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Introduction 

The Red Dog Mine is located in northwestern Alaska, about 130 km north of Kotzebue 

and 75 km inland from the coast of the Chukchi Sea (Figure 1). Lead and zinc 

concentrate is trucked from the mine site 82 km to the coast. The haul road is referred to 

as the Delong Mountain Transportation System (DMTS) and it provides the main 

logistical support for the movement of concentrate, equipment, supplies, and fuel 

between the Port Site and the mine. 

Elevated concentrations of cadmium (Cd), lead (Pb), and zinc (Zn) in mosses 

(Hylocomium splendens) proximate to the DMTS near the port site were reported by the 

National Park Service (Ford and Hasselbach, 2001). In response to the findings by the 

National Park Service, Teck Cominco Alaska Inc. (TCAK) initiated several projects to 

mitigate potential sources of metals to the environment and to gather information on 

metals concentrations proximate to the DMTS (Appendix 1). TCAK also began several 

field studies along the DMTS that included water quality sampling and collection of 

juvenile Dolly Varden (Salvelinus malma) for whole body analyses for Cd, Pb, Se, and 

Zn. 

Our rational for selecting juvenile Dolly Varden to determine if differences existed 

upstream and downstream of the DMTS was based on the following: (1) previous work 

by Weber Scannell et al. (2000) documented differences in metals concentrations in 

juvenile Dolly Varden among sample sites in the Red Dog area; (2) metals concentrations 

in juvenile Dolly Varden were related to major differences in water quality; (3) juvenile 

Dolly Varden are the most common fish species present in all the waterbodies; (4) 

juvenile Dolly Varden feed mainly on benthic invertebrates and thus should reflect 

changes that might occur in metals loading; and (5) changes in metals concentrations 

between years or over time should reflect yearly actual changes since each spring most 

juvenile Dolly Varden smolt and leave freshwater and thus the sample collected reflects 

fish that moved into and used the sample site during that sample year. 



figure 1. Facilities and waterbodies near the Red Dog Mine in northwest Alaska. 



Methods 

To capture juvenile Dolly Varden, we fished ten minnow traps baited with salmon roe 

treated with 1% betadine solution for about 24 hours in each sample reach. In 2002, we 

set minnow traps in Mainstem Red Dog, North Fork Red Dog, Buddy, Anxiety Ridge, 

and Aufeis creeks, and in the Omikviorok River (Table 1, Figures 2 and 3). 

Table 1. Juvenile Dolly Varden sample sites along the Delong Mountain Transportation 
System and near the Red Dog Mine (2002). 

Stream Name Location Distance from Road 

South Fork Aufeis Creek 
North Fork Aufeis Creek 
Aufeis Creek 
South Fork Omikviorok River 
North Fork Omikviorok River 
Omikviorok River 
Anxiety Ridge Creek 
Anxiety Ridge Creek 
Buddy Creek 

Upstream of Road 
Upstream of Road 
Downstream of Road 
Upstream of Road 
Upstream of Road 
Downstream of Road 
Upstream of Road 
Downstream of Road 
Downstream of Road 

Mainstem Red Dog Creek Downstream of Confluence N/ A 
with North Fork Red Dog 
Creek 

North Fork Red Dog Creek Upstream (6 km) from N/ A 
Confluence with Mainstem 
Red Dog Creek 

In 2002, we collected 15 juvenile Dolly Varden between 90 and 142 mm fork length from 

each site listed in Table 1. We followed protocol for clean techniques by wearing new 

latex gloves at each site for handling fish. Fish were measured to fork length, then 

double-bagged by placing each fish in a prelabeled, new Zip-Lock bag, then combining 

all fish from a given site into a larger, new Zip-Lock bag. Sample bags were placed in a 



clean (acid-washed) cooler and transported back to the mine site where they were frozen 

until transported to Fairbanks. Before shipment of the samples to an analytical 

laboratory, individual fish were weighed. A tare weight for the Zip-Lock bags was 

determined and fish were weighed in the bag to minimize contamination. Whole fish 

were analyzed for Cd, Pb, selenium (Se) and Zn on a dry weight basis with percent 

moisture reported for each fish. 

Our field procedures and methods followed our quality assurance and quality control 

(QAIQC) program (ADF&G 1998). QAIQC also were conducted by the laboratory on all 

samples. QNQC procedures included field blanks (of reagent water), laboratory blanks, 

spike recoveries, and recovery of standard reference materials. 

Our results and discussion focus on juvenile Dolly Varden collected in summer 2002. 

The number of stream reaches sampled (1 1) and number of fish (1 5) per sample reach in 

2002 represent, to date, our most complete data set for juvenile Dolly Varden whole body 

metals analyses. Results are presented to compare whole body metals concentrations 

upstream and downstream from the DMTS, to compare changes in metals concentrations 

over time at sites with multiple years of sampling, to show the relative relationship 

among the various sample sites, and to evaluate the correlation between water quality and 

metals concentrations in juvenile Dolly Varden. 

Statistical comparison of metals concentrations among more than two sites, creeks, or 

years was conducted using the non-parametric Kruskal-Wallis analysis of variance 

(AOV) (see Appendix 3 for specific results). The procedure is more robust to departures 

fiom normality than parametric tests and is more conservative than parametric tests. The 

corresponding parametric result however, is, presented for each Kruskal-Wallis AOV 

conducted. This procedure relies on ranking all data and comparing the between group 

ranked distributions. For all significant Kruskal-Wallis results, painvise comparisons 

using alpha = 0.05 are presented. Two reporting formats of the painvise comparisons are 

presented for most analyses, the Homogenous Group and the Triangle Matrix. The 

Triangle Matrix provides more detailed information and is presented in instances with 

multiple significant results. Entries in the Triangle Matrix with an asterisk indicate a 

significant difference between the pairs. Wilcoxon Rank Sum tests were used in 



comparisons of two groups (i.e., upstream vs downstream, Creek A vs Creek B). The test 

is used in place of the Two-Sample T Test as it is more robust to departures from 

normality and nearly as powehl.  This test compares the distribution of the ranks of two 

independent data sets and is the general basis for the Kruskal-Wallis AOV (Analytical 

Software, 2003). Analyses were conducted using Statistix 8.0 (Analytical Software, 

2003). 

Method detection limits for Cd, Pb, Se, and Zn were as follows: Cd 0.05; Pb 0.02; Se 1 .O; 

and Zn 0.5 (all in mglkg dry weight). Data on Cd, Pb, Se, and Zn are presented in 

Appendix 4. 



Figure 2. Juvenile Dolly Varden sample sitm in the vicinity dRd Dog Mine and along 
the northern sdm of DMTS. 



Figure 3. Juvenile Dolly Varden sample sites along the southern section of the D W S .  



