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between near-shore operational and reference areas (Student’s t test, 0=0.05). HIs are much
higher in reference areas due to reporting nondetected PCBs in fish tissue at half the detection
limit (Appendix H, Section H-4, Great Blue heron).

Hazard indices for hawks consuming surface water and birds are presented in Figures 6-53a and
6-53b. Hazard indices for red-tailed hawks are below one, suggesting low potential for risk. In
addition, HIs are not statistically significantly different when comparing the near-shore
operational and reference sites (Student’s t test, a=0.05).

Hazard indices for badgers drinking river water (Figures 6-54a and 6-54b) are summed HQs and
are elevated above one but are not significantly different between near-shore operational sites
and reference sites (Student’s t test, a=0.05).

Literature values for survival, growth, and reproduction compared to measured exposure

COPCs in whole fish are compared to the threshold for tissue effects based on literature data. In
the figures presented in Appendix H-6, data are plotted against Hanford River mile. Aquatic
tissue effects levels are found in the Appendix H-6, Section H-6. As shown in Figures H-6-2-1
through H-6-2-6, detected whole fish silver concentrations were greater than its no-effect level at
one location near the 100-N Area, and selenium was greater than its no-effect concentrations at
all sample locations (upstream and operational).

COPCs in fish livers are compared to the threshold for tissue effects based on literature data. In
the figures presented in Appendix H-6, data are plotted Hanford River mile. Fish liver tissue
effects levels are found in Appendix H-6, Section H-6. As shown in Figures H-6-3-1 through
H-6-3-5, cadmium in fish livers was greater than its effect concentration at a variety of upstream
and operational locations, and total chromium was also greater than its liver effect concentration
at many locations (both upstream and operational). Nickel is greater than its liver-effect
concentration at one upstream location, and selenium is greater than its liver-effect concentration
at two operational locations.

Fish histopathology

Descriptions of fish morphology and histopathology measurement and the contingency tables
detailing the number of observations per score versus expected occurrence are provided in
Appendix H, Section H-8. Fish did not differ in gross morphological attributes; fish length
(Figure 6-55a) and fish weight (Figure 6-55b) were similar between operational and reference
areas. Statistically significant differences between operational and reference site fish were
observed for six histopathological measurements (Table 6-7): three histopathological attributes
were more pronounced in reference area samples and three attributes were more pronounced in
operational area samples. Attributes that differed significantly between operational and
reference area fish tissue samples, with reference area tissues demonstrating significantly higher
scores, included reproductive development score that indicates less developed stages of
reproductive development ((Figure 6-55d) (Chi-square = 9.6, p = 0.05), number of encysted gill
parasites (Chi-square = 4.6, p = 0.03), and number of encysted kidney parasites (Chi-square =
16.2, p=4.8E-5). These findings suggest that less reproductively mature fish are found in
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reference locations and that target organs of heavy metal contamination (gills, kidney) are
elevated relative to operational areas.

Histopathological measurements with higher scores in operational area samples included the
number of liver granulomas (Chi-square = 6.7, p = 0.01), number of liver parasites

(Figure 6-55d) (Chi-square = 16.1, p = 6.1E-6), and the number of muscle granulomas
(Chi-square = 12.6, p = 0.0004). No statistical differences were apparent for observed versus
expected occurrence of histopathology scores for any of the other 12 remaining measurements
(Table 6-7). These findings suggest that the liver (a target organ of heavy metal contamination)
in fish associated with operational areas is more impacted than the liver in fish associated with
reference areas. However, there were no significant correlations between COPCs in pore water
or fish tissue and adverse histopathological measurements having higher frequency of occurrence
in operational area fish; only histological impacts associated with fish from reference areas were
correlated with fish tissue COPCs (Appendix H, Section H-7).

Summary of Risks to Middle and Upper Trophic-Level Fish, Birds, and Mammals

Fish. There is no clear indication of an impact of COPCs on fish populations in the Hanford
Reach. Fish with higher reproductive maturity were more frequent in operational areas relative
to reference locations. There are no strong trends in fish histopathological observations between
organisms collected at operational and reference site locations; of 18 endpoints, slight adverse
effects are associated with three in operational areas and with 3 endpoints in reference areas; no
COPCs were correlated with histopathological endpoints associated with adverse effects in
operational areas. In general, tissue effects levels were elevated for some metals (or in the case
of selenium, all locations) at a few operational and reference site locations. In addition, evidence
of greater contaminant uptake in fish from operational areas was not apparent.

Birds. Exposure to birds modeled to consume emergent insects (kingbirds), a combination of
emergent insects and sessile invertebrates (buffleheads), or primarily fish (Great Blue heron) was
not higher at operational sites versus reference site locations.

Bats. Hazard indices for bats were significantly higher in operational areas relative to reference
sites, indicating potential risk to bats based on modeling consumption of benthic
macroinvertebrates. The COPCs that contributed to the bat hazard index were antimony and
selenium, which are not key groundwater plume contaminants. A broader scale assessment of
bats including the Inter-Areas shoreline assessment is warranted to address conservatism in the
home range used in this assessment. It is also important to better understand the sources of the
COPCs contributing to risk to bats.

Summary of Aquatic Lines of Evidence

Each aquatic LOE is linked to the aquatic risk question serving as the basis for each measure,
and the measure’s risk conclusions are summarized in Table 6-8.
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6.5 UNCERTAINTIES

Limitations associated with the risk assessment data and methodologies for the terrestrial and
aquatic environments are presented for each LOE and summarized qualitatively in Tables 6-9
and 6-10, respectively. Known uncertainties and data gaps associated with the screening and
focused risk evaluations are summarized, and their implications for estimating potential adverse
effects and conclusions are noted. The qualitative uncertainty analysis identifies specific causes
of uncertainties and evaluates their potential impact on risk estimates. Specific sources and
effects of the uncertainty factor on the resulting risk estimates for the site (whether the factors
tend to over- or underestimate calculated risks) are organized according to assessment endpoint-
specific LOEs. Specific uncertainties for each LOE are presented for receptors in terrestrial
(Table 6-9) and near-shore (Table 6-10) environments. Some of these uncertainties have been
recognized, and supplemental data collection for the 100 Area and 300 Area Component of
RCBRA was incorporated into the Inter-Areas shoreline assessment.

6.6 CONCLUSIONS

This ecological risk assessment has evaluated risks to a comprehensive array of assessment
endpoints using multiple measures of exposure, effect, and ecosystem/receptor characteristics.
For the ecological exposure assessment, we have made some inherently protective assumptions.
Based on agreements reached at the regulator/trustee workshops, we have included all COPCs in
the assessment and we have evaluated all receptors on a site-specific basis. The objective of this
assessment is to provide information to support the RI report and ultimately the final ROD. As
demonstrated in this assessment, including COPCs with no connection to Hanford Site waste
sites might be counter to the type of information that is most useful for remedial site decision
making.

The assessment does provide information on some near-shore environment operational areas
that are worth further consideration in terms of suggesting the potential for ecological risks
associated with Hanford Site COPCs:

e Sediments: Macroinvertebrates
e Macroinvertebrates: Bats.

No ecological risks were associated with Hanford Site COPCs at upland remediated waste sites
and riparian operational area soils.
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Figure 6-1a. Radionuclide Sum of Fractions for Upland Plants Grouped by Site Category.

b

0.0004— )
. i
3
2 0.0003-
(@]
O i
=
S 0.0002—
o
0.0001— |
4.7
OPERATIONAL
category

REFERENCE
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Figure 6-1c. Hazard Indices for Upland Plants Grouped by Site Category.
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Figure 6-1d. Hazard Indices for Upland Plants Grouped by Individual Sites.
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Figure 6-2a. Plant Diversity at Hanford Terrestrial Upland Sites.
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Figure 6-2b. Plant Richness at Hanford Terrestrial Upland Sites.
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Figure 6-2c. Plant Total Cover at the Hanford Terrestrial Upland Sites.
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Figure 6-3a. Hazard Indices for Upland Soil Invertebrates Grouped by Site Category.
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Figure 6-3b. Hazard Indices for Upland Soil Invertebrates Grouped by Individual Sites.
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Figure 6-4. Nematode Survival at Hanford Terrestrial Upland Sites.
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Figure 6-5a.

Radionuclide Sum of Fractions for Upland Wildlife Grouped by Site
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Figure 6-5b. Radionuclide Sum of Fractions for Upland Wildlife Grouped by

Site Category.
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Figure 6-6a. Hazard Indices for Upland Mourning Dove Grouped by Site Category.
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Figure 6-6b. Hazard Indices for Upland Mourning Dove Grouped by Individual Sites.
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Figure 6-7a. Hazard Indices for Upland Pocket Mouse Grouped by Site Category.
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Figure 6-7b. Hazard Indices for Upland Pocket Mouse Grouped by Individual Sites.
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Figure 6-8a. Hazard Indices for Upland Meadowlark Grouped by Site Category.
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Figure 6-8b. Hazard Indices for Upland Meadowlark Grouped by Individual Sites.
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Figure 6-9a. Hazard Indices for Upland Deer Mouse Grouped by Site Category.
Figure 6-9b. Hazard Indices for Upland Deer Mouse Grouped by Individual Sites.
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Figure 6-10a. Hazard Indices for Upland Killdeer Grouped by Site Category.

