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Figure 1-10.  Road surface concentrations
for lead, zinc, and cadmium
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Table CK1.  Comparison of tissue threshold concentrations in moss samples (Hylocomium splendens )

Station Zone Sample ID Event Copper
Tissue Threshold 
Concentrationsa Zinc

Tissue Threshold 
Concentrationsa

mg/kg A = 25 - 60 µ g/g A = 150 - 290
dry B = 35 - 90 dry B = 190 - 350

C = 70 - 110 C = 300 - 400
Site

001P-M01 ECO-R 001P-M-01 2001 1530 C
002P-M01 ECO-R 002P-M-01 2001 1970 C
003P-M01 ECO-R 003P-M-01 2001 2060 C
004P-M01 ECO-R 004P-M-01 2001 1420 C
005P-M01 ECO-R 005P-M-01 2001 2090 C
006P-M01 ECO-R 006P-M-01 2001 1970 C
007P-M01 ECO-R 007P-M-01 2001 1280 C
008P-M01 ECO-R 008P-M-01 2001 1330 C
009D-M01 ECO-R 009D-M-01 2001 3440 C
009P-M01 ECO-R 009P-M-01 2001 3210 C
010P-M01 ECO-R 010P-M-01 2001 2490 C
011P-M01 ECO-R 011P-M-01 2001 1110 C
013P-M01 ECO-R 013P-M-01 2001 1450 C
015P-M01 ECO-R 015P-M-01 2001 424 C
016P-M01 ECO-R 016P-M-01 2001 1160 C
017P-M01 ECO-R 017P-M-01 2001 191 B
018D-M01 ECO-R 018D-M-01 2001 261 B
018P-M01 ECO-R 018P-M-01 2001 264 B
019P-M01 ECO-R 019P-M-01 2001 518 C
020P-M01 ECO-R 020P-M-01 2001 901 C
021P-M01 ECO-R 021P-M-01 2001 1250 C
022P-M01 ECO-R 022P-M-01 2001 602 C
023P-M01 ECO-R 023P-M-01 2001 981 C
024P-M01 ECO-R 024P-M-01 2001 1140 C
025P-M01 ECO-R 025P-M-01 2001 862 C
026D-M01 ECO-R 026D-M-01 2001 420 C
026P-M01 ECO-R 026P-M-01 2001 290 B
028P-M01 ECO-R 028P-M-01 2001 922 C
029P-M01 ECO-R 029P-M-01 2001 119
030P-M01 ECO-R 030P-M-01 2001 209 B
030R-M01 ECO-R 030R-M-01 2001 124
031P-M01 ECO-R 031P-M-01 2001 301 C
031R-M01 ECO-R 031R-M-01 2001 348 C
032P-M01 ECO-R 032P-M-01 2001 207 B
032R-M01 ECO-R 032R-M-01 2001 169 A
033P-M01 ECO-R 033P-M-01 2001 117
034D-M01 ECO-R 034D-M-01 2001 93.6
034P-M01 ECO-R 034P-M-01 2001 109
034R-M01 ECO-R 034R-M-01 2001 97.3
035P-M01 ECO-R 035P-M-01 2001 92.5
036P-M01 ECO-R 036P-M-01 2001 559 C
036R-M01 ECO-R 036R-M-01 2001 436 C
037P-M01 ECO-R 037P-M-01 2001 179 A
038P-M01 ECO-R 038P-M-01 2001 116
038R-M01 ECO-R 038R-M-01 2001 153 A
039P-M01 ECO-R 039P-M-01 2001 187 A
040P-M01 ECO-R 040P-M-01 2001 72.3
040R-M01 ECO-R 040R-M-01 2001 71.9
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Table CK1.  (cont.)

