9.

ANALYSIS OF ECOLOGICAL EFFECTS(ERAGS STEP6)

componentsof the OnondagaLake ecosystem.The groups of ecological receptorsdiscussedin Section
9.1 areaquaticmacrophytes,phytoplankton,zooplankton, fish, herpetofauna(amphibiansandreptiles),
andwildlife (birds andmammals).Most of the infonnation on thesegroupswascollectedby other parties
and is presented in detail in the publications cited herein.
Benthic
toxicity andbenthicmacroinvertebratecommunities.Most of the datawerecollectedby Honeywell in 1992
and 2000 aspart of the remedialinvestigation(RI). This sectionalso containsa key elementof the effects
characterization,the developmentof site-specific sedimenteffect concentrations(SECs)for Onondaga
Lake,usingthe empiricalinfonnation collectedon sedimentchemistryandsedimenttoxicity duringtheRI.
The development of site-specific SECs is consistent with the recommendationsofNYSDEC (1994b,
in sediments are found to exceed the state sediment screening values.
The infonnation on benthic macroinvertebratecommunities was not usedto developsite-specificSECs,
becauseit was found that benthic communities at every station in the lake areimpaired to somedegree;
thus, it is not possibleto calculate an SEC becausethesecalculations require that a certainproportion of
stationshaveno effects.Although this lakewide impairment is typical of eutrophiclakes,it canreducethe
value of thesecommunities for developing site-specific SECs,particularly if thereis ambiguity asto the
identity of the factorsprimarily responsiblefor any observedcommunity effects.The resultsof thebenthic
macro invertebrate evaluations for Onondaga Lake were, therefore, used primarily to interpret the
magnitude and significance of any potential sedimenttoxicity predicted on the basisof the site-specific
SECs.
The last sectionof this chapter,Section9.3,presentsthe effectscharacterizationfor aquaticandterrestrial
vertebrates.It describesthe methodology usedandthe toxicity referencevalues(TRV s) selectedfor fish,
avian, and mammalian receptors.

9.1
9.1.1

.

Onondaga Lake Field Studies/Observations
Aquatic Macrophytes

Aquatic macrophytes form an important part of lake ecosystems.They serveasfood for other aquatic
organismsandprovidehabitatfor insects,fish, andotheraquaticand semi-aquaticorganisms.Most aquatic
macrophytesarerootedor attachedto the sediment,although somefree-floating fonns exist (Auer et al.,
1996a).1991,
when Madsenet al. (1993)conductedthe first quantitativesurveyofmacrophyte distributions in the lake,
as discussed in Chapter 3, Section 3.2.5.1.
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In addition to conducting a field survey of lake macrophytes, Madsen et aI. (1993) collected different kinds
of sediments from various parts of the littoral zone and used them for greenhouse experiments in which
macrophyte growth was evaI uated in each sediment type. Two additional field surveys of macrophytes in
the lake were conducted by Honeywell in 1992 and 1995 as part of the RI.
During the 1991 field survey conducted by Madsen et aI. (1993), five species of submerged macrophytes
species were found in Onondaga Lake:

.
.
.
.
.

Ceratophyllum
Heteranthera

demersum (coontail).
dubia (water stargrass).

Myriophyllum spicatum (Eurasian water-milfoil).
Potamogeton crispus (curly-leaf pondweed).
P. pectinatus (Sago pondweed).

An additional five aquatic macrophyte species were found by Madsen et aI. (1998) in 1993. These include
Potamogeton diversifolius (waterthread pondweed), Elodea canadensis (Canadian pondweed), Lemna
minor (duckweed), Sparganium sp. (bur-reed), and Zannichellia palustris (horned pondweed). All of
the newly reported species were relatively rare, with the possible exception of Elodea canadensis. The
distribution of these species throughout the littoral zone of the lake was found to be relatively limited. The
number of macrophyte species found in the lake (i.e., ten) is low, since up to 15 were present in Onondaga
Lake before 1940 (Auer et al., 1996a). For a eutrophic lake in New York State, 15 species of vascular
plants is typical (Madsen et al., 1993), which is lower than the New York State average of 18 (Madsen
et al., 1996).
Madsen et al. (1993, 1996) also conducted laboratory studies to evaluate the role of sediments in limiting
plant growth. They planted P. pectinatus, the dominant aquatic plant in Onondaga Lake, in lake sediments
collected from nine locations that con-espondedto areasofhigh, medium, and low macrophyte abundance,
as well as four different sediment types (oncolite, organic, sand, and silt). In addition, the authors also
collected a silty reference sediment from a lake in Texas. Madsenetal. (1993,1996) found that growth
on the fertile reference sediment was significantly higher than growth on Onondaga Lake sediments. They
as sediment
degradation is directly related to the input ofCaCl2 (calcium chloride) into the lake and resulting calcium
carbonate deposition. Sediments from sites with high, medium, and low percentagesof plant cover showed
significant differences in their abilities to support plant growth, with laboratory results con-espondingto plant
cover seen in the field.
The work of Madsen et al. corresponds with the macrophyte transplant study perfonned in the summer of
1992 by Honeywell

(pn,

1993c). The purpose of this study was to determine the extent to which

representative macrophyte species can survive and grow in the sediment and water of the littoral zone of
Onondaga Lake (pT!, 1993c). Three macrophyte species (P. pectinatus, P. richardsonii [redhead grass],
and Vallisneriaamericana

[wild celery]) were transplanted at two depths (1 and 1.5 meters [m])atsix

locations in the littoral zone of Onondaga Lake (Figure 9-1) and at two potential reference lakes (Otisco
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and Cross Lakes, of which only the former was determined to be an appropriate referencelake and is
discussedhere).A total of three seededracks (onefor eachmacrophyte)were deployed at eachlocation
at the two depths in Onondaga Lake. Each rack contained three sediment samples from each of the
referencelakesand four from Onondagalake for a total of 10 samplesper rack and 30 samplesper depth
at each location. Twelve samples (three plant species x four reference lake sediment samples)were
deployed at two depths at one location in the reference lakes.
The results, assummarizedin the table below, showedmacrophytesurvival to be minimal at Onondaga
Lake. The lakewide survival ratewaslessthan 3 percentat 1 In, and improved to slightly under 12percent
at 1.5m.m contrast,75 and 58 percent survival rateswere seenat depthsof 1 and 1.5mat Otisco Lake.
MacrophyteTransplantStudyResults(pT!, 1993c)
MeanPercentSurvival
Location

No.of PlantsSurviving

1m

1.5m

1m

1.5m

0

0

0/30

0/30

6.7

6.7

2/30

2/30

0

27

0/30

8/30

Onondaga
LakeM4 (mouthof NinemileCreek)

6.7

0

2/30

0/30

Onondaga
LakeM5 (northwest
cornerof lake)

3.3

13

1/30

4/30

Onondaga
LakeM6 (southof SawmillCreek)

0

23

0/30

7/30

OtiscoLake

75

58

9/12

7/12

Onondaga
LakeM1 (between
HarborBrookand
OnondagaCreek)

Onondaga
LakeM2 (between
Onondaga
Creekand
LeyCreek)
Onondaga
LakeM3 (southof Tributary5A)

Based on these results, it appears that stressors limit macrophyte growth in Onondaga Lake. According
to Auer et al.
following:

.

Water transparency:

Reduced water transparency in the water column is a

major factor in limiting the depth distribution of submerged macrophytes (Canfield
etal., 1985; ChambersandKalff, 1985). Historically, transparency in Onondaga
Lake has been very low «1 m), primarily because of the eutrophic nature of the
lake (Eftler and Perkins, 1996b). More recently, however, water clarity in the lake
has been improving (Effier and Perkins, 1996a), increasing the amount of time in
which a plant can complete its life cycle before parent-plant mortality (Auer et al.,
1996a).
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.

Salinity: The high levels of salinity that have prevailed in OnondagaLake in the
past may have prohibited the establishment of many common emergent and
floating-leaved species,dueto increasedstressfrom evapotranspiration(Auer et
al., 1996a).Although the salinity of the lake hasdeclined (Eflleret al., 1996)and
is now within the tolerancerangeof more species,the dominanceof P.pectinatus
in many habitats may hinder the colonization of returning species.

.

Calcium carbonate precipitation: The extremely high rate of calcite (CaCO3)
precipitation anddepositiononto the surfacesof macrophytesin OnondagaLake
in thepastmay havebeensufficient to completelycoatplants(Auer et al., 1996a).
This mechanism may have been responsible for or contributed to the
disappearanceof charophytesfrom OnondagaLake (DeanandEggleston,1984).
Calcium carbonatedepositiondecreased64 percentfrom 1985to 1989,reflecting
the relative decreasein externalloading (70 percent) after the closure of the soda
ash/chlor-alkalifacility in 1986(Efller et al., 1996).However, high concentrations
of calcite are still present in and being releasedto the lake (Efller et al., 1996).

.

Oncolites: During the 1991 macrophyte survey conducted by Madsen et al.
(1993),macrophytedistributionswere found to be limited in areaswhereoncolites
were present. The greenhouseexperiments conducted by Madsen et al. (1993)
indicatedthat macrophytesgrow aswell on oncolite sedimentason the otherkinds
of sedimentin the lake. Madsenet al. (1996a) suggestedthat oncolites may limit
macrophytes in the field because their relatively low density makes them
susceptible to movement by wave action; therefore, oncolites may provide an
unstable substrate for macrophyte colonization.

.

Water level changes: As described in Chapter 3, the level of OnondagaLake
is regulated as part of the New York State Barge Canal System. Auer et al.
(1996a)notedthat althoughannualvariationsin lake level areusually lessthan 1
m, eventhat magnitude of changecan have a substantial effect on macrophytes
since light restricts macrophyte growth to shallow depths.

Basedon the infomlation presentedby Auer et al. (1996a), it appearsthat many potential stressorshave
become less limiting to macrophytesin OnondagaLake in recentyears.Recently,Madsenet al. (1998)
reportedon a seriesof experimentsin OnondagaLake to evaluatetechniquesfor restorationof littoral areas
to improve fish habitat. Two temporary habitat areaswere createdwith wave breaks(i.e., hay bales)and
fencingfor protectionof natural colonization by macrophytes,aswell asplantedmacrophytes.The authors
found that survival of most planted specieswas low. Potential causesof low survival include herbivory
(primarily by waterfowl) andchangesin water levelsby 0.3 m after planting was perfonned.However,the
habitats were successful in enhancing colonization by native macrophyte species.

NYSDECrr AMS OnondagaLake BERA

9-4

December2002

BetweenJuly and September,the authorsfound largeamountsof filamentousalgaein the habitats,which
is generallydetrimentalto the growth of rootedmacrophytes(i.e.,through light limitation, competitionfor
nutrients,andmechanicaldamage).Madsenet al. (1998) found mechanicaldamagefor severalemergent
species,where floating massesof filamentousalgae,driven by wind andwave action,collapsedemergent
macrophyte stems and leaves.
9.1.2

Phytoplankton

Phytoplankton communities havebeenroutinely monitoredat two stationsin OnondagaLake since 1970
by OnondagaCounty, following a detailed study of lake conditions in 1969.This monitoring involves
collection of water samples,usually biweekly, over the spring to early fall interval from the south deep
station(WI) at the surfaceand at depthsof3, 6, and 12m (Aueretal., 1996a).This infonnationhas been
summarized and interpreted by Auer et al. (1996a).
In general, the characteristics of the phytoplankton communities of OnondagaLake havereflected the
eutrophic natureof the lake. Priorto 1972(when phosphorusloadings were dramatically reduceddueto
a local ban on phosphatesin detergents), cyanobacteria (formerly known as blue-green algae) were
common in the lake during the spring-fall growing season.A seasonalsuccessionwasdescribedin which
themajor groupswere diatomsin spring,greenalgaein earlysummer,andcyanobacteria
in thelatesummer
and fall (Auer et al., 1996a).Although cyanobacteriadisappearedfrom the lakeafter 1972,it returnedin
the late 1980s, apparently due to more efficient grazing zooplankton, as cyanobacteriamay not be a
suitablefood for zooplankton(Auer et al., 1996a).No obvious changeswere observedin nutrient loading
during that period. Auer et al. (1996a)noted that asthe degreeof eutrophy in the lake hasdeclined since
the early 1970s,the intensity of phytoplanktonblooms hasdeclined. However, the authorsalsonotedthat
to sustain near-maximum ratesof algal growth over the entire summer.The strongseasonalchangesin
phytoplanktonbiomassseenin OnondagaLake representimbalancesbetweengrowth andlossprocesses.
Basedon the information summarized by Auer et al. (1996a), the primary stressorsthat have affected
phytoplankton communities in OnondagaLake are nutrients, which have influenced both the types of
speciesfound in the lake andthe densitiesof thosespecies.Although the effect of mercurycontamination
on the ,phytoplanktoncommunity is unknown, it is evidentfrom the bioaccumulationinvestigation (pT!,
1993b) that mercury accumulates in phytoplankton and can be passed on to animals feeding on
phytoplankton in Onondaga Lake.
9.1.3

Zooplankton

Zooplankton communities in OnondagaLake havebeenroutinely monitored by OnondagaCounty in
conjunction with the phytoplanktonmonitoring.This infonnation hasbeensummarizedandinterpretedby
Siegfried et al. (Auer et al., 1996a; Siegfried et al., 1996).
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The number of zooplankton species found in Onondaga Lake has increased substantially since the early
1970s. This increase can be attributed to both the increased sampling effort, which has collected a number
of rare species,and the closure of the Honeywell soda ash/chlor-alkali facilities in 1986 (Auer et al., 1996a;
Siegfried et al., 1996). The soda ash/chlor-alkali process was in operation from 1884 to 1986 and released
large quantities of ionic waste (high in calciwn, chloride, and sodium ions) into Onondaga Lake, impacting
the ecology so that the salinity of the lake and the rate of calcium carbonate precipitation were artificially
high (Siegfried et al., 1996).
Salinity affects the osmoregulation capabilities of zooplankton, while calcium carbonate particles can
physically interfere with feeding. The chloride/salinity levels of the lake before the closure of the facility were
near the upper limit for freshwater organisms. Since the facility has been closed, the salinity and
transparency (clear water phases) of the lake have improved. The relative abundance of species within the
zooplankton community has also changed considerably since the 1970s. Prior to the mid-1980s, the
zooplankton biomass was dominated by Cyclops vernalis, a cyclopoid copepod. Since that time,
however, dominance has shifted to large-bodied cladocerans (Daphnia spp.) and the calanoid copepod
Diaptomus siciloides. During the period of peak pollution in the 1970s and 1980s native species of
Daphnia were replaced by exotic species, such as Daphnia exilis and D. curvirostris.

These exotic

species are found in saline environments in the southwestern US and Europe (Hairston et al., 1999, Duffy
et al., 2000).
Mercury has also affected the Onondaga Lake zooplankton community. The period of peak mercury
concentrations in the sediments based on 21opbdating, coincides with zero hatching success of D. exilis
eggs in laboratory monitoring (Hairston et aI., 1999). Whether mercury in the water column causedthe eggs
to become non-viable at the time they were produced, or mercury and/or other contaminants and stressors
in the sediments made the eggs non-viable over the burial period, is uncertain.
Despite recent increases in zooplankton diversity, the zooplankton assemblage of the lake remains
depauperate compared to other lakes in the region (Auer et al., 1996a). Furtherreductions in the loadings
of ionic waste-associated stressors may result in additional changes to the zooplankton community.
9.1.4

Fish

Most quantitative studies of fish communities in Onondaga Lake have been conducted by researchers at
the State University ofNew York College of Environmental Science and Forestry (SUNY ESF) since
1989, and results of those studies have been summarized by Ringler et al. (Auer et al., 1996a). Only
qualitative information

exists on fish communities in the lake prior to 1989.

A total of 55 fish species have been collected in Onondaga Lake since 1989 (see Table 3- 7). Although this
number represents a considerable increase over the numbers found in historical studies, comparison of
current species richness with historical values is difficult because considerably more sampling effort was
used in the more recent studies, increasing the probability of collecting more species (Auer et aI., 1996a;
Tango and Ringler 1996). The CUITentlevel of speciesdiversity in Onondaga Lake is similar to values found
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in other New York lakes, and growth rates, age distributions, and mortality rates of several species are
similar to those observed in other northeastern US lakes (Auer et al., 1996a).
However, in contrast to comparison lakes, many of the species found in Onondaga Lake do not reproduce
there and recruitment rates are unknown. Only 16 of 48 species captured in 1991 were found to reproduce
in the lake, and reproduction within the lake varied by location. Based on the absence of juveniles in the
catchesof shoreline seine hauls, species such as the walleye and northern pike are thought not to reproduce
in the lake. 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 (Auer et al., 1996a).
As discussed in Section 3.2.5. 1, Onondaga Lake supports a Watmwater fish community that is dominated
by the pollution-tolerant
gizzard shad (Dorosoma cepedianum), freshwater drum (Aplodinotus
grunniens), carp (Cyprinus carpio), and white perch (Morone americana) (Auer et al., 1996a). Foodhabit studiesdocumented important prey speciesin the lake, including fish, fish eggs, zooplankton (primarily
copepods and cladocerans), and benthic macroinvertebrates (primarily chironomids). However, the
absence of macrophytes from many areas of the lake reduces the use of those areas by fish.
The composition of the fish community in the lake varies seasonally, with migration between the Seneca
River and the lake being an important contributor to the variability. One of the major changes in the fish
community occurs during fall turnover, when concentrations of dissolved oxygen decline throughout the
water column. Based on reduced catches conducted during fall turnover and a complimentary increase in
Seneca River catches, it is likely that many fish leave the lake to avoid the stressof low dissolved oxygen
concentrations (Auer et al., 1996a). Species moving out of the lake include channel catfish (Ictalurus
punctatus), gizzard shad, white perch, and smallmouth bass (Micropterus salmoides) (Auer et al.,
1996a).
According to Ringler et al. (Auer et al., 1996a), the major stressors that are potentially limiting to fish in
Onondaga Lake include the following:

.

Dissolved oxygen

-

The absence of dissolved oxygen concentrations in the

hypolimnion of the lake during stratification and the unusually low concentrations
throughout the water column during fall turnover represent significant constraints
on fish in the lake.

.

Absence of macrophytes

in parts of the lake - Macrophytes playa critical

role in supporting the fish community of Onondaga Lake, as demonstrated by the
absence of juveniles and adults in areas of low macrophyte density.
Ringler et al. (1995) evaluated the nesting activity offish in the nearshore zone of Onondaga Lake, and
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and the mouth of Nine mile Creek. They noted that this shoreline is composedprimarily of oncolytic
sedimentsand is relatively well protectedfrom the predominantly northwest winds. Ringler et al. (1995)
without more quantitative data on distribution and abundanceof habitat types. From a qualitative
standpoint,however,they notedthat the flat, unvegetatedhabitatoff the wastebedson thewesternshoreline
of the lake provides minimal cover for spawning fish, and relatively few nestswere found in that area.
Ringler et al. (1995) also noted that the paucity of nests in the entire southernpart of the lake may be
related to the sparsedistribution of macrophytes in certain areas,turbidity from OnondagaCreek, or
ammonia mainly from the Metropolitan SyracuseSewage Treatment Plant (Metro) eff1uent.
9.1.5

Amphibians and Reptiles

BetweenApril and Octoberof1994, Ducey andNewman (1995) conducteda herpetologicalsurveyalong
the perimeter of Onondaga Lake. They made 30 visits to the lake and expended approximately 235
person-hoursduring the surveys.This studyis the first andonly comprehensiveassessment
ofherpetofauna
near the lake.
Ducey andNewman (1995) documentedthe presenceof sevenamphibianspecies(i.e., five frog andtwo
salamanderspecies)and six reptilian species(ie., three snakeand three turtle species)nearOnondaga
Lake duringtheir 1994survey.They found thathabitatsaroundthe lake differed dramaticallyin the species
supported, with the lake itself and many other areasnearly devoid ofherpetofauna. The terrestrial areas
around the lake were divided into five regions for evaluation. The results were as follows:

.

Region A: This region is located along the northwest shoreline of Onondaga
Lake, and includes Maple Bay, Ninemile Creek, severalwooded areas,a large
swamp, many temporarywetlands,two ponds(oneconnectedto the lake andthe
other isolatedfrom the lake), and severalfields with grassand shrubs.According
to Ducey andNewman (1995), this region supported,by far, the largestnumbers
of individuals and the greatestnumber of species.However, even within this
region, herpetofaunalpopulationsvaried.No herpetofaunawere found atthe pond
with hydrological connections to the lake.

.

Region B: This region is locatedalongthe northeastshorelineof OnondagaLake,
and includesa park areaalong Willow Bay, a drainageditch, a seasonallyflooded
forest, Sawmill Creek,and a dump areafor the ParksDepartment.According to
Ducey andNewman (1995), this region supportedfew amphibiansandreptiles,
despiteextensivesearchingby the authorsin spring,summer,andfall. The authors
were particularly surprisedby the fact that no frogs were everheardcalling, even
during timeswhentheywerevery activeelsewhere.The authorsalsoreportedthat
no tadpolesor frogs were found within the forest or along Sawmill Creek,despite
apparently ample water, vegetation, and insects.They alsonotedthat no snakes
were found in the dump area, despite the fact that it contained many kinds of
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suitable debris for habitat. Ducey and Newman (1995) recommended that Region
B be reexamined to confIrm the absence of herpetofauna in that area.

.

Region C: 11ris region is located along the southeast shoreline of Onondaga Lake
between Onondaga Creek and Bloody Brook, and includes grass fields and a
series of ponds (connected to the lake). Ducey and Newman (1995) found only
a single turtle in this region, but speculated that the region probably supports one
or two species of snakes. The authors concluded that they would not expect to
find large numbers ofherpetofauna in this region because of the lack of suitable
cover.

.

Region D: 11risregion is located along the southwest shoreline of Onondaga Lake
between Onondaga Creek and Tributary 5A, and includes extensive stands of
P hragmites australis (common reed) along the shoreline, small forested areas,
and broad grassy areas. Ducey and Newman (1995) noted that they did not
investigate this region as extensively as Regions A, B, and C. They found
moderate numbers of snakes, but no frogs or salamanders.

.

Region E: 11ris region is located along the western shoreline of Onondaga Lake
between Tributary 5A and Ninemile Creek, and includes elevated Solvay
wastebeds (with cliffs) and parking lots for the fairgrounds in the upper areas.
Ducey and Newman (1995) found no herpetofauna in the elevated areas, but a
small snake population was found on the lake shoreline. They concluded that the
soil layers appeared to be too thin throughout most of this region to support
adequate invertebrate prey populations or to provide ample subterranean tunnels
for herpetofauna.

Ducey and Newman (1995) compared the results of their 1994 survey around Onondaga Lake with
previous results from elsewhere in central New York State. They concluded that the herpetofauna around
the lake was generally depauperate, and were surprised by the absence of some common species. They
found that the seven amphibian and six reptilian species found around the lake were considerably fewer
than the 19 amphibian and 15 reptilian species recorded for Onondaga County as a whole during 1990 to
1996 by NYSDEC

(1997b).

Ducey (1997) conducted additional evaluations of the herpetofaunanear Onondaga Lake between March
1995 and May 1997. For these studies, the author focused only on Region A along the northwest shoreline
of the lake. The results confirn1ed that the Onondaga Lake littoral zone and shoreline supports no amphibian
reproduction, in contrast to other moderately sized lakes in central New York. Five species of anurans and
two species of salamandersutilized wetlands (not connected to the lake) and terrestrial habitats within 100
m of the lake. Red-spotted newts (Notophthalmus viridescens) were found in one of the unconnected
wetlands at a density up to three orders-of -magnitude lower than found at other sites in central New York
(Ducey, 1997).
""
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Environmental factors that may be affecting herpetofaunal distribution include:

.
.
.
.

High concentrationsof ionic waste(chloride, sodium, andcalcium ions) that may
affect the physiological processes.
Chemical contaminants.
Effluent from the Metro sewagetreatment plant.
Poor habitat on the southern shores of the lake (Ducey and Newman, 1995).

Duceyet al. (2000) directly assessedthe toxicity of water from the lake and wetlands on developing
amphibian embryos. They found that water from connected wetlands and the lake has variable, but
consistentlynegative,effectson amphibiandevelopmentrelative to controls.They hypothesizedthat there
is a chemicalinteractionthat affectsamphibianembryos,becauseunfiltered OnondagaLake wateris highly
toxic to embryos, while filtered water is not as toxic.
9.1.6

Terrestrial Plants

Various plant communitiesarefound aroundOnondagaLake (i.e., terrestrial, wetland, aquatic,or urban
systems).The areaaroundOnondagaLakehasbeenextensivelymodified, through development,for more
than a century. The vegetation found on the wastebeds(Chapter 3) has been affected by activities at
Honeywell facilities (i.e., disposalofSolvay wastes).Table A-I of Appendix A lists characteristicflora of
the ecological communities around Onondaga Lake.
9.1.7

Birds and Mammals

Tables3-11 to 3-13 provide summariesof bird speciesobservedaround OnondagaLake and Table 3-14
lists mammalspotentially found in thearea.Sincethereareno dataavailablethat could be usedto correlate
observedwildlife populationswith contaminationin the area,contaminantdoses(estimatedusingfood-web
modeling) comparedto TRV s (seeSection9.3) arethemain measurementendpointusedto evaluateavian
and mammalian assessmentendpoints.

9.2 Benthic Macroinvertebrates/Sediment
Effect Concentrations
The potential ecological risks posedto benthic macroinvertebratecommunities by surface sedimentin
OnondagaLakewere evaluatedusingthreekinds of information collectedby Honeywell in 1992and2000
during the RI field investigation:

.

Chemical concentrations in surface sediments.

.

Sediment toxicity tests using the 10-day (1992) and 42/40-day (2000) tests,
based on the amphipod Hyalella azteca and the midge Chironomus tentans.

.

Evaluations of in situ benthic macroinvertebrate communities.
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The three indicators used to evaluate surface sediment in Onondaga Lake (i.e., sediment chemical
concentrations, sediment toxicity tests,and benthic community evaluations) are used to provide a weight-of10. That
is, the independent information provided by each of the three indicators will be combined to provide an
1997b ). For example, sediment chemical concentrations provide information on which chemicals are
elevated above sediment effect concentrations (SECs) or consensus probable effect concentrations (PECs)
and may pose an ecological risk, but they do not provide the information to conclusively detennine if those
chemicals are sufficiently bioavailable to pose a risk. The sediment toxicity tests provide information on
whether particular sediments are toxic to the test organisms, but they do not identify the toxic components
of the sediment or determine whether the observed toxicity is sufficient to result in adverse effects to the
resident benthic macro invertebrate communities. Finally, alterations of benthic communities provide
information on whether sediment may be adversely affecting resident organisms, but they do not identify
the causative agents. The use of a weight -of-evidence approach to evaluate potential risks to benthic
macro invertebrates is consistent with USEPA guidance and recommendations (USEPA, 1997a,b).
The 114 stations sampled in Onondaga Lake and the eight tributary stations sampled around the perimeter
of the lake for sediment evaluations in 1992 are presented on Figure 7-2 in Chapter 7. Sixty-six lake
stations were sampled for sediment chemistry, sediment toxicity, and benthic macroinvertebrate
communities. Thirteen lake stations were sampled only for sediment toxicity and sediment chemistry.
Thirty-five lake stations were sampled only for sediment chemistry. The eight tributary stations were
sampled only for benthic macro invertebrate communities. The 15 stations sampled in Onondaga Lake for
sediment evaluations in 2000 are presented on Figure 7-6 in Chapter 7.
In conducting the sediment evaluations, Otisco Lake was used as the reference lake for detennining the
significance of sediment toxicity and effects on benthic macroinvertebrate communities at stations in
Onondaga Lake. In addition, NYSDEC suggested in May 1999 that stations deeper than 3 m may be
depth-impacted (Larson, pers. comm., 1999b). However, in order to provide a greater areal coverage of
the lake bottom, the evaluation is limited to the 4.5 m contour for the 1992 benthic data and the 5 m
contour for the 2000 benthic data.
In the following sections, results of the sediment evaluations are described, and site-specific SECs and
PECs are developed using the empirical information collected on chemical concentrations and sediment
toxicity in Onondaga Lake in 1992 and 2000. The site-specific PECs are used in Chapter 10 for risk
characterization.
9.2.1

Results of Sediment Toxicity

Tests

Results of sediment toxicity tests for each station sampled in Onondaga Lake in 1992 and 2000 and the
reference lake (i.e., Otisco Lake) are presented in Tables 9-1 and 9-2, respectively.
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Toxicity results from each station in Onondaga Lake were compared statistically with a single reference
station in Otisco Lake. Separate evaluations were conducted for the data collected in 1992 and 2000.
Paired comparisons between results for each station in Onondaga Lake and the results for Otisco Lake
were made using the Washington State Department of Ecology SEDQUAL

program (WSDE, 2001).

SEDQU AL performs statistical comparisons among test, reference, and control stations to identify stations
exhibiting adverse effects. In SEDQU AL, test data may be compared to either reference data or control
data. As stated above, in this BERA, Onondaga Lake stations were compared to single reference stations
in Otisco Lake. Records are distinguished as reference/control data or test data by the sample use code.
Statistical and data analysis features in SEDQUAL

include:

.

Wilks-Shapiro

.

Levene'stestfor equalityof variances.

test for normality.

.

Student's t-statistic, approximate t-statistic, Mann-Whitney,

.

User-specified reference station when a survey has more than one reference.
Comparison of reference or control data to numeric performance standards.

.
.

and rankits.

Optional use of negative control instead of reference if a survey has no reference
stations or reference stations fail to meet a performance standard.

9.2.1.11992

Sediment Toxicity

Results

Survival for the 1O-day amphipod and chironomid toxicity tests was relatively high (i.e., >80 percent) at
most stations in Onondaga Lake, indicating that lethal toxicity was not widespread throughout the lake
(Figure 9-2). The chironomid

test exhibited a greater range of survival than did the amphipod test.

Biomass also exhibited a greater range for the chironomid test than for the amphipod test (Figure 9-2).
Amphipod biomass was lower than control values (i.e., <1 00 percent) at approximately half of the stations
(47 percent) in Onondaga Lake, whereas chironomid biomass was less than control values at
approximately

one-third of the stations.

The greater variation in the responses of the chironomid test compared to the amphipod test may be due
to the fact that the chironomids generally live in more direct contact with sediments than do the amphipods.
While the amphipods live primarily on the sediment surface, the chironomids burrow into the sediments
where they reside in cases (American Society for Testing and Materials [ASTM],

1993).

Values of mean survival for the five stations sampled in Otisco Lake were high for both the amphipod and
chironomid tests (90 and 97 percent, respectively). Values of mean biomass for the amphipod and
chironomid tests for the five stations sampled in Otisco Lake were similar to or greater than negative control
values (i.e., 97 and 182 percent of control values, respectively).
Results of the statistical comparisons of the sediment toxicity data collected in 1992 are presentedin Table
9-1. In general, the chironomid test was found to be a more sensitive indicator of sediment toxicity than the
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amphipod test. For example, statistically significant (P ~ 0.05) reductions of amphipod survival and growth
were found at 1 and 18 stations, respectively, whereas significant (P~ 0.05) reductions of chironomid
survival and growth were found at 35 and 15 stations, respectively. The different sensitivities of the two test
speciesmay be related to the life-history patterns described above, where the amphipods live primarily on
the sediment surface, while the chironomids burrow more deeply into the sediments.
For the 79 stations sampled in Onondaga Lake in 1992, effects based on amphipod survival, amphipod
biomass, chironomid survival, and chironomid biomass were identified at 1, 18, 35, and 15 stations,
respectively. If the results of all four toxicity endpoints are combined, they jointly identify effects at 40
stations. Of these 40 stations, the chironomid test independently identifies effects at most (i.e., 36 of 40,
or 90 percent) of the stations at which any kind of toxicity was found.
The spatial patterns of amphipod and chironomid toxicity are presented in Figure 9-3. Most amphipod
toxicity was confined to a small area in the southwestern comer of the lake, along Wastebeds 1 through
8 and along the Honeywell lake shore area near Harbor Brook and the East Flume.
Most chironomid toxicity was confined to the southern half of the lake (Figure 9-3), although toxicity was
also found in two areasin the northern half of the lake (i.e., offNinemile Creek and near Sawmill Creek).
In the southern half of the lake, lethal chironomid toxicity was found in three general areas:offTributary 5A,
off Ley Creek, and in the southwestern comer of the lake (off Harbor Brook, the Metro outfall, and the
East Flume).
9.2.1.2 2000 Sediment Toxicity

Results

The results of the statistical comparisons of the 42-day sediment toxicity data collected in 2000 are
presented in Table 9-2. The spatial patterns of amphipod and chironomid toxicity are presented in Figure
9-4. In general, the patterns of toxicity observed for both tests were similar.
For the amphipod test, lethal toxicity was found at six stations (Figure 9-4), including all of the shallow (i.e.,
<5 m water depth) nearshore stations from Tributary 5A to the East Flume (Stations S332, S337, S342,
S344, and S365) and near the Metro outfall (Station S317). Mean survival at those six stations ranged
from 9.to 59 percent, compared to a mean value of88 percent found forOtisco Lake. Amphipod biomass
was found to be impacted at Stations S317 and S323, while reproduction was affected at three locations,
Stations S342, S344, and S365.
F or the chironomid test, lethal toxicity was found at nine stations (Figure 9-4), including all five of the
shallow (i.e., <5 m water depth) nearshore stations from Tributary 5A to the East Flume (i.e., Stations
S332, S33 7, S342, S344, and S365), two stations offNinemile

Creek (Stations S302 and S303), as well

as the stations off Ley Creek (Stations S320 and S323). Mean survival at those nine stations ranged from
0 to 46 percent, compared to a mean value of83 percent found for Otisco Lake. In addition to the nine
stations at which lethal toxicity was found for the chironomid test, sublethal toxicity was found at Station
S317 off Onondaga Creek and at Station S372 along the northeastern shoreline of the lake. The sublethal
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toxicity at these stations was seen in reduced biomass (0.26 and 0.41 mg per individual, respectively)
relative to Otisco Lake (0.73 mg per individual). Chironomid emergence was affected at five locations:
Stations S332, S337, S342, S344, and S354.
9.2.1.3 Comparison

of 1992 and 2000 Results

Overall, the results of the 2000 42-day chronic (long term) sediment toxicity tests (based on the top 15 cm
of the sediment column) and the results of the 19921 O-dayacute (short term) tests (based on the top 2 cm
of the sediment column) confirmed that both sub-lethal (impaired growth and reproduction) and lethal
impacts (survival) are occurring in the sediments of Onondaga Lake. That is, most sediment toxicity in
Onondaga Lake is confmed to the nearshore zone in the southern part of the lake between Tributary 5A
and Ley Creek. By contrast, little toxicity is observed elsewhere in the lake, including the deeper parts of
the entire lake and the lake's eastern shore.
9.2.2

Results of Benthic Macroinvertebrate

In the following

Community

Evaluations

sections, benthic macroinvertebrate communities in Onondaga and Otisco Lakes are

compared with respect to generallakewide
9.2.2.1 Lakewide

Comparisons

characteristics and station-specific

of Benthic Communities

characteristics.

in Onondaga Lake

The major characteristics of the benthic macro invertebrate communities found in 1992 at various water
depths in Onondaga and Otisco Lakes are presented in Figure 9-5. Communities were assessedin keeping
with NYSDEC' s evaluation (Larson, pers. comm., 1999b), because depth can substantially influence the
characteristics of benthic communities (Resh and McElravy, 1993). In most cases, taxa richness and
abundancesof major taxa tended to decline with increasing depth in both lakes, underliillng the importance
of stratifying benthic communities by depth.
In Figure 9-6, the oligochaete/chironomid

abundance ratios for benthic communities at various depths in

Onondaga and Otisco Lakes are compared. This ratio tends to increase with increasing depth in eutrophic
lakes, as more stress-tolerant oligochaetes replace chironomids at deeper depths (Wieder holm, 1980). The
oligochaete/chironomid

abundance ratios in Onondaga Lake exhibited the same increasing trend with

increasing depth. By contrast, the oligochaete/chironomid

abundance ratios in Otisco Lake showed the

opposite trend (i.e., decreasing ratios with increasing depth), indicating that conditions in the deeper parts
of that lake were not as stressful to benthic organisms as conditions in the deeper parts of Onondaga Lake.
9.2.2.2 Station-Specific

Comparisons

of Benthic Communities

in Onondaga

Lake

found in Otisco Lake using several methods. Separate evaluations were conducted for the data collected
in 1992 and 2000. Evaluation methods used were based on NYSDEC' s methodology (NYSDEC, 1994a,
2002c) and recommendations from other benthic ecological peer review panels (Pll,

1993c; WSDE,
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1996). NYSDEC

(Larson, pers. comm., 1999c) and PTI (1993c), recommended that if major taxa

abundance is used in the analysis additional endpoints should be measured to increase overall sensitivity.
They also recommended that more than one benthic endpoint should be used to assessadverse benthic
effects. Species richness and total abundanceshould be considered for inclusion with major taxa abundance
as primary benthic endpoints.
For direct statistical comparisons univariate statistical tests (i.e., Student's t-statistic) were perfoffi1ed first
to compare the study area and reference conditions. Subsequent analysis was more exploratory to
detennine the cause of the observed patterns and used multivariate techniques. Classification analysis is a
Great
Lakes by the International Joint Commission (IJC, 1988). The key attributes of the approach are that it
provides an integrative evaluation of all benthic taxa and has the power to detect relatively subtle patterns
(IJC, 1988).

between each test station in Onondaga Lake and the appropriate reference stations in Otisco Lake. The
metrics were those recommended by NYSDEC (1994a and Larson, pers. comm., 1999b) and included
the following:

.

Taxa Richness: The total number of individual taxa in a sample. The term taxa
instead of species is used, as the organisms in this study are not always identified
to the species level.

.
.

Dominance

Index: The percent composition of the three most abundant taxa.

Abundance of Indicator Species: The number of non-chironomidael oligochaete
(NCO) taxa.

.

Species Diversity:

A measure of the distribution of individuals among the taxa

observed.
.

Percent Model Affinity

(PMA):

A measure of similarity to a model non-

impacted lake community based on percent abundance in six major groupings:

.

-

20 percent Oligo chaeta.

-

20 percent non-chironomid

-

20 percent Chironomidae.

-

10 percent other.

15 percent Mollusca.
15 percent Crustacea.
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Forthe 1992 and 2000 benthic data, the first fourmetrics values for each test station were compared with
the values found at the reference station using the t -test in the manner described earlier for the sediment
toxicity results. For PMA, the results for each test station were compared using the model described by
NYSDEC

(Larson, pers. comm., 1999c).

In addition, for the 2000 benthic data, the benthic metrics were compared statistically between stations in
Onondaga Lake and Otisco Lake, even though the benthic community at the shallow station in Otisco Lake
was found to be dominated by a nonnative invasive species (i.e., the zebra mussel). Because few organisms
were found at most of the deeper stations in Onondaga Lake, due to low levels of dissolved oxygen below
the thermocline,

statistical comparisons were not conducted for depths greater than 5 m.

Metrics Analysis -1992
Five macro invertebrate replicate samples were collected at each station, and the benthic metrics presented
herein were computed by replicate. The average values of the five replicates for each metric were
detem1ined and presented for each station. The following is a discussion ofhow eachme1ric was computed
and how they are used to assess the health of benthic invertebrate communities.

.

Taxa Richness: Taxa richness was determined by counting the different number
of taxa per replicate (e.g., if5 taxa are observed in a replicate, the species richness
is 5). The average of the five replicates was then computed. Data from each
replicate were also pooled in order to determine the total number of taxa observed
at each station. The total number of taxa collected at each station was used to
conduct an imp~ent

assessment.

If the total taxa richness at a station exceeded 32, a station was considered to be
non-impaired. Total taxa richness between 25 and 32 indicated slight impairment,
between 14 and 24 indicated moderate impairment, and values between 0 and 13
signified that a station was considered to be severely impaired. Table 9-3 provides
the benthic analysis assessment criteria ranges.
,

.

Dominance Index: The dominance index was computed by detennining the total
percent composition of the three most abundant species. This was performed by
first detennining the three taxa with the highest individual abundancein a replicate.
The percent composition of these three taxa was determined by dividing the
abundance (the total number of individuals of these taxa) by the total number of all
individuals

in the replicate.

If the dominance index at a station was less than 61, a station was considered to
be non-impaired. Dominance indices between 61 and 75 indicated slight
impairment, between 76 and 90 indicated moderate impairment, and values
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between 91 and 100 signified that a station was considered to be severely
impaired. Table 9-3 provides the benthic analysis assessmentcriteria ranges.

.

Abundance of Indicator Species: The abundanceof indicator specieswas
determined by enumerating the number of taxa within eachreplicate that are
neither Oligochaetaor Chironomidae(NCO). In general,speciesof oligochaetes
and chironomids are tolerant of pollution stressand therefore, are not species
indicative of a healthy ecosystem.As describedabove,datafrom eachreplicate
were also pooled in order.to determine the total number of indicator species
observedat eachstation.The total numberof indicator speciesat eachstationwas
used to conduct an impairment assessment.
If the abundanceof indicator speciesor NCO at a station was greaterthan 15, a
station was considered to be non-impaired. Total NCOs between 10 and 15
indicatedslight impainnent,between5 and9 indicatedmoderateimpainnent, and
values between 0 and 4 signified that a station was consideredto be severely
impaired basedon NYSDEC guidance(Larson,pers.comm., 1999b).Table 9-3
provides the benthic analysis assessmentcriteria ranges.

.

SpeciesDiversity: Speciesdiversity was detenninedusingthe Shannon-Wiener
function as follows (Krebs, 1977):

-

H

=

H

=

index of speciesdiversity; and

Pi -

=

theproportionof thesamplebelongingto the11h
taxa.

[(PI)(log2 PI) + (P2)(log2P2)+ ...]

where:

If the Shannon-Wienerdiversity index at a station was greaterthan 3.1, a station
was consideredto benon-impaired.Diversity indicesbetween2.1and3 indicated
slight impairment, between1.5and2 indicatedmoderateimpainnent, andvalues
less than 1.5 signified that a station was considered to be severely impaired.

.

Percent Model Affinity: Community composition was determined using the
generalmethod describedby Bode et al. (1991), including the useof a model that
has been determined by the NYSDEC (Larson, pers. comm., 1999c) to be
suitable for a non-impacted lake, as described above.
The percent contribution for each of the six major groups in a replicate was
determined (adding up to 100 percent). For each group in the replicate, the
absolute difference in percentage from the model value for that group was
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determined. The differences for each group were added per replicate. Per Bode
et al. (1991 ), the total of the difference was multiplied by 0.5, and this number was
subtracted from 100 to determine the PMA.
If the community composition or PMA at a station was greater than 64, a station
was considered to be non-impaired. Model affinity between 50 and 64 indicated
slight impairment, between 35 and 49 indicated moderate impairment, and values
less than 35 signified that Ii station was considered to be severely impaired. Table
9-3 provides the benthic analysis assessment criteria ranges.
Overall Assessment
The values for each of the metrics for all stations are presented in Table 9-4, including 48 OnondagaLake
(S) stations, eight tributary (T) stations, and three Otisco Lake (OT) stations. Stations were divided into
the following

four categories based on the results of the five metrics:

.

Non-impaired

- The macro invertebrate community is diverse. This level of water

quality includes both pristine habitats and those receiving dischargesthat minimally
alter the biota.

.

.

Slightly

impaired

- The macroinvertebrate

community is slightly, but not

significantly

altered from the pristine state.

Moderately

impaired - The macroinvertebrate community is altered to a large

degree from the pristine state.

.

Severely impaired

- The macroinvertebrate community is limited to a few

tolerant species, usually midges or worms. Often only one or two species are very
abundant.
Table 9-5 presents the results of the impairment assessmentfor each station. The cumulative review of the
five metrics (referred to as a multimetric approach) was used to coalesce the metrics into a single overall
assessmentof each station. The assessmentdetermination for each station was made on the basis that three
or more of the five metrics exhibited the same impairment category (of either non-impaired, slightly
impaired, moderately impaired, or severely impaired). When less than three metrics exhibited the same
impairment category, the results of all five metrics and professional judgment were used to characterizethe
station.
FolloWing is a breakdown of Onondaga and Otisco Lake stations by impairment category. Tributary results
are discussed in Section 9.2.2.3.
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.

Non-impaired

.

Slightly impaired

(n

8100,8105,8110,

and OT3.

.

Moderately

(n

= 0): None
= 12): 8tations

impaired

826, 848, 853, 854, 867,873,876,887,

(n = 31): 8tations 82, 811, 813, 814, 817,818,821,

834,835,837,845,846,847,861,862,872,874,875,877,
893,894,895,8104,8109,8111,8112,
OT1, andOT2.
.

Severely impaired

882, 883, 892,

(n = 8): 8tations 85, 87,88,822,828,829,838,

and 868.

Of the 51 (48 Onondaga Lake and 3 Otisco Lake) stations considered for further evaluation, none were
found to be non-impaired, 12 stations were found to be slightly impaired, 31 stations were found to be
moderately impaired, and 8 stations were found to be severely impaired.
8everely impaired stations are primarily located at the southern end of the lake (i.e., between Metro and
Tributary 5A). One station (8tation 868) considered to be severely impaired is located near Wastebeds
1 to 8. Moderately impaired stations are found throughout the lake.
Statistical and Classification

Analysis (1992)

The results of the statistical analysis of four of the five benthic metrics requested by NY8DEC

are

summarized in Table 9-6 and Figures 9-7, 9-8, 9-9, 9-11, 9-12, 9-13, and 9-14. Theresultsofthemetrics
analysis showthatNCO richness and diversity were the most sensitive metrics, since they identified 48 and
28 stations as being impacted, respectively. By contrast, dominance was much less sensitive, identifying
only 8 stations as being impacted. Taxa richness was intermediate in sensitivity, identifying 25 stations as
impacted.
The patterns described above indicate that much of the littoral zone less than 4.5 m deep in Onondaga Lake
is impacted. These patterns of impacted stations are correlated when one examines them in conjunction
with the 1992 and 2000 sediment toxicity test results. As stated above, these tests indicate sub-lethal and
lethal ~ffects in nearshore sediments. The most useful and discriminating benthic metric appearsto be taxa
richness, which showed no depth-related bias and produced patterns similar to those based on sediment
chemistry and sediment toxicity.
Using classification analysis and further segmenting the 4.5 m interval into 1.5 m and 4.5 m for easierreview
of the results, three benthic groups were identified in the 1.5 m depth stratum (Figure 9-13) and two benthic
groups were identified in the 4.5-m depth stratum sampled in 1992 (Figure 9-14). For the 1.5 m depth
stratum, based on similarity to stations from Otisco Lake, benthic communities from stations in Group A
could be considered slightly altered; communities from Group B were considered moderately altered; and
communities from Group C were considered to exhibit major alterations. For the 4.5 m depth, based on
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similarity to stations from Otisco Lake, benthic communities from stations in Group A were considered
slightly altered, and communities

from Group B were considered to exhibit major alterations.

The various benthic groups identified by the classification analysis are compared with respect to major
community variables in Figure 9-15. In most cases, mean taxa richness and mean abundances of major
the group exhibiting major alterations. In addition, values of taxa richness and amphipod abundance for the
moderately altered group at 1.5 m depth were intermediate in magnitude. These patterns indicate that the
major characteristics of benthic communities corresponded to the results of the classification analysis.
The spatial distribution of the various kinds ofbenthic effects described above is presented in Figure 9-16.
Major alterations of benthic communities were found in two nearshore areas: off Tributary 5A and in the
southwestern comer of the lake ( off Harbor Brook, the Metro outfall, and the East Flume). Moderate
alterations ofbenthic communities were found at most of the remaining nearshore stations in the southern
part of the lake between Tributary 5A and Ley Creek.
Metrics

Analysis - 2000

The five benthic metrics are summarized in Table 9- 7 for the August 2000 data, including nine Onondaga
Lake (S) stations and one Otisco Lake (OT) station. Onondaga Lake and Otisco Lake stations that were
located in water depths greater than 5 m were excluded from the assessment (although NYSDEC' s May
27, 1999 letter indicates stations deeper than 3 m were potentially depth-impacted, this report includes the
stations at the 5 m depth to provide greater spatial coverage of the lake; thus, six of the 15 Onondaga Lake
stations and one of the two Otisco Lake stations sampled in 2000 were excluded [Larson, 1999b, pers.
comm. D. Analysis of the 1992 data on benthic communities excluded all stations below 4.5 m. However,
no reference station (i.e., Stations OT -6 or OT - 7) was shallower than 4.5 m in the 2000 sampling event.
The Otisco Lake stations were at depths of5 and 9 m, respectively. As such, the limit of exclusion was
increased to 5 m in order to permit the use of a reference station for analysis.
The infonnanon presented below is a brief summary of the data analyses, as per the five matrices specified
by NYSDEC.
.

The reference value(s) are from Otisco Lake's Station OT-6.
Taxa Richness: Values for all but one station (Station S372) in Onondaga Lake
were lower than the reference value of 19, with values ranging from 8 to 16.

.

Dominance:

Values at seven of the nine Onondaga Lake stations were greater

than the reference value om

percent. Dominance values ranged from 63 to 91

percent.

.

NCO Taxa: Values for all Onondaga Lake stations were considerably lower than
the reference value of9, with values ranging from <1 to 4.
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.

Community Composition (PMA): Values at all of the OnondagaLake stations
were less than the reference value of 60, ranging from 22 to 54.

.

Species Diversity: Values at sevenof the nine OnondagaLake stations were
lower than the referencevalue of2.4. Diversity at OnondagaLake StationsS365
(2.5) and S372 (3.1) were higher than the reference value.

Table 9-8 presentsthe results of the impainnent assessmentfor eachstation. As for the 1992data,the
cumulative review of the five metrics (referred to asa multimetric approach)was usedto coalescethe
metrics into a single overall assessment
of eachstation.The assessment
detem1inationfor eachstationwas
madeon the basisthat threeor more of the five metricsexhibited the sameimpainnent category(of either
non-impaired,slightly impaired, moderatelyimpaired,or severelyimpaired).Whenlessthanthreemetrics
to characterize the station. Following is a breakdown of stations by impairment category:

.

Non-impaired (n

.

Slightly impaired (n =3): StationsS365,S372,andaT -6.

.

Moderately impaired (n = 6): Stations S305, S323, S332, S337, S342, and

= 0): None.

S344.

.

Severelyimpaired (n = 1): StationsS317.

Of the 10 (9 OnondagaLake and 1 Otisco Lake) stations considered for further evaluation, none were
found to be non-impaired; 3 stations were found to be slightly impaired; 6 stations were found to be
moderately impaired; and 1 station was found to be severely impaired.
The severelyimpaired station (Station S317)is locatedin the southernend of the lakebetweenthe Metro
outfall and the mouth of OnondagaCreek.Moderately impaired stationsarefound throughoutthe lake,
clustered between Tributary 5A and Harbor Brook, and near the mouths of Nine mile Creek and Ley
Creek!
Two of the three slightly impaired stationsarelocatedin OnondagaLake: one (Station S365)is north of
the mouth of Tributary 5A, andthe other (StationS372)is in the northwesternportion of the lake.The one
referencestation found to be slightly impaired (Station OT -6) is locatedin Otisco Lake. This reference
station (OT -6) differed considerably from sevenof the nine OnondagaLake stations,asit possesseda
disproportionatelyhigh number of zebramussels(Dreissenapolymorpha). The zebramusselcomprised
28 percent of the total individuals for Station OT -6. In OnondagaLake, the zebra mussel was rarely
observedin 1992, but was found in abundanceat two stations in 2000. At StationsS365and S372, the
zebramusselcomprised25 and 7.5percentof the benthic populations,respectively(basedon the average
of five replicates).
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However, despitethe presenceof zebramussels,animportant differencebetweenthebenthicassemblages
at Otisco and Onondaga Lakes are the numbers and percentagesofNCO taxa to chironomidae and
oligochaetetaxa.At Station OT -6, approximately half of the total numberof taxa(15 of33 taxa), andhalf
the taxa richness (9 of19 taxa), were comprised ofNCO taxa. Comparatively, in OnondagaLake, the
NCO to chll-onomidaeand oligochaeteratio wasmuch lower for eight of the nine stations.In fact, at seven
of the eight OnondagaLake stations, the taxa were comprised of25 percent or lessN CO taxa. This is
important to acknowledge because,as statedearlier, chll-onomidaeand oligochaete taxa are generally
considered more pollution-tolerant than NCO taxa.
Stations S365 and S372 had the two highest diversity readings,at2.5 and3.1, respectively,andthe two
highest total number of taxa for OnondagaLake. However, these stations also had high NCO taxa to
chironomidae and oligochaete ratios for total taxa and taxa richness. The ratios of NCO taxa to
chironomidae and oligochaete taxa for these two stations are the following:

.

Total Taxa: Stations S365 (4 NCO of26 total taxa) and S372 (6 NCO of36
total taxa).

.

Taxa Richness: Stations S365 (3 NCO of14 total taxa) and S372 (4NCOof
22 total taxa).

Thus, the high diversity of thesetwo stationsmay not be indicative of a healthy environment, asa large
majority of these taxa are pollution-tolerant.
StationS342was the only OnondagaLake stationto exhibit somewhatsimilar NCO to chironomidaeand
oligochaete ratios as the reference station OT -6.
In the lessthan 5 m depthstratumin OnondagaLake in 2000, the following generalpatternswere found:

.

Taxa Richness: Values for all but one stationin OnondagaLake werelower than
the referencevalue of33 total taxa. Taxa richnessat Station S372(36 total taxa)
off the northeastern shoreline of the lake exceededthe reference value.

.

NCO Taxa: Values for all OnondagaLake stationswere considerablylower than
the referencevalue of 15total taxa, with 8 of the 9 stationshaving a value ofless
than half the reference value.

.

SpeciesDiversity: Values at most stationsin OnondagaLake were lower than
the value of2.4 for Otisco Lake. Diversity at Stations S365 (2.5) and S372(3.7)
were higher than the reference value.
\
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.

Dominance Index: Values at most stations in Onondaga Lake were greater than
the reference value of 77 percent, most likely reflecting the dominance of
oligochaetes and chironomids at most stations in Onondaga Lake.

.

Percent Model Affinity:

Values at most stations in Onondaga Lake were less

than 30 percent with the zebm mussel included in the analysis with Otisco Lake
having the highest PMA of 60 percent.
Statistical

and Classification

Analysis

(2000)

The statistical analysis results for four of the five benthic metrics requested by NYSDEC are smnmarized
in Table 9-9. Results of the metrics analysis show that N CO ricr.ness and species richness (total taxa) were
the most sensitive metrics, since they identified nine and eight stations as being impacted, respectively. By
con1rast,dominance was much less sensitive, identifying no station asbeing impacted. Speciesdiversity was
intermediate in sensitivity, identifying

five stations as impacted.

The patterns described above indicate that much of the littoral zone less than 4.5 m deep in Onondaga Lake
is impacted. These effects are corroborated when one examines them in conjunction with the 1992 and
2000 sediment toxicity test results and 1992 benthic metrics. As stated above, these tests indicate sublethal and lethal effects in nearshore sediments.
For the nine shallow stations (i.e., 1.5 to 5 m) sampled in Onondaga Lake in 2000, one group of closely
related stations was identified (Figure 9-17), consisting of the six shallow stations that extended from south
of Tributary 5A to Ley Creek (i.e., Stations S317, S323, S332, S33 7, S342, and S344). The remaining
shallow stations in Onondaga Lake did not cluster closely with other lake stations, most likely becausethey
were from different parts of the lake: north of Tributary 5A (Station S365), offNinemile Creek (Station
S305), and off the northeastern shoreline (Station S372).
The reference station from Otisco Lake (Station OT6) showed little similarity to the stations from
Onondaga Lake. Inspection of the taxonomic composition of the reference station showed that the benthic
community at that station was dominated by the zebm mussel, which was not found in Otisco Lake during
the RI sampling in 1992. That species accounted for nearly half (i.e., 45 percent) of the total number of
organi'sms found at Station OT6 in 2000, at a density of 23,000 individuals/m2.
In Onondaga Lake, the zebra mussel was rarely observed in 1992, but was found in abundance at two
stations in 2000. At Station S365 (north of Tributary 5A) the mussel comprised 31 percent of the benthic
community, at a density of7,600 individuals/m2. At Station S372, off the northeastern shoreline, the mussel
comprised 12 percent of the benthos, at a density of5,400 individuals/m2. The large abundances ofzebm
mussels at those two stations was likely one reason that the stations were not similar to other stations in the
lake, based on the results of the classification
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9.2.2.3 Comparisons

of Benthic Communities

in Tributaries

of Onondaga Lake

In 1992, the mouths of the eight tributaries were sampled for evaluation of their benthic commtmity structure
(see Chapter 7, Figure 7-2). Table 9-10 presents the results of the impairment assessment for each
tributary station. The cumulative review of the five metrics was used to coalesce the metrics into a single
overall assessment of each station, as was done for the lake. Following is a breakdown of stations by
impairment category:

.
.
.

Non-impaired
Slightly

(n

impaired

Moderately

=2): Stations Tll
(n

= 0):

impaired

(n

(Bloody Brook) and TIS (Sawmill Creek).

None.

= 2):

Stations T13 (Ninemile Creek) and T7 (East

Flume).

.

Severely impaired (n

= 4): Stations Tl

(Harbor Brook), T3 (Onondaga Creek),

TS (Ley Creek), and T9 (Tributary SA).
The benthic macroinvertebrate communities near the mouths of the tributaries to Onondaga Lake were
compared using the samemethods of classification analysis described above for benthic commtmities in the
lake. The analysis identified three groups of tributaries based on abundancesofbenthic macroinvertebrates
(Figure 9-18), as follows:
.

Group A included the four largest tributaries (Harbor Brook, Onondaga Creek,
Ley Creek, and Ninemile

.

Creek).

Group B included the two small tributaries on the western shoreline of the lake (the
East Flume and Tributary SA).

.

Group C included the two small tributaries on the eastern shoreline of the lake
(Bloody Brook and Sawmill Creek).

The major characteristics of the benthic macroinvertebrate communities near the mouths of the eight
tributaries are presented in Figure 9-1. The following major differences were found among the three groups
of tributaries identified in the classification

.

Taxa richness

analysis:

- This variable was highest in Group C, intermediate in magnitude

in Group A, and generally lowest in Group B.

.

Oligochaetes

- The highest

oligochaete densities were found in Group A and

Tributary SA, whereas densities in most of the other tributaries were uniformly
lower.
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.

Chironomids

- The highest chironomid

densities were found in Group C, the East

Flume, and Ninemile Creek, whereas densities in the other tributaries were highly
variable, but generally much lower.

.

Amphipods

-

The highest amphipod densities were found in Group C and

Ninemile Creek, whereas densities in the other tributaries were unifonnly lower
and no amphipods were found in the East Flume and Tributary 5A.
Theseresults indicate that the major characteristics ofbenthic communities were generally similar within the
three
groups.
Although tributary size and shoreline location may have been partly responsible for the patterns identified
by the classification analysis, the tributary groupings may also have been influenced by stressors such as
chemical toxicity and organic enrichment.
The high taxa richness in Group C suggeststhat communities in those tributaries (i.e., Bloody Brook and
Sawmill Creek) are minimally altered. High taxa richness indicates that many less-abundant speciesinhabit
those tributaries. In many cases, the less-abundant benthic species tend to be more sensitive to stressors
than the more-abundant species.
In contrast with the patterns described above for benthic communities in Group C, the relatively low taxa
richness in Group B suggeststhat communities in those tributaries (i.e., the East Flume and Tributary 5A)
are altered to a much greater degree. However, the moderate densities of chironomids found in the East
Flume suggest that communities in that tributary are less altered than communities in Tributary 5A.
The intemlediate values of taxa richness found for Group A suggest that communities in those tributaries
(i.e., Harbor Brook, Onondaga Creek, Ley Creek, and Ninemile Creek) are moderately altered. In
substantially affected by chemical contamination, ionic waste, or organic enrichment. However, the
relatively high densities of chironomids and amphipods, aswell asthe relatively low densities of oligochaetes
in Ninemile Creek, indicate that communities in that tributary are much less altered than communities in the
other tributaries from Group A.
However, if the results of the impaimlent assessment are examined, a slightly different understanding
emerges when all benthic metrics are considered, as required by NYSDEC and suggestedby several peer
review panels. The Group C tributaries, Sawmill Creek and Bloody Brook, are non-impaired, while the
majority of Group A tributaries (with the exception ofNinemile

Creek but including Tributary 5A) are

severely impaired, and Group B (without Tributary 5A but with Ninemile Creek) are moderately impaired.
However, when the densities of chironomids, amphipods, and oligochaetes are examined (Figure 9-19),
it can be seen that Tributary 5A resembles Harbor Brook, Ley Creek, and Onondaga Creek, while
Ninemile Creek may be more altered than communities in the other Group A tributaries and more in line
with the East Flume benthic communities.

NYSDECrr AMS Onondaga Lake BERA

9-25

December 2002

However, NYSD EC (Larson, 1999b, pers. comm.) stated that, based on NYSD EC kick sampling of the
tributaries to Onondaga Lake in 1989 and from 1994 to 1996, the data indicate that Bloody Brook and
Sawmill Creek are at least moderately impaired. This raises concerns about using a lake model for the
tributary mouths. More appropriate assessmentsare obtained based on the kick-sampling results (Larson,
1999b, pers. comm.), which indicate that Harbor Brook, Ley Creek, Bloody Brook, Ninemile Creek, and
Sawmill Creek are moderately impacted and that Onondaga Creek, the East Flume, and Tributary SA are
severely impacted.
9.2.3

Comparison

of Results of Sediment

Community

Toxicity

Test and Benthic

Macroinvertebrate

Evaluations

In this section, the 1992 results of the sediment toxicity tests and benthic macroinvertebrate community
evaluations for Onondaga Lake are compared to determine the extent to which they agree. Close
agreement between these different kinds of indicators enhances confidence that the observed patterns of
adverse biological

effects are real and that they are likely the result of chemical toxicity.

9.2.3.1 Comparisons

Based on Benthic Groups

The sediment toxicity results for stations in the various benthic groups identified by classification analysis
are compared in Figures 9-20 and 9-21. In general, the toxicity results( mean survival and mean biomass)
were closely related to the benthic groups in Figures 9-13 and 9-14, with mean survival and mean biomass
for both amphipods and chironomids generally declining from groups based on minimally altered benthic
communities (based on benthic metrics) to groups based on communities exhibiting major alterations (based
on benthic metrics).
9.2.3.2 Comparisons

Based on Adverse Effects

Comparisons of results of the 1992 effects designations (i.e., the presence or absence of adverse biological
effects) based on the sediment toxicity tests and the benthic macroinvertebrate community evaluations are
presented in Figure 9-22. The percentages of stations identified as having adverse effects varied for the five
biological indicators as described below:

.

The lowest values were found for amphipod survival and chironomid biomass (0.8
and 13 percent, respectively).

.

The highest values were found for benthic community alterations and chironomid
survival (43 and 29 percent, respectively).

These results indicate that chironomid survival and benthic community alterationSwere the most sensitive
indicators of sediment toxicity. Chironomid survival would be expected to be a sensitive indicator because
it is a response of an organism that burrows into the sediment. Benthic community alterations would also

NYSDECrr AMS Onondaga Lake BERA

9-26

December 2002

be expected to be a sensitive indicator because it incorporates chronic exposure and sublethal effects on
resident organisms, as well as acute exposure and lethal effects on those organisms.
Most stations at which lethal sediment toxicity and major benthic community alterations were found are
located in the nearshore zone between Tributary 5A and the Metro outfall (Figure 9-22). Although
most of the widespread sublethal toxicity was based only on the chironomid test and may be due to factors
such as substrate type.
Agreement between the effects designations based on sediment toxicity tests and benthic community
alterations was very high. Of the 48 stations at which both kinds of indicators were evaluated, the two kinds
of indicators agreed on effects designations in 28 cases (58 percent) and disagreed in 20 cases (37
percent). This level of agreement was significant (P ~ 0.01, binomial test) compared to an assumed level of
random agreement of 50 percent.
Based on the 2000 toxicity test results of the nine stations that were evaluated for both toxicity and benthic
metrics, eight stations showed toxic and benthic community impairment with six of eight stations being
moderately to significantly
9.2.4

Development

impaired.

of Site-Specific

Sediment Effect Concentrations

and Consensus Probable

Effect Concentrations
Sediment effect concentrations (SECs) and consensus probable effect concentrations (PECs) were derived
(using the sediment chemistry and toxicity data collected in 1992 and 2000) to allow site-specific
assessment of whether the sediment chemical concentrations found at various stations in the lake were
potentially related to adverse biological effects.
The SECs and PECs were developed primarily using the 1992 toxicity test data because that data set
contained a large number of stations (i.e., 79) that were distributed across broad ranges of sediment
chemical of concern (COC) concentrations throughout the entire lake. Development ofSECs using the
smaller 2000 data set was performed to evaluate whether the chronic toxicity endpoints would provide a
different outcome than the short-term tests performed in 1992. Onondaga Lake SECs and PECs were
developed for all thirteen metals and 17 organic contaminant compounds identified as COCs in Chapter
6. In addition, total polychlorinated

biphenyls (PCBs) and total PAHs were broken out into specific

Aroclor components and individual polycyclic aromatic hydrocarbon (P AH) compounds to provide
additional detail for the risk characterization in Chapter 10.
The information on benthic macroinvertebrate communities collected during 1992 was not used to develop
the SECs or PECs, because it was found that benthic communities at every station in the lake are impaired
to some degree; thus, it is not possible to calculate an SEC because these calculations require that a certain
proportion of stations have no effects. The results of the benthic macro invertebrate evaluations for
Onondaga Lake were, therefore, used primarily to interpret the magnitude and significance of any potential

NYSDECffAMS

Onondaga Lake BERA

9-27

December 2002

sedimenttoxicity predicted on the basisof the SECs.Site-specific SECswere developedfor Onondaga
Lake using the apparenteffectsthreshold(AE1) approach,aswell ascalculationof effectsrange-low(ERL), effectsrange-median(ER-M), probableeffect levels (PEL), and threshold effects level (TEL) values.
Consensus-basedPECs for COCs in Onondaga Lake were developed following the methodology
describedin MacDonald et al. (2000) andIngersoll et al. (2000) asthe geometricmeanof the site-specific
SECs. These sediment guidelines, coupled with other site-specific information on potential risks to
ecologicalreceptors,may be usedasonetool in the derivation of site-specificsedimentcleanupcriteria in
the FS. USEPA (1997b) recently usedAETs (in conjunction with other kinds ofSECs) to evaluatethe
potential toxicity of sediments from over 21,000 stations throughout the US as part of the National
SedimentQuality Survey.The AET approachhasalsobeenusedby the Washington StateDepartmentof
Ecology (WSDE) to developpromulgatedstatesedimentstandardsfor managingcontan1inated
sediment
in Puget Sound, Washington (WSDE, 1995).
Basedon recentreviews of the methodanddevelopmentof theproposedFreshwaterSedimentGuidelines
by WSDE (1997), Ingersoll et al. (1996,2000) indicated that SEC values basedon dry weight organic
chemical
datain sensitivity (i.e., false negatives)and efficiency (i.e., false positives).In this BERA, all SECsare
developed basedon sediment dry weight contaminant concentrations for both organic and inorganic
contaminants.
9.2.4.1 Development of Apparent Effect Threshold Effect Levels
The AET for a given chemical is the sedimentconcentrationabovewhich a particularadversebiological
effect (e.g., increasedmortality or decreasedbiomass)is alwaysstatisticallysignificant (P~ 0.05)relative
to appropriate reference conditions (WSDE, 1997). The objective of the AET approachis to identify
concentrations of contaminants that are associatedexclusively with sedimentsexhibiting statistically
significant biological effects relative to reference sediments.
A detailed description of AET methodology is found in Michelsen and Shaw (1996). AETs can be
developedfor any kind of biological indicator that hascorrespondinginformation on sedimentchemical
concentrations.
In order to conduct an appropriateanalysis, siteswere grouped, or "matched," according to a sediment
characteristic(e.g., grain size,total organiccarbon[TOC], or water depth).Sedimenttype was utilized to
assignthe appropriatereferencestationto the OnondagaLake stations.StationOT3 is primarily madeup
of sand,andthe next least-impactedsite,StationOT4, is primarily madeup of fines. Michelsen and Shaw
(1996) offers guidancefor samplescollectedfrom multiple referencestations.Pair-wisecomparisonsare
necessarybecauseeachsite station needsto be handled separately;therefore,multiple comparisontests
that comparethe distribution of the datafor all locations arenot appropriate(MichelsenandShaw,1996).
For eachchemical,AET s were developedfor all four measuresof sedimenttoxicity from the 1992toxicity
data(amphipod survival andbiomassandchironomid survival andbiomass)andsix measuresof toxicity
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from the 2000 data setevaluatedduring the RI (i.e., amphipod survival, biomass,andreproductionand
chironomid survival, biomass, and emergence)in Tables 9-11 and 9-12. The 2000 AETs in Table 9-12
are provided for comparison pu!p°ses only and are not used to derive site-specific SECs.
The final AET for eachCOC was defined asthe lowest of all four AETs (amphipod survival andgrowth
and chironomid survival and growth) derived from the 1992 toxicity data set. AETs could not be
determined for four organic compounds (ie., pyrene, indeno(1,2,3-cd)pyrene, chrysene, and
benz[a]anthracene)becausethe concentrations of those COCs were not found over a sufficiently large
range.
9.2.4.2 Development of Other Site-Specific Sediment Effect Concentrations
Two commonly usedapproachesto developing SECs,other than the AET approach,were evaluatedfor
site-specificapplicationto OnondagaLake. Theseapproachesarecurrently usedby theNational Oceanic
andAtmosphericAdministration's (NOAA's) National StatusandTrendsProgramto evaluatesediments
nationwide; by Environment Canada(CCME, 1995);and by the Stateof Florida (MacDonald, 1994)to
derive sediment quality guidelines.
One approachwas developed by Long and Morgan (1990) and calculates two kinds ofSECs for each
chemical, the ER-LandER-M. The secondapproachwas developed by MacDonald et al. (1996) and
also calculates two kinds of SECsfor eachchemical, the TEL and PEL. For both approaches,the two
SECsrepresenta lower level (i.e., ER -Land TEL) below which adverseeffects arenot expected,anda
higher level (i.e., ER-M and PEL) abovewhich effectsarelikely to occur. The approachesof Long and
Morgan (1990) and MacDonald et al. (1996) calculate SECs as follows:

.
.
.

ER-L: 10thpercentile of the concentration distribution for the effects data.
ER-M: Median of the concentration distribution for the effects data.
TEL: Geometricmeanof the 15thpercentileof the concentrationdistribution for
the effects data and the median of the distribution for the no-effects data.

.

PEL: Geometric meanof the ER-M andthe 85thpercentile of the concentration
distribution for the no-effects data.

For both approaches,the effects distribution for eachchemical is defmed asthose stations at which a
biological effect is observedandtheassociatedchemicalconcentrationis greaterthanor equalto twice the
mean concentration of the no-effect stations. In addition, MacDonald et al. (1996) stipulate that it is
desirable for both the effects and no-effects distributions to include at least 20 data entries.
A major distinction betweenthe various kinds ofSECs is the mannerin which effectsandno-effectsdata
are used. As shown by the defmitions above, the ER-L/ER-M values are basedonly on effects data,
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whereasthe TEUPEL values arebasedon both the effects and no-effects data.As describedpreviously
in this section, AET values are based only on the no-effects data (i.e., "nonimpacted" stations).
For OnondagaLake, the various kinds ofSECs were developedprimarily on the basisof the chironomid
survival endpoint, which identified effects at 35 of the 79 stations sampledin 1992.None of the other
endpointsidentified effectsat a sufficient number of stationsto achievethe stipulationof MacDonald et al.
(1996) that the effectsand no-effects distributions should both have at least20 dataentries.The resultsof
these calculations are presented for comparison in Table 9-13.
The various SECswere initially calculatedon the basisof chironomid stnvival only andon thebasisof any
kind of toxic effect. Becausethe resulting SECsshowedlittle differences,the subsequentanalyseswere
conducted only using the survival endpoint.
9.2.4.3 Evaluation of Mercury Sediment Effect Concentrations
The results of the mercury SEC comparisons arepresentedin Table 9-13. To assessthe accuracywith
which the various setsofSECs identified the presenceor absenceof effects in OnondagaLake in 1992,
the following perfonnance criteria were calculated using mercury as an example:
.

False Positives (Type I Error): The percentageof stations predicted to have
effects (i.e., basedon exceedanceof one or more of the SECs)that actually had
no observed effects based on the chironomid survival results.

.

False Negatives (Type II Error): The percentageof stationspredicted to have
no effects(i.e., basedon lack of exceedanceof any of the SECs)that actually had
observed effects based the chironomid survival results.

.

Overall Accuracy: The percentageof all samplesthat were correctly predicted
to have effects, or not to have effects based on the SECs.

From a practical standpoint, a high percentageoffalse positives is undesirablefor a setofSECs because
a largenumber of stationspredictedto havetoxic sedimentsactually would not havesuchsediments.This
could potentially result in remediationof areaswhere suchactivities arenot warranted.By contrast,ahigh
percentageof falsenegativesis undesirablebecausea large number of stationspredictednot to havetoxic
sedimentsactually would have suchsediments.This could potentially result in remedialactionsnot being
selectedfor all areaswhere they are warranted. Ideally, therefore, a set ofSECs should have relatively
small percentagesof both false positives and false negatives.
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The major perfonnance criteria patterns for mercury are as follows:

.

False Positives (Type I Error): The AET for mercury had the lowest false
positive error (14 percent), whereasvalues for the other SECsrangedfrom 33
percent (ER-M and PEL), 53 percent(ER-L), and 48 percent (TEL).

.

False Negatives (Type II Error): The ER-L had the lowest falsepositive error
(12 percent), whereas errors for the other SECs were 47 percent (ER-M and
PEL), 48 percent (TEL), and 82 percent (AET ).

.

Overall Accuracy: The mercury ER-M/PEL had the highestdegreeof overall
accuracy(66 percent),followed by the AET value of 65 percent,with the TEL at
56 percent and the ER-L at 51 percent.

Based on the results of the SEC evaluations described above, it can be concluded that no one of the
methodologiesemployedaccuratelydescribeor predict thresholdconcentrationsof toxicity in Onondaga
Lake sediments,nor can anyone methodology accurately attribute the toxicity observedto any single
contaminant.Thesevaluescannotbe absolutebecauseof the exposureof organismsto a complex mixture
of metals and other contaminants which make it difficult to attribute the toxicity to any particular
contaminantHowever,collective evaluationthrough a strength-of-evidenceapproachdoesprovideuseful
infonnation.
9.2.4.4 Evaluation of Sediment Effect Concentrations Based on the 2000 Data
As describedpreviously, sedimenttoxicity datawere collected at 15 stationsin OnondagaLake in 2000
primarily to comparethe resultsof the 42-dayamphipodandchironomidtoxicity testswith the 1992results
of the 1O-dayamphipod and chironomid toxicity tests.As shown in Section 9.2.1.3, the results of the
42-day tests were similar to those of the 10-day tests with respect to the areasof the lake in which
sediment toxicity was present or absent.
In this section,an evaluation is conductedto determinewhetherSECsbasedon the 2000dataaresimilar
to tho&edeveloped using the 1992data.However, becausethe 2000 datawere collected at a relatively
In
addition, becausethe concentrationrangesof the organicchemicalsmeasuredat the 15stationswerenot
evenly distributed betweenhigh, medium, and low values(asopposedto mercury), it was only possible
to developmeaningfulAETs for metals.OrganicAETs werecalculated(Table9-12),but areprovidedonly
for qualitative comparison to the 1992 AET values.
The resultsof the 1992/2000SEC comparisonsarepresentedin Table 9-14 for sevenmetals.Therewas
no consistentpatternwith respectto onekind ofSEC being greaterthan the other. The two kinds of AET s
generally agreed,within a factor of two, for all of the metals;therefore,agreementbetweenthe two sets
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of AETs can be considered relatively good. For example, Long et aI. (1995) considered agreementamong
various kinds of SECs to be close when they agreed within a factor of three.
9.2.4.5 Development

of Consensus Based Probable Effect Concentrations

Consensus-based probable effect concentrations (PECs) for COCs in Onondaga Lake were developed
to support an assessment to sediment-dwelling

organisms and follow the methodology described in

MacDonald et al. (2000) and Ingersoll et al. (2000). The PECs are the geometric mean of the AET, PEL,
TEL, ER-M, and ER-L SECs. In addition, the PECs:

.
.

.

Provide a unifying synthesis of site-specific effects concentrations.
Reflect causal rather than correlative effects.
Account for the effects of sediment COCs.

The PECs do not consider the potential for:

.

Bioaccumulation

.

Potential effects that could occur throughout the food web as a result of

in aquatic species.

bioaccumulation.

.

Synergistic or antagonistic effects of chemical mixes in the sediment.

Onondaga Lake PECs were developed for all compounds identified as COCs (see Chapter 6) based on
the 1992 data and are presented in Table 9-13.
9.2.5

Acid-Volatile

Sulfide

Based on the concentrations of acid-volatile sulfide (A VS) observed throughout Onondaga Lake during
the 1992 and 2000 RI sampling, the bioavailability of divalent metals such as cadmium, copper, lead,
mercury, nickel, silver and zinc should be limited during the summer months in anoxic sediments. Because
A VS binds with metals, it reduces their bioavailability (DiT oro et al., 1990, 1992). When the molar ratio
of simultaneously extracted metals (SEM) to A VS is less than or equal to 1, toxicity due to the divalent
metals is not predicted becausea sufficient amount of A VS is present to bind with the total amount ofSEM.
However, when the SEMI A VS ratio is greater than 1, toxicity may occur, depending on the concentrations
ofSEM and the presence or absence of other factors that modify the bioavailability

of metals (USEP A,

1994a, 1995a; Ankleyet al., 1996; Berry et aI., 1996). Uncertainties related to use of the SEMI A VS ratio
are discussed in Chapter 10.
As shown in Figure 9-23, A VS concentrations throughout most of the deeper parts of Onondaga Lake in
1992 were very high (>2,000 mg/kg), reflecting the hypereutrophic condition of the lake. By contrast,
concentrations in most of the shallow nearshore areas of the lake were less than 500 mg/kg. The
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SEMI A VS ratios at most stations in the lake were less than or equal to 1 during both 1992 and 2000
(Figure 9-24), largely reflecting the high concentrations of A VS found throughout most of the lake. The
SEMI A VS ratios were greater than 1 a~13 stations in the shallowest parts of the lake in 1992, indicating
that divalent metals could cause sediment toxicity at those stations. However, most of those stations were
characterized by coarse-grained sediments with low concentrations of both SEM and A VS. Therefore,
SEMI A VS ratios greater than 1 at those stations would not necessarily result in sediment toxicity. In fact,
sediment toxicity was observed at only 3 of those 13 stations during the RI.
The theoretical wisdom indicates that there should not be any methylmercury in the sediments of the
hypolimnion if there is excess A VS. As indicated on Figure 9-24, there is (or should be) enough A VS to
complex the divalent metals and that should bind the inorganic mercury so it is not available to form
methylmercury. There is sufficient literature to support the contention that A VS will bind inorganic mercury
and make it unavailable for methylation. On the other hand, Long et al. (1998) suggeststhis process does
not always occur under field conditions. Methylmercury formation in aquatic systems is influenced by a
wide variety of environmental factors. The efficiency of microbial mercury methylation generally depends
on factors such as microbial activity and the concentrations ofbioavailable mercury, which in turn are
influenced by temperature, pH, redox potential, and the presence of inorganic and organic complexing
agents.Earlier studies noted that mercury methylation is inhibited by high sulfide levels in soils, sediments,
and bacterial cultures (Fagerstrom and Jernelov, 1971; Bisogni and Lawrence, 1975; Jacobs and Keeney,
1974; Talmi and Mesmer, 1975). It was speculated that in the presence of sulfide, Hg forms insoluble HgS,
which is not readily available for methylation under anaerobic conditions (Fagerstrom and Jemelov, 1971;
Gillespie, 1972). However, current studies have reported that the solubility ofHg is actually increased in
the presence of excess sulfide, most likely due to the formation of soluble complexes (Gognon et al, 1997;
Benoit et al, 1998; Bloom et al., 1999). Recently, the work of Benoit et al (1998, 1999a, 1999b) shows
that sulfide affects the bioavailability of mercury by controlling mercury speciation, and suggeststhat the
bioavailability of mercury in sediments is determined by the concentration of neutral dissolved mercury
complexes such as HgSO, which may readily diffilseacross bacterial cell membranes.
It is also important to note that the use of A VS to predict non-toxic sediment is less conservative than the
use of sediment quality guidelines. Long et al. (1998) folUld that A VS resulted in a 19 percent false negative
rate when they evaluated 77 samples from five marine locations. The authors reported that the use of the
NOAA ER-Ls resulted in no false negatives. A VS may also be a poorpredictorofbioaccumulationof
metals (Ankley, 1996). Work by Howard and Evans (1993) in stratified lakes in Canada points toward
another issue: seasonal changes of A VS concentrations in eutrophic lakes where significant temporal and
spatial changes in A VS concentrations occur and bioavailability of divalent metals may increase strongly
during times when the lake sediments are oxidized. Since no temporal variation in A VS levels was
determined in this BERA, the usefulness of these data to predict the lack of year-round bioavailability and
toxicity is questionable.
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9.3

Effects Characterization for Terrestrial and Aquatic Vertebrates

9.3.1

Selection of Measures of Effects

For the selection ofTR V s in this assessment, a comprehensive literature search of laboratory and field
studies was conducted on the toxicity ofCOCs to terrestrial and aquatic vertebrates. Using the Ovid search
engine, a variety of databases were searched for references containing toxicity information, including the
following:

.
.

TOXLINE.

.

TOXNET (including the Aquatic Information Retrieval Database [AQUIRE]).
USEP A's and US Army Corps of Engineers' (USACE' s) Environmental Residue

.

Effects Database (ERED).
National Library of Medicine (NLM) MEDLINE.

Secondary sources that were used to identify studies that may have been overlooked in the database
searches included the following:

.

US Fish and Wildlife

.

Agency for Toxic Substances Disease Registry (ATSDR) documents.
USEPA Great Lakes Water Quality Initiative documents.
Jarvinen and Ankley database (1999).

.
.

Service Contaminant Hazard Reviews.

A number of criteria were considered in order to evaluate the appropriateness of a particular study for
inclusion in the database used for this BERA. First of all, doses should be quantified and reported. An
appropriate study design, including the use of adequate sample size and an appropriate negative control
group, should be included in the design. Appropriate statistical analyses should be conducted and the
statistical significance of the results reported. The remainder of this section describes the rationale that was
used to select TRVs for the representative receptors.
Some studies examine toxicity endpoints (such as lethality, growth, and reproduction) that are thought to
have ~ter
potential for adverse effects on populations of organisms than toxicity endpoints evaluated in
other studies. Other studies examine toxicity endpoints, such as behavior, disease, cell structure, or
biochemical changes,that affect individual organisms but may not result in adverse effects at the population
level. For example, toxic effects such as enzyme induction mayor may not result in adverse effects to
individual animals or populations. This BERA prefers 1R V s from studies that examine the effects ofCOCs
on growth or reproduction, as these endpoints typically present the greatest risk to the viability of the
individual

organism and, therefore, survival of the population. Thus, these are considered to be the

endpoints of greatest concern relative to the stated assessment endpoints.
Because of the persistence of contaminants in Onondaga Lake, the exposure of ecological receptors is
expected to be long-term. Some reproductive effects of contaminants are typically seen after long-term
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exposure, or in offspring of exposed individuals. Therefore, studies of chronic exposure were used to select
TR V s for this risk assessment.
Dose-response studies compare the response of organisms exposed to a range of doses to that of a control
group. Ideally, doses that are below and above the threshold level that causes adverse effects are
examined. Toxicity

.

endpoints determined in dose-response and other studies include:

No observed adverse effect level (NOAEL):

The highest exposure level

shown to be without adverse effect in organisms exposed to a range of doses.
NOAELs may be expressed as dietary doses (e.g., mg COC consumed/kg body
weight per day [-d]), as concentrations in external media (e.g., mg COCikg food),
or as concentrations in tissue of the exposed organisms (e.g., mg chemical/kg egg).

.

Lowest observed adverse effect level (LOAEL): The lowest exposurelevel
shown to produce adverse effect in organisms exposed to a range of doses.
LOAELs may also be expressedas dietary doses(e.g., mg COC consumed/kg
body weight-d), asconcentrationsin externalmedia (e.g.,mg COC/kg food), or
as concentrations in tissue of the exposed organisms (e.g., mg chemical/kg egg).

.

LDso: The lethal dose that results in the death of 50 percent of the exposed
organisms.Expressedin uni~ of dose(e.g.,mg COC administered/kgbodyweight
of test organism-d).

.

LCso: The lethal concentration in some external media (e.g. food, water, or
sediment) that results in the death of 50 percent of the exposed organisms.
Expressed in units of concentration (e.g., mg COC/kg wet weight [ww] food).

.

EDso: The effective dose that results in a sublethal effect in 50 percent of the
exposed organisms (mgikg-d).

.
.

.

ECso:The effectiveconcentrationin someexternalmediathat resultsin a sublethal
effect in 50 percent of the exposed organisms (mgikg).
Critical body residue (CBR): The concentrationin the organism (e.g.,whole
body, liver, or egg) that is associatedwith an adverseeffect (mg COC/kg ww
tissue).

.

EL-effect: The effect level that resultsin an adverseeffect in organismsexposed
to a single dose,ratherthan a rangeof doses.Expressedin units of dose(mgikgd) or concentration (mgikg).
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.

EL-no effect: The effect level that does not result in an adverse effect in
organisms exposedto a single dose,rather than a range of doses.Expressedin
units of dose (mgikg-d) or concentration (mgikg).

Most USEPA risk assessments
typically estimaterisk by comparing the exposureof receptorsof concern
to TRV s that arebasedon NOAELs. TRV s for this BERA were developedon the basisof both NOAELs
and LOAELs to provide perspective on the range of potential effects relative to measuredor modeled
exposures.
Differences in the feeding behavior of aquatic and terrestrial organisms determine the type of toxicity
endpointsthat aremost easilymeasuredandmostusefulin assessingrisk. For example,the doseconsumed
in food is more easily measuredfor terrestrial animalsthan for aquaticorganismssinceuneatenfood can
be difficult to collect and quantify in an aqueousenvironment.Therefore,for aquaticorganisms,toxicity
endpointsaremore often expressedasconcentrations in external media (e.g.,water) or asaccumulated
concentrationsin the tissueof the exposedorganism(alsocalled a "body burden"). In somestudies,doses
are administered via gavage, intraperitoneal injection into an adult, or injection into a fish or bird egg.
Whereappropriatestudiesareavailable,TRV s for this BERA were selectedon thebasisof the most likely
route of exposure,which for fish areexpressedasCBRs (e.g.,mgikg whole body weight andmgikg lipid
in eggsor whole body) and for wildlife receptors(i.e;, birds andmammals)areexpressedasdaily dietary
doses (e.g., mgikg whole body weight-d).
9.3.1.1 Methodology Used to Derive Toxicity Reference Values
The literature on toxic effects ofCOCs to animals includes studiesconductedsolely in the laboratory, as
well asstudiesincluding a field component.Eachtype of studyhasadvantagesanddisadvantagesfor the
purpose of deriving TRV s for a risk assessment.For example, a controlled laboratory study can be
designedto test the effect of a contaminant on the test speciesin the absenceof the effects of other cooccurringcontaminants.This is anadvantage,sincegreaterconfidencecanbeplacedin the conclusionthat
observed effects are related to exposure to the test compound. However, laboratory studies are often
conductedon speciesthat areeasilymaintainedin thelaboratory,ratherthan on wildlife species.Therefore,
laboratory studiesmay have the disadvantageof being conductedon speciesthat are lessclosely related
to a particular receptor. This not a great disadvantageto the risk assessment,since the assessment
endpointsevaluatefeeding groups,asrepresentedby individual receptormodels. Field studieshavethe
advantagethat organisms are exposedto a more realistic mixture of contaminants than, for example,
laboratoryteststhat exposeorganismsto a specific form of a contaminant(e.g.,methylmercury chloride
or Aroclor 1254). Field studies have the disadvantagethat organisms are usually exposed to other
contaminants,andobservedeffects may not be attributable solely to exposureto a specific contaminant.
Field studieswere usedin this BERA when they were availablefor speciesin the sametaxonomic family
asthe receptorof concernand examinedrelevant sensitiveendpoints,suchasreproductiveeffects.When
appropriatefield studieswere not available for a test speciesin the sametaxonomic family asthe receptor
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speciesof concern,laboratorystudiesor field studieson less-closely-relatedspecieswereusedto establish
TR V s for the receptorspecies.The generalmethodologydescribedin the following paragraphswas used
to derive TRVs.
Whenappropriatechronic-exposuretoxicity studieson the effectsof contaminantson lethality, growth, or
reproductionwere not available for the speciesexaminedfor a particular assessment
endpoint,studieson
other specieswere used to develop TR V s. In general, few receptor-specific studies were available.
Therefore,avian TR V s were developedfor application to avian receptorsand mammalian TR V s were
developed for application to mammalian receptors.
The generalmethodologyusedto developLOAEL andNOAEL TRV s for this BERA is describedbelow:

.

If an appropriateLOAEL was unavailablefor a phylogenetically similar species
(e.g.within the sametaxonomic family), the assessmentuseda study conducted
on another species,preferably one that was closely related to the receptor of
concern. Whenever several studieswere available, professionaljudgment was
used to select the most appropriate LOAEL. Interspecies uncertainty factors,
which accountfor potential differencesin sensitivity betweena testspeciesanda
receptor, were not used in the development of the fmal TRVs for the risk
assessment.

.

In the absence of an appropriate NOAEL, an appropriate LOAEL may be
divided by a conversion factor of 10 to estimate a NOAEL. The LOAEL to
NOAEL conversionis similar to USEPA's derivation ofhuman healthreference
dose (Rill) values, where LOAEL studies are adjusted by a factor of 10 to
estimate NOAEL values (Dourson and Stara, 1983).

.

When calculatingchronic dietarydose-basedTRV s (e.g.,mgikg-d) from datafor
sub-chronictests,the sub-chronicLOAEL or NOAEL valueswere divided by a
conversionfactorofl Oto estimatechronic TRVs. The useof a conversionfactor
of lO is consistent with the methodology used to derive human health Rills
(Dourson and Stara, 1983).
USEPA hasnot establisheda defmitive line between sub-chronic and chronic
exposuresfor ecological receptors.This BERA generally follows Sampleet al.
(1996), which considerslO weeksto be the minimum time for chronic exposure
ofbirds andoneyearfor chronicexposureof mammals(basedon half the life span
of laboratory rodents). However, in addition to duration of exposure,the time
when contaminant exposure occurs is critical. Reproduction is a particularly
sensitivelife stage,dueto the stressedcondition of the adultsandtherapidgrowth
and differentiation occurring within the embryo (Sampleet al., 1996).For many
species,contaminant exposure of a few days to as little as a few hours during
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gestation and embryo development may produce severe adverse effects. Because
TR V s were selected to evaluate the potential for adverse effects on wildlife
populations and impaired reproduction is likely to affect populations, contaminant
exposures of less than one year or 10 weeks, but that occur during reproduction,
were considered to represent chronic exposures.

.

In cases where TRVs were available as a dietary concentration (e.g., mg
contaminant per kg food), a daily dose for birds or mammals was calculated on
the basis of standard estimates of food intake rates and body weights (e.g.,
Sample et al., 1996; USEP A, 1993b).

9.3.2

Fish

Eleven COCs, i.e., antimony, arsenic, chromium, mercury/methylmercury, selenium, vanadium, zinc, DDT
and metabolites, endrin, total PCBs, and dioxins/furans, were selected for fish. Risk was characterized
based on measured body burdens in whole fish, which were then compared to body burden-based TRV s.
Due to the limited range ofbody burden studies available, one set ofTR V s was selected to apply to all fish
species (Table 9-15).
9.3.2.1 Antimony
Antimony is a naturally occurring metal that is used in various manufacturing processes.Acute oral exposure
of humans and animals to high doses of antimony or antimony-containing compounds may cause
gastrointestinal disorders (e.g., vomiting, diarrhea), respiratory difficulties, and death at extremely high
doses (Young, 1992). Subchronic and chronic oral exposure may affect hematologic parameters.
Doe et al. (1987) examined the toxicity of antimony to rainbow trout (Oncorhynchus mykis) in a 3D-day
test. Trout fmgerlings (1.2 g) were exposed to antimony potassium tartrate in water at concentrations of
8 and 16 mg/L over a 3D-day period. Fingerlings exposed to the higher dosage showed a reduction in
survival of 50 percent, while those at the lower dosage showed no survival effects. Tissue residues were
9.0 mg/kg ww for fingerlings that showed reduced survival and 5.0 mg/kg ww for those with no survival
effects. These values were selected for a LOAEL and NOAEL of9.0 and 5.0 mg/kgww,

respectively.

Sublethal antimony effect levels, such as reproductive endpoints, are likely to be much lower than these
values.
9.3.2.2 Arsenic
Arsenic occurs naturally as sulfides and as complex sulfides of iron, nickel, and cobalt. However,
anthropogenic input exceeds the amount of arsenic occurring naturally by about a factor of three (Eisler,
1988a).lnorganic forms of arsenic are more toxic than organic forms, and trivalent are more toxic than
pentavalent forms. Arsenic toxicity varies between species and the effects can be altered by physical,
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chemical, and biological conditions. Health effects may occur to the respiratory, gastrointestinal,
cardiovascular, and hematopoietic systems, and may range from reversible effects to cancer and death.
Gilderhus (1966, as cited in ERED) exposed bluegills to weekly applications of sodium arsenite herbicide
in an artificial pond. Arsenite, being trivalent, is considered to be more potent than the pentavalent
congener. At tissue concentrations of1. 7 mg/kg, abnormal ovary and oocyte development were observed,
and at tissue concentrations of2.2 to 11.6 mgikg, decreased weight gains were observed. The effect of
the
unclear.
Diminished growth and survival was reported in immature bluegills when total arsenic residues in muscle
is more than 1.3 mgikg ww, and more than 5 mgikg ww in adult bluegills (National Research Council
Canada [NRCC], 1978). Therefore, 1.3 mgikg ww was selected as a LOAEL to protect sensitive life
stages. Walsh et al. (1977) determined that whole-body arsenic concentrations above 0.5 mg/kg may be
harmful to fish. Therefore, a NOAEL

of 0.5 mgikg was selected for arsenic.

9.3.2.3 Chromium
Chromium plays a role in glucose and cholesterol metabolism and is thus essential to humans and animals.
However, animals given lethal doses of various chromium compounds have exhibited symptoms including
hypoactivity, lacrimation, mydriasis, diarrhea, changes in body weight, pulmonary congestion, fluid in the
stomach and intestine, erosion and discoloration of the gastrointestinal mucosa, diarrhea, and gastric ulcers
(Daugherty, 1992).
Chromium toxicity was evaluated based on a study by Van der Putte et al. (1981). Rainbow trout
(Oncorhynchus mykis) were exposed to hexavalent chromium in water concentrations ranging from 2 to
50 mg/L over a period of four days. Significant

lethality was noted at exposure concentrations

corresponding to body burdens greater than 7.8 mgikg ww. No mortality was noted at exposures
corresponding to 2.3 mgikgww. Because of the short duration of the study, an uncertainty factor of 0.1
was used to extrapolate from subchronic to chronic exposure, resulting in a chromium NOAEL of 0.23
mgikg ww and a LOAEL of 0.78 mgikgww.

Sublethal chromium effect levels, such as reproductive

endpo,ints, are likely to be much lower than these values.
9.3.2.4 Mercury/Methylmercury
Methylmercury is the most hazardous mercury species, due to its high lipid solubility and ionic properties
that allow it to penetratethe membrnnes of living organisms. Methylmercury adversely affects reproduction,
growth, behavior, osmoregulation, and oxygen exchange in aquatic organisms. Most mercury in fish is
methylmercury, as confirmed by the data from Onondaga Lake. Therefore, all mercury concentrations in
fish were considered to be methylmercury. Methylmercury readily penetrates the blood-brain barrier,
produces brain lesions, spinal cord degeneration, and central nervous system dysfunctions.
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There is both field and laboratory evidence that diet is the most important route of fish exposure to
methylmercury, as it contributes 90 percent or more of the methylmercury accumulated. The assimilation
efficiency for uptake of dietary methylmercury in fish is approximately 65 to 80 percent or greater.
Reproductive endpoints are generally more sensitive than growth or survival endpoints, with embryos and
the early developmental stages being the most sensitive. Mercury can be transferred from tissues of the
adult female to the developing embryo. Sublethal and lethal effects on fish embryos are associated with
mercury residues in eggs that are perhaps 1 to 10 percent of the residues associated with toxicity in adult
fish. Mercury concentrations in intoxicated rainbow trout range between 4 and 30 mg/kg (whole body),
while intoxicated embryos contain 0.07 to 0.1 mg/kg (Weiner and Spry, 1996).
The toxic concentration of mercury compounds canvary by an order-of -magnitude or more, depending
on the exposure condition. For example, toxicity is greater at elevated temperatures (Annstrong, 1979)
and at lower oxygen content (Sloof et aI., 1991).
The effects on aquatic organisms due to interactions of mercury with cadmium, copper, selenium, and zinc
were found to be dependent on exposure concentrations (Birge et aI., 1979). The interaction of mercury
and other trace elements (e.g., selenium and zinc) can be both less than additive (antagonistic) and greater
than additive (synergistic), depending primarily on exposure concentrations and the fonn of mercury. Effects
were generally antagonistic at lower exposure levels and synergistic at higher levels. Exposure to low
concentrations of mercury may not result in mortality directly, but may retard growth, thereby increasing
the risk of predation (NOAA,

1996).

No standards that would be protective of aquatic organisms have been established for mercury
concentrations in fish tissue. The current Food and Drug Administration (FDA) action level for the
protection ofhuman health, based only on methylmercury in the edible flesh of fish and shellfish, is 1 mg/kg
(USFDA,

1984).

Friedmann et al. (1996) studied concentrations frequently observed in North American lakes to investigate
the effects of dietary methylmercury on growth, gonadal development, and plasma cortisol levels in juvenile
walleye (Stizostedion vitreum) over a six -month period. Reduced testicular development and immune
function were observed at whole-body concentrations of 0.25 mg/kg ww. Rainbow trout exposed to
mercuric chloride for 400 to 528 days showed significant reduction inalevin survival (four-daypost-hatch)
and a significant increase in teratogenic effects at a concentration of 0.5 mg/kg ww in ovary tissue
(Friedmann et aI., 1996).
NOAA (2002) has summarized toxicity associated with mercury in tissues. Based on their review of peerreviewed studies, NOAA

developed a mercury NOAEL

and LOAEL

of 0.1 and 0.3 mg/kg ww,

respectively, for use at the LCP National Priorities List (NPL) EP A Region 4 site in Brunswick, Georgia
(Mehran, 2002, pers. comm.). These TRVs were also selected for use in this BERA.
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9.3.2.5 Selenium
SelenilUIl is beneficial or essentialin amounts from trace to part -per-billion (Ppb) concentrations for humans
and some plants and animals, but can be toxic at higher concentrations. SelenilUIl chemistry is complex, and
agricultural chemicals, microorganisms,

and a variety of physicochemical

factors (Eisler, 1985).

Fish with high body burdens of selenilUIl failed to reproduce and exhibited teratogenic deformities in Belews
Lake, North Carolina, which received dissolved selenilUIl in wastewater from a coal-fired electricity
generating facility (Lemly, 1997). Low waterborne concentrations of selenilUIl eliminated 16 of20 fish
species present in the lake, and rendered the adults of two species sterile (ClUIlbie and VanHorn, 1978;
Lemly, 1985). In these fish, selenilUIl1eveis were elevated in liver (up to 21.4 mgikg ww) and other tissues;
kidney, heart, liver, and gills showed altered histopathology; and there were changes in blood chemistry.
The ovaries of fish from Belews Lake had numerous necrotic and ruptured egg follicles that may have
contributed to the population extinctions (Sorensen et al., 1984).
A survey performed ten years after the selenilUIl releases to Belews Lake were stopped found
developmental abnormalities in young fish, indicating that selenilUIl-induced teratogenesisand reproductive
impairment were occurring, and that concentrations of selenilUIl in benthic food organisms are sufficient to
cause mortality in young bluegill and other centrarchids due to Winter Stress Syndrome (WSS) (Lemly,
1997). WSS occurs when sublethal effects (metabolic stress) due to selenilUIl are present at the same time
asthe arrival of cold water temperatures in late autumn. Cold weather and the associatedshort photoperiod
of winter programs the fish for reduced activity and food intake, and they do not respond to the metabolic
stresswith increased feeding. If exposure to selenilUIl persists, stored body fat necessaryfor overwintering
is used up, fitness drops, and death may result.
Another, more compelling, effect of selenium on fish in regard to reproduction was also noted by Lemly
(1997). Absorption of selenium passed from parents to their offspring in eggs causes morphological
abnormalities as the young develop, if the concentrations in eggs reach 15 to 20 mg/kg dw (Gillespie and
Baumann, 1986; Woocketal., 1987; Coyleetal., 1993). Using a conversion factor offish whole-body
values multiplied by 3.3 to calculate egg concentrations, based on the work ofLemly (1996, 1997), the
threshpld whole-body concentrations are between 4.5 and 6.1 mg/kg dw. Given an average percent solids
of about 24 percent in Onondaga Lake fish, this translates to roughly 1.1 to 1.5 mg/kg WW.1The lower end
of this range (1.1. mg/kg ww) was selected as the LOAEL, and an uncertainty factor of 0.1 was applied
to the LOAEL to derive a NOAEL

of 0.11 mg/kg ww (0.45 mgikg dw).

1Eachindividual fish sampleanalyzedaswet weightwasconvertedto dry weightbasedon its percent
solids.
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9.3.2.6 Vanadium
Vanadium is a natural constituent of sediment and water, as well as being found in fuel oils and coal. In
water, vanadium can exist in both soluble fomls and as a precipitate. Vanadium from water can be taken
up and accumulated by fish.
Hilton and Bettger (1988) studied the effects of vanadium onjuvenile rainbow trout. Trout were exposed
to concentrations of 10.2 and 1.2 mgikg sodium orthovanadate in their diet. They found reduced feeding
and body weight and digestive tract distress at a concentration of 0.41 mgikg ww in fish carcasses.They
also noted protruding abdomens and darkened skin coloration on these fish. Trout that received a dose of
1.2 mgikg in their diet had carcass concentrations of 0.02 mgikg ww and showed no effects. Based on this
study, a LOAEL of 0.41 mgikg wwwas selected. As the NOAEL concentration was about 20 times lower
than LOAEL concentration, an uncertainty factor of 0.1 was applied to the LOAEL to derive a NOAEL
of 0.041 mg/kg ww to avoid an overly conservative estimate of risk.
9.3.2.7 Zinc
Zinc is present in the environment naturally, but high concentrations come from activities such as mining,
steelproduction, coal burning, and burning of waste. The toxicity of zinc to aquatic organisms is influenced
by many factors, such as the temperature, hardness, and pH of the water, and previous zinc exposure of
the organisms. Several fish kills in recent years have been attributed to zinc from runoff and dischargesfrom
mining areas and smelters. However, the concentrations causing mortality were generally not well
documented, and, in many cases, high levels of other metals were also present.
A study on the effects of zinc on the American flagfish (Jordanella floridae) by Spehar (1976) was used
to derive zinc TR V s.1n this study, flagfish were exposed to zinc sulfate (ZnSo 4) in water at concentrations
ranging from 26 to 139 ~g/L. Reduced growth of females was seen at a dose of 51 ~g/L and was the most
sensitive measure of zinc toxicity. No effects were seen at exposure to 26 ~g/L. These exposurestranslated
into tissue concentrations of 40 and 34 mgikg ww, respectively. Therefore, 40 mgikg ww was selected as
a LOAEL

and 34 mg/kg ww was selected as the NOAEL.

9.3.2.8 DDT and Metabolites
Dichlorodiphenyl

trichloroethane

(DDT) was used as a pesticide until it was banned in 1972 due to

unacceptable risks to the environment and potential harm to human health. DDT was developed as the first
of the modem insecticides early in World War II. It was initially used with great effect to combat malaria,
typhus, and the other insect-borne human diseasesamong both military and civilian populations. DDT came
into wide agricultural and commercial usage in this country in the late 1940s.
DDT is toxic to several fish species, with the greatest mortalities in the younger age groups. DDTcontaminated feed has caused massive mortalities of sac fry of brook, rainbow, and cutthroat
(Oncorhynchus clarki) trout in hatcheries (Connell and Miller, 1984). Rainbow trout and coho salmon
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(Oncorhynchus kisutch) have been similarly affected in DDT -contaminated lakes (Connell and Miller,
1984). The organochlorines accumulate in eggs and can lead to the death of fry asthe yolk sac is absorbed
(Connell and Miller,

1984).

The toxicity to fish oillDT

and its metabolites was based on a reproductive study ofbrook trout by Macek

(1968). In this investigation, yearling trout were exposed to D DT through their diets at three dose levels
(0.5,1, and 2 mg/kg-week) for 156 days, including five months prior to spawning, with fertilized eggs
produced from the control (i.e., no DDT exposure) and 1 and 2 mg/kg-week doses.A significant reduction
in mature egg production was noted at the highest dose level. Increased mortality in eggs and sac fry were
Observations indicated that mortality of fry may be due to DDT being released from the yolk fat (i.e., fry
feeding) during the period of its maximum utilization (15thweek). Total residues in adults corresponded to
the levels of exposure.
The 1 mgikg-week dose was selected as the LOAEL, based upon frymortality.

The mean body burden

oillDTandmetabolites
(DDE andDDD) offish treated with 1 mg/kg-weekatthe end of the exposure
period was 2.9 mg/kgww. The mean concentrationoillDT
and metabolites in the control group was 0.6
mg/kg ww, which was selected as a NOAEL.
9.3.2.9 Dioxins/Furans
Dioxins and furans are byproducts of chemical manufacturing, the result of incomplete combustion of
eflluents (e.g., pulp and paper eflluents) containing many organic constituents. These substanceshave been
associatedwith a wide variety of toxic effects in animals, including acute toxicity, enzyme activation, tissue
damage, developmental abnormalities, and cancer.
To assesstoxicity, chlorinated dioxins and furans are classified at varying levels of potency of2,3, 7 ,8TCDD (Eastern Research Group [ERG], 1998). Dioxin/furan toxicity to fish was evaluated using toxicity
equivalents [TEQs] for fish taken from Van den Berg et al. (1998).
Laboratory and field studies on the effects of dioxin-like compounds TEQs on fish typically report
concentrations ofTEQs in fish eggs, mther than in the whole body, since eggs represent a more sensitive
life stage. Comparison of effect levels, such as NOAELs

or LOAELs,

reported as wet weight

concentrations in eggs to whole-body tissue concentrations in adult Onondaga Lake fish is complicated by
the fact that eggs and whole-body adult fish tend to have different lipid contents and concentrations of
lipophilic

contaminants, such as TEQs.

However, ifTEQs are assumed to partition equally into the lipid phase of the egg and into the lipids in the
tissue of adult fish (Niimi, 1983), then lipid-nonnalized concentrations in fish eggs that are associated with
adverse effects (/.lg TEQs/kg lipid in egg) can be compared to lipid-normalized

tissue concentrations of

TEQs in adult fish (/.lg TEQs/kg lipid in whole-body adult). Therefore, LOAEL and NOAEL TR V s were
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established for TEQs in fish on a lipid-nonI1alized basis, so that measured whole-body concentrations of
TEQs in fish can be compared to TRVs established from studies on fish eggs.
A study on lake trout by Walker et al. (1994) was selected for the dioxin/furan

TRVs. In this study,

significant early life stage mortality was observed in lake trout eggs with a concentration of 0.6 ~g TEQs/kg
lipid. This effect was not observed at a concentration of 0.29 ~g TEQs/kg lipid. These results were similar
to other studies perfonI1ed by Walker et al. (1992) and Walker and Peterson (1994). The values from this
study were selected as TRVs in this assessment for a LOAEL of 0.6 ~gTEQs/kglipidandaNOAELof
0.29 ~g TEQs/kg lipid. Because the experimental study was based on the concentration in the egg, rather
than an estimated dose, a subchronic-to-chronic

conversion factor was not applied.

9.3.2.10 Endrin
Endrin is a rodenticide used to control mice and voles, and an insecticide used on cotton, rice, and maize.
Closely related to aldrin and dieldrin, endrin is the most toxic of the three in the aquatic environment
(UNEP, 2002) and its metabolites are more toxic than endrin itself.
Jarvinen and Tyo (1978) studied the effects of chronic exposure of fathead minnows (Pimephales
promelas) to endrin concentrations in the water or food (clams), or both, for 300 days encompassing
reproduction. Tissue residues were analyzed at present intervals for first -generation fish, and were also
determined for embryos, larvae at hatch, and 30-dayprogeny. Endrin in the food (0.63 ppm) significantly
reduced survival of the fathead minnows, and fish exposed to both endrin sources had lower survival than
those exposed to either source alone.
Endrin residues in embryos and larvae were highest and larval survivaIlowest for progeny of adults exposed
to endrin in both food and water. Survival of30-day progeny was significantly reduced at all test exposures
(0.63 ppm in the food, water exposures of 0.14 and 0.25 ppb, and all combinations of food and water
exposure). Reduced survival was observed in larvae with a tissue residue of 0.24 mgikg ww. This vaIue
was selected as a LOAEL and a factor of 0.1 was used to derive a NOAEL for LOAEL and NOAEL
values of 0.24 and 0.024 mgikg ww, respectively.
9.3.2.11 Polychlorinated

Biphenyls

PCBs are industrial compounds that were used in a broad range of commercial applications until their
manufacture was banned in 1976 under the Toxic Substances Control Act (TSCA) (15 V.S.C. Sec. 2601
et seq.). The toxicity of PCBs has been shown to manifest itselfin many different ways, among various
species of animals. Typical responses to PCB exposure in animals include wasting syndrome,
hepatotoxicity, immunotoxicity,

neurotoxicity, reproductive and developmental effects, gastrointestinal

effects, respiratory effects, denI1al toxicity, and mutagenic and carcinogenic effects. Some of these effects
are manifested through endocrine disruption. PCB exposure through diet and water have been reported
to cause a number of deleterious effects in fish survival, growth, egg production, and hatching success,as
well as survival and development of progeny (Defoe et aI., 1978; Cleland et al., 1988; Fisher et aI., 1994).
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A study using the sheepshead minnow (Cyprinondon variegatus) by Hansen et al. (1974) was selected
as the most appropriate study to derive PCBs TRVs. This study established a NOAEL ofl.9 mgPCBs/kg
and a LOAEL of9.3 mg PCBs/kg for the sheepshead minnow. This study was based on a flow-through
bioassay of Aroclor 1254 on adult female fish. Fish were exposed for 28 days, and then egg production
was induced. The eggs were fertilized and placed in PCB-free flowing seawaterand observed for mortality.
Survival of fry to one week of age was 77 percent for eggs from adults from the 0.32 ~g/L concentration
in water treatment (average 9.3 mg/kg in tissue of females), as compared to 95 percent survival of fry from
control adults and 97 percent survival offry from adults from the NOAEL treatment (0.1 ~g/L; average
1.9mg/kg in tissue offemales). A LOAEL of9.3 mg/kgin tissue and a NOAEL ofl.9 mg/kg in tissue
were selected for this BERA. Because the experimental study measured the actual concentration in fish
tissue, rather than estimating the dose on the basis of the concentration in external media (e.g., food, water,
or sediment, or injected dose), a subchronic-to-chronic
9.3.3

Amphibians

conversion factor was not applied.

and Reptiles

A worldwide decline in amphibian and reptile populations has caused great concern in the scientific
community (Environment Canada, 2001). As environmental contaminants have been implicated as a
possible cause of some declines, there has been a substantial increase in the amount of amphibian and
reptile ecotoxicology research conducted over the last decade. Amphibians may be exposed to toxic
compounds through several routes becauseof their semipermeable skin, the development of their eggs and
gill-breathing larvae in the water, and their changing position in the food web from herbivorous tadpoles
to carnivorous adults (Gutleb et al., 1999). Amphibians typically have both terrestrial and aquatic life stages
during which they may be susceptible to the effects of environmental contaminants. In addition, amphibians
are important food organisms for a large variety of fish, birds, and mammals, and can be of major ecological
significance (Nebeker et al., 1995). Reptiles are long-lived, sedentary beings and therefore may be good
"biomonitors"

of their local environment.

Effects from contan1inant exposure may vary depending on exposure route, the point in time of exposure
during the life cycle, and the length and intensity of the exposure. The embryo is generally the most sensitive
life sta;ge(perez-ColI and Herkovits, 1996), so high concentrations of contaminants/stressors during
embryonic stages (generally spring) may have significant repercussions on amphibian populations.
Although herpetofaunal toxicity studies are increasing (e.g, see Environment Canada's Reptile and
Amphibian Toxicity Literatln'e database[Environment Canada, 2001] or California EPA's Exposure Factor
and Toxicity database [CAL/EP A, 2002]), there are still many data gaps. Therefore, general water and
sediment quality criteria values for aquatic organisms are the best available values for many compounds.
Based on the limited herpetological toxicity data, a quantitative analysis of risk to amphibians and reptiles
is not performed in this BERA. It is acknowledged, however, that contaminants may adversely affect
herpetofauna. For example, Zol1 et al. (1988) examined the genotoxicity and bioaccumulation of mercury
in newts.
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exposed to mercuric chloride andmethylmercuric chloride. Bioaccumulationmtios after 12 days were 600
for mercuric chloride and 1,200 for methylmercuric chloride. Metals, such as cadmium, may also be
bioaccumulated. Larval salamanders exposed to cadmium in the water had tissue concentrations up to 63
times the water concentration and exhibited adverse growth effects (Nebeker et al., 1995).
9.3.4

Birds and Mammals

Twenty-eight COCs were selected to evaluate potential risk to wildlife receptors (see Table 6-2). This
section discusses the toxicity of selected COCs and the development of the specific baseline assessment
TRV s necessary to characterize risk for terrestrial vertebrates. Generally, reproductive endpoints were
preferred for development ofTRV s. In instances where no reproductive studies were available, or where
studies with other endpoints were considered to be superior, based on professional judgment, nonreproductive endpoints were chosen. TR V s for non-reproductive endpoints were generally higher than for
reproductive endpoints. Tables 9-16 and 9-17 summarize the TRVs selected for terrestrial wildlife.
The model used to assess the potential risks was based on a numerical comparison of the modeled
exposure rate over the TRV to derive the hazard quotient (HQ), as follows:

HQ=~~
TRV
where:

HQ

=

hazardquotientor the ratio of the exposureandthe TRV
(unitless)

EER

=

estimated exposure rate determined at the mean and 95 percent
U CL of the mean COC concentrations in Onondaga Lake (mg/kg
body weight [bw} per day)

TRV

=

toxicity reference value for the no effects or lowest observed
effects thresholds (mgikg body weight per day)

Exposure rates were evaluated using the NOAEL and LOAEL to provide a range of ecological risk.
Considerations of uncertainty in the TR V predictions are discussed in Chapter 11. The derivations of
specific TR V s are described below.
9.3.4.1 Arsenic
Arsenic is a naturally occurring element that is used as a wood preservative and also in insecticides and
herbicides. Effects of arsenic exposure in mammals include stomach upset and diarrhea. Large dosesmay
cause low birth weight, fetal malformations,
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The toxicity of inorganic compounds containing arsenic depends on the valence or oxidation state of the
arsenic as well as on the physical and chemical properties of the compound in which it occurs (Sample et
al., 1996). Trivalent (As+3) compounds such as arsenic trioxide (AS2O3)' arsenic trisulfide (A~S3)' and
sodium arsenite (NaAsO2), are generally more toxic than pentavalent (As+5) compounds such as arsenic
pentoxide (~O5)'

sodium arsenate (N ~HAsO 4), and calcium arsenate[Ca3(AsO 4h]. The relative toxicity

of the trivalent and pentavalent forms may also be affected by factors such as water solubility; the more
toxic compounds are generally more water soluble. This BERA evaluates the effects of the trivalent fonn
of arsenic.
Arsenic was selected as a COC for one avian receptor, the tree swallow (Tachycineta bicolor), and four
mammalian receptors the little brown bat (Myotis luciftgus), short-tailed shrew (Blarina brevicauda),
mink (Mustela vison), and river otter (Lutra canadensis).
The avian TR V s for arsenic were based on a study by US Fish and Wildlife Service (USFWS, 1969)
where copper acetoarsenite (44 percent As+3) was fed to cowbirds (Molothrus ater) at four dose levels.
Cowbirds at the two highest dose levels (675 and 225 ppm) experienced 100 percent mortality, while
those in the two lower groups (75 and 25 ppm) experienced 20 percent and 0 percent mortality,
respectively. Because the study considered exposure over seven months, the 75 ppm Paris green ( 33
mg/kgAs+3) and the 25 ppmParisgreen( 11 mg/kgAs+3) doses, equivalent to 7.38 mg/kg-d and 2.46
mg/kg-d, were considered to be chronic LOAELs and NOAELs,

respectively.

The mammalian TR V s for arsenic were developed based on a study by Schroeder and Mitchener (1971 ).
Mice were exposed to 5 ppm arsenite in drinking water over three generations. This concentration was
associated with a decrease in litter size and is, therefore, considered a potential population level LO AEL.
An increase in the male-to- female ratio of offspring was also observed. Assuming a drinking water intake
rate of 0.0075 Lid for a30 gmouse, a LOAEL of1.26 mg/kg-daywas derived. An uncertainty factor of
0.1 was applied to derive a NOAEL

of 0.126 mg/kg-day.

9.3.4.2 Barium
Barium is a naturally occurring element common in carbonate-based soils and metamorphic parent
materi~s. Barium is used industrially in the production of paints, bricks, tiles, glass, and rubber. Exposure
to barium can cause high blood pressure, changes in the futiction and chemistry of the heart, decreasedlife
span, and decreased body weight.
Barium was selected as a COC for two avian receptors, the tree swallow and mallard (Anas
platyrhynchos),

and two mammalian receptors, the little brown bat and short-tailed shrew.

The avian TRVs were based on a study by Johnson et al. (1960) where one-day old chicks were fed
barium throughout the 4 week study period. While barium exposures up to 2,000 ppm produced no
mortality, chicks in the 4,000 to 32,000 ppm groups experienced 5 percent to 100 percent mortality.
Because 2,000 ppm was the highest nonlethal dose, this dose was considered to be a subchronic NOAEL.
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The 4,000 ppm dosewas consideredto be a subchronicLOAEL. Chronic NOAELs and LOAELs were
estimatedby multiplying the subchronicNOAELs and LOAELs by a subchronicto chronic uncertainty
factor of 0.1 for a body weight-normalized NOAEL of20.8 mgikg-d and a LOAEL of 41.7 mgikg-d.
Toxicity and carcinogenicity studiesof barium chloride dihydrate were conductedby administering the
chemicalto ratsandmice in drinking water for 13weeksandfor two years(National Toxicology Program
[NTP], 1994).In the chronic study, male and female rats (60 animals!dosegroup/sex)receiveddrinking
water containing 0, 500, 1,250,or 2,500 mgiL barium chloride dihydrate (equivalent to a doseof 0, 15,
45 and 75 mgikg-day) for 104 weeks (males) or for 105 weeks (females).
Increasedrelative kidney weight was seenin the femalesat 2,500ppm, indicating that it may be a chronic
NO AEL or LO AEL for rats. When consideredtogetherwith the resultsin the 13-week subchronicNTP
(1994) study in rats, in which increasedrelative and absolutekidney weights were seenin female rats
receiving 2,000 ppm barium indrinkingwater(115 mg Ba/kg-day)andkidney lesionsat 4,000 ppm (180
mg Ba/kg-day), greater increasesin relative and absolute kidney weights were seenin female rats.
Increasedrelative kidney weight in femalesof the two':yearstudyaresuggestiveof potentialrenaleffects.
Therefore, 75 mg Ba/kg-day was selected as a chronic LOAEL and 45 mg Ba/kg-day as the chronic
NOAEL for mammals, based on renal effects (USEPA, 1999b).
9.3.4.3 Cadmium
Cadmium is usedto manufacturebatteries,pigments,metal coatings,andplastics.Inhalationof cadmium
is carcinogenic, and rats have been shown to develop lung cancer after exposure (USEPA, 1987a).
Ingestion can causehigh blood pressure,iron-poor blood, liver disease,andnerveor brain damage.It has
alsobeendemonstratedthat ratshavefewer litters, andpupsmay havemore birth defectsthanusualwhen
exposed to cadmium orally (Sutou et al.' 1980).
Cadmium was selectedas a COC for two avian receptors,the mallard duck and tree swallow, and two
mammalian receptors, the little brown bat and short-tailed shrew.
The avian TRV s were derivedusing a study by White and Finley (1978). Mallard duckswere exposedto
1.6, 15'.2,and 210 ppm cadmium chloride. Mallards in the 210 ppm group producedsignificantly fewer
eggsthan those in the other groups.Becausethe study consideredexposureover a period of90 days,the
15.2ppm cadmium dosewas consideredto be a chronic NOAEL and the 210 ppm dosewas considered
to be a chronic LOAEL. Adjusted for mallard body weight, theseequalaNOAEL of 1.45mgikg-dayand
a LOAEL of 20 mgikg-day.
For the mammalian TRV, a study by Sutou et al. (1980), in which rats were exposedto cadmium (as
CdCI2)at four doselevels (0, 0.1,1, and 10mgikg-day) by oral gavage,through mating and gestation(six
weeks), was selected.Adverse reproductive effects,including reducedfetal implantations,reducedfetal
survivorship, and increasedfetal resorptionswere observedin theratsexposedto 10mgikg-day.Numbers
of total implants and live fetuses in the 1 mgikg-day decreasedslightly, but there was no significant
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difference from the control. As the study was conducted during reproduction, exposures were considered
chronic even though exposure lasted only six weeks. Therefore, 1 mg/kg-day dose was considered to the
NOAEL

and a dose of 10 mg/kg-day was considered the LOAEL TRY for the evaluation of risk to

mammals.
9.3.4.4 Chromium
Chromium is a naturally occmring element folUld in rocks, animals, plants, and soil. Chromium compolUlds
are used for chrome plating, the manufacture of dyes and pigments, leather tanning, and wood preserving.
The metal chromium is used to make steel and other alloys. Inhalation ofhigh levels of chromium may cause
lung cancer. Ingesting large amounts may result in the development of skin ulcers, stomach upsets, and
kidney and liver damage.
Chromium was selected as a COC for all five avian receptors (belted kingfisher [Ceryle alcyon], great blue
heron [Ardea herodias], osprey [Pandion haliaetus], mallard, and tree swallow) and all four mammalian
receptors (little brown bat, short-tailed shrew, mink and river otter).
To derive the avian TRY s, a study by Haseltine et al. (lUlpublished data, cited in Sample et al., 1996) was
selected. Black ducks (Anas rubripes) were exposed to chromium(llI) (as CrK[SO 4]2)at two dose levels
(10 and 50 ppm in food) for 10 months through reproduction. Duckling survival was reduced at the 50 ppm
dose level, while no significant differences were observed at the 10 ppm dose level. Because the study
considered exposure throughout a critical life stage (reproduction), the 50 ppm dose was considered to
be a chronic LOAEL, and the 10 ppm dose was considered to be a chronic NOAEL. Assuming that the
body weight of a mallard is 1.25 kg (Dunning, 1993) and the food consumption rate is 10 percent (Heinz
et al., 1989) the NOAEL was determined to be 1 mg/kg-dayand the LOAEL TRY was determined to be
5 mg/kg-day.
A study by MacKenzie et al. (1958) was used to derive the mammalian NO AEL. Rats were exposed to
chromium(V1) (as K2Cr204) at six dose levels in drinking water (0.45,2.2,4.5,7.7,

11.2, and 25 ppm in

water) for one year. Because no adverse effects were observed at any of the dose levels, the maximum
dose (25 ppm chromium in water, or 3.28 mg/kg-day) was considered to be a chronic NOAEL. The
assumptions used in TRY calculations included a body weight of 0.35 kg and water consumption rate of
0.046 L/day for rats.
The LOAEL TRY for exposure to chromium was based on a study by Steven et al. (1976, as cited in
Sample et al. 1996). Rats were exposed daily to 134 and 1,000 ppm chromium(VI) in drinking water for
three months. Increases in mortality were noted at 1,000 ppm, which was considered to be a subchronic
LOAEL. A chronic LOAEL was estimated by multiplying the subchronic LOAEL by a subchronic-chronic
uncertainty factor of 0.1. Based on the same body mass and intake rates used to derive the NOAEL, a
LOAEL

TRY of 13.14 mg/kg-day was derived.
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9.3.4.5 Copper
Copper is used ascomponent of some insecticides and fungicides and may also enterthe environment
through industrial activities.It is a naturally occurring element,but at high doses,it may reducegrowth and
result in mortality.
Copper was selectedasa COC fortwo avian receptors(mallard, and tree swallow) and one mammalian
receptors (little brown bat).
A study by Mehring et al. (1960) examining the effects of copperoxide on chicks for 10weekswas used
to derive avian TRV s. Chicks were fed oneof 11doselevelsin their diet rangingfrom 36.8to 1,150ppm.
While consumption of copper up to 570 ppm had no effect of growth of chicks, 749 ppm copper in the
diet reduced growth by over 30 percent and produced 15 percent mortality. Becausethis study was 10
weeks in duration, the 570 and 749 ppm Cu doseswere consideredto be a chronic NOAEL and LOAEL,
respectively. Thesedosesadjusted for body weight and intake translated into a NOAEL of 47 mg/kg-d
and a LOAEL of 61.7 mgikg-d (Sample et al., 1996).
A study by Aulerich et al. (1982) on young mink fed supplemental copper (copper sulfate) at
concentrations of25, 50, 100, and 200 ppm in their diet was used to derive the mammalian TRVs. A
concentration of 60.5 mgikg was presentin the basefeed. Consumption of copper at all but the lowest
doeslevel increasedthepercentagemortality of mink kits. Becausethis studywas approximatelyoneyear
in duration andconsideredexposureduring reproduction,the 25 ppm supplementalcopper(85.5ppm total
copper) dose was considered to be a chronic NOAEL, equivalent to 11.7 mgikg-day basedon body
weight (1 kg) and intake rate (137 gid), and the 50 ppm supplemental copper (110.5 ppm total copper)
dose was considered to be a chronic LOAEL, equivalent to 15.14 mg/kg-d.
9.3.4.6 Lead
Lead is a metal that ranges from 0.1 to 10 ppm in ultramafic rocks and calcareous sediments
(Kabata-PendiasandPendias,1992).Leadis usedindustrially in the production ofbatteries,ammunition,
ceramics, and medical and scientific equipment. The toxic effects of lead on aquatic and terrestrial
organisms are extremely varied and include mortality, reducedgrowth and reproductive output, blood
chemistry alterations,lesions, and behavioral changes.However, someof these effects exhibit general
trends in their toxic mechanism.Generally, lead inhibits the formation of heme,adverselyaffectsblood
chemistry,andaccumulatesat hematopoietic organs(Eisler, 1988b).At high concentrations,nearlevels
causing mortality, marked changesto the central nervous system occur prior to death (Eisler, 1988b).
Lead was selectedasa COC for three avian receptors,the tree swallow, belted kingfisher, andred-tailed
hawk, and two mammalian receptors, the little brown bat, and short-tailed shrew.
The avian TR V was developed from a study by Edenset al. (1976). Japanesequail (Coturnix coturnix
japonica) were exposedto lead acetatein feed at four dose levels (1, 10, 100, and 1,000ppm in food)
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for 12 weeks, through reproduction. The 10 ppm lead concentration (11 ppm dry weight [ dw ]) resulted
in no significant adverse reproductive effects, but even as little as 1 ppm of lead caused a marked decline
in egg production. Exposure at 100 ppm (110 ppm dw) resulted in a reduction in hatching successby 28
percent. Assuming a body weight ofO. 15 kg (Vos etal., 1971) and food consumption rate of16.9 g dw/kg
body weight-day (based on Nagy, 1987), aNOAELof1.18

mgikg-dayand LOAELof11.8

mgikg-day

were calculated.
The mammalian TR V s for lead were based on a laboratory study by Azar et al. (1973) of three generations
of rats givendosesof10,

50,100,1,000,

and 2,000 ppm lead acetate in their food. Lead exposures of

1,000 and 2,000 ppm resulted in reduced offspring weights and produced kidney damage in the young.
Therefore, the 100 ppm dose (8 mg/kg-day) was considered to be a chronic NOAEL and the 1,000 ppm
dose (80 mg/kg-day) was considered to be a chronic LOAEL.
9.3.4.7 Manganese
Manganese is used as component of some insecticides and fungicides and may also enter the environment
through industrial activities. It is a naturally occurring element, but at high doses,it has been shown to cause
reproductive effects and stimulate tumors (NIOSH, 2002).
Manganese was selected as a COC for one mammalian receptor, the little brown bat.
A study by Lasky et al. (1982) where rats were fed manganese oxide (Mn304) in their diet at three dose
levels (350, 1,050, and 3,500 mg/kg supplemented manganese + 50 mg/kg manganese in base diet) for
224 days. Pregnancy percentage and fertility among rats conswning 3,550 ppm manganesein their diet was
significantly reduced No effects were observed at lower manganese exposure levels. Therefore the 1,100
ppm Mn dose was considered to be a chronic NOAEL and the 3,550 ppm Mn dose was considered to
be a chronic LOAEL,
9.3.4.8 Mercury

equivalent to doses of88 and 284 mg/kg-day, respectively.

(Inorganic)

Mercury exists in the environment in different chemical fonDS. The predominant speciesin water, soil, and
sedim~nt is ionic or inorganic mercury (Hi+). Ionic mercury can exist in a free ionic fonn (as chlorides or
hydroxides), but most is adsorbed or chemically bound to clays, sulfides, and/or organic matter.
.

The kidney is the major reservoir of inorganic mercury in birds and mammals. In renal tissue, mercury binds
to metallothionein. Consequently, the major toxic effect of inorganic mercury is kidney damage specifically, necrosis of the proximal tubular cells. Inorganic mercury, unlike the metallic or organic species,
is incapable of crossing the blood-brain barrier and, therefore, does not exhibit neurotoxicity. Other
systemic effects include gastrointestinal damage and cardiovascular effects. There is limited evidence that
inorganic mercury may pose some reproductive toxicity.
Inorganic mercury was selected as a COC for all avian and mammalian wildlife
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andlaid a greaternumberof eggsoutsideof nestboxes.Thoseducklingsthat survivedwere lessresponsive
to tapedmaternalwarning calls and were hypersensitiveto fright stimulus.Basedon a food intakerate of
128 g/kg body weight (asreported by Heinz, 1979) for the treatedF 1 and F2 females,this representsa
LOAEL TRV of 0.064 mg/kg body weight-day. No long-term studieswere identified assuitablefor the
derivation of a no-effects TR V for methylmercury exposureto birds. Therefore,an uncertaintyfactor of
0.10 was applied to the LOAEL to derive a NOAEL of 0.0064 mg/kg-day.
Other avian field and laboratory studies support the concentration range of the TRVs selected.For
example, Barr (1986) made similar observationsin a field study of the common loon (Gavia immer) in
northwestern Ontario. Egg laying and territorial fidelity were both reduced where mean mercury
concentrationsin loon prey was 0.3 to 0.4 mgikg-ww. Loons in theseareasestablishedfewterritoriesand
nonelaid anymorethana singleegg.The eggscontainedmercuryconcentrationsashigh as 1.4mg/kg-ww.
Around waterswhere meanmercury concentrationsof prey exceeded0.4 mgikg-ww, the loonsraisedno
progeny.Reproductiveeffectsmay extendbeyondtheembryoandmayreducethe roteof juvenile survival.
Subchronic histologic, neurologic, and immunologic effects were observedin great egretsdosedwith
methylmercury chloride atO.5mgikg-ww, correspondingto intakesof 0.135 to 0.048 mg/kg-dayduring
a 14-weekexperiment (Spalding et al., 2000). Dietary concentrationsof methylmercury that produced
effects in adult birds (Scheuhammer, 1995).
The toxicity of methylmercury to mammalswas basedon two mink studiesby Wobeseret al. (1976)and
Wrenetal. (1987). In a two-year study by Wobeseretal. (1976), mink were exposedto methylmercury
chloride in their diets for 93 days (subchronic) at concentrations ranging from 1.1 to 15 ppm ww.
Histopathologicalevidenceofinjury waspresentin all mink exposedto methylmercury.Clinical signsof
neurotoxicity (anorexia and ataxia) were manifested at an exposur~concentrationof 1.8ppm ww, and
resultedin increasedmortality in mink fed dosesof1.8 ppm or higher.In accordancewith theprocedures
applied by USEPA in the Great LakesWater Quality Initiative (USEPA, 1995b),anuncertainty factor of
0.1was appliedto accountfor extrapolationfrom a subchronicto a chronictoxicity. Basedon a body mass
of 1 kg for a mink in captivity and an intake rate of 0.137 kg ww/kg body weight per day (Bleavins and
Aulerich, 1981),a NOAEL of 0.015 and a LOAEL TRV of 0.025 mgikg bw-daywere calculatedfrom
this sWdy.
However, a studyby Wren et al. (1987)observedincreasedmortality in mink fed 1ppm of methylmercury
for 81 days. The dosagewas decreasedafter that time period due to excessivemortality. Wren et al.
(1987) attributedthe increasedmortality to a combination of methylmercuryexposureandcold stress,as
the mink were maintained in outdoor cages.Basedon theseresults,aN 0 AEL using the 1.1ppm dosage
from the Wobeseret al. (1976) study was not consideredto be protective, asincreasedmortality occurs
at lower dosageswhen combinedwith natuml stressespresentin field conditions.Therefore,anuncertainty
factor of 0.1 was applied to the LOAEL of 0.025 mg/kg bodyweight-dayto derive a NOAEL of 0.0025
mg/kg bw-day.
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A study by Charbonneau et al. (1976), in which domestic cats (F. Domesticus) were exposed to
methylmercury in their diets at dosesranging from 3 to 176 ~gikg-day continuously for up to two years,
was not usedto derive TR V s. In that study, significant and irreversible neurological impacts werenoted
at 74 ~gikg-day, while no significant neurologicalmanifestationsattributable to mercury exposurewere
observedat 46 ~gikg-day (0.046 mgikg-day). Although catsand minks areboth in the order Carnivora,
they arein separatetaxonomic suborders.F. Domesticusbelong to suborderFeliformia, while mink and
otter belongto suborderCaniformia. Both mink and otter areknown to be very sensitiveto the availability
and toxicity of mercury within their habitat (Wren et al., 1986).
9.3.4.10 Nickel
Nickel is found in natureasa componentof silicate,sulfide, or, occasionally,arsenideores,andis usually
found asNi2+in aquatic systems.Chemical factors that can affect the form of nickel in aquatic systems
include pH and the presenceof organic and inorganic ligands (USEPA, 1986d).
Nickel was selectedasa COC for two avian receptor,the mallard andtree swallow, andonemammalian
receptor, the little brown bat.
Reproductive and developmental effects from exposure to nickel have been observedin animals and
various nickel compounds have been tested for mutagenicity (USEPA, 1986d). These tests have
demonstratedthe ability of nickel compoundsto produce genotoxic effects; however, the translation of
theseeffects into actual mutations is still not clearly understood.There is evidenceboth in humansand
animals for the carcinogenicity of nickel, at least in some forms.
The avian TRVs were selected based on a study on mallard ducklings by Cain and Pafford (1981).
Ducklings were fed nickel sulfate at three dose levels (176, 774, and 1,069 ppm) for 90 days.
Consumptionof up to 774ppm nickel in the diet did not increasemortality or reducegrowth; however,the
1,069ppm nickel diet reducedgrowth and resultedin 70 percentmortality. Becausethe studyconsidered
exposure over 90 days,the 774 ppm dose was considered to be a chronic NOAEL and the 1,069ppm
dosewas consideredto be a chronic LOAEL. To estimatedaily nickel intakethroughoutthe 90-daystudy
period, food consumption of 45-day-old ducklings was calculated.Using the consumptionrate of I 00 g
food/day for a 1 kg adult (Heinz et al.,1989), aNOAEL om.4 mgikg-day and a LOAEL of 107mgikgday were calculated.
A studyby Ambrose et at. (1976) was usedto derivethe mammalianTRVs. Ratswere given dosesof250,
500,or 1,000ppm nickel sulfatehexahydratein their dietsoverthreegenerations.While 1,000ppm nickel
in the diet reduced offspring body weights, no adverseeffects were observed at the other doselevels.
Becausethis study consideredexposuresover multiple generations,the 500 ppm dosewasconsideredto
be a chronic no effect level and the 1,000ppm dosewas consideredto be a chronic lowest effect level.
Assuming a body weight of 0.35 kg and a food ingestion rate of28 g food/day (Sample et al., 1996),a
NOAEL of 40 mgikg-day and a LOAEL of 80 mgikg-day were calculated.
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9.3.4.11 Selenium
Selenium is a non-metallic element common in sedimentary soils. It is predominantly found either as
insoluble metallic selenides or as soluble oxygen complexes, the most common being selenite and selenate.
Average background concentrations in the US range from less than 0.1 to 4 ppm, with a mean of 0.31
(Kabata-Pendias and Pendias, 1992). Although selenium is an essential nutrient, exposure to high
concentrations have been shown to result in adverse health effects. In vivo, selenium replaces sulfur in de
novo amino acid synthesis, yielding selenomethionine and, to a lesser extent, selenocystine.
In birds, selenomethionine has been shown to be more toxic that the readily dissociated selenateor selenite.
However, a survey of the mammalian literature yielded lower NOAELs for selenate than for any of the
organic selenium compounds. The primary targets of toxicity include the gastrointestina1tract,the pancreas,
and the thymus, with secondary toxicities associated with the kidney, liver, and central nervous system.
Selenium has also been shown to be a reproductive toxicant, causing reduced fertility and increased
malformations

in both birds and mammals.

Selenium was selected as a COC for the tree swallow, belted kingfisher, great blue heron, and osprey, and
for all mammalian receptors.
The toxicity of selenomethionine to birds was evaluated based on the results of a study by Heinz et al.
(1989). Mallard ducks were fed 0, 1,2,4, 8, or 16 ppm selenomethionine in their diet for 100 days prior
to egg set. An additional treatment of 16 mg/kg-day selenocystine was also included in the study.
Reproductive productivity was significantly reduced at 8 ppm, with no significant effects noted at 4 ppm.
Based on an average body weight of 1 kg and a food intake rate of 110 g dw/day (Heinz et al., 1989), a
NOAEL

TRV of 0.4 mg/kg-day and a LOAEL TRV of 0.8 mg/kg-day were derived.

The evaluation of the impact of selenium exposure on the reproduction of mammalian receptors was based
on a study by Rosenfield and Beath (1954) in which rats were exposed to three levels of potassium selenate
(1.5,2.5, and 7.5 ppm) in drinking water over two generations. The treatment group exposed to 2.5 ppm

showedno significant differencewith regardsto reduction rate or number of young reared.However,the
second-generation female progeny of this treatment group showed a 50 percent reduction in the number
of young reared. In the 7.5 mg/L group, fertility ,juvenile growth, and survival were reduced. Therefore,
the no-effects TRV was determined based on a dose of 1.5 ppm. Assuming a water intake rate of 0.046
Uday (based on the scaling function of Calder and Braun, 1983) and an average body weight of 0.35 kg
(USEP A, 1988), a NOAEL

TRV of 0.20 mg/kg-day and a LOAEL TRV of 0.33 mg/kg-day were

determined.
9.3.4.12 Thallium
Thallium is
refining processes, and rodenticides. As a metal it exists in trace amounts in the earth's crust, with soil
concentrations in the US ranging from 0.02 to 2.8 ppm (Kabata-Pendias and Pendias, 1992). The effects
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of thallium exposure can include gastroenteritis, diarrhea, constipation, vomiting, abdominal pain, and hair
loss.
Thallium was selected as a COC for the tree swallow, little brown bat, and short-tailed shrew.
No avian studies on the effects of thallium were available and therefore no avian TRV s were derived for
thallium.
The evaluation of thallium toxicity in mammals was based on a study by Formigli et al. (1986) in which rats
were exposed to 10 ppm thallium sulfate (0.74 mg/kg-day, as provided in the study) in water for 60 days.
The study dosage resulted in reduced sperm motility, and was therefore considered to be an LOAEL.
Although exposure was subchronic, 90 percent of the animals in the treatment group showed effects of
thallium exposure. Other endpoints, such as hair loss peripheral and nervous system disorders, have been
documented to occur at the same dose (continuous exposure to 10 ppm thallium per day) in long-term
studies (Manzo et al,.1983). Therefore, no uncertainty factors were applied for a LOAEL of
0.74 mg/kg-day. A NOAEL was estimated by applying a tenfold level of uncertainty to the LOAEL to
derive a value of 0.074 mgikg-day.
9.3.4.13 Vanadium
Vanadium is a natural constituent of soils, as well as being found in fuel oils and coal. Vanadium is
concentrated mainly in mafic rocks and shales,and the average concentrations for US soils ranges between
58 and 100 ppm (Kabata-Pendias and Pendias, 1992). The most common anthropogenic sources involve
vanadium entering the environment when fuel oils are burned.
Vanadium was selected as a COC for the tree swallow, mallard, little brown bat, short-tailed shrew, mink,
and river otter.
The avian TR V s were developed from a study by White and Dieter (1978), in which mallard ducks were
fed 2.84, 10.36, and 110 ppm vanadyl sulfate in their food over a 12-week period. No effects were
observed at any dose level. The maximum dose of 11.4 mgikg-day (based on study body weights and
ingestion rates) was considered to be the chronic NOAEL. A chronic LOAEL of 114 mgikg-day was
calculated by applying an uncertainty factor of 10 to the NOAEL.
The mammalian TRV s were developed based on a study by Domingo et al. (1986), in which rats were
exposed to sodium metavanadate (Na VO3) at dose levels of5, 10, and 20 mgikg-day (corresponding to
2.1,4.2, and 8.4 mgikg bw-day) by oral intubation. Males were exposed for 60 days prior to mating and
females were exposed for 14 days prior to mating. Significant decreaseswere observed in the development
of the pups at all dose levels. The lowest dose (2.1 mg/kg bw-day Na VO3) was therefore considered to
be the chronic LOAEL TRV. The chronic TRV for mammals was determined by applying a tenfold level
of uncertainty, to yield a NOAEL
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9.3.4.14 Zinc
Zinc is used in many commercial products, including coatings to prevent rust, dry cell batteries, and is mixed
with other metals to make alloys like brass and bronze. Some zinc is released into the environment by
natural processes, but most comes from activities such as mining, steel production, coal burning, and
burning of waste.
Zinc was selected as a COC for all avian receptors with an aquatic component in their diet (i.e., belted
kingfisher, great blue heron, osprey, mallard, and tree swallow), the little brown bat, and the short-tailed
shrew.
The avian TRV s were based on a study on leghorn hens by Stahl et al. (1990). The hens were fed zinc
sulfate in their diet at doses of 48,228, and 2,028 ppm for a period of 44 weeks. While no adverse effects
were observed among hens consuming 48 and 228 ppm zinc, egg hatchability was less than 20 percent of
controls among hens consuming 2,028 ppm zinc. The 228 ppm dose (corresponding to 131 mgikg-day,
based on the hens used in the study) was considered a chronic no-effect level and the 2,028 ppm dose was
considered a chronic lowest effect level. Based on the body weights and food intake rates provided in the
study, daily intake rates of 14.5 and 131 mg/kg-day were derived as the NOAEL and LOAEL.
The mammalian TR V s were based on a study by Schlicker and Cox (1968), where rats were exposed to
zinc (2,000 and 4,000 mg/kg dose levels) in diet during gestation. Rats fed the higher dose displayed
increased rates of fetal resorption and reduced fetal growth rates, while no effects were observed at the
2,000 mg/kg dose rate. As exposure occurred during gestation (a critical life stage), the lower dose
corresponding to 160 mg/kg-day (based on body weight and intake rate) was considered a chronic
NOAEL, and the higher dose corresponding to 160 mgikg-day was considered to be a chronic LOAEL.
9.3.4.15 Bis(2-ethylhexyl)phthalate
Bis(2-ethylhexyl)phthalate (BEHP) is a synthetic chemical used principally as a plasticizer (an additive to
plastics to make them more flexible), and may constitute as much as 40 percent of some PVC products
(A TSDR, 1993). It is also used to a lesser extent in inks, pesticides, cosmetics, and vacuum pump oil
{Sittig, 1991).
BEHP was selected as a COC for the tree swallow.
The avian TRVS were based on a study of ringed doves by Peakall (1974). Ringed doves were fed a dose
of 10 ppm bis(2-ethylhexyl)phthalate (BEHP) in their diet over four weeks. No significant reproductive
effects were observed among doves fed BEHP. The 10 ppm dose, corresponding to 1.1 mgikg-d was
considered to be a chronic NOAEL, as the study considered exposure over a critical life stage. A LOAEL
of 11 mg/kg-day was derived by multiplying
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9.3.4.16 Chlordane
Chlordane is a viscous liquid, colorless to amber, with a slight chlorine-like

aromatic odor. It was

historically applied directly to soil or foliage (e.g., corn, citrus, deciduous fruits and nuts, and vegetables)
to control a variety of insect pests. Short-term exposure to elevated levels of chlordane may affect the
central nervous system, including irritability, excesssalivation, labored breathing, tremors, convulsions, deep
depression, and also result in blood system effects such as anemia and certain types of leukemia. Long-tenn
exposure to chlordane has the potential to cause damage to liver, kidneys, heart, lungs, spleen and adrenal
glands, and cancer.
Chlordane was selected as a COC for the short-tailed shrew.
The mammalian chlordane TRVs where based on Khasawinah and Grutsch (1989), in which mice
(80/sex/group)

were given 0, 1, 5, or 12.5 ppm technical chlordane in their diet for 104 weeks,

corresponding to average doses of 0, 0.15, 0.75, and 1.875 mgikg-day, respectively. Hematology,
biochemistry, urinalysis, organ weights, and pathology of major tissues and organs were assessedon all
animals that died during the study and on all survivors at week 104. Exposure-related effects were
restricted to the liver. Based on the increased incidence ofhepatic necrosis over controls, 1 ppm chlordane
(0.15 mgikg-day) was selected as the NOAEL, and 5 ppm chlordane (0.75 mgikg-day) was selected as
the LOAEL.
9.3.4.17 DDT and Metabolites
Avian species are particularly sensitive to the effects ofDDT and its metabolites, specifically with regard
to impacts on reproduction (McEwen and Stephenson, 1979). Toxicological impacts attributed to DDT
exposure include eggshell thinning, reduced clutch size, elevated embryo mortalities, high mortality at time
of pipping, increasedhatcWing mortality, and late nesting and unusual nesting behavior. In eggshell thinning,
the activity ofCa7:+A TP-ase systems in the shell gland are affected, thereby interfering with the deposition
of calcium in the shell (Lundholm, 1987). Eggshell thinning of greater than 20 percent has been associated
with decreased nesting success due to eggshell breakage (Anderson and Hickey, 1969). Because of the
tendency ofD DT to magnify in food chains, higher trophic level birds appear to be at greater risk for egg
loss due to shell thinning.
Another well-defined effect oillDT

exposure is inhibition of acetylcholinesterase (AchE) activity. Inhibition

of this enzyme results in the accumulation of acetylcholine in the nerve synapses,resulting in disrupted nerve
function. Chronic inhibition of 50 percent ofbrain AchE has been associatedwith mortality in birds (Ludke
et al., 1975).
The effects ofDDT on other receptor groups are not as clearly defmed. Recent studies indicate that DDT
may be an estrogenic mimic, resulting in adversereproductive effects. Observed effects include feminization
and increased female:male population ratios for some receptors. Other responsesinclude histopathological
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changes, alterations in thyroid function and changes in the activity of various enzyme groups (peakall,
1993). In addition to toxic effects, DDT and its metabolites can bioaccumulate.
DDT and its metabolites was selected as a COC for the tree swallow, belted kingfisher, great blue heron,
osprey, red-tailed hawk, and mink.
The TRV used for the evaluation of toxic effects ofDDT and its metabolites in birds was based on the
results of Anderson et al. (1975), which is the same study used by the Great Lakes Water Quality Initiative
(USEP A, 1995b). Anderson et al. (1975) studied the reproductive success of brown pelicans (Pelecanus
occidentalis) off the coast of south em Califomiafrom 1969 through 1974. Concentrations ofDDT and
its metabolites in northern anchovies (a main component of the brown pelicans' diet) and pelican eggs were
monitored during the course of the five-year investigation. Over this time, total DDT (and metabolite)
concentrations declined in the fish from 4.27 to 0.15 ppm ww (0.60 ppm dw). At the lowest prey
concentration, the fledgling rate was still 30 percent below that needed to maintain a stable population (1.2
to 1.5 young per pair). Therefore, 0.15 ppm was considered as the LOAEL. An LOAEL TRV of 0.028
mg/kg body weight-daywas derived for birds, based on a body mass of3.5 kg for an adult brown pelican
(Dunning, 1993), and a food ingestion rate of 0.66 kgiday(USEPA, 1995b).ANOAEL TRV of 0.0028
mg/kg-day was derived by applying an uncertainty factor of 0.1.
For mammals, the 10westDDT and metabolite TRVs were derived from a reproductive study by Fitzhugh
(1948), in which rats were exposed to doses of 10,50, 100, and 600 ppm in their food for two years.
While consumption of 50 ppm or more D DT in the diet reduced the number of young produced, no
adverse effects were observed at the 10 ppm DDT dose level. These doses correspond to LOAELs and
NOAELs of 0.8 and4.0mg/kg-day, respectively. It should be noted that studies indicatethatmustelids
(the family that mink belong to) can rapidly degrade DDT (e.g., Roos et al., 2001); therefore, the
mammalian TR V s may be conservative for mink.
9.3.4.18 Dichlorobenzenes
1,2-Dichlorobenzene is used mainly as a chemical intennediate for making agricultural chemicals, primarily
herbicides. Other present and past uses include use as a solvent for waxes, gums, resins, wood
preservatives, and paints; insecticide fortennites and borers; in making dyes; as a coolant, deodorizer, and
de-greaser. 1,4-Dichlorobenzene (P-DCB) is anorganic solid of white crystals with a mothball-like odor.
It is used mainly as an insecticidal fumigant against moths in clothes and as a deodorant for garbage and
restrooms. It is also used as an insecticide and fungicide on crops, in the manufacture of other organic
chemicals, and in plastics, dyes, phannaceuticals. Dichlorobenzene is known to bioaccumulate becauseof
rapid metabolic turnover in exposed organisms. The long-term exposure to dichlorobenzenes may result
in damage to the liver, kidneys, and cellular components of the blood, and may cause anemia, skin lesions,
and appetite loss. Some neurological effects have been linked to inhalation of dichlorobenzene.
Dichlorobenzenes
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The toxicity of dichlorobenzene to birds was evaluated based on a feeding study by Hollingsworth

et al.

