


Contents

LSt OF FRGUI@S........ooiiiiiiieeeee et e et e et e e e aaeeensbeeenbaeesnneees vil
LAST Of TaDIES ..ottt ettt e eeees xi
Chapter 1  INtroduCtion..............cooiiiiiiiiiiieie et e e seaeeeaneas 1-1
1.1 Natural Resource Damage Assessment Process ..........cccveveveeerieeenciieenveeenieenns I-1

1.2 Public Review and COmMMENL.............cccuviiiiiiieiiiiieeiieeciee et 1-2

1.3 Background Information on the Assessment Area ...........cccoeeeverveneenieniennens 1-3

1.4  Potentially Responsible Parties..........ccceecuieriieeciieniieiieiiciiece e 1-6

1.5 Spatial and Temporal Extent of the Stage I Assessment ..........ccccceeevveerveeennenn. 1-7

1.6 Organization of the Stage I Injury Assessment Report...........cccccoeeveriinicnnenne 1-7
Chapter 2 PCB Releases and Pathways ... 2-1
2.1 POBS ettt ettt 2-1

2.2 PCB Releases from PRP FacCilities ..........cceevvieviieriiiiieeiieieeereeiee e 2-2

2.2.1 History of PCB use at PRP facilities ...........cccceeeevvieeniieeiiecieeeieeee 2-3

2.2.2 Evidence of PCB releases from Allied facilities ............cccceeevveeennennns 2-6

2.2.3 Evidence of PCB releases from Georgia-Pacific facilities .................. 2-11

2.2.4 Evidence of PCB releases from Simpson Plainwell facilities ............. 2-17

2.2.5 Evidence of PCB releases from Fort James facilities...........c.c.ccce..e. 2-21

23 PCB Transport Pathways ..........coceviiiiiiiiiiniiiicniceceececceceeeecee 2-23

2.4  PCB Contamination and Persistence in the KRE .............ccccoooviiiiiiiiininnen. 2-27

2.4.1 PCB contamination in the KRE ...........cccccooiiiiiiiiniiiiieieeeeeee 2-27

2.4.2 Persistence of PCBs inthe KRE ..o 2-33

2.5 Conclusions: PCB Releases, Pathways, and Contamination .......................... 2-36
Chapter 3  Injuries to Surface Water................coccoiiiiiiiiiinieceee e 3-1
3.1 INJUIY DefINItIONS.....eiiiieiiieiieeit ettt ettt e e e eea e 3-1