Figure 6-10b. Hazard Indices for Upland Killdeer Grouped by Individual Sites.
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Figure 6-11a. Hazard Indices for Upland Grasshopper Mouse Grouped by Site Category.
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Figure 6-12a. Proportion Female:Male Small Mammals at Hanford Site Terrestrial

Upland Sites.
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Figure 6-12b. Small Mammal Relative Abundance at Hanford Site
Terrestrial Upland Sites.
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Figure 6-12c. Total Small Mammals at Hanford Terrestrial Upland Sites.
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Figure 6-13a. Hazard Indices for Upland Badger Grouped by Site Category.
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Figure 6-13b. Hazard Indices for Upland Badger Grouped by Individual Sites.
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Figure 6-14a. Hazard Indices for Upland Red-Tailed Hawk Grouped by Site Category.

Figure 6-14b. Hazard Indices for Upland Red-Tailed Hawk Grouped by Individual Sites.
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Figure 6-15a. Radionuclide Sum of Fractions for Riparian Plants Grouped by

Figure 6-15b. Radionuclide Sum of Fractions for Riparian Plants Grouped by

Plant BCG SOF
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DOE/RL-2007-21

Draft A

Figure 6-15c. Hazard Indices for Riparian Plants Grouped by Site Category.
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Figure 6-15d. Hazard Indices for Riparian Plants Grouped by Individual Sites.
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Figure 6-16a. Plant Diversity at Hanford Site Terrestrial Riparian Sites.
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Figure 6-16b. Plant Richness at Hanford Site Terrestrial Riparian Sites.

30
25— . e
((7) 20_ L] ]
[} - -
< 7 ]
< L}
é 15—
= -
S 10—
& —
5_
0_
Operational Reference
site type

Risk Assessment Report for the 100 Area and 300 Area Component of the RCBRA

June 2007

6-72



Ecological Risk Assessment

DOE/RL-2007-21
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Figure 6-16¢. Plant Total Cover at Hanford Terrestrial Riparian Sites.
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Figure 6-17a. Hazard Indices for Riparian Soil Invertebrates Grouped by Site Category.
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Figure 6-17b. Hazard Indices for Riparian Soil Invertebrates Grouped by Individual Sites.
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Figure 6-18a. Nematode Survival at Hanford Terrestrial Riparian Sites.
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Figure 6-18b. Nematode Survival at Hanford Terrestrial Sites.
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Figure 6-19a. Radionuclide Sum of Fractions for Riparian Wildlife Grouped by

Figure 6-19b. Radionuclide Sum of Fractions for Riparian Wildlife Grouped
by Site Category.
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Figure 6-20a. Hazard Indices for Riparian Mourning Dove Grouped by Site Category.
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Figure 6-20b. Hazard Indices for Riparian Mourning Dove Grouped by Individual Sites.
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Figure 6-21a. Hazard Indices for Riparian Pocket Mouse Grouped by Site Category.
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Figure 6-21b. Hazard Indices for Riparian Pocket Mouse Grouped by Individual Sites.
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Figure 6-22a. Hazard Indices for Riparian Meadowlark Grouped by Site Category.
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Figure 6-22b. Hazard Indices for Riparian Meadowlark Grouped by Individual Sites.
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Figure 6-23a. Hazard Indices for Riparian Deer Mouse Grouped by Site Category.
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Figure 6-23b. Hazard Indices for Riparian Deer Mouse Grouped by Individual Sites.
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Figure 6-24a. Hazard Indices for Riparian Killdeer Grouped by Site Category.
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Figure 6-24b. Hazard Indices for Riparian Killdeer Grouped by Individual Sites.
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Figure 6-25a. Hazard Indices for Riparian Grasshopper Mouse Grouped by Site Category.
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Figure 6-25b. Hazard Indices for Riparian Grasshopper Mouse Grouped by
Individual Sites.
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Figure 6-26a. Hazard Indices for Riparian Kingbird Grouped by Site Category.

30—
I o
2 20+ I
o)
o)
E = [}
=~ 1

10— | .

i — i —
O_
OPERATIONAL REFERENCE
category

Figure 6-26b. Hazard Indices for Riparian Kingbird Grouped by Individual Sites.
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Figure 6-27a. Proportion Female:Male Small Mammals at Hanford Terrestrial
Riparian Sites.
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Figure 6-27b. Small Mammal Relative Abundance at Hanford Terrestrial Riparian Sites.
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Figure 6-27c. Total Small Mammals at Hanford Terrestrial Riparian Sites.
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Figure 6-28a. Hazard Indices for Riparian Badger Grouped by Site Category.
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Figure 6-28b. Hazard Indices for Riparian Badger Grouped by Individual Sites.
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Figure 6-29a. Hazard Indices for Riparian Red-Tailed Hawk Grouped by Site Category.
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Figure 6-29b. Hazard Indices for Riparian Red-Tailed Hawk Grouped by Individual Sites.
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Figure 6-30. Pakchoi Growth (shoot dry weight) in Hanford Site Sediment.
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The aquatic environment is comprised of chromium, strontium and uranium plumes and upriver
reference sites.
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Ecological Risk Assessment Draft A

Figure 6-31a. Hazard Indices for Near-Shore Aquatic Biota Grouped by Site Category.
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Figure 6-31b. Hazard Indices for Near-Shore Aquatic Biota Grouped by Individual Sites.
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Figure 6-32a. Hazard Indices for Near-Shore Sediment Biota Grouped by Site Category.
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Figure 6-32b. Hazard Indices for Near-Shore Sediment Biota Grouped by Individual Sites.
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Figure 6-33a. Corbicula Percent Survival in Hanford Site Sediment.
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Figure 6-33b. Corbicula Percent Survival and Fraction Total Sand.
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Figure 6-34a. Ceriodaphnia Survival in Hanford Site Pore Water.
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The aquatic environment is comprised of chromium, strontium and uranium plumes and upriver reference sites. The
solid line represents survival in the presence of a reference toxicant (80% survival at 1.5 g/ml sodium chloride).

Figure 6-34b. Ceriodaphnia Reproduction in Hanford Site Pore Water.
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The aquatic environment is comprised of chromium, strontium and uranium plumes and upriver reference sites. The
solid line represents reproduction in the presence of a reference toxicant (7 young/female at 1.5 g/ml sodium
chloride).
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Figure 6-35a. Hyalella azteca Growth in Hanford Site Sediment.
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The aquatic environment is comprised of chromium, strontium and uranium plumes and
upriver reference sites.

Figure 6-35b. Hyalella azteca Percent Survival in Hanford Site Sediment.
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The aquatic environment is comprised of chromium, strontium and uranium plumes and
upriver reference sites.
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Figure 6-36. Hilsenhoff Family Biotic Index.
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.

Figure 6-37. Percent Tolerant Taxa.
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.
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Number of tolerant taxa

Figure 6-38. Number of Tolerant Taxa.
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.

Figure 6-39. Number of Benthic Macroinvertebrate Taxa.
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.
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Figure 6-40. Total Benthic Macroinvertebrate Diversity.
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.

Figure 6-41. Total Benthic Macroinvertebrate Abundance.
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.
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Figure 6-42. Abundance of Net-Spinning Caddisflies (Trichoptera).
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.

Figure 6-43. Abundance of Mayfly (Ephemeroptera).
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.
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Figure 6-44. Number of Mayfly (Ephemeroptera) Taxa.
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.

Figure 6-45. Molluska Diversity.
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The aquatic environment is comprised of chromium and uranium plumes and upriver reference sites.
Rock baskets were not deployed in the strontium plume.
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Figure 6-46a. Xenopus Percent Survival in Hanford Site Pore Water.
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The aquatic environment is comprised of chromium, strontium and uranium plumes and upriver reference sites. The
solid line represents survival in the presence of a reference toxicant
(0% survival at 2500 mg/l 6-AN, a teratogenic chemical).

Figure 6-46b. Xenopus Percent Deformities in Hanford Site Pore Water.
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The aquatic environment is comprised of chromium, strontium and uranium plumes and upriver reference sites. The
solid lines represents deformities in the presence of a reference toxicant
(46% to 56% at 5.5 mg/1 6-AN, a teratogenic chemical).
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Figure 6-46¢. Xenopus Percent Deformities in Hanford Site Pore Water.
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The aquatic environment is comprised of chromium, strontium and uranium plumes and upriver reference
sites. The solid lines represents deformities in the presence of a reference toxicant (0% at 2500 mg/1 6-
AN, a teratogenic chemical).
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Figure 6-47a. Radionuclide Sum of Fractions for Aquatic Wildlife Associated with Water

Grouped by Site Category.
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Figure 6-47b. Radionuclide Sum of Fractions for Aquatic Wildlife Associated with Water

Grouped by Individual Sites.
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Figure 6-48a. Radionuclide Sum of Fractions for Aquatic Wildlife Associated with

Sediment Grouped by Site Category.