Results and Discussion 

Whole body metals analyses (Cd, Pb, Se, and Zn) of 165 juvenile Dolly Varden collected 

from 11 sites in fall 2002 were completed (Appendix 4, metals concentrations and 

method detection limits). Aufeis, Anxiety Ridge, and Buddy creeks and Ornikviorok 

River (i.e., nine sites) are crossed by the DMTS and will be used to investigate potential 

changes in metals concentrations that may be related to hgitive dust, erosion of materials 

from the road, or from parent sources in the drainage. Mainstem Red Dog Creek, 

although not crossed by the DMTS, also was sampled in 2002. 

Movement of metals to receiving waters along the DMTS could be direct by dust entering 

the waterbody, indirect via transport by water (i.e., erosion of road materials due to 

runoff), or from natural sources in the drainage. Potential sources of metals entering 

Mainstem Red Dog Creek include the effluent from the water treatment plant, hgitive 

dust, and parent sources in the drainage. No mine related facilities directly affect North 

Fork Red Dog Creek, thus potential sources of metals include fbgitive dust and parent 

materials in the drainage. 

Results on Cd, Pb, Se, and Zn concentrations will be presented for each site. Within each 

analyte, data will be reviewed for the sites along the DMTS. These data will then be 

compared with Buddy, Mainstem Red Dog, and North Fork Red Dog creeks. Thirdly, we 

will look at trends over time for those sites where multiple years of data exist. Finally, 

we will compare fish from streams in the Red Dog Mine area with other streams in 

Alaska. 

Lengths ofjuvenile Dolly Varden in the sample set from summer 2002 are shown in 

Figure 4. Ages of the juvenile fish, based on length, probably range from 1 to 3 with 

most being age 2. Significant differences in fish length among the streams sampled in 

2002 were observed (KW = 14.09, p = 0.015) (see Appendix 3 for specific results). Fish 

from North Fork Red Dog Creek were larger than fish from Anxiety Ridge and Mainstem 

Red Dog creeks. Analysis of fish length among all sample sites indicated that lengths for 

all groups were similar (KW = 18.945, p = 0.041). Dolly Varden retained for whole body 

analyses were selected at random from the sample with the provision that fish were 



between 90 and 145 nlm fork length. Previous work has shown that there is no 

correlation between length (90 to 145 mm) and concentrations of the analytes (Morris 

and Ott 2001). 

Figure 4. Length (maximum, median, and minimum) of juvenile Dolly Varden collected in 
South and North Fork Aufeis, South and North Fork Omikviorok and Omikviorok 
River, and Anxiety Ridge, Buddy, Mainstem Red Dog, and North Fork Red Dog 
creeks in 2002. 

Juven~le Dolly Vardeil 2002 (11 = 1 Slstream reach) 

Cadmium Haul Road 2002 

With respect to the DMTS sample streams, Cd concentrations in juvenile Dolly Varden 

were highest in Anxiety Ridge Creek (KW = 84.8723, p <0.0001)(Figure 5 ) .  Dolly 

Varden in the downstream Anxiety Ridge site had significantly higher Cd concentrations, 

than the upstream Anxiety Ridge Creek sample reach (W = 3.007, p = 0.0026). Rill 

erosion exists along the road prism in the Anxiety Ridge Creek area, particularly south of 

the bridge, with direct input of sediments fro111 the road occurring during rainfall events. 
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Fish from North Fork Aufcis Creek had higher Cd concentrations than fish from South 

Fork Aufeis Creek (W = 2.951, p = 0.0032). 

Figure 5. Whole body cadmium concentrations (maximum, median, and minimum) in 
juvenile Dolly Varden collected from creeks along the DMTS in 2002. 

Whole Body, Cadlnluli? (11 = lSIstream), 2002 

Cadmium concentrations from fish collected from the Omikviorok River were similar 

downstream of the road relative to the North Fork Omikviorok River upstream of the 

road (W = 0.884, p = 0.3766); however, concentrations of Cd from fish below the road 

were higher than those found in fish above the road in the South Fork Omikvlorok River 

(W = 2.268, p = 0.0233). Cad~nluni concentrations from fish captured at the North Fork 

Omikviorok River were significantly higher than concentrations found in fish from the 

South Fork Omikviorok River (W = 3.3 19, p = 0.0009). 
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Pairwise comparisons of Dolly Varden sampled from all creeks along the road suggest 

that five sub-sets of creeks exist with similar cadmium concentrations. However, fish 

from Anxiety Ridge Creek, both upstream and downstream of the road, and Aufeis Creek 

downstream of the road, had the highest cadinium concentrations and were grouped 

together (Appendix 3). Fish collected downstream of the road ill Anxiety Ridge Creek 

had the highest Cd concentrations in their tissues of all fish examined. 
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Cadmium Haul Road and Mine Site 2002 

When all 2002 sample sites are considered, including Mainstem Red Dog, North Fork 

Red Dog, and Buddy creeks, the concentration of Cd in juvenile Dolly Varden was 

significantly higher in Mainstem Red Dog Creek (KW = 125.4750, p < 0.0001) (Figure 

6). Painvise comparisons of mean ranks indicate that juvenile Dolly Varden froni Aufeis 

Creek and the Omikviorok River have similar Cd conceiitrations, but are considerably 

lower than fish from all the other streams sampled (Appendix 3). 

Figur 
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4 

.e 6. Whole body cadmium concentrations (maximum, median, and minimum) in 
juvenile Dolly Varden collected from creeks along the DMTS and near the Red Dog 
Mine in 2002. 

Anxiety Ridge Creek Cd concentrations were higher than thosc observed in fish from 

Aufeis Creek and the Omikviorok River but similar to concentrations found in fish from 

Buddy and North Fork Red Dog creeks (Appendix 3). Cd concentrations in juvenile 

Dolly Varden from Anxiety Ridge Creek were lower than concentrations found in fish 

from Mainstem Red Dog Creek. Potential sources of Cd to Buddy Creek lnclude rill 

erosion from the road, natural background levels, and fugitive dust. 

4 b  
4 3 5  a 3 
$ 2 5  
2 2 
a - " ': -9 
$= 0 5  

0 

SF NF Aufe~s SF NF Omlk Arm Up Anx Buddy MS NF Red 
Aufels Aufels Down Omik O m ~ k  Down D o m  Red Dog 

Dog 

T 
- 

1 T 
& 

A * i & T i 



Sample sites with the highest concentrattons were close to the Red Dog mine. Sources of 

Cd to Mainstem Red Dog Creek include natural background levels, the wastewater 

treatment plant effluent, and fugitive dust. It was noted by Weber Scannell et al. (2000), 

that the major source of Cd in Mainstem Red Dog Creek was water in the clean-water 

bypass channel, and not the effluent from the water treatment plant. 

