatment, 1,2-dichloroethane was classified as a group B2 chemical, a probable human
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carcinogen. Because of similarities in structure and target organs, the carcinogenic evidence
for 1,2-dichloroethane is considered to be supportive of the classification of 1,1-dichloro-
ethane in group C, a possible human carcinogen.

1,2-Dichloroethane. 1,2-Dichloroethane is classified as a B2 carcinogen, based on the
induction of several tumor types in rats and mice treated by gavage and lung papillomas in
mice after topical application.

1,2-Dichloroethane in corn oil was administered by gavage to groups of 50 each male and
female Osborne-Mendel rats and B6C3F1 mice. All high-dose male rats died after 23 weeks
of observation; the last high-dose female died after 15 weeks. Male rats had significantly
increased incidence of forestomach squamous-cell carcinomas and circulatory system
hemangiosarcomas. Female rats and mice were observed to have significant increases in
mammary adenocarcinoma incidence. Mice of both sexes developed alveolar/bronchiolar
adenomas, females developed endometrial stromal polyps and sarcomas, and males developed

hepatocellular carcinomas.

Inhalation exposure of Wistar, Sprague-Dawley rats and Swiss mice did not result in
increased tumor incidence. An elevation that was not statistically significant in lung
adenomas was seen in A/st mice treated i.p. with 1,2-dichloroethane in tricaprylin. ICR/Ha
Swiss mice treated topically had a significant increase in benign lung papillomas, but not skin
carcinomas.

1,2-Dichloroethane was mutagenic for Salmonella in assays wherein excessive evaporation
was prevented; exogenous metabolism by mammalian systems enhanced the response. Both
somatic cell mutations and sex-linked recessives were induced in Drosphila. Metabolites of
1,2-dichloroethane have been shown to form adducts with DNA after in vitro or in vivo
exposures.

An oral slope factor of 9.1 x 102 per (mg/kg)/day was reported for one experiment.

Adequate numbers of animals were treated and observed for the majority of their expected
lifespan. The incidence of hemangiosarcoma was significantly elevated in the treated animals
and was dose-related. A slope factor of 6.2 x 102 (mg/kg)/day, calculated from data on
hepatocellular carcinomas in male mice, is supportive of the risk estimate.
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Reitz found the major urinary metabolites in rats of ingested and inhaled 1,2-dichloroethane
to be identical and generated in the same relative amounts.

Appropriate data for calculating a One-day HA are not available. It is recommended that the
Longer-term HA for the 10-kg child of 0.74 mg/L. be used as the One-day HA. A NOAEL of
7.4 mg/kg/day with an uncertainty factor of 100 that allows for interspecies and intrahuman
variability with the use of a NOAEL from an animal study.

A combination of three inhalation studies in which various animal species were exposed to
1,2-dichloroethane for up to 8 months was considered appropriate to use in calculating
Longer-term HAs. In these studies, exposures of rats and guinea pigs to air containing 100
ppm 1,2-dichloroethane for 6 to 7 hours/day, 5 days/week resulted in no mortality and no
adverse effects as determined by general appearance, behavior, growth, organ function, or
blood chemistry. However, similar exposures of rats, guinea pigs, rabbits, and

monkeys to air containing 400 or 500 ppm 1,2-dichloroethane resulted in high mortality and
varying pathologic findings including pulmonary congestion; diffused myocarditis; slight to
moderate fatty degeneration of the liver, kidney, adrenal gland, and heart; and increased
plasma prothrombin time. The NOAEL is identified as 100 ppm. Based on the dosing
regimen and an assumed absorption factor of 30 percent, this dose is equivalent to 7.4

mg/kg/day.
1,2-Dichloroethane is a Group B2 probable human carcinogen and is structurally similar to
ethylene dibromide, a potent carcinogen. Therefore, neither a DWEL nor a Lifetime HA have

been calculated for 1,2-dichloroethane.

Treatment technologies which will remove 1,2-dichloroethane from water include granular
activated carbon adsorption, air stripping, and boiling.

cis-1,2-Dichloroethylene. A risk assessment for this substance/agent is under review by
an EPA work group.

Cis-1,2-Dichloroethylene is classified as a D carcinogen based on no data in humans or
animals and generally nonpositive results in mutagenicity assays.