0.03—
LL -
O 4
7
8 4
2 0.02—_
1= -
)
E 7
3 0.01—
U‘) -

o] _—— S
OPERATIONAL REFERENCE
category

Figure 6-48b. Radionuclide Sum of Fractions for Aquatic Wildlife Associated with
Sediment Grouped by Individual Sites.
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Figure 6-49a. Hazard Indices for Near-Shore Kingbirds Grouped by Category.
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Figure 6-49b. Hazard Indices for Near-Shore Kingbirds Grouped by Individual Sites.
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Figure 6-50a. Hazard Indices for Near-Shore Bufflehead Grouped by Category.
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Figure 6-50b. Hazard Indices for Near-Shore Bufflehead Grouped by Individual Sites.
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Figure 6-51a. Hazard Indices for Near-Shore Myotis Bat Grouped by Category.
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Figure 6-51b. Hazard Indices for Near-Shore Myotis Bat Grouped by Individual Site.
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Figure 6-52a. Hazard Indices for Near-Shore Great Blue Heron Grouped by Category.
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Figure 6-52b. Hazard Indices for Near-Shore Great Blue Heron Grouped by

Individual Site.
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Figure 6-53a. Hazard Indices for Near-Shore Red-Tailed Hawk Grouped by Category.
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Figure 6-53b. Hazard Indices for Near-Shore Red-Tailed Hawk Grouped by

Individual Site.
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Figure 6-54a. Hazard Indices for Near-Shore Badger Grouped by Category.
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Figure 6-54b. Hazard Indices for Near-Shore Badger Grouped by Individual Site.
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Figure 6-55a. Sculpin (Cottus spp.) Length Plotted by Hanford River Mile (HRM).
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Figure 6-55b. Sculpin (Cottus spp.) Weight Plotted by Hanford River Mile (HRM).
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Figure 6-55c. Reproductive Developmental Stage for Female Cottus spp Plotted by
Hanford River Mile (HRM).

repro-devel_stage (score)

\ \ \ \ \ \ \
-1.43 7.3 8.03 9.36 10.2 10.705 41.21 42.425

HRM

Lower scores indicate less reproductively mature fish.

Figure 6-55d. Sculpin (Cottus spp.) Liver Parasites Plotted by Hanford River Mile (HRM).

11—
9_
g ]
g 7
(7) - [ ]
@
S 5 =
Cl)- — [ [
g o -
1_ [ ] [ ] =
-1 \ \ \ \ \ \ \ \
-143 7.3 8.03 892 936 10.2 10.705 41.21 42.425
HRM

Risk Assessment Report for the 100 Area and 300 Area Component of the RCBRA
June 2007 6-110



DOE/RL-2007-21
Ecological Risk Assessment Draft A

Table 6-1a. Exposure Models for Upland Assessment Endpoints.

Receptor g{:& Zg'r(; Exposure Model
Plant Producer Edermal Csoil
Plant BCG Producer Eermai = Cooi
Invertebrate General Ederma| Csou
Wildlife BCG | General E germar = Cooi
Pocket Mouse | Herbivore Eorat = Cait * Lsoi +Cplant plant
Mourning Herbivore Eoral = Cooit Lot + Cptant * |
Dove oral soil " soil plant " plant
Deer Mouse Omnivore Eoral = Csoil Moo + Cplant plant + Cterrestrial_invertebrale ) Iterrestrial _invertebrate
Meadowlark Omnivore Eoral = Csoil : Isoil + Cplant g plant + Cterrestrial7invertebrate ' Iterrestrial _invertebrate
f/;:ljzzopper Insectivore Eoral = Csoil ’ Isoil +Cterrestrial_invertebrate ’ Iterrestrial_invertebrate
Killdeer Insectivore Eoral = Csoil * Lsoil +Cterrestrial_invertebrate ' Iterrestrial_invertebrate
Badger Carnivore Eoral = Csoil ’ Isonl +Cwater ’ Iwater + Csmallfmammal ’ Ismallfmammal
Ez(j;liailed Carnivore Eoral = Csoil ’ Isoil +Cwater ’ Iwater + Csmallfmammal ’ Ismallfmammal
Notes:

COPCs in soil and biotic media (plants, terrestrial invertebrates and small mammals) are specific to terrestrial upland sites. It is
assumed that receptors in the highest trophic level, badger and red-tailed hawk, are able to access and drink surface water from
the river and thus represent multi-media exposure. Representative surface water concentrations are based on the COPC-specific
means from each operational area and from reference sites.

BCG = biota concentration guide

COPC = contaminant of potential concern
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Table 6-1b. Exposure Models for Riparian Assessment Endpoints.

Receptor (;F;t()e Zg'r(; Exposure Model
Plant Producer Edermal = Csoil
Plant BCG Producer Ederma| = Cson
Invertebrate General Egerma = Csoil
Wildlife BCG | General Eermal = Coi
Pocket Mouse | Herbivore Eora| = Cson : Ison +Cplant a plant
Mourning Herbivore Eorat = Cooit * ot 7C -
Dove oral soil soil plant plant
Deer Mouse Omnivore Eoral = Csoil ) Isoil + Cplant 3 plant + Cterrestrial_invertebrate ’ Iterrestrial _invertebrate
Meadowlark Omnivore Eoral = Csoil ' Isoil + Cplant - plant + Cterrestrial_invertebrate : Iterrestrial _invertebrate
S[I:Szgopper Insectivore Eoral = C:soil ’ Isoil +Cterrestrial_invertebrate ’ Iterrestrial_invertebrate
Kingbird Insectivore Eoral = C:Water ’ Iwater + Csoil ’ Isoil + C:terrestrial _invertebrate © Iterrestrial_invertebrate
Killdeer Insectivore Eoral = Csoil ' Isoil +Cterrestrial7invertebrate ' Iterrestrialfinvertebrate
Badger Carnivore Eoral = Csoil ’ Isoil +Cwater ’ Iwater + Csmallfmammal ’ Ismallfmammal
Ez(j;liailed Carnivore Eoral = Csoil ’ Isoil +Cwater ' Iwater + Csmallfmammal ’ Ismallfmammal +Cbird : Ibird
Notes:

COPCs in soil and biotic media (plants, terrestrial invertebrates, kingbirds and small mammals) are specific to terrestrial riparian
sites. In addition to kingbirds drinking river water, it is assumed that receptors in the highest trophic level are able to access and
drink surface water from the river and thus represent multi-media exposure. Representative kingbird tissue concentrations are

based on zones where kingbirds were collected.

BCG = biota concentration guide

COPC = contaminant of potential concern
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Table 6-1c. Exposure Models for Near-Shore Assessment Endpoints.

Receptor g;; 32:’(;/ Exposure Model

Aquatic biota General Esermal = Cuater

Water BCG General Esermal = Cuater

Sediment biota General Esermal = Ceed

Sediment BCG General Egermal = Ceed

Myotis bat Insectivore Eoral = C:sed ’ Ised + Cbenthic_macroinvertebrate ’ Ibenthic_macroinvertebrate

Bufflehead Invertivore Eoral = cWater : Iwater + Csed ) Ised + cbenthic_ma\croinvel’(ebrate ’ Ibenthic_macroinvertebrate
+ Cclam ’ Iclam

Kingbird Insectivore Eoral = C:water ' Iwater + Cbenthic_macroinvertebrate ’ Ibenthic_macroinvertebrate

Great Blue Heron Piscivore Eoral = CWater : Iwater + Cbenthic_macroinvertebrate ) Ibenthic_macroinvenebrate + Cfish g fish

Badger Carnivore Eoral = Cwater ’ IWater

Red-tailed Hawk | Carnivore | Eg = Cuer * Luater T Chirg * bir

Notes: COPCs in sediment and surface water and biotic media (benthic macroinvertebrates, clams, sculpin) are specific to near-
shore sites. Considering the clam and benthic macroinvertebrate diet characteristic of bufflehead ducks, this receptor was used as
a maximally-exposed surrogate for the herbivorous mallard.

BCG = biota concentration guide
COPC = contaminant of potential concern

Table 6-2. Mammals Collected in RCBRA Sampling

Campaign.

Common Name Species Name '(I)'/?)t(;
California vole Microtus montanus 0.3
Bushy-tailed woodrat Neotoma cinerea 0.3
House mouse Mus musculus 0.3
Deer mouse Peromyscus maniculatus 52.8
Great Basin pocket mouse Perognathus parvus 422
Western harvest mouse Reithrodontomys megalotus 4.0
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Table 6-3. Kingbird Nest Success.