Cadmium Multi- Year Data Sets 

We next compared Cd coi~centrations in juvenile Dolly Varden collected in Anxiety 

Ridge, Mainstem Red Dog, and North Fork Red Dog creeks over several years. Our 

objective was to determine if Cd concentrations were changing with time. Generally, 

wliole body Cd coilcentrations do not appear to be increasing with time for the juvenile 

Dolly Varden in these creeks (Figures 7, 8, and 9). 

Figure 7. Whole body cadmium concentrations (maximum, median, and minimum) in 
juvenile Dolly Varden collected in Anxiety Ridge Creek from 1993 to 2002. 
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Figure 8. Whole body cadmium concentrations (maximum, median, and minimum) in 
juvenile Dolly Varden collected in Mainstem Red Dog Creek from 1998 to 2002. 
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Figure 9. Whole body cadmium concentrations (maximum, median, and minimum) in 
juvenile Dolly Varden collected in North Fork Red Dog Creek from 1993 to 2002. 
(Note, different y-axis scales used in Figures 7,8 ,  and 9). 
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Significant differences in Cd concentratio~ls from fish sampled from Ma~nstem Red Dog 

Creek from 1998 through 2002 were not observed (KW = 5.43 19, p = 0.2458). However, 

juvenile Dolly Varden from North Fork Red Dog Creek, sampled in 1993, 1999, 2000, 

2001, and 2002 did exh~bit s~gnificant differences among some years (KW = 1 1.3804, p = 

0.0226). However, Dolly Varden collected in 2001 in North Fork Red Dog Creek had the 

highest Cd concentrations in their bodies whereas Dolly Varden sampled in 2002 had the 

lowest; 110 annual trend 1s apparent (Appendix 3). Juvenile Dolly Varden sampled from 

Anxiety Ridge Creek show no annual trend in Cd concentration (KW = 15.3994, p = 

0.0039) (Appendix 3). 

Cadmium Comparisons witlz Otlzer Sample Sites 

Cadmiuin concentrations in juvenilc Dolly Varden i n  selected streams near the Red Dog 

Mine were compared wlth fish collected at other sample sites located in Alaska. Sites 

selected for comparative analyses were streams located In areas with active or proposed 

hard-rock mines. Juvenile Dolly Vardeli obtained in 2001 (combination of anadromous 

and resident fish) from Greens Creek (S~tes  6 and 54) (Weber Scannell and Paustian 

2002), chinook salmon juveniles collected in 1999 from the Goodpaster River (Morsel1 

2000), juvenile coho salmon collected in 1995 from Illino~s Creek (Winters 1996), and 

Arctic grayling collected in 1993 (juvenile and adult fish) from upper Fish Creek were 

selected (Ott and Weber Scannell 1996). Cadmium concentrations were higher in 

Mainstem Red Dog, Grayl~ng Junior, and Greens creeks (Figure 10). Although 

~nineralized deposits often produce different elements in various amounts into the areas' 

surface and subsurface ground waters, mine sites are the primary locations where we 

have data on juvenile fish tissues (whole body) and offer the best for comparison. 



Figure 10. Whole body cadmium concentrations (maximum, median, and minimum) in fish 
collected from various creeks in Alaska (Aufeis, Omikviorok, Anxiety, Buddy, 
Mainstem Red Dog, and North Fork Red Dog 2002, Grayling Junior 2001, Ferric 
1999, Greens 2001, Fish 1993, Goodpaster 1999, and Illinois 1995). 
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With respect to the DMTS sample streams, Pb concentrations in juvenile Dolly Varden 

were highest in Anxiety Ridge Creek (both upstream and downstream of road) and in 
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Pb found in fish below the road or that South Fork Aufeis Creek and Aufeis Creek have 

similar geologic conditions. 

Figure 11 .  Whole body lead concentrations (maximum, median, and minimum) in juvenile 
Dolly Varden collected from creeks along the DMTS in 2002. 

Whole Body, 1,ead (11 = 15), 2002 
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Juvenile Dolly Varden in the Omikviorok River downstream of the DMTS road had 

significantly lower Pb concentrations than fish captured in North Fork (W = 3.064, p = 
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(Appendix 3). When Mainsten1 Red Dog Creek is not considered, the Pb concentrations 

are higher in Anxiety (dowl~streain), North Fork Red Dog, and Buddy creeks (Figure 12). 

Figure 12. Whole body lead concentrations (maximum, median, and minimum) in juvenile 
Dolly Varden collected from creeks along the DMTS and near the Red Dog Mine in 
2002. 
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Figure 13. Whole body lead concentrations (maximum, median, and minimum) in juvenile 
Dolly Varden collected from creeks along the DMTS and near the Red Dog Mine in 
2002, including Mainstem Red Dog Creek. (Note, different y-axis scales used in 
Figures 12 and 13). 
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Lead Multi- Year Data Sets 

Whole body Pb concentrations in juvenile Dolly Varden collected in Anxiety R~dge,  

Mainste~n Red Dog, and Nortli Fork Red Dog creeks do not appear to be following any 

definitive trends (Figures 14, 15, and 16). Lead concentrations in juvenile Dolly Varden 

collected in Anxiety Ridge Creek have been similar or decreased among the years of 

sampl~ng (KW = 45.5162, p < 0.0001). Lead concentrations in Mainsteni Red Dog Creek 

have been s1niilar in all years (KW = 4.5207, p = 0.3401). Juve~iile Dolly Varden 

sampled from Nortli Fork Red Dog Creek gei~erally have been similar; however, Pb 

concentrations in 2001 were significantly higher than those observed in 1993 and 2002 

(KW = 14.5749, p = 0.0057) (Appendix 3). 

Figure 14. Whole body lead concentrations (maximum, median, and minimum) in juvenile 
Dolly Varden collected in Anxiety Ridge Creek from 1993 to 2002. 
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Figure 15. Whole body lead concentrations (maximum, median, and minimum) in juvenile 
Dolly Varden collected in Mainstem Red Dog Creek from 1998 to 2002. 
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Figure 16. Whole body lead concentrations (maximum, median, and minimum) in juvenile 
Dolly Varden collected in North Fork Red Dog Creek from 1993 to 2002. (Note, 
different y-axis used in Figures 15 and 16). 
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Crcck. Higher Pb concentrations in individual fish may reflect longer time spent in 

Mainstem Red Dog Creek before entering North Fork Rcd Dog Creek. 

Lead Conzpurisotzs with Otlzer Sample Sites 

Lead concentrat~ons In juven~le Dolly Varden from streams in the Red Dog Mine area 

were compared with fish from other streams in Alaska. Sites selected included Greens 

Creek in southeast Alaska, and the Goodpaster River, and Illinois and Fish creeks In the 

Interior. Lead concentrations were substantially higher in juven~le Dolly Varden 

collected 111 Mainstem Red Dog Crcck (Figure 17). At all of the other sites, median Pb 

concenti-at~ons were less than 1 iiig1Kg dry weight Concentratioiis of Pb werc sl~ghtly 

higher in Greens, Grayllng Junlor, and North Fork Red Dog crcek fisli. Although 

Mainstem Red Dog Creek fish indicate tlie creek contains higher Pb concentrations than 

other systems, it IS  still used throughout the ~ce-free season by juvenile Dolly Varden. In 

years with h ~ g h  spawning succcss by Arctic grayling, large numbers of age-0 Arctic 

grayling rear in shallo~v backwater areas of Mainstem Red Dog Creek. Juvenile fish 

tissue (whole body) from mine sites is the best data ava~lable to make comparisons. 

