12. CONCLUSIONS
This chapter summarizes the results of the baseline ecological risk assessmentpresented in the preceding
chapters.
of-evidence approach along with a summary of the results. A strength-of -evidence approach is used to
integrate different types of data, or lines of evidence used in this BERA to support a conclusion. The results
of the risk characterization are evaluated in the context of the uncertainty analysis (Chapter 11) to assess
the potential for adverse effects to receptors as a result of exposure to contaminants and stressorspresent
in Onondaga Lake.

12.1 Assessment Endpoint: Sustainability of an Aquatic Macrophyte
Community That Can Serve as a Shelter and Food Source for Local
Invertebrates, Fish, and Wildlife
Does the Aquatic
Concern/Stressors

Macrophyte

Community

Structure

Reflect the Influence

of Chemicals of

of Concern (COCs/SOCs)?

Studies of the Onondaga Lake macrophyte community, as compared to reference lakes, indicate that the
current impoverished community does reflect the influence ofCOCs and SOCs, particularly ionic waste.
Lower species diversity is seen than in similar lakes, and macrophyte coverage of the lake is low.
Do the COCs/SOCs

Present in Onondaga Lake Affect Macrophyte

Growth

and Survival?

Laboratory (greenhouse studies) and field experiments indicate that sacs and! or COCs in Onondaga
Lake as compared to a reference lake (i.e., Otisco Lake). The effects of the ionic waste discharged into
Onondaga Lake, including increased salinity concentrations, reduced water transparency, degraded lake
sediments, and oncolite formation, as well as natural processes, such as wave action, have resulted in a
depauperate macrophyte community in the lake.
Do Measured Concentrations

ofCOCs/SOCs

Guidance for the Protection

of Aquatic

in Surface Water Exceed Standards, Criteria, and

Organisms?

There are no standards, criteria, and guidance that specifically address risk to macrophytes. New York
State has narrative water quality standards (6 NYCRR Part 703.2) which regulate physical parametersand
aesthetic conditions that impair the best use of the surface water but may not be physically measurable.
Low dissolved oxygen (DO) levels that occur in the deeper waters of the lake do not occur in the shallower
waters (shoreline) of the lake. Therefore, low DO is not considered a maj or limiting factor to macrophyte
growth, which is primarily in shallower shoreline areas of water with adequate oxygen. Visibility

and

fall turnover
in November, which will restrict the presence of macrophytes at greater depths.
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The reducedwater transparencydue to ionic wastecontravenesthe narrativewater quality standard(part
703.2) for turbidity (andpossibly color). Oncolite fonnation is evidenceof pastcontraventionof the same
standards(part 703.2) for suspended,colloidal, and settleablesolids.Any presentdaydegradationof the
sediments(e.g.,wave action causingexcessiveresuspensionof oncolites suchthat it affectsmacrophyte
growth) contravenesthe narrative standardfor settleablesolids. Any excessiveresuspensionofSolvay
wastein the water column, suchasduring stormsevents,would contraveneboth the narrativestandardfor
turbidity and suspended/settleablesolids.
Summary
Sustainability of an aquatic macrophyte community that can serveas a shelter and food sourcefor local
invertebrates, fish, and wildlife was assessedusing three lines of evidence, as follows:

.

Comparisonof the OnondagaLake macrophytecommunity to referencelocation
communities.

.

Evaluation of growth and survival of macrophytesin OnondagaLake usingfield
and laboratory studies.

.

Qualitative evaluation of narrative water quality standards.

The OnondagaLake aquatic macrophyte community hasbeenimpacted by pollution. The community
showslower diversity than other eutrophic lakesin New York Stateand growth and survival ofindividual
plants is low. Qualitative evaluation of water quality conditions indicate that current water quality is
suboptimal formacrophyte growth. Basedon field studiesandthe literature, one of the major influences
resulting in the currentpoor condition of the macrophytecommunity is the vast amountof ionic wastethat
hasbeendischargedinto the lake. In addition to increasingsalinity to the point whereonly a small number
of plant specieswith a limited distribution could survive in the lake,the ionic wastedischargealsoresulted
in low visibility and degradation of sediments due to physical changes causedby the input of high
concentrations of calcium carbonate.Sedimentdegradationcan exacerbatethe natural effects of wave
action,increasingthe difficulties of colonizing andspreadingin anarea The formationof oncolitesmayalso
restrict the presence of macrophytes, particularly in areasthat are subject to strong wave action.

12.2 AssessmentEndpoint: Sustainability of a Phytoplankton Community That
Can Serve as a Food Source for Local Invertebrates, Fish, and Wildlife
Does the Phytoplankton Community Structure Reflect the Influence of COCs/SOCs?
In general,the characteristicsof the phytoplankton communitiesof OnondagaLakeretlectthepollutedand
eutrophic natureof the lake. Concentrations of nutrients have also influenced both the types of species
found in the lake and the densities of those species. The effect of mercury contamination on the
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phytoplankton community is unknown, but it hasbeen shown to bioaccumulate in phytoplankton and
subsequently can be passedon to animals feeding on phytoplankton in Onondaga Lake.
Do Measured Concentrations ofCOCs/SOCs in Surface Water Exceed Standards, Criteria, and
Guidance for the Protection of Aquatic Organisms?
There areno standards,criteria, and guidancethat specifically addressrisk to phytoplankton. However,
the summedconcentrationof total ammoniaandnitrate hascontinuouslyexceededlevelsassociatedwith
limitation of phytoplankton growth. NaITativewater quality standards(6 NYCRR Part 703.2) havebeen
exceededin the lake, specifically thosefor settleablesolids (e.g., calcite), which may physically impact
phytoplankton.
Summary
The sustainabilityof a phytoplanktoncommunitythat canserveasa food sourcefor local invertebrates,fish,
and wildlife was assessedusing two lines of evidence, as follows:
.

Field observations of the Onondaga Lake phytoplankton community.

.

Qualitative evaluation of narrative water quality standards.

The phytoplankton community in OnondagaLake reflects the polluted and eutrophic natureof the lake.
Qualitative evaluation of water quality conditions indicate that current water quality is suboptimal for
phytoplankton growth. Mercury hasbeenshown to bioaccumulatein phytoplankton in OnondagaLake,
and other COCs may also bioaccumulate, although no analyseshavebeenperformed to date.Although
thephytoplanktoncommunityhasbeenimpactedby lake conditions,it still servesasa food sourcefor local
invertebrates,fish, andwildlife, and assuchpassesbioaccumulative contaminantssuchasmercuryon in
the food chain.

12.3 AssessmentEndpoint: Sustainability of a Zooplankton Community That
Can Serve as a Food Source for Local Invertebrates, Fish, and Wildlife
Does the Zooplankton Community Structure Reflect the Influence of COCs/SOCs?
The zooplankton community of OnondagaLake hasbeenaffected by stressors,including salinity and
calcium carbonatedeposition. Native speciesof daphnidswere replacedby exotic high-salinity-tolerant
speciesduring the peak industrial pollution period from the 1950sto the 1980s,and did not return until
levels of salinity declined in the late 1980s. Despite recent increasesin zooplankton diversity, the
zooplankton assemblageof the lake remains depauperatecompared to other lakes in the region. High
concentrationsof mercury in the sedimentshave beenshownto be associatedwith low hatching success
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hasnot beenexamined,but mercury hasbeenshownto bioacctnnmatein zooplanktonin OnondagaLake
and subsequently would be passedon to animals feeding on zooplankton in Onondaga Lake.
Do Measured Concentrations of COCs/SOCs in Surface Water Exceed Standards, Criteria, and
Guidance for the Protection of Aquatic Organisms?
Selected COCs detected by Honeywell in lake and tributary surface water in 1992 and 1999 were
comparedto NYSDEC and USEPA water quality standards,criteria, and guidance.The frequency and
magnitudeof exceedancesin OnondagaLake and tributary water varied by contaminant,year, location,
and depth. With the exception of mercury, all COCs (i.e., baritnn, copper, lead, manganese,zinc,
chlorobenzene,dichlorobenzenes,trichlorobenzenes,and bis[2-ethylhexyl]phthalate)exceededUSEPA
chronic aquaticor Tier n water qualityvalues.Mercury concentrations,rangingfrom 0.0009to 0.307 J.lg/L
(307 ngIL), exceededtheNYSDEC wildlife value ofO.0026J.lgILat various locationsthroughoutthe lake
and in the tributaries, but not the chronic water quality value (0.77 J.lg/L)for the protection of aquatic
organisms.Sixty outofl14 samples(53 percent)analyzedfor mercury in 1992and 12out of 56 samples
(21 percent) analyzed for mercury in 1999 had concentrations above the NYSDEC wildlife value.
Other exceedancesof surface water standards, criteria, and guidance for the protection of aquatic
organisms are as follows:

.