Total nests identified 41
Nests predated by crows and ravens * 12
Nests abandoned " 12
Occupied ° 4
Nests from which fledglings collected 9
Percent nests successfully harvested 21%

* Eggs are missing or shells are broken open and no juvenile birds are observed,
chorionic membrane attached to shell.

® Eggs are present but no adults defending nest site
¢ Birds tending nest and defending territory but no eggs or chicks are present
4 Fledglings collected for tissue analyses
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Table 6-4. Lines of Evidence for Terrestrial Assessment Endpoints. (3 Pages)

-
<
Assessment . . .
. Attributes Terrestrial Hypotheses 3 Conclusions
Endpoint =
While plant hazard indices are elevated, they are uniformly distributed
Literature values Mean waste/operational site soil across terrestrial site types, are not statistically different among sites, and
for survival, contaminant concentrations are not Low | 2 primarily the result of constituents normally present in soil,
growth, or greater than soil benchmarks indicating that literature-extrapolated risks to plants are based on
reproduction relative to reference sites constituents present at background levels and are unrelated to Hanford
Site operations
. . . Riparian sites had the highest diversity richness and cover among all
Waste/operational site species ) . . ; . . L2
. . . . . sites, had special status species were identified at operational riparian
Diversity and diversity and population abundance . . . C .
. sites, and did not differ significantly between operational and reference
abundance from are not less than at reference sites Med o Lo
areas. Overall, diversity, species richness and total cover at upland
plant surveys and do not decrease along an . . . . L
. . .. . (remediated backfilled and native soil) and riparian terrestrial sites are
Plants increasing contamination gradient . . . .
not significantly different than at corresponding reference sites.
Mean waste/operational site tissue
. taminant concentrati t . - . .
Measured tissue contaminant concentrations are no There were no statistically significant correlations between contaminants
. greater than at reference sites and do [ NA . . ;
concentrations . . . in plants and soil across all sites.
not increase along an increasing
contamination gradient
Mean waste/operational site . . , .
. . . There were no differences in Sandberg’s bluegrass among terrestrial
Survival, growth survival and growth is not less than . . . . 1
.S - . sites. However, issues with laboratory record-keeping cast the validity of
from toxicity at reference sites and does not High . . . . .
. . . these results in question and these results will not be used in making
testing decrease along an increasing . : .
S . conclusions of risk to terrestrial plants.
contamination gradient
. . . . While soil invertebrate hazard indices are elevated above one, they are
Literature values Mean waste/operational site soil . . . o
. . . not statistically different among sites and are primarily the result of
o for survival, contaminant concentrations are not . ; o .
Soil biota . Low | exceeding benchmarks for constituents normally present in soil. This
growth or greater than soil benchmarks o . . A
. . . indicates that literature-extrapolated risks to soil invertebrates are not
reproduction relative to reference sites

related to Hanford Site operations.
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Table 6-4. Lines of Evidence for Terrestrial Assessment Endpoints. (3 Pages)

H
ey
Aéze;;g:?]rt]t Attributes Terrestrial Hypotheses § Conclusions
Waste/operational site species Sf)il bi‘ota dive?rsity gnd abundap(;e esti.mates are compr.omi§ed because,
Diversity and diversity and population abundance given insufficient biomass, 'adfhtlona} mvertebrates' (primarily beetles)
abundance from are not less than at reference sites Med | VE© hand collecteq, thus blas.l ne ¢ stlmates of relative abundance as
pitfall traps and do not decrease along an repre§ented by passive collection in pitfall traps. Con.sequentl.y, this line
increasing contamination gradient gf evidence will not be used to make conclusions of risk to soil
invertebrates.
Mean waste/operational site tissue
Measured tissue cont?mltr}llant Ctonc;entratlol}ts are r:lo(ti NA There were no statistically significant correlations between contaminants
concentrations ﬁi)iirféreazré Zlgzge;inf:c:;:;ir?g ° in soil biota and soil across all sites.
contamination gradient
' ﬁijﬁ/za;;fi/g (e)f::;loirgarllSEtlee ss than Nematode sqrvival in riparian soils. was significantly lower than su'rvival
Survival from at reference sites and does not High in upland soils but there were no differences between waste/operational
toxicity testing decrease along an increasing site and reference site survivql, igdicating that soil inyertebrate?s are not
contamination gradient adversely affected by contamination from Hanford Site operations.
Literature values . Modeled exposure was compgred to literature-based toxicity reference
. for survival Dietary exposure m.ode}ed from values for herbivores (mournmg dove', pocket mouse), omnivores
Middle th or ’ waste/operational sites is not greater (meadowlark, deer mouse) and insectivores (killdeer, grasshopper
trophic-level ;g;g;z duction than toxicity reference values Low | mouse). Hazard indices for all receptors were not statistically
species compared to relative to exposure modeled from s1gn1ﬁ(;antly higher bgtwegn uplapd waste and riparian operational sites
modeled exposure reference sites and p{:ured referepce sites, indicating that modeled exposure apd
associated potential risks are unrelated to Hanford Site operations.
Mean tissue contaminant
concentrations at waste/operational There were no statistically significant correlations between contaminants
Measured tissue sites are not greater than at Med in soil and small mammal liver/kidney, small mammal carcass and

concentrations

reference sites and do not increase
along an increasing contamination
gradient

kingbird tissues across terrestrial sites.

Tissue effects levels were not exceeded in operational soils.
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Table 6-4. Lines of Evidence for Terrestrial Assessment Endpoints. (3 Pages)

-
<
Assessment Attributes Terrestrial Hypotheses % Conclusions
Endpoint =
Small mammal population characteristics such as relative population
abundance and total numbers trapped differed significantly among sites
in only a few instances and these differences are likely based on aspects
of the plant community. For example, although heavy metals were most
Balanced gender Relative population abundance, elevated in riparian areas, which would be expected to depress
ratios, juvenile reproduction rates, equality of abundance and reproductive output, the riparian operational soils had the
recruitment, gender ratios and juvenile richest plant communities and highest numbers of mammals captured
relative abundance | recruitment at waste/operational Med | and significantly higher proportions of reproductively active females.
from small sites is not less than at references And although small mammal gender ratios deviated from equality, with
mammal field and does not decrease along an more males than females captured at all sites, there were no significant
studies increasing contamination gradient differences in the ratio of females to males among waste/operational sites
and reference sites. These observations suggest that aspects of small
mammal populations, such as inequities in gender ratio, and differences
in parameters among sites cannot be attributed to past Hanford Site
operational releases.
Hazard indices for red-tailed hawks consuming soil, surface water and
small mammals and birds are below one suggesting low potential for
risk. In addition, HIs are not statistically significantly higher at upland
Literature values . waste and riparian operational sites relative to paired reference sites.
, for survival, Dietary exposure modeled from This indicates that modeled exposure to red-tailed hawks from
Carnivorous growth or waste/operational sites is not greater waste/operational sites is associated with de minimus risk.
birds and . than toxicity reference values Low . .
mammals reproduction relative to exposure modeled from HIS for the bad.ger are ab.ove. one and basefd primarily on tha!hum in the
compared to reference sites diet. The thallium TRV is highly uncertain because few toxicological
modeled exposure data exist; it is therefore extremely conservative. In addition, badger HIs
at operational and waste sites are not significantly different from paired
reference sites. This indicates that modeled exposure to badger and
associated potential risks are not related to Hanford Site operations.

Low = hypothesis has low weight
Med = hypothesis has medium weight
High = hypothesis has high weight

NA = Not applicable to the endpoint in question given dearth of information linking measured tissue concentration to effects on that endpoint.
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Table 6-5. RCBRA Clam Histopathology and Clinical Condition Results.