Figure 17. Whole body lead concentrations (maximum, median, and minimum) in fish 
collected from various creeks in Alaska (Aufeis, Omikviorok, Anxiety, Buddy, 
Mainstem Red Dog, and North Fork Red Dog 2002, Grayling Junior 2001, Ferric 
1999, Greens 2001, Fish 1993, Goodpaster 1999, and Illinois 1995). 
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Selenium Haul Road 2002 

Seleniunl concentrations differed among fish from sampling s~ te s  along the DMTS (KW 

= 61.6 170, p < 0.0001) (Appendix 3). Generally, fish from Aufeis Creek downstream of 

the road, South Fork Aufeis Crcek, and Anxiety Ridge Creek downstream of the road had 

the highest concentrations of Sc. Median Se concentrations in juven~le Dolly Varden 

collected along the DMTS were similar in South Fork Aufeis Creek and Aufels Creek 

downstream of tlie road (W = 0.332, p = 0.7398), but had higher Se concentrations than 

fish froni North Fork Aufeis Creek (W downstream vs North Fork = 4.361, p < 0.0001; 

W North Fork vs South Fork = 4.507, p < 0.0001) (Figure 18). Selenium concentrations 

were similar for sites upstrea~n and downstream of the road for both the Omikviorok 

River (W South Fork vs downstream = 0.457, p = 0.6476; W North Fork vs dowiistream 

= 1.661, p = 0.0966; W North Fork vs South Fork = 1.578, p = 0.1 146) and Anxiety 

Ridge Creek (W = 1.454, p = 0.1460) (F~gure 18). 

Figure 18. Whole body selenium concentrations (maximum, median, and minimum) in 
juvenile 1)olly Varden collected from creeks along the DMTS in 2002. 

Whole Body. Selen~ui~i (n = 15:stream), 2002 

9 

Y 
8 

-@ 7 

; k 
a 4 

3 
3 2 " 

0 

SF Aufe~s N F  Aufe~s Aufeis SI; Omlk YF Oin~k  Olnik Anx Up Anx Down 
Do lvl~ Do wi 

- 

4) 

- 
- 

7 

- 

- 

4 )  - 

4 )  
- - 

- 

- 

A 

T + 
O 

4) 
- 

* 



Selenium Haul Road and Mine Site 2002 

Wheii all 2002 salnple sites were compared, the Se concentrations in fish collected from 

Malnstein Red Dog Creck wcrc slgnlficantly higher than in fish collected from all sites 

except Buddy and North Fork Red Dog creeks (Appendix 3) (Figure 19). Dolly Varden 

from Buddy Creek exlilbitcd higher Se concentrations than fish fro111 Anxiety Ridge 

Creek, the Olnikviorok River, and Aufeis Creek (Appendix 3). 

Figure 19. Whole body selenium concentrations (maximum, median, and minimum) in 
juvenile Dolly Vardetl collected from creeks along the DMTS and near the Red Dog 
Mine in 2002. 
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suggests that when broken down there are two groups of years with different Se 

concentrations (Appendix 3). Fish sampled in 1998, 1999, and 2000 are similar in Sc 

concentrations but significantly lower than fish collected in 2000, 2001, and 2002. 

These results suggest an upward shift in Se concentration in fish from Mainstem Red Dog 

began in 2000 and cont~nued tlirough 2002. The wliolc body Se concentrations have 

consistently been lower In North Fork Red Dog Creek than in Malnsteln Red Dog Creek, 

wlth the exception of 2001 when only three Dolly Varden were captured in North Fork 

Red Dog Creek (Figures 20 and 21). 

Based on findings by Weber Scannell et al. (2000) that juvenile whole body nietals 

concentrations reflect backgrou~id water quality, it appears that Se sources have increased 

in Mainsteni Red Dog Creek since 2000; however, there is no evidence of increased Se in 

the water quality data for Stat~on 10 (Mainsteni Red Dog Creek). 

Figure 20. Whole body selenium concentratio~is in juvenile Dolly Varden collected in 
Nlainstem Red Dog Creek from 1998 to 2002. 
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Figure 21. Whole body selenium concentrations in juvenile Dolly Varden collected in North 
Fork Red Dog Creek from 1999 to 2002. 
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Figure 22. Whole body selenium concentrations in fish collected from various creeks in 
Alaska (Aufeis, Omikviorok, Anxiety, Buddy, Mainstem Red Dog, and North Fork 
Red Dog 2002, Grayling Junior 2001, Ferric 1999, Greens 2001, and Goodpaster 
1999). 

Zinc Haul Road 2002 

Zinc concentrations In juvenile Dolly Varden collected along the DMTS in 2002 are 

presented in F~gure 23. The only s~gnificant d~ffereiice In Zii concentrations from fish 

sailipled from road sltes was the significantly lower concentration found 111 fish from 

Aufeis Creek (KW = 67.3724, p < 0.0001, Appendix 3). There is no s~gnificaiit 

difference in the ~ i n c  concentrations anlong the remaining streams. Ziiic concentrations 

In Anxiety Ridge Creek upstrealn and downstream (W = 0.166, p = 0.8681) and the 

Oin~l<v~orol< R ~ v e r  upstreain and downstream (W South Fork vs downstream = O 125, p = 

0.9009; W Nortli Fork vs downstrea~n = 0.021, p = 0.9834) of the DMTS were nearly 

identical. Zinc concentratioils were higher in fish from Aufeis Creek downstream of the 

road than from fish from South Fork Aufeis Creel< (W = 1.970, p = 0.488), but similar to 

concentrations in fisli froni North Fork Aufels Creek (W = 1 514, p = 0.1300). Zinc 

concentrations wcrc higher In fish froni Nortli Forh Aufcis Creek than in fish from South 

Fork Aufeis Creek (W = 2.5 10, p = 0.01 21). The  uniformity of Zn co~lcentrations in fish 

along the DMTS would support the conclusion that the source of Zii 1s not fugitive dust 

or sedirneiit from the road 



Figure 23. Whole body zinc concentrations in juvenile Dolly Varden collected from creeks 
along the DMTS in 2002. 