Copperexceedancesof the NYSDEC and USEPA chronic aquaticwater quality
value of11.6 J.lgIL,the NYSDEC and USEPA acuteaquaticwater quality value
of17.8 J.lg/L,and the USEPAAmbient Water Quality Criterion Final Chronic
Value (A WQCIFCV) of 14.7 J.lg/Loccurred in tributary surfacewater, which
was only sampled in 1992.

.

Lead exceedancesof the USEPA chronic water quality value of3.5 J.lg/L,the
USEPAA WQCIFCV of3. 7 J.lgIL,and NYSDEC chronic aquaticwater quality
value of 5.2 J.lgILoccurredin tributary surfacewater, which wassampledin 1992.

.

Manganeseconcentrationsexceededthe USEPA Tier n aquatic life standardof
880 J.lg/Lin the lake in both 1992 and 1999. However, concentrations were
approximatelywithin a factor of two of background levels (using OtiscoLake as
a reference lake), which also exceededthe USEPA Tier n aquaticlife standard.

.

One lake sample analyzed for zinc in 1992 exceededthe NYSDEC chronic
aquaticwater quality value of 107 J.lgIL.The remaining 21 exceedances
occurred
in tributaries. Zinc was not analyzed in the lake in 1999.

.

Most exceedancesof theNYSDEC chronic standardof 5 J.lgILfor chlorobenzene
anddichlorobenzeneswere in tributaries (mainly the EastFlume). Therewas one
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exceedance in the lake at the Willis Avenue Lakeshore area. Exceedances were
found in 1992 and 1999.

.

One sample exceeded the NYSDEC chronic trichlorobenzenes standardof 5 J.lg/L
in the southern basin in 1992. Trichlorobenzenes

were not analyzed in 1999.

Based on these results, concentrations of contaminants of Onondaga Lake water affect aquatic organisms
living in certain areas of the lake.
Stressors in Onondaga Lake, including chloride, salinity, ammonia, nitrite, and phosphorus, generally
exceeded guidelines or background levels. Although lake salinity has dropped to 1.1 parts per thousand
(ppt) (Effler et al., 1996; Onondaga Lake Partnership [OLP], 2002), this value is still an order-ofmagnitude greater than the averageworldriversalinity(O.11 ppt) and is several times higher than salinity
levels in Otisco Lake (0.25 ppt), whose drainage basin is also within the Limestone Belt of central New
York State. These levels of salinity are likely to exclude some species of macrophytes from the lake.
The high total ammonia (ammonia and nitrite) concentrations present in Onondaga Lake are in part a result
of loads received by the lake from the Metropolitan Syracuse Sewage Treatment Plant (Metro) (Matthews
et al., 2000). Currently, upgrades to Metro are being guided by an Amended Consent Judgment (ACJ)
from 1998. Decreases in total ammonia concentrations have been made, and improved status has been
achieved, with respect to ammonia toxicity standards in the last several years and further reductions are
planned through December 2012 (Matthews et al., 2001).
Although concentrations of phosphorus have exceeded the aesthetic effects guidance value, this is
considered to have minimal impact on macrophytes in the lake. Nonetheless, under the ACJ, concentrations
of total phosphorus will be reduced in two phases over the next ten years. Total phosphorus is to be
reduced to 0.12 mg/L by April 2006 and to 0.02 mg/L by December 2012.
The large quantities of ionic waste stressors (e.g., calcium carbonate) deposited on Onondaga Lake
sediments are also likely to be detrimental to zooplankton eggs deposited in the sediment. If the disturbance
of the sediments in the lake causesresuspension of calcite materials (e.g., oncolites or Solvay waste) such
that zooplankton eggs or other aquatic organisms are impacted, then there is a violation of the narrative
water quality standards (6 NYCRR Part 703.2).
In summary, concentrations ofCOCs and SOCs in Onondaga Lake water affect zooplankton living in
certain areas of the lake, while the majority of the lake is habitable in terms of chemical water quality.
Stressors in Onondaga Lake, including chloride, salinity, ammonia, nitrite, and phosphorus, exceeded
guidelines (when available) or background levels. Although lake salinity has decreased since the closure
of the chlor-alkali
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Do Measured Concentrations of COCs/SOCs in Sediments Exceed Criteria and/or Guidelines
for the Protection of Aquatic Organisms?
ConcentrationsofCOCs/SOCs in sedimentswere usedasa measurementendpointto evaluatewhether
certain zooplankton life stages(e.g., eggs)that spendextendedperiods in contactwith OnondagaLake
sediments could be adversely affected by chemicals and stressors.
ConcentrationsofCOCs in surfacesedimentsexceededguidelines for all sedimentCOCs (i.e., arsenic,
cadmium, chromiwn, lead, mercury, nickel, dichlorobenzenes [total], trichlorobenzenes [total],
ethylbenzene,toluene, xylenes, hexachlorobenzene,total polycyclic aromatic hydrocarbons [PAHs],
phenol, dibenzofurans, chlordanes, heptachlor/heptachlor epoxide, DDT and metabolites, total
polychlorinated biphenyls [PCBs], and dioxins/furans).
Exceedancesof sedimentcriteria and!or guidancevalues for the protection of aquaticorganismsareas
follows:

.

Arsenic was detectedin 2000 abovethe NYSDEC and Ontario Ministry of the
Environment (0 ME) lowest effect level (LEL) of 6 mgikg, theNational Oceanic
andAtmosphericAdministration(NOAA) effectsrange-low(ER-L) of8.2 mgikg,
theUSEPA toxic equivalentconcentration(TEC) of 12mgikg, andtheNYSD EC
and OME severe effect level (SEL) of33 mgikg. Ten out of 19 samples (53
percent) collected in 1992 and 59 out of85 samples(69 percent) collected in
2000 exceededthe site-specificprobableeffect concentration(PEC) of2.4 mgikg
calculated for Onondaga Lake.

.

Cadmiwn was detected in 2000 above the NYSDEC and OME LEL of 0.6
mgikg, the USEPA TEC of 0.6 mgikg, the NOAA ER-L of 1.2 mgikg, the
NYSDEC and OME SEL of 10 mgikg, and the USEPA PEC of 11.7 mgikg.
Forty-five out of 114 samples(39 percent) collected in 1992 and 23 out of85
samples (27 percent) collected in 2000 exceededthe site-specific PEC of2.4
mgikg calculated for Onondaga Lake.

.

Chromiwn was detectedin 2000 abovethe NYSDEC LEL and OME LEL of26
mgikg, the USEPA TEC of 56 mgikg, the NOAA ER-L of 81 mgikg, the
NYSDEC and OME SEL of 110 mgikg, the USEPA PEC of 159mgikg, andthe
USEPA high no-effect concentration(NBC) of312 mgikg. Fifty-fouroutofl14
samples (47 percent) collected in 1992 and 40 outof85 samples(47 percent)
exceededthe site-specific PEC of 50 mgikg calculated for Onondaga Lake.

.
.

Lead was detectedin 2000 abovethe NYSDEC and OME LEL of31 mgikg, the
USEPA TEC of34 mgikg, the NOAA ER-L of 47 mgikg, USEPA NEC of69
mgikg, the NYSDEC SEL of 110 mgikg, the OME SEL of250 mgikg, and the
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USEP A PEC of396 mg/kg. Seventy out of 114 samples (61 percent) collected
in 1992 and 46 out of 85 samples (54 percent) collected in 2000 exceeded the
site-specific PEC of 35 mg/kg calculated for Onondaga Lake.

.