3.2 Stage I Injury Assessment APProach..........ccocceevveeciieniiienieniieenieeieenieeiee e 3-2

33 Drinking Water Standard EXceedences ..........cccveevvieeriieeniieeeiie e 3-2

3.3.1  Data SOUICES ...uvvieeeeiiiieeeeiiiieeeeiiteeeeeiteeeeestreeeeeaaeeeeeaaeeesenssaeeeeenssneaaens 3-2

3.3.2 Regulatory criteria and standards ...........cccoeceeeiieriiiinieiiiee e 3-3

3.3 3 RESUIS e 3-5



Contents

3.4

3.5
Chapter 4
4.1

4.2
4.3

44

4.5
4.6

Chapter 5

5.1
5.2
53

54

5.5

5.6

Water Quality Criteria EXCedences........cocuvevvieriieniieeiieiieeiieeee e 3-8
3.4.1  Data SOUICES .....eeiiieiiiiiieeiieet ettt ettt e e 3-8
3.4.2 Regulatory criteria and standards ...........ccceeeiveeriiiieniie e, 3-8
343 RESUIS...oiiiiiieiie ettt et e s 3-9
CONCIUSIONS ...ttt ettt ettt et sbe et et sae e b eaees 3-12
Injuries to Sediment...............coooiiiiiiiiiiiiiiee e 4-1
INJUIY DefINItIONS. ....viiiiiiiiieiieeie ettt ere b seaeeeaeeeaees 4-1
Stage I Injury Assessment APProach..........ccceeecveeeciieeiiieeniie e 4-1
Comparison to Concentrations Affecting Benthic Invertebrates....................... 4-1
4.3.1 DAt SOUTCES ..ccuveeurieniiieiieeiie ettt ettt ettt ettt st ettt eeesanees 4-2
4.3.2 Toxicity reference value derivation ............cceeeeveereeeeiienieecieenieeieeennnen 4-3
4.3.3 0 RESUIS oot 4-5
Dietary EXposure to MInK...........cocuiiiiiiiiiiiiiiie et 4-7
441 DAt SOUTCES ..ccuveeureeiiieiiteiie ettt ettt et sit et e st sate et esae e e e e saneas 4-8
4.4.2 Toxicity reference value derivation ............ccceeeeveerieeciienieenieenieeieeenneen 4-8
443 RESUIS ..ottt 4-9
Temporal EXENt........ccuiiiiiiiiiiiiee e e 4-11
CONCIUSIONS ...ttt ettt ettt et sbe et e aae b b eanes 4-12
Injuries to Wildlife Services: Fish Consumption Advisories....................... 5-1
INJUIY DefINItIONS. ....viiiiiiiieiieeie ettt a e e essaeenaeeesees 5-1
Stage [ Injury Assessment APProach..........ccceeeevveeeiieeniieescieecie e 5-1
History of KRE Fish Consumption AdViSOTI€s .........ccccecuerienernierieneeienienienns 5-1
5.3.1 Summary of fish consumption adviSOries..........cccceervurereercreerierieeninenns 5-1
5.3.2  Specific descriptions of the fish consumption advisories...................... 5-4
5.3.3 Regulatory criteria and standards ............ccceeevieeriiiieniie e 5-8
5.3.4 EPA supplementary fish consumption adviSories ...........cccceveerueenunene 5-9
Exceedences of the Michigan FCA Trigger Levels........ccccoeviiiviienieniiennnnne 5-11
5.4.1  Data SOUICES .....eeeuvieiiiiiiieiieeite ettt ettt 5-11
54.2  RESUIS ..ottt 5-14
Exceedences of the FDA Tolerance Level for PCBs........ccccoocvveeciieecveeennen. 5-33
5.5.1  Data SOUICES .....eeevieiiiiiieeiieeieeete ettt 5-33
5.5.2 Regulatory criteria and standards ...........cccocceeveiieiieniiienieceeeeeee, 5-33
5.5.3  RESUIS .ot 5-34
CONCIUSIONS ....vveeeiiieeiiee et e eeiteeeiteeestteeeteeeetaeestaeesbeeesssaeessseeessseeessseeessseeanns 5-41

Page iv



Contents

Chapter 6

6.1
6.2
6.3

6.4

6.5

6.6
6.7

Chapter 7

7.1
7.2
7.3

7.4

7.5

7.6

7.7

Injuries to Fish and Aquatic Invertebrates...............ccccccooiiiiiiniinnnnn 6-1
INJUIY DefINItIONS.....viiiieiiieiieeie ettt et eeae e s 6-2
Stage I Injury Assessment APProach..........ccccceevveeciieniiieniieniieenieeieesee e 6-3
TCDD-Equivalents in Fish EZS .....cccvviviiiiiiiieiieeeeee e 6-6
6.3.1  Data SOUICES ....vvveeeeeiiiieeeeiiiieeeeiiieeeeriteeeeertreeeessareeeessaaeesesssseeeeenssneaaens 6-6
6.3.2 Concentrations in €ggs causiNg tOXICILY .....ceevvueerurerieeerieenieerieeieenieens 6-7
0.3.3  RESUILS ...eiiieieece e 6-9
Total PCBs in Smallmouth Bass LiVers........c.cccoveiiiiiiiiniiiniiiieiceeee 6-11
6.4.1  Data SOUICES ....uvveieeeiiiieeeiiiieeeeciieeeeeeiree e e s breeeeseaaeeeessraeeeensraaeeesssaeas 6-12
6.4.2 Toxicological benchmarks.........c.ccccoveiiiiiiiiiiniieiee e, 6-13
0.4.3  RESUILS ..ottt e 6-14
Smallmouth Bass Condition, Biochemical, and Histopathological Status...... 6-17
6.5.1  Data SOUICES ....uvviieeriiiieeeiiiieeeeeieee e et e e e et e e e e saaeeeeesabeeeeennraaaeesnsaeas 6-17
6.5.2  Summary Of TESUILS .....ccueiiiiiiiiiiieieeeee e 6-18
Effects on Benthic INVertebrates............cooeeierieneniiinieneeieeeeeeeeeeee 6-22
CONCIUSIONS ...ttt ettt et e e st e bt e e e e 6-23
Injuries to Wildlife...............ccooimiiiiii e 7-1
INJUIY DefINItionS. ....eeieieiiieiie ettt ettt e 7-9
Stage I Injury Assessment APProach..........ccceevieviieniieniienieniienie e 7-10
Mallard Duck Breast Tissue Concentrations ............cc.ecveeeveereeeveenveesveennnenn. 7-15
7.3.1  Data SOUTCES ....eeeeuiiieiiiieeiiieeeite ettt ettt ettt e et s it eenaee e 7-15
7.3.2  Regulatory criteria and standards ...........ccocoeeviiieiiiniiinee, 7-15
7.3.3  RESUIES ..ceiiiiieiecee et 7-16
PCBS i Bird DIEt ..ot 7-17
T4 1T Data SOUTCES .....eeeruiiiiiiieiniieeeite ettt ettt ettt et e et eesiteeesateesaeee e 7-17
7.4.2 Toxicity reference value derivation ..........cocceeeveeriienieniieenieeeeeeee 7-18
743 RESUIS ..ceiiiiieiiecte et 7-26
Bald Eagle Reproductive SUCCESS........cevvieriiiriieriieiieeieeiie et 7-29
T.5.1  Data SOUTCES .....eeeruiiiiiiiiiniieeeite ettt ettt e et e et eesaeeesaeee e 7-29
7.5.2  Benchmarks and injury thresholds............coccooiiiiiniiniiiie, 7-30
7.5.3  RESUIES ..eeiiiiieitectee e 7-34
PCB Concentrations in Eggs of Other Birds ..........cccooviiviieniiiiiienieceeee, 7-39
7.6.1  Data SOUTCES .....eeiruiiiiiiiieniieeeite ettt ettt ettt e it e s esbeee e 7-39
7.6.2  Toxicological benchmarks..........cccccoviiiiiiiiiiinii e 7-40
7.6.3  RESUILS ..ottt 7-43
Total PCBs in Mammalian Diets ...........cccceevierienieienienieiececeeeeceeee 7-49
771 DAta SOUTCES .....eeeiiiieeiiiieeiitee ettt ettt ettt e et e eiteeesateesaaee e 7-49
7.7.2  Toxicological benchmarks..........cccccoiiiiiiiiiiiinii e 7-51
7. 7.3 RESUIS ..ottt 7-51