Zinc Haul Road and Mine Site 2002 

Zinc concentrations for juvenile Dolly Varden for all 2002 sample sites, including creeks 

near the Red Dog Mlne, are presented in Figure 24. Concentrations of Zn in fish 

collected fro111 Mailistern Red Dog Creek are slgn~ticantly higher than all sites but ranked 

siniliarly to Buddy and North Fork Red Dog creeks. 
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Figure 24. Whole body zinc concentrations in juvenile Dolly Varden collected from creeks 
along the DMTS and near the Red Dog Mine in 2002. 
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Zinc coilcentrations for all remaining sites are similar (Figure 24) with the exception of 

Aufeis Creek where Zn concentrations in juvenile Dolly Varden were the lowest among 

all the drainages (Appendix 3, F I ~ L ~ - e  24). 

Zinc, Multi-Year Data Sets 

Until recently, we had no juvenile Dolly Varden whole body analyses for Zn. Only two 

years (2001 and 2002) of Zn concentrations are available for fish from Maillstem Red 

Dog Creek. Med~aii Zn conccntratlons did not change from 2001 to 2002 (W = 0.226, 

Exact p = 0.7295) (Figure 25). 

Figure 25. Whole body zinc concentrations in juvenile Dolly Varden collected in Mainstem 
Red Dog Creek from 2001 to 2002. 
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assoc~ated with the Red Dog Mine. Evidence of ~ni~ieralizatioii (substrate sta~ned rcd) is 

apparent in the upper part of Grayling Junior Creek. Zinc concentrations in fish at the 

remaining sites were s~milar, with higher median concentrations found in fish in Greens 

Creek. Juvenile fish tissue (whole body) from iniiie s~ t e s  is tlie best data available to 

make these comparisons. 

Figure 26. Whole body zinc concentrations in fish collected from various creeks in Alaska. 
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Summary 

It should be recognized that each of tlie streams sampled is unique in t e ~ m s  of geology, 

water quality, and fish species use. Strea~ns in the vicinity of the Red Dog and Greens 

Creek Mines are in areas known to have niineralized sulfide deposits whereas the Fort 

Knox and Illinois Creek orc bodies are not sulfide deposits. The Pogo ore body located 

near the Goodpaster River is a sulfide deposit, but it appears that the belowground 

deposit does not have effects on surface and subsurface waters in tlie Goodpaster River 

due to permafrost soils. 0111- comparisons of fish among these sites must be viewed in 

light of the very different geological condit~ons through which the streams flow. 

For our comparisons ainong sample sites for juvenile Dolly Varden in the Red Dog Mine 

area, it is important to understand that there is no way to determine what length of time 

an individual fish spent at the capture site. We do know, however, that for most of our 

sites the juveniles leave the area to overwinter in lower portiolis of tlie drainages. They 

return to these rearing areas in mid-June, with peak abundance occurring during late July 

to mid-August. Our saniple tiine each year is in late July to early Airgust to capture fish 

after individuals have spent the most time in the sample reach. Therefore, the minimum 

and maxiinurn values for any given sainple set probably reflect in some manner the 

length of time spent in the saniple reach. We believe our sample size (15 per sample 

reach) is sufficient to factor out variability due to time spent in the sample area. Our 

research is not intended to determine whethcr the inetals concentrations found in 

juveniles have a direct impact to the fish. The primary purpose of the data collection is to 

deterniiiie existing conditions and to inonitor trends that may occur over time. In fact, all 

our work on juvenile Dolly Vardeii in these saniple sites at the Red Dog Mine suggest 

that the populatioiis are healthy and fluctuations in niunbers among sample years are 

related to enviroiimental conditions. 

Haul Road 2002 

The highest coiicentrations of Cd and Pb In Dolly Varden were found 111 Anxiety Ridge 

Creek and 111 both cases concentl-atlolls were Ii~glier In fish froin tlie saniple s ~ t e  below the 



road. Based on sediment data prov~ded by TCAK, tliere are several reaches of Anxiety 

Ridge Creek below and above tlie DMTS with l~igli concentrations of Pb and Cd. 

Selenium concentrations in Dolly Varde~i were higher in South Fork Aufeis Creek and 

Aufeis Creek below the road and Zn concei~trations were lowest in the Aufeis Creek 

dramage. There I S  110 ~ndicat~on that concentrations of Se or Z11 are related to upstream 

versus downstream locatio~is fi-om the DMTS. 

Haul Road and Mine Site 

The highest concentrations of Cd, Pb, Se, and Zn in Dolly Varden occurred in Ma~nstem 

Red Dog Creek. Both Cd and Pb were lowest at tlie sites on Aufeis Creek and the 

Omikviorok Rlver located oil tlie southern end of the DMTS. The Se concentrations 

were high in Soutli Fork Aufeis Creek and also in Aufeis Creek below the road. Zinc was 

highest in Mainstem Red Dog Creek fish and lower at all the other sites near tlie Red Dog 

Mine and along the DMTS. Metals colicentrations in juvenile Dolly Varden from Buddy 

Creek were statistically similar to those found in Mainstem Red Dog Creek for all metals, 

and often similar to or higlier in concentration to those found in Anxiety R ~ d g e  Creek. 

Multi- Year Data Sets 

Multi-year data sets are only available for Se, Cd and Pb and there are no apparent trends 

up or down in fish from Anxiety, Mainstem Red Dog, or North Fork Red Dog creeks. 

Selenium in fish from Mainstem Red Dog Creek appears to have shifted upwards in 2000 

and has remained l i~gh.  Only two years of data are available for Zn concentrations in 

Malnsteni Red Dog Creek and no d~fference between years was noted. 

Comparisons with Other Sanzple Sites 

We compared Cd, Pb, Se, and Zn concentrations in whole body fish samples from 

streams in the Red Dog Mine area wit11 other waterbodies in Alaska. We selected 

streams frotn ~ n i n ~ n g  areas and sites where whole body metals concentrations data In 

juvenile saln~onids were available. Analyses for each analyte were not necessarily 

available for all the sites. Relative comparisoiis (low, medium, and high) of the analytes 

were made based on tlie available data (Table 2). 



Mainsteni Red Dog Creek ranked high for all the analytes and Grayllng Junior and 

Greens creeks ranked high for Cd and Zn. Hlgher concentrations of Cd, Pb, Se, and Zn 

in fish from these systems probably are related to background conditions. Mainstem Red 

Dog is located below the largest known lead-zlnc milie in the world. Greens Creek is 

proximate to an active subsurface silver mine in southeast Alaska. Grayling Junior Cr'eek 

has no current mining activity in the watershed, but according to infornlation from TCAK 

there was a geophysical anomaly in the watershed that was slated for exploration several 

years ago. 



Table 2. Relative comparisons (low, medium, and high) of the concentrations of cadmium, 
lead, selenium, and zinc in juvenile fish Red Dog and other selected streams in 
Alaska (NID = no data available for analyte for specific waterbody). 