Station Zone Sample ID Event Copper
Tissue Threshold 
Concentrationsa Zinc

Tissue Threshold 
Concentrationsa

mg/kg A = 25 - 60 µ g/g A = 150 - 290
dry B = 35 - 90 dry B = 190 - 350

C = 70 - 110 C = 300 - 400
041P-M01 ECO-R 041P-M-01 2001 309 C
042D-M01 ECO-R 042D-M-01 2001 84.2
042P-M01 ECO-R 042P-M-01 2001 83
042R-M01 ECO-R 042R-M-01 2001 82.9
044P-M01 ECO-R 044P-M-01 2001 230 B
044R-M01 ECO-R 044R-M-01 2001 184 A
045P-M01 ECO-R 045P-M-01 2001 74.4
046P-M01 ECO-R 046P-M-01 2001 223 B
048P-M01 ECO-R 048P-M-01 2001 129
048R-M01 ECO-R 048R-M-01 2001 148
050P-M01 ECO-P 050P-M-01 2001 377 C
051A-M01 ECO-P 051A-M-01 2001 358 C
052P-M01 ECO-P 052P-M-01 2001 637 C
053D-M01 ECO-P 053D-M-01 2001 197 B
053P-M01 ECO-P 053P-M-01 2001 193 B
059D-M01 ECO-P 059D-M-01 2001 300 B
059P-M01 ECO-P 059P-M-01 2001 384 C
060P-M01 ECO-P 060P-M-01 2001 340 C
102P-M01 ECO-R 102P-M-01 2001 141
103P-M01 ECO-R 103P-M-01 2001 85.6
116P-M01 ECO-R 116P-M-01 2001 87.8
117P-M01 ECO-R 117P-M-01 2001 101
117R-M01 ECO-R 117R-M-01 2001 119
161P-M01 ECO-P 161P-M-01 2001 128
161R-M01 ECO-P 161R-M-01 2001 156 A
201P-M01 ECO-R 201P-M-01 2001 132
HR01-01A ECO-P HR-01-01-M 2001 4180 C
HR01-02M ECO-P HR-01-02-M 2001 2040 C
HR01-03M ECO-P HR-01-03-M 2001 273 B
HR02-01M ECO-P HR-02-01-M 2001 3140 C
HR02-02M ECO-P HR-02-02-M 2001 949 C
HR02-03M ECO-P HR-02-03-M 2001 59.2
HR03-01M ECO-R HR-03-01-M 2001 1160 C
HR03-02M ECO-R HR-03-02-M 2001 435 C
HR03-03M ECO-R HR-03-03-M 2001 164 A
HR04-01B ECO-R HR-04-01-M 2001 1240 C
HR04-02M ECO-R HR-04-02-M 2001 889 C
HR04-03M ECO-R HR-04-03-M 2001 167 A
HR05-01M ECO-R HR-05-01-M 2001 1360 C
HR05-02M ECO-R HR-05-02-M 2001 460 C
HR05-03M ECO-R HR-05-03-M 2001 118
HR06-01M ECO-M HR-06-01-M 2001 1440 C
HR06-02M ECO-M HR-06-02-M 2001 1200 C
HR06-03M ECO-M HR-06-03-M 2001 1450 C
HR06-04M ECO-M HR-06-04-M 2001 433 C
HS1N0003 ECO-R HS-1N-0003-M 2000 1570 C
HS1N0050 ECO-R HS-1N-0050-M 2000 1020 C
HS1N0100 ECO-R HS-1N-0100-M 2000 554 C
HS1N0250 ECO-R HS-1N-0250-M 2000 281 B
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Table CK1.  (cont.)