Corbicula Endpoint Significant*
Clinical condition: gaping, tissue condition precludes histology No
Digestive tubular epithelial cell height: indication of active metabolism and No
ingestion
. cr 1 . . . R Yes, higher at
Digestive tubular epithelial cell shedding: loss of digestive tubular epithelial cells .
operational areas
Digestive System Hemocytosis: an inflammatory response typically found around No
the conducting tubules of the digestive gland
Absorptive cells vacuolation: vacuoles observed in epithelial absorptive cells of the No
digestive tubules
Reproductive system ovary condition assessed to indicate normal vitellogenic
oocytes within follicles and to indicate abnormal appearing oocytes with ruptured No
or fused membranes (syncytium)
Connective tissue hemocytosis: indicates the degree of accumulation of hemocytes No
in connective tissues
Mantle epithelium tissue was evaluated and scored as normal, or with focal to
multifocal necrosis and loss of mantle epithelium, or as extensive necrosis with loss No
of mantle epithelium
Gills - Epithelial cell shedding: indicates the loss of gill epithelial cells No
Gill hemocytosis: an inflammatory response in clam gills. No
Gills — Larvae: indicates the presence and condition of larvae brooding in clam gill No
tissue
Kidney: rated as normal or with focal loss or necrosis of kidney epithelial cells or
. . . . No
focal necrosis of kidney cells with hemocytosis
Adductor muscle lesions No
Foot musculature and epithelium lesions No
Nerves/ganglia lesions No
Gender: female, male, or hermaphrodite NA
Stage of development of reproductive follicles and tubules No
Maximum anterior-posterior shell length No
Hyaline degenerate follicles: reproductive follicles that may represent fusion and
. . . No
degeneration of nuclear material from unspawned reproductive products
Number of reproductive system follicle cysts -- a fibrous reaction around and Yes, higher at
within reproductive follicles reference areas
Reproductive System Necrotic Ducts (count) No

* Significant difference (alpha = 0.05) between operational and reference site observations. Sample size
ranged from 132 observations (kidney) and between and 231 to 235 observations for all other measures

NA = not applicable

Risk Assessment Report for the 100 Area and 300 Area Component of the RCBRA
June 2007
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Table 6-6a. Aquatic Benthic Macroinvertebrate Community Metrics for Reference Site Stations.

ATTRIBUTES Ref1l | Ref12 | Ref13 | Refl14 | Ref16 | Ref300-1 Ref 300-2
INDICES
Hilsenhoff Index 7.11 7.55 6.22 6.37 6.93 6.7 6.6
MEASURES
Total Invertebrate Abundance 104 671 628 410 386 314 335
Number of Invertebrate Taxa 26 25 19 12 28 28 36
Total Diversity (H) 3.55 2.95 2.04 2.29 3.54 2.98 3.1
Number of Molluska Taxa 7 6 4 2 8 8 8
Abundance of Molluska Taxa 14 16.8 12.6 13 80.2 31.3 10.8
Number of Rare Molluska Taxa 1 1 1 0 1 1 1
Molluska Diversity (H) 1.88 1.40 0.66 0.21 0.96 0.90 1.64
Abundance of Crustacea 47 226.2 2.6 18.1 85.7 15.3 23
Number of Crustacea Taxa 6 7 3 4 5 3 4
Abundance of Ephemeroptera 5 2 18 6 11 16 34
Number of Ephemoptera Taxa 3 2 3 5 4 4 4
Abundance of Trichoptera 1 211 220 63 73 120 104
Number of Trichopteran Taxa 3 4 4 4 4 6 8
Abundance of Net-Spinners (Hydropsychidae) 0.3 197 196 27 71 92 82
Abundance of Midges 14 101 349 240 57 125 143
Number of tolerant taxa 17 14 9 12 19 18 38
Tolerant taxa (%) 63 66 14 20 59 22 37
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Table 6-6b. Aquatic Benthic Macroinvertebrate Community Metrics for Chromium Plume Stations.

ATTRIBUTES Crl Cr2 | Cr3 Cr4d Cr5 Cr6 Cr7 Cr9 Crl0
INDICIES
Hilsenhoff Index 6.3 6.14 | 645 6.48 6.37 6.85 6.26 6.55 6.5
MEASURES
Total Invertebrate Abundance 528 265 698 2782 272 1312 5407 6770 7164
Number of Invertebrate Taxa 28 24 27 17 30 23 20 19 20
Total Diversity (H) 1.82 | 1.54 | 2.07 1.68 1.99 2.51 1.73 1.99 2.05
Number of Molluska Taxa 7 7 5 2 7 3 6 3 5
Abundance of Molluska Taxa 7.7 5.6 16.3 8.3 10 129.6 108.1 288.7 229.6
Number of Rare Molluska Taxa 0 0 1 0 1 0 2 1 1
Molluska Diversity (H) 1.79 | 1.86 | 1.27 0.16 1.75 0.13 1.17 0.68 0.84
Abundance of Crustacea 33.7 11.1 42.4 23 20 7.6 0 0.7 16
Number of Crustacea Taxa 5 6 6 2 5 4 0 1 2
Abundance of Ephemeroptera 2 0.3 3 24 6 13 115 75 121
Number of Ephemoptera Taxa 2 1 3 4 5 3 3 3 3
Abundance of Trichoptera 33 24 62 974 31 566 1923 2933 3080
Number of Trichopteran Taxa 6 3 5 4 5 6 5 6 5
Abundance of Net-Spinners (Hydropsychidae) 14 23 49 901 24 426 1845 2835 2931
Abundance of Midges 387 203 454 1685 193 554 3219 3367 3655
Number of tolerant taxa 22 18 22 18 10 20 23 15 18
Tolerant taxa (%) 37 43 46 47 20 32 27 44 49
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Table 6-6¢. Aquatic Benthic Macroinvertebrate Community Metrics for Uranium Plume Stations.

ATTRIBUTES U1 U2 UK U4 us u6 u7 us U9 | U10
INDICES
Hilsenhoff Index 6.78 6.8 6.77 | 6.57 | 648 | 6.38 | 6.69 6.51 6.6 | 6.85
MEASURES
Total Invertebrate Abundance 364 388 567 939 | 476 | 402 | 1242 359 364 | 255
Number of Invertebrate Taxa 27 34 34 20 35 38 29 30 30 33
Total Diversity (H) 3.13 3.34 294 | 246 | 2.7 | 254 | 2.79 3.11 2.8 | 341
Number of Molluska Taxa 10 12 18 1 6 8 4 7 9 8
Abundance of Molluska Taxa 84.4 | 109.2 | 103.6 | 10.3 | 14.1 6.6 45.6 | 1859 | 21.8 | 40.0
Number of Rare Molluska Taxa 2 2 2 0 1 2 2 1 2 2
Molluska Diversity (H) 1.59 1.44 1.10 | 0.00 | 1.29 | 1.72 | 0.67 0.85 1.23 | 0.90
Abundance of Crustacea 20.3 66.3 2 0.7 | 22.6 | 11.6 4.9 25.6 48 28
Number of Crustacea Taxa 5 5 5 1 5 5 3 5 5 6
Abundance of Ephemeroptera 18 27 37 168 74 67 212 31 39 20
Number of Ephemoptera Taxa 1 | 5 6 5 5 7 3 2 3
Abundance of Trichoptera 29 28 216 368 94 66 515 39 40 41
Number of Trichopteran Taxa 5 7 8 5 9 8 7 8 6 7
Abundance of Net-Spinners (Hydropsychidae) | 18 24 189 346 57 43 469 26 28 31
Abundance of Midges 158 133 202 370 | 254 | 230 437 62 181 84
Number of tolerant taxa 19 16 17 16 7 18 13 10 7 11
Tolerant taxa (%) 41 13 7 17 25 17 44 15 29 27
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Table 6-7. RCBRA Sculpin Histopathology and Clinical Condition Results.

Cottus Endpoint Significant*
Fish length No
Fish weight No

Number of encysted parasites in gill tissue

Yes, higher at reference areas

Number of encysted parasites (digenetic trematode) in kidney

Yes, higher at reference areas

Number of liver granulomas (inflammation)

Yes, higher at operational areas

Number of fish liver parasites

Yes, higher at operational areas

Number of muscle granulomas (trematode metacercaria)

Yes, higher at operational areas

Peritoneal cavity — number of protozoan granulomas No
Fish reproductive stage Yes, lower at reference areas
Clubbing and hyperplasia of fish gills No
Storage fat vacuoles in fish liver No
Reproductive system — gender No
Infiltration of connective tissues by lymphocytes No
Sloughing of tubular epithelial cells of the kidney No
Coagulation of cells in fish liver No
Osteitis (inflammation of bone cells) in fish No
Chondritis (inflammation of cartilage) in fish No
Endothelialitis (inflammation of the arteries or veins) No

* Significant difference (alpha = 0.05) between operational and reference site observations. Sample size
ranged from 54 (reproductive developmental stage) to 114 - 140 observations for all other measures

Risk Assessment Report for the 100 Area and 300 Area Component of the RCBRA

June 2007
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Table 6-8. Lines of Evidence for Aquatic Assessment Endpoints. (4 Pages)