Recommendations for Future Studies 

Res~llts obtained to date from wllole body analyscs of juvenile Dolly Varden for selected 

analytes have been extremely L I S C ~ L I I  in comparing d~ffcrcnt streams and in tracking 

changes over time. 111 addition, wliole body concentratio~~s of selected metals have been 

related to measurement of various water quality conditions. Sampling conducted In 

summer 2002 represents the largest sample collected to date in tenns of number of sites 

(1 I) and the number of fish per site ( 1  5 ) .  The sample s i x  of 15 fish per site has provided 

us with a much higher degree of confidence in the individual data sets. 

Our highest priority for continued work is to sample, annually, Anxiety Ridge (upstream 

and downstream of the DMTS), Buddy, Mainstem Red Dog, North Fork Red Dog, and 

Grayling Junior Creek. We recommend that the sample size per site be at least 10 fish, 

but preferably 15. Analytes to be ~neas~lred should bc Cd, Pb, Sc, and Zn. Data on these 

sltes w ~ l l  provide a database to address Issues 111 the f~~ tu rc .  These data may be used to 

address the following topics: (a) effects from the proposed backda~n for the tailing 

impoundment; (b) effects of the DMTS; (c) changes in selected analytes with time; (d) 

differences among salnplc streams; and (e) changes in streams as affected by future 

exploration and development activ~ties. 

We recommend that sampling of juvenlle Dolly Varden from Aufeis Creek and 

Omlkviorok River be discontinued at this time. Our rationale for end~ng this progranl at 

this time is that Cd, Pb, Se, and Zn concentrations i l l  fish from these creeks is low by 

cornpanson with sites located near tlie Red Dog Mine. While there are differences 

upstream and downslrcaln of tlie DMTS, there is no clear evidence that the source of 

metals IS  rclated to the DMTS. 

Consideration should be given to sampling fish in other sclectcd sites near known ore 

depos~ts i l l  the v ~ c i n ~ t y  of thc Red Dog M ~ n e .  Streams suggested for salnpling ~nclude 

Competition located near the Anan-aaq prospect and Oak, S q ~ ~ a r e ,  and Sunday creeks 

located near tllc Lik Deposit. 
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Appendix 1. Teck Cominco Alaska Inc. projects to minimize 
escapement of ore concentrate, Red Dog Mine 

Sumn~er 2001 - Instituted new operational controls with the truck unloading building that 
included improved housekeeping methods and the reduction of air lancing. 

Summers 2000, 2001 and 2002 - Initiated summer truck washing of the concentrate 
haulage fleet after loading and after dumping. 

July to November 2001 - Replaced the entire concentrate haulage fleet from A-Train 
units that had tarpaulin covers and side doors to n~ore  robust B-Train units that 
have steel lids and solid truck boxes. Additionally, the B-Train ~lillts provide 
greater stability, reducing the risk of spills. 

July/August 2001 and Noveniber 2001 Installed stilling curtains over the hopper in the 
truck unloading building and additional modifications to control and contain dust 
while unloading the trucks. 

October 2001 - Con~pleted an extension of the truck unloading building to accommodate 
the longer B-Train units. 

February and November 2002 A temporary baghouse was installed to control dust in 
the truck unloadil~g bullding In early 2002. This teniporary systeni was replaced 
by a much larger pel-manent facility that was colnmissioned In November 2002. 

June 2002 Completed a redesign and modification to the port site surge bin (silo) 
improving its baghouse operation and containment of en~issions from this facility. 

June 2002 - Repaired and/or replaced tlie entire cover on loadout conveyor belts (P7 and 
P10) at the port. 

June 2002 - Improved barge loading system by modifying tlie hood over a key conveyor 
transfer point and improving the dust and carry-back control on conveyor P11. 

July 2002 - Completed a five-mile test section of high float on the south end of the port 
road. Prior to applying this hard surface treatment, contaminated sections were 
identified and removed for recyclilig through the mill. 

Summcr 2002 - Modified tlie mobile hoppers in the port concentrate storagc building to 
reduce dust during belt loading. 

Suinrner 2002 - Installed diesel particulate filter to reduce emissions from the concentrate 
storage building loadout equipment. 

Sunimer 2002 - Installed cab filter units to provide for improved air quality in the 
concentrate storage building equipment cabs allowing for tighter control on 
building enclosures. 

Wlnter and Spring 2003 Evaluate emlsslon areas related to barge loading and off- 
loadlng. T h ~ s  lnfortnatlon wlll be used to deslgn and niod~fy the barge loader and 
tlie barges s h ~ p  loader prior to tlie 2003-shlpping season. 



Appendix 2. Juvenile Dolly Varden collected for whole body analyses of 
metals in the creeks near the Red Dog Mine (1993-2001). 

Stream Name 

Anxiety Ridge 

North Fork Red Dog 

North Fork Red Dog 

Ferric 

Graylii~g Junior 

Evaingiknuk 

Iltalukrok 

SF Aufeis 

NF Aufeis 

Aufeis 

NF Omikviorok 

SF O~nikviorok 

Oinikviorok 

Anxiety Ridge 

Anxiety Ridge 

Location 

linmediately upstream 
and dowilstreain of road 

Just upstrcani of confluencc 
wit11 Middle Fork Red Dog 

Immediately downstream of 
confluence with North Fork 

6 kt11 upstream of confluence 
with Middle Fork Red Dog 

2 km upstreain of confluence 
wit11 Wulik 

Immediately upstream of 
conflilence with Iltalultrol< 

Proximate to DMTS 

Upstream and downstream 
of Dudd Creek 

1.6 km ~~pstrealn of DMTS 

1.6 km upstreain of DMTS 

1.6 km downstream of DMTS 

1.6 kin upstream of DMTS 

1.6 km lipstream of DMTS 

1.6 km dowiistream of DMTS 

1.6 kin upstreain of DMTS 

1.6 kin downstream of DMTS 

Year Sainpled 

1993, 1998, 1999,2000 



Appendix 3. Pairwise Comparisons of Dolly Varden Whole Body Analyses 

Dolly Varden Length Comparisons 

Kruskal-Wallis One-Way Nonparametric AOV for LENGTH by RIVER 

RIVER 
Anxiety 
A ~ f e  i s 
Buddy 

Main Stem 
North Fork 
Omikviorok 

Total 

Mean 
Rank 
69.0 
41.2 
'3.3 
6C. 8 

113.7 
82.8 
83.0 

Sample 
Size 

3 0 
4 5 
- - 

- r, 

15 
4 5 

165 

Kruskal-Wallis Statistic 14.0903 
D-Value, TJsing Chi -Squared Approximation 0.0150 

Parametric AOV Applied to Ranks 
Source D F S S MS F P 
BeEwcen 5 32133 6426. 68 2.99 0.0132 
W i t h i n  159 341874 7150.15 
Total 164 374307 

Total nurnber of values chat were tied 159 
Max. d i f f .  allowed between ties 0.00001 