Cis-1,2-Dichloroethylene did not yield positive results for a Salmonella typhimurium spot test
assay in the absence of mammalian liver homogenates; however, this compound did cause a
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dose-dependent increase in mutations in a host-mediated assay. Cis-1,2-Dichloroethylene at a
medium concentration of 2.9 mM produced no positive results in a mutagenicity assay for
Escherichia coli K12. Galli reported no positive results for cis-1,2-dichloroethylene in point
mutation, mitotic gene conversion and mitotic recombination assays (all for Saccharomyces
cerevisiae). In addition, it did not yield positive results in an in vivo (intravenous)
host-mediated mutagenicity assay. Cis-1,2-Dichloroethylene did not induce chromosomal
aberrations in mouse bone marrow in vivo.

2,4-Dimethylphenol. An oral RID of 2 x 102, a LOAEL of 250 mg/kg/day, and an
NOAEL of 50 mg/kg/day with an uncertainty factor of 300. In another study, an uncertainty
factor of 3000 was established: 10 each for inter- and intraspecies variability and 30 for lack
of chronic toxicity data, data in a second species and reproductive/developmental studies.

2,4-Dimethylphenol was administered daily to male and female albino mice by gavage. No
significant differences were found between treated and vehicle control groups in mean body
weight, body weight gains, food consumption, or eye examinations at any dosage. Toxicolog-
ically relevant clinical signs were observed only after week 6 in the high-dose groups of both
genders included: squinting, lethargy, prostration, and ataxia, with onset shortly after dosing.
Statistically significant hematological changes (p < 0.05) included lower mean corpuscular
volume and mean corpuscular hemoglobin concentration in females at terminal, but not
interim, sacrifice.

At interim sacrifice in female mid- and high-dose groups, blood urea nitrogen (BUN) levels
were significantly below vehicle controls; whereas at final sacrifice in the female mid-dose
group, BUN levels were significantly higher than vehicle controls. Low-dose males at interim
sacrifice had significantly higher cholesterol levels. Significant differences were not

found in gross necropsy or histopathological evaluations, or in organ weights, except for an
increase in adrenal weights of low-dose females. The LOAEL and NOAEL for this study
were 250 and 50 mg/kg/day, respectively.

No other long-term toxicity, reproductive, or developmental studies of 2,4-dimethylphenol
were found in the data bases searched. Literature concerning 2,6-dimethylphenol was
identified, but an SAR-based RfD is considered inappropriate when a valid long-term toxicity
study for 2,4-dimethylphenol is available.
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Confidence in the study is medium, since it examined appropriate endpoints and identified
both a LOAEL and a NOAEL. The results of this study are consistent with those of a 14-day
gavage study. The data base provides no information on chronic and reproductive studies.
Low confidence in both the data base and oral RfD follows.

Ethyl Benzene. Ethyl benzene has an estimated RfD of 1 x 10’ mg/kg/day. This RfD is
based on the toxic effects on growth, mortality, appearance and behavior, hematologic
findings, terminal concentration of urea nitrogen in the blood, average organ and body
weights, histopathologic findings, and bone marrow counts. An uncertainty factor of 1000
reflects 10 for both intraspecies and interspecies variability to the toxicity of this chemical in
lieu of specific data, and 10 for extrapolation of a subchronic effect level to its chronic
equivalent. A LOAEL of 408 mg/kg/day is associated with histopathologic changes in liver
and kidney. The confidence in this RfD and study is described as low because rats of only
one sex were tested and the experiment was not of chronic duration. Confidence in the

supporting data base is low because other oral toxicity data were not found. Low confidence
in the RfD follows.

An RfC for ethyl benzene is reported as 1 x 10° with an uncertainty factor of 300. A NOAEL
of 4340 mg/cu.m is reported for inhalation and 434 mg/cu.m for developmental criteria.
Inhalation experiments were conducted with Wistar rats and New Zealand white rabbits. In a
separate group of rats maternal organs (liver, lungs, kidney, heart, spleen, adrenals, ovaries,
and brain) were examined histopathologically one day prior to the end of gestation. Uteri
were examined and fetuses were weighed, sexed, and measured for crown-to-rump length, and
examined for external, internal and skeletal abnormalities. For statistical analyses, the litter
was chosen as the experimental unit.