)
ey
Assessment . . o .
. Attributes Agquatic Hypotheses 'S Conclusions
Endpoint =
. Mean operational site survival and Survival was not a measurement endpoint for pakchoi grown
Survival, growth from . . . . . _ .
. . growth is not less than at reference sites . in sediments. Biomass was not significantly different
Plants sediment toxicity High . . .
testin and does not decrease along an among chromium, strontium and uranium plume areas and
& increasing contamination gradient reference sites, suggesting no potential risk to plants.
. . HIs for aquatic (using pore water) and sediment biota are not
. Mean operational site water and . LN . . .
. Literature values for . . . statistically significantly higher between aquatic operational
Benthic macro- . sediment contaminant concentrations . - L .
. survival, growth, or . Low [ and reference sites, suggesting that potential risks to benthic
invertebrates ; are not greater than benchmarks relative . .
reproduction . macroinvertebrates are not related to Hanford Site
to reference sites .
operations
Operational site species diversity and Molluska taxa were studied in particular detail considering
Diversity and population abundance are not less than the presence of special status species occurring in the
abundance fromrock | at reference sites and do not decrease Med | Hanford Reach. Molluska diversity and total taxa were not
baskets along an increasing contamination significantly different among sites; the number of rare taxa
gradient was significantly greater in stations from the uranium area.
Clam survival was significantly lower in the chromium
Mean operational site survival is not plume stations. However, a comprehensive assessment of
S less than at reference sites and does not survival relative to contaminant concentrations in all aquatic
Clam survival in situ . . Med . . . .
decrease along an increasing media did not reveal significant relationships between
contamination gradient contaminant concentrations and survival; survival was most
highly correlated with sediment particle size.
Of the 21 histopathology endpoints measured in clams, one
. o . i ithelial sheddi ignificantl i
Operational site histopathological endpqmt (eplt. elial shedding) was signi icantly greater in
. aquatic operational areas and one (reproductive follicle
anomalies are not greater than at cysts) was greater in aquatic reference areas. The remainin,
Clam histopathology reference sites and do not increase High y £ 4 ) &

along an increasing contamination
gradient

19 endpoints did not differ significantly between operational
and reference areas. These findings do not suggest that past
Hanford Site releases resulted in adverse effects in clams
inhabiting the Hanford Reach.
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Table 6-8. Lines of Evidence for Aquatic Assessment Endpoints. (4 Pages)

-
<
Aéze;;g:?]rt]t Attributes Agquatic Hypotheses § Conclusions
There were not trends in increased contamination in clam
) o associated with operational areas versus those in reference
Mean operatlonal site tissue locations.
. contaminant concentrations are not
Measured tissue greater than at reference sites and do NA | Tissue effect levels were exceeded only for mercury in clam
concentrations not increase along an increasing soft tissues and for selenium in other benthic
contamination gradient macroinvertebrates; exceedances for both COPCs occurred
in locations upstream and downstream of Hanford
operations.
Pore water was not toxic with regard to Ceriodaphnia
Mean operational site survival and survival aqd reproductive output. Hyalella had signiﬁcgntly
Survival and growth growth is not less than at reference sites . lower survival and growth in sediments from .the chromium
from toxicity testing and does not decrease along an High | plume. Howpver, depresseq grow.t h and syrvwal. were not
increasing contamination gradient correla@d with any cqntarpmants in aq}latlc med1a,
suggesting that potential risks to benthic macroinvertebrates
are not related to Hanford Site operations.
Mean operatlonal site tissue Amphibians were targeted for collection in this assessment
Measured tissue cont?mltllllant ctoncfentratlor.lf are r(lio(ti Med but field efforts were unsuccessful in gathering animals for
concentrations ﬁf)?cairfsreazr; 21(§relge§1nicnec:;:ssir?z © ¢ analys.es. This line gf evidence was cons.equently N
contamination gradient unavailable for use in an assessment of risk to amphibians.
Based on average results per site, survival in pore water
Amphibians from chromium and strontium plume stations is slightly yet
. Mean operational site survival and significantly reduped for Xenopus embryos mean survival in
Survival and growth - . reference, chromium and strontium pore water is 99.7%,
based on toxicity growth is not less than at reference sites High | 98% and 97%, respectively. There were no differences in

testing

and does not decrease along an
increasing contamination gradient

deformities among the sites but growth was statistically
significantly reduced in pore water from the strontium plume
stations. It is important to note that while these slight
differences were statistically significant.
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Table 6-8. Lines of Evidence for Aquatic Assessment Endpoints. (4 Pages)

H
ey
Assessment . . .
. Attributes Agquatic Hypotheses 3 Conclusions
Endpoint g yp
P =
HIs for kingbirds and buffleheads ingesting water, sediment,
clams and benthic macroinvertebrates are not different
among aquatic operational sites and reference sites. HIs for
Literature values for Diet deled f great blue heron ingesting fish were significantly higher at
Consumers survival, growth, or ietary exposure modeled from reference sites. This indicates that modeled exposure to
(invertivores, reproduction operational sites is not greater than Low | invertivorous and piscivorous birds and associated potential
piscivores) compared to modeled toxicity reference values relative to risks are not related to Hanford Site operations.
exposure modeled from reference sites o . . . .
exposure HIs for bats are significantly higher in aquatic operational
sites and the paired reference sites. This indicates that
modeled exposure to myotis bats and associated potential
risks could be related to Hanford Site operations.
There were no trends in increased contamination in fish
Mean operational site tissue assogiated with operational areas versus those in reference
Measured fissue contaminant concentrations are not locations.
concentrations greater than at refef@n_ce Sites' and do Med | Tissue effect levels were exceeded for cadmium, chromium
not mnerease along an mcreasing and selenium in fish tissues in locations both upstream and
contamination gradient downstream of Hanford operations; the silver effect level
was exceeded in one sample near the 100 N area.
Operational site histopathological Observations regarding organ systems likely to be affected
p . P g by heavy-metal contamination indicate that statistically
anomalies are not greater than at c . . . .
C . . . significant differences occur in both operational (liver) and
Fish histopathology reference sites and do not increase High

along an increasing contamination
gradient

reference (kidney, gill) areas. There is no clear indication of
an impact of past Hanford Site operational releases on fish
histopathology.
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Table 6-8. Lines of Evidence for Aquatic Assessment Endpoints. (4 Pages)

-
<
Assessment : . > .
. Attributes Agquatic Hypotheses ‘D Conclusions
Endpoint =
Reproductive output in fish is associated with size, with
. . larger fish representing more sexually-mature an
Relative population abundance, arger Hsh represe t § more sexuatly ature and
. . reproductively capable individuals. There were no
reproduction rates, equality of gender . . . .
Balanced gender . ) ) . differences in sculpin weight or length between those
. . ratios and juvenile recruitment at . . . .
ratios, juvenile . L collected in operational areas relative to reference sites.
waste/operational sites is not less than Med

recruitment, relative
abundance

at references and does not decrease
along an increasing contamination
gradient

Reproductive output would be lower for less sexually-
mature fish. On this basis, fish in operational areas are
expected to be at least as prolific as fish in reference areas
because the former represent a life stage with greater
reproductive potential.

Low = hypothesis has low weight
Med = hypothesis has medium weight
High = hypothesis has high weight

NA = Not applicable to the endpoint in question given dearth of information linking measured tissue concentration to effects on that endpoint.
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Table 6-9. Qualitative Uncertainty Analysis for Terrestrial Assessment Endpoints. (7 Pages)

ras)
<
Assessment . . =3 .
. Attributes Terrestrial Hypotheses D Conclusions
Endpoint =
Use of literature toxicity reference values involves uncertainty in the
extrapolation from dose response in test organisms to species occurring
onsite based on:
e  Test conditions (e.g., temperature, humidity)
e Laboratory toxicity studies are typically focused on a single
. . . . contaminant whereas conditions in the field typically involve
Literature values Mean waste/operational site soil . .
. . . contaminant mixtures
for survival, contaminant concentrations are not
Plants . Low . o . . .
growth, or greater than soil benchmarks e Bioavailability (laboratory studies typically represent maximum
reproduction relative to reference sites bioavailability whereas conditions in the field, such as weathering
and sorption decrease bioavailability over time)
e Toxic form (valence, etc.)
e Relatively short-term laboratory exposure compared to chronic
exposure to contaminants in the field
Similarity in toxic response
Although plant sampling was timed to represent the floral communities
Waste/operational site species typical of investigation areas, plant diversity and abundance surveys are
Diversity and diversity and population abundance based on a snap shot in time and subject to environmental vagaries (e.g.,
abundance from are not less than at reference sites Med | variable precipitation) affecting the community at the time it was

plant surveys

and do not decrease along an
increasing contamination gradient

recorded.