Cases Incluaed 165 Mlsslng Cases 0 

Kruskal-Wallis All-Pairwise Comparisons Test of LENGTH by RIVER 

RIVER 
Anxiety 
Aufeis 
Buddy 
Plain tern 
Norr!~  k'or k 
C ~ I L  k\/i::rok 
RIVER 
N o r t n  Fork 
Ornl~viorok 

Mean 
68.983 
92.211 
'15.333 
63.833 
113 :.'3 
82. 8.33 
Mean 

11.3. '3 
82.833 

Anxiety Aufeis Buddy Main Stem 

23.23 
6.35 16.88 
8.15 31.38 14.50 

~14. 7,5* 2:. 52 39.40 
. - 

52.90* 
2 .  '2s - 1.85 - .  53 12.39 

North Fork 

Alpha 0.05 
Critical Z Value 2.935 



Kruskal-Wallis One-Way Nonparametric AOV for LENGTH by SAMPLE SITE 

SAMPLE 
380; C2MSRD 
0 6 (1 -- r',c>hJFrT:7 

" (  _L' 

08G30i3UDT: 
980402AITDS 
3804C2AUNF 
080402AUSF 
0 8 0 4 02AXDS 
08 04 02AXUS 
0804020MDS 
3804C2CMNT 
0804C20MS? 

T o t  a1 

Mean 
Rank 
60.P 

11:3 . '7 
75.3 
j5.9 

96.5 
104.3 
67.4 
70.6 
74.8 
97.0 
76.7 
83.0 

Sample 
Size 

15 
I F  
15 
15 
15 
15 
15 
1 5 
7 L 
L 

- - 
A ., . - 
1 3 

165 

Kruskal-Wallis Statistic 18. 94.52 
P-Value, Using Chi-Squared Approximation C.0410 

Parametric AOV Applled to Ranks 
Source D F S S MS F P 
Hetdee? 10 41705 4320.51 2.01 0.0356 
With-n 124 ~30802 2148.06 
Toza, 164 174007 

'Total number of val~ues that were tied 159 
Max. d - t f .  allowed between ties 0.00001 

Cases :ncluded 165 Mlsslny Cdscs O 

Kruskal-Wallis All-Pairwise Comparisons Test of LENGTH by SAMPLE SITE 

SAMPLE 
083102NFUS 
0834C2AUSF 
0834020MNF 
CE0402ACNF 
0804020MSF 
080402AU3S 
080302RUOV 
0804020MDS 
080<02AXUS 
980402AXDS 

Mean 
113.73 
104.30 
96.967 
96.467 
76.733 
75.867 
75.333 
74.800 
73.603 
67.367 
60.831 

Homogeneous Groups 

Alpha 0.35 
Critical Z Value 3.317 Critical Value for Comparison 57.870 
There are no significant paiirwise differences among the means. 



Dolly Varden Cadmium Concentration Analyses - Road Sites 

Kruskal-Wallis One-Way Nonparametric AOV for CD by Road SAMPLE SITE 

SAMPLE 
S h 9 4  fi2ALJCS 
3804C2AUNF 
080402AUSF 
080402AXDS 
080402AXUS 
il804020MDS 
OP04020MNF 
0604020MSI; 

Total 

Mean 
Rank 
-3.; 
+.3 
20.5 

Sample 
Slze 

A ., 
- 7 - . d 

15 

15 
1 5 
15 
15 
7 & I 

-3 

120 

Kruskal-Wallis Statistic 84.6723 
P-Value, Using Chi-Squared Approximation 0.0000 

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Between 1 10Q356 14293.7 39.8 0.3000 
W l t n i r .  (1 I; 2 3 3 359.2 
':eta; 119 140783 

Totdl ~ u m ~ e r  of -4.alue.s tha; were tied 96 
Max. dif:. allowed between ties 3 .  COO01 

Cases Included 120 Missing Cases 9 

Kruskal-Wallis All-Pairwise Comparisons Test of CD by Road SAMPLE SITE 

SAMPLE 
3804C2AXDS 
080402AXUS 
080402iiYDS 
0604020MNF 
0804320M3S 
080402AITNI. 
0804020MSF 
08C492AU3F 

Mean 
'. 10.23 
94.300 
73.20c 
6C. 900 
53.330 
18.900 
32.667 
20.500 

Homogeneous Groups 
A 
AB 
ABC 

BCC 
CDE 
CDE 
D E 
F 

I ??d \I. G 5  
1 - 1  I '3.1L?L Cr:i._cal Vdl K C  fo: C O I T I ~ : ~ T ~ S ~ ~ I  39. 6 7  
There:  &re .5 ~ L : : . I E . S  A ,  ti, et-..: _C r v k : ~ c k ~  the CI~ ; I : IC :  

are nct siqnl f i e a r l t l y  di'terent from 3ne anoib-rr . 



Kruskal-Wallis All-Pairwise Comparisons Test of CD by SAMPLE 

SAMPLE 
, n ? c  3 4 C%AJDS 

r, , 
J E  (1 4 (32ALIN?' 
2634C2A;JS;' 
'J834C2AXD:; 
C891 02AXIJS 
0804070MDS 
GS04020MNF 
0804020MSE 
SAMPLE 
0834C2AXUS 
0834C20MDS 
0804C23MNF 
0804C20MSE' 

Mean 
7 3 . 2 0 0  
35 .9CO 
2 0 .  LC0 
1 1 0 .  2 1  
94 .3CC 
5 3 . 3 0 0  
6 0 . 9 0 0  
3 2 . 6 6 7  
Mean 

9 4 . 3 0 0  
5 3 . 3 0 0  
6 0 . 9 C 0  
3 2 . 6 6 7  

A1 p h a  C . 0 5  
C r i t i c a l  Z V a l u e  3 . 1 2 4  C r i t i c a l  V a l u e  f o r  C o m p a r i s o n  3 9 . 6 7 7  

Dolly Varden Cadmium Concentration Analyses - Road Sites and Mine Sites 

Kruskal-Wallis One-Way Nonparametric AOV for CD by RIVER 

RIVER 
A n x i e t y  

A u f e i . s  
B u d d y  

M a i n  S t e x  
Nor t -h  F o r k  
O m i k v i o r o k  

T o t a l  

Mean 
Rank 

1 1 3 . 2  
4 4 . 2  

1 1 6 . 2  
1 5 8 . 0  
1 2 3 . 0  

4 9 . 0  
8 3 . 0  

Sample 
Slze 

3  0  
4  s 
1 5  
1 5  
1 5  
4 5  

1 6 5  

K r u s k a l - W a l l i s  S t a t i s t i c  1 2 5 . 4 7 5  
P - V a l u e ,  Using C h i - S q u a r e d  Approximation 0 . 0 0 0 0  