Station Zone Sample ID Event Copper
Tissue Threshold 
Concentrationsa Zinc

Tissue Threshold 
Concentrationsa

mg/kg A = 25 - 60 µ g/g A = 150 - 290
dry B = 35 - 90 dry B = 190 - 350

C = 70 - 110 C = 300 - 400
HS1N1000 ECO-R HS-1N-1000-M 2000 153
HS1S0003 ECO-R HS-1S-0003-M 2000 1500 C
HS1S0050 ECO-R HS-1S-0050-M 2000 352 C
HS1S0100 ECO-R HS-1S-0100-M 2000 207 B
HS1S0250 ECO-R HS-1S-0250-M 2000 148
HS1S1000 ECO-R HS-1S-1000-M 2000 111
HS1S1600 ECO-R HS-1S-1600-M 2000 96.1
HS2N0003 ECO-R HS-2N-0003-M 2000 2750 C
HS2N0050 ECO-R HS-2N-0050-M 2000 1880 C
HS2N0100 ECO-R HS-2N-0100-M 2000 1040 C
HS2N0250 ECO-R HS-2N-0250-M 2000 516 C
HS2N1000 ECO-R HS-2N-1000-M 2000 237 B
HS2S0003 ECO-R HS-2S-0003-M 2000 1200 C
HS2S0050 ECO-R HS-2S-0050-M 2000 321 C
HS2S0100 ECO-R HS-2S-0100-M 2000 255 B
HS2S0250 ECO-R HS-2S-0250-M 2000 138
HS2S1000 ECO-R HS-2S-1000-M 2000 118
HS3N0003 ECO-R HS-3N-0003-M 2000 1180 C
HS3N0050 ECO-R HS-3N-0050-M 2000 856 C
HS3N0100 ECO-R HS-3N-0100-M 2000 695 C
HS3N0250 ECO-R HS-3N-0250-M 2000 259 B
HS3N1000 ECO-R HS-3N-1000-M 2000 158 A
HS3N1600 ECO-R HS-3N-1600-M 2000 169 A
HS3S0003 ECO-R HS-3S-0003-M 2000 2860 C
HS3S0050 ECO-R HS-3S-0050-M 2000 751 C
HS3S0100 ECO-R HS-3S-0100-M 2000 453 C
HS3S0250 ECO-R HS-3S-0250-M 2000 222 B
HS3S1000 ECO-R HS-3S-1000-M 2000 112

MI-02M ECO-M MI-02-M 2001 589 C
MI-104 ECO-R MS0024 2003 74.5
MI-107 ECO-R MS0020 2003 137
MI-108 ECO-R MS0023 2003 386 C

MI-25-M ECO-R MI-25-M 2002 440 C
MI-26-M ECO-R MI-26-M 2002 166 A
MI-42-M ECO-M MI-42-M 2002 611 C
MI-45-M ECO-M MI-45-M 2002 748 C
PO-01M ECO-P PO-01-M 2001 1370 J C
PO-02M ECO-P PO-02-M 2001 2540 J C
PO-04M ECO-P PO-04-M 2001 2090 J C
PO-05M ECO-P PO-05-M 2001 6480 J C
PO-06M ECO-P PO-06-M 2001 3950 J C
PO-07M ECO-P PO-07-M 2001 1580 J C
PO-09M ECO-P PO-09-M 2001 1560 J C
PO-10M ECO-P PO-10-M 2001 1930 J C
PO-11M ECO-P PO-11-M 2001 1260 J C
PO-13M ECO-P PO-13-M 2001 1580 J C
PO-15M ECO-P PO-15-M 2001 1500 J C
PO-16M ECO-P PO-16-M 2001 1520 J C
PO-17M ECO-P PO-17-M 2001 1550 J C
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Table CK1.  (cont.)

Station Zone Sample ID Event Copper
Tissue Threshold 
Concentrationsa Zinc

Tissue Threshold 
Concentrationsa

mg/kg A = 25 - 60 µ g/g A = 150 - 290
dry B = 35 - 90 dry B = 190 - 350

C = 70 - 110 C = 300 - 400
PO-18M ECO-P PO-18-M 2001 1480 J C

TT1-0100 ECO-P MS0005 2003 24.2 8120 C
TT1-1000 ECO-P MS0008 2003 4.56 869 C
TT2-0010 ECO-P MS0004 2003 21.6 2910 C
TT2-0100 ECO-P MS0003 2003 13.1 1340 C
TT2-1000 ECO-P MS0006 2003 3.85 251 B
TT3-0010 ECO-R MS0002 2003 16.8 1110 C
TT3-0100 ECO-R MS0001 2003 9.73 595 C
TT3-1000 ECO-R MS0015 2003 3.49 135