(1956) in which geese were exposed to 500 ppm p-dichlorobenzene in their diet for a duration offive
weeks. An exposure dose based on the measured intake rate was estimated to be approximately
600 mgikg-day. The toxicological impacts of this exposure included a general reduction in growth and a
mortality rate of30 percent. This was therefore considered to be a sub-chronic LOAEL TRV. A tenfold
uncertainty factor was applied to convert this value into a chronic LOAEL of 60 mgikg-day, and an
additional uncertainty factor of 0.1 was applied to derive a chronic NOAEL value of 6 mgikg-day.
9.3.4.19 Dieldrin
Dieldrin, a chlorinated insecticide, was widely used from the 1950s to the 1970s, for soil and seed
treatment, to control mosquitos and tsetse flies, as a sheep dip, for wood treatment, and for mothproofing
woolen products. Most uses of dieldrin were banned in 1975, and it is no longer produced in, or imported
to, the US (ASillR,
teratogenicity,

1998). Dieldrin's toxic effects include carcinogenicity, mutagenicity, neurotoxicity,

and reproductive impairment.

Dieldrin was selected as a COC for all mammalian receptors.
Inm ammals, dieldrin is rapidly absorbed from the gastrointestinal tract upon ingestion. It is then transported
from the liver to various tissues in the body, including the brain, blood, liver, and adipose tissue. Toxicity
appearsto be related to the central nervous system, resulting in stimulation, hyperexcitability, hyperactivity,
incoordination, and exaggerated body movement, ultimately leading to confusion, depression, and death
(ASTDR, 1998). Dieldrin has been shown to cross the placental barrier, and for that reason has been
studied for its teratogenic properties and reproductive effects.
In the study selected for deriving TR V s, rats were exposed to dietary concentrations of dieldrin ranging
from 0.08 to 40 mgikg for up to 336 days (Harret al., 1970). The concentration of 0.31 ppm (0.018
mgikg-day) was the lowest concentration that resulted in adverse reproductive effects, which included a
reduction in pup survival and conception rate. The highest dose that did not produce any reproductive
effects was 0.16 ppm (0.009 mgikg-day). Therefore, a value of 0.018 mgikg-daywas selected as the
LOAEL

and 0.009 mgikg-day was selected as the NOAEL.

9.3.4.20 Dioxins/Furans
Polychlorinated dibenzo-p-dioxins

(PCDDs) are composed of a triple-ring structure consisting of two

benzene rings connected to each other by two oxygen atoms. Depending on the number and position of
chlorine

substitution

on the benzene rings, 75 chlorinated

dioxin congeners are possible. The

polychlorinated dibenzofuran (PCDF) molecule is also a triple-ring structure, with the two benzene rings
connected to themselves by a single oxygen atom. In all, 135 chlorinated dibenzofuran congeners are
possible.
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Dioxins and furans are not produced intentionally,

but are unavoidable byproducts of chemical

manufacturing or the result of incomplete combustion of materials containing chlorine atoms and organic
compounds. Dioxins and furans may also be formed during the disinfection of complex effluents (e.g., pulp
and paper effluents) containing many organic constituents.
Dioxins and furans may be distributed throughout the environment via air, water, soil, and sediments.
Dioxins and furans tend to be very insoluble in water, adsorb strongly onto soils, sediments, and airborne
particulates, and bioaccumulate in biological tissues (Hutzinger et al., 1985). These substanceshave been
associatedwith a wide variety of toxic effects in animals, including acute toxicity, enZ)me activation, tissue
damage, developmental abnormalities, and cancer.
Dioxins, like PCBs, are polychlorinated hydrocarbons (PCHs) and toxicity is believed to be mediated
intracellularly by binding with the aryl hydrocarbon receptor (AhR). The resulting PCH-AhR complex
moves into the cell nucleus, where it will bind to the DNA, and may alter the expression of a number of
gene sequences. Many of the observed toxic effects of dioxins (and the coplanar PCBs) are attributable
to specific alterations in gene expression.
The effects of tetrachlorodibenzo-p-dioxins (TCDDs) have been reviewed by Safe (1990) and Giesyet
al. (1994). Dioxins are not generally acutely toxic to adult organisms, but their long-term accumulation is
thought to be expressed chronically, and may ultimately result in death. Key effects are those causing
reproductive dysfunction. The PCDDs and PCDFs are thought to cause alterations to developmental
endocrine functions (thyroid and steroid hormones), as well as interference in vitamin production, which
results in disruption of patterns of embryonic development at critical stages (Giesy et al., 1994). General
population-level manifestations of dioxin exposure include adversely affected patterns of survival,
reproduction, growth, and resistance to diseases(Eisler and Belisle, 1996). Poor reproductive efficiencies
and adventive, opportunistic diseasesare characteristic of wild animals in the exposed populations of the
Great Lakes region (Giesy et al., 1994).
To assesstoxicity, chlorinated dioxins and furans are classified at varying levels of potency of2,3, 7 ,8TCDD(Eastern
receptor-specific
Dioxins/furans

Research Group [ERG], 1998). These variations in potency are quantified based on
TCDD toxicity equivalence factors (TEFs).
were selected as a COC for all receptors, except for the great blue heron.

A study by Nosek et al. (1992) was used to derive avian TRVs. Ring-neck pheasants (Phasianus
colchicus) were exposed to 2,3,7 ,8-TCDD at three dose levels: 0.01, 0.1, and 1.0 ~p/kgBW/weekvia

weekly intraperitonealinjection (equivalentto 1.4x1Q-6, 1.4x10-5,and 1.4x1Q-4 mg/kg-day)for 10weeks,
through reproduction. No adverse effects on reproduction were observed at the two lower dose levels.

Therefore,the highestdoselevel of 1.4x1Q-4 mg/kg-daywasconsideredto be a chronicLOAEL TRV and
the 1.4xl0-5 mg/kg-day the NOAEL TRV for birds.
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The mammalian TR V used for the evaluation of risk to mammals was based on a study by Murray et al.
(1979), who exposed rats to TCDD at three dose levels (1 x 1Q-6,1x 10-5,and 1xl 0-4mgikg-day in food)
for three generations. The 1x 10-6 mgikg-day dose resulted in no significant adverse effects, and was
therefore considered to be a chronic NOAEL TRV for mammals. The 1 xl 0-5 mgikg-day dose resulted
in an approximately

10 percent reduction in live births and was therefore applied as the LOAEL TRV.

9.3.4.21 Endrin
Endrin is an organochlorine insecticide which has been used since the 1950s against a wide range of
agricultural pests, mostly on cotton but also on rice, sugar-cane, maize, and other crops. It is also used as
a rodenticide.. Like other chlorinated hydrocarbon insecticides, endrin also affects the liver, and stimulation
of enzyme systems involved in the metabolism of other chemicals (WHO, 1992).
Endrin was selected as a COC for the belted kingfisher.
A study by Fleming et al. (1982) on screech owls (Otus asia) fed 0.75 ppm endrin in their diet for 83 days
was used to derive the avian TR V s. Egg production and hatching success were reduced among owls fed
endrin. Because the study considered exposure throughout a critical life stage (reproduction),

the

normalized dose of 0.1 mgikg-d was considered to be a chronic LOAEL. A chronic NOAEL was
estimated by multiplying the chronic LOAEL by a LOAEL to NOAEL uncertainty factor ofO.1 to obtain
a value of 0.01 mgikg-d.
9.3.4.22 Hexachlorobenzene
Hexachlorobenzene was widely used as a pesticide and fungicide for onions and wheat and other grains
until 1965. It was also used in the manufacture of fireworks, ammunition, electrodes, dye, and synthetic
rubber, and as a wood preservative (Sitting, 1991; A TSD R, 1997). There are currently no commercial
uses ofhexachlorobenzene
Hexachlorobenzene

(ATSDR,

1997).

was selected as a COC for the Inink, little brown bat, and short-tailed shrew.

The mammalian TRV s were based on a study of mink and European ferrets (Mustela putarius Jura) by
Bleavins et al. (1984) fed diets that contained hexachlorobenzene (HCB). Diets treated with 125 or 625
ppm H CB were lethal to the adults ofboth species. The cross-fostering of Inink kits whelped by untreated
dams to females fed 2.5 mgikg HCB resulted in increased kit mortality when compared to untreated
controls. The in utero exposure to HCB resulted in higher kit mortality than exposure via the dam's milk.
This dose resulted in a LOAEL ofO.14 mgikg-dayand

afactororO.1 was applied to yield a NOAEL of

0.014 mgikg-day.
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9.3.4.23 Hexachlorocyclohexanes
Hexachlorocyclohexanes

are found in the organochlorine

insecticide lindane. The solubility

of

hexachlorocyclohexane isomers in lipid are as follows: delta> gamma> alpha> beta. Lindane has not been
produced in the US since 1977, although it is still imported into and formulated in the US. Former uses
Christmas trees.
Hexachlorocyclohexanes were selected as a COC for the belted kingfisher, great blue heron, and osprey.
Jansen's (1996) study on the common quail ( Cotumix cotumix) was used to derive avian TR V s. Lindane
was dissolved in the drinking water of captive quail at doses of 1, 3, and 9 ppm, for seven days. Eggshell
thickness, egg volume, egg mass, incubation time, hatchability, and embryo development were recorded
prior to, during, and after the treatment Egg production was not affected by exposure to lindane. Egg mass
was reduced significantly and egg volume increased slightly at 3 ppm lindane. There was no significant
eggshell thinning as a result of exposure to lindane. Fertility and hatchability were lower at 3 and 9 ppm of
lindane and incubation period was slightly reduced and overall fecundity decreasedas a result oflindane
ingestion. Doses ofl and 3 ppm were selected as the NOAEL and LOAEL, respectively. Although quail
were only exposed for seven days, exposure occUlTedduring a sensitive reproductive period and therefore
no uncertainty factor was applied. Using a body weight of 0.15 kg, based onVosetal. (1971), a food
intake rate of16.9 gdw/day(Nagy, 1987), a NOAEL of 0.11 mgikg-day and a LOAEL of 0.34 mgikgday were derived.
9.3.4.24 Polychlorinated

Biphenyls

PCBs are industrial compounds that were used in a broad range of commercial applications until their
manufacture was banned in 1976 under the Toxic Substances Control Act (TSCA) (15 U.S.C. Sec. 2601
et seq.). They are complex chemicals consisting often diiIerenthomolog
decachlorobiphenyls)

classes(monochlorobiphenyls to

that are distinguished by the number of chlorine atoms bound to the biphenyl

molecule. Among these ten homologs are 209 different PCB congeners,which reflect the different number
and location (isomer) of the bound chlorine atoms. PCBs were manufactured in the US under several trade
names, but they are best identified with the name Aroclor (manufactured by Monsanto). Different Aroclors,
which consist of different mixtures of congeners, were given four-digit codes (e.g., Aroclors 1248, 1260);
the last two digits usually indicate the chlorine content (by percent weight).
For reviews of PCB toxicology, see Seegal (1996), Tilsonetal.

(1990), Safe (1990, 1994), Kimbrough

(1985), Silberhom et al. (1990), Bolger (1993), and Delzell etal. (1994).
PCBs were selected as a COC for all receptors, with the exception of the red-tailed hawk.
The avianTRVs

selected for this BERA are based on a 16-week study by Dahlgren et al. (1972) that

examined the effects of Aroclor 1254 on pheasants. In this study, ring-neck pheasants were dosed once
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a week with either 12.5 or 50 mgibird-weekAroc1or

1254. No impact on chick growth, egg production,

or survivability was reported at the lower dose; however, egg hatchability was slightly lower at this dose.
Therefore, the 12.5 mgibird-week dose, equal to a daily dose of 1.8 mg/kg-day, was considered a
LOAELTRV.

A NOAEL was derived by multiplying

the LOAEL by a factorofO. 1 fora value of 0.18

mg/kg-day.
For mammalian receptors, separate TR V s were derived for mustelid receptors (mink and otter) and other
mammals (bat and shrew), as mustelids are known to be sensitive to PCBs. A multigenerational study on
mink by Restum et al. (1998) was used to derive mustelid. TRV s. Over a three-year period, captive mink
were fed carp caught from Saginaw Bay (Lake Superior) that contained PCBs and other contaminants.
These fish were mixed with clean fish to produce treatment diets of 0, 0.25, 0.5, and 1 ppmwwtotal
PCBs. Continuous exposure to 0.25 ppm or more delayed the onset of estrus and lessened the whelping
(birth) rate. It also resulted in significantly lower body weights ofkits at six weeks. Based on these effects,
the 0.25 ppm treatment was considered a LOAEL. The LOAEL TRV was calculated to be 0.034 mg/kgday, based on a body mass of 1 kg and an intake rate of 0.137 kg ww/kg body weight per day (Bleavins
and Aulerich, 1981). The NOAEL TR V was estimated by the application of an uncertainty factor of 0.1
for a value of 0.0034.
The TR V s for the little brown bat and short-tailed shrew were based on multigenerational study of rats by
Linder et al. (1974). Mating pairs of rats and their offspring were fed Aroclor 1254 at concentrations of
5 and 20 ppm. Offspring of rats fed 20 ppm exhibited decreased litter size (reduction of 15 to 24 percent)
in comparison to controls., while those fed 5 ppm did not significantly differ from controls. Using a body
weight of 0.35 kg and a food intake rate of28 gidaybased on Sample et al. (1996), a NOAEL of 0.4
mg/kg-day and a LOAEL
9.3.4.25 Polycyclic

of 1.6 mg/kg-day were calculated.

Aromatic

Hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) is the general term applied to a group of compounds comprised
of several hundred organic substances with two or more benzene rings. They occur in the environment
mainly as a result of incomplete combustion of organic matter (forest fires, internal combustion engines,
wood stoves, coal, coke, etc.). They are major constituents of petroleum and its derivatives. In addition,
wasteWater treatment plant effiuents and runoff from urban areas, particularly from roads, are known to
contain significant quantities ofF AHs. Inputs ofF AHs in aquatic ecosystems may occur as a result of oil
spills, forest fires and agricultural blmling, leaching from waste disposal sites, and coal gasification (Eisler,
1987b; Neff, 1979). PAHs are also produced by natural processes at very low rates.
In aquatic environments, PAHs tend to form associations with suspended and deposited particulate matter
(Eisler, 1987b). This sorption ofF AHs to sediments is strongly correlated with the TOC content of
sediments, which influences its bioavailability. In general, elevated levels of sediment-associated PAHs are
found in the vicinity of urban areas.Exposure to PAHs may result in a wide range of effects on biological
organisms. While some P AHs are known to be carcinogenic, others display little or no carcinogenic,
mutagenic, or teratogenic activity (Neff, 1979). Many carcinogenic PAHs also exhibit teratogenic and
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mutagenic effects. Several PAHs exhibit low levels of toxicity to terrestrial life forms, yet are highly toxic
to aquatic organisms (Eisler, 1987b). Although PAHs are taken up and accumulated in terrestrial and
aquatic plants, fish, and invertebrates, bioconcentration is limited by metabolism and elimination in many
speCIes.
PAHs can interact with cells in two ways to causetoxic responses. They may bind reversibly to lipophilic
sites in the cell and thereby interfere with several cellular processes. Alternatively, their metabolites may
bind covalently to cellular structures, causing long-tenn damage.
PAHs were selected as COC for all wildlife receptors except the osprey. Studies on the toxicity ofF AHs
in birds, particularly with regard to impacts on reproduction, are rare. A study examining theembryotoxicity
of an artificial mixture of 18 PAHs in chicken, turkey, domestic duck, and common eider (Somateria
mollissima) eggs found that a dose of2 mgikg-egg increased mortality among the embryos of all four
species, and mortality was also increased in the duck at 0.2 mgikg-egg (Brunstrom et al., 1990). Hough
et al. (1993) examined the effects ofbenzo[ a]pyrene on pigeons. Three- to six -month-old pigeons were
administered a dose of 10 mgikg weekly for a period of five months. The treatment birds were reported
to have suffered complete reproductive failure and an associated gross alteration in ovarian structure. This
dose, which corresponds to a daily exposure of 1.43 mgikg-day, was considered representative of an
LOAEL for birds. To estimate the NOAEL TRV, a tenfold level of uncertainty was applied to the LOAEL
TRV to derive an estimate of 0.143 mgikg-day.
The
examined the reproductive effects of benzo[a]pyrene on mice. Female mice were exposed to
benzo[ a]pyrene at doses of1 0, 40, and 160 mgikg-daythroughdailyintubation.
Treatment commenced
on day 7 after the best estimated time of conception and continued through day 16 of geStation. The effects
of exposure were followed for up to six months. Although the duration of exposure was short, it is
considered to be a chronic study because exposure occurred during a critical life stage. Total sterility was
observed in 97 percent of the mice exposed prenatally to 40 or 160 mgikg benzo[ a]pyrene. Fertility was
markedly impaired in animals exposed in utero to 10 mgikg benzo[a]pyrene. After six months on a
breeding study female mice in this group gave birth to significantly fewer and smaller litters and male mice
in this group impregnated 35 percent fewer females than controls. The 10 mgikg-day treatment was
therefore considered to be applicable as a LOAEL TRV. The estimation of the NOAEL TRVwas based
on the application of a tenfold level of uncertainty to the toxicity estimate to derive a value of1 mgikg-day.
9.3.4.26 Trichlorobenzenes
1,2,4- Trichlorobenzene is an aromatic, colorless, organic liquid that is used primarily as a dye carrier. It
is also used to make herbicides and other organic chemicals, as a solvent, in wood preservatives, and,
previously, as a soil treatment for termite control. Short-term effects of exposure to 1,2,4-trichlorobenzene
may causechanges in the liver, kidneys, and adrenal glands, and long-tenn exposure may result in increased
adrenal gland weights.
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Trichlorobenzeneswere selectedasa COC for the tree swallow, mallard, little brown bat, andshort-tailed
shrew.
No avian studieswere found on the toxicity oftrichlorobenzenes; therefore,potential risks to birds from
this COC will be addressedin the BERA only qualitatively.
Themammalianmv s arebasedon amultigenerationalrat study(Robinsonet al., 1981).From birth, male
and female rats (FOgeneration)were dosedwith 0, 25, 100,or 400 ppm of 1,2,4-trichlorobenzenein the
drinking water. Similar procedures were performed with their offspring (F1 generation) and the F2
generation.Fertility, asmeasuredby the conceptionratesof the females,ofFO andF 1 generationratswas
not affected by treatment. An LO AEL was derived from a significant increase(11 percentin males, 13
percentin females) in adrenalgland weights observedin the 400ppm (53.6 mgikg-day) groupsofmales
and femalesof the FOand F 1 generations.The N OAEL was consideredto be the 100 ppm (14.8 mg/kgday) dose. Effects on the F2 generation were less than on the FO and F1 generations.
9.3.4.27 Xylenes
Xylenes are clear liquids with a sweet odor that are used mainly as a solvent. Other usesinclude as a
componentof gasoline,and for theproductionof phthalateplasticizers,polyesterfiber, film, andfabricated
items.
long-term exposure may cause damage to the central nervous system, liver, and kidneys.
Xylenes were selected as a COC for the mallard, tree swallow, and little"brown bat.
No studiesexaminingthetoxicity of xylenesto birds werefound; therefore,potentialrisksto birds from this
COC will be addressedin the BERA only qualitatively.
The mammalian TR V s are basedon a mouse study by Marks et al. (1982), where mice received doses
of 0.5, 1.0, 2.1, 2.6, 3.1, or 4.1 mg/kg-d of mixed xylenes a xylene mixture (60 percent m-xylene, 9
percento-xylene, 14percentp-xylene and 17percentethylbenzene)from days6 to 15 of their gestation
period via oral gavage.Xylene exposureof2.6 mg/kg/d or greatersignificantly reducedfetal weights and
increasedthe incidenceof fetal malformities. While the xylene exposuresevaluatedin this studywereof a
short duration, they occurred during a critical life stage.Therefore, the highest dosethat produced no
adverseeffects,2.1 mg/kg/d, was consideredto be a chronic NOAEL andthe 2.6 mg/kg/d doselevel was
considered to be a chronic LOAEL.
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