Parametric AOV Applied to Ranks 
Source D F S S MS F P 
Lietweeri 5 2 8 3 5 6 1  5 6 7 1 2 . 1  1.04 0 . 0 0 0 0  
W i t h - i n  1 C 9 8  7 0  62  5 4 7 . 6  
1 o t a  1 161 3 7 0 6 2 3  

T o t d l  ncmbcr o f  v a l u e s  t h . s t  wore : i e d  115 
Xax. d i f r .  a l l o w e d   be^-weer. ! :es C .  3 0 0 3 1  

C a s e s  I n c l u d e d  1 6 5  M i s s i n g  C a s e s  0  



Kruskal-Wallis All-Pairwise Comparisons Test of CD by RIVER 

RIVER Mean Homogeneous Groups 
Mai.r: Stem 158.00 A 
B ~ d c j  y 126.20 AB 
Nortk, 'ark i2?. 97 .AB 
,T\:I x i e t y 1 1 . 1 8  I? 
C, ~~rr~ikv~orok 48. 956 1:: 

Tic Cei s 44.200 r l  <, 

Alpha C. 05 
Critical Z Value 2.935 
There are 3 groups (A, R, etc.) in which the means 
a r e  r o t  sign~iiczntly different from one another. 

Kruskal-Wallis All-Pairwise Comparisons Test of CD by RIVER 

RIVER 
Anxiety 
Aufeis 
Buddy 
Mair, SLem 
North Torn. 
3nikvlorct 
RIVER 
K o r t r !  l 'or  k 
On!; k v l o r o k  

Mean Anxiety Aufeis Buddy Main Stem 
113.18 
44.200 68.98* 
126.20 13.02 82. OO* 
i58. 00 44.82" 11?.80* 31.8C 
131. 9.7 9.;8 '78. 77- 3.23 
48. 956 64.23. g .  7f! 77.34" 
Mean North Fork 

- ,, ,. 
. / /  .97 
48. 956 74.01" 

Alpha 0.05 
Critical Z Value 2.935 

Dolly Varden Cadmium Concentration Analyses - Trends with Time 

Kruskal-Wallis One-Way Nonparametric AOV for CD by YEAR - North Fork 
Red Dog Creek 

Mean Sample 
YEAR Rank Size 
1993 76.58 6 
1999 18.5 10 
2 C 0 0 19.1 5 
2(;01 3.1. 0 3 
LC02 11.3 15 

Tstal 20.0 3 9 

- - 
Krcska,-Wallis Statist-. c 3804 
P-Value, U s ~ n g  Chri.-Squared Approximation a.C2%6 

Parametric AOV Applled to Ranks 
Source D F SS MS F P 
Between 4 1478.40 369.600 3.63 0.0143 
hlth-n 34 3458.10 101 .709 
rota- 28 4936.50 

Total ndmber of values rhat were tied 9 



Yax. d l f f .  a l l o h e d  bet-ween t l e s  0 .  00001 

Cases  I n c l u d e d  3 9  M i s s i n g  Cases  0 

Kruskal-Wallis All-Pairwise Comparisons Test of CD by YEAR - North Fork 
Red Dog Creek 

YEAR Mean Homogeneous Groups 
L C ~ I  2 - . C C O  ri 
1991 2 6 . ~ C 0  A3 
2000 19.100 AB 
1999 18.500 AB 
2002 15.300 B 

Alpha 0.3.5 
C r - i t l c a l  Z Value  2.807 
There  a r c  2 g r o u p s  (A and B) i n  which t:he T c a n s  

a r e  n c t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  o n e  a n o t h e r .  

Kruskal-Wallis All-Pairwise Comparisons Test of CD by YEAR - North Fork 
Red Dog Creek 

YEAR Mean 1993 1999 2000 2001  
1993 16.5CO 
1 9 9 9  lb.50C 8.003 
2000 19.10C 7.400 0.600 
2331 37.000 10. 5CO 18.5CC 17.900 
2032 15.300 11.2CC 3.200 3. S3C 21.730* 

A-lpha 0.05 
C r i t i c a l  Z Va lue  2.807 

Kruskal-Wallis One-Way Nonparametric AOV for CD by DATE - Anxiety Ridge 
Creek 

Mean Sample 
DATE Rank Size 

0"?5/93 30.6 6 
0F;/10/98 12.6 10 
0E/11/99 30.1 - 0 
38/01, i C C  38.9 
05/c4/0.2 37.3 3 C 

T o ~ a l  31.0 6 1 

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Between 4 4848.9 1212.22 4.83 0.C020 
W i t h i n  56 14043.6 250. 78 
T o t a l  60 18892.5 

T o t a l  number of  v a l u e s  t h a t  were t i e d  34 
Yax. d i f f .  a l l o w e d  be tween t i e s  0.00001 
Cases I n c l u d e d  61 M i s s i n g  Cases  0 



Kruskal-Wallis All-Pairwise Comparisons Test of CD by DATE - Anxiety 
Ridge Creek 

DATE Mean Homogeneous Groups 
06/04/32 37.867 A 
0 E  /2>/93 33.583 RE 
06/1 :/99 30.150 AB 
C8/01/03 28.900 AR 
cs/lo/sa :2.553 b 

Alpha 0.05 
Critlca? Z Value 1.807 
There arc 2 groups (A and B) in which the means 
are not siqnificantly difierent from one another. 

Kruskal-Wallis All-Pairwise Comparisons Test of CD by YEAR - Anxiety 
Ridge Creek 

YEAR Mean 1993 1998 1999 2000 
1993 30.583 
1998 12.550 18.033 
1919 30.153 0.433 17.60C 
2 0 X  25.900 1.683 16.350 1.2!50 

3 ;.f467 7.282 25.31?* 7. 717 3.367 

Alpha . 0 .:; 
Criricdl Z Value 2.807 

Dolly Varden Lead Concentration Analyses - Road Sites 

Kruskal-Wallis One-Way Nonparametric AOV for PB by SAMPLE SITE 

SAMPLE 
OS0402AiJDS 
OS0402AUNF 
080402AUSF 
080402AXDS 
08C402AXX.S 
0804020MD3 
3834$3OMlN>' 
0894C%OMSF 

7 otal 

Mean 
Rank 
55.1 
14.5 
45.0 

109.5 
83.8 
36.8 
14.7 
64.7 
63.5 

Sample 
Size 

15 
15 
15 
: K 
1 ., 
17 . .> 

-. L L, 
1 .L I .I 

15 
1 2 0 

Kruskal-Wallis Statistic 77.0911 
P-Value, S s i n g  Chi-Squared Approximation 0.000C 

Parametric AOV Applled to Ranks 
Source DF SS MS F P 
Betweer, 7 91753 1310 7.5 29.4 C.OOOO 
W,thln 112 49879 L45.4 
Total 119 141632 

Total number of values that were tied 111 



Max. diff. allowed between ties