Reference
TS-REF-7 ECOREF MS0011 2003 3.73 47.9
TS-REF-8 ECOREF MS0010 2003 4.35 64
TS-REF10 ECOREF MS0009 2003 3.29 55

Note:

  A  - exceeds minimum threshold for first signs of reduction in cover
  B  - exceeds minimum threshold for obvious reductions in cover
  C  - exceeds minimum apparent survival thresholds (some dead individuals observed)

Both site and literature reference samples were unwashed.
J  -   estimated value

Data Sources: Exponent (2002a)
Ford and Hasselbach (2001)
Exponent (2003c) and Appendix A of this document
Further detail is provided in Appendix Table C-21

a Tissue threshold concentration ranges defined as follows based on effects thresholds reported for multiple species in Folkeson and 
Andersson-Bringmark (1988).
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Table CK2.  Comparison of tissue threshold concentrations in lichen samples

Station Sample ID Event Taxon Zinc
Tissue Threshold 
Concentrationsa

µ g/g A = 480 - 1,300
dry B = 550 - 1,800

C = 600 - 2,200
Site

HR01-02L HR-01-02-L 2001 Peltigera 1610 C
HR02-02L HR-02-02-L 2001 Peltigera 545 J A
HR02-03L HR-02-03-L 2001 Peltigera 82.2 J  
HR03-03L HR-03-03-L 2001 Peltigera 115 J  
HR05-03L HR-05-03-L 2001 Peltigera 85.2 J  
HR07-01B HR-07-01-L 2001 Peltigera 1720 J C
HR07-02L HR-07-02-L 2001 Peltigera 1040 J C
HR07-03L HR-07-03-L 2001 Peltigera 185 J  
HR07-04L HR-07-04-L 2001 Peltigera 121 J  
PO-04L PO-04-L 2001 Peltigera 1010 J C
PO-11L PO-11-L 2001 Peltigera 1020 J C
PO-17L PO-17-L 2001 Peltigera 1050 J C

TT2-0010 LI0018 2004 Peltigera 780 C
TT2-0100 LI0008 2004 Peltigera 292  
TT2-1000 LI0007 2004 Peltigera 137  
TT3-0010 LI0010 2004 Peltigera 209  
TT3-0100 LI0037 2004 Peltigera 119 J  
TT3-1000 LI0016 2004 Cladina 81.9  
TT3-1000 LI0017 2004 Peltigera 94.4  
TT5-0010 LI0038 2004 Peltigera 594 B
TT5-0100 LI0006 2004 Peltigera 572 B
TT5-1000 LI0002 2004 Peltigera 531 A
TT5-2000 LI0019 2004 Cladina 278  
TT6-0010 LI0034-D 2004 Peltigera 351 J  
TT6-0010 LI0036 2004 Cladina 317 J  
TT6-0100 LI0022 2004 Cladina 420 J  
TT6-0100 LI0023 2004 Peltigera 392 J  
TT6-1000 LI0020 2004 Peltigera 335 J  
TT6-1000 LI0021 2004 Cladina 386 J  
TT6-2000 LI0026 2004 Peltigera 163 J  
TT6-2000 LI0027 2004 Cladina 141 J  
TT7-0010 LI0025 2004 Cladina 2740 J C
TT7-1000 LI0024 2004 Cladina 996 J C
TT7-2000 LI0039 2004 Cladina 1260 C
TT8-0010 LI0015 2004 Peltigera 627 C
TT8-0100 LI0014 2004 Peltigera 397  
TT8-1000 LI0011 2004 Cladina 70  
TT8-1000 LI0012-D 2004 Peltigera 149  

Reference  
TS-REF-5 LI0028 2004 Cladina 45.2  
TS-REF-5 LI0029 2004 Peltigera 48.5  
TS-REF-7 LI0030 2004 Cladina 26.9  
TS-REF-7 LI0031 2004 Peltigera 39.2  
TS-REF11 LI0032 2004 Cladina 19.4 J  
TS-REF11 LI0033 2004 Peltigera 29.7 J  

Notes on following page
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Table CK2.  (cont.)