Contents

7.8

7.9

7.10

7.11
Chapter 8

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9

Chapter 9

References

Mink Trapping Success and Total PCBs in Mink Tissue.........c.cccccevverueennnne. 7-54
7.8.1  Data SOUICES .....eeeutieiiiiiieeiieeite ettt 7-54
7.8.2 Toxicity reference value derivation ...........cccccveeevvieeiieeecieeeciee e 7-54
7.8.3  RESUIS...ceiuiiiiiie ettt e e e e e e sbe e e eree e 7-55
Total PCBs in Small Mammal, Shrew, and Muskrat TiSSue ..................c....... 7-59
7.9.1  Data SOUICES .....eeeuiieiiiiiieeiieeite ettt ettt ettt 7-59
7.9.2 Toxicity reference value derivation ...........cccccveeeviieeiieeecieeeiiee e 7-60
7.9.3  RESUIS...eiiiiiiiiie ettt et et s e e ae e e be e e abee e 7-60
Bioaccumulation of PCBs from Floodplain Soils.........c.cccceeviiiniieiinniienenne, 7-62
7.10.1 Data SOUICES .....eeeueieiiieiieniieeite ettt ettt ettt ettt st 7-63
7.10.2 Toxicity reference value derivation ...........cccccveeeviieeiieeeiieeeciee e 7-64
7.10.3 RESUIS...coiiiiiiiie ettt ettt e e s e e e saree e s ree e sbeeenes 7-65
7.10.4 Conclusions of the floodplain soil evaluation.............cccceevvrerieennnennne. 7-80
CONCIUSIONS ...ttt st ettt ettt et 7-81
Indirect INJUIIES ........cc.oooviiiiiiiee e e e 8-1
INErOAUCTION . ...ttt et e 8-1
Stage I Assessment APProach.........cccocevieriiiiiniiniininieneceeeeeeeeeeee e 8-2
NO FUIher ACHON ...cuviiiiiiiieie ettt et 8-2
Access/Deed RESLIICTIONS .....ovueevirieriieiieieeiieie ettt 8-3
Bank Stabilization.........coouiiiiiiii e 8-3
Maintaining Dam StruCtUres ............coeeviiriiriiiienienieeeicee et 8-6
Sediment CaPPING.....ccueevieeiiieiieeieerie et eee ettt et e et e sbeesteeesbeesaaesseesaee e 8-7
Sediment Removal and DiSposal ..........cccecveeviieriieiiieniieieciecseeeeesee e 8-9
CONCIUSIONS ...ttt ettt sttt et st e bt e e eee 8-10
CONCIUSIONS ..ottt 9-1
.............................................................................................................................. R-1