Ethyl benzene did not elicit embryotoxicity, fetotoxicity, or teratogenicity in rabbits in either
experiment. There were no significant incidences of major malformations, minor anomalies,
or common variants in fetal rabbits from exposed groups. Maternal toxicity in the rabbits
was not evident. There was no evidence of histologic damage in any of the dams’ organs.
There was a significantly lower number of live kits per liver in the two groups when
evaluated by ANOVA and Duncan’s Multiple Range Test.

In rats exposed only during gestation, there were no histopathological effects in any of the
maternal organs examined. There was no effect on fertility or on any of the other measures

of reproductive status. The principal observation in fetuses was an increased incidence
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(p<0.05) of supernumerary and rudimentary ribs in the high exposure group and an elevated
incidence of extra ribs in both the high and 100 ppm groups. Both absolute and relative liver,
kidney, and spleen weights were significantly increased in pregnant rats from the 1000 ppm
group.

No fetal toxicity was noted at either exposure level. Body weights, placental weights, and sex
ratios were within normal limits. Absolute and relative liver and spleen weights were
significantly increased in pregnant rats from the 1000 ppm group; only relative kidney weight
was increased significantly. There were no histopathological effects in any of the organs
examined.

The uncertainty factor of 300 reflects a factor of 10 to protect unusually sensitive individuals,
3 to adjust for interspecies conversion and 10 to adjust for the absence of multigenerational
reproductive and chronic studies.

New Zealand rabbits were exposed for to various concentrations of ethyl benzene from
gestational days 7 to 20. Maternal weight gain was reported to have decreased and exhibited
mild maternal toxicity manifested by reduced weight gain.

Postimplantation loss (percent dead or resorbed fetuses), and exposure-related skeletal
retardation were significantly elevated (p<0.05) in rats at all exposure levels with one
exception that did show an increased incidence of dead/resorbed fetuses, lower weight of
fetuses, and skeletal retarded fetuses. There was a significant (p<0.05) increase in skeletal
retardation and fetal resorption in all continuous exposure groups although the
concentration-response was shallow.

In rats, hematology parameters were unaffected. Of the liver enzymes evaluated, only serum
alkaline phosphatase (SAP) activity was significantly reduced in a concentration-related
manner (at 500 ppm and above) for both sexes with a greater sensitivity in females. The
significance of this decrease is not clear since in liver damage, SAP levels usually increase.
The investigators suggested the decrease may be due to reduced water and food

intake. No liver histopathology was noted for any exposure group. Regeneration of renal
tubules in the kidneys of male rats only was seen in all groups including controls. The
severity of the lesions was greatest in the rats at in the high-exposure group.
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The most significant gross observation in rats was the presence of enlarged bronchial and/or
mediastinal lymph nodes, but these observations were not dose-related. Microscopically, this
enlargement was attributable to an increase in normal constituents of the lymph nodes
characterized by accumulations of macrophages, lymphocytes, neutrophils, and plasma cells.
It was the opinion of the NTP Pathology Working Group (PWG) that hyperplasia of the
lymph nodes and lower respiratory tract was typical of an infectious agent with an associated
active immune response rather than ethyl benzene exposure. This diagnosis was supported by
the following observations: an uneven distribution of lesions among and within groups; foci
of airway inflammation were randomly distributed throughout the lungs; considerable
variability in severity within groups; and there was no consistent concentration-response
relationship. No lesions were seen in the nasal cavity. The PWG described these lesions as
not typical of the type of lesions which occurs with known pulmonary irritants. These lesions
were not found in control animals, which were housed in separate rooms. No infectious agent
was identified upon serologic examination. In the draft NTP technical report (NTP, 1990),
the inflammatory lung lesions were described as probably unrelated to exposure. Antibodies
to common rodent respiratory tract viruses were not detected. However, only sera from
control rats were sampled. Lesions morphologically indistinguishable from those in this study
have been seen in control and treatment groups of rats from other inhalation and dosed feed
studies. The PWG recommended that this effect be reevaluated in another study.

In mice, no significant exposure-related gross or histopathological observations were noted at
terminal necropsy of any organs, including the lung. The only exposure-related effects were
significantly elevated absolute and relative liver weight in both sexes of mice at of 750 and
1000 ppm and significantly elevated relative kidney weight of the females exposed to 1000
ppm. There were no significant histopathological changes or function test alterations in either
liver or kidney of either sex.