Note:

  A  - exceeds minimum threshold for first signs of reduction in cover
  B  - exceeds minimum threshold for obvious reductions in cover
  C  - exceeds minimum apparent survival thresholds (some dead individuals observed)

Both site and literature reference samples were unwashed.
J  -   estimated value

Data Sources: Exponent (2004a) and Appendix E of this document.
Data are presented in Appendix Table G-19.

a Tissue threshold concentration ranges defined as follows based on effects thresholds reported for 
multiple species in Folkeson and Andersson-Bringmark (1988).
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Table JS5b.  Locations and receptors for which only LOAEL hazard quotients exceed 1.0 
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DMTS Road and Port Operations
Site Stations

Whole Site Caribou Caribou
Port Site Caribou, fox Ptarmigan
Near Mine Caribou Ptarmigan, caribou Ptarmigan
Road Site Caribou Fox, owl

Reference Stations
Reference Site Caribou

Lagoon Environment
Site Stations

Control Lagoon
North Lagoon
Port Lagoon North

Reference Stations
Reference Lagoon

Tundra Pond Environment
Site Stations

TP1-0100
TP1-1000
TP3
TP4 Muskrat

Reference Stations
TP-REF-2
TP-REF-3 Muskrat
TP-REF-5 Muskrat

Stream Environment
Site Stations

ARC-R Muskrat
OR-R Muskrat
AC-R

Reference Stations
ST-REF-3 Muskrat
ST-REF-5 Muskrat
ST-REF-6 Muskrat
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Table JS5b.  (cont.)
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Terrestrial Environment
Site Stations

TT2-0010 Vole, shrew Vole, shrew
TT2-0100 Vole, shrew
TT2-1000
TT3-0010 Vole, shrew Vole, shrew
TT3-0100 Vole, shrew Vole, shrew
TT3-1000
TT5-0010 Vole, shrew Vole, shrew
TT5-0100 Vole, shrew Vole, shrew
TT5-1000
TT5-2000
TT6-0010 Vole, shrew Vole, shrew
TT6-0100 Vole, shrew Vole, shrew
TT6-1000 Vole Shrew
TT6-2000
TT7-0010 Vole Vole
TT7-1000 Vole Vole
TT7-2000 Vole
TT8-0010 Vole Vole
TT8-0100 Vole Vole
TT8-1000

Reference Stations
TS-REF-5 Site Vole, shrew
TS-REF-7 Site
TS-REF-11 Site

Source:  Appendix K tables of this report.

Note: -0010, -0100, -1000 -   approximate distance of station from DMTS Road or facilities in meters REF -   reference stations
AC-R -   Aufeis Creek station, just downstream of the DMTS road crossing ST -   stream station
ARC-R -   Anxiety Ridge Creek station, just downstream of the DMTS road crossing TP -   tundra pond station
DMTS -    DeLong Mountain Regional Transportation System TS -   tundra soil station
LOAEL -    lowest-observed-adverse-effect level TT -   terrestrial transect station
OR-R -   Omikviorok River station, just downstream of the DMTS road crossing
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Table JS7.  Summary of potential ecological effects

Terrestrial Habitats
Receptor Near Port Near Minea DMTS Road
Caribou -- -- --
Moose -- -- --
Lapland longspur -- -- --
Snowy owl -- -- --
Arctic fox -- -- --
Ptarmigan yesb yesb --
Tundra vole -- -- --
Tundra shrew -- -- --
Vegetation yesc yesa,d yesc

Freshwater Habitats

Receptor
Benthic macroinvertebrates -- -- -- e

Fish -- -- --  --f

Green-winged teal -- -- -- --
Muskrat -- -- -- --
Moose -- -- -- --
Common snipe -- -- -- --
Vegetation e e e  --g