Relative to perennial shrubs, it is expected that annual species will be
more affected by seasonal variation.
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Table 6-9. Qualitative Uncertainty Analysis for Terrestrial Assessment Endpoints. (7 Pages)

-
<
Assessment . . (=) .
- Attributes Terrestrial Hypotheses ‘D Conclusions
Endpoint =
Tissue concentrations in plants are subject to:
. o e  Analytical measurement uncertainties (e.g., detection limits are
Mean waste/operational site tissue typically elevated in tissues because of matrix interferences).
M dti contaminant concentrations are not ) ) .
easurte t.1ssue greater than at reference sites and NA | ® Whether al.)ovejground vegetative material represents contaminant
concentrations do not increase along an increasing concentrations in all plant matrices/compartments (e.g., roots,
contamination gradient seeds)
e  Whether contaminant concentration in the two dominant species
represents all plant species in investigation areas
Mean waste/operational site e An ecologically relevant test species, Sandberg’s bluegrass, was
Survival, growth survival and growth is not less than chosen to minimize uncertainty in extrapolating effects from plant
from toxicity at reference sites and does not High bioassays to Hanford Site flora. However, laboratory
testing decrease along an increasing methodological issues preclude making inferences from the
contamination gradient Sandberg’s bluegrass bioassay results.
Use of literature toxicity reference values involves uncertainty in the
extrapolation from dose response in test organisms to species occurring
onsite based on:
e  Test conditions (e.g., temperature, humidity)
) ) ) ) e Laboratory toxicity studies are typically focused on a single
Literature values Mean waste/operational site soil contaminant whereas conditions in the field typically involve
Soil biota for survival, contaminant cqncentratlons are not Low contaminant mixtures
growth or greater than soil benchmarks ] o ) ) )
reproduction relative to reference sites e Bioavailability (laboratory studies typically represent maximum

bioavailability whereas conditions in the field, such as weathering
and sorption decrease bioavailability over time)

e Relatively short-term laboratory exposure compared to chronic
exposure to contaminants in the field

e  Similarity in toxic response
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Table 6-9. Qualitative Uncertainty Analysis for Terrestrial Assessment Endpoints. (7 Pages)

-
<
Assessment . . (=) .
- Attributes Terrestrial Hypotheses ‘D Conclusions
Endpoint =
Soil biota diversity and abundance estimates are subject to the following
uncertainties:
Waste/operational site species e  Ground-dwelling invertebrates caught in pitfall traps or handpicked
Diversity and diversity and population abundance are representative of the invertebrates eaten by all Hanford-Site
abundance from are not less than at reference sites Med invertebrate consuming predators (including aerial insectivores)
pitfall traps and do not decrease along an ) ) . ) ) L
increasing contamination gradient . legp 1nsufﬁc1ent biomass collected at some 1r}vest1gat10n areas,
additional invertebrates were collected (primarily beetles) by hand
picking them from the soil surface, biasing estimates of relative
abundance as represented by passive collection in pitfall cans.
Tissue concentrations in soil biota are subject to:
e Analytical measurement uncertainties (e.g., detection limits are
Mean waste/operational site tissue typically elevated in tissues because of matrix interferences).
Measured tissue contaminant concentrations are not e Pitfall-collected invertebrate tissues representing contaminant
concentrations greater than at reference sites and NA concentrations in all invertebrate matrices/compartments (e.g.,
do not Increase aloqg an ncreasing flying insects) at investigation areas
contamination gradient
e Considering the mobility of receptors, whether pitfall-collected
invertebrate tissues represent contaminant concentrations for
organisms within investigation areas (versus offsite organisms).
Nematode survival uncertainties include:
) ] e Relatively short-term laboratory exposure (24-hr) of test animals
Meap waste/ operatlopal site extrapolated to site invertebrates chronically exposed to
Survival from survival and growth is not less than ' contaminants
at reference sites and does not High

toxicity testing

decrease along an increasing
contamination gradient

Relative sensitivity of assessing COPC effects using survival as the
test endpoint

Extent to which nematodes are representative of invertebrates in
upland soils.
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Table 6-9. Qualitative Uncertainty Analysis for Terrestrial Assessment Endpoints. (7 Pages)

=
<
Aéze(;;?iz?t Attributes Terrestrial Hypotheses § Conclusions
Use of literature toxicity reference values involves uncertainty in the
extrapolation from test organisms to species occurring onsite based on:
e  Test conditions (e.g., method of contaminant delivery such as oral
intubation or via gavage compared to ingestion of contaminated
media onsite)
e Bioavailability of contaminant (laboratory studies typically
represent maximum bioavailability) relative to site-specific
Literature values . bioavailability
‘ for survival Dietary exposure m.ode!ed from . . . .
Middle ’ waste/operational sites is not e Laboratory toxicity studies are typically focused on a single
trophic-level growth or greater than toxicity reference Low contaminant whereas conditions in the field typically involve
. reproduction . . .
species values relative to exposure modeled contaminant mixtures

compared to
modeled exposure

from reference sites

Relatively short-term laboratory exposure compared to chronic
exposure to contaminants in the field

Similarity in toxic response

Uncertainties associated with modeled exposure include

Measuring media (tissue, soil) concentrations

Extent to which modeled intake for representative receptors reflects

actual intake for organisms onsite.
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Table 6-9. Qualitative Uncertainty Analysis for Terrestrial Assessment Endpoints. (7 Pages)

-
<
Assessment . . (=) .
- Attributes Terrestrial Hypotheses ‘D Conclusions
Endpoint =
Tissue concentrations in small mammals are subject to:
e  Analytical measurement uncertainties (e.g., detection limits are
typically elevated in tissues because of matrix interferences).
Mean tissue contaminant e  Considering the mobility of small mammals, whether tissues of
concentrations at waste/operational trapped animals represent contaminant concentrations for
Measured tissue sites are not greater than at Med organisms within investigation areas (versus offsite organisms).
e

concentrations

reference sites and do not increase
along an increasing contamination
gradient

e  Whether trapped small mammals (primarily deer mice and pocket
mice) represent contaminant concentrations in all small mammals at
investigation areas.

Uncertainties associated with measured exposure include

e Tissue effects concentrations based on potentially dissimilar species
from those occurring onsite
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Table 6-9. Qualitative Uncertainty Analysis for Terrestrial Assessment Endpoints. (7 Pages)

-
<
A men . . .
ssessment Attributes Terrestrial Hypotheses 'z Conclusions
Endpoint =
Small mammal field studies were based on a snap shot in time and are
subject to environmental vagaries (e.g., variable precipitation) affecting
the community at the time of data collection.
Another uncertainty is the extent to which inferences can be made from
mammal field data for other middle trophic representatives (e.g., birds).
Ba}anc.ed gepder Relative populatlon abugdance, Heavy nest predation by crows and ravens limited the amount of
ratios, juvenile reproduction rates, equality of L . .
. . ; . fledgling tissues that could be obtained for contaminant analyses and
recruitment, gender ratios and juvenile Co S .
. . . there are uncertainties in the applicability of extrapolating data from a
relative abundance | recruitment at waste/operational Med . . . .
.. few locations to the entire Hanford Reach. The following uncertainties
from small sites is not less than at references . . e .
also exist with regard to kingbird tissues:
mammal field and does not decrease along an
studies increasing contamination gradient e  Considering the mobility of adult kingbirds, uncertainty in whether

invertebrate prey brought to nestlings (as represented by nestling
crops) reflects contaminant concentrations for prey within
investigation areas (versus offsite organisms).

e Collected nestling tissue represents contaminant concentrations in
all birds at riparian investigation areas.
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Table 6-9. Qualitative Uncertainty Analysis for Terrestrial Assessment Endpoints. (7 Pages)

Assessment
Endpoint

Attributes

Terrestrial Hypotheses

Weight

Conclusions

Carnivorous
birds and
mammals

Literature values
for survival,
growth or
reproduction
compared to
modeled exposure

Dietary exposure modeled from
waste/operational sites is not
greater than toxicity reference
values relative to exposure modeled
from reference sites

Low

Use of literature toxicity reference values involves uncertainty in the

extrapolation from test organisms to species occurring onsite based on:

Test conditions (e.g., method of contaminant delivery such as oral
intubation or via gavage compared to ingestion of contaminated
media onsite)

Bioavailability of contaminant (laboratory studies typically
represent maximum bioavailability) relative to site-specific
bioavailability

Laboratory toxicity studies are typically focused on a single
contaminant whereas conditions in the field typically involve
contaminant mixtures

Relatively short-term laboratory exposure compared to chronic
exposure to contaminants in the field

Similarity in toxic response

Uncertainties associated with modeled exposure include

Measuring media (tissue, soil) concentrations

Extent to which modeled intake for representative receptors reflects

actual intake for organisms onsite.

HIs for the badger are based primarily on thallium in the diet. The

thallium TRV is highly uncertain because few toxicological data exist; it

is therefore extremely conservative.