Angerer and Wulf evaluated 35 workers who chronically (2-24 years, average 8.2 years)
sprayed varnishes containing alkyd-phenol and polyester resins dissolved in solvent mixtures
consisting principally of xylene isomers and ethyl benzene. Some of the vamishes contained
lead-based pigments. The air samples from personal monitors indicated average levels of 4.0
ppm for ethyl benzene. Although workers had significantly elevated lymphocytes in addition
to significantly decreased erythrocyte counts and hemoglobin levels compared with controls,
these effects cannot be attributed to ethyl benzene since other compounds (e.g., xylene,
methylchloroform, n-butanol, toluene, C9 hydrocarbons) were detected in some of the six
workplaces evaluated.
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Bardodej and Cirek carried out biomonitoring of 200 ethyl benzene production workers
occupationally exposed for a mean duration of 12.2 years to unspecified concentrations of
ethyl benzene and benzene over a 20-year period.

The workers were evaluated twice a year and ethyl benzene metabolites measured. No
statistically significant differences in hematological effects (e.g., RBC, WBC, leukocyte and
platelet counts) or liver function tests (e.g., aminotransferase and/or SAP and LDH activities
and bilirubin tests) were observed between exposed and nonexposed workers.

NTP does not consider observations of lung lesions in rats exposed in the NTP subchronic
study to be treatment-related. However, no infectious agent has been detected. Therefore,
there remains a possibility that ethyl benzene may play a role in producing lung lesions. It is
anticipated that this issue will be clarified upon completion of the chronic study in progress.
In view of the previous considerations, the RfC is given a low confidence rating.

Ethyl benzene is classified a D carcinogen based on the lack of animal bioassays and human
studies.

An HAONE of 3.2 x 10! mg/L and a NOAEL of 31.8 mg/kg/day were calculated with an
uncertainty factor of 10 Appropriate data for calculating a Longer-term HA are not available.
It is recommended that the DWEL of 3.4 mg/L be used as the Longer-term HA for the 70-kg
adult.

Manganese. A oral RfD of 0.1 mg/kg/day and an NOAEL of 0.14 mg/kg/day with an
uncertainty factor of 1 was reported. The information used to determine the oral RfD for
manganese was taken from many large populations. Humans exert an efficient homeostatic
control over manganese such that body burdens are kept constant with variations in diet.
There are no subpopulations which are believed to be more sensitive to manganese at this
level. The use of an uncertainty factor of 1 is supported by the fact that manganese is an
essential element, being required for normal human growth and maintenance of health. It has
also been suggested that children are less susceptible to manganese intoxication and may
require slightly higher levels of manganese than do adults.

A small-scale epidemiologic study of manganese in drinking water was performed by
Kondakis in three areas in northwest Greece. The mean concentration of manganese in hair

was 3.51, 4.49, and 10.99 ug/g dry weight for areas A, B, and C, respectively (p<0.0001 for
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area C vs. A). However, the concentration of manganese in whole blood did not differ
between the three areas.

A report by Kawamura described toxicologic responses in humans consuming large amounts
of manganese dissolved in drinking water. The source of the manganese came from about
400 dry-cell batteries which were buried near a drinking water well. Sixteen cases of
manganese poisoning were reported, with symptoms including lethargy, increased muscle
tonus, tremor, and mental disturbances. The most severe symptoms were seen in elderly
people, with children being affected to a lesser degree. Three individuals died, one from
suicide. The cause of death for the other two was not reported, but the autopsy of one
individual revealed manganese concentration in the liver to be 2 to 3 times higher than
controls. Zinc levels were also increased in the liver. The well water was not analyzed until
1 month after the outbreak, at which time it contained approximately 14 mg Mn/L. However,
when re-analyzed 1 month later, the levels were decreased by about half. Therefore, by
retrospective extrapolation, the concentration of manganese at the time of exposure was
probably at least 28 mg Mn/L.. Assuming an adult body weight of 70 kg and a water
consumption of 2 L/day, this would be equivalent to an intake of 0.8 mg Mn/kg bw/day from
drinking water alone.