Coastal Lagoon Habitats
Receptor
Benthic macroinvertebrates
Fish
Brant
Muskrat
Moose
Black-bellied plover
Vegetation

Note:

--   Indicates very low or no likelihood of adverse effects
a The areas evaluated near the mine were outside the mine boundary.  The area within the mine boundary was 
beyond the scope of this assessment.
b Potential for adverse effects from lead.
c Vegetation survey parameters were statistically compared to reference area data (Tables 6-3 and JS-1). 
No individual metals were isolated as primary causative factors, multiple causative factors likely.
d The hillslope community vegetation did not show significant difference from the reference site (Tables 6-3 
and JS-1).  However, just outside the mine's ambient air/solid waste permit boundary, some shrubs appeared
to be in poor condition.
e Not evaluated
f No fish present in tundra ponds.
g Exception: Effects possible from lead and zinc in ephemeral tundra ponds located within 100 m of port 
facilities, based on exceedances of literature-derived effects thresholds.  However, tundra pond vegetation    
appeared healthy during field sampling.
h Lagoons located within the port site boundary.
i No fish were present in port site lagoons, as they have no open water connections to the Chukchi Sea.
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Potential for Effects

Potential for Effects
Lagoonsh

--

Aufeis Creek Omikiviorok Creek
Anxiety Ridge 

Creek

Potential for Effects

Tundra Ponds
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Table CS1. Comparison of juvenile Dolly Varden tissue concentrations with effects thresholds

Date
Sourcea Collected N Min. Max. Min. Max. Min. Max. Min. Max.

Anxiety Ridge Creek (all) ADFG 1993–2002 61 0.017 0.308 0.001 0.612 0.010 2.01 11.48 36.12

ARC at Haul Road ADFG 1993–2000 31 0.022 0.090 0.041 0.612 0.529 1.37 -- --
ARC Upstream ADFG 2002 15 0.017 0.224 0.001 0.101 0.010 2.01 11.48 36.12
ARC Downstream ADFG 2002 15 0.039 0.308 0.031 0.138 0.895 2.01 21.97 32.56

Literature valuesb for tissue residue and effect (ppm)
No effects (range)c

No effects (range)d

Effects (range)c

Effects (range)d

Note: Concentrations are reported in ppm wet wt (converted from dry wt).
Based on studies with ecologically relevant endpoints (survival, growth, or reproduction).
If multiple effects thresholds were provided in a single study, the highest no effects threshold value was used. 
If multiple effects thresholds were provided in a single study, the lowest effects threshold value was used. 
ADFG -   Alaska Department of Fish and Game
ARC -   Anxiety Ridge Creek
-- -   Not available

a Ott, A.G., and W.A. Morris.  2004.  Juvenile Dolly Varden whole body metals analyses, Red Dog Mine (2002).  Technical Report No. 04-01.   
Alaska Department of Natural Resources, Office of Habitat Management and Permitting.
b Jarvinen, A.W., and G.T. Ankley.  1999.  Linkage of effects to tissue residues:  Development of a comprehensive database for aquatic 
organisms exposed to inorganic and organic chemicals.  SETAC Technical Publication Series.  Society of Environmental Toxicology and
Chemistry, Pensacola, FL.
c Ranges of whole body tissue concentrations for all freshwater fish species (Atlantic salmon, bluegill, brook trout, Chinook salmon, dace,
c fathead minnow, flagfish, guppy, largemouth bass, perch, rainbow trout, stickleback) exposed to chemicals in water or their diet
c for at least 30 days.
d Ranges of whole body tissue concentrations for only freshwater salmonids (Altantic salmon, brook trout, Chinook salmon, rainbow trout) 
d exposed to chemicals in water or their diet for at least 30 days.

40–60

Total Total

4.5–480

Lead Zinc

4.5–60

Cadmium Selenium
TotalTotal

0.12–8.0 0.4–4.0 0.66–4.6

0.34–5.1 0.12–190.036–5.0
0.04–2 0.34–5.1 0.2–0.8

--0.66–2.080.4–4.00.12–4.0
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