Page vi



Figures

1.1
1.2

2.1
2.2

23
24
2.5
2.6
2.7
2.8
2.9
2.10

2.11
2.12

2.13
2.14

3.1
3.2

33
34

3.5

Key features of the Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund

Site and surrounding eNVIrONMENT .........ccuerviriiriieienienieeieet ettt 1-4
Location of current and former PRP paper mill facilities............ccccceeveviinienciieninnnenne. 1-5
Biphenyl molecular StruCTUIE...........coccviiiiiiieeieeeee e e e 2-1
Typical fate of paper mill waste during the period when carbonless copy paper

CONAINEA PCBS ..c..coniiiiiiieeeee ettt st 2-5
The Allied paper mills and surrounding facilities ............cceevverciierieniiienieeciieieeieeee. 2-7
The Georgia-Pacific paper mill and surrounding facilities...........ccccovvveeviiencieeeineens 2-12
Simplified flow chart of the fate of Georgia-Pacific paper waste, 1954 to 2000 ........ 2-13
The Simpson Plainwell paper mill and surrounding facilities...........ccccoeceevievencnnnne 2-18
The Fort James mills and surrounding facilities............cccveviierieriiienieeieecie e 2-22
1994-1995 tributary loadings of PCBs to Lake Michigan...........c.cccccuveeviieeniiiennnens 2-24

Spatial distribution of 1994-1995 tributary loadings of PCBs to Lake Michigan....... 2-25
PCB concentrations in surface sediments and floodplain soils from Morrow Lake

t0 the OtSeZ0 City DA ....occuiiiiiiiiiiiieiieeie ettt eebeesaaesveenee e 2-28
PCB concentrations in surface sediments and floodplain soils from the Otsego

City Dam to the Lake Allegan Dam ..........cccccooiiiiiiiiiiniiniiiniceccceeceeeseee 2-29
PCB concentrations in surface sediments and floodplain soils from the Lake

Allegan Dam to the mouth of the Kalamazoo River at Lake Michigan ...................... 2-30
KRE natural resources in which PCB contamination has been documented .............. 2-31
PCB eXposure Pathways .........ccceeiiiiiieiiieie ettt ettt e 2-34
Locations of reach designations for surface water samples............ccceeeveevvercieeneeenenne. 3-4
Surface water total PCB concentrations in Portage Creek and the Kalamazoo River

from 1985 to 1987 compared to drinking water standards ............ccceceeviiiiieniiineennnen. 3-6
Surface water total PCB concentrations in Portage Creek and the Kalamazoo River

from 2000 and 2001 compared to drinking water standards .............ccceecveevrienreenieennnnn 3-7
Surface water total PCB concentrations in Portage Creek and the Kalamazoo River

from 1985 to 1987 compared to water quality CTiteria .........cceevvueevuieriueenieesiienieeienne 3-10

Surface water total PCB concentrations in Portage Creek and the Kalamazoo River
in 2000 and 2001 compared to water quality Criteria ...........ccceecveevieecreenieenieenieenens 3-11



Figures

4.1
4.2

4.3

5.1

52

53
54

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

5.15

5.16

Locations of reach designations for sediment Samples.........ccccevverviereeniivienieneenennene 4-4
Depth-weighted mean PCB concentrations in surficial sediment from cores collected

in Portage Creek and the Kalamazoo River compared to consensus-based sediment
€fTECt CONCENITALIONS ....eeuiiiiitieiie ettt ettt ettt e s e e e e s 4-6
Depth-weighted mean PCB concentrations in surficial sediment from cores

collected in Portage Creek and the Kalamazoo River compared to site-specific

TRV £OT MINK.....ooiiiiiiiiiecie ettt e s e e st e e e beeessseeesnseeensseeenns 4-10
History of fish consumption advisories in the Kalamazoo River and Lake Michigan
SOULh OF Frankfort .........coioviiiiiiiii e e 5-3
Reaches of the Kalamazoo River as designated by MDCH for fish consumption
advisories, and distribution of RI/FS ABSAs within these reaches ...........ccoeuvvveee... 5-13
Total PCBs in fillets of carp collected upstream of Morrow Dam, 1971-2000........... 5-15
Total PCBs in fillets of species not currently under an advisory collected upstream

of Morrow Dam, 1971-2000 ..o 5-16
Total PCBs in fillets of carp collected between Morrow Dam and Lake Allegan