Rodents do not exhibit the same neurological deficits that humans do following exposure to
manganese, so the relevance of these biochemical changes has been challenged. While
primates are considered to be the species of choice for modeling the human response to
manganese poisoning, only one limited oral study has been performed in a group of four
rhesus monkeys. Muscular weakness and rigidity of the lower limbs developed after 18
months of exposure to 6.9 mg Mn/kg bw/day (as MnCI2-4H20). Histological analysis
showed degenerated neurons in the substantia nigra and scanty neuromelanin granules in some
of the pigmented cells. An inhalation RfD of 4 x 104 mg/cu.m and a LOAEL of 0.97
mg/cu.m with an uncertainty factor of 300. An uncertainty factor of 100 reflects 10 to protect
sensitive individuals and 10 for use of a LOAEL. An additional factor of 3 was used to
account for the less than chronic period of exposure.

Roels conducted a cross-sectional study in 141 male workers exposed to manganese dioxide,
tetroxide and various salts (sulfate, carbonate and nitrate). A matched group of 104 male
workers was selected as a control group. The two groups were matched for socioeconomic
status and background environmental factors; in addition, both groups had comparable
workload and workshift characteristics. The TWA of total airborne manganese dust ranged
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from 0.07-8.61 mg/cu.m, respectively, with an overall mean and median of 1.33 and 0.97
mg/cu.m. The authors noted that there was an increase in production between 1965 (440
metric tons) and 1981 (22,000 metric tons) and presumably exposure with time. Thus
exposure, particularly for individuals with long employment durations, may have been lower.
The duration of employment ranged from 1-19 years with a mean of 7.1 years. The particle
size and purity of the dust were not reported. Neurological examination, psychomotor tests
(simple reaction time, short-term memory and hand tremor), lung function test (forced vital
capacity, forced expiratory volume, peak expiratory flow rate and maximal expiratory flow
rate at 50 and 75 percent of the FVC), blood and urine tests and a questionnaire were used to
assess possible toxic effects of manganese exposure. The questionnaire was designed to
detect CNS and respiratory symptoms.

Concentration-response relationships between length of exposure or urinary manganese levels
and the prevalence of abnormal CNS findings were not observed. A significantly higher
prevalence of coughs during the cold season, dyspnea during exercise and recent episodes of
acute bronchitis were found in the exposed group. Lung ventilatory parameters were mildly
altered in the exposed smokers. Significant alterations were found in simple reaction time
(visual), audioverbal short-term memory test, eye-hand coordination, and hand steadiness test
in the workers exposed to manganese. In general, this study is adequate to derive a risk
assessment, however, certain limitations should be noted. One shortcoming is the lack of
adjustment for age in the psychomotor measures. Age-standardization was used in the
short-term memory task, but not in the measures of reaction time and tremor (hand steadiness
and eye-hand coordination). However, since the mean age of the control group was higher
than that of the exposed group, the likely effect of a lack of age adjustment is to underesti-
mate the effect of manganese. Another limitation of the Roels study was the lack of
correction for multiple tests. Differences between control and exposed groups on several
neurobehavioral measures were assessed with simple t tests or chi-square tests. With alpha =
0.05, one in twenty such tests could be found statistically significant by chance alone.
However, it appears that this percentage was well exceeded, e.g., 5 or 8 reaction time
measures were significant and 7 of 11 short-term memory measures were significant. Thus,
these flaws in the Roels study do not appear to compromise its utility for risk assessment
purposes. Based upon the increased psychomotor disturbances, a LOAEL of 0.97 mg/cu.m
was identified {where the LOAEL(HEC) = 0.34 mg/cu.m].

Chandra examined 60 welders from three separate plants exposed to manganese fumes. In
plant 1, the workers complained of frequent occurrence of colds, cough and short hyperpyrex-
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ia. The workers of all three plants often reported insomnia. No other subjective effects were
reported by the workers in plants 2 and 3. No hematological alterations were observed in
hemoglobin, RBC and WBC counts. Positive neurological signs (brisk, deep reflexes in the
legs and/or arms) were observed in 25, 50 and 45 percent of workers in plants 1, 2 and 3,
respectively. Tremors were also observed in one and four workers in plants 1 and 2,
respectively. No positive neurological signs were observed in the control workers. Although
significant effects are reported for "deep reflexes" and "tremors," it appears that these
endpoints were assessed through a non-blind neurological examination. The findings of
Chandra et al., may be viewed as supportive. Increased serum calcium levels and urinary
manganese levels were also observed in the welders. The calculated LOAEL(HEC) from the
mean exposure of plant 1 is 0.11 mg/cu.m.

Manganese toxicity can vary depending upon the route of exposure. When ingested,
manganese is considered to be among the least