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EXECUTIVE SUMMARY

This risk assessment addresses the potentid aguetic ecologica and human health effects from exposures
to DDT, DDD, and DDE originating from sediments of the Big Sunflower River Bagin. It relieson
messured and estimated concentrations of these chemicalsin sediment, water, soil, and fish tissue. It
estimates and compares potential exposure and risk in the Big Sunflower River Basin under two generd
long-term conditions (gpproximately 40 years):

No dredging conditions that used measured concentrations in sediment and water, for theinitia
year, and modeled concentrations for al subsequent years.

Dredging conditions that used measured concentrations in sediment and modeled concentrations
in water for the initia year (during which the dredging activity occurs) and modeled sediment
and water concentrationsin al subsequent years.

Predicted Environmental Concentrations

The anadyses and conclusonsin this assessment depended heavily upon a bioaccumulation modd, the
FISHRAND mode. The mode performed well. Specificdly, it predicted aguatic organism body
burdens within afactor of 1.5 of observed concentrations 56 percent of the time and within afactor of 2
goproximately 81% of thetime. Only two comparisons exceeded afactor of three. The highest
deviation was for predicted body burdens of DDT in gar.

The bioaccumulation modd relied on the results of severa fate and trangport models that provided
predicted sediment and water exposure concentrations under the different conditions. The existing
sediment and water data are inadequate to provide confidence in the predictions to within an order of
magnitude. Thisis an important source of uncertainty in the estimates of absolute risk, but less so for the
risk comparison because the uncertainties apply equaly to each condition.

Predicted effects of dredging and disposa on water quality, sediment concentrations, and biologica
body burdens were minima and would be under dl circumstances for the likely range of modeling
assumptions (e.g. flow rate, percent lipid, Koy). Thereis greater uncertainty in the absolute predicted
results than in the relative predicted results for the two general conditions because the rate congtantsin
the modeling that govern physical and biological processes are not concentration-dependent.

Estimated Ecological Risks
The ecologica assessment indicated that generdly:

Thereis no potentia risk to the fish community in Items 1,2,5,6, 7, and 10, based on the
viii



measurement endpoints, invertebrate body burdens and fish body burdens of DDT, DDD, and
DDE under either the no dredging or dredging conditions.

In Item 8, thereis potentid for risk to the fish community based on body burdensin
invertebrates and body burdensin al modded fish species. The predicted dredging conditionsin
Item 8 neither ameliorate nor exacerbate this potential risk.

Thereis potentid risk to wildlifein Items 1,7,8, and 10 based on the measurement endpoint,
dosesof DDT, DDD, and DDE to osprey and in dl Items based on the measurement endpoint,
doses of DDT, DDD, and DDE to malard duck. The dredging conditions amdliorate this risk
Item 2 for the mallard duck.

Thereis no potentid risk to mammals, as represented by mink in any of the Items, under either
condiition.

Estimated Human Health Risks
The human hedlth risk assessment showed that generdly:

Thereis potentid for risk to anglers consuming fish from theriversin the Big Sunflower River
Basin; and,

The proposed dredging project neither exacerbates nor ameliorates these risks.
Specificdly:

Estimates of hazard and risk vary among project items by about afactor of ten, depending on
different predicted fish tissue concentrations,

Edtimates of hazard and risk vary within an item by about a factor of ten, depending on
assumptions made about fish ingestion rates and characteristics of people consuming fish;

The use of region-specific fish ingestion rates rather than rates from the general population or
another geographic region reduces uncertainty in the estimates of absolute risk; and,

Sources of uncertainty in this assessment, including those associated with fish tissue
concentration estimates, affect absolute estimates of risk for each Item, but have less effect on
edimates of rdative risk between dredging and no dredging conditions.



1.0 PROBLEM FORMULATION/ HAZARD IDENTIFICATION
11 Objectives

Thisrisk assessment addresses the potentia aquatic ecologica and human hedlth effects from exposures
to DDT, DDD, and DDE originating from sediments of the Big Sunflower River Basin. It relieson
measured and estimated concentrations of these chemicas in sediment, water, soil, and fish tissue. It
edimates and compares potentia exposure and risk in the Big Sunflower River Basin under two generd
long-term conditions (approximately 40 years):

No dredging conditions that used measured concentrations in sediment and water, for the initia
year, and modeled concentrations for al subsequent years.

Dredging conditions that used measured concentrations in sediment and modeled concentrations
inwater for the initid year (during which the dredging activity occurs) and modeled sediment
and water concentrationsin al subsequent years.

Note that, in this assessment, the term “DDTS’ refers genericdly to DDT and its breakdown products
(DDD and DDE) while the term “sum DDT” refers explicitly to the arithmetic sum of the concentrations
of DDT, DDD, and DDE as opposed to the concentration of any one of these compounds.

1.2 Site Description

The Big Sunflower River Maintenance Project (BSRMP) isin the Big Sunflower River Basinin the
Mississppi ddta, in the northwest portion of Mississppi. The Big Sunflower, Little Sunflower,
Hushpuckena and Quiver Rivers and their tributaries, Deer Creek, Steele Bayou and Bogue Phdia
drain the basin. The United States Army Corps of Engineers (USACE) provides a map of the basin
(plate 1 in USACE, 1996). It is gpproximately 4,100 square miles, 140 miles long in anorth-south
direction, and 30 mileswide on average. The east bank levee of the Missssppi River iswest of the
basin, and the Y azoo-Tdlahatchie River is east (USACE, 1996, p. 1).

The project areais on the nearly flat floodplain of the Missssppi River where relief islow (88 feet
National Geodetic Vertica Datum (NGVD) in the south to 116 feet NGV D in the north) (USACE,
1996, p. 15). The average dope of the basin is 0.5 foot per mile. The river and tributariesin the Big
Sunflower River Basin are generdly dow flowing and turbid with water levels that may fluctuate more
than 20 feet annudly. Low water stages generaly occur in fal and early winter with high stages
occurring in late winter and early spring. The Sunflower system isalow energy system where backwater
flooding creates dack water that promotes deposition of sediments (Supplement No. 2 to the Fina
Environmenta Impact Statement (USACE, 1996), Appendix B, p. 3).



121 LandUse
The Big Sunflower River Basin is primarily agricultural lands and bottomland hardwood forests. There
are 1,054,715 acres of farmland in the project area within Humphreys, Sharkey, Sunflower,
Washington and Y azoo counties. The main agriculturd crops are soybeans, cotton, rice, whest, grain
sorghum and corn (USACE, 1996, p. 3-13).
The southern portion of the project area lies within the 59,000 acre Delta Nationd Forest, the only
bottomland hardwood Nationa Forest. The nationa forest along with the privately owned Delta Wildlife
Area (21,000 acres) and the state’ s Twin Oaks Wildlife Management Area (6,000 acres) isalarge
contiguous tract of bottomland hardwood (USACE, 1996, Appendix B, p. 3). Severd other state,
federa and privatdy owned naturd resource areas in the basin include:

Lake George Wildlife Management Areg;

Sunflower Wildlife Management Areg;

Mahannah Wildlife Management Areg;

Y azoo Nationd Wildlife Refuge;

Panther Svamp Nationd Wildlife Refuge;

Leroy Percy State Park (lake in the park);

Holmes County State Park (Iake in the park).

These are fishing, boating, camping and hunting aress, and are dso vauable wildlife habitat, especidly
for migratory waterfowl (USACE, 1996, p.3-14).

1.2.2 Habitat Characterization

The bottomland hardwood wetlands and winter flooded agriculturd land of the Big Sunflower River
Basin are extremely important to wintering waterfowl, especidly for the malard and wood duck
populations. A wide variety of other wildlife dso uses these wetland habitats including songbirds,
shorebirds, furbearers, and many other game and nongame animas (USACE, 1996, Appendix B, p. 4).

Aguatic Habitat

Many of the streams receive large amounts of sediment and other agriculturd contaminants and nutrients
resulting in high turbidity, and in fair to poor water quaity (USGS, 2001). Average low flow in the Big
Sunflower River at the town of Sunflower has decreased from 150 cubic feet per second (cfs) in 1970

2



to 15 cfsin the 1990’ s due to declines in the Mississppi River Alluvid Aquifer (MS ddta, 2001). The
annua average stream flow for 1999 in Bogue Phdiaat Leland (www.usgs.gov) was 690 cfs, with the
lowest flowsin the fadl (monthly mean of 32 cfsin October) and highest flowsin January during the rainy
winter season (monthly mean of 1,353 cfs).

Mogt fish species collected in the Big Sunflower River system are characteristic of the Missssppi delta
An estimated fifty-five fish gpecies occur, including 13 species of minnows and 12 species of sunfish.
Larger fish include blue catfish, flathead catfish, smalmouth buffao and gar. Speciesdiversity is
moderate to low while species richness is moderately high (USACE, 1996, Appendix B, p. 4). [Table 1
of Appendix B to the SEISreport (p. 5 & 6) lists the Fishes of the Big Sunflower River. Table 2 shows
the dominant fish species collected from the Big Sunflower River (USACE, 1996, Appendix B, p. 6).]

Recent studies (in 1992 and 1994) of mussdl resourcesin the BSR project areafound 31 species of
native mussels and the Asian clam. [Table 3 of Appendix B to the SEIS report lists the freshwater
mussel speciesin the Big Sunflower River (USACE, 1996, Appendix B, p. 8).]

Terrestrial Habitat

The adjacent terrestrid habitat includes a combination of agriculturd applications including soybean,
cotton, rice, whest, grain sorghum and corn and bottomland hardwood forest. The mgjority (71%) of
the adjacent land isin agriculturd production, while the remaining 29% is bottomland hardwood forest.
The agriculturd land isin cotton (38%) and soybean (43%), and to alesser extent wheat (7%), rice
(8%0) and corn/grain sorghum (4%). Bottomland hardwood forests dominate the vegetative cover in the
Delta Nationd Forest in the southern portion of the project area. Bottomland hardwood forests. Land
use activities may impact the species that accesstherivers. For example, grain fields would likely
attract migratory birds and fields that are intermittently flooded would provide quaity waterfowl habitat.

1.2.3  Human Population

The overdl human population densty is 46 persons per square mile in the region of influence (ROI
which includes Humphreys, Sharkey, Sunflower, Washington and Y azoo counties and the cities of Holly
Bluff, Anguilla, Indianola, Leland, Greenville and Rolling Fork). The population is 59 percent African
American and 40 percent Caucasian. The remaining one- percent is a combination of Native American,
Asan, Hispanic and others. The mgority of the people in the ROI reside in rurd areas, except for
Washington County that has the highest population and the highest population dengity. Washington
County is 70 percent urban and 67 percent of the tota population in Washington County is Greenville
(USACE, 1996, p. 3-11). USACE summarizes the population and demographic information for the
ROI (USACE, 1996 Table 3-4). .

The three leading employment sectors include services (20%), manufacturing (19.5%) and
government/government services (19 %). The farm sector is 8% of the totd, which is noteworthy
because thisis sgnificantly higher than the nationa average (2.3%) (USACE, 1996, p. 3-11). Per
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capitaincome for 1990 was $12,472, which was below the 1990 national average of $17, 592
(USACE, 1996, p. 3-13).

1.3 Project Description

In recent years, extensve annua flooding has occurred in the Big Sunflower River Basin. Between 1940
to 1960, the USA CE established a certain drainage capability of the Big Sunflower River Bagin, as
outlined in Genera Design Memorandum (GDM) No. 1. Since 1960, vegetation growth and
sedimentation in the channels has resulted in flooding of resdentid arees, rurd areas (agricultura land)
and public facilities. In response to complaints from residents, landowners and others, the USACE is
undertaking the Big Sunflower River Maintenance Project (BSRMP) to restore the drainage capability
of the basin to the conditions outlined in GDM No. 1 (USACE, 1996, p. i).

Figure 1.1 isamap of the project area. The BSRMP proposes channel maintenance on gpproximately
133.1 miles of streams to minimize the impact of flooding. Thisincudes removing gpproximately 8.42
million cubic yards of materid aong 104.8 miles of channd (2 to 4 feet excavation of stream bottom)
and clearing and snagging on 28.3 miles of channel. The project area includes the lower 75.6 miles of
the Big Sunflower River (including Holly Bluff Cutoff), the lower 24.2 miles of Bogue Phdia, the lower
8.0 miles of Dowling Bayou, and dl of the Little Sunflower River, Big Sunflower Bendway, and Bogue
Phdia Cutoff. These project streams drain approximately 3,340 square miles within the counties of
Sunflower, Washington, Humphreys, Sharkey and Y azoo (USACE, 1996, p. 1). The project area
includesten areas or “items of work”, listed in Table 5 of the Project Report (USACE, 1996). This
risk assessment addresses only seven Items because: work in Item 3 is complete; Item 9 is scheduled
for only clearing and snagging; and, Item 4 is scheduled for mostly clearing and snagging. The USACE
map shows dl the work itemsin the Big Sunflower River Basin (USACE, 1996 plate 48).

1.3.1 Dredging and Remova Methods

The BSRMP includes three generd types of remova activities:

dearing and snagging;

hydraulic dredging; and,

draglining.

Sediment removd from the river channelsincludes a combination of hydraulic dredging and dragline
methods. Hydraulic dredges will excavate the mgority of materid (7.75 million cubic yards).

However the dragline method will excavate where dredge operations are difficult (i.e. shalow streams
lessthan 3 feet and low clearance bridges), where right-of-way is currently available, or where the
excavated quantities are too small to economicdly justify the congtruction of digposal facilities (USACE,
1996).
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Clearing and Shagging

Clearing and snagging involves removing falen trees, undergrowth, snags, and sdlected trees which
block channd conveyance as wdll as small trees and shrubs dong the bank above the low water line
using adragline (USACE, 2001). This process includes debris remova by placement aong the top
bank of the channdls, burning, or offdte removal in barges (USACE, 1996, p. 26). It does not include
sediment remova. Maintenance to prevent the re-establishment of vegetation on the cleared bank will
be required, but is the responsbility of the local levee board.

Hydraulic Dredging

Hydraulic dredge refers to amethod of channd excavation in which afloating barge supports a
cutterhead assembly. The cutterhead and suction pipe are at the end of aladder and submerged to the
desired depth. The cutterhead sweeps across the channd bottom while pumps force the water-sediment
durry through afloating pipeline to a diked containment area (CDF or TLD) (USACE, 1996, Appendix
L, p. 15-16).

Draglining

Draglineis aland-based method of channel excavation that uses alarge bucket or clamshdl| to remove
sediment from the river. The bucket is suspended from the end of along boom and the operator makes
repeated cuts into the channe bottom to a desired depth (USACE, 1996, Appendix L). The excavated
sediment will be deposited a minimum of 50 feet from the previoudy cleared top bank of the river in
trips/berms/piles gpproximately 100 feet wide pardld to the river channd. For Bogue Phdia (Items 7
& 8), the materid will be placed behind the existing berm. The USACE plans to excavate atrench
behind the berm, place the new materid in the trench, and cap it with the materia removed to make the
trench. For al other dragline disposa areas over 1 acre (i.e. in Item 4, Hally Bluff Cutoff), a
sormwater management plan will be written to address erosion control. Riverbank vegetation must be
cleared and access roads constructed because of the size and mobility requirements of the dragline.
Wherever possible, the USACE will limit clearing to one bank of the river to minimize impactsto the
river and surrounding land (USACE, 1996, Appendix L, p. 15).

1.3.2 Management Areas
The descriptions of dredging and post dredging activities and conditions are essentid to identifying
exposure pathways in the risk assessment. The sediment excavated from Items 1, 2, 4 (Holly Bluff
Cutoff), 5, 6 and 10 will be disposed in one of three ways.

atraditiond confined disposd facility (CDF);

thin layer confined digposa (TLD) facility (specific type of CDF); or,
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adragline pile on the riverbank.

Materid from Items 7 and 8 in Bogue Phaiawill be deposited in atrench landward of the existing berm
(from previous dredge disposal), capped and seeded.

The CDFs or TLDs may be up to 2 miles from the dredge location. Dikes will be congtructed from soil
a the digposal facility ste. The CDF and TLD locations will be obtained from willing sdlers. The CDFs
will contain about six-feet of dredged materid and TLDswill contain about a three-feet of dredged
materia. The average sze of each CDF islikely to be greater than 33 acres. Approximately 34 CDFs
will be needed to contain the volume of materia excavated from the riversin the project area (USACE,
1996).

Immediately following dredging, the CDF or TLD will contain turbid, ponded water from 2 to 6 feet
deep, depending on the footprint of the containment area. The materid will settle for aminimum of 30
days (but more likely 60 days) after dredging stops. After settling, the dewatering weir crest can be
lowered 3.5 inches per day, resulting in effluent release from the digposd facility. This effluent will
discharge to the river. After dewatering and consolidation in atraditiond CDF, the facility will remain on
the land and capped. Thus, that land will be permanently removed from agriculturd production
(USACE, 1996, p. 5-2).

Alternatively, landowners may offer land for TLD facilities. These facilities will have acgp from existing
soil, stockpiled for that purpose, or from the dike materid after dewatering and consolidation. The
landowner can then spread the materid to return the land to agricultura use. Generaly, alandowner will
offersland that is somewhat lower than the surrounding land, thus when the TLD materid is Soread over
it, the elevation is brought out to that of the surrounding area. CDFs will have outlets for effluent or
overland runoff.
14 Development of the Conceptual M odels
The conceptud modd is an integration of existing information which describes the:

Humans and wildlife species that may use the Big Sunflower River;

Potentia fate and trangport mechanisms for DDT, DDE, and DDD; and,

Potentia routes of exposure for humans and ecologica receptors.
In this assessment, the conceptua modd s are diagrams, with an accompanying narrative. They describe

the links between contaminant sources and receptors along explicit fate and trangport pathways that
may influence human and ecologica exposure to the contaminants. The conceptual models include:



Figure 1.2 that shows exposure routes specific to the selected human receptor, the angler, and
provides notes describing the various exposure pathways,

Figure 1.3 that details the ecological exposures in the aguatic system from sediments and
surface water through the food web; and,

Figures 1.4 and 1.5 that show the exposure routes specific to the selected ecologica receptors
(consdered in this assessment) through piscivores and waterfowl respectively;

The assumed sources of contaminants for the conceptuad models change with dternatives and activities.
Soecificdly:

The no dredging condition assumes that the aquatic environment (i.e. riversin the BSRMP areq)
isthe primary sources of DDT and its derivatives to which people or organisms may be
exposed;

During dredging, the disposdl locations (dragline piles, CDFs or TLDs) will aso become
potentia contaminant sources in addition to the aquatic environment; and,

Following dredging, the terrestrid environment (i.e. runoff of soils) is the primary source of

contaminants (the terrestria environment includes upland soil, dewatered dredged materias
disposed of on land, or soil mixed with dredged materials (TLD), dl of which may contain

varying concentrations of DDT, DDD, and DDE)).

The assessment does not address terrestrial exposure and risk because:

141

The terrestrid receptor exposure to the containment structures will be insignificant compared to
the available habitat in the watershed. Less than 0.1% of the watershed will be impacted by
disposd of dredged materid, in terms of land area (i.e., from assumed CDFs, drag piles, and
TLDs).

A comparison of the soil sum DDT concentrations (average = 0.577 mg/kg; range 0.00675 -
2.7) and sediment sum DDT concentrations (average = 0.11 mg/kg; range 0.00276 - 0.611)
indicate that dredged materid managed in the terrestrid environment will not increase
concentrationsin soil, and therefore, will not affect current terrestrial exposures.

Humans and wildlife species that may use the Big Sunflower River

Humans

People living in the Big Sunflower River Basn may use one or more of the project riversfor recrestiond
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purposes or as a source of food. For example, families may swim, boat or fish in the river. Some people
may fish just for recrestion, but other people catch fish as a source of food for their families.

People may aso hunt aguatic game, such as ducks, geese or turtles. This assessment addresses the
potentid exposure of people engaged in these activities in the riversin the Big Sunflower River
Maintenance Project (BSRMP) area before, during and after dredging.

Wildlife Soecies

The Big Sunflower River, and the surrounding bottomland hardwood wetlands and winter flooded
agriculturd lands, host avariety of wildlife including, native and introduced species, and resdentid and
migratory occupants.

I nvertebrates

A total of 27 species of bivaves were collected from the Big Sunflower River in a 1993 survey
(USACE, 1996,Volume 11, Appendix ). These speciesincluded the Asian clam (Corbicula
fluminea), an invasive pecies. Threeridge (Amblema plicata plicata) and the bankclimber
(Plectomerus dombeyanus) dominate mussel beds in the Sunflower River. Both occur in mud, grave
and sand. The threeridge inhabits smdl to large rivers and impoundments, while the bankclimber tends
to populate medium and large rivers with low gradients and oxbow lakes (Natureserve, 2001). An
especidly high-dengity bed of mussalsis downstream of Lock and Dam No.1 around River Mile 54.
The bed is 100m long by 61m wide and is scheduled for channd cleanout (USACE, 1996, Volumel I,

Appendix I).

Two species of crayfish, the White River crayfish (Procambarus acutus) and the Red swamp crayfish
(Procambarus clakii), are said to be common to the Big Sunflower River. Both crayfish inhabit low
gradient rivers as wdll as riverine pools and are tolerant of low oxygen and high temperature
(Natureserve, 2001). These crayfish tend to burrow in the sediment.

Fish

Fifty-five species of fish inhabit the Big Sunflower River sygem. Minnows (13 species), sunfish (12
species) and catfish (7 species) are dominant (USACE, 1996, Volume I11, Appendix H). Shorelinefish
assamblages are dominated by mosquitofish, orangespotted sunfish, gizzard shad and smdl juvenile
buffalo fish while demersal populations are dominated by smalmouth buffalo fish, common carp, gizzard
shad and shortnose gar (USACE, 1996, Volume 11, Appendix H). Mot of these species prefer dow
water, whether in low gradient rivers with duggish water or in oxbow lakes and floodwaters
(Natureserve, 2001). They can dso tolerate moderate levels of turbidity. Mosquitofish tend to seek
out standing water with vegetative cover (Natureserve, 2001). Orangespotted Sunfish usualy occur in
sandy, mud-bottomed or silty pools of smdl rivers and oxbow lakes (Natureserve, 2001). Gizzard
Shad are generally found in quiet open waters of large rivers, svamps and flooded lands (Natureserve,
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2001). Smdlmouth Buffalo, a benthic sucker, inhabits large streams and rivers (Natureserve, 2001).
Catfish are dso prominent in the Big Sunflower River (USACE, 1996). Channd and Blue Catfish are
invertebrate and smal fish predators, whereas the Flathead Catfish, caled the tiger of the murky depths,
preys dmost exclusvely on fish from covered structures on the river bottom (Natureserve, 2001).
Catfish are tolerant of turbidity.

Waterfowl

Wintering waterfowl using the seasondly flooded agriculturd lands and swamps include the dabbling
ducks, conssting primarily of the mdlard (Anas platyrhynchos), northern pintail (Anas acuta), gadwall
(Anas strepera), American widgeon (Anas americana), green-winged tead (Anas crecca) and the
northern shoveler (Anas clypeata) (USACE, 1996). By far the most dominant duck wintering in the
Missssppi Alluvid Valey isthe mdlard, followed by the northern pintail (USACE, 1996). Wood duck
(Aix sponsa) dso inhabits the Sunflower River Area but, unlike the other dabbling ducks; it is a year-
round resdent in both Delta National Forest and the Y azoo Nationadl Wildlife Refuge (i-bird.com,
2001). Wood ducks prefer the cover of the bottomland hardwood forest, where water iswithin 0.3
miles of their nesting cavities in trees (USDA Forest Service, 2001).

Predatory Birds

Piscivorous birds of the areainclude the Bad eagle, Haliaeetus leucocephal us and the osprey,
Pandion haliaetus. Both the eagle and osprey are raptors that inhabit riparian areas and forested
wetlands near medium and large rivers (Natureserve, 2001). The Bad eagle eats fish, reptiles, birds,
smal mammas, invertebrates and carrion, while the osprey is primarily a piscivore (Natureserve, 2001).

Both birds roogt, perch and nest in treetops near the water, and sometimes utilize wooden posts and
utility poles (Natureserve, 2001).

Agquatic Mammals

The American mink, Mustela vison, and the River otter, Lontra canadensis occur in the river basin.
The mink inhabits forested wetlands, both permanent and semi-permanent, and riparian areas
(Natureserve, 2001). It densin burrows aong the riverbank and preys on smal mammas, waterfowl,
fish and crayfish (Natureserve, 2001).

River otter use medium to large rivers with low to moderate gradients as well as the surrounding
forested wetlands (Natureserve, 2001). They feed primarily on mid-sized fishes, frogs, crayfish, turtles,
insacts and sometimes birds and small mammals (Natureserve, 2001).