Low = hypothesis has low weight

Med = hypothesis has medium weight

High = hypothesis has high weight
NA = Not applicable to the endpoint in question given dearth of information linking measured tissue concentration to effects on that endpoint.
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Table 6-10. Qualitative Uncertainty Analysis for Aquatic Near-Shore Assessment Endpoints. (6 Pages)

—
<
Assessment . . =) .
. Attri A icH h D Conclusions
Endpoint ttributes guatic Hypotheses %
An ecologically relevant test species, Pakchoi (member of the
Mean operational site survival and Brassicaceae family along with Hanford Site threatened and
. growth is not less than at reference endangered plants such as persistantsepal yellowcress) was chosen to
Survival, growth from . . .2 L . .
Plants toxicity testin sites and does not decrease along High | minimize uncertainty in extrapolating effects from sediment plant
Y & an increasing contamination bioassays to Hanford Site flora. While these species are in the same
gradient family, they may have sensitivity differences to COPCs evaluated in
the sediment bioassays .
Use of literature toxicity reference values involves uncertainty in the
extrapolation from dose response in test organisms to species
occurring onsite based on:
e  Test conditions (e.g., temperature, humidity)
Mean operational site water and e Laboratory toxicity studies are typically focused on a single
) Literature values for sediment contaminant contaminant whereas conditions in the field typically involve
Benthic macro- survival, growth, or concentrations are not greater than | Low contaminant mixtures

invertebrates

reproduction

benchmarks relative to reference
sites

e Bioavailability (laboratory studies typically represent maximum
bioavailability whereas conditions in the field, such as
weathering and sorption decrease bioavailability over time)

e Relatively short-term laboratory exposure compared to chronic
exposure to contaminants in the field

e Similarity in toxic response
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Table 6-10. Qualitative Uncertainty Analysis for Aquatic Near-Shore Assessment Endpoints. (6 Pages)

—
z
Assessm_ent Attributes Aquatic Hypotheses 2 Conclusions
Endpoint =
Aquatic macroinvertebrate diversity and abundance estimates are
subject to the following uncertainties:
Operational site species diversity o  Whether invertebrates colonizing rock baskets are representative
Diversity and and population abundance are not of the invertebrates living in the river bed of the Hanford Reach
abundance from rock less than at reference sites and do Med . . .
baskets not decrease along an increasing e Rock baskets also favor species associated with rocky substrates
contamination gradient rather than burrowing species, which cannot colonize the rock
surfaces. Burrowing species more typical of sandy substrates
will be underrepresented. Rock baskets also reflect water
column, rather than sediment-related, effects.
Clam tube survival may be subject to the following uncertainties:
e  Whether conditions within the tube are representative of
conditions experienced by clams in the sediments and
. . o gravel/cobble of the river bed
Mean operational site survival is ) )
L not less than at reference sites and e Confounding effects such as “floating” tubes that may have
Clam survival in situ does not decrease along an Med caused excessive mortality due to starvation of the animals
increasing contamination gradient because these filter feeders were suspended too far above the
river bed
e Whether clam tube survival is affected by contaminants and/or
by health of other clams in tube (e.g., a parasitized or diseased
clam may affect other clams in tube)
Clam histopathology may be subject to the following uncertainties:
ional site hi hological . . . L L
Operat1pna site histopathologica e  Observer biases in recording subjective levels of impairment
anomalies are not greater than at (however, data recording/oversight by single observer and blind
Clam histopathology reference sites and do not increase | High ; & 0t by sing

along an increasing contamination
gradient

reading of slides helps minimize this potential uncertainty)

e Histopathological endpoints recorded are diagnostic of tissue
anomalies affecting fitness of organisms in the field.
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Table 6-10. Qualitative Uncertainty Analysis for Aquatic Near-Shore Assessment Endpoints. (6 Pages)

—
z
Assessment . . =3 .
. Attributes Aquatic Hypotheses D Conclusions
Endpoint y
P =

Aquatic macroinvertebrate measured tissue concentrations are

subject to the following uncertainties:

e Analytical measurement uncertainties (e.g., detection limits are

) o typically elevated in tissues because of matrix interferences).
Mean operational site tissue
M dt contaminant concentrations are not e Because of insufficient biomass at some investigation areas,
easulle t.lssue greater than at reference sites and NA additional invertebrates were collected (primarily crayfish) by
concentrations do not increase along an increasing hand picking them from the river bed. This introduces a bias
contamination gradient towards chemical composition of invertebrate prey for higher
trophic-level exposure (e.g., crayfish are high in copper).
Uncertainties associated with measured exposure include

Tissue effects concentrations based on potentially dissimilar species

from those occurring onsite

Uncertainties in Hyalella and Ceriodaphnia growth and survival

include:

e Relatively short-term laboratory exposure of test animals
extrapolated to site invertebrates chronically exposed to
contaminants

, , ) e  Extent to which Hyalella and Ceriodaphnia are representative of
Mean operatlonal site survival and invertebrates in Hanford Reach sediments and water.
Survival and erowth growth is not less than at reference ) ] o
g sites and does not decrease along High | ® Potential laboratory methodological and record-keeping issues

from toxicity testing

an increasing contamination
gradient

Whether pore water sampling was representative of elevated
contaminant concentrations. Specifically, whether
Ceriodaphnia-assayed pore water represented primarily
groundwater upwelling versus river water downwelling in the
horizontal aquifer tubes.

Toxicity testing with laboratory species does not account for the
adaptation of organisms to toxicant levels, which has been
observed in some benthic invertebrates exposed to metals.
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Table 6-10. Qualitative Uncertainty Analysis for Aquatic Near-Shore Assessment Endpoints. (6 Pages)

—
z
Assessment . . =3 .
. Attributes Aquatic Hypotheses ‘T Conclusions
Endpoint =
Mean operational site tissue
. contaminant concentrations are not Despite an extensive survey campaign for tadpoles, amphibian
i Measured tissue . . . . . .
Amphibians . greater than at reference sites and Med | tissues were not widely available and thus there is uncertainty over
concentrations . . . . . o
do not increase along an increasing true contaminant levels in amphibians of the Hanford Reach.
contamination gradient
Uncertainties in Xenopus growth (malformations) and survival
include:
e Relatively short-term laboratory exposure of test animals
extrapolated to amphibians chronically exposed to contaminants
Mean operational site survival and e Extent to which Xenopus are representative of amphibians
Survival and growth growth is not less than at reference exposed to Hanford Reach sediments and water
based on toxicity sites and does not decrease along High

testing

an increasing contamination
gradient

o  Whether pore water sampling was representative of elevated
contaminant concentrations. Specifically, whether pore water
represented primarily groundwater upwelling versus river water
downwelling in the horizontal aquifer tubes.

The biological significance of small yet statistically significant
decreases in survival and growth at chromium and strontium plumes
stations.
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Table 6-10. Qualitative Uncertainty Analysis for Aquatic Near-Shore Assessment Endpoints. (6 Pages)

ra)
z
Assessment . . =3 .
Endpoint Attributes Aquatic Hypotheses ‘T Conclusions
P =

Use of literature toxicity reference values involves uncertainty in the

extrapolation from test organisms to species occurring onsite based

on:

e  Test conditions (e.g., method of contaminant delivery such as
oral intubation or via gavage compared to ingestion of
contaminated media onsite)

e Bioavailability of contaminant (laboratory studies typically
represent maximum bioavailability) relative to site-specific

Literature values for Dietary exposure modeled from bioavailability
Consumers . operational sites is not greater than .- . . .
. . survival, growth, or . . e Laboratory toxicity studies are typically focused on a single
(invertivores, - toxicity reference values relative to | Low . PN . .
.y reproduction compared contaminant whereas conditions in the field typically involve
piscivores) exposure modeled from reference

to modeled exposure

sites

contaminant mixtures

Relatively short-term laboratory exposure compared to chronic
exposure to contaminants in the field

Similarity in toxic response

Uncertainties associated with modeled exposure include

Measuring media (tissue, soil) concentrations

Extent to which modeled intake for representative receptors
reflects actual intake for organisms onsite.
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Table 6-10. Qualitative Uncertainty Analysis for Aquatic Near-Shore Assessment Endpoints. (6 Pages)

—
z
Assessment . . () .
. Attributes Aquatic Hypotheses ‘T Conclusions
Endpoint =
Uncertainties associated with measured exposure include
e Tissue effects concentrations based on potentially dissimilar
species from those occurring onsite
e Analytical measurement uncertainties (e.g., detection limits are
) o typically elevated in tissues because of matrix interferences).
Mean operatlonal site tissue Considering the mobility of fish, uncertainty in whether tissues
Measured tissue contaminant concentrations are not of electroshocked animals represent contaminant concentrations
concentrations greater than at reference sites and | Med for organisms within investigation areas (versus
do not increase along an increasing upstream/downstream organisms).
contamination gradlent ]
e  Whether harvested sculpin represent contaminant concentrations
in all fish at aquatic investigation areas.
Uncertainties associated with measured exposure include
e Tissue effects concentrations based on potentially dissimilar
species from those occurring onsite
Fish histopathology may be subject to the following uncertainties:
Operational site histopathological . . . oy . .
p . P & e  Observer biases in recording subjective levels of impairment
anomalies are not greater than at (however, data recording/oversight by single observer and blind
Fish histopathology reference sites and do not increase | High ; 5 £ Oy Sing

along an increasing contamination
gradient

reading of slides helps minimize this potential uncertainty)

e  Whether histopathological endpoints recorded are diagnostic of
tissue anomalies affecting fitness of fish in the field.

Low = hypothesis has low weight
Med = hypothesis has medium weight
High = hypothesis has high weight

NA = Not applicable to the endpoint in question given the dearth of information linking measured tissue concentration to effects on that endpoint.
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