Dam, 1971-2000 .....cceeieeeieieeieeeee ettt et ettt e e s esteesaesseeseesaessaenseensesseensens 5-17
Total PCBs in fillets of catfish collected between Morrow Dam and Lake Allegan

Dam, 1971-2000 .....ccooeieieieeieeteee ettt ettt ettt b e et be e b e sae e 5-18
Total PCBs in fillets of largemouth bass collected between Morrow Dam and Lake
Allegan Dam, 1971-2000........cccueeriiiiiieieeiieree ettt ettt seee e e saeeens 5-19
Total PCBs in fillets of smallmouth bass collected between Morrow Dam and Lake
Allegan Dam, 1971-2000.........cceerviieiiierieeiienieereeeeeeteesee et eseeeveesereeseessaeeseessneens 5-20
Total PCBs in fillets of white sucker collected between Morrow Dam and

Lake Allegan Dam, 1971-2000.........cccceritiiiiiiiiiierie ettt 5-21
Total PCBs in fillets of other species under a general “all other species” advisory
collected between Morrow Dam and Lake Allegan Dam, 1971-2000 ........................ 5-22
Total PCBs in fillets of carp collected downstream of Lake Allegan Dam,

TOTT-2000 ...ttt ettt ettt e steestesse e beesaesseenseesaesseenseessenseensennaenseensans 5-23
Total PCBs in fillets of catfish collected downstream of Lake Allegan Dam,

LOTT-2000 ...ttt ettt et h et e st ettt e b et st saeenteas 5-24
Total PCBs in fillets of largemouth bass collected downstream of Lake Allegan

Dam, 1971-2000 ......c.ooieeieieeieeeeie ettt et ettt e e e e steeseessaeseesaessaenseessenseensens 5-25
Total PCBs in fillets of northern pike collected downstream of Lake Allegan Dam,
LOTT-2000 ...ttt ettt et b et ettt e bt et st sae et 5-26
Total PCBs in fillets of smallmouth bass collected downstream of Lake Allegan

Dam, 1971-2000 ......c.oeieeieiieieeeeie ettt et e ettt e e esteeseesseeseesaessaenseessesseensens 5-27
Total PCBs in fillets of trout collected downstream of Lake Allegan Dam,

LOTT-2000 ...ttt ettt et h et ettt et et e b et et naeenteas 5-28

Page viii



Figures

5.17

5.18

5.19

5.20

6.1

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

Total PCBs in fillets of walleye collected downstream of Lake Allegan Dam,

LOTT-2000 ...ttt ettt et et b et ettt et e b et st enaeenneas 5-29
Total PCBs in fillets of white sucker collected downstream of Lake Allegan Dam,
TOTT-2000 ...ttt ettt ettt et e et e ae e be e st e sseeseesaesseeseesaesseenseenaenseensans 5-30
Total PCBs in fillets of yellow perch collected downstream of Lake Allegan Dam,
LOTT-2000 ...ttt ettt ettt ettt ettt b et sntenaeenteas 5-31
Total PCBs in fillets of other species under a general “all other species” advisory
collected downstream of Lake Allegan Dam, 1971-2000 ..........coceeviieiiiiniiiiieennnne 5-32

Mean and SD of concentrations of estimated total PCBs ww in smallmouth

bass livers collected in the Kalamazoo River in 1995 and total PCBs in walleye

livers collected in the Lower Fox River and Green Bay, Wisconsin, in

1996 aNA 1997 ...ttt 6-16

Wetland types within the former Trowbridge impoundment .............cccccoceeveinieniennnnne. 7-2
Total PCBs in whole body fish samples collected in the Kalamazoo River
downstream of PRP facilities compared to TRVs for embryomortality effects

TIUDITAS ettt ettt ettt et e ettt et e e ae e et enneesane e 7-27
Total PCBs in whole body fish samples collected in the Kalamazoo River
downstream of PRP facilities compared to TRVs for sublethal effects in birds ......... 7-28

Probability of bald eagles in inland Michigan and Wisconsin and Green Bay
producing no young or one or more young in relation to egg PCB concentrations,

LOBO-T1997 .ttt ettt sttt 7-32
Total PCB concentrations in bird eggs collected in Allegan State Game Area

and other locations along the Kalamazoo River..........ccccccoeiiieeiiiiiiiieciie e 7-48
TCDD-eq concentrations based on PCBs and dioxins/furans measured in

individual bird eggs in the KRE compared to TRVs for egg embryomortality........... 7-50
Total PCBs in whole body fish samples collected in the Kalamazoo River

downstream of PRPs compared to TRVs for reproductive effects in mink................. 7-53
Total PCB concentrations in mink carcasses collected in reference and

ASSESSMENLE LOCALIONS ....euveiieiieieeiie ettt sttt ettt ettt et et sbe e b eatesaeens 7-57
PCB concentrations in mink livers from reference and assessment locations

compared to injury threshold ranges..........cceecviviiiiieiiiiece e 7-58
Surface soil PCB concentrations in the former Plainwell impoundment

compared to the soil threshold for injury to TObINS.........ccceeviieiiieniieiierieeie e 7-66
Surface soil PCB concentrations in the former Plainwell impoundment

compared to the soil threshold for injury to0 OWIS ......c.coeeviieiiiiieiiiee e, 7-67
Surface soil PCB concentrations in the former Plainwell impoundment

compared to the soil threshold for injury to fOXes ........ccoevveviiiiiiniiiiiieeeeeeeee 7-68
Surface soil PCB concentrations in the former Plainwell impoundment

compared to the soil threshold for INjury to0 MiCe.........ceocvvveiiieeriiieiee e, 7-69

Page ix



Figures

7.14  Surface soil PCB concentrations in the Otsego City impoundment compared

to the soil threshold for INJury to rObINS ........cceeviiiiiiieiieieeeeeee e 7-71
7.15  Surface soil PCB concentrations in the Otsego City impoundment compared

to the soil threshold for INJury t0 OWIS......cccuiiiiiiiii e 7-72
7.16  Surface soil PCB concentrations in the former Otsego impoundment compared

to the soil threshold for INJury to rObINS ........cceeviiiiiiiiiieiieeeeeeee e 7-73
7.17  Surface soil PCB concentrations in the former Otsego impoundment compared

to the soil threshold for INJury t0 OWIS......cccueiiiiiiiiiii e 7-74
7.18  Surface soil PCB concentrations in the former Otsego impoundment compared

to the soil threshold for INJUry t0 fOXEeS......cccveviiriiiiieeiieie e 7-75
7.19  Surface soil PCB concentrations in the former Trowbridge impoundment

compared to the soil threshold for injury to TObINS........ccccueeiiiiiiieniiiieeeeeee 7-76
7.20  Surface soil PCB concentrations in the former Trowbridge impoundment

compared to the soil threshold for injury t0 OWIS .......ccceeeviieiiieriiiiieieeeeee e 7-77
7.21  Surface soil PCB concentrations in the former Trowbridge impoundment

compared to the soil threshold for injury to fOXes ........coeviiiiiiiiiniiieee e, 7-78
7.22  Surface soil PCB concentrations in the former Trowbridge impoundment

compared to the soil threshold for injury t0 MICE.......ccceeevvieriieriieriieiieeieeie e, 7-79
8.1 Shoreline stabilized With TIPrap .......cccoooiiiiiiiiiie e 8-4
8.2 Sheetpile along the Kalamazoo RIVEr..........cccoeviieiiiiiiiiiiiieeeee e 8-4
8.3 Cross section of sediment cap over contaminated sediment.............ccceeevveerienreennennnen. 8-8
8.4  Mechanical dredge removing SEAdIMent ............cceeeevuiiiiiiiieiiieeeie et 8-9
8.5 Suction-style hydraulic dredge ..........coceviriiniiiiiiiiiiieee e 8-10

Page x



Tables

2.1
2.2
23

24
2.5
2.6

2.7
2.8

2.9

2.10
2.11

3.1
3.2
33
3.4

4.1
4.2
43
4.4

4.5
4.6

5.1
5.2
53
54

5.5

Demonstrated PCB releases from Allied Facilities ..........cccoooeeiiiiiiiniiniiinieeiceiee 2-8
PCB concentrations in residuals, sediment, and soil at the Allied Operating Unit..... 2-10
PCB concentrations in groundwater beneath Georgia-Pacific disposal areas,

TOBB-T990 ...ttt ettt sttt et b et et sae et 2-15
PCB concentrations in residuals/soils of Georgia-Pacific disposal areas.................... 2-16
PCB concentrations in Simpson Plainwell Mill effluent............coccooiniinininnne. 2-19
PCB concentrations in residuals and soil samples collected at the

Simpson Plainwell Mill and the 12th Street Disposal Area, 1987-1994 ..................... 2-20
PCBs detected in discharge from Fort James mills .........cccocoveeiiiiiiiiiiiiiiecieeeiees 2-22
Estimated annual PCB load in Portage Creek and locations along the

Kalamazoo RIVETL, 1994 .......ooooeiiiiieeeeeeee ettt ettt e e e e s 2-23
Sediment area, volume, and mass estimates in reaches of the Kalamazoo River and
POTtage CrEeK.....oiiiiii ettt ettt e et e e et e e s aeeessaaeeesseeensaaeenns 2-26
Former impoundment size and PCB mass eStimates ...........ccoceevuereereenieniieneenenneennnes 2-27
Maximum total PCB concentrations measured in biota in the KRE ........................... 2-32
Approaches to evaluate injury to SUrface Water.........c.cceevierciierieeiieenieeieeeie e 3-2
Reach designations for surface water SAmMples ........cccveevevieeeciieeciieecie e 3-3
Drinking water standards for determining injury to surface water............cceceevueeeunennee. 3-5
Water quality criteria for determining injury to surface water...........cccoeeverveerieennenne. 3-8
Approaches to evaluate injury to SEAIMENt..........ccceveeriierieeiieniieieeee e 4-2
Reach designations for sediment SAMPIES .........ceevveeviiieriiieriie e 4-3
SECs for invertebrate exposure to PCBs in freshwater sediment............cccccceeeeviennn. 4-5
Exceedences of consensus-based MEC and EEC by depth-weighted mean PCB
concentrations in surficial sediment of Portage Creek and the Kalamazoo River......... 4-7
Site-specific sediment thresholds for the protection of mink ..........c.ccccevvveviiiieiiennnnn. 4-9

Exceedences of site-specific TRV for mink by depth-weighted mean PCB
concentrations in surficial sediment of Portage Creek and the Kalamazoo River....... 4-11

Approaches to evaluate injury to human use and consumption of fish.........c..cc.ccc....... 5-2
MDCH fish consumption advisories for the Kalamazoo River, 1979-2004.................. 5-4
MDCH fish consumption advisories for Lake Michigan, south of Frankfort,

LOTT-2004 ...ttt et sttt sttt et b ettt et 5-6
1993 advisory levels recommended by the Great Lakes Fish Consumption Advisory
TASK FOTCE....c.niiiiee ettt ettt sttt e 5-8

FCA trigger levels used by the State of Michigan since 1977........ccccoceniiiinininnnnn. 5-9



Tables

5.6

5.7

5.8

59

6.1
6.2
6.3

6.4
6.5
6.6

6.7

6.8
6.9

6.10

6.11

7.1

7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10

Comparison of MDCH and EPA fish consumption advisories for Lake Michigan

SOUth OF FTankfort, 1997 .....oooeiiiiieeeeeeeeee ettt e e e e e e s e eaaees 5-10
Summary of PCB tissue concentrations and frequency of exceedences of FDA

tolerance levels for fish in the Kalamazoo River between Battle Creek and

MOTTOW DAIM....coniiiiiiiiiictie ettt st et ene e 5-35
Summary of PCB tissue concentrations and frequency of exceedences of FDA

tolerance levels for fish in the Kalamazoo River between Morrow Dam and

Lake Allegan Dam, and in Portage Creek .........cc.ccooveveiieriinicniniicnicnieeicnieeeeeen 5-36
Summary of PCB tissue concentrations and frequency of exceedences of

FDA tolerance levels for fish in the Kalamazoo River downstream of

Lake Allegan Dam ..........ccoviiiiiiiiiiieeieeeiie ettt rte e ste e e e e s e e e aae e s sseeesnnae e 5-38
Overview of adverse effects in fish caused by exposure to PCBs..........ccccccceviineenene 6-3
Approaches to evaluate injury to aquatic biota.........ccceeveeiiieriieriieniieiieeeeee e 6-5
Toxic equivalency factors of PCB congeners, PCDDs, and PCDFs relative to

TCDD 1N fISH @S .veeeiiiieeiie et aee et e e ssrae e saaeeenseeennns 6-8
Effect endpoints based on TCDD concentrations in fish €ggs .......cccccoceveiiiniincnnncnnn. 6-9
TCDD-equivalents of PCBs and PCDDs/PCDFs in fish eggs........ccccocvveiiieviieiiiennnnnn. 6-10
PCB concentrations in livers of adult fish associated with adverse effects in

1abOTAtOTY STUAIES ....eeieiieeiiie ettt et e et e et e e st e e s beeesaeeessseeeenseeensseeenns 6-13

Mean and SD of concentrations of total PCBs in walleye livers collected

in the Lower Fox River and Green Bay, Wisconsin, in 1996 and 1997,

and associated prevalence of foci of cellular alteration and hepatic tumors ............... 6-15
Total PCB concentrations in smallmouth bass livers from D Avenue, Kalamazoo.... 6-15
PCB concentrations in liver and fillet of smallmouth bass from the Kalamazoo

RIVET, 1995 ... ettt sttt et b et st nae et 6-18
Summary of body condition and biochemical results for KRE smallmouth bass and
correlations with tissue PCB cONCeNntrations ............cceeevveeerieeenieeenieeeseeeeseeeesnvee e 6-19

Summary of selected histopathology results of KRE smallmouth bass study, 1995... 6-21

Wildlife species observed in the Kalamazoo River Basin that utilize wetland

habitat, and their protection StAtUS ..........cccueeeeiieriiieeie e e e 7-3
Overview of adverse effects in birds caused by exposure to PCBs........cc.ccccvieneenen. 7-11
Overview of adverse effects in mammals caused by exposure to PCBs...................... 7-12
Approaches to evaluate injury to Wildlife...........ccoooieeiiieiiiiiiiiceece e, 7-14
Total PCB concentrations in breast tissue of mallard ducks, 1988 .........ccccccevveunnneen. 7-16
Sublethal effects of PCB exposure to birds ..........ccceeeeeiiienieiiienieeieeeie e 7-19
Effects of PCB exposure on egg or sperm production.............ceccueerveereenieenieenveennnens 7-21
Effects of PCB exposure on avian offspring sublethal endpoints ...........c.ccccceeveenneenn. 7-22
Effects of adult PCB exposure on egg hatchability, young fledged, or egg fertility... 7-23
Summary of MDEQ ERA dietary-based HQ results for birds .........ccoceveeiiniinennene. 7-29

Page xii



Tables

7.11 Bald eagle egg toxicity levels identified from comparisons of regional

productivities and contaminant CONCENLIAtIONS........ccveecveerreerreerreerriereeerieeereeseneenens 7-31
7.12  Bald eagle productivity in the Kalamazoo River area, 1990-2003.............ccccvveennennns 7-34
7.13  Comparison of bald eagle nesting success in the Kalamazoo River to

OHET LOCALIONS ....c.eiuiiiiiieeieee ettt ettt b et e b 7-35
7.14  Concentrations of total PCB and DDE in bald eagle €ggs .........cccecvevvievienieenieennnn. 7-36
7.15 PCB and DDE concentrations in plasma of nestling bald eagles from the

Kalamazoo River and other locations in Michigan and Wisconsin...........ccccccceeeennee. 7-37
7.16  Egg total PCB concentrations causing adverse effects...........ccevvverviienieenienciiennennen. 7-40
7.17  Avian toxic equivalency factors of PCB, dioxin, and furan congeners relative

10 TICDID ...ttt ettt ettt b et ettt et et b e te e tteteenaeenee it 7-42
7.18  Bird egg TCDD-eq concentrations causing adverse effects ..........ccccvveveeneencnicnens 7-44
7.19  Summary of risks to terrestrial wildlife from the ERA...........cccooiiiiniininiiiiiienes 7-52
7.20  Mink trapping success, 1993-1994 ...t 7-56
7.21  Total PCB concentrations in small mammals and shrews............ccceeiiiniiiiinnnncnn, 7-61
7.22  Total PCB concentrations in muskrat IVeTs ...........ccceeviieiiiniiinieniieeeeece e 7-62
7.23  Total PCB concentrations in whole body muskrat samples collected between

2000 AN 2002.....c.eeeieeiieieete ettt ettt et sb et esae et 7-62
7.24  Site-specific soil PCB threshold concentrations for evaluating injury to

selected WIldIITE SPECIES......cccviiieiiieeiie ettt ettt e e e e e e e taeeeaveeeaaeeenes 7-65
7.25 Summary of Stage I Assessment conclusions regarding toxicological injuries

0 WILALIER ...ttt 7-82
8.1 Remedial options for the Kalamazoo RIVET.........cccccccviiviiiiiciiiicieeceece e 8-2
9.1 Summary of Stage I Injury Assessment CONCIUSIONS..........cceeevieriieiieerieeniieeieeriee e 9-2

Page xiii



	LOF.pdf
	Figures

	LOT.pdf
	Tables