Reptiles and Amphibians

Reptiles and amphibians of the Big Sunflower River include the American dligetor, Alligator
mississippienss, turtlesand frogs. The American dligator inhabits low gradient rivers, riverine poals,
9



and forested wetlands such as swamps and bayous (Natureserve, 2001). They bask on land next to
water and dig densin river margins (Natureserve, 2001). Adult aligators eet birds, reptiles, mammals
up to the size of deer, and fish (Natureserve, 2001). A variety of turtles and frogs aso occur in the Big
Sunflower River area.

Endangered Species

U.S. Army Corps of Engineers found three endangered species within the bounds of the Big Sunflower
River Maintenance Project: Pondberry (Lindera melissifolia), Louisana Black Bear (Ursus
americanus luteolus) and Pdlid Sturgeon (Scaphirhynchus albus).

Pondberry is a deciduous aromatic shrub, 0.5 to 2 meterstall, which growsin seasondly flooded
wetlands such as the bottomland hardwood forest (USACE, 1996). It isusudly associated with small
sand dunes and competes poorly with shade-intolerant species (USACE, 1996). Thresatsto the
pondberry include clearing of bottomland hardwood forests, draining of wetlands, habitat dteration due
to logging and agriculturd activities, and reproductive weakness due to smal populations and alow
reproductive rate (Missouri Department of Conservation, 2001). The Delta Nationd Forest, where
colonies have been located on the banks of the Holly Bluff Cutoff and of the Big Sunflower River
(USACE, 1996, Volume lll, Appendix K), contains Mississppi’s largest pondberry population (U.S.
Fish and Wildlife Service, 2001).

The Louisiana Black Bear inhabits heavily wooded bottomland hardwood forests and requires areas
with diverse food resources and little to no human activity (Natureserve, 2001). They are omnivorous
bears, but primarily eat oak mast, field corn, muscadines, blackberries and honey when available
(Natureserve, 2001). Illegd killing and dteration/elimination of habitat are the most Sgnificant threetsto
the black bear (USACE, 1996).

The Pdlid Sturgeon is one of the largest fish known to occur in the middle and lower Missssppi River.
It inhabits large turbid rivers with low to moderate gradients and is associated with rocky or sandy
substrates (Natureserve, 2001). The sturgeon is an opportunistic feeder associated with the benthos
which concentrates its feeding on aguatic insects, crustaceans, mollusks, annelids, eggs of other fish and
fish (Natureserve, 2001). River channelization and the congtruction of impoundments have atered most
of thefidh's habitat. The Palid Sturgeon is present a the mouth of the Big Sunflower only occasondly
(USACE, 1996, Volume I11, Appendix K).

1.4.2 Potentid Fate and Transport of DDT, DDD, DDE
Under no dredging conditions we assume exposure to in situ sediments and ambient surface water.
During dredging we assume that DDT-, DDD- and DDE-contaminated sediment will be resuspended

and that effluent release and/or runoff from an open CDF, TLD or drag pile will impact aquatic
exposure concentrations. Fate and trangport models provided estimates of DDT, DDD, and DDE
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concentrations in sediment and surface water. Following dredging,
the dredging condition will incorporate estimates of DDT concentrations in newly deposited channel
Sediments.

1.4.3 Potentid Routes of Exposure for Human and Ecological Receptors
Human exposur e pathways

Potential human exposures include contact with surface water or sediment in the rivers, and exposure
through consumption of fish or aguatic game (e.g., ducks). There are two primary human exposure
routes in surface water, sediment or food items: ingestion and dermal contact. Water or sediment may
be accidentaly swallowed, while fish and wild game are esten as food. People are exposed through
dermal contact when contaminantsin water or sediment are absorbed through their skin. We assume
that inhaation (vapors and particulates) and dermad contact with fish are minima and therefore are not
included on the conceptua modd as exposure routes of concern.

Ecological exposure pathways

The exposure pathway and exposure route describe how ecologica receptors contact DDT, DDD and
DDE. Ecologica receptors including aquatic plants, water column invertebrates, benthic invertebrates,
warm water fish, waterfowl, piscivorous birds and piscivorous mammals dl contact sediment and
surface water. 1n addition, higher-order species consume lower-order species. For example, abenthic
invertebrate may accumulate DDT through direct sediment contact. A forage fish may consume the
benthic invertebrate. The forage fish may be consumed by a piscivorous fish. A piscivorous mamma
may ultimately consume the fish. Following these routes of exposure, DDT, DDD and DDE may be
transferred through the food chain. Many of the receptors may aso accumulate DDT, DDD and DDE
through direct contact with contaminated media and surface water.

1.4.4  Sources of information for developing conceptua model
Table 1.1 provides information sources used to develop the conceptua mode!.
15 Selecting and Char acterizing Repr esentative Receptor s

This section identifies and describes the humans and the representative ecologicd receptors used to
devel op exposure scenarios and estimate risks in the assessment.

151 Human Receptors

Anglers are assumed to be using theriversin the BSRMP area. Section 3 provides detailed descriptions
of exposure pathways for this receptor by exposure scenario.
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15.2 Representative Ecologicad Receptors

This subsection describes the ecological receptors chosen to represent the various components of the
aquiatic ecosystem. The selected species represent different feeding guilds. A guild isagroup of animas
within a habitat that use resources in the sameway. Coexisting members of guilds are Smilar in terms of
their habitat requirements, dietary habits, and functiond relationships with other species in the habitat.
Guilds may be organized into potentia receptor groups. The use of the guild approach dlows focused
integration of many variables related to potential exposure. These variables include characteristics of
DDT and its derivatives (toxicity, bioaccumulation, and mode of action) and characteristics of potentia
receptors (habitat, range and feeding requirements, and relationships between species). This approach
evauates potentid exposures by consdering the mgor feeding guilds found in a habitat. \We assume
that evauation of the potentia effects of DDT, DDD and DDE on the representative species will be
indicative of the

potentia effects of DDT, DDD, and DDE to individua member classes of organisms within each feeding
guild.

The sdlected receptors represent those types of organisms most likely to encounter the contaminants of
concern in the Big Sunflower River Basin within a sediment-based food web. They include a
reasonable (although not comprehensive) cross-section of the mgjor functiond and structura
components of the ecosystem under study based on:

Rdative abundance and ecologica importance within the selected habitats;

Availability and quality of applicable toxicologicd literature;

Rdaive sengtivity to the contaminants of concern;

Trophic gatus,

Likely exposure to sediment and/or prey items exposed to sediment;

Reative mobility and local feeding ranges,

Ability to bioaccumulate contaminants of concern.
The sdlected species represent the ecologica community and its sengtivity to the contaminants of
concern and were arrived at based, in part, on knowledge of the area and on discussions with the
USEPA and loca professiond fishermen. The ecologica receptors selected for evaluation include: local
warm water fish, osprey, madlard duck and mink.

Warm Water Fish Species
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Warm water resident fish species reflect local sediment and water quality conditions. Thetypicd warm
water fish gpecies such as the mosquitofish, buffaofish, blue catfish, flathead catfish and shortnose gar
are abundant loca residents (USACE, 1996). These organisms are potential receptor species
representing loca fish because they are:

Common Big Sunflower River resdents;

Exposed to sediment as well as surface water;

Represent fish and higher order predators feeding on smdler fish and invertebrates; and

Serve as aprey base for avian and mammalian species.
In this assessment, the sdected species represent mgor groups of fish in the Big Sunflower River. They
represent aforage fish (mosquitofish), a bottom feeder (smalmouth buffaofish), and a
predator/piscivore (blue catfish).
Mosquitofish (Gambusia affinis)
The mosquitofish is acommon resdent in the Big Sunflower River Basin. It isasmdl foragefish with a
diverse diet of aguatic insects and larvae. Mogquitofish inhabit dow moving or standing waters
(Natureserve, 2001).
Mosquitofish are a potentia receptor species because they are:

An abundant species, and

Are acommon insectivorous forage fish consumed by predators such as channd catfish and
mink.

Mosquitofish represent forage fish in the river system.
Smdlmouth Buffaofish (I ctiobus bubal us)
The smdlmouth buffalofish is a common resdent of southern freshwater rivers. This Speciesisan
abundant resdent in the Big Sunflower River Basin. Smalmouth buffaofish are bottom feeders are
known to incidentaly ingest large amounts of sediment (Texas Park & Wildlife, 2001). They area
potential receptor species because they:

Are exposed to surface water;

Incidentaly ingest large amounts of sediment;
13



Are acommon bottom-feeding fish speciesin Missssppi; and,
May be consumed by higher order predators such as the osprey.
Smadlmouth buffa ofish represent bottom dwelling fish in the river system.
Blue Catfish (Ictalurus furcatus)
The blue catfish is an abundant catfish in Mississppi waterways. The blue catfish prefers degp waters of
main channels with structures, river backwaters (Natureserve, 2001), and rock, grave or sand
substrates (Arkansas Game Fish, 2001). It is a bottom feeder with a diverse diet including fish, insects,
crayfigh, fingernail clams and freshwater mussels. Adults tend to concentrate their feeding on fish and
large invertebrates (Natureserve, 2001). Blue catfish are a potentia receptor species because they:
Are exposed directly to surface water and sediment and feed on prey that inhabit the sediments;
Are acommon species,
Consume fishand invertebrates; and,
Are prey for higher trophic predatorsin the Big Sunflower River Badin.
Blue catfish represent predatory fish in the river system.
Flathead Catfish (Pylodictis olivaris)
The flathead catfish is a common inhabitant of southern freshwater rivers and is abundant in the Big
Sunflower River Basin. This speciesis mogt successful in medium sized low-gradient rivers, especidly
those with high turbidity. It isalarge bottom-dweller that usudly takes cover in degp pools and under
submerged logs. The flathead catfish is an opportunistic predator and active forager that mainly feeds
on fish and crawfish (Natureserve, 2001).
Flathead Catfish are a potentia receptor species because they:
Are an abundant species,
Are atop order predator in the rivers of Mississppi; and,

Are exposed to the sediment of the Big Sunflower River.

Flathead Catfish represents a piscivorous fish in the river system.
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Shortnose Gar (Lepisosteus platostomus)
The shortnose gar is common to Missssippi waterways and is abundant within the Big Sunflower River
Bagn. It inhabits open, dow-moving rivers and river backwaters, where it frequents surface waters
near vegetation. The shortnose gar feeds on crustaceans, emerging insects, crayfish and smdl forage
fish (Natureserve, 2001).
Shortnose Gar are a potentia receptor species because they:
Are an abundant species,
Are exposed to surface water; and,
May be consumed by higher order predators such as mink and osprey.
Shortnose Gar represents awater column fish in the river system.
Piscivorous Bird Species
Osprey (Pandion haliaetus)
The osprey isalarge bird of prey that isamost exclusively piscivorous. Osprey nest in dead trees or
human-made gructures in close proximity to open, shalow water and plentiful supplies of fish (USEPA,
1993). They are associated with larger rivers, lakes and reservoirs (USEPA, 1993). Osprey hover and
then dive at shdlow swimming fish which they capture using their talons (USEPA, 1993). They
commonly consume the entire fish except the larger bones. The home range for an osprey isvariable.
Osprey are a potentia receptor species because they:
Consume fish such as smdlmouth buffaofigh;
Live near the weter; and
Represent a higher trophic leve predator in the Big Sunflower River Basin.
Osprey represent piscivorous birdsin the river system.

Waterfowl

Madlard (Anas platyrhynchos)
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The mallard is the most common freshwater duck of the United States, found on lakes, rivers, ponds,
efc. It isadabbling duck, and feeds (usudly in shalow water) by “tipping up” and eating food off the
bottom of the water body. Primarily, it consumes aguatic plants and seeds, but it will dso eat aquatic
insects, other aguatic invertebrates, snails and other mollusks, tadpoles, fishes, and fish eggs. Ducklings
and breeding femaes consume mostly aguetic invertebrates. The malard’ s home rangeis variable, but
an approximate range is 500 hectares. It prefersto nest on ground sheltered by dense grass-like
vegetation, near the water (USEPA, 1993).
Mallards are a potentia receptor species because they:

Consume aguatic plants and aguatic invertebrates,

Live on or near the water; and,

Are alower trophic level duck in the creek and in the Missssppi River.
Mallards represent waterfowl and consume aquetic invertebrates and aguatic plants.

Agquatic Mammals

This assessment assumes that American mink represents aquatic mammals in the Big Sunflower River
Basn.

American Mink (Mustela vison)
Mink are found in a diversity of aquatic habitats including rivers, streams, lakes, ditches, swamps and
marshes. They den close to water bodies (5 to 100m) (USEPA, 1993). Mink are opportunistic
predators and will feed on whatever prey items are most abundant (USEPA, 1993). The diet includes
fish, amphibians, crustaceans, snakes, frogs, birds, bird eggs and other smal mammas (USEPA, 1993).
In this case we assume that the mink diet is dominated by forage fish and dso includes a limited

invertebrate component.
Mink are a potentid receptor species because they:

Consume fish and aquetic invertebrates,

Livein or near the water; and

Are ahigher trophic leve predator in the Basin.

Mink represent higher trophic leve, fish-egting, sengitive aguatic mammal species.
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1.6 Select and Evaluate Assessment and M easurement Endpointsfor Ecological Risk

Thefind step in the problem formulation is the sdlection of Assessment and Measurement Endpoints for
ecologica risk. An assessment endpoint is an explicit expression of the actua environmental value to be
protected (USEPA, 1992a) under current conditions, during dredging and under post dredging
conditions. The assessment endpoints cannot be directly measured. Therefore, we select measurement
endpoints that are measurable biologicd responsesto DDT, DDD and DDE that can be used to make
inferences about the assessment endpoint.

16.1 Sdection of Assessment and Measurement Endpoints
This subsection specifies the assessment endpoints and their associated measurement endpoints.
Assessment Endpoint 1: Sustainability of warm water fish in the Big Sunflower River Basin

Messure of effect 1a Sustainability of a benthic macroinvertebrate community that can serve as
aprey basefor fish as represented by modeled body burdens of DDT, DDD, and DDE in
representative benthic invertebrates.

Measure of effect 1b: Modeled and measured body burdens of DDT, DDD, and DDE in
selected fish species (bottom feeder, forage fish, and predator fish) as a measure of exposure
and effects (compared to benchmark vaues).

Assessment Endpoint 2: Survival, growth, and reproduction of local populations of aquatic
wildlife as represented by the osprey, mallard duck and mink in the Big Sunflower River Basin

Measure of effect 2: The dose of DDT, DDD and DDE based on modeled concentrations in
sediment, surface water, benthic and water column invertebrates, forage fish, predator and
bottom feeding fish for usein evauating exposure via the food chain for osprey, malard duck
and mink.

1.6.2 Evduation of Assessment and Measurement Endpoints

We sdlected these assessment endpoints following the Six evauation criteria provided in USEPA
Guidance (USEPA, 1992a and references cited therein):

Ecologica relevance - Fish and the representative wildlife species comprise the aguatic food

web in the Big Sunflower River Basin. Disruption of components of the food web may impact
other species within the web.
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Economic importance - The assessment endpoints are economicaly important in terms of
recregtion (hunting and fishing). Species such as waterfowl and fish species may aso have
economic value as food sources.

Measurable - Through the measurement endpointsit is possible to evauate the assessment
endpointsin relation to DDT, DDD and DDE exposure.

Susceptible and sengtive to chemica induced stress or other stresses- DDT, DDD and DDE
biomagnify and bioaccumulate in the food chain. In addition, DDT and its derivatives have been
known to thin the eggs of avian species.

Unambiguoudy defined - The assessment endpoints are clear in terms of the component of the
aquatic food chain to be protected and how the status of the endpoint will be evaluated using
the measurement endpoints.

Logicaly and practicaly related to the management decison - In terms of the ecologica
community, any dredging activity impacts will be focused on the aquatic environment.

1.6.3 Evduation of Measurement Endpoints

We sdlected measurement endpoints based on USEPA recommended considerations. The
measurement endpoints:

Correspond closely to the assessment endpoint - The measurement endpoints are representative
of, correlated with, and gpplicable to the assessment endpoint.

Are specific to the Site - The pecies we evduate are resdents of the Big Sunflower River
Basin.

Are specific to the stressor - While other contaminants may influence the measurement
endpoaints, we specifically focus on measured and modeled DDT, DDD and DDE
concentrations to assess each measurement endpoint. The effects vaues we apply are specific
to DDT, DDD and DDE.

Include an objective measure for judging environmenta harm - Toxicity Reference Vaues
(TRVs), sediment criteriaand surface water criteria specific to DDT, DDD and DDE are
independently derived benchmarks.

Are sengtive for detecting changes — the benchmarks againgt which we judge the measures of

effect have a dose response relaionship to the contaminants indicating sengtivity to changesin
concentration or dose.

18



Are Quantitative - the estimates of body burden and dose are quantitative estimates of
exposure.

Include a correlation between stressor and response. The assessment will include an anadysis of
correlation between levels of exposure to a stressor and levels of response, and will evauate the
strength of that correlation through sengitivity analyses.

Use sandard methods — there are no externaly recognized methods for benchmark
development in USEPA or USACE regulaions. We used methods suggested in the current
toxicologicd literature.

The selected assessment and measurement endpoints meet the selection criteria. We use the assessment
endpoints and measurement endpoints to decide whether thereis risk under current conditions, during
dredging or post dredging in seven Items based on whether the activity will ater the assessment or
measurement endpoint.

1.7 Data Description and M anagement

The contaminants of concern are the pesticide, DDT (1,1,1-trichloro-2,2-big(p-chlorophenyl)ethane),
and its derivatives DDD (1,1-dichloro-2,2-bis(p-chlorophenyl ethane) and DDE (1,1-dichloro-2,2-
bis(p-chlorophenyl)ethylene).

171 FeddData

Field datafor the years 1993 to 1994 provide synoptic measurements of sediment, water, and biota
(Tables 1.2 to 1.5) collected from various locations throughout the project area (Figures 1.6 to 1.9).
The USACE collected the sediment and water samples, and most of the fish samples. The State of
Missssppi and the US Fish and Wildlife Department collected one-third of the fish samples. Werrelied
on these data as the primary basis for the fate and transport modeling (Appendix A) to vaidate the
biocaccumulation modeling (Appendix B).

Table 1.2 provides asummary of the available sediment, water, and fish data, and Tables 1.3t0 1.5
show contaminant concentrations in water, sediment, and fish respectively. The compounds, DDD,
DDE, and DDT, occurred above detection limitsin al sediment samples except for one sample from
Item 6. The compounds, DDE and DDT, occurred above detection limitsin al water samples, but
DDD was only detected in samples from Items 7, 8 and 10.

1.7.2 Edimating DDE in Fish

For the fish samples, DDD and DDT were detected in dl samples. DDE was non-detect in dl samples
from Items 1 and 4, a highly suspect result because DDE is a metabolite of DDT with along hdf-life.
Thus, it isimplausible that one wouldn't find this compound in fishtissues.  Thereisthe possibility of
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andyticd error, but it was not possible to rerun the samples (Johnson, personal communication,
8/24/01).

Therefore, we estimated the concentrations using a regression based on a database of nearly athousand
samples from numerous projects in the Deltaregion. In al cases, the correlation coefficients ranged from
0.76 t0 0.99, indicating that it isdmost never possible to find DDD and DDT without DDE. Applying
the regression relationship developed from a large dataset (Johnson, persona communication, 8/24/01)
for each individud fish sample from Items 1 and 4 resulted in the concentration distribution shown in
Tables1.2 and 1.5.

Note that it was not possible to vaidate the bioaccumulation modd without this step. Either predicted

fish concentrations would have been sgnificantly overpredicted for Item 1, or significantly
underpredicted for the remaining Items at which DDE was away's detected.
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2.0 ECOLOGICAL EXPOSURE ASSESSMENT, EFFECTS ASSESSMENT, AND RISK
CHARACTERIZATION

21 Exposur e Assessment

The ecologica exposure assessment extends the qualitative descriptions of exposure pathwaysin the
conceptual modd to caculate quantitative estimates of the exposure of selected receptorsto DDT,

DDE and DDD in sediment, surface water and biota (Appendices A and B). It uses predicted
concentrations of contaminants in sediment, water, and biota to calculate body burdens of DDT, DDE,
and DDD in fish and invertebrates (Appendix C), based on a bioaccumulation model. A smple food
chain modd (Appendix D) used these predicted body burdens and the modeled sediment and water
concentrations (Tables 1.2 to 1.5) to return doses of each compound or doses of the sum of two or
more compounds to higher order predators (Appendix E). We use the sum of two or more compounds
when corresponding toxicity data are unavailable for individual compounds.

These exposure estimates for the first ten years do not include a Total Maximum Daily Load (TMDL)
adjustment to the runoff estimates. The estimates for the latter 30 years include such an adjustment in
the no dredging and dredging conditions. The models generate exposure estimates for each year on a
per year basis. We did not average the exposure estimates across the entire timeframe (40 years)
because, in generd, the life spans of ecologica receptors are shorter, and the source studies for
corresponding toxicity reference vaues (TRV'S) are completed within two years or less. In addition,
year by year assessment provides greater flexibility in examining population effects.

The specific exposures for each of saven items and the two conditions include:

Concentrations of DDT, DDE, and DDD in sediment as 40 years of annud average
concentrations in seven items for no dredging and dredging conditions (Appendix B);

Concentrations of DDT, DDE, and DDD dissolved in surface water as asngle vaue that does
not change with time for the no dredging and dredging conditions (Appendix B);

Concentrations of DDT, DDE, and DDD in whole surface water for usein the drinking water
pathway (Appendix B);

The sum of DDT, DDD, and DDE concentrations in mosquito fish, buffao fish, blue catfish,
flathead catfish, shortnose gar, aquatic plants, and aguatic invertebrates (Appendix B which
provides the body burdens asindividua concentrations and Appendix C which providesthe
body burdens as sum DDT) based on a bioaccumulation mode!;

Doses of the sum of DDT, DDD, and DDE through the food chain to madlard, osprey and mink
(Appendix E) based on modded sediment, surface water, benthic invertebrate, and aquatic
plant and fish concentrations usng asmple food chain modd!;
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Doses of DDE through the food chain to malard and osprey (Appendix E) based on modeled
sediment, surface water, benthic invertebrate, aquatic plant and fish concentrations using a
smplefood chain modd; and,

Doses of the DDT through the food chain to mink (Appendix E) based on modeled sediment,
surface water, benthic invertebrate, and agquetic plant and fish concentrations usng asmple
food chain modd.

The fate and transport modeling (Appendix A) showed that the:

Incrementa contribution of remobilization of bottom sediments during dredging is less than five
percent, and typicaly within one or two percent of existing resuspension;

Predicted fredly dissolved water concentrations are within afew percent of water
concentrations under current conditions; and,

Sediment and water concentrations during dredging are effectively no different than current
conditions.

Also, the bioaccumulation and food chain modeling showed that concentrations and doses tend to leve
off after ten to fifteen years.

21.1 Edimating Mean and Upper Bound Concentration Body Burdens

We used the FISHRAND modd (Appendix B) to estimate body burdens in aquatic plants, benthic
invertebrates, and the fish species based on sediment and water exposure concentrations predicted by
the fate and transport models (Appendix A). Those models predicted annual average sediment
concentrations for the no dredging and dredging conditions for each of 40 years. The water
concentrations are a 40-year average because the fate and transport modeling predicted that water
concentrations do not vary over time (Appendix A).

Mean Value Estimates

The output of the FISHRAND modd is adistribution of predicted body burdens. We obtained an
expected vaue (mean) from the FISHRAND digtributiona output by:

Log-transforming the mode output for the 25™, 50™ and 95™ percentiles and plotting the results
agang the inverse of the norma cumulative digtribution to yidd astraight line;

Obtaining the parameters of the regresson to estimate a mand geometric standard deviation
(GSD) where mequals the intercept * GSD and GSD equals 1/dope; and,
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Obtaining the mean (expected value, or E[x], of the digtribution) as E[x] = €""®* /2 where s
equals the GSD.

The mean vaueistypicaly dightly higher than the median vaue predicted by FISHRAND and fdls a
approximately 65™ percentile of the FISHRAND outpui.

Upper Bound Estimates

The 95" percentile predicted by the FISHRAND model was used to represent a reasonable 95 percent
upper confidence limit (95% UCL) on the mean. Appendix B provides further details of the
FISHRAND bioaccumulation modd.

2.2 Ecological Effects Assessment

This subsection provides a brief overview of the generd use and chemistry of DDT, and describes the
Toxicity Reference Vadues (TRVS) for the salected ecologica receptors. Appendix K provides the
detalls of the method and its application for sdecting TRVs for DDT, DDE and sum DDT for the
gpecies of concern in this assessment.

The TRV s are concentrations, doses, or body burdens associated with either Lowest Observed
Adverse Effects Levels (LOAELS) or No Observed Adverse Effects Levels (NOAELS). The
LOAELs are the lowest vaues a which adverse effects have been observed in ether laboratory or fidd
sudies. The NOAEL s represents the highest dose or body burden at which a specific effect was not
observed.

Site-related doses that are below a NOAEL are not expected to result in adverse effects. Site-related
doses that are above LOAELs may be more likely to result in an adverse effect than are Ste-related
doses that exceed the NOAEL, but not the LOAEL.

2.2.1 Gengd Useand Chemigry of DDT

The pesticide, DDT (dichlorodiphenyltrichlroethane), was an agriculturd and disease control pesticide.
It does not occur naturally. The United States banned the use of DDT and DDD in 1972 (except for
public hedth emergencies) because of damage to wildlife and the potentid harm to human hedth. Some
countries fill use DDT, mostly for maaria control. The breskdown product, DDE, has no commercia
use.

DDT entered the soil as adirect gpplication a agricultura Stes or in waste disposal Sites, or
inadvertently during storage. DDT and its breakdown products can enter surface water either by direct
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Spraying during insecticide use or indirectly by run-off from soil. DDT, DDD and DDE have strong
binding affinity to organic carbon and tend to partition into organic sediments.

Technica grade DDT isamixture of p,p-DDT (85%), o,p-DDT (15%), and trace amounts of 0,0

DDT, p,p-DDD (p,p-dichlorodiphenyldichlroethane), o,p'-DDD, p,p-DDE (p,p™-

dichlorodiphenyltrichlroethylene), and o,p-DDE.

2.2.2 Toxicity Reference Vaues for Representative Receptors

This subsection provides the TRV's selected for assessment of the selected receptors. It isabrief
discussion of each TRV. Appendix K provides the details of the selection method, a literature review
for each TRV, and the rationale for each sdected TRV. The TRV sfor the selected receptors and the

compounds to which they apply are:
Compound Benthic Fish Mink Mallard Duck Osprey
Invertebrate
(mg/kg wet wt.)| (mg/kg wet wt.) (mg/kg-day) (mg/kg-day) (mg/kg-day)

NOAEL [ LOAEL | NOAEL | LOAEL | NOAEL | LOAEL | NOAEL | LOAEL
Total DDT 28 24 24 APPLY | APPLY | APPLY | APPLY | APPLY | APRLY
(DDT+DDD+DDE| DDT TRV | DDT TRV | DDETRV | DDE TRV | DDE TRV | DDE TRV
)
DDD NA NA NA NA NA NA NA NA NA
DDT NA NA NA 0.8 4.0 NA NA NA NA
DDE NA NA NA NA NA 0.06 0.6 011 11

NA = Not Analyzed

NOAEL = No Observed Adverse Effect Level
LOAEL = Lowest Observed Adverse Effect Level

Invertebrate TRV

On the basis of laboratory toxicity studies (Appendix K), the sum DDT TRV for benthic invertebratesis
abody burden of 2.8 mg/kg wet wi.

TRVsfor Fish

Two studies on non-salmonid fishes, green sunfish and mosquito fish (Appendix K) report smilar
LOAELSs of 24 and 26.5 mg sum DDT/kg, respectively, the lower of thetwo LOAELsis sdlected for
development of afish TRV for the present assessment. We applied LOAEL-to-NOAEL uncertainty
factor to estimate a NOAEL of 2.4 mg sum DDT/kg.

On the basis of |aboratory toxicity studies:
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Thesum DDT LOAEL TRV for non-salmonid fish is 24 mg/kg wet wt
Thesum DDT NOAEL TRV for non-samonid fish is 2.4 mg/kg wet wi.

TRVsfor Mammals

This assessment uses astudy that consists of repeated ora exposures over the lifetime of the animal, and
that demongirates reproductive effectsto develop a TRV (Appendix K). The

LOAEL for reproductive effectsis 4.0 mg/kg-day (50 mg/kg trestment) and the NOAEL is 0.8 mg/kg-
day (10 mg/kg trestment).

On the basis of |aboratory toxicity sudies:

The DDT LOAEL TRV for mink is 4.0 mg/kg-day
The DDT NOAEL TRV for mink is 0.8 mg/kg-day

TRVsfor Mallard Ducks

According to sudies reviewed in Appendix K, p,p’-DDE is amore potent promoter of eggshell thinning
than p,p’-DDT because of its specific effect on the synthes's of prostaglandin in the eggshell gland
mucosa. Therefore, we used the DDE LOAEL and NOAEL s as conservative TRV s in this assessment.

On the basis of |aboratory toxicity studies:

The DDE LOAEL TRV for malard duck is 0.60 mg/kg-day
The estimated DDE NOAEL TRV for mdlard is 0.06 mg/kg-day

TRVsfor Osprey

No study was identified that examined the toxicity of DDTsin the diet of ospreys, and one study
investigated the effects of dietary uptake of DDE on hirds in the same taxonomic order as the osprey,
American kestrels (Appendix K).

On the basis of |aboratory toxicity sudies:

The DDE LOAEL TRV for osprey is 1.1 mg/kg-day

The DDE NOAEL TRV for osprey is0.11 mg/kg-day

2.3 Risk Characterization

2.3.1 Oveview
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The risk characterization integrates the exposure assessment and effects assessment to estimate whether
the predicted exposure to DDT, DDD and DDE are of sufficient magnitude to produce the effects
associated with the selected toxicity factor.

The assessment integrates the exposure and effects information to characterize risks with respect to the
stated assessment endpoints:

Assessment Endpoint 1- Sustainability of warm water fish in the Big Sunflower River Basin;
and,

Assessment Endpoint 2 - Surviva, growth, and reproduction of loca populations of aquetic
wildlife as represented by the osprey, malard duck and mink in the Big Sunflower River Basin

Quotient method

The Quotient Method compares exposure concentrations to toxicologically effective concentrations as:

HQ = EPC/TF
where:
HQ = hazard quotient;
EPC = predicted dietary dose or body burden reflecting exposure in specific Items;
TF = the selected toxicity factor appropriate for the chemica and

receptor (in this case NOAEL, LOAEL and effects concentrations).
Inter pretation of Hazard Quotients

The HQsfor the fish, osprey, mdlard and mink are the ratios of estimated dietary doses or body
burdens to corresponding NOAEL - and LOAEL - based TRVs. The HQsfor the aguatic invertebrates
are the ratios of the estimated body burdens to a corresponding effects concentration. We interpret
these ratios to indicate:

No potentid risk if the NOAEL- and LOAEL -based Hazard Quotients (HQ) are lessthan 1;

Potentia risk if the NOAEL -based HQ is greater than 1 and the LOAEL -based HQ is equd to
or greater than 1; and,

A less certain potentid risk if the NOAEL -based HQ is greater than 1, but the LOAEL -based
HQ islessthan 1.

Thereis no established relationship between the absolute magnitude of the HQ and the probability of
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potentid risk. However, we based these interpretations on the HQ caculated with the annud average
concentration or dose because populations encounter average exposures. We assign aqualitative
opinion on the uncertainty in these interpretations based on the vaue of the HQ when cdculated with the
95™ percentile concentration or dose.

232 Rik Summay

This subsection summarizes and compares the risks by assessment endpoint to the selected receptors
within each Item and for the no dredging and dredging conditions.

2.3.2.1 Assessment Endpoint 1: Sustainability of warm water fish in the Big Sunflower River
Basin

The andyssindicates that there is no potentid risk to the fish community in ltems 1,256, 7, and 10
based on the measurement endpoints, invertebrate body burdens and fish body burdens of DDT, DDD,
and DDE under either the no dredging or dredging conditions.

In Item 8, there is potentid for risk to the fish community based on the measurement endpoints, body
burdens in invertebrates and body burdensin al fish species modeled. Thereis uncertainty in this
opinion because the risk is predicted based on the body burdens in fish exceeding NOAEL s but not
LOAELs The modeed dredging conditionsin Item 8 neither ameliorate nor exacerbate this potentia
rsk.

Estimated Risk to Aquatic Invertebrates under the No Dredging Condition
Table C.1in Appendix C shows the HQs based on the annual average body burden of the sum of
DDT, DDD, and DDE in aguatic invertebrates over a40-year period. Table 2.1 summarizesthese

results.

Table C.2 in Appendix C shows the HQs based on the 95™ percentile body burden of the sum of DDT,
DDD, and DDE in aquatic invertebrates over a 40-year period. Table 2.1 summarizes these results.

The reaults indicate:

Effects Concentration Based HQ
> 1
Average Exposure Item 8, 10
95™ Percentile ltem 8, 10
Exposure
Thisanalys's suggedts that:
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There is no potentid risk to aguatic invertebratesin ltems 1, 2, 5, 6 and 7.

Thereis no potentid risk to aguatic invertebratesin Item 10 because there are only two years
when the HQ exceeds 1 under the annua average exposure. However, we have less
confidence in this opinion because nearly al HQs exceed 1 under 95™ percentile exposures.

Thereis potentid risk to aguatic invertebrates in Item 8 because the HQs in Item 8 exceed 1
under average and 95" percentile exposures.

Estimated Risk to Aquatic Invertebrates under the Dredging Condition
Table C.3in Appendix C shows the HQs based on the annual average body burden of the sum of
DDT, DDD, and DDE in aguatic invertebrates over a40-year period. Table 2.1 summarizes these

results.

Table C.4 in Appendix C shows the HQs based on the 95™ percentile body burden of the sum of DDT,
DDD, and DDE in aquatic invertebrates over a 40-year period. Table 2.1 summarizes these results.

The reaults indicate:

Effects Concentration Based HQ

> 1
Average Exposure Item 8
95™ Percentile ltem 8, 10
Exposure
Thisanalys's suggedts that:

There is no potentia risk to aquatic invertebratesin ltems 1, 2, 5, 6 and 7.

Thereis no potentid risk to aguatic invertebratesin Item 10, but we have less confidence in this
opinion because nearly al HQs exceed 1 under 95" percentile exposures.

Thereis potentid risk to aguatic invertebrates in Item 8 because the HQs in Item 8 exceed 1
under average and 95" percentile exposures.

Risk Comparison between the No Dredging and Dredging Conditions for Aquatic Invertebrates
Thereis no difference in the risk to aquatic invertebrates between the two conditions. Note that after
about 10 to 15 years, the risks tend to level off which probably represents the steady State risk under

these conditions.

28



Estimated Risk to Mosqguitofish under the No Dredging Condition

Table C.5in Appendix C shows the HQs based on the annual average body burden of the sum of
DDT, DDD, and DDE in mosquitofish over a40-year period. Table 2.2 summarizes these results.

Table C.6 in Appendix C shows the HQs based on the 95™ percentile body burden of the sum of DDT,
DDD, and DDE in mosquitofish over a40-year period. Table 2.2 summarizes these results.

The reaults indicate:

NOAEL Based HQ | LOAEL Based HQ3
>1 1
Average Exposure Item 8 None
95™ Percentile ltem 8 None
Exposure
Thisanalys's suggedts that:

Thereis no potentid risk to mosquitofishin Items 1, 2, 5, 6, 7 and 10.
Thereisaless certain potentid risk to mosquitofish in Item 8.
Estimated Risk to Mosquitofish under the Dredging Condition

Table C.7 in Appendix C shows the HQs based on the annual average body burden of the sum of
DDT, DDD, and DDE in mosquitofish over a40-year period. Table 2.2 summarizes these results.

Table C.8 in Appendix C shows the HQs based on the 95™ percentile body burden of the sum of DDT,
DDD, and DDE in mosquitofish over a40-year period. Table 2.2 summarizes these results.

Theresults indicate:

NOAEL Based HQ | LOAEL Based HQ?®
>1 1
Average Exposure Item 8 None
95" Percentile Iten 8 None
Exposure
This andys's suggests that:

Thereis no potentid risk to mosquitofishin Items 1, 2, 5, 6, 7 and 10.
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Thereisaless certain potentid risk to mosquitofish in Item 8.

Risk Comparison between the No Dredging and Dredging Conditions for Mosquitofish

Thereis no difference in the risk to mosquitofish between the two conditions. Note that after about 10
to 15 years, the riskstend to level off which probably represents the steady state risk under these
conditions.

Estimated Risk to Buffal ofish under the No Dredging Condition

Table C.9in Appendix C shows the HQs based on the annual average body burden of the sum of
DDT, DDD, and DDE in buffaofish over a40-year period. Table 2.3 summarizes these results.

Table C.10 in Appendix C shows the HQs based on the 95" percentile body burden of the sum of
DDT, DDD, and DDE in buffaofish over a40-year period. Table 2.3 summarizes these results.

Theresults indicate:

NOAEL Based HQ | LOAEL Based HQ?3
>1 1
Average Exposure Item 8, 10 None
95™ Percentile ltem 8, 10 ltem 8
Exposure
This andys's suggests that:

Thereis no potentid risk to buffdofishin ltems 1, 2,5, 6, and 7.

Thereis no potentid risk to buffaofish in Item 10, because the NOAEL -based HQs caculated
using annua average exposures do not exceed 1 after thefirst 12 years. However, we have
less confidence in this opinion because nearly all NOAEL -based HQs exceed 1 under 95"
percentile exposures.

Thereisaless certain potentia risk to buffalofish in Item 8. Note that there is only one year
when the LOAEL -based HQ is equal to or exceeds 1 under 95" percentile exposures.

Estimated Risk to Buffalofish under the Dredging Condition

Table C.11 in Appendix C shows the HQs based on the annua average body burden of the sum of
DDT, DDD, and DDE in buffalofish over a40-year period. Table 2.3 summarizes these results.
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Table C.12 in Appendix C shows the HQs based on the 95™ percentile body burden of the sum of
DDT, DDD, and DDE in buffaofish over a40-year period. Table 2.3 summarizes these results.

Theresults indicate:

NOAEL Based HQ | LOAEL Based HQ?3
>1 1
Average Exposure Item 8 None
95™ Percentile ltem 8, 10 ltem 8
Exposure
This andys's suggests that

Thereis no potentid risk to buffdofishin ltems 1, 2,5, 6, and 7.

Thereis no potentid risk to buffalofish in Item 10, but we have less confidence in this opinion
because nearly al HQs (NOAEL -based) exceed 1 under 95" percentile exposures.

Thereisaless certain potentia risk to buffaofish in Item 8. Note that there is only one year
when the LOAEL -based HQ is equal to or exceeds 1 under the 95" percentile exposures

Risk Comparison between the No Dredging and Dredging Conditions for Buffal ofish

Thereis no difference in the risk to buffa ofish between the two conditions. Note that after about 10 to
15 years, the risks tend to level off which probably represents the steady state risk under these
conditions.

Estimated Risk to Blue Catfish under the No Dredging Condition

Table C.13 in Appendix C shows the HQs based on the annual average body burden of the sum of
DDT, DDD, and DDE in blue catfish over a40-year period. Table 2.4 summarizes these results.

Table C.14 in Appendix C shows the HQs based on the 95" percentile body burden of the sum of
DDT, DDD, and DDE in blue catfish over a40-year period. Table 2.4 summarizes these results.

The reaults indicate:

NOAEL Based HQ | LOAEL Based HQ3
>1 1
Average Exposure Item 8 None
95" Percentile Item 8, 10 None
Exposure
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This andys's suggests that:
Thereis no potentid risk to blue catfishin Items 1, 2, 5, 6, and 7.

Thereis no potentid risk to blue catfish in Item 10, but we have less confidence in this opinion
because nearly al of the NOAEL-based HQs exceed 1 under 95" percentile exposures.

Thereisaless certain potentia risk to blue catfish in Item 8.
Estimated Risk to Blue Catfish under the Dredging Condition

Table C.15 in Appendix C shows the HQs based on the annua average body burden of the sum of
DDT, DDD, and DDE in blue catfish over a40-year period. Table 2.4 summarizes these results.

Table C.16 in Appendix C shows the HQs based on the 95" percentile body burden of the sum of
DDT, DDD, and DDE in blue catfish over a40-year period. Table 2.4 summarizes these results.

Theresults indicate:

NOAEL Based HQ | LOAEL Based HQ?3
>1 1
Average Exposure Item 8 None
95™ Percentile ltem 8, 10 None
Exposure
This andys's suggests that

Thereis no potentid risk to blue catfishin Items 1, 2, 5, 6, and 7.

Thereis no potentia risk to blue catfish in Item 10, but we have less confidence in this opinion
because a subset of NOAEL -based HQs exceed 1 under 95™ percentile exposures.

Thereisaless certain potentia risk to blue catfish in Item 8.

Risk Comparison between the No Dredging and Dredging Conditions for Blue Catfish
Thereis no difference in the risk to blue catfish between the two conditions. Note that after about 10 to

15 years, therisks tend to level off which probably represents the steady state risk under these
conditions.
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Estimated Risk to Flathead Catfish under the No Dredging Condition

Table C.17 in Appendix C shows the HQs based on the annua average body burden of the sum of
DDT, DDD, and DDE in flathead catfish over a40-year period. Table 2.5 summarizes these results.

Table C.18 in Appendix C shows the HQs based on the 95" percentile body burden of the sum of
DDT, DDD, and DDE in flathead catfish over a40-year period. Table 2.5 summarizes these results.

The reaults indicate:

NOAEL Based HQ | LOAEL Based HQ3
>1 1
Average Exposure Item 8 None
95™ Percentile ltem 8, 10 None
Exposure
Thisanalys's suggedts that:

Thereis no potentid risk to flathead catfishin Items 1, 2, 5, 6, and 7.

Thereisno potentia risk to flathead catfish in Item 10, but we have less confidence in this
opinion because a subset of NOAEL -based HQs exceed 1 under 95" percentile exposures.

Thereisaless certain potentid risk to flathead catfish in Item 8.
Estimated Risk to Flathead Catfish under the Dredging Condition

Table C.19 in Appendix C shows the HQs based on the annual average body burden of the sum of
DDT, DDD, and DDE in flathead catfish over a40-year period. Table 2.5 summarizes these results.

Table C.20 in Appendix C shows the HQs based on the 95" percentile body burden of the sum of
DDT, DDD, and DDE in flathead catfish over a40-year period. Table 2.5 summarizes these results.

The reaults indicate:

NOAEL Based HQ | LOAEL Based HQ?3
>1 1
Average Exposure Item 8 None
95™ Percentile ltem 8 None
Exposure
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This andys's suggests that

Thereisno potentid risk to flathead catfishin Items 1, 2, 5, 6, 7 and 10.

Thereisaless certain potentid risk to flathead catfish in Item 8.
Risk Comparison between the No Dredging and Dredging Conditions for Flathead Catfish
Thereis no differencein the risk to flathead catfish between the two conditions. Note that after about 10
to 15 years, the risks tend to leve off which probably represents the steady State risk under these
conditions.

Estimated Risk to Shortnose Gar under the No Dredging Condition

Table C.21 in Appendix C shows the HQs based on the annua average body burden of the sum of
DDT, DDD, and DDE in shortnose gar over a40-year period. Table 2.6 summarizes these results.

Table C.22 in Appendix C shows the HQs based on the 95" percentile body burden of the sum of
DDT, DDD, and DDE in shortnose gar over a40-year period. Table 2.6 summarizes these results.

The reaults indicate:

NOAEL Based HQ | LOAEL Based HQ3
>1 1
Average Exposure Item 8, 10 None
95™ Percentile ltem 8, 10 None
Exposure
Thisanalys's suggedts that:

There isno potentia risk to shortnose gar in ltems 1, 2,5, 6, and 7.

Thereisno potentid risk to shortnose gar in Item 10. We have less confidence in this opinion
because eight NOAEL -based HQs exceed 1 under annua average exposures, while nearly dl
NOAEL -based HQs exceed 1 under 95™ percentile exposures.

Thereisaless certain potential risk to shortnose gar in Item 8.

Estimated Risk to Shortnose Gar under the Dredging Condition

Table C.23 in Appendix C shows the HQs based on the annua average body burden of the sum of
DDT, DDD, and DDE in shortnose gar over a40-year period. Table 2.6 summarizes these results.
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Table C.24 in Appendix C shows the HQs based on the 95" percentile body burden of the sum of
DDT, DDD, and DDE in shortnose gar over a40-year period. Table 2.6 summarizes these results.

The reaults indicate:

NOAEL Based HQ | LOAEL Based HQ3
>1 1
Average Exposure Item 8 None
95™ Percentile ltem 8, 10 None
Exposure
Thisanays's suggedts that

There isno potentia risk to shortnose gar in ltems 1, 2,5, 6, and 7.

Thereisno potentid risk to shortnose gar in Item 10. We have less confidence in this opinion
because nearly all NOAEL -based HQs exceed 1 under 95™ percentile exposures.

Thereisaless certain potential risk to shortnose gar in Item 8.

Risk Comparison between the No Dredging and Dredging Conditions for Shortnose Gar

Thereis no difference in the risk to shortnose gar between the two conditions. Note that after about 10
to 15 years, the risks tend to level off which probably represents the steady State risk under these
conditions.

2.3.2.2 Assessment Endpoint 2: Survival, growth, and reproduction of local populations of
aquatic wildlife as represented by the osprey, mallard duck and mink in the Big
Sunflower River Basin

The andysisindicates that thereis potentid risk to wildlifein Items 1, 7, 8, and 10 based on the
measurement endpoint, doses of DDT, DDD, and DDE to osprey and in dl Items based on the
measurement endpoint, doses of DDT, DDD, and DDE to malard duck.

The dredging conditions ameliorate this risk in Item 2 for the malard duck.

Estimated Risk to Osprey under the No Dredging Condition

TablesE.1 and E.2 in Appendix E show the HQs based on the annud average dose of DDE to osprey
and the annud average dose of the sum of DDT, DDD, and DDE to osprey for each item over a 40-
year period. Tables2.7 and 2.8 summarize these results.
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Tables E.3 and E.4 in Appendix E show the HQs based on the 95" percentile dose of DDE to osprey
and the 95" percentile dose of the sum of DDT, DDD, and DDE to osprey for each item over a40-
year period. Tables 2.7 and 2.8 summarize these results.

Theresults indicate:

NOAEL Based HQ > 1 LOAEL Based HQ 3 1
DDE Sum DDT, DDD, DDE Sum DDT, DDD,
DDE DDE
Average Exposure Item 8, 10 Iltem 1, 7,8, 10 Item 8 Item 8
95" Percentile ltem1,7,8, |Item1,56,7,8 10| Item8 Item 8, 10
Exposure 10

Thisanays's suggedts that
Thereisno potentia risk to osprey in Item 2.

Thereisno potentid risk to osprey in Items 5 and 6, but we have less confidence in this opinion
because the NOAEL -based HQs exceed 1 under 95" percentile exposures for &l years,

Thereisaless certain potentid risk to ogprey in ltems 1, 7, and 10. We have less confidence in
this opinion for Item 10 because a subset of LOAEL -based HQs are equal to 1 under 95™
percentile exposures to sum DDT.

Thereis potentid risk to osprey in Item 8.

Estimated Risk to Osprey under the Dredging Condition

TablesE.5 and E.6 in Appendix E show the HQs based on the annua average dose of DDE to osprey
and the annud average dose of the sum of DDT, DDD, and DDE to osprey for each item over a 40-
year period. Tables 2.7 and 2.8 summarize these results.

TablesE.7 and E.8 in Appendix E show the HQs based on the 95™ percentile dose of DDE to osprey

and the 95" percentile dose of the sum of DDT, DDD, and DDE to osprey for each item over a40-
year period. Tables 2.7 and 2.8 summarize these results.
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The reaults indicate:

NOAEL Based HQ > 1 LOAEL Based HQ?® 1
DDE Sum DDT, DDD, DDE Sum DDT, DDD,
DDE DDE
Average Exposure Item 8, 10 Iltem 1, 7, 8, 10 Iltem 8 ltem 8
95" Percertile ltem7,8,10 | Iten1,5,6,7,8,10 | Iten8 Item 8
Exposure
Thisanays's suggedts that

Thereisno potentia risk to osprey in Item 2.
Thereis no potentid risk to ogprey in Item 5 and Item 6. A single NOAEL -based HQ
exceedance for Item 6 and a subset of NOAEL -based HQ exceedances for Item 5 are
recorded under 95" percentile exposures.
Thereis aless certain potential risk to osprey in ltems 1, 7, and 10.
Thereis potentiad risk to osprey in Item 8.

Risk Comparison between the No Dredging and Dredging Conditions for Osprey

There is no differencein the risk to ogprey between the two conditions. Note that after about 10 to 15
years, the risks tend to level off which probably represents the steady state risk under these conditions.

Estimated Risk to the Mallard Duck under the No Dredging Condition

Tables E-9 and E-10 in Appendix E show the HQs based on the annua average dose of DDE to the
mallard duck and the annual average dose of the sum of DDT, DDD, and DDE to the mallard duck for
each item over a40-year period. Tables 2.9 and 2.10 summarize these results.

Tables E-11 and E-12 in Appendix E show the HQs based on the 95" percentile dose of DDE to the

mallard duck and the 95" percentile dose of the sum of DDT, DDD, and DDE to the mallard duck for
each item over a40-year period. Tables 2.9 and 2.10 summarize these results.
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The reaults indicate:

NOAEL Based HQ > 1 LOAEL Based HQ?® 1
DDE Sum DDT, DDD, DDE Sum DDT, DDD,
DDE DDE
Average Exposure Item1,7,8, | Iteml,2,5,6,7,8, Iltem 8 Item 8, 10
10 10
95™ Percentile ltem1,2,5, | ltem1,2,5,6,7,8, | Item8, ltem 1, 8, 10
Exposure 6,7, 8, 10 10 10

Thisanays's suggedts that
Thereisaless certain potentid risk to the mallard duck in Items 2, 5, 6 and 7.

Thereisaless certain potentid risk to the malard duck in Item 1. We have less confidence in
this opinion because the L OAEL -based HQs are equal to 1 under 95™ percentile exposures for
nearly dl years.

Thereis potentid risk to the malard duck in Items 8 and 10.
Estimated Risk to the Mallard Duck under the Dredging Condition
TablesE.13 and E.14 in Appendix E show the HQs based on the annual average dose of DDE to the
mallard duck and the annual average dose of the sum of DDT, DDD, and DDE to the malard duck for
each item over a40-year period. Tables 2.9 and 2.10 summarize these results.
Tables E.15 and E.16 in Appendix E show the HQs based on the 95™ percentile dose of DDE to the

mallard duck and the 95™ percentile dose of the sum of DDT, DDD, and DDE to the mallard duck for
each item over a40-year period. Tables 2.9 and 2.10 summarize these results.

Theresults indicate:

NOAEL Based HQ > 1 LOAEL Based HQ3 1
DDE Sum DDT, DDD, DDE Sum DDT, DDD,
DDE DDE
Average Exposure Item7,8,10 | Item1,5,6,7,8,10 | Item8 Item 8, 10
95" Percertile ltem1,5,6, | Item1,2,56,7,8, | Item8§, ltem 1, 7,8, 10
Exposure 7, 8, 10 10 10
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This andys's suggests that:

There is no potentid risk to the mdlard duck in Item 2, but we have less confidence in this
opinion because nearly all NOAEL -based HQs exceed 1 under 95" percentile exposures.

Thereisaless certain potentid risk to the malard duck in Items 5, 6, and 7.

Thereisaless certain potentid risk to the malard duck in Item 1, but we have less confidence

in this opinion because nearly al LOAEL -based HQs are equa to 1 under 95" percentile

EXPOSUres.

Thereis potentid risk to the malard duck in Items 8 and 10.

Risk Comparison between the No Dredging and Dredging Conditions for the Mallard Duck

Thereis no difference in therisk to the malard duck between the two conditions. Note that after about

10to 15 years, therisks tend to level off which probably represents the steady state risk under these

conditions.

Estimated Risk to the Mink under the No Dredging Condition

TablesE.17 and E.18 in Appendix E show the HQs based on the annua average dose of DDT to the
mink and the annua average dose of the sum of DDT, DDD, and DDE to the mink for each item over a
40-year period. Tables2.11 and 2.12 summarize these resullts.

Tables E.19 and E.20 in Appendix E show the HQs based on the 95™ percentile dose of DDT to the

mink and the 95™ percentile dose of the sum of DDT, DDD, and DDE to the mink for each item over a

40-year period. Tables 2.11 and 2.12 summarize these results.

The reaults indicate:

NOAEL Based HQ > 1

LOAEL Based HQ® 1

DDT Sum DDT, DDD, DDT Sum DDT, DDD,
DDE DDE
Average Exposure None None None None
95" Percertile None ltem 8 None None
Exposure
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This andys's suggests that:
Thereis no potentid risk to themink in Items 1, 2, 5, 6, 7 and 10.

Thereisno potentid risk to the mink in Item 8, but we have less confidence in this opinion
because all NOAEL -based HQs for sum DDT exceed 1 under the 95™ percentile exposures.

Estimated Risk to the Mink under the Dredging Condition

Tables E.21 and E.22 in Appendix E show the HQs based on the annual average dose of DDT to the
mink and the annud average dose of the sum of DDT, DDD, and DDE to the mink for each item over a
40-year period. Tables 2.11 and 2.12 summarize these results.

Tables E.23 and E.24 in Appendix E show the HQs based on the 95™ percentile dose of DDT to the
mink and the 95™ percentile dose of the sum of DDT, DDD, and DDE to the mink for each item over a
40-year period. Tables 2.11 and 2.12 summarize these results.

Thereaultsindicate:

NOAEL Based HQ > 1 LOAEL Based HQ?® 1
DDT Sum DDT, DDD, DDT Sum DDT, DDD,
DDE DDE
Average Exposure None None None None
95" Percertile None ltem 8 None None
Exposure
Thisanalyss suggeds that

Thereisno potentia risk to themink in Items 1, 2, 5, 6, 7 and 10.
Thereisno potentid risk to the mink in Item 8, but we have less confidence in this opinion
because all NOAEL -based HQs for sum DDT exceed 1 under the 95™ percentile exposures.
Risk Comparison between the No Dredging and Dredging Conditions for the Mink
Thereisno difference in the risk to the mink between the two conditions. Note that after about 10 to

15 years, therisks tend to leve off which probably represents the steady state risk under these
conditions.
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24 Uncertainty in the Ecological Risk Assessment

Vorhees et d. (1998) identify, describe and rank the various sources of uncertainty in ecological risk
assessment as it gpplies to dredged material management. These include sources of uncertainty
associated with characterization of the dredged materid, development of the conceptua modd,
assessment and measurement endpoints, estimation of exposure point concentrations; and the sdection
of TRVs. Among these sources the dements that generdly make the greatest contribution to uncertainty
in the decison-making processinclude: the inputs to fate and transport models; the use of body burdens
as TRV, and extrgpolations in TRVsto account for exposure periods.

Uncertainty in the Conceptual Models. Vorheeset d. (1998) indicate three sources of uncertainty
associated with the conceptua mode: characterization of the surrounding environment; identification of
exposure pathways, and, selection of potentia receptors.

This assessment provides a clear biologica description of the surrounding environment, and the
proposed activities based on the prior work (USACE, 1996). Thisreadily available information
provides confidence in our identification of exposure pathways and selection of receptors.

Uncertainty in the Assessment Endpoints. The assessment uses various measurement endpoints to
reduce the uncertainty inherent in the evauation of exposure in complex ecologicd sysems. Whileit is
impossible to evauate the condition of every species and loca population using the Sunflower River
Badin, it isimportant to select species that: may use the river; are representative of larger feeding guilds;
and have a high potentia for exposure. The salected species are representative. They do not
necessarily represent the most dominant speciesin the area, but they do occur within the study areaand
represent specific guilds.

Uncertainties in the Estimation of Exposure Point Concentrations. Appendices A and B discuss
the various uncertainties associated with the estimates of DDT, DDD, and DDE in sediment, water, and
biota. The modds attempted to address this uncertainty by providing centra tendency and upper bound
estimates of exposure for use in comparison to TRVs.

The source of uncertainty that resonates throughout al subsequent estimates of exposure and risk isthe
adequacy of the underlying data that support the modeling. The existing sediment and water dataare
inadequate to provide confidence in the predictions to within an order of magnitude. Thisisan
important source of uncertainty in the estimates of absolute risk, but less so for the risk comparison
because the uncertainties apply equaly to each condition.

There are additiond uncertainties associated with operationa assumptions that would affect the
comparison. For example, the fate and transport model s assumed that some proportion of contaminated
sediments remain in place in each Item of work (Appendix A provides details). Changesin these
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assumptions would affect the differentid risks between dredging and no dredging.

Appendix D describes how the food chain modd s accounted for uncertainties in the ecologica
exposure parameters (e.g. ingestion, body weight).

Uncertainties in the TRVs. There are various uncertainties associated with the sdection of TRVs
(Vorhees, 1998). These derive from the:

Uncertainties inherent in the experiments from which they are derived,

Extrapolations between species that are a necessary consequence of the limitation in the available
data;

Uncertainties associated with timing of exposures,
Uncertainties associated with conversions between NOAELs and LOAELS.

We attempted to address this uncertainty by selecting TRV sthat are likely to over-predict rather than

under-predict risk by employing the sdlection procedures and gpplying the uncertainty factors detalled in

Appendix K. Note that the appendix describes a method that leads to the selection of the most
reasonably conservative TRV (i.e. tends to over-predict risk).

Specificaly we

Reviewed the toxicological literature widely (Appendix K) and chose TRV's based on sengtive
gpecies and studies that included a clear dose response to minimize experimenta uncertaintiesin
these studies;

Did not apply extrapolations to account for differences between species, but rather used studies
based on the same species as the selected receptors or species from the same taxonomic family
where possible;

Used studies that accounted for chronic exposures to address uncertainties associated with timing of

EXPOSUIres;

Used an uncertainty factor of ten to account for uncertainties associated with conversions between
NOAELsand LOAELSs, for studies where aNOAEL was unavailable.
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3.0 HUMAN HEALTH EXPOSURE ASSESSMENT, TOXICITY ASSESSMENT AND
RISK CHARACTERIZATION

3.1 Exposur e Assessment
The human hedth exposure assessment:

Specifies and describes human receptors and exposure pathways,

Estimates exposure point concentrations; and,

Edtimates average daily doses of COCs to humans.
It proceeds by developing exposure scenarios that describe:

Human activities which result in exposure to COCs,

The pathways and routes by which humans contact COCs,

The rate of contact (i.e. dose) of the COC by pathways and routes.
The exposure assessment estimates the magnitude of actua and potentia human exposures, the
frequency and duration of these exposures, and the pathways by which people are potentialy exposed
under these conditions. The assessment relies on measured and modeled concentrations. This
subsection describes potentially complete exposure pathways at the Site, the gpproach used to caculate
EPCs, and the exposure assumptions and models used to estimate daily COC intake.

The assessment employs two levels of exposure:

reasonable maximum exposure (RME) which uses exposure assumptions at the high end of
exposure parameter distributions; and,

centra tendency exposure (CTE) which uses average exposure assumptions.
The RME represents a potentid exposure estimate that is unlikely to underestimate actud exposure. The
CTE provides a more reasonable estimate of exposure to any given individud. In this risk assessment

the number of years of exposure and fish ingestion rates are the key differences between the CTE and
RME.

The exposure scenarios depend on site specific information and information from:

Exposure Factors Handbook (USEPA, 1997).
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Child-Specific Exposure Factors Handbook (USEPA NCEA, 2000).

Risk Assessment Guidance for Superfund Volume I: Human Hedlth Evaluation Manud, Part A
(USEPA, 1989).

Risk Assessment Guidance for Superfund Volume |: Human Hedth Evdluation Manud, Part E,
Supplemental Guidance for Dermal Risk Assessment (USEPA, 2000).

Guidance for Assessng Chemica Contaminant Datafor usein Fish Advisories. Volumell:
Risk Assessment and Fish Consumption Limits (USEPA OST, 1994a).

Fish and Wild Game Consumption Petternsin the Delta Region of Missssippi (Frate, 2001).
Michigan sport anglers fish consumption survey (West et d., 1989).
Foods Commonly Eaten by Individuas (Pao et al., 1982).

The assessment does not predict risks to actual individuas who use the project area, but estimates
potentia risks based on types of behaviors and assumptions about those behaviors. Uncertainty in the
exposure assessment arises from the lack of actua measurements of the population’s exposureto DDT
in the project area. We rely on assumptions about the population exposed including characterigtics of
the receptor group, the frequency and intensity of exposure, and the concentrations to which they may
be exposed.

We have incorporated as much information that is specific to the Ddlta region of Missssppi as possible
to minimize these uncertainties. Based on our assumptions, we calculated and compared the potential
risks of no dredging to the potentid risks associated with dredging.

Table 3.1 summarizes the exposure assumptions for each ste-specific exposure scenario. The following
subsections describe the assumptions used to estimate exposure. Tables H.1 through H.4 in Appendix
H present the exposure estimates used in the risk calculations.

3.1.1 Receptors and exposure pathways

Exposureto DDT, DDE and DDD in therivers of the project areamay occur ether through direct or
indirect exposure pathways. Potentia direct exposure pathways include derma contact and ingestion of
contaminated sediments or surface water. Indirect exposure pathways include ingestion of fish and
aquatic species of wild game (e.g. ducks).

The assessment addresses only the fish ingestion pathway because other pathways through direct
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contact with sediment and surface water are less likely to occur and aso unlikely to make alarge
proportiona contribution to risk if they do occur.

3.1.1.1 Consideration of the Direct Pathways — Contact with Sediment and Surface Water

People in the Ddltaregion of Missssippi engage in avariety of recreationd activities associated with
locd oxbow lakes, rivers, tributaries and swamps, but the region specific information suggests that
sediment and surface water exposures are limited. Frequency of swvimming and other forms of
recregtion relate to accessbility and attractiveness of the area, availability of other swvimming areas, and
other factors that would encourage wading. However, based on discuss ons with peopleliving in the
Detaregion (Table 1.1), theriversin the project area are generally turbid and the presence of snakes
and dligators discourages swimming and playing in and near the river. Hunters may wade while hunting,
but they wear waders and other clothing that limit sediment and surface water contact. Boaters and
anglers may dso have limited contact with sediment and surface water when launching their boats or
fishing from the banks of the river.

In addition to limited opportunities for exposure, the sediment and surface water pathways offer alow
potentia for risk. Surface water exposures are less likely to be significant than sediment exposures
because the physical and chemicd properties of DDT, DDE and DDD suggest that these compounds
are likely to be present in sediment at higher concentrations than in the water. Therefore, we estimated
the relative importance of the sediment pathway for human health risk with a screening caculaion of risk
from derma exposure to sediment (Appendix F). Potentid risk from this pathway is negligible
(contributing less than 0.003%) reletive to risk from fish ingestion pathways. Therefore, we did not
evauae sediment and surface water expasures from svimming, wading, hunting, boating and fishing in
the quantitative risk assessment.

3.1.1.2 Consideration of the Indirect Pathway — Ingestion of Wild Game

Fishing and hunting wild game occur at the Site and are important potentiad sources of exposure to the
COCs. We were not able to quantify the risk from ingestion of wild game from the Site because:

data were not available for estimating the concentrations of DDT, DDE and DDD in any aguetic
wild game tissue (e.g. duck, goose), and tissue concentrations for wild game could not be
modeled with confidence; and

the information available for estimating the consumption rate of wild game is very uncertain.

3.1.1.3 Consideration of the Indirect Pathway — Ingestion of Fish
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We evduated one scenario, an angler because:

Site-specific information from severa sources (Table 1.1) indicate that fishing occurs in the Delta
area; and,

The bioaccumulation of DDT in fish, birds, and other food items indicates that exposure will be
greater for this pathway than for others.

Anglersfish to provide food for their families and as arecreationd activity. They use cane poles,
bobbers and live bait, and primarily fish from the river banks (D. Frate, persona communication 8-13-
01). Fishing activitiesinclude cadting, repairing and maintaining equipment, and cleaning the fish.
Complete exposure pathways for the angler (see Figure 1.2) include:

Expaosure through the food chain when an angler ingests fish tissue containing DDT, DDE or
DDD fromriversin the project area; and,

Exposure through incidenta dermd contact with contaminants in sediment while fishing.
We did not consider the direct derma contact pathway asindicated in subsection 3.1.1.1.

We evauated exposure to an angler, who consumes fish caught in the riversin the project areafor the
first 15 or 45 years of hisor her life (age 1 to 16 or 46), for no dredging and dredging conditions. We
aso evauated a one-year, subchronic exposure to ayoung child (2 to 3 years old) who does not go

fishing, but consumes the fish that his or her parents catch under no dredging and dredging conditions.

This subsection describes the variables for estimating the exposure and risk of the angler.
Exposure Duration

Exposure duration is the number of years that a person may be exposed to contaminated fish in the
riversin the project area. We based our estimates of exposure duration on residence times (i.e., the time
between a person moving into a residence and the time the person moves out or dies, or thetime since a
person moved into their current resdence).

US Census data available from counties in the project area do not provide site-specific resdence times.
USACE (1996) characterizes most peoplein the project area as rurd populations with farmers as 8%
of the totd. We estimated residence time as the average of the farmer and rura residence times
available from nationa data. In addition, Approximately 40% of the households surveyed reported that
there were children under the age of 12 who consumed fish (Frate, 2001).
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For chronic exposures, we assumed that:

An angler between the ages of 1 and 46 may consume fish in riversin the project areafor either
45 (RME) or 15 (CTE) years,

The person is one year old at the beginning of the no dredging or dredging scenario; and,

The person consumes fish from riversin the project areafor ether thefirst 15 years or the first
45 years of hisor her life

The first assumption provides a conservative estimate of chronic and carcinogenic risk, because people
may begin consuming fish a an older age or may move into the area as adults. The vaues for exposure
duration (45 and 15) are the average of the 95" and 50" percentile residence times for farmer and rural
populations (Tables 15-164 and 15-163 respectively in USEPA, 1997).

For subchronic exposures, we assumed that the exposure duration is one year for a2-3 year old child,
because the expected duration of the dredging project for any Item is one year and the highest leve of
exposure may occur during the dredging period. The subchronic exposure duration for asmal child
provides a conservative estimate of risk to a sengtive receptor.

Averaging Time

Averaging timeisthe period of time over which a person’s exposure is averaged. The averaging time
selected depends on the type of toxic effect being assessed (USEPA, 1989). Exposure estimates for
cancer risks use an expected lifetime as the averaging time, and estimates for non-cancer hazards use
the exposure period.

In the present assessment, we used race and gender specific averaging times to estimate potential risk
from cancer-causing chemicals. The length of an average lifetime varies by race and gender, thus using
race and gender specific values provides better estimates of potentia risk to the respective populations.
For this risk assessment, loca dataindicate that African Americans comprise nearly 70 percent of the
respondents in a hedlth survey conducted in the Ddltaregion (Appendix G, Frate, 2001) and
goproximately 59% of the population in the counties abutting the riversin the project area (USACE,
1996). Thus, we were able to use race and gender specific estimates of an average lifetime for
estimating potentid cancer risk.

According to the US Census, the life expectancy for African Americans ranges from 64.7 years for
malesto 73.7 years for femaes. For Caucasans, life expectancy ranges from 73.0 years for malesto
79.5 yearsfor females (Table 8-1; USEPA, 1997).

To estimate non-cancer risk, we assumed that the averaging timeis equa to the exposure duration for
the chronic RME and CTE (45 years, or 16,425 days, and 15 years, or 5475 days, respectively) and 1
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year (365 days) for subchronic exposure (USEPA, 1989).
Body Weight

Exposure is often expressed as a dose, or the mass of a substance contacted per unit body weight per
unit time. The value for body weight is the average body weight over the exposure period, in this case,
15 and 45 years (USEPA, 1989). Therefore, we ca culated weighted average body weights for the two
exposure durations to estimate an angler’ s intake resulting from exposure to DDT, DDD and DDE in
fish. The equations for cdculating the body weights for the male and femae anglers were:

By o BW, o, +BW, o, +...+BW,
agel-16 15
BW _ Wagel + BWageZ ot BWagei? + (BWageltk 25* 7 )+ (BWage25< 35*10) + (BWage35< 45*10) + (BWage45< 55*1)
agel- 46
45

Body weights vary by gender and race. However, gender and race specific body weight values are not
available for children. The difference in body weights of adults across race is smal compared to the
difference across gender. Thus, we used the gender specific body weights caculated for the CTE and
the RME.

For chronic exposures, the age adjusted body weight of the female angler between the ages of 1 and 16
is31.1 kg and between the ages of 1 and 46 is53.1 kg (USEPA, 1997). The age adjusted body weight
of the male angler between the ages of 1 and 16 is 31.7 kg and between the ages of 1 and 46 is62.3 kg
(USEPA, 1997).

Subchronic risk is calculated for a 2-3 year old angler with abody weight of 13.0 kg for afemae and
13.6 kg for amale child (USEPA, 1997).

Ingestion Rate

We assumed that anglers consume fish year-round under no dredging and dredging conditions. We
assumed that the fish consumption rate applies to fish that the angler catches and eats from one of the
riversin the project area. The fish consumption rates used in this assessment are Delta specific
(Appendix G, Frate, 2001). We assumed that the fish consumption patterns in the Big Sunflower area
are the same as those in the areas covered by the survey.

Table 3.2 shows the average, the 95™ percentile and the range of yearly fish consumption rates. The
average fish consumption rates were caculated based on the tota population, which includes consumers
and non-consumers of fish. However, 90% to 100% of individuals surveyed reported eating home-
caught fish.
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Table 3.2 Adult Yearly Consumption of Non-commer cially Produced Fish

Average (Ibs.) 95" Percentile Range (Ibs.)
(Ibs)
African American 46.4 114.0 5.6-185.6
Males
African American 26.2 69.0 0(15*-1114
Females
Caucasian Males 28.5 72.0 0(1)-99
Caucasian Females 13.7 36.0 0(1)-60.8
Total Population 30.8 0(1)-185.6
Average
Source: Frate 2001 (See Appendix G)
* Valuesin parentheses include only those eating fish.

Frate (2001) aso found that:
African Americans most commonly egt catfish and bream; and,
Caucasians more commonly est bass and white perch;

Most people catch fish in lakes (oxbow lakes are common in this region), followed by
rivers/streams and swamps/backwater aress.

We do not have site-gpecific consumption rates for children. Therefore, we adjusted adult ingestion

rates to estimate child ingestion rates using two studies available from the literature (See Appendix H).

Specificdly, the gender and race specific chronic fish ingestion rates are weighted by assuming that:
children ages 1 through 10 consume approximately haf the fish of an adult; and,

any individud 11 years of age and older consumes approximately the same amount of fish as
the surveyed adult population.

These age-weighted ingestion rates are estimated as.

Subchronic  Fish IR =0.5* (Site - Specific Adult IR)

2 to3yearold

Chronic Fish IR, yers o = ((0-5 * (Site- SpecificAdultIRy) * 10) + ((Site- SpecificAdult IR)* 5)
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Chronic FishlR w4 yers aa = ((0.5* (Site- Specific Adult IR)) *10) + ((Site- Specific Adult IR)* 35)

Assuming that anyone over 11 consumes Similar amounts of fish as an adult may be an over-estimate of
the actud ingestion rate. However, the data presented in Appendix H suggest that teenagers can
consume as little as half an adult’s serving or up to the same amount as an adult’s serving.

Fish ingestion rates for the RME and CTE are ca culated based on the gender and race specific
ingestion rates for people in the Delta region (Appendix G). We used the average ingestion rates and the
95"%%-tile ingestion rates to provide a best estimate (CTE) and an upper bound estimate (RME),
respectively, of potentid risk from fish ingestion. Gender and race specific fish ingestions rates were
calculated for each of the three exposure durations for both the average and 95"%:-ile ingestion rates in
Table 3.3 (Frate, 2001).

Table 3.3 Site-Specific Fish Ingestion Rates Accounting for Age, Gender, Race and Exposure

Period
CTE RME

Average Ingestion Rates (kg/year) 95%-tile I ngestion Rates (kg/year)
Exposure African Caucasian African American Caucasian
Duration American

Male | Female| Male | Female| Male | Female| Male | Female
Subchronic 10.5 59 6.5 3.1 25.9 15.6 16.3 8.2
Chronic 1-16 13.3 7.5 8.2 3.9
Chronic 1-46 ---1 45.4 27.5 28.7 14.3

Source: Frate 2001 (See Appendix G)
! Values not applicable

Oral absorption factor

We assumed that dl of the DDT, DDE and DDD present in the food source is available for absorption
in the gagtrointestingl tract.

Fraction from Source

We assumed thet al of the fish in the angler’ s diet comes from the riversin the project area. Therefore,
the fraction of fish ingested from the source is set to 1 in this assessment.
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3.1.2 Edimate Exposure Point Concentrations (EPCs)

In this human hedlth assessment, exposure point concentrations (EPCs) are concentrations of COCsin
fish tissue. These are modeled concentrations, based on measured and modeled forage fish body
burdens, sediment, and surface water concentrations (Appendix B). The fish modding provides
estimated concentrations, represented by ditributions, of DDD, DDE and DDT in buffalofish, gar, blue
catfish and flathead catfish for each year over a period of 46 years.

Section of Items for Quantification of Risk

The fish tissue concentrations in Table 3.4 suggest that fish concentrations would not change significantly
with dredging. Across the items, the average of the 50" percentile sum DDT tissue concentration ranges
from the lowest in Item 2 (which issmilar to Items 5, 6, 7 and 1), amid-level concentration in Item 10,
and a 10-fold higher concentration in Item 8. This order changes somewhat based on the maximum of
the 95th percentile sum DDT. We ordered the Items based on the 50" percentile, as central estimates
are more representative of the whole of the data.

Potentia risks calculated from Items 2 and 8 represent the lower and upper boundaries, respectively, of
the potentia risks to people consuming fish from the BSRMP area. We sdected Item 6 to assess the
difference in risk between no dredging and dredging because it is an Item where fish tissue
concentrations change between the two scenarios.

Calculating EPCs

Table H.5 summarizes the Six separate duration-specific centrd and maximum estimates of exposure
point concentrations for Items 2, 5, 6 and 8. Anglersin the area report eating buffaofish, catfish, gar,
and other fish species. The idedly estimated EPC would derive from concentration data for al
consumed species, weighted by species-specific consumption rates. However, we had fish
concentration data only for buffaofish, blue catfish, flathead catfish, and gar, and we had no species-
gpecific consumption rate data. Therefore, we assumed that anglers eat these four fish speciesin equa
proportions to estimate EPCs.

Appendix B provides predicted fish tissue concentrations of DDD, DDE and DDT for the four fish
species over 45 years. These are distributions of concentrations for each chemical for each year.

To evauate the range of potentid risks, we caculated the EPCs for the CTE using the first 15 years of
the mode ed concentration for the 50%tile and 95%tile of the concentration distributions, designated
CTES0 and CTE95 respectively. We smilarly caculated EPCs for the RME, using 45 years of the
modeed concentration for the 50%tile and 95%tile of the concentration distributions, designated
RMES0 and RMES5 respectively.
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The subchronic hazards represent the highest one year of potentia exposure. Thus, four separate
duration-specific centra and maximum estimates of exposure point concentrations are caculated. We
used the maximum of the 50%tile over years 1-16 and years 1-46 for the CTES0 and RMES0. The
maximum of the 95%tile concentrations over years 1-16 and years 1-46 are the CTE9S and RME95,

repectively.

The maximum concentration used to caculate an EPC isthe sngle year with the maximum sum DDT
across the four types of fish. After the maximum was identified, the concentrations of DDT, DDE and
DDD associated with the maximum sum DDT were used as the individua EPCsfor the risk
cdculations.

The chronic hazard and cancer risk estimates used four separate duration-specific centra and maximum
estimates of EPCs. Two of these are the same as those used to evauate subchronic hazard. Centra
estimates of the EPCs were caculated using the average of the estimated 50 percentile concentrations
for DDT, DDE and DDD individudly across dl four fish over thefirst 15 years for the CTESO, and the
first 45 yearsfor the RMESO. The CTESS and RME 95 EPC vaues are the same as those used to
evauate subchronic hazard.

3.1.3 Edimaing average daily doses

Average Daily Dose (ADD) combines the RME and CTE exposure assumptions with EPCs to estimate
daily COC intakes for each exposure route and exposure point using the following generd equations:

CPC; ~ IRXABSg x FS’ ED

ADD' (mg /kg- day) = BW - AT
CPC; = Tota contaminant concentration in fish (mg/kg)
IR = Totd fish ingestion rate (kg/yr)
ABSg = Absorption of DDT in the gastrointesting tract (unitless)
FS = Fraction from source (unitless)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (period over which exposure is averaged: days)

We calculated two ADDs for each exposure route, the ADD(year) and the ADD(life). The ADD(year)
is used to evaluate non-carcinogenic effects. It represents the chemical dose during the exposure period
and is caculated as the average daily dose over an appropriate averaging period.

The ADD(life) is used to evaluate carcinogenic effects. It represents the chemica dose averaged over a
lifetime and is usualy calculated as the average daily dose over a 70-year lifetime. As described in
section 3.1, we used race and gender specific averaging times for this risk assessment.
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Table 3.1 summarizes the rationae underlying the parameters used in this risk assessment. We
caculated gender and race specific risks for twelve scenarios to explore the impact of the uncertainty in
the exposure assumptions and in the choice of EPC.

All of the race and gender specific exposure parameter vaues used to calculate risk are presented in
TablesH.1 through H.4 in Appendix H.

3.2 Dose-Response Assessment
The “dose-response relationship” is the relationship between the dose received and the incidence of an
adverse effect. For carcinogens, it is expressed as a cancer dope factor (CSF) and isameasure of a
carcinogen’ s potency through the ord route of exposure. For noncarcinogens, the toxicity benchmark,
the Reference Dose (RfD), is based on the expectation that adverse effects are unlikely to occur if
exposures are below athreshold of response.
This subsection:

Describes RfDs and CSFs for the COCs; and,

Provides surrogate toxicity vaues for COCsthat lack such toxicity vaues.
Appendix J provides atoxicity profile for DDT, DDE and DDD.
3.2.1 Avalade Toxicity Informeation

Toxicity Assessments for COCs have two steps.

determining whether exposure to the compound results in observed toxic effectsin animas or
humans; and,

identifying the dose-response relationship.

Quantitative estimates of a compound’ stoxicity are either RfDs or CSFs, collectively referred to as
toxicity vaues. The RfDs are average daily doses of compounds bel ow which adverse non-cancer
hedlth effects are not expected to occur in sengtive humans. The CSFs are quantitative estimates of a
compound's cancer potency. These toxicity values are selected from the following USEPA sources.

Integrated Risk Information System database (IRIS, http://mww.epa.goviiris);

Nationd Center for Environmenta Assessment (NCEA), Superfund Technical Support Center
and on-line Toxicologica Prafiles (http://www.epa.gov/ncea); and,
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Hedlth Effects Assessment Summary Tables (HEAST) (USEPA, 1997).

The IRIS vaues are preferred in quantitative risk assessment because they receive the highest level of
peer review. If IRIStoxicity values are not available, provisond vaues from NCEA are used, followed
by vduesfrom HEAST.

Table 35 ligs RfDs and CSFsfor DDT, DDE and DDD that we used in our risk assessment. Thistable
indicates the source of toxicity vaues, and assumptions made about the toxicity of COCs with no
published toxicity values. DDE and DDD do not have RfDs or other published non-cancer toxicity
vaues.

Table 3.5 Published Toxicity Values for DDT, DDE and DDD

Vauesfrom IRIS DDT DDE DDD
RfD (mg/kg-day) 5E-4 UseDDT! Use DDT
CSF (mg/kg-day) * 3.4E-1 3.4E-1 2.4E-1
Waeight of Evidence B2 B2 B2

YUSEPA fish consumption guidance (USEPA, 2000) usesthe DDT RfD as a surrogate RfD for DDE and DDD.
3.2.1.1 Evaluation of Non-cancer Health Effects Using RfDs
USEPA defines RfDs (mg/kg-day) as:

estimates (with uncertainty spanning perhaps an order of magnitude) of a daily exposure to the
human population (including sengitive subgroups) that islikely to be without an gppreciable risk
of ddeterious non-cancer effects during alifetime.

Interaction of Exposure Duration and Health Outcomes

The interaction of time scaes of exposure with types of effects (acute, subchronic, and chronic)
complicates the assessment of non-carcinogenic effects. Subchronic and chronic hedth effects are those
that might occur following long-term exposures typicaly of concern at hazardous waste Stes. USEPA
defines subchronic exposures as those lasting up to seven years. Chronic exposures are those lagting
more than seven years. Mogt available RfDs are gpplicable to the eva uation of chronic rather than
subchronic exposures. Chronic RfDs are used to evauate subchronic exposures when a subchronic
vaueisnot avalable from IRIS, NCEA, or HEAST. For DDT, HEAST (1997) usesthe chronic value
from IRIS as the subchronic vaue for DDT.

The chronic RfD for DDT on IRISis derived from a subchronic study. This study was the most sensitive
indicator of toxicity among the available sudies. It was consdered by USEPA to be gppropriate for
derivation of a chronic toxicity vaue, without the addition of an uncertainty factor to account for the less
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than chronic duration of the principa study.
This assessment used the chronic RfD for evauating risk from subchronic exposure.
Derivation of RfDs

The RfD derivations start with the highest “No Observed Adverse Effect Level” (NOAEL), which is
the dose or concentration at which there are no satisticaly or biologicaly sgnificant increasesin the
frequency or severity of any effect between the exposed population and its gppropriate control. Lowest
observed adverse effect levels (LOAELs) are sometimes used when NOAEL s are not available.

Uncertainty factors are gpplied to NOAEL s to ensure that RfDs are sufficiently protective given
uncertainties in the underlying toxicity database. Uncertainty factors (UF) are incorporated as divisorsto
the NOAEL associated with the critica effect (i.e. the first adverse effect, or its known precursor, that
occurs as the dose rate increases). Standard uncertainty factors include:;

10-fold factor for extrapolation from animals to humans,

10-fold factor for varigbility in the human population;

1 to 10-fold factor for use of aless-than-chronic study;

1 to 10-fold factor for extrapolation from a LOAEL to aNOAEL and,
3 to 10-fold factor for an incomplete database.

Application of these uncertainty factors results in RfDs between 3 and 10,000 times lower than the
NOAEL. An additiona divisor, or modifying factor (MF), between 0 and 10 can be used to account
for scientific uncertainties of the study and database not explicitly treated with the sandard uncertainty
factors or to account for increased confidence in the available data. The default value for the MF is 1.

Interpretation of RfDs

Adverse effects are not likely at doses below RfDs. The leve of concern for a particular COC does not
increase linearly asthe RfDs are approached or exceeded because these toxicity vaues are not equally
accurate or precise, nor are they based on the same severity of toxic effects across chemicals. In fact,
the dopes of dose-response curves in excess of RfDs can vary considerably among COCs. Therefore,
comparing these toxicity values with exposure estimates a the Site provides an index of concern rather
than a probability of an adverse effect occurring.

3.2.1.2 Evaluation of Cancer Risk Using CSFs

Carcinogenic potentia is described by CSFs with units of (mg/kg-day) ™. These values provide a
quantitative estimate of the carcinogenic potency of chemicas to humans. According to USEPA Risk
Assessment Guiddines (1986), human carcinogenic potentid is classfied through a weight-of-evidence
classfication scheme (A through E), which considers available test data, adequacy of studies, types of
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gudies, and observed responses. Chemicals that give rise to cancer or gene mutations are generaly
classfied as

Group A: Human Carcinogen, sufficient human data;

Group B1: Probable Human Carcinogen, limited human data;

Group B2: Probable Human Carcinogen, sufficient evidence in animas and limited evidence or
no evidence in humans,

Group C: Possible Human Carcinogen, limited evidence in animas and limited or no evidence in
humans,

Group D: Not Classfiable as to Human Carcinogenicity, insufficient testsfor carcinogenesis or
mutageness are available; and

Group E: Evidence of Non-Carcinogenicity in Humans.

The weight-of-evidence classfication for DDT, DDE and DDD is Group B2.

The CSF, as calculated in accordance with the USEPA 1986 guidelines, is usudly the 95% datistical
upper bound on the dope of the dose-response curve in the low-dose linear portion as estimated by the
linearized multistage modd (LMS). The larger the CSF, the more potent the carcinogenicity of the
compound. In addition, CSFs are cd culated assuming there are no threshold levels for carcinogenic
effects and that the response increases linearly with dose at low levels, including dose levels encountered
in the environment. CSF as cdculated, is the upper bound on arisk estimate that could be aslow as
zero.

3.2.2 COCswith No Published Toxicity Vaues

RfD vauesfor DDE and DDD are not available. Like many compounds, they can be toxic to humans
but have an inadequate toxicity database to support the derivation of toxicity vaues or can have a
database that has not been reviewed by USEPA. In this assessment, we assigned surrogate toxicity
vaues wherever reasonable based on knowledge of the COC mechanism(s) of toxicity or structura
samilarity. This gpproach introduces uncertainty into the analysis but is judged to be more gppropriate
than ignoring these compounds.

Given the dructurd and mechanistic amilarities between DDT, DDE and DDD it seems reasonable to
use the RfD for DDT to evauate the potentia hazard from exposures to DDE and DDD as was donein
the USEPA (2000) fish advisory guidance. We used the DDT RfD as a surrogate for the DDE and
DDD RfDsto cdculate the non-cancer hazard estimates for this risk assessment.

3.3 Risk Characterization

The purpose of the risk characterization isto estimate potentid risks associated with contaminants a the
gte for each exposure scenario. The results of the dose-response assessment are combined with the
results of the exposure assessment to derive quantitative estimates of risk and hazard.
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3.3.1 Non-cancer Hazard Evauation

Subchronic (1 year) and chronic (15 or 45 years) non-cancer hazards are estimated for each exposure
scenario. We evauate the potentia for non-cancer hedlth effects by calculating hazard quotients (HQS)

and hazard indices (HIs). The HQ isthe quotient of the average daily dose (ADD) for a given exposure
pathway to the chemicd- and route-specific (ora, dermal, or inhdation) reference dose (RfD).

HQ = ADDI/RfDi

Where:

ADDi = Average daly dose of contaminant (mg/kg-day)

RfD = Reference dose (mg/kg-day)
The hazard index (HI) is the sum of the hazard quotients for each pathway and then across dl media

HI pattway-specific = S HQ
The tota and pathway-specific hazard indices are compared to atarget hazard index of one. A hazard
index greater than one may indicate the potentia for adverse noncarcinogenic effects as aresult of
exposure to the contaminants from the site.
Table 3.6 summarizes the non-cancer hazard evauation usng IRIS RfDs. The inputs used to cdculate
the ADD and the EPC vaues for each gender and race specific exposure scenario are found in Tables
H.1 through H.5, Appendix H.
3.3.2 Cancer Risk Evduation
Cancer risk is caculated as.
Excess Lifetime Cancer Risk = LADDi * CSH

Where:

LADDi = Lifetime average daily dose of contaminant (mg/kg-day)

CSH = Chemicd- and route-specific cancer dope factor of contaminant i

(mg/kg-day)

Cancer risks are summed across each pathway and then across dl media, resultingin a
total cancer risk.
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Cancer RisKpatway-specific = S Cancer RiSKenemical-specific
Total Cancer Risk = S Cancer RiSKpanways

The total and pathway-specific cancer risk estimates are compared to atarget risk level. The US EPA
and Mississippi DEQ target cancer risk is 10 to 10°® while the target cancer risk in the Aquatic Risk
Assessment Guidance developed for the USACE (Cura et d., 1998) is 10°. Cancer risk estimates
above these ranges are considered unacceptable.

Table 3.6 summarizes the cancer risk estimates. The inputs used to caculate the LADD and the EPC
vaues for each gender and race specific exposure scenario are found in Tables H.1 through H.5,
Appendix H.

3.3.3 Rik Summary

Table 3.6 summarizes the results for the no dredging and dredging conditionsincluding hazard and risk
esimates for CTE and RME exposures for Items 2, 5, 6 and 8 usng USEPA toxicity vaues. Risks
were not quantified for Items 1, 7, and 10, asthe EPC vdues, thustherisks, for these itemsfdl in
between Items 6 and 8. The results are presented by gender and race for the average EPC
concentration, designated CTE50 and RMES0, and for the 95"%tile concentrations, designated CTE95
and RME95. The USEPA and Mississippi DEQ range of acceptable cancer risksis 1E-4 to 1E-6.
Nearly al risk estimates are greater than 1E-6. Therefore in this section we discuss in detail cancer risks
that are greater than 1E-4 and non-cancer hazards that exceed the non-cancer benchmark of one.

Comparison of Risks - No Dredging and Dredging

The risk estimates for the no dredging and dredging condition are the essentialy the samein Item 8. In
Items 2, 5 and 6, estimated risks decline by a small amount after dredging. The declinesin the EPC
concentrations after dredging in Items 2, 5 and 6 are S0 smdl| that only one of Item 2's, four of Item 5's
and none of Item 6'sforty-eight risk estimates change from being just above the target hazard and risk
levels under no dredging conditions, to being at the same level asthe target hazard and risk under
dredging conditions. The smdl changesin risk estimates result from predicted fish tissue concentrations.

Range of Potential Risk Estimates Across Items

We estimated cancer risk and non-cancer hazard for four Items that represent the range of sum DDT
concentrations in the BSRMP. Because risk is alinear function of concentration, these four Items
indicate possible lower, mid and upper bound risks in the BSRMP.

Edtimated risks and non-cancer hazard associated with fish consumption increase with increased fish
ingestion rates. Fish ingestion rates vary by race and gender. Caucasian femaes consume the least
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amount of fish. African American maes consume the greatest amount of fish (Frate, 2001). Thus, risks
are lowest for Caucasan femaes and highest for African American maes.

Item 2
We evduated the risks from Item 2 to provide an estimate of the lower bound on the potentid risk of
consuming fish from the BSRMP areg, because Item 2 has the lowest estimated fish tissue

concentrations. Risks from consuming fish from Item 2 are above benchmark levels,

for subchronic hazard for dl gender and race groups for al exposure estimates, except for
Caucasan femde CTE exposure estimates,

for chronic hazard for African American maesfor CTESS exposure estimates,

for chronic hazard and cancer risk for African American maesfor RMES0 exposure estimates,
and,

for chronic hazard and cancer risk for al gender and race groups for RME95 exposure
estimates except for Caucasan femaes.

If dredging occurs, risks from consuming fish are the same as those estimated under the no dredging
condition, except that chronic hazard estimate for the African American male RMES0 changes from
above benchmark level to being at the benchmark leve.

ltem 5

We evduated the risks from Item 5 to characterize the location of the lower bound on the potential risk
of consuming fish from the BSRMP area. Item 5 was selected because it has the next lowest estimated
fish tissue concentrations based on sum DDT concentrations after Item 2. Risks from consuming fish

from Item 5 are above benchmark leves,

for subchronic hazard for dl gender and race groups for al exposure estimates, except for
Caucasan femae CTE estimates,

for chronic hazard for African American and Caucasan maes for CTE9S exposure estimates,

for chronic hazard and cancer risk for African American males and femades for RMES0
exposure estimates; and,

for chronic hazard and cancer risk for al gender and race groups for RME95 exposure
estimates, except Caucasian femae cancer risk estimates.
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If dredging occurs, risks from consuming fish are the same as those estimated under the no dredging
condition, except that estimates from the following scenarios change from above benchmark levelsto
being at benchmark levels,
for chronic hazard for African American femaes RMESO and for Caucasan females RME95;
for cancer risk for African American females RMESO.

Iltem 6

If no dredging occurs, risks from consuming fish are above benchmark levels under the following
conditions,

for subchronic hazard for dl gender and race groups for al exposure estimates, except for
Caucasan femae CTE estimates,

for chronic hazard for African American mae CTE95 exposure estimates,
for chronic hazard and cancer risk for African American mae RMES0 exposure estimates; and,

for chronic hazard and cancer risk for dl gender and race groups for RMES5 exposure
estimates, except for Caucasian female estimates.

If dredging occurs, the risks from consuming fish are the same as those estimated under the no dredging
condition.

Iltem 8

Item 8 has significantly higher estimated fish tissue concentrations than dl other Items. We cdculated
hazard and risk from Item 8 to provide an upper bound on the potentia risk of consuming fish from the
BSRMP area. The non-cancer and cancer risks from consuming fish from Item 8 are above benchmark
levels, for al gender and race groups for al exposure estimates.

3.34 Risk Discusson

The results of this risk assessment indicate that risks to human hedth from fish ingestion are essentidly
equivaent with and without the dredging project.

However, there are risk and hazard estimates above the standard benchmark levels of 1 for the hazard
index and 1E-4 for the carcinogenic risk from exposure to fish in dl Items, except for CTE exposurein
Items 2, 5 and 6. These results suggest that residents of this region may experience sgnificant levels of
risk for cancer and non-cancer hedlth effects with or without the planned dredging activities.
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The fish consumption advisory developed by Mississppi DEQ (6/26/01) limits fish consumption to 2
medls per month, which is equivaent to 12 |bs. of fish/year (assuming that each medl is8 oz.) for rivers
inthe project area. Thisisjust under the 13.6 Ib. per year average adult Caucasian femae ingestion rate
found by Frate (2001). Non-cancer hazard and cancer risk calculated for Items 2, 5 and 6 for the
Caucasian femaes are a or below the target risk levels. Subchronic hazard at the fish advisory levelsis
devated when using RME EPCs (j.e. the maximum of the 50" or 95"%-tile). However, most peoplein
the Ddlta area are consuming fish a higher ingestion rates than 12 Ibs. per year even during the fish
advisory.

We evd uated non-cancer hazard and cancer risk using arange of exposure assumptions and fish tissue
concentrations to characterize the boundaries of the potential hazards and risks across the population
consuming fish a the Site.

Subchronic hazards were estimated to make sure that we did not underestimate potentia risks
associated with short-term exposures (e.g., during asingle year of dredging). We assessed the potentia
risk to a2 to 3 year old child a sengtive receptor using fish tissue concentrations from the year with the
highest fish concentration.

3.3.5  Uncetanty in Human Hedth Risk Characterization

Any risk characterization is subject to uncertainties snce it combines the potentia uncertaintiesin the
data, exposure assumptions and toxicity estimates. Each of these areas has sources of uncertainty that
may lead to overestimating or underestimating risk. Therefore, we characterized the range of potentid
vaues when data permitted. When data were not available, we applied conservative assumptionsin
keeping with USEPA default vaues.

The sections below describe sources of uncertainty for each area of the human hedth risk assessment
and their potentid for influencing the point estimates of potential hazards and risks presented in Table
3.6.

3.3.5.1 Data and Modeling Issues
Uncertainties in the environmenta data and subsequent modeling are propagated through the exposure
point concentrations used in therisk caculations. Thus, they contribute to the tota uncertainty in the

estimation of potential human hedth risks. Uncertainty arisng from data and modding issues is discussed
in more detail in Section 2.4 and Appendix A and B.
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3.3.5.2 Exposure Assumptions
Exposure Duration

Results of a hedlth survey conducted in three counties of the Deltaregion of Missssppi show that fishing
isalifdong activity (Frate, Appendix G). We used two exposure durations (15 and 45 years for the
central estimate and reasonable maximum estimate respectively) to account for the expected number of
years a person consumes fish from an Item. These periods reflect the time a person resides in one
residence. However, when people move, 67% move within 19 miles of their previous resdence (Table
15-171, USEPA, 1997). Given the size of each item, it is possible that people may move to a new
resdence and il fish from the same location. Thus, the exposure durations used in this risk assessment
could underestimate the number of years that a person may fish from the same Item.

We assume that chronic exposure to fish begins when a child is one year old. Assuming that exposures
begin as a young child provides a conservative estimate of risk. Potentid risks will be lower if people
begin consuming fish at ages older than one.

Averaging time

We used gender and race specific averaging times from the US population. If life expectancy islower in
the project area, riskswill be underestimated. Conversdly, if life expectancy is higher in the project area
than the US population, risk will be overestimated. The use of population specific averaging times
should decrease uncertainty in the population averaging time as compared to using a default average
vaue of 70 yearsfor dl populations consgdered. The magnitude of the uncertainty from this parameter is
likely to be small relative to other parameters.

Ingestion Rate

Using fish consumption data from arecent survey of populationsin the Deltaregion (Frate, 2001)
decreased the uncertainty in human population fish consumption rates in comparison to using nationa
average data. In addition, these data permit us to caculate fish consumption rates that incorporate
variability across populations by race and gender. This permits better representation of the risksto the
populations of concern for this project. One cavedt is that this study was conducted in three Delta
counties adjacent to the counties in the Big Sunflower River Basin (Figure 3.1). Thus, we must assume
that populations in adjacent counties have smilar fish consumption habits. The increase in uncertainty
contributed from this assumption is expected to be outweighed by the decrease in uncertainty afforded
by the region specific information provided by the survey.

Fish Tissue Exposure Concentrations

Differentid consumption of various parts of the fish, such as muscle, head, roe, skin, and tail, and food
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preparation methods will contribute to the accuracy of the fish consumption risk estimates and
uncertainty in those estimates. According to an investigation of consumption patternsin the Delta Region
of Missssppi, dmost dl respondents reported eating the meat (muscle) of the fish and a high proportion
(60% to 70%) of African-Americans reported egting the skin and tail of the fish. A few African-
American respondents (6% to 10%) aso reported eating the fish head and roe (eggs). DDD, DDE and
DDT accumulaein the fatty portion of fish tissue. Thus, consumption of parts of fish other than muscle
islikely to increase exposure to DDT. Potentia risk may be underestimated in this risk assessment for
populations consuming parts of fish in addition to muscle because fish tissue concentrations represent
only muscle

For al respondents, frying is the most common method of cooking fish, followed by baking and grilling.
Therefore, the concentrations of these compounds in fish tissue may be reduced in the cooking process
if the compounds transfer to the cooking oil. However, according to the fish consumption study
conducted in the Deltaregion, over three-quarters of the people responding to this survey reported that
they cook other food items (e.g., hushpuppies) in the grease used to fry the fish (Appendix G). Thus,
foods cooked in the oil after the fish could absorb DDT, DDE and DDD from the oil and serveasa
source of exposure.

Removing the skin from the fish fillet (trimming) can aso reduce exposure to contaminants in the lipid.
However, up to 70% of African-American and up to 35% of Caucasian respondents (male and female)
reported esting the skin of the fish. In addition, the fish samples used to estimate fish tissue
concentrations of DDT, DDE and DDD for this risk assessment were trimmed before these compounds
were measured. Thus, the measured concentrations of COCs may underestimate the exposure
concentrations. Therefore, we do not estimate loss of DDD, DDE and DDT due to trimming or cooking
in this assessment.

3.3.5.3 Dose-Response

Maor sources of uncertainty concerning the toxicity assessment include the extrgpolation from high
dosesin animasto low dosesin humans for non-carcinogens and carcinogens, and conservative
assumptions built into derivation of RfDs and CSFs. An additional source of uncertainty is the use of
chronic RfDs due to the absence of subchronic RfDs. The leve of conservative introduced by these
uncertaintiesis unknown.

Uncertainty Due to Missing Toxicity Values

DDE and DDD do not have RfDs on IRIS. Thus for this risk assessment we used the DDT RfD asa
surrogate RfD for DDE and DDD. This introduces uncertainty in the non-cancer hazard estimates that
may under or over estimate hazard to an unknown extent.

Studies summarized in the ATSDR 2000 Draft Toxicity Profile suggest thet the toxicity of DDE and
DDD islower than that of DDT. Thus, using the DDT RfD appears to provide a conservative estimate
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of hazard. Because DDE concentrations are grester than DDT concentrations in fish tissue and because
DDE may be lesstoxic than DDT, we derived toxicity vaues for DDE and DDD using the information
summarized in ATSDR (2000) and USEPA derivation methods (Barnes and Dourson, 1988). This
alows usto evauate the contribution of the uncertainty in the DDE and DDD potency estimates to the
potentid non-cancer hazard. The toxicity values presented in Table 3.7 provide for screening level
evauation of possible non-cancer hazard, but please note that these values have not received the
extendve review and congderation that istypical for USEPA derived RfDs and should not be
interpreted as such.

A detailed description of the derivation is presented in Appendix |.

Table 3.7 Non-Cancer Toxicity Values for DDT, DDE and DDD

Sour ce of Non-Cancer DDT (mg/kg- DDE (mg/kg-day) DDD (mg/kg-day)

Value day)
IRIS 5E-4 UseDDT UseDDT
MCA (Screening Leve) UsIRIS 3E-3 9E-3

The sengitivity andys's caculates the non-cancer hazard for al exposure scenarios usng the no dredge
EPCsfrom Items 5 and 8, and the DDT RfD and MCA derived toxicity values as surrogate RfDs for
DDE and DDD.

The reaults of the sengitivity andysisin Table 3.8 show reduced non-cancer hazards when caculated
with MCA derived toxicity vaues as surrogates for DDE and DDD. The magnitude of the decreasein
non-cancer hazard suggests that the missing toxicity vaues for DDE and DDD contribute substantia
uncertainty to the hazard estimates.
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Table 1.1 Sour ces of information for developing conceptual
model and exposur e scenarios

Organization/ Contact Contact information REMARKS
Agency Name per son
Y azoo National David Linden, | 662-839-2638 The Yazoo NWR Complex is
Wildlife Refuge/ | Biologist for made up of five National
U.S. Fish & Y azoo National Wildlife Refuges in the Delta
Wildlife Service | Wildlife Refuge region of Mississippi: Y azoo,
(NWR) Panther Swamp, Hillside,
Complex Morgan Brake and Matthews
Break.
Spoke with him about local
hunting practices.
Mississippi State | Don Jackson 662-325-7493 Spoke to him about home
University, Djackson@cfr. msstate.edu | ranges and microhabitat uses
Department of for fish species. He also
Wildlife & provided information and
Fisheries contact names regarding
human exposure pathways in
the Delta region.
Mississippi State | Dr. Richard 662-325-2623 Reviewed his papers on the
University, Kaminski Rkaminski @cfr.msstate.edu | extent of illegal hunting in the
Department of Mississippi Flyway. He
Wildlife & suggested contacting US
Fisheries FWS Harvest Survey Office
for duck harvest statistics.
Brigham Y oung Dr. Raph 801-378-3242 When at Mississippi State
University, Brown rbb44@email.byu.edu University, did work on
Department of subsistence activity in the
Sociology Deltaregion. Reviewed one
of his papers on this subject.
University of Dr. Dennis 601-984-1935 Worked with him to design
Mississippi Frate dfrate@prevmed. survey questions for fish and
Medica Center, umsmed.edu wildlife game consumption
Department of study in the Delta region of
Preventive Mississippi. Called him
Medicine several times regarding local
fishing practices.
Mississippi Representative | Contact Mahannah Wildlife | Associated with Mahannah
Department of Office Wildlife Area as well.

Wildlife, Fisheries
& Parks




Organization/ Contact Contact information REMARKS

Agency Name person

USFWS, Dr. Paul 301-497-5982 Spoke to him about number
Division of Padding of ducks bagged per hunter
Migratory Bird and number of hunting trips
Management, per season for Mississippi
Harvest Survey hunters.

USArmy Corps | Dave Johnson | Dave.R.Johnson@mvk02.usa | Technical contact at District
of Engineers, cearmy.mil, (601) 631-7221 | for data etc.

Vicksburg District

USArmy Corps | Paul Schroeder | Paul.R.Schroeder@erdc.usac | WES fate and transport

of Engineers, earmy.mil modeler

WES

USArmy Corps | Gui Lotufo Guilherme.R.Lotufo@erdc.u | Eco effects assessment, TRV
of Engineers, sace.army.mil, (601) 634- development

WES 4103




Table 1.2 Data Summary Table
BSRMP Compar ative Risk Assessment
Big Sunflower River, Mississippi

e — DDD -------------- >>>>
Item (and Species, if Number of % Standard
applicable) Samples | Detects Minimum Maximum Average Deviation

# (%) (ugkg)  (ugkg)  (ugkg)  (ug/kg)
Item 1 8 100% 4.1 75.0 23.8 24.5
Item 2 5 100% 20.0 35.0 28.8 7.3
Iltem 5 3 67% 15.0 70.0 46.3 28.3
Item 6 4 100% 2.6 21.0 10.1 7.8
Item 7 2 100% 27.0 31.0 29.0 2.8
Iltem 8 3 100% 29.0 140.0 103.0 64.1
Item 10 1 100% 6.5 6.5 6.5 NA

ST R — WATER --------mem-- >>>>

# (%) (ug/L) (uglt)  (ugll) (ug/L)
Item 1 8 0% 0.006 0.075 0.032 0.023
Item 2 5 0% 0.021 0.023 0.022 0.001
Iltem 5 3 0% 0.011 0.030 0.020 0.013
Item 6 4 0% 0.017 0.038 0.027 0.009
Item 7 2 100% 0.180 0.190 0.185 0.007
Iltem 8 3 100% 0.180 0.250 0.203 0.040
Item 10 1 100% 0.012 0.012 0.012 NA

ST RR—— =[S [ E—— >>>>

# (%)  (mgkg) (mg/kg) (mg/kg) (mg/kg)
Item 1 Buffaofish 14 100% 0.04 1.61 0.50 0.47
Item 1 Blue catfish 5 100% 0.05 0.79 0.27 0.30
Item 1 Gar 5 100% 0.29 0.46 0.36 0.07
Item 4 Buffaofish 1 100% 0.91 0.91 0.91 NA
Item 4 Blue catfish 4 100% 0.05 0.25 0.14 0.09
Item 4 Gar 3 100% 0.29 3.76 1.45 2.00
Item 5 Buffaofish 13 100% 0.04 1.61 041 0.47
Item 5 Gar 2 100% 0.38 0.46 0.42 0.06
Item 6 Buffaofish 11 100% 0.05 291 0.94 1.05
Item 6 Flathead catfish 5 100% 0.11 0.58 0.37 0.20
Item 6 Gar 5 100% 0.45 2.80 1.61 1.18
Item 7 Flathead catfish 3 100% 0.03 041 0.17 0.21
Item 8 Flathead catfish 1 100% 0.36 0.36 0.36 NA
Item 10 Buffalofish 5 100% 0.05 0.74 0.47 0.32
Item 10 Flathead catfish 3 100% 0.11 0.25 0.16 0.08
Item 10 Gar 4 100% 0.44 3.13 1.74 1.10
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Table 1.2 Data Summary Table
BSRMP Compar ative Risk Assessment
Big Sunflower River, Mississippi

R — DDE -------------- >>>>
Item (and Species, if Number of % Standard
applicable) Samples Detects Minimum Maximum Average Deviation
# (%) (ugkg)  (uglkg)  (uglkg)  (ug/kg)
Item 1 8 100% 2.9 52.0 20.6 17.3
Item 2 5 100% 31.0 57.0 43.0 10.4
Iltem 5 3 67% 2.6 58.0 27.9 28.0
Item 6 4 100% 25 25.0 10.0 10.2
Item 7 2 100% 42.0 48.0 45.0 4.2
ltem 8 3 100% 80.0 360.0 246.7 147.4
Item 10 1 100% 7.0 7.0 7.0 NA
ST R R— WATER ------m-mem- >>>>
# (%) (ug/L) (ug/L) (ug/L) (ug/L)
Item 1 8 100% 0.008 0.018 0.013 0.004
Item 2 5 100% 0.015 0.018 0.017 0.002
Iltem 5 3 100% 0.007 0.008 0.008 0.001
Item 6 4 100% 0.008 0.028 0.013 0.010
Item 7 2 100% 0.260 0.270 0.265 0.007
Iltem 8 3 100% 0.250 0.390 0.300 0.078
Item 10 1 100% 0.008 0.008 0.008 NA
ST R —— =[S [ ——— >>>>
# (%) (mg/kg) (mg/kg) (mgkg)  (mg/kg)
Item 1 Buffaofish 14 0% 0.22 4.31 1.14 1.19
Item 1 Blue catfish 5 0% 0.38 1.55 0.72 0.48
Item 1 Gar 5 0% 1.32 1.62 1.44 0.12
Item 4 Buffaofish 1 0% 1.39 1.39 1.39 NA
Item 4 Blue catfish 4 0% 0.38 0.70 0.52 0.14
Item 4 Gar 3 0% 1.32 1.47 1.38 0.08
Item 5 Buffalofish 13 100% 0.22 4.31 1.12 1.24
Item 5 Gar 2 100% 1.47 1.62 1.55 0.10
Item 6 Buffaofish 11 100% 0.36 7.83 2.80 2.86
Item 6 Flathead catfish 5 100% 0.29 1.09 0.81 0.33
Item 6 Gar 5 100% 0.79 7.35 4.31 3.32
Item 7 Flathead catfish 3 100% 0.08 0.79 0.34 0.39
Item 8 Flathead catfish 1 100% 1.24 1.24 1.24 NA
Item 10 Buffalofish 5 100% 0.36 1.49 1.03 0.43
Item 10 Flathead catfish 3 100% 0.29 1.12 0.59 0.46
Item 10 Gar 4 100% 1.72 5.25 3.78 1.64
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Table 1.2 Data Summary Table
BSRMP Compar ative Risk Assessment
Big Sunflower River, Mississippi

R — D] D)) J—— >>>>
Item (and Species, if Number of % Standard
applicable) Samples Detects Minimum Maximum Average Deviation

# (%) (ug’kg)  (uglkg)  (ug/kg)  (uglkg)
Item 1 8 100% 1.4 30.0 10.6 10.3
Item 2 5 100% 1.2 22.0 10.9 7.6
Iltem 5 3 100% 7.6 19.0 125 5.9
Item 6 4 100% 2.3 9.6 4.6 34
Item 7 2 100% 6.2 9.6 7.9 24
Iltem 8 3 100% 6.8 50.0 23.6 23.1
Item 10 1 100% 1.8 1.8 1.8 NA

ST R — WATER --------mem-- >>>>

# (%) (ug/L) (ug/L) (uglt)  (ugL)
Item 1 8 100% 0.017 0.032 0.027 0.005
Item 2 5 100% 0.023 0.034 0.029 0.008
Iltem 5 3 100% 0.022 0.031 0.027 0.006
Item 6 4 100% 0.011 0.029 0.023 0.009
Item 7 2 100% 0.036 0.061 0.049 0.018
Iltem 8 3 100% 0.007 0.390 0.151 0.209
Item 10 1 100% 0.024 0.024 0.024 NA

ST RR—— =[S [ E—— >>>>

# (%) (mg/kg)  (mg/kg) (mg/kg) (mg/kg)
Item 1 Buffaofish 14 100% 0.01 0.86 0.20 0.24
Item 1 Blue catfish 5 100% 0.00 0.20 0.06 0.08
Iltem 1 Gar 5 100% 0.05 0.11 0.09 0.03
Item 4 Buffaofish 1 100% 0.50 0.50 0.50 NA
Item 4 Blue catfish 4 100% 0.00 0.04 0.02 0.02
Item 4 Gar 3 100% 0.05 0.11 0.08 0.03
Item 5 Buffaofish 13 100% 0.01 0.86 0.18 0.23
Item 5 Gar 2 100% 0.07 0.11 0.09 0.03
Item 6 Buffaofish 11 100% 0.04 1.65 0.75 0.71
Item 6 Flathead catfish 5 100% 0.05 0.21 0.13 0.08
Item 6 Gar 5 100% 0.17 0.98 0.57 041
Item 7 Flathead catfish 3 100% 0.01 0.08 0.05 0.05
Item 8 Flathead catfish 1 100% 0.09 0.09 0.09 NA
Item 10 Buffalofish 5 100% 0.04 0.47 0.29 0.19
Item 10 Flathead catfish 3 100% 0.05 0.10 0.07 0.03
Item 10 Gar 4 100% 0.33 0.99 0.66 0.28
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Table 1.3 Measured Surface Water Concentrations

BSRMP Compar ative Risk Assessment

Big Sunflower River, Mississippi

DDD Estimated Total DDD DDE Estimated Total DDE DDT EstimatedTotal DDT
River Station Sample Date Item ug/L ug/L ug/L ug/L ug/L ug/L
Big Sunflower BS-7 28-Jan-93 1 -0.110 0.029 0.018 0.018 0.028 0.028
Big Sunflower BS-12 28-Jan-93 1 -0.110 0.022 0.008 0.008 0.029 0.029
Big Sunflower BS-18 28-Jan-93 1 -0.110 0.024 0.009 0.009 0.032 0.032
Big Sunflower BS-19 28-Jan-93 1 -0.110 0.033 0.015 0.015 0.028 0.028
Big Sunflower BS-24 28-Jan-93 1 -0.110 0.075 0.014 0.014 0.028 0.028
Big Sunflower BS-33 28-Jan-93 1 -0.110 0.006 0.015 0.015 0.017 0.017
Little Sunflower  LS-12 28-Jan-93 2 -0.110 0.023 0.015 0.015 0.023 0.023
Little Sunflower  LS-17 11-Feb-93 2 -0.110 0.021 0.018 0.018 0.034 0.034
Big Sunflower BS-45 28-Jan-93 5 -0.110 0.030 0.007 0.007 0.031 0.031
Big Sunflower BS-50 28-Jan-93 5 -0.110 0.011 0.008 0.008 0.022 0.022
Big Sunflower BS-55 28-Jan-93 6 -0.110 0.029 0.008 0.008 0.027 0.027
Big Sunflower BS-60 28-Jan-93 6 -0.110 0.038 0.009 0.009 0.029 0.029
Big Sunflower BS-65 28-Jan-93 6 -0.110 0.017 0.009 0.009 0.027 0.027
Big Sunflower BS-70 28-Jan-93 6 -0.110 0.024 0.028 0.028 -0.120 0.011
Bogue Phalia BP-0 28-Jan-93 7 0.190 0.190 0.270 0.270 0.000 0.036
Bogue Phalia BP-6 16-Jun-93 7 0.180 0.180 0.260 0.260 0.000 0.061
Bogue Phalia BP-12 16-Jun-93 8 0.180 0.180 0.260 0.260 0.000 0.007
Bogue Phalia BP-18 16-Jun-93 8 0.180 0.180 0.250 0.250 -0.120 0.055
Bogue Phalia BP-11 16-Jun-93 8 0.250 0.250 0.390 0.390 0.390 0.390
Big Sunflower BS-75 28-Jan-93 10 -0.110 0.012 0.008 0.008 0.024 0.024

"-" indicates concentration reported as a non-detect

Rationale for DDD estimated concentrations presented in Appendix A.
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Table 1.4 Measured Sediment Concentrations

BSRMP Compar ative Risk Assessment

Big Sunflower River, Mississippi

River Station Sample Date [tem DDD DDE DDT TOC %FINES
(mglkg) (mglkg) (mglkg)
Big Sunflower BS-7 28-Jan-93 1 46.00 52.00 20.00 14349 1.4349
Big Sunflower BS-12 28-Jan-93 1 11.00 9.60 8.80 9088 0.9088
Big Sunflower BS-18 28-Jan-93 1 22.00 32.00 4.90 10288 1.0288
Big Sunflower BS-19 28-Jan-93 1 11.00 13.00 1.40 6025 0.6025
Big Sunflower BS-24 28-Jan-93 1 75.00 12.00 30.00 9282 0.9282
Big Sunflower BS-33 28-Jan-93 1 10.00 36.00 15.00 4079 0.4079
Big Sunflower RM 7 21-Aug-95 1 11 7 25 2568 0.2568
Big Sunflower RM 12 21-Aug-95 1 4.1 2.9 23 1191 0.1191
Little Sunflower LS8 28-Jan-93 2 35 44 13 18496 1.8496
Little Sunflower LS12 28-Jan-93 2 35 48 9.5 15575 1.5575
Little Sunflower LS17 11-Feb-93 2 32 57 22 14538 1.4538
Little Sunflower RM 8 21-Aug-95 2 22 31 8.7 8727 0.8727
Little Sunflower ~ RM 12 21-Aug-95 2 20 35 12 10604 1.0604
Big Sunflower BS-39 28-Jan-93 5 -140.00 -5.10 7.60 15500 1.55
Big Sunflower BS-45 29-Jan-93 5 54 58 11 13389 1.3389
Big Sunflower BS-50 29-Jan-93 5 15 23 19 11644 1.1644
Big Sunflower BS-55 29-Jan-93 6 8.2 6.2 3.6 4462 0.4462
Big Sunflower BS-60 29-Jan-93 6 8.5 6.1 23 2524 0.2524
Big Sunflower BS-65 29-Jan-93 6 2.6 25 2.8 2285 0.2285
Big Sunflower BS-70 29-Jan-93 6 21 25 9.6 13495 1.3495
Big Sunflower BP-0 16-Jun-93 6 31 48 6.2
Bogue Phalia BP-12 16-Jun-93 8 140 300 6.8 87.40
Bogue Phalia BP-18 16-Jun-93 8 29 80 14 54.60
Bogue Phalia BP-11 16-Jun-93 8 140 360 50 . 87.00
Big Sunflower BS-80 29-Jan-93 10 6.5 7 1.8 2279 0.2279

indicates concentration reported as a non-detect
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Table 1.5 Measured Fish Concentrations
BSRM P Compar ative Risk Assessment
Big Sunflower River, Mississippi

DDD DDE DDT

Species SampleDate Item SampleType Length Length Units  Weight (Lbs) Percent Lipid (mg/kg) (mg/kg) (mg/kg)
Bigmouth Buffalo 19-Oct-93 1 FISHTIS 530 mm 4.8841 04 0.205 0.945 0.307
Bigmouth Buffalo 19-Oct-93 1 FISHTIS 524 mm 4.7515 1 0.112 0.333 0.066
Bigmouth Buffalo 19-Oct-93 1 FISHTIS 403 mm 2.1879 11 0.376 0.333 0.066
Bigmouth Buffalo 19-Oct-93 1 FISHTIS 518 mm 5.2598 2 0.181 0.556 0.154
Bigmouth Buffalo 19-Oct-93 1 FISHTIS 427 mm 8.7737 04 0.038 0.218 0.021
Smallmouth Buffalo 19-Oct-93 1 FISHTIS 340 mm 1.326 0.9 0.053 0.23 0.012
Smallmouth Buffalo 19-Oct-93 1 FISHTIS 465 mm 2.8288 04 0.83 0.30846 0.011
Smallmouth Buffalo 19-Oct-93 1 FISHTIS 571 mm 6.7626 7.8 0.998 2.706 0.276
Smallmouth Buffalo 19-Oct-93 1 FISHTIS 400 mm 2.1216 12 0.173 0.544 0.149
Smallmouth Buffalo 19-Oct-93 1 FISHTIS 451 mm 2.7625 6 161 4.309 0.859
Smallmouth Buffalo 19-Oct-93 1 FISHTIS 491 mm 3.1382 17 0.737 2.022 0.259
Smallmouth Buffalo 19-Oct-93 1 FISHTIS 380 mm 1.8122 0.2 0.128 0.426 0.041
Smallmouth Buffalo 19-Oct-93 1 FISHTIS 396 mm 2.1216 4.8 0.597 1.655 0.088
SmallmouthBuffalo 19-Oct-93 1 Fillet 460 mm 3 15 0.912 1.388 0.495
Blue Catfish 19-Oct-93 1 FISHTIS 625 mm 6.0112 34 0.788 1.548 0.198

BlueCatfish 19-Oct-93 1 Fillet 512 mm 2.13 2.8 0.05 0.376 0.0015
BlueCatfish 19-Oct-93 1 Fillet 435 mm 131 04 0.16 0.551 0.031
BlueCatfish 19-Oct-93 1 Fillet 426 mm 156 04 0.09 0.44 0.007
BlueCatfish 19-Oct-93 1 Fillet 430 mm 1.38 1 0.252 0.697 0.042
Gar 19-Oct-93 1 Fillet 502 mm 125 19 0.301 1.338 0.054
Gar 19-Oct-93 1 Fillet 630 mm 294 3.2 0.291 132 0.085
Gar 19-Oct-93 1 Fillet 505 mm 1.38 18 0.376 1.474064 0.112
Shortnose Gar 19-Oct-93 1 FISHTIS 605 mm 2.2542 3.8 0.376 1.474 0.069
Shortnose Gar 19-Oct-93 1 FISHTIS 603 mm 20111 7.8 0.455 1.617 0.113
Blue Catfish 19-Oct-93 4 FISHTIS 435 mm 1.326 04 0.16 0.551 0.031
Blue Catfish 19-Oct-93 4 FISHTIS 426 mm 1.5691 04 0.09 0.449 0.007

Blue Catfish 19-Oct-93 4 FISHTIS 512 mm 2.1216 2.8 0.05 0.376 0.0015
Blue Catfish 19-Oct-93 4 FISHTIS 430 mm 1.3702 1 0.252 0.697 0.042
Shortnose Gar 19-Oct-93 4 FISHTIS 505 mm 1.3702 18 3.76 1.474064 0.112
Shortnose Gar 19-Oct-93 4 FISHTIS 502 mm 1.2597 19 0.301 1.338 0.054
Shortnose Gar 19-Oct-93 4 FISHTIS 630 mm 3.0719 3.2 0.291 132 0.085
Smallmouth Buffalo 19-Oct-93 4 FISHTIS 460 mm 3.0056 15 0.912 1.388 0.495
BigmouthBuffalo 19-Oct-93 5 Fillet 403 mm 2.19 11 0.376 0.333 0.066
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Table 1.5 Measured Fish Concentrations
BSRM P Compar ative Risk Assessment
Big Sunflower River, Mississippi

DDD DDE DDT
Species SampleDate Item SampleType Length Length Units  Weight (Lbs) Percent Lipid (mg/kg) (mg/kg) (mg/kg)

BigmouthBuffalo 19-Oct-93 5 Fillet 518 mm 5.25 2 0.181 0.556 0.154
BigmouthBuffalo 19-Oct-93 5 Fillet 530 mm 4.88 04 0.205 0.945 0.307
BigmouthBuffalo 19-Oct-93 5 Fillet 524 mm 4.75 1 0.112 0.333 0.066
BigmouthBuffalo 19-Oct-93 5 Fillet 427 mm 2.56 04 0.038 0.218 0.021
SmallmouthBuffalo 19-Oct-93 5 Fillet 571 mm 6.75 7.8 0.998 2.706 0.276
SmallmouthBuffalo 19-Oct-93 5 Fillet 340 mm 131 0.9 0.053 0.23 0.012
SmallmouthBuffalo 19-Oct-93 5 Fillet 491 mm 3.12 17 0.737 2.022 0.259
SmallmouthBuffalo 19-Oct-93 5 Fillet 396 mm 2.13 4.8 0.597 1.655 0.088
SmallmouthBuffalo 19-Oct-93 5 Fillet 380 mm 281 0.2 0.128 0.426 0.041
SmallmouthBuffalo 19-Oct-93 5 Fillet 400 mm 2.13 12 0.173 0.544 0.149
SmallmouthBuffalo 19-Oct-93 5 Fillet 451 mm 275 6 161 4.309 0.859
SmallmouthBuffalo 19-Oct-93 5 Fillet 465 mm 281 04 0.083 0.30846 0.011
BigmouthBuffalo 1-Jun-00 5 Flesh 18.1102368 inches 3.939594356
BigmouthBuffalo 1-Jun-00 5 Flesh 21.181103 inches 6.060405644
Blu Catfish 1-Jun-00 5 Flesh 22.2834653 inches 4.309964727
BlueCatfish 19-Oct-93 5 Fillet 625 mm 6 34 0.788 1.548 0.198
BlueCatfish 4-Sep-97 5 Whole 19 inches 2 22 0.78 2.7 0.31
BlueCatfish 1-Jun-00 5 Flesh 24.8031504 inches 6.529982363
BlueCatfish 4-Sep-97 5 Fillet 27 inches 6.75 7.8 18 29 0.63
BlueCatfish 4-Sep-97 5 Whole 20 inches 3.25 39 0.86 22 0.32
BlueCatfish 4-Sep-97 5 Whole 21 inches 3.375 14.2 5.3 7.3 21
BlueCatfish 4-Sep-97 5 Whole 17 inches 15
BlueCatfish 4-Sep-97 5 Whole 20 inches 3 116 14 18 0.71
BlueCatfish 4-Sep-97 5 Fillet 21 inches 275 0.42 0.08 0.22 0.02
BlueCatfish 4-Sep-97 5 Whole 21 inches 275 22 0.54 14 0.21
BlueCatfish 4-Sep-97 5 Whole 20 inches 275 19 0.36 0.55 0.16
BlueCatfish 4-Sep-97 5 Whole 19 inches 2.875 116 26 5 0.75
BlueCatfish 4-Sep-97 5 Whole 19 inches 2 7.2 12 14 0.45
BlueCatfish 4-Sep-97 5 Fillet 17 inches 15 15 0.23 0.8 0.08
BlueCatfish 4-Sep-97 5 Whole 18 inches 2 7.3 13 24 0.53
BlueCatfish 4-Sep-97 5 Whole 17 inches 175 7.1 0.88 12 0.26
BlueCatfish 4-Sep-97 5 Whole 24 inches 4.75 7.7 13 2 0.52
BlueCatfish 4-Sep-97 5 Whole 27 inches 6.75 11 31 4.6 11
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Table 1.5 Measured Fish Concentrations
BSRM P Compar ative Risk Assessment
Big Sunflower River, Mississippi

DDD DDE DDT
Species SampleDate Item SampleType Length Length Units  Weight (Lbs) Percent Lipid (mg/kg) (mg/kg) (mg/kg)

CommonCarp 1-Jun-00 5 Flesh 16.732284 inches 2.46031746
Gar 19-Oct-93 5 Fillet 603 mm 22 7.8 0.455 1.617 0.113
Gar 19-Oct-93 5 Fillet 605 mm 225 3.8 0.376 1.474 0.069
GizzardShad 1-Jun-00 5 Flesh 14.4488194 inches 1.199294533
ShortnoseGar 1-Jun-00 5 Flesh 20.6299219 inches 1.060405644
SmallmouthBuffalo 1-Jun-00 5 Flesh 15.4724414 inches 2.100970018
SmallmouthBuffalo 1-Jun-00 5 Flesh 15.1574808 inches 2.096560847
Bigmouth Buffalo 12-Oct-94 6 FISHTIS 591 mm 8.12 17 122 4.37 1.65
Bigmouth Buffalo 12-Oct-94 6 FISHTIS 601 mm 10 2.7 0.2 0.48 0.16
Bigmouth Buffalo 12-Oct-94 6 FISHTIS 579 mm 79 0.3 0.29 117 0.29
Bigmouth Buffalo 18-Sep-94 6 FISHTIS 629 mm 9.8 3.3 0.6 1.05 04
BigmouthBuffalo 12-Oct-94 6 Fillet 601 mm 10 2.7 0.2 0.48 0.16
BigmouthBuffalo 12-Oct-94 6 Fillet 591 mm 8.12 17 122 4.37 1.65
BigmouthBuffalo 12-Oct-94 6 Fillet 579 mm 79 0.3 0.29 117 0.29
Smallmouth Buffalo 2-Nov-94 6 FISHTIS 510 mm 4.8 5.2 291 7.83 1.63
Smallmouth Buffalo 18-Sep-94 6 FISHTIS 458 mm 34 0.3 0.048 0.36 0.039
Smallmouth Buffalo 18-Sep-94 6 FISHTIS 460 mm 34 12 0.44 172 0.33
SmallmouthBuffalo 2-Nov-94 6 Fillet 510 mm 4.8 5.2 291 7.83 1.63
Flathead Catfish 14-Sep-94 6 FISHTIS 669 mm 6.5 0.2 0.11 0.29 0.053
Flathead Catfish 19-Sep-94 6 FISHTIS 720 mm 8.6 0.5 0.3 0.79 0.082
Flathead Catfish 19-Sep-94 6 FISHTIS 700 mm 11 0.5 0.58 1.09 0.21
FlatheadCatfish 19-Sep-94 6 Fillet 720 mm 8.6 0.5 0.3 0.79 0.082
FlatheadCatfish 19-Sep-94 6 Fillet 700 mm 11 0.5 0.58 1.09 0.21
Gar 12-Oct-94 6 Fillet 760 mm 34 31 2.8 7.35 0.98
Gar 12-Oct-94 6 Fillet 698 mm 2.8 5 0.45 0.79 0.17
Shortnose Gar 12-Oct-94 6 FISHTIS 698 mm 2.8 5 0.45 0.79 0.17
Shortnose Gar 12-Oct-94 6 FISHTIS 760 mm 34 31 2.8 7.35 0.98
Shortnose Gar 18-Sep-94 6 FISHTIS 640 mm 19 3.3 157 5.25 0.56
Paddlefish 2-Nov-94 6 FISHTIS 1260 mm 8.9 54 0.29 0.52 0.055
Paddlefish 2-Nov-94 6 FISHTIS 1410 mm 20.1 6.2 1.39 2.28 0.29
Paddlefish 2-Nov-94 6 FISHTIS 1240 mm 17.2 116 0.92 157 0.17
Paddlefish 2-Nov-94 6 FISHTIS 1276 mm 18.11 6 0.75 1.28 0.15
PaddleFish 2-Nov-94 6 Fillet 1260 mm 89 54 0.29 0.52 0.055
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Table 1.5 Measured Fish Concentrations
BSRM P Compar ative Risk Assessment
Big Sunflower River, Mississippi

DDD DDE DDT
Species SampleDate Item SampleType Length Length Units  Weight (Lbs) Percent Lipid (mg/kg) (mg/kg) (mg/kg)
Paddlefish 2-Nov-94 6 FISHTIS 1287 mm 18 5.7 0.84 123 0.3
PaddleFish 2-Nov-94 6 Fillet 1240 mm 17.2 116 0.92 157 0.17
PaddleFish 2-Nov-94 6 Fillet 1276 mm 18.11 6 0.75 1.28 0.15
PaddleFish 2-Nov-94 6 Fillet 1287 mm 18 5.7 0.84 123 0.3
PaddleFish 2-Nov-94 6 Fillet 1410 mm 20.1 6.2 1.39 2.28 0.29
FlatheadCatfish 10-Dec-93 7 Fillet 3.04 0.41 0.79 0.08
FlatheadCatfish 10-Dec-93 7 Whole 0.5 0.07 0.15 0.01
FlatheadCatfish 10-Dec-93 7 Fillet 0.55 0.03 0.08
Bass 10-Dec-93 8 Fillet 0.03 0.03 0.09 0.01
FlatheadCatfish 10-Dec-93 8 Fillet 8.07 0.36 124 0.09
Carp 22-Aug-95 9 Whole 0.85 5 0.087
Carp 22-Aug-95 9 Whole 0.68 51 0.52
Bigmouth Buffalo 10-Sep-94 10 FISHTIS 570 mm 6.14 3.7 0.73 131 0.47
BigmouthBuffalo 18-Sep-94 10 Fillet 629 mm 9.8 3.3 0.6 1.05 04
Smallmouth Buffalo 16-Sep-94 10 FISHTIS 408 mm 24 1 0.22 0.95 0.14
Smallmouth Buffalo 16-Sep-94 10 FISHTIS 400 mm 14 2.8 0.74 1.49 0.39
SmallmouthBuffalo 18-Sep-94 10 Fillet 458 mm 34 0.3 0.048 0.36 0.039
Flathead Catfish 16-Sep-94 10 FISHTIS 641 mm 5.12 0.5 0.13 0.37 0.051
Flathead Catfish 19-Sep-94 10 FISHTIS 703 mm 75 04 0.25 112 0.098
FlatheadCatfish 14-Sep-94 10 Fillet 669 mm 6.5 0.2 0.11 0.29 0.053
Gar 18-Sep-94 10 Fillet 640 mm 19 3.3 157 5.25 0.56
Gar 18-Sep-94 10 Fillet 460 mm 34 12 0.44 172 0.33
Shortnose Gar 18-Sep-94 10 FISHTIS 840 mm 6.4 6.3 18 3.19 0.76
Shortnose Gar 18-Sep-94 10 FISHTIS 800 mm 412 6.7 3.13 4.94 0.99
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Table 2.1. Body Burden Comparison Summary
Aquatic Invertebrates

BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Aquatic Invertebrates
Annual Average | 95th Percentile
Item Number Dredge Type
Max HQ | Min HQ | Max HQ | Min HQ
No Dredging Scenario
ltem 1 Hydraulic 0.4 0.3 1 0.8
Item 2 Hydraulic 0.2 0.1 0.3 0.2
Iltem 5 Hydraulic 0.2 0.1 0.5 0.4
Item 6 Hydraulic 0.2 0.2 0.6 0.4
Iltem 7 Dragline 0.3 0.1 0.8 0.4
Item 8 Dragline 6 4 18 13
Item 10 Hydraulic 2 0.2 3 0.5
Dredging Scenario
Iltem 1 Hydraulic 0.3 0.3 0.9 0.8
Item 2 Hydraulic 0.1 0.001 0.2 0.004
Iltem 5 Hydraulic 0.2 0.1 0.4 0.2
Item 6 Hydraulic 0.2 0.1 0.4 0.3
Iltem 7 Dragline 0.3 0.1 0.9 0.5
Item 8 Dragline 6 4 18 13
Item 10 Hydraulic 1 0.03 2 0.1
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Mosquitofish

BSRMP Comparative Risk Assessment

Big Sunflower River, Mississippi

Table 2.2. Body Burden Comparison Summary

Mosquitofish (Annual Average Body Burden)

Item Number Dredge Type NOAEL LOAEL
Max HQ Min HQ Max HQ Min HQ

No Dredging Scenario
Iltem 1 Hydraulic 0.3 0.2 0.03 0.02
Item 2 Hydraulic 0.1 0.1 0.01 0.01
Iltem 5 Hydraulic 0.2 0.1 0.02 0.01
Item 6 Hydraulic 0.2 0.1 0.02 0.01
Iltem 7 Dragline 0.3 0.1 0.03 0.01
Item 8 Dragline 3 2 0.3 0.2
Item 10 Hydraulic 1 0.4 0.1 0.04
Dredging Scenario
Iltem 1 Hydraulic 0.2 0.2 0.02 0.02
Item 2 Hydraulic 0.1 0.04 0.01 0.004
Iltem 5 Hydraulic 0.2 0.1 0.02 0.01
Item 6 Hydraulic 0.2 0.1 0.02 0.01
Iltem 7 Dragline 0.3 0.1 0.03 0.01
Item 8 Dragline 3 2 0.3 0.2
Item 10 Hydraulic 0.8 0.2 0.08 0.02

Mosquitofish (95th Percentile Body Burden)

Item Number Dredge Type NOAEL LOAEL
Max HOQ Min HQ Max HOQ Min HOQ

No Dredging Scenario

Iltem 1 Hydraulic 0.4 0.3 0.04 0.03
Item 2 Hydraulic 0.2 0.1 0.02 0.01
Iltem 5 Hydraulic 0.3 0.2 0.03 0.02
Item 6 Hydraulic 0.3 0.2 0.03 0.02
Iltem 7 Dragline 0.4 0.2 0.04 0.02
Item 8 Dragline 6 4 0.6 0.4
Item 10 Hydraulic 1 0.6 0.1 0.06
Dredging Scenario

Iltem 1 Hydraulic 0.3 0.3 0.03 0.03
Item 2 Hydraulic 0.2 0.1 0.02 0.01
Iltem 5 Hydraulic 0.3 0.1 0.03 0.01
Item 6 Hydraulic 0.3 0.2 0.03 0.02
Iltem 7 Dragline 0.4 0.2 0.04 0.02
Item 8 Dragline 6 4 0.6 0.4
Item 10 Hydraulic 1 0.2 0.1 0.02
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Table 2.3. Body Burden Comparison Summary

Buffalofish

BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Buffalofish (Annual Average Body Burden)

Item Number Dredge Type NOAEL LOAEL
Max HQ Min HQ Max HQ Min HQ
No Dredging Scenario
Iltem 1 Hydraulic 0.5 0.3 0.05 0.03
Item 2 Hydraulic 0.2 0.1 0.02 0.01
Iltem 5 Hydraulic 0.3 0.2 0.03 0.02
Item 6 Hydraulic 0.3 0.2 0.03 0.02
Item 7 Dragline 0.3 0.2 0.03 0.02
Item 8 Dragline 5 5 0.5 0.5
Item 10 Hydraulic 2 0.4 0.2 0.04
Dredging Scenario
Iltem 1 Hydraulic 0.4 0.3 0.04 0.03
Item 2 Hydraulic 0.2 0.02 0.02 0.002
Iltem 5 Hydraulic 0.2 0.1 0.02 0.01
Item 6 Hydraulic 0.2 0.1 0.02 0.01
Iltem 7 Dragline 0.4 0.2 0.04 0.02
Item 8 Dragline 5 5 0.5 0.5
Item 10 Hydraulic 1 0.1 0.1 0.01
Buffalofish (95th Percentile Body Burden)
Item Number Dredge Type NOAEL LOAEL
Max HOQ Min HOQ Max HQ Min HOQ
No Dredging Scenario
Iltem 1 Hydraulic 0.9 0.6 0.09 0.06
Item 2 Hydraulic 0.3 0.2 0.03 0.02
Iltem 5 Hydraulic 0.4 0.3 0.04 0.03
Item 6 Hydraulic 0.4 0.3 0.04 0.03
Iltem 7 Dragline 0.6 0.3 0.06 0.03
Item 8 Dragline 11 8 1 0.8
Item 10 Hydraulic 3 0.5 0.3 0.05
Dredging Scenario
Iltem 1 Hydraulic 0.6 0.6 0.06 0.06
Item 2 Hydraulic 0.2 0.02 0.02 0.002
Iltem 5 Hydraulic 0.4 0.1 0.04 0.01
Item 6 Hydraulic 0.3 0.2 0.03 0.02
Iltem 7 Dragline 0.7 0.3 0.07 0.03
Item 8 Dragline 11 8 1 0.8
Item 10 Hydraulic 2 0.1 0.2 0.01
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Table 2.4. Body Burden Comparison Summary
Blue Catfish
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Blue Catfish (Annual Average Body Burden)

Item Number Dredge Type NOAEL LOAEL

Max HQ Min HQ Max HQ | Min HQ

No Dredging Scenario

Item 1 Hydraulic 0.4 0.3 0.04 0.03
Item 2 Hydraulic 0.2 0.1 0.02 0.01
Item 5 Hydraulic 0.2 0.2 0.02 0.02
Iltem 6 Hydraulic 0.2 0.2 0.02 0.02
Item 7 Dragline 0.3 0.2 0.03 0.02
Item 8 Dragline 4 4 0.4 0.4
Item 10 Hydraulic 1 0.5 0.1 0.05
Dredging Scenario

Item 1 Hydraulic 0.3 0.3 0.03 0.03
Item 2 Hydraulic 0.2 0.1 0.02 0.01
Item 5 Hydraulic 0.2 0.1 0.02 0.01
Iltem 6 Hydraulic 0.2 0.1 0.02 0.01
Item 7 Dragline 0.3 0.2 0.03 0.02
Item 8 Dragline 4 4 0.4 0.4
Item 10 Hydraulic 1 0.2 0.1 0.02

Blue Catfish (95th Percentile Body Burden)

Item Number Dredge Type NOAEL LOAEL

Max HOQ Min HOQ Max HQ | Min HO

No Dredging Scenario

Item 1 Hydraulic 0.6 0.4 0.06 0.04
Iltem 2 Hydraulic 0.2 0.2 0.02 0.02
Item 5 Hydraulic 0.3 0.3 0.03 0.03
Item 6 Hydraulic 0.3 0.3 0.03 0.03
Item 7 Dragline 0.5 0.3 0.05 0.03
Item 8 Dragline 8 6 0.8 0.6
Item 10 Hydraulic 2 0.6 0.2 0.06
Dredging Scenario

Item 1 Hydraulic 0.4 0.4 0.04 0.04
Iltem 2 Hydraulic 0.2 0.1 0.02 0.01
Item 5 Hydraulic 0.3 0.2 0.03 0.02
Item 6 Hydraulic 0.3 0.2 0.03 0.02
Item 7 Dragline 0.5 0.3 0.05 0.03
Item 8 Dragline 8 6 0.8 0.6
Item 10 Hydraulic 2 0.3 0.2 0.03
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Table 2.5. Body Burden Comparison Summary
Flathead Catfish
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Flathead Catfish (Annual Average Body Burden)

Item Number Dredge Type NOAEL LOAEL
Max HQ Min HQ Max HQ Min HQ

No Dredging Scenario

Item 1 Hydraulic 0.4 0.3 0.04 0.03
Item 2 Hydraulic 0.2 0.1 0.02 0.01
Item 5 Hydraulic 0.2 0.2 0.02 0.02
Item 6 Hydraulic 0.2 0.2 0.02 0.02
Item 7 Dragline 0.3 0.2 0.03 0.02
Item 8 Dragline 4 3 0.4 0.3
Item 10 Hydraulic 1 0.5 0.1 0.05
Dredging Scenario

Item 1 Hydraulic 0.3 0.2 0.03 0.02
Item 2 Hydraulic 0.2 0.1 0.02 0.01
Item 5 Hydraulic 0.2 0.1 0.02 0.01
Item 6 Hydraulic 0.2 0.1 0.02 0.01
Item 7 Dragline 0.3 0.2 0.03 0.02
Item 8 Dragline 4 3 0.4 0.3
Item 10 Hydraulic 1 0.3 0.1 0.03

Flathead Catfish (95th Percentile Body Burden)

Iltem Number Dredge Type NOAEL LOAEL
Max HO Min HO Max HOQ Min HOQ

No Dredging Scenario

Item 1 Hydraulic 0.5 0.4 0.05 0.04
Item 2 Hydraulic 0.2 0.2 0.02 0.02
Item 5 Hydraulic 0.3 0.3 0.03 0.03
Item 6 Hydraulic 0.3 0.2 0.03 0.02
Item 7 Dragline 0.5 0.2 0.05 0.02
Item 8 Dragline 6 5 0.6 0.5
Item 10 Hydraulic 2 0.7 0.2 0.07
Dredging Scenario

Item 1 Hydraulic 0.4 0.3 0.04 0.03
Item 2 Hydraulic 0.2 0.1 0.02 0.01
Item 5 Hydraulic 0.3 0.2 0.03 0.02
Item 6 Hydraulic 0.3 0.2 0.03 0.02
Item 7 Dragline 0.5 0.2 0.05 0.02
Item 8 Dragline 6 5 0.6 0.5
Item 10 Hydraulic 1 0.5 0.1 0.05
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Table 2.6. Body Burden Comparison Summary
Shortnose Gar
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Gar (Annual Average Body Burden)
Item Number Dredge Type NOAEL LOAEL
Max HQ | Min HQ | Max HQ | Min HQ

No Dredging Scenario
Item 1 Hydraulic 0.5 0.3 0.05 0.03
Item 2 Hydraulic 0.3 0.2 0.03 0.02
Item 5 Hydraulic 0.3 0.3 0.03 0.03
Item 6 Hydraulic 0.4 0.3 0.04 0.03
Item 7 Dragline 0.5 0.2 0.05 0.02
Item 8 Dragline 5 4 0.5 0.4
Item 10 Hydraulic 2 0.9 0.2 0.09
Dredging Scenario
Item 1 Hydraulic 0.4 0.3 0.04 0.03
Item 2 Hydraulic 0.3 0.1 0.03 0.01
Item 5 Hydraulic 0.3 0.2 0.03 0.02
Item 6 Hydraulic 0.4 0.2 0.04 0.02
Item 7 Dragline 0.5 0.2 0.05 0.02
Item 8 Dragline 5 4 0.5 0.4
Item 10 Hydraulic 1 0.5 0.1 0.05

Gar (95th Percentile Body Burden)

Iltem Number Dredge Type NOAEL LOAEL
Max HQ | Min HQ | Max HO Min HO

No Dredging Scenario
Item 1 Hydraulic 0.6 0.4 0.06 0.04
Item 2 Hydraulic 0.3 0.2 0.03 0.02
Item 5 Hydraulic 0.4 0.3 0.04 0.03
Item 6 Hydraulic 0.4 0.3 0.04 0.03
Item 7 Dragline 0.5 0.3 0.05 0.03
Item 8 Dragline 7 5 0.7 0.5
Item 10 Hydraulic 2 1 0.2 0.1
Dredging Scenario
Item 1 Hydraulic 0.5 0.4 0.05 0.04
Item 2 Hydraulic 0.3 0.1 0.03 0.01
Item 5 Hydraulic 0.4 0.2 0.04 0.02
Item 6 Hydraulic 0.4 0.2 0.04 0.02
Item 7 Dragline 0.5 0.3 0.05 0.03
Item 8 Dragline 7 5 0.7 0.5
Item 10 Hydraulic 2 0.6 0.2 0.06
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Table 2.7. Food Chain Model Risk Summary

Osprey

Annual Average
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Osprey (Total DDT)
NOAEL LOAEL
Item Number Dredge Type

Max HQ | Min HQ | Max HQ | Min HQ
No Dredging Scenario
Item 1 Hydraulic 3 2 0.3 0.2
Item 2 Hydraulic 0.9 0.6 0.09 0.06
Item 5 Hydraulic 1 0.9 0.1 0.09
Item 6 Hydraulic 1 1 0.1 0.1
Item 7 Dragline 2 0.9 0.2 0.1
Item 8 Dragline 24 21 2 2
Item 10 Hydraulic 9 2 0.9 0.2
Dredging Scenario
Item 1 Hydraulic 2 1 0.2 0.1
Item 2 Hydraulic 0.8 0.07 0.08 0.007
Item 5 Hydraulic 1 0.3 0.1 0.03
Item 6 Hydraulic 1 0.6 0.1 0.06
Item 7 Dragline 2 0.9 0.2 0.1
Item 8 Dragline 23 21 2 2
Item 10 Hydraulic 6 0.3 0.6 0.03

Osprey (DDE)
Iltem Number Dredge Type NOAEL LOAEL

Max HQ | Min HQ | Max HQ | Min HO
No Dredging Scenario
Item 1 Hydraulic 1 0.6 0.1 0.06
Item 2 Hydraulic 0.4 0.3 0.04 0.03
Item 5 Hydraulic 0.8 0.5 0.1 0.05
Item 6 Hydraulic 0.5 0.3 0.1 0.03
Item 7 Dragline 0.8 0.5 0.1 0.05
Item 8 Dragline 14 12 1 1
Item 10 Hydraulic 4 0.6 0.4 0.1
Dredging Scenario
Item 1 Hydraulic 0.8 0.6 0.08 0.06
Item 2 Hydraulic 0.4 0.004 0.04 0.0004
Item 5 Hydraulic 0.6 0.2 0.06 0.02
Item 6 Hydraulic 0.4 0.3 0.04 0.03
Item 7 Dragline 1 0.5 0.1 0.05
Item 8 Dragline 13 12 1 1
Item 10 Hydraulic 3 0.1 0.3 0.01
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Table 2.8. Food Chain Model Risk Summary

Osprey

95th Percentile
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Osprey (Total DDT)
NOAEL LOAEL
Item Number Dredge Type
Max HQ | Min HQ | Max HQ | Min HQ
No Dredging Scenario
Item 1 Hydraulic 4 3 0.4 0.3
Item 2 Hydraulic 1 0.9 0.1 0.1
Item 5 Hydraulic 2 2 0.2 0.2
Item 6 Hydraulic 2 2 0.2 0.2
Item 7 Dragline 3 2 0.3 0.2
Item 8 Dragline 52 39 5 4
Item 10 Hydraulic 12 2 1 0.2
Dredging Scenario
Item 1 Hydraulic 3 3 0.3 0.3
Item 2 Hydraulic 1 0.1 0.1 0.01
Item 5 Hydraulic 2 0.6 0.2 0.1
Item 6 Hydraulic 2 0.9 0.2 0.09
Item 7 Dragline 3 2 0.3 0.2
Item 8 Dragline 52 39 5 4
Item 10 Hydraulic 9 0.6 0.9 0.06
Osprey (DDE)
Item Number Dredge Type NOAEL LOAEL
Max HQ | Min HQ | Max HOQ | Min HQ
No Dredging Scenario
Item 1 Hydraulic 2 0.9 0.2 0.1
Item 2 Hydraulic 0.6 0.4 0.1 0.04
Item 5 Hydraulic 1 0.8 0.1 0.1
Item 6 Hydraulic 0.7 0.5 0.1 0.05
Item 7 Dragline 2 0.9 0.2 0.1
Item 8 Dragline 26 19 3 2
Item 10 Hydraulic 5 0.9 0.5 0.1
Dredging Scenario
Item 1 Hydraulic 1 0.8 0.1 0.08
Item 2 Hydraulic 0.5 0.01 0.05 0.001
Item 5 Hydraulic 1 0.5 0.1 0.05
Item 6 Hydraulic 0.6 0.4 0.06 0.04
Item 7 Dragline 2 0.9 0.2 0.1
Item 8 Dragline 26 19 3 2
Item 10 Hydraulic 4 0.2 0.4 0.02
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Table 2.9. Food Chain Model Risk Summary
Mallard Duck
Annual Average
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Mallard (Total DDT)

NOAEL LOAEL
Item Number Dredge Type
Max HQ | Min HQ | Max HQ | Min HQ
No Dredging Scenario
Item 1 Hydraulic 5 3 0.5 0.3
Item 2 Hydraulic 2 1 0.2 0.1
Item 5 Hydraulic 2 2 0.2 0.2
Iltem 6 Hydraulic 2 2 0.2 0.2
Item 7 Dragline 3 2 0.3 0.2
Item 8 Dragline 62 41 6 4
Item 10 Hydraulic 16 2 2 0.2
Dredging Scenario
Item 1 Hydraulic 3 3 0.3 0.3
Item 2 Hydraulic 1 0.01 0.1 0.001
Item 5 Hydraulic 2 0.6 0.2 0.1
Item 6 Hydraulic 2 1 0.2 0.1
Item 7 Dragline 3 2 0.3 0.2
Item 8 Dragline 62 41 6 4
Item 10 Hydraulic 12 0.3 1 0.03

Mallard (DDE)

Item Number Dredge Type NOAEL LOAEL

Max HQ | Min HO | Max HO | Min HO

No Dredging Scenario

Item 1 Hydraulic 2 1 0.2 0.1
Item 2 Hydraulic 0.9 0.6 0.1 0.06
Item 5 Hydraulic 1 0.8 0.1 0.1
Iltem 6 Hydraulic 0.9 0.6 0.1 0.1
Item 7 Dragline 2 0.9 0.2 0.1
Item 8 Dragline 35 21 4 2
Item 10 Hydraulic 6 1 0.6 0.1
Dredging Scenario

Item 1 Hydraulic 1 1 0.1 0.1
Iltem 2 Hydraulic 0.7 0.003 0.1 0.0003
Item 5 Hydraulic 1 0.5 0.1 0.1
Item 6 Hydraulic 0.7 0.5 0.1 0.1
Item 7 Dragline 2 0.9 0.2 0.1
Item 8 Dragline 35 21 4 2
Item 10 Hydraulic 5 0.2 0.5 0.02
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Table 2.10. Food Chain Model Risk Summary
Mallard Duck
95th Percentile
BSRMP Comparative Risk Assessment

Big Sunflower River, Mississippi

Mallard (Total DDT)

NOAEL LOAEL
Item Number Dredge Type
Max HQ | Min HQ | Max HQ | Min HQ
No Dredging Scenario
Item 1 Hydraulic 15 9 1 0.9
Iltem 2 Hydraulic 3 2 0.3 0.2
Item 5 Hydraulic 5 4 0.5 0.4
Item 6 Hydraulic 6 5 0.6 0.5
Item 7 Dragline 9 5 0.9 0.5
Item 8 Dragline 195 136 19 14
Item 10 Hydraulic 35 5 3 0.5
Dredging Scenario
Item 1 Hydraulic 10 9 1 0.9
Item 2 Hydraulic 3 0.04 0.3 0.004
Item 5 Hydraulic 4 2 0.4 0.2
Item 6 Hydraulic 5 3 0.5 0.3
Item 7 Dragline 10 5 1 0.5
Item 8 Dragline 195 138 19 14
Item 10 Hydraulic 26 0.9 3 0.09
Mallard (DDE)
Item Number Dredge Type NOAEL LOAEL
Max HQ | Min HQ | Max HQ | Min HO
No Dredging Scenario
Item 1 Hydraulic 6 3 0.6 0.3
Item 2 Hydraulic 2 1 0.2 0.1
Item 5 Hydraulic 3 2 0.3 0.2
Item 6 Hydraulic 3 2 0.3 0.2
Item 7 Dragline 5 3 0.5 0.3
Item 8 Dragline 108 70 11 7
Item 10 Hydraulic 14 2 1 0.2
Dredging Scenario
Item 1 Hydraulic 4 3 0.4 0.3
Item 2 Hydraulic 1 0.01 0.1 0.001
Item 5 Hydraulic 3 2 0.3 0.2
Item 6 Hydraulic 2 2 0.2 0.2
Item 7 Dragline 6 3 0.6 0.3
Item 8 Dragline 108 70 11 7
Item 10 Hydraulic 11 0.7 1 0.1
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Table 2.11. Food Chain Model Risk Summary
American Mink
Annual Average
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Mink (Total DDT)
NOAEL LOAEL
Item Number Dredge Type
Max HQ | Min HQ | Max HQ | Min HQ
No Dredging Scenario
Iltem 1 Hydraulic 0.1 0.09 0.03 0.02
Item 2 Hydraulic 0.06 0.04 0.01 0.009
Iltem 5 Hydraulic 0.08 0.06 0.02 0.01
Item 6 Hydraulic 0.1 0.06 0.02 0.01
Item 7 Dragline 0.1 0.06 0.02 0.01
Item 8 Dragline 1 1 0.3 0.2
Item 10 Hydraulic 0.5 0.2 0.09 0.03
Dredging Scenario
Item 1 Hydraulic 0.1 0.08 0.02 0.02
Item 2 Hydraulic 0.06 0.01 0.01 0.003
Item 5 Hydraulic 0.08 0.03 0.02 0.01
Item 6 Hydraulic 0.1 0.05 0.02 0.01
Iltem 7 Dragline 0.1 0.1 0.02 0.01
Item 8 Dragline 1 1 0.3 0.2
Item 10 Hydraulic 0.4 0.1 0.07 0.01
Mink (DDT)
Item Number Dredge Type NOAEL LOAEL
Max HQ | Min HOQ | Max HQ | Min HQ
No Dredging Scenario
Iltem 1 Hydraulic 0.03 0.02 0.01 0.005
Item 2 Hydraulic 0.02 0.02 0.005 0.003
Iltem 5 Hydraulic 0.02 0.01 0.004 0.003
Item 6 Hydraulic 0.03 0.02 0.01 0.004
Iltem 7 Dragline 0.03 0.02 0.01 0.003
Item 8 Dragline 0.3 0.1 0.05 0.03
Item 10 Hydraulic 0.1 0.07 0.03 0.01
Dredging Scenario
Iltem 1 Hydraulic 0.03 0.02 0.01 0.004
Item 2 Hydraulic 0.02 0.01 0.005 0.002
Iltem 5 Hydraulic 0.02 0.01 0.004 0.002
Item 6 Hydraulic 0.03 0.02 0.01 0.003
Iltem 7 Dragline 0.03 0.02 0.01 0.003
Item 8 Dragline 0.3 0.1 0.05 0.03
Item 10 Hydraulic 0.1 0.03 0.02 0.01
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Table 2.12. Food Chain Model Risk Summary
American Mink
95th Percentile
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

Mink (Total DDT)
NOAEL LOAEL
Item Number Dredge Type
Max HQ | Min HQ | Max HQ | Min HQ
No Dredging Scenario
Iltem 1 Hydraulic 0.3 0.2 0.05 0.04
Item 2 Hydraulic 0.09 0.06 0.02 0.01
Iltem 5 Hydraulic 0.1 0.1 0.03 0.02
Item 6 Hydraulic 0.1 0.1 0.03 0.02
Iltem 7 Dragline 0.2 0.1 0.04 0.02
Item 8 Dragline 4 3 0.7 0.5
Item 10 Hydraulic 0.8 0.2 0.2 0.05
Dredging Scenario
Iltem 1 Hydraulic 0.2 0.2 0.04 0.03
Item 2 Hydraulic 0.09 0.02 0.02 0.003
Iltem 5 Hydraulic 0.1 0.1 0.03 0.01
Item 6 Hydraulic 0.1 0.1 0.03 0.02
Iltem 7 Dragline 0.2 0.1 0.04 0.02
Item 8 Dragline 4 3 0.7 0.5
Item 10 Hydraulic 0.6 0.1 0.1 0.02
Mink (DDT)
Item Number Dredge Type NOAEL LOAEL
Max HQ | Min HQ | Max HQ | Min HQ
No Dredging Scenario
Iltem 1 Hydraulic 0.1 0.05 0.01 0.01
Item 2 Hydraulic 0.03 0.02 0.01 0.004
Iltem 5 Hydraulic 0.03 0.02 0.01 0.003
Item 6 Hydraulic 0.05 0.03 0.01 0.01
Iltem 7 Dragline 0.04 0.02 0.01 0.004
Item 8 Dragline 0.7 0.4 0.1 0.08
Item 10 Hydraulic 0.2 0.1 0.05 0.02
Dredging Scenario
Iltem 1 Hydraulic 0.05 0.04 0.01 0.01
Item 2 Hydraulic 0.03 0.01 0.01 0.002
Iltem 5 Hydraulic 0.03 0.01 0.01 0.002
Item 6 Hydraulic 0.05 0.02 0.01 0.005
Iltem 7 Dragline 0.04 0.02 0.01 0.004
Item 8 Dragline 0.7 0.4 0.1 0.1
Item 10 Hydraulic 0.2 0.04 0.03 0.01
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Table 3.1 Description of Exposure Assumptions
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

CTE 50 CTE 95 RME 50 RME 95

Exposure Duration (year) 15 15 45 45
Averaging Time (year) subchronic 1 1 1 1

chronic 15 15 45 45

cancer average lifetime - average lifetime - average lifetime - average lifetime -

gender/race specific gender/race specific gender/race specific gender/race specific
Body Weight (kg) average over 1-16 years average over 1-16 years average over 1-46 years average over 1-46 years
Ingestion Rate (kg/year) 1-10 yrs at half avg adult rate; 1-10 yrs at half avg adult rate; 1-10 yrs at half 95th%tile adult rate; 1-10 yrs at half 95th%tile adult rate;
11-16 yrs at avg adult rate 11-16 yrs at avg adult rate 11-46 yrs at 95th %tile adult rate 11-46 yrs at 95th %tile adult rate

EPC (mg/kg) subchronic max 50th%tile over 1-16 yrs max 95th%tile over 1-16 yrs max 50th%tile over 1-46 yrs max 95th%tile over 1-46 yrs

chronic avg 50th%tile over 1-16 yrs max 95th%tile over 1-16 yrs avg 50th%tile over 1-46 yrs max 95th%tile over 1-46 yrs

cancer avg 50th%tile over 1-16 yrs max 95th%tile over 1-16 yrs avg 50th%tile over 1-46 yrs max 95th%tile over 1-46 yrs

Table 3.1 Rationale Matrix
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Table 3.4 Item-Specific Fish Exposure Concentrations Under No Dredging and Dredging Conditions

BSRMP Comparative Risk Assessment

Big Sunflower River, Mississippi

No Dredging - Fish Dredging - Fish
DDD DDE DDT sumDDT DDD DDE DDT sumDDT
(mg/kg wet wt) (mg/kg wet wt) (mg/kg wet wt) (mg/kg wet wt) [ (mg/kg wet wt) (mg/kg wet wt) (mg/kg wet wt) (mg/kg wet wt)
Iltem 1
Average * 0.25 0.37 0.19 0.8 0.23 0.33 0.18 0.74
95%tile 0.77 0.79 0.66 2.2 0.49 0.57 0.44 15
Iltem 2
Average * 0.082 0.16 0.13 0.38 0.074 0.13 0.12 0.33
95%tile 0.19 0.22 0.36 0.76 0.19 0.22 0.36 0.76
Item 5
Average * 0.13 0.32 0.11 0.56 0.12 0.26 0.097 0.48
95%tile 0.26 0.68 0.084 1 0.32 0.44 0.12 0.89
Item 6
Average * 0.12 0.17 0.23 0.51 0.11 0.16 0.15 0.42
95%tile 0.24 0.24 0.52 1 0.24 0.24 0.52 1
Iltem 7
Average * 0.13 0.26 0.12 0.51 0.12 0.27 0.12 0.52
95%tile 0.47 0.82 0.2 15 0.43 0.97 0.15 1.6
Item 8
Average * 2.3 6 1.2 9.5 2.3 5.9 1.2 9.4
95%tile 6.4 14 7.3 27 6.4 14 7.3 27
Item 10
Average * 0.72 15 0.9 3.1 0.63 1.3 0.78 2.7
95%tile 18 24 2.2 6.4 13 21 15 4.8

! Average concentration is the average of DDD, DDE, and DDT concentrations across all fish over 45 years.

% The 95th %tile concentration was selected based on the maximum sum of DDD, DDE, and DDT 95th percentiles in any one year over the 45 year modeling period.

Revised Table 3.4 EPC Summary All ltems
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Table 3.6 Human Health Risk Summary Table®

BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi

No Dredging Dredging
CTE50° CTE95 RME50 RME95 | CTE50 CTE95 RMES50 RME 95
ITEM 2
African American Male
Subchronic Hazard Quotient 3 3 7 8 3 3 7 8
Chronic Hazard Quotient 1 2 2 3 0.7 2 1 3
Cancer Risk 4E-05 7E-05 2E-04 3E-04 3E-05 7E-05 1E-04 3E-04
African American Female
Subchronic Hazard Quotient 2 2 4 5 2 2 4 5
Chronic Hazard Quotient 0.6 1 1 2 0.4 1 0.9 2
Cancer Risk 2E-05 3E-05 1E-04 2E-04 1E-05 3E-05 9E-05 2E-04
Caucasian Male
Subchronic Hazard Quotient 2 2 4 5 2 2 4 5
Chronic Hazard Quotient 0.6 1 0.9 2 0.4 1 0.8 2
Cancer Risk 2E-05 4E-05 9E-05 2E-04 1E-05 4E-05 8E-05 2E-04
Caucasian Female
Subchronic Hazard Quotient 0.9 1 2 3 0.9 1 2 3
Chronic Hazard Quotient 0.3 0.6 0.6 1 0.2 0.6 0.5 1
Cancer Risk 9E-06 2E-05 5E-05 1E-04 6E-06 2E-05 4E-05 1E-04
ITEM5
African American Male
Subchronic Hazard Quotient 3 4 9 10 3 4 9 9
Chronic Hazard Quotient 1 2 2 4 1 2 2 4
Cancer Risk 5E-05 9E-05 2E-04 5E-04 4E-05 7E-05 2E-04 4E-04
African American Female
Subchronic Hazard Quotient 2 3 5 7 2 2 5 6
Chronic Hazard Quotient 0.8 1 2 3 0.6 1 1 3
Cancer Risk 3E-05 5E-05 2E-04 3E-04 2E-05 4E-05 1E-04 2E-04
Caucasian Male
Subchronic Hazard Quotient 2 3 5 7 2 2 5 6
Chronic Hazard Quotient 0.9 2 1 3 0.6 1 1 2
Cancer Risk 3E-05 5E-05 1E-04 3E-04 2E-05 4E-05 1E-04 2E-04
Caucasian Female
Subchronic Hazard Quotient 1 1 3 4 1 1 3 3
Chronic Hazard Quotient 0.4 0.7 0.8 2 0.3 0.6 0.7 1
Cancer Risk 1E-05 2E-05 8E-05 1E-04 9E-06 2E-05 6E-05 1E-04
ITEM 6
African American Male
Subchronic Hazard Quotient 4 4 9 10 4 4 9 10
Chronic Hazard Quotient 1 2 2 4 1 2 2 4
Cancer Risk 5E-05 9E-05 2E-04 4E-04 4E-05 9E-05 2E-04 4E-04
African American Female
Subchronic Hazard Quotient 2 2 6 7 2 2 6 7
Chronic Hazard Quotient 0.7 1 1 3 0.6 1 1 3
Cancer Risk 2E-05 4E-05 1E-04 3E-04 2E-05 4E-05 1E-04 3E-04
Caucasian Male
Subchronic Hazard Quotient 2 3 6 7 2 3 6 7
Chronic Hazard Quotient 0.8 1 1 3 0.6 1 1 3
Cancer Risk 3E-05 5E-05 1E-04 2E-04 2E-05 5E-05 1E-04 2E-04
Caucasian Female
Subchronic Hazard Quotient 1 1 3 3 1 1 3 3
Chronic Hazard Quotient 0.4 0.7 0.8 1 0.3 0.7 0.6 1
Cancer Risk 1E-05 2E-05 7E-05 1E-04 9E-06 2E-05 6E-05 1E-04
ITEM 8
African American Male
Subchronic Hazard Quotient 50 100 100 300 50 100 100 300
Chronic Hazard Quotient 20 70 40 100 20 70 40 100
Cancer Risk 9E-04 2E-03 4E-03 1E-02 8E-04 2E-03 4E-03 1E-02
African American Female
Subchronic Hazard Quotient 30 70 80 200 30 70 80 200
Chronic Hazard Quotient 10 40 30 80 10 40 30 80
Cancer Risk 4E-04 1E-03 3E-03 8E-03 4E-04 1E-03 3E-03 8E-03
Caucasian Male
Subchronic Hazard Quotient 30 70 80 200 30 70 80 200
Chronic Hazard Quotient 10 40 20 70 10 40 20 70
Cancer Risk 5E-04 1E-03 2E-03 7E-03 5E-04 1E-03 2E-03 7E-03
Caucasian Female
Subchronic Hazard Quotient 20 40 40 100 20 40 40 100
Chronic Hazard Quotient 7 20 10 40 7 20 10 40
Cancer Risk 2E-04 6E-04 1E-03 4E-03 2E-04 6E-04 1E-03 4E-03

"Hazard Quotients and Risk Estimates calculated using default USEPA IRIS toxicity values in Table 3.5

2CTE 50, CTE 95, RME 50, RME 95 denote the combination of the CTE and RME exposure assumptions with

the 50th%tile or 95th%tile EPC value. Table 3.1 provides a full description of the exposure scenarios.

Revised Table 3.6 Risk Summary Table
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Table 3.8 Comparison of Non Cancer Hazards Using Default and MCA-Derived Toxicity Values® - No Dredging

Conditions

BSRMP Comparative Risk Assessment

Big Sunflower River, Mississippi

Using Default Toxicity Values

Using MCA-Derived Toxicity Values

CTES50° CTE95 RME50 RME95 [ CTE 50 CTE95 RMES50 RME 95

ITEM5
African American Male

Subchronic Hazard Quotient 3 4 9 10 1 0.9 4 2

Chronic Hazard Quotient 1 2 2 4 0.4 0.5 0.7 0.9
African American Female

Subchronic Hazard Quotient 2 3 5 7 0.9 0.5 2 1

Chronic Hazard Quotient 0.8 1 2 3 0.2 0.3 0.5 0.6
Caucasian Male

Subchronic Hazard Quotient 2 3 5 7 0.9 0.6 2 1

Chronic Hazard Quotient 0.9 2 1 3 0.2 0.3 0.4 0.5
Caucasian Female

Subchronic Hazard Quotient 1 1 3 4 0.5 0.3 1 0.7

Chronic Hazard Quotient 0.4 0.7 0.8 2 0.1 0.2 0.3 0.3
ITEM 8
African American Male

Subchronic Hazard Quotient 50 100 100 300 10 40 30 100

Chronic Hazard Quotient 20 70 40 100 6 20 9 40
African American Female

Subchronic Hazard Quotient 30 70 80 200 8 20 20 70

Chronic Hazard Quotient 10 40 30 80 3 10 7 30
Caucasian Male

Subchronic Hazard Quotient 30 70 80 200 8 30 20 70

Chronic Hazard Quotient 10 40 20 70 4 10 6 30
Caucasian Female

Subchronic Hazard Quotient 20 40 40 100 4 10 10 30

Chronic Hazard Quotient 7 20 10 40 2 7 3 10

'Default and MCA derived surrogate values for DDE and DDD are in Table 3.7.
2CTE 50, CTE 95, RME 50, RME 95 denote the combination of the CTE and RME exposure assumptions with
the 50th%tile or 95th%tile EPC value. Table 3.1 provides a full description of the exposure scenarios.

Revised Table 3.8 MCA v Default Tox Values Summary Table
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Figure 1.1 Item Location Overview
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi
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Figure 1.2 Human Health Conceptual M odel
BSRM PCompar ative Risk Assessment
Big Sunflower River, Mississippi
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Figurenotes:

*  Effluent release applies to the after dredging scenario only.

The following are descriptions of how humans may come into contact with contaminants in the Big Sunflower River Maintenance Project area.
a Hydraulic or dragline dredging in the project area can stir up sediment so that it becomes suspended in the overlying surface water.

b  Sediment that has been dredged will be disposed of ina CDF, TLD facility or dragline pile.

¢ Sediment disposed of in a CDF will contain some water. The water will be released from the CDFin the form of effluent.

d Although dredged material is assumed to be confined in aTLD facility or dragline pile, we assume that the sediments will need to be dewatered Therefore, some
runoff may occur.

e Animaslivingintheriversin the project areamay be exposed to DDD, DDEand DDT sorbed to resuspended sediments resulting from dredging activity
in the area. See Figure 1.3 for adetailed explanation of how these animals may be exposed to contaminants sorbed to resuspended sediments.

f  Theresult of resuspension of sediments from dredging isthat an increased amount of sediment particleswith DDD, DDEand DDT sorbed to them will be
present in the water column.

g Effluent from theCDFswill be discharged into the river near the disposal facility. DDD, DDEand DD T may be present in the water itself or may be sorbed
to fine particles suspended in the effluent.

h  Water from dredged sediment disposed of in TLD facilities or dragline piles may enter theriver via overland runoff.

i Sedimentsfrom the dragline piles may be eroded or sediment may be carried in overland runoff fromdragline pilesand TLD facilities. It is assumed that this
sediment will be deposited in theriver bed adjacent to each disposal facility.

j  Animalslivingintheriversin the project areamay be exposed to DDD, DDEand DDT in surface water. Some of these animals may be consumed by humans.
See Figure 1.3 for adetailed explanation of how these animals may be exposed to contaminants in surface water.

k Animalslivingintheriversin the project area may be exposed to DDD, DDEand DDT in sediment. Some of these animals may be consumed by humans.
See Figure 1.3 for adetailed explanation of how these animals may be exposed to contaminants in sediment.

I Humans may be exposed to DDD, DDEand DDT through consumption of fish from the project area.
m Humans may be directly exposed to DDD, DDEand DDT in sediments viadermal contact while engaged in recreational activities at riversin the project area.

n A person may fishintheriversinthe project areain order to provide food for his or her family (subsistence fishing). We assume that this person may be
exposed toDDD, DDEand DDT viadermal contact with sediment and ingestion of fish.
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Figure 1.3 Ecological Conceptual Model
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi
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Figure 1.4 Ecological Conceptual Model - Piscivores

BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi
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Figure 1.5 Ecological Conceptual Model - Water fowl
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi
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Figure 1.6 Sampling Locations, Items 1-4
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippil
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Figure 1.7 Sampling Locations, Item 5
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi
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Figure 1.8 Sampling Locations, Item 6
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi
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Figure 1.9 Sampling Locations, Items 6-10
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi
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Figure 3.1. Summary of Counties Included in Fish Consumption Survey and Big Sunflower River Assessment
BSRMP Comparative Risk Assessment
Big Sunflower River, Mississippi
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