Mercury was detected in 2000 above the NYSDEC LEL and NOAA ER-L of
0.15 mg/kg, the OME LEL of 0.2 mg/kg, the NYSDEC SEL ofl.3

mg/kg and

the OME SEL of2 mg/kg. Sixty out of 114 samples (53 percent) collected in
1992 and 86 out of 157 samples collected in 2000 (55 percent) exceeded the
site-specific PEC of2.2 mg/kg calculated for Onondaga Lake.

.

Nickel was detected above the NYSDEC

and OME LEL of 16 mg/kg, the

NOAA ER-L of21 mg/kg, the USEP A NEC of38 mg/kg, the USEPA PEC of
39 mg/kg,
the OME
collected
exceeded

.

the USEP A TEC of 40 mg/kg, the NYSDEC SEL of 50 mg/kg, and
SEL of 75 mg/kg. Seventy-two out of 114 samples (63 percent)
in 1992 and 50 out of 85 samples (59 percent) collected in 2000
the site-specific PEC of 16 mg/kg calculated for Onondaga Lake.

Dichlorobenzenes (sum) were detected above the NYSDEC benthic aquatic life
chronic toxicity sediment criterion of 12 Ilg/ gOC and the acutetoxicity criterion of
120 llg/gOC. Seventeen out of114 samples (12 percent) collected in 1992 and
34 out of 85 (40 percent) collected in 2000 exceeded the site-specific PEC of
239 Ilg/kg calculated for Onondaga Lake.

.

Trichlorobenzenes (sum) were detected above the NYSDEC benthic aquatic life
chronic toxicity sediment criterion of911lg/ gOC and the acute toxicity criterion of
910 llg/gOC. Three out of114 samples (3 percent) collected in 1992 and 5 out
of85 samples (6 percent) exceeded the site-specific PEC of34 71lg/kg calculated
for Onondaga Lake.

.

Ethylbenzene was detected above the NYSDEC benthic aquatic life chronic
toxicity sediment criterion of241lg/g0C, the NYSDEC acute toxicity criterion of
2121lg/g0C, the USEP A sediment quality benchmark (SQB) of360 llg/gOC, and
the ORNL secondary chronic criterionof8.91lg/g0C.
«

Oneoutof114

samples

1percent)collectedin 1992and26outof61samples
(42percent)collected

in 2000 exceeded the site-specific PEC of 176 Ilg/kg calculated for Onondaga
Lake.

.

Toluene was detected above the NYSDEC benthic aquatic life chronic toxicity
sediment criterion of 491lg/ gOC, the acute toxicity criterion of23 5 Ilg/ gar, the
USEP A SQB of 67 llg/gOC, and the ORNL secondary chronic criterion of 5
llg/gOC. Seventeen out of 114 samples (15 percent) collected in 1992 and 26 out
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of 62 samples (42 percent) collected in 2000 exceededthe site-specific PEC of
42 Jlg/kg calculated for Onondaga Lake.

.

Xylenes (sum) were detectedabove the NYSDEC benthic aquatic life chronic
toxicity sediment criterion of 92 JlglgOC, the acute toxicity criterion of 833
JlglgOC, the USEPA SQB of2.5 JlglgOC, and the ORNL secondarychronic
criterion of 16 JlglgOC. Three out of 114 samples(3 percent) collected in 1992
and 18 outof37 (49 percent) collected in 2000 exceededthe site-specificPEC
of 561 Jlg/kg calculated for Onondaga Lake.

.

Hexachlorobenzenewas abovetheNYSDEC wildlife bioacctunulationsediment
criterion of12 JlglgOC, the OME LEL of2.0 JlglgOC, and the OME SEL of24
JlglgOC. Twelve ou~of89 samples(13 percent) collected in 1992and 27 out of
85 samples(32 percent) collected in 2000 exceededthe site-specific PEC of 16
Jlg/kg calculated for Onondaga Lake.

.

Total PAHs were detectedabovetheNOAAER-L of 4,000 Jlg/kgandntunerous
criteria for individual PAH compounds.Site-specific PECswere calculatedfor
individual PAH compoundsandrangedbetween 146 Jlglkg for benzo(a)pyrene
and 1,436 Jlg/kg for fluoranthene.

.

Phenol was detectedabovethe NYSDEC benthic aquatic life chronic toxicity
sediment criterion of 0.5 JlglgOC andthe ORNL secondarychronic criterion of
3.1 JlglgOC.Nosamplescollectedin 1992and 11outof85 samples(13 percent)
collected in 2000 exceededthe site-specific PEC of 45 Jlglkg calculated for
Onondaga Lake.

.

Dibenzofuran was detectedabovethe ORNL secondarychronic criterion of 42
JlglgOC. Two out of19 samples(11 percent) collected in 1992and 13 out of85
samples (15 percent) collected in 2000 exceededthe site-specific PEC of372
Jlg/kg calculated for Onondaga Lake.

.

Chlordanes(stun) were detectedabovetheNYSDEC benthic aquaticlife chronic
toxicity sediment criterion of 0.03 JlglgOC and the NYSDEC wildlife
bioacctunulationcriterion of 0.006.No samplescollected in 1992and 8 out of84
samples (10 percent) collected in 2000 exceededthe site-specific PEC of 5.1
Jlg/kg calculated for Onondaga Lake.

.

Heptachlor/heptachlorepoxide(stun) were detectedabovetheNYSD EC benthic
aquaticlife chronic toxicity sedimentcriterion of 0.01 JlglgOC,the acutetoxicity
criterion of 13 JlglgOC, andthe NYSDEC wildlife bioacctunulation criterion of
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0.03 ~g/gOC. There were not enough datato calculate a site-specific PEC for
heptachlor/heptachlor epoxide.

.

DDT and metabolites (sum) were detected above the NYSDEC 4-4 '-DDT
benthicaquaticlife chronictoxicity sedimentcriterion of 1.0~g/gOCandthe OME
LELofO.8 ~g/gOC. Oneoutof19 samples«1.0 percent)collectedin 1992and
5 out of84 samples(6 percent)collected in 2000 exceededthe site-specificPEC
of30 ~g/kg calculated for Onondaga Lake.

.

Total PCBs were detected above the NYSDEC benthic aquatic life chronic
toxicity sedimentcriterionof19 ~g/gOC, theNYSDEC wildlife bioaccumulation
criterion of 1.4 ~g/ gOC, and the 0 ME LEL of7 ~g/gOC. Fourteen out of 114
samples(12 percent) collected in 1992 and 42 out of 115 samples(37 percent)
collected in 2000 exceededthe site-specific PEC of295 ~g/kg calculated for
Onondaga Lake.

.

Dioxins/furans were detected above the NYSDEC wildlife bioaccumulation
criterion of 0.0002 ~g/gOC. There were not enough data to calculate a sitespecific PEC for dioxins/furans.

Summary
Sustainabilityof a zooplanktoncommunity that canserveasa food sourcefor local invertebrates,fish, and
wildlife was assessedusing three lines of evidence, as follows:
.

Field observations of the Onondaga Lake zooplankton community.

.

Comparison of surfacewater concentrationsto water quality standards,criteria,
andguidancedevelopedfor theprotectionof aquaticlife andqualitativeevaluation
of narrative standards.

.

Comparison of contaminant concentrations in sediment to guidelines.

All three of theselines of evidenceindicatethat the zooplanktoncommunity of OnondagaLake hasbeen
impacted by high levels of COCs and/or sacs in lake water. In particular, high levels of salinity and
mercuryhaveinfluenced community structureandabundance.Although the zooplanktoncommunityhas
beenimpacted by lake conditions, it still servesasa food sourcefor local invertebrates,fish, and wildlife,
and as such passesbioaccumulative contaminants such as mercury on in the food chain.
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12.4 AssessmentEndpoint: Sustainability of a Terrestrial Plant Community
That Can Serve as a Shelter and Food Source for Local Invertebrates
and Wildlife
Does the Terrestrial

Plant Community

Structure

Reflect the Influence

of COCs/SOCs?

The terres1rial plant communities found around Onondaga Lake reflect the development that has occurred
near the lake over the last two centuries. Only obvious effects, such as the sparse vegetation found on the
wastebeds, can be conclusively at1ributed to activities at Honeywell facilities (i.e., disposal ofSolvay and
other industrial wastes).
Do Measured

Concentrations

of COCs/SOCs

in Soil Exceed Toxicity

Values for Terrestrial

Plants?
Arsenic, cadmium, chromium, lead, mercury, nickel, silver, selenium, thallium, vanadium, and zinc exceeded
a hazard quotient (HQ) of1.0 in plants at one or more of the four wetlands and in the dredge spoils area,
indicating that potential risks to plants exist at these locations. In particular, surface soil concentrations of
chromium and mercury were over an order-of -magnitude greater than benchmark values. Risks from
nickel, selenium, vanadium, and zinc (except at Wetland SYW-6) may be due to background
concentrations of these inorganic compounds. Potential risks attributed to site contamination are:

.
.
.

Wetland SYW - 6: chromium, lead, mercury, nickel, thallium, and zinc.
Wetland SYW-10: chromium, lead, mercury, and thallium.
Wetland SYW-12: cadmium, chromium, lead, mercury, and silver.

.
.

Wetland SYW-19: cadmium, chromium, lead, and mercury.
Dredge spoils area: chromium and mercury.

These results suggest the potential for adverse effects on plants via exposure to COCs in soils at all four
wetland areas and the dredge spoils area.
Summ,ary
Sustainability

of a terrestrial plant community that can serve as a shelter and food source for local

invertebrates and wildlife
.

.

was assessed using two lines of evidence, as follows:

Field observations of the Onondaga Lake terrestrial~lant

community.

Comparison of surface soil concentrations to plant toxicity values.

There was not enough information

on the plant community

to determine if it had been affected.

Comparisons of soil contaminant concentrations to plant toxicity values indicate that high levels of
contaminants, in particular chromium and mercury, may adversely affect the plant community and,
subsequently, local invertebrates and wildlife

that live or forage in local habitats.
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12.5 Assessment Endpoint: Sustainability of a Benthic Invertebrate
Community That Can Serve as a Food Source for Local Fish and
Wildlife
Does the Benthic Invertebrate Community Structure Reflect the Influence of COCs/SOCs?
Many of the benthicinvertebratescommunitiesliving in the littoral zone(lessthan5 m depth)in Onondaga
Lake and the mouths of its tributaries have been impacted to somedegreeby COCs and/or SOCs.The
majority of moderatelyandseverelyimpactedstationswere locatedbetweenTributary 5A andLey Creek,
with the most severely impacted stations located between Tributary 5A and OnondagaCreek. Most
stationsin this areahavethree metrics of the five metricsthat aresignificantly different than Otisco Lake,
which was used as a reference station.
Do Concentrations of Contaminants and Stressors in Sediment Influence Mortality, Growth, or
Fecundity of Invertebrates Living In or On Lake Sediments?
The 1D-daytoxicity testsconducted in 1992indicated that amphipod toxicity due to the high levels of
COCs was confined to an areain the southwesterncorner of the lake, along Wastebeds1through 8 and
along the lakeshoreareanearHarbor Brook andthe EastFlume. Most chironomid toxicity was confined
to the southern half of the lake in three general areas: 1) offTributary5A; 2) Ley Creek; and 3) in the
southwestern corner of the lake (off Harbor Brook, the Metro outfall, and the East Flume).
The resultsof the 42-daychronic sedimenttoxicity testsconductedin 2000 showedamphipodtoxicity to
the high levels ofCOCs from Tributary 5A to the East Flume and near the Metro outfall. Chironomid
toxicity occurredin threeareas:1) from Tributary 5A to the EastFlume; 2) offNinemile Creek;and3) off
Ley Creek.
The results of the sediment toxicity tests confirmed that some OnondagaLake sedimentsare toxic to
benthic invertebratesandincreasemortality andreducegrowth andfecundityof theseorganisms.The most
toxic sedimentsarefound in the nearshorezone in the southernpart of the lakebetweenTributary 5A and
Ley Creek.
Do Measured Concentrations of Contaminants and Stressors in Surface Water Exceed
Standards, Criteria, and Guidance for the Protection of Aquatic Organisms?
Measuredconcentrations of barium, copper, lead, manganese,mercury, zinc, cyanide,chlorobenzene,
dichlorobenzenes,andtrichlorobenzenesexceedsurfacewatercriteria.Concentrationsof contaminantsin
OnondagaLake water may affect organismsliving in OnondagaLake, particularly in the southernbasin.
There were exceedancesof surface water criteria in the tributaries emptying in to Onondaga Lake.
Macroinvertebrates living at tributary mouths are likely affected by contaminants found in those waters.
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Stressorsin OnondagaLake, including chloride, sa1inity,ammonia, nitrite, and phosphorus,generally
exceededguidelines (when available) or backgroundlevels.The DO in the deeperOnondagaLake water
(greater than 3 m) is often lower than the NYSDEC standard, making the deeper part of the lake
uninhabitable by benthic invertebrates.In the hypolimnion, concentrationsof sulfide, DO, andammonia
currently result in limited use of this portion of the lake by fish and macroinvertebrates.
The large quantities of ionic waste stressors(e.g., calcium carbonate) deposited on OnondagaLake
sedimentsare also likely to be detrimental to macroinvertebrate eggsdepositedin the sediment.If the
disturbanceof the sedimentsin the lake causesresuspensionof calcitematerials(e.g.,oncolitesor Solvay
waste)suchthat macroinvertebrateeggsor other aquaticorganismsareimpacted,then there is a violation
of the narrative water quality standards (6 NYCRR Part 703.2).
Do Measured Concentrations of Contaminants and Stressors in Sediments Exceed Criteria
and/or Guidelines for the Protection of Aquatic Organisms?
MeasuredsurfacesedimentconcentrationsofCOCs exceedthe consensusprobable effect concentration
(PEC) valuesat many locations throughout OnondagaLake. Only nine of the 11410cationssampledin
1992and five of the 84 locations sampled in 2000 do not have at least one compoundexceedinganHQ
of 1.0 (i.e., sediment concentration less than the PEC). Many of the ratios of measured sediment
concentrationsto PECs exceed 10,or even 100,betweenTributary 5A andLey Creek.In addition, these
sediment locations have the highest number of compounds- between 11 and over 30 compoundsper
sample (note that PAH compounds are considered individually) - exceeding their PECs in a sample.
Mercury exceededits PEC value of2.2 mg/kg in 49 percent of the 0 to 15 cm sediment samplesfrom
OnondagaLake. Sampleswere collected principally from the EastFlume to Harbor Brook, in the central
basinsof OnondagaLake, and offNinemile Creek.BTEX and chlorinatedbenzeneswerefoundto exceed
one or more PEC value for each group of compounds in 28 and 21 percent of the analyzed surface
sedimentsamples,respectively.Theseexceedances
were found to occurprimarily from the Interstate690
(1-690) lakeshoreareato Harbor Brook. Total PCBs were found to exceedthePEC value in20 percent
of the collected 0 to 15 cm sediment samplesprimarily located in the 1-690lakeshoreareato Harbor
Brook, and off Ley Creek. One or more PAH exceededits PEC in 53 percent of the analyzed surface
sedimentsamples.Exceedancesoccurred primarily from Tributary 5A to Ley Creek and offNinemile
Creek.
In addition to the site-specific consensusPECs developed for this BERA, concentrationsof COCs in
sedimentsexceededNYSDEC sedimentquality guidelinesfor all sedimentCOCs (i.e.,arsenic,cadmium,
chromium, lead,merc~, nickel, dichlorobenzenes[total], trichlorobenzenes[total],ethylbenzene,
toluene,
xylenes, hexachlorobenzene,total PAHs, phenol, dibenzofurans, chlordanes,heptachlor/heptachlor
epoxide,DDT andmetabolites,total PCBs,anddioxins/furans).In particular, sedimentguidelinesfor the
protection of wildlife were exceededlakewide for PCBs andfor dioxins/furansimmediately off the 1-690
lakeshorearea,at the mouth of the EastFlume, off the Harbor Brook/Metro area,andat the mouths of Ley
Creek and Ninemile Creek.
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No guidelinesaddressstressorsin sediments,in particular the largequantitiesof ionic wastestressors(e.g.,
calcium carbonateand the presenceof oncolites) depositedon OnondagaLake sediments.Basedon the
BERA analysis it can not be clearly defined if there are potential direct effects of calcium carbonateor
oncolites on the benthic community in Onondaga Lake, although the above-stated effects on the
macrophyte community could affect the benthic invertebrate community.
Summary
Benthicinvertebratecommunitystructureasa food sourcefor local fish andwildlife wasassessed
usingfour
lines of evidence, as follows:
.

Evaluationof thebenthicinvertebratecommunity structureandabundancerelative
to regional conditions.

.

Examination of the toxicity of sediments collected from different lake locations.

.

Comparisonof measuredwatercolumn concentrationsto waterquality standards,
criteria, andguidancefor theprotectionof aquaticlife andqualitativeevaluationof
narrative standards.

.

Comparisonof measuredsedimentconcentrationsto site-specificsedimenteffect
levels developed specifically for the protection of the benthic invertebrate
community in Onondaga Lake and to NYSDEC screening criteria.

All four lines of evidencesuggestan adverseeffect ofCOCs on the benthic invertebratepopulationsin
OnondagaLake. Therefore,local fish andwildlife populationsusingthebenthicinvertebratecommunityas
a food source are likely in turn to be impacted.

12.6 AssessmentEndpoint: Sustainability of Local Fish Populations
What Does the Fish Community Structure Suggestabout the Health of Local Fish Populations?
The currentlevel of fish speciesdiversity in OnondagaLake is similar to valuesfound in otherNew York
Statelakes,althoughspeciesdiversity was lower during the time whenthe chlor-alkali plants operated.In
contrastto comparisonlakes,the majority of the speciesfound in OnondagaLake do not reproducethere
and recruitment ratesareunknown. Many areasof OnondagaLake arenot suitablefor fish reproduction
dueto industrial andmunicipal pollution andits effectson thelakeecosystem,suchasreducedmacrophyte
cover and depleted DO levels.
The composition of the fish community in the lake varies seasonally,with migration betweenthe Seneca
River and the lake being an important contributor to the variability. Several speciesof fish found in
OnondagaLake generallyretreatto deepercooler waters during hot weather.Theseareto a greatextent
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the same fish species that migrate out of the lake. When they are unable to use the deeper part of the lake
due to low DO, these species can move out of the lake to avoid the heat and low DO, particularly in late
summer and early fall. The limited fish reproduction in the lake and migration out of the lake during the fall
indicate that Onondaga Lake alone cannot support the full diversity of the ClnTentfish community. Only with
immigration into Onondaga Lake and refugia used during times of stress is the current diversity of the fish
community sustainable.
Has the Presence of COCs/SOCs

Influenced

Fish Foraging

or Nesting Activities?

Fish reproduction within the lake varies by location. Based on the absence of juveniles in the catches of
shoreline seine hauls, it is doubtful that some of the larger species such as the walleye (Stizostedion
vitreum) and northern pike (Esox lucius) reproduce in the lake. Based on historical data, the lack of
current lack of nursery area and adequate spawning sites has reduced successful reproduction of fish,
resulting in poor year classes. Decreased water clarity, calcium carbonate precipitation, and increased
salinity have reduced littoral zone vegetation, a critical area for spawning and young-of-year (YOY) fish.
Areas characterized by the presence of aquatic macrophytes and submerged structures (e.g., near the lake
outlet) supported the largest populations of juveniles. Areas with heavy silt loads and that are unprotected
from wind are undesirable as spawning areas, as silt loads or wave action may cause eggs to be covered
or removed from optimal areas.
Stressors, such as calcite and high salinity, have altered the phytoplankton and zooplankton communities
in the lake, which will in turn impact the food supply of many fish species. The low amount of littoral zone
vegetation also results in lower biomass of macroinvertebrates, which serve as primary food for many YO Y
fish. The conditions in Onondaga Lake have adversely affected fish reproduction and growth, as evidenced
by low reproduction in the lake and fewer YOY fish than observed in lakes with similar characteristics.
Do Fish Found in Onondaga Lake Show Reduced Growth or Increased Incidence of Disease (e.g.,
Tumors,

Lesions) as Compared

to Fish from Other Lakes?

Limited data are available regarding the incidence of disease in Onondaga Lake fish. The rate of
abnormalities observed in the lake in 1992 and in Geddes Brook and Ninemile
Honeywell was inconclusive. Therefore, insufficient
Do Measured Concentrations

ofCOCs/SOCs

Guidance for the Protection

of Aquatic

Creek in 1998 by

data are available to evaluate this endpoint.

in Surface Water Exceed Standards, Criteria, and

Organisms?

Concentrations ofCOCs/SOCs in surface water exceeded surface water criteria in both Onondaga Lake
and its tributaries, with more exceedances of surface water criteria in the Onondaga Lake tributaries than
in the lake itself. Stressorsin Onondaga Lake, including chloride, salinity, anlmonia, nitrite, and phosphorus,
generally exceeded guidelines (when available) or background levels. Although lake salinity showed a
decline from the high levels measured prior to closure of the chlor-alkali plants, it is clnTentlyabout 1.1 ppt,
which is still an order-of -magnitude greater than the average world river salinity (0.1 ppt). These levels of
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salinity are likely to exclude some speciesof fish from the lake. The swnmed concentration of total ammonia
and nitrate has continuously exceeded standards to protect non-salmonid (as well as salmonid) fish.
The DO in the hypolimnion of Onondaga Lake water generally fails to meet the NYSDEC standard It is
likely that in mid- to late summer, when the temperature is reaching its highest level in the epilimnion and
DO is reaching its lowest level in the hypolimnion, fish seek deeper, cooler waters. When they are unable
to use the deeper part of the lake because of low DO these species move out of the lake to avoid the heat,
and possibly other shallow water stressors as well.
The large quantities of ionic waste stressors (e.g., calcium carbonate) deposited on Onondaga Lake
sediments are also likely to be detrimental to fish eggs deposited in the sediment. If the disturbance of the
sediments in the lake causes resuspension of calcite materials (e.g., oncolites or Solvaywaste) such that
fish eggs or other aquatic organisms are impacted, then the qontaminants in the sediments may cause a
violation of the narrative water quality standards (6 NYCRR Part 703.2). Calcite deposition and
resuspension, ionic stratification, and oncolite fonnation have negative effects on the fish community and
thereby impair the best use of the water (fish propagation and survival). Water quality standards for
turbidity and suspended or settleable solids are exceeded.
Do Measured Concentrations

of COCs/SOCs in Sediments Exceed Criteria

for the Protection

Organisms?

of Aquatic

and/or Guidelines

Concentrations ofCOCs in Onondaga Lake sediments exceeded NYSDEC sediment screening criteria
for all sediment COCs (i.e., arsenic, cadmium, chromium, lead, mercury, nickel, dichlorobenzenes [total],
trichlorobenzenes [total],ethylbenzene,
toluene, xylene, hexachlorobenzene, total PARs, phenol,
dibenzofurans, chlordane, heptachlor/heptachlor epoxide, DDT and metabolites, total PCBs, and
dioxins/furans). Concentrations of COCs in Onondaga Lake sediments exceeded consensus PECs
developed for this BERA for one or more contaminant at about 92 percent of all 1992 sampling locations
and about 96 percent of all 2000 sampling locations.
Do Measured Concentrations

of COCs in Fish Exceed Toxicity

Reference Values for Adverse

Effects on Fish?
Risks to fish from contaminants were evaluated on a species-specific basis using measured body burdens.
Eight fish species were analyzed to represent the Onondaga Lake fish community. A limited number of
contaminants (e.g., methylmercury)

were analyzed in some species (e.g., gizzard shad [Dorosoma

cepedianum] and largemouth bass [Micropterus salmoides D; therefore, actual risks from contaminants
in lake water may be greater for these species than calculated. HQs greater than 1.0 were calculated for
the following

contaminants (by fish species):

.

Bluegill (Lepomis macrochirus)-arsenic, chromium, endrin, mercury, selenium,
vanadium, and zinc.
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.

Carp (Cyprinus carpio) - arsenic, chromium, dioxin/furans, endrin, mercury, total
PCBs, selenium, vanadium, and zinc.

.

Catfish-

chromium, endrin, methylmercury, mercury, total PCBs, selenium,

vanadium, and zinc.

.

Gizzardshad- methylmercury.

.

Largemouth bass - methylmercury

.

Smallmouth

bass (Micropterus

methylmercury,

and dioxins/furans.

dolomieui) - arsenic, chromium, mercury,

total PCBs, selenium, vanadium, and zinc.

.

Walleye
- chromium, mercury, methylmercury, and total PCBs.

.

Whiteperch(Moroneamericana)
- chromium,

mercury, methylmercury,

selenium, and total PCBs.
Such results suggest adverse effects on most fish species via exposure to COCs in water, sediment, and
prey. Concen1rationsof chromium and mercury exceeded TR V s in all fish speciesexamined (when included
in analyses) throughout much of the point estimate range of risk (i.e., from the 95 percent upper confidence
limit [UCL] concentration to no observable adverse effect level [NOAEL] HQ to the mean concentration
to lowest observable adverse effect level [LOAEL] HQ). Contan1inant levels in Onondaga Lake fish were
greater than those in background fish. Although background fish HQs for arsenic, chromium, selenium,
vanadium, and zinc sometimes exceeded 1.0 (primarily for upper-bound exposure; i.e., the maximum
concentration compared to NOAEL), all contan1inant concentrations were considered to be site-related.
These results indicate that measured concentrations of contaminants in fish are adversely affecting fish
populations, particularly

where embryos and young are exposed to these levels.

Summary
The sustainability of local fish populations was assessed using six lines of evidence, as follows:
.

Examination of the fish community structure as compared to similar lakes and
historic accounts of Onondaga Lake (prior to industrial activities) in relation to
local fish populations.

.
.

Lookingfor potentialeffectsof COCs/SOCs
on fish foragingandnesting.
Comparison of visual abnonnalities (e.g., tumors, lesions) in Onondaga Lake fish
to fish from other lakes.
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.

Comparison of measured water coltU11nconcentrations to water quality criteria for
the protection of aquatic life and qualitative evaluation of narrative standards.

.

Comparison of measured sediment concentrations to guidelines for the protection
of aquatic life.

.

Comparison of measured concentrations of contaminants in fish representing
various feeding strategies and trophic levels to TRVs.

Five of the six lines of evidence suggest adverse effects ofCOCs on the Onondaga Lake fish community
and the remaining line of evidence, incidence of visual abnormalities, was inconclusive. This strength-ofevidence approach indicates that local fish populations are adversely affected by the contaminants and
stressors present in Onondaga Lake.

12.7 AssessmentEndpoint: Sustainability of Local Amphibian and Reptile
Populations
What Do the Available Field-Based

Observations

Suggest about the Health of Local Amphibian

and Reptile Populations?
A field survey of Onondaga Lake concluded that the herpetofauna around the lake was generally
depauperate, including the absence of some common species. The number of amphibian and reptilian
species found around the lake was considerably lower than the number of species recorded for Onondaga
County as a whole. Nearly all amphibians and reptiles appear to inhabit only terrestrial and wetland areas
isolated from direct contact with the lake, primarily along the northwest shoreline of the lake.
Do Measured Concentrations

of COCs/SOCs in Surface Water Exceed Standards, Criteria, and

Guidance for the Protection

of Aquatic

Organisms?

Concentrations ofCOCs and SOCs in Onondaga Lake water affect organisms living in certain areas of
the lake. There were more exceedances of surface water criteria in the Onondaga Lake tributaries than in
the lake itself. The majority of wetland areas,some of which could provide suitable habitats for amphibians
and reptiles, are found near tributary mouths (e.g., Ninemile Creek, Harbor Brook, and Ley Creek).
Stressors in Onondaga Lake, including chloride, salinity, ammonia, nitrite, sulfide, and phosphorus,
generally exceeded guidelines (when available) or background levels. Although lake salinity showed a
decline from the highest levels measured prior to closure of the chlor-alkali plants, it is still an order-ofmagnitude greater than the averngeworld river salinity (0.1 ppt). These high levels of salinity are detrimental
to amphibian reproduction and growth.
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Have Laboratory Studies Indicated the Potential for Adverse Effects to Amphibian Embryos from
Exposure to Onondaga Lake Water?
Thetoxicity of waterfrom OnondagaLake andassociatedwetlandson developingamphibianembryoswas
evaluatedin laboratorystudies(Duceyet al., 2000) and found to havevariable, but consistentlynegative,
effects on amphibian development relative to controls.
Summary
Sustainability of local amphibian and reptile populations was assessedusing three lines of evidence,as
follows:
.

Conducting a field survey of local amphibian and reptile populations around
Onondaga Lake.

.
.

Comparisonof measuredwater column concentrationsto waterquality criteriafor
the protection of aquatic life.
Perfonning laboratorystudiesexamining the effectsof OnondagaLake water on
amphibian embryos.

All three lines of evidencestrongly indicate that amphibian andreptile populationshave beenadversely
affected by contaminants and/or stressorsfound in Onondaga Lake water.

12.8 Assessment Endpoint:

Sustainability of Local Insectivorous Bird

Populations
Do Modeled Dietary Doses to Insectivorous Birds Exceed TRVs for Adverse Reproductive
Effects?
The tr~e swallow (Tachycineta bicolor) was selectedto representinsectivorousbirds aroundOnondaga
Lake and was usedfor modeling doseexposures.Modeled doseconcentrations of barium, chromium,
methylmercury,mercury, selenium,and total PAHs for the tree swallow exceededNO AEL and10 AEL
TR V s at both the 95 percentUCL andmeanconcentrations.Cadmium, lead,zinc, dichlorobenzene,total
PCBs, and dioxin/furan (toxicity equivalent [TEQ]) doseconcentrationsexceededtheNOAEL at the 95
percent UCL and mean concentrations.Only selenium and zinc risks may be dueto backgroundlevels,
rather than site contamination. Theseresults suggestadverseeffectson insectivorousbirds via exposure
to COCs in water and particularly in prey.
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Do Measured Concentrations ofCOCs/SOCs in Surface Water Exceed Standards, Criteria, and
Guidance for the Protection of Wildlife?
Mercury concentrationsin OnondagaLake in 1992and 1999exceededtheNYSDEC wildlife protection
value of 0.0026 ~g/L. The other contaminants for which there were available wildlife water quality
standards,criteria, or guidance values were not detected(i.e., DDT and PCBs) or not analyzed (i.e.,
di 0xins/ furans ) .

What Do the Available Field-Based Observations Suggest About the Health of Local
Insectivorous Bird Populations?
Insectivorousbirds havebeensightedyear-roundaroundOnondagaLake. However,no site-specificdata
have been collected; therefore, the significance of bird sightings is uncertain.
Summary
Sustainabilityof local insectivorousbird populationswasassessed
usingthreelinesof evidence,asfollows:
.

Modeling of dietary doses of contaminants.

.

Comparisonof measuredwatercolumnconcentrationsto waterquality standards,
criteria, and guidance for the protection of wildlife.

.

Field-based observation.

The first two linesof evidenceindicatedthat insectivorousbirdsmay be adverselyaffectedby contaminants
found in Onondaga Lake and taken up by aquatic invertebrates. The third line of evidence, field
observations, was inconclusive.

12.9 AssessmentEndpoint: Sustainability of Local Benthivorous Waterfowl
Populations
Do Modeled Dietary Doses to Benthivorous Waterfowl Exceed TRV s for Adverse Reproductive
Effects?
The mallard (Anasplatyrhynchos) was selectedto representbenthivorous waterfowl aroundOnondaga
Lake and was used for modeling doseexposures.Modeled doseconcentrations of barium, cadmium,
chromium,dichlorobenzene,dioxins/furans(TEQ), methylmercury,total PAHs, andzinc exceededmv s
for the mallard. OnIy zinc risks may be dueto backgroundlevels, ratherthan contamination.H Qs were
exceededover the rangeof point estimatesof risk. Theseresults suggestadverseeffectson waterfowl via
exposure to COCs in water, sediment, and particularly dietary sources.
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Do Measured Concentrations

ofCOCs/SOCs

Guidance for the Protection

of Wildlife?

in Surface Water Exceed Standards, Criteria,

and

Mercury concentrations in Onondaga Lake in 1992 and 1999 exceeded the NYSDEC wildlife protection
value of 0.0026 ~g/L. The other contaminants for which there were available wildlife water quality
standards, criteria, or guidance values were not detected (i.e., DDT and PCBs) or not analyzed (i.e.,
dioxins/furans ).
What Do the Available Field-Based

Observations

Suggest About the Health of Local Waterfowl

Populations?
Onondaga Lake is a year-round home to many waterfowl. Although it is clear that Onondaga Lake is an
important resource for many resident and migmtory speciesof waterfowl, its significance as a breeding area
is unknown and little can be inferred about the health of local waterfowl populations.
Summary
Sustainability of local waterfowl populations was assessed using three lines of evidence, as follows:
.

Modeling dietary doses of contaminants.

.

Comparison of measured water column concentrations to water quality criteria
standards, ~riteria, and guidance for the protection of wildlife.

.

Performing field-based observations.

The first two lines of evidence indicated that waterfowl may be adversely affected by contaminants found
in Onondaga Lake via exposure to contaminated water and food sources. The third line of evidence, field
observations, was inconclusive.

12.10 Assessment Endpoint:
. Populations
Do Modeled

Dietary

Sustainability

Doses to Piscivorous

Birds

of

Local

Piscivorous

Bird

Exceed TRV s for Adverse Reproductive

Effects?
Three piscivorous birds, the belted kingfisher (Ceryle alcyan), great blue heron (Ardea heradias), and
osprey (Pandian haliaetus), were selected to represent piscivorous birds around Onondaga Lake. These
species represent a range of prey size preferences and feeding methods. The following COCs exceeded
a hazard quotient of one in each species:
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.

Beltedkingfisher-methylmercury, total PAHs, DDT andmetabolites,total PCBs,
and dioxins/furans.

.

Greatblue heron- methylmercury,total PAHs, DDT andmetabolites,total PCBs,

andzinc.
.

Osprey- methylmercury,
DDT andmetabolites,
totalPCBs,andzinc.

For all threepiscivorousbirds, modeledmethylmercurydoseexposureconcentrationsexceededNOAEL
andLOAEL TRVsat both 95 percentUCL andmeanconcentrationsby up to anorder-of-magnitude.All
fish COCs were considered to be site-specific basedupon comparisons to background levels. These
results suggest adverse effects on piscivorous birds via exposure to COCs in water, sediment, and
particularly dietary sources.
Do Measured Concentrations of COCs/SOCs in Surface Water Exceed Standards, Criteria, and
Guidance for the Protection of Wildlife?
Mercury concentrationsin OnondagaLake in 1992and 1999exceededtheNYSDEC wildlife protection
value of 0.0026 J.lgIL.The other contaminants for which there were available wildlife water quality
standards,criteria, or guidance values were not detected (i.e., DDT and PCBs) or not analyzed (i.e.,
dioxins/furans).
What Do the Available Field-Based Observations SuggestAbout the Health of Local Piscivorous
Bird Populations?
Onondaga Lake is a year-round home to a number of piscivorous bird species.However, very few
piscivorousspeciesarelisted ascontinned or probablebreeders.The mud flats areaaroundthe mouth of
Ninemile Creek is consideredby local birders to be a sensitivemigratory areathat provides goodhabitat
for birds, but also hashigh concentrationsof somecontaminants.Insufficient field dataareavailableto
evaluate the health of local piscivorous bird populations.
Summary
Sustainabilityof local piscivorousbird populationswas assessed
usingthreelines of evidence,asfollows:
.

Modeling dietary dosesof contaminants.

.

Comparisonof measuredwatercolumn concentrationsto water quality standards,
criteria, and guidance for the protection of wildlife.

.

Performing field-based observations.
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The first two lines of evidenceindicatedthat piscivorousbirds may be adverselyaffectedby contaminants
found in OnondagaLake, and in particular by mercury, for which H Qs were greaterthan 1.0 for the full
point estimate range of risk for all three species.The third line of evidence, field observations,was
inconclusive.

12.11Assessment Endpoint:
Populations

Sustainability of Local Carnivorous Bird

Do Modeled Dietary Doses to Carnivorous Birds Exceed TRVs for Adverse Reproductive
Effects?
The red-tailed hawk (Buteojamaicensis) was selectedto representcarnivorous birds aroundOnondaga
Lake andwas usedfor modeling doseexposures.Modeled PAH exposuredoseconcentrationsexceeded
NOAEL and LOAEL TRVs at both 95 percent UCL and mean concentrations. Modeled doses of
dioxins/furans (TEQ) exceededthe NOAEL at both the 95 percent UCL and mean concentrationsand
the DDTNOAEL was exceededfor the 95 percentUCL concentration.No exceedances
wereattributable
to background risks.
Theseresultssuggestadverseeffectson carnivorousbirds via exposureto COCs in water,soil, anddietary
sources.
What Do the Available Field-Based Observations Suggest About the Health of Local
Carnivorous Bird Populations?
Covertypesaround OnondagaLake may supportcarnivorous bird speciesand a number of specieshave
beenconfIrmed to breed around OnondagaLake. However, populations of carnivorousbirds havenot
beenstudiedat OnondagaLake to place theseobservationsinto the proper perspectiveandthe healthof
local carnivorous bird populations cannot be evaluated.
Summary
Sustainability of local carnivorous bird populations was assessedusing two lines of evidence, as follows:
.

.

Modeling dietary doses of contaminants.
Field-based observations.

Modeled dietary dosesindicatedthat carnivorousbirds may be adverselyaffectedby contaminantsfound
in OnondagaLake, and in particular by total PAHs, for which H Qs were greaterthan 1.0for the full point
estimate range of risk. The second line of evidence, field observations, was inconclusive.
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12.12 AssessmentEndpoint: Sustainability of Local Insectivorous Mammal
Populations
Insectivorous receptors around Onondaga Lake were divided into insectivores feeding on aquatic
invertebratesand insectivoresfeedingon terrestrialinvertebrates.The little brown bat (Myotis luciftgus)
was selectedto representinsectivorous mammals feeding on aquatic invertebratesand the short-tailed
shrew(Blarina brevicauda) was usedasthe representativereceptorfor insectivorousmammalsfeeding
on terrestrial prey aroundOnondagaLake. Thesetwo specieswere usedfor modeling doseexposuresof
insectivorous receptors.
Do Modeled Dietary Dosesto Insectivorous Mammals Feeding on Aquatic Invertebrates Exceed
TRV s for Adverse Reproductive Effects?
Modeled doseconcentrationsof barium, chromium, methylmercury, andtotal PAHs for the little brown
batexceededTRV s over the full rangeof risk estimates.Arsenic, cadmium,copper,dioxins/furans(TEQ),
hexachlorobenzene,mercury, and vanadium exceededan HQ of 1.0 over a portion of the rangeof risk
estimates. Risks from arsenic, copper, and vanadium may be attributable to background levels of
contaminants.
Theseresults suggestadverseeffects on insectivorous mammals via exposureto COCs in water, and in
particular to insect prey with an aquatic life-phase.
Do Modeled Dietary Doses to Insectivorous Mammals Feeding on Terrestrial Invertebrates
Exceed TRVs for Adverse Reproductive Effects?
Due to the small home rangeof the short-tailed shrew,the four wetland areas(SYW-6, SYW-10, SYW12, and SYW -19) and the dredge spoils areawere modeled individually. Modeled dietary doseswere
greater than TRVs for the following contaminants (by area):

.

Wetland SYW -19, along the southwest comer of the lake near the mouths of
Harbor Brook andthe EastFlume, had the greatestnumber of exceedances,
with
modeleddosesof methylmercury,dieldrin, dioxins/furans,hexachlorobenzene,
and
total PAHs exceeding LOAELs and NOAELs at both the 95 percent UCL and
mean concentrations (full range of exposure estimates).NOAELs for arsenic,
cadmium, lead, selenium, vanadium, trichlorobenzenes, and total PCBs were
exceededat both upper and meandoseexposures.Most contaminants,with the
exception for arsenic,selenium,thallium, and vanadium, were consideredto be
site-related(i.e.,abovereferenceor backgroundlevels).Wetland SYW -19 will be
evaluated further as part of the Wastebed B/Harbor Brook site RI/FS.

.

Wetland SYW -10, on the westsideof the lake nearthe mouth ofNinemile Creek,
had ten COCs with HQs over 1.0. Modeled dosesof methylmercury and total
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PAHs exceeded LOAELs and NOAELs at both the 95 percent UCL and mean
concentrations. Arsenic, cadmium, dioxins/furans, hexachlorobenzene, lead,
selenium, thallium, and vanadium TR V s were also exceeded at one or more points
within the risk estimate range. Arsenic, cadmium, lead, methylmercury,
hexachlorobenzene, and dioxins/furans were considered to be site-related.
Wetland SYW -10 will be evaluated further as part of the Geddes Brook/Ninemile
Creek site RI/FS.

.

Wetland SYW -6, on the northwest side of the lake, had ten COCs with HQs over
1.0. Modeled doses of methylmercury and total PAHs exceeded LOAELs and
NOAELs at both the 95 percent UCL and mean concentrations. Arsenic,
cadmium, chromium, dioxins/funms, lead,total PAHs, thallitnn, and vanadiilln HQs
were above 1.0. Cadmium, chromium, lead, methylmercury, and dioxins/furans
were considered to be site-related.

.

Wetland SYW -12, at the southeast end of the lake between Ley and Onondaga
Creeks, had eight COCs with HQs over 1.0. Methylmercury and total PAHs
exceeded LOAELs and NOAELs at both the 95 percent UCL and mean
concentrations. Arsenic, cadmium, dieldrin, hexachlorobenzene, lead, and
vanadium HQs were above 1.0. Cadmium, dieldrin, lead, methylmercury, and
hexachlorobenzene were considered to be site-related.

.

The dredge spoils area surface soils had arsenic, hexachlorobenzene, total PAHs,
selenium, and vanadium HQs above 1.0. Hexachlorobenzene was considered to
be site-related. The dredge spoils area will be evaluated further as a separate site
with its own investigation.

These results suggest adverse effects on insectivorous mammals via exposure to COCs in water, sediment,
and primarily terrestrial prey in all four wetland areas.Risks from exposure to surface soils in the dredge
spoils area are comparable to those of background locations.
Do Measured Concentrations

of COCs/SOCs in Surface Water Exceed Standards, Criteria, and

Guidance for the Protection

of Wildlife?

Mercury concentrations in Onondaga Lake in 1992 and 1999 exceeded the NYSD EC wildlife protection
value of 0.0026 ~g/L. The other contaminants for which there were available wildlife

water quality

standards, criteria, or guidance values were not detected (i.e., DDT and PCBs) or not analyzed (i.e.,
dioxins/furans ).
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What Do the Available Field-Based Observations Suggest About the Health of Local
Insectivorous Mammal Populations?
It is difficult to separateout theeffectsof chemicalcontaminationon wildlife from thoseof habitatlossand
development.Insectivorousspecies,suchasshrewsandbats,arefound in covertypesaroundthe lake,but
local populations of insectivorousmammalshavenot beenstudiedto determinewhetherthey havebeen
impacted.
Summary
Sustainability of local insectivorousmammal populations was assessedusingthreelines of evidence,as
follows:
.

Modeling dietary doses of contaminants.

.

Comparisonof measuredwater column concentrationsto waterquality standards,
criteria, and guidance for the protection of wildlife.

.

Field-based observation.

The first two lines of evidenceindicatedthat insectivorousmammalsfeedingon ~uatic invertebmtesand
insectivorousmammalsfeedingon terrestrialinvertebmtesin thewetlandsaroundOnondagaLake maybe
adverselyaffectedby contaminantsfound in OnondagaLake andthe adjacentwetlands.The third line of
evidence, field observations, was inconclusive.
.

12.13Assessment Endpoint: Sustainability of Local Piscivorous Mammal
Populations
Do Modeled Dietary Doses to Piscivorous Mammals Exceed TRVs for Adverse Effects on
Reproduction?
Two piscivorous mammals,the mink (Mustela vison) and river otter (Lutra canadensis),were selected
to representpiscivorousmammals.As thesepiscivorousmammalsshowdifferencesin prey selectionand
composition, use of thesetwo receptors is considered to representthe range of potential piscivorous
mammal exposure. The following COCs exceededan HQ of 1.0 in each species:

.

Mink - dioxins/furans,hexachlorobenzene,
methylmercury,total PAHs, andtotal
PCBs.

.

Riverotter- DDT andmetabolites,dioxins/furans, methylmercury,total PAHs,
and total PCBs.
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Modeled doseconcentrationsof total PCBs in the mink exceededtheNOAEL andLOAEL TRV s at both
the 95 percent UCL and mean exposure doses.Modeled mink dietary dosesof methylmercury, total
PAHs, and dioxins/furans exceededNOAELs at the 95 percentUCL andmeanexposuredoselevels and
the LO AEL at the 95 percentU Ct. Modeled doseconcentrationsof methylmercuryandtotal PCBs in the
river otter exceededNO AEL and LO AEL TR V s at both the 95 percentU CL and meanexposuredoses.
Modeled river otter dietary dosesof total PAHs, DDT and metabolites, and dioxins/furans exceeded
NOAELs at the 95 percentUCL and meanexposuredoselevelsandDDT andmetabolitesalsoexceeded
the LOAEL at the 95 percent UCL concentration for the river otter. All contaminants in fish prey are
consideredto be site-related.Theseresultssuggestadverseeffectson piscivorousmammalsvia exposure
to COCs in water, sediment,andprimarily prey and exceedancesofHQs over the rangeof exposureand
toxicity concentrations modeled indicate a high likelihood of risk.
Do Measured Concentrations ofCOCs/SOCs in Surface Water Exceed Standards, Criteria, and
Guidance for the Protection of Wildlife?
Mercury concentrationsin OnondagaLake in 1992and 1999exceededtheNYSDEC wildlife protection
value of 0.0026 J.1g/L.The other contaminants for which there were available wildlife water quality
standards,criteria, or guidance values were not detected(i.e., DDT and PCBs) or not analyzed (i.e.,
dioxins/furans).
What do the Available Field-Based Observations SuggestAbout the Health of Local Piscivorous
Mammal Populations?
It is difficult to separateout the effectsof chemicalcontaminationon wildlife from thoseof habitatlossand
development. The mink and river otter are the only primarily piscivorous mammals found in these
covertypes;however,thereareno dataregarding mink or otterpopulationsin the areaof OnondagaLake.
The lack of field observations of mink and few otter observationsmay indicate depressedpopulations
although both speciesare secretiveand can be difficult to seein the field. Populationsof mink andotter
could be impacted by inadequate habitat, disturbance by humans, and chemical contamination.
Summary
The sustainabilityof local piscivorousmammal populationswasassessed
usingthreelines of evidence,as
follows:

.

Modelingdietarydoses
of contaminants.

.

Comparisonof measuredwatercolumn concentrationsto water quality standards,
criteria, and guidance for the protection of wildlife.

.

Performing field-based observations.
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The first two lines of evidence indicated that piscivorous mammals feeding around Onondaga Lake may
be adversely affected by contaminants found in Onondaga Lake, in particular by mercury and total PCBs.
The third line of evidence, field observations, was inconclusive.
12.14

Summary

Multiple lines of evidence were used to evaluate major components of the Onondaga Lake ecosystem to
detennine iflake contamination has adversely affected plants and animals around the lake. Contaminants
and stressors in the lake have either impacted or potentially impacted every trophic level and feeding
preference examined in this BERA. The aquatic macrophytes in the lake have been adversely affected by
lake conditions, and the resulting loss ofhabitat that formerly provided valuable feeding arid nursery areas
has undoubtably impacted the aquatic invertebrates and vertebrates living in Onondaga Lake. In addition
to general aquatic habitat loss occtnTing at the time that massive quantities of ionic waste were dumped into
the lake, there has been bioaccumulation of mercury and possibly other contaminants in most organisms
serving as a food source in the lake, including phytoplankton, zooplankton, benthic invertebrates, and fish.
Almost all lines of evidence indicate that the COCs and ionic waste in Onondaga Lake have produced
adverse ecological effects at all trophic levels examined. Comparisons of measured tissue concentrations
and modeled doses of contaminants to TRV s showexceedances ofHQs throughout the range of the point
estimates of risk. Many of the contaminants in the lake are persistent and, therefore, the risks associated
with these contaminants are unlikely to decrease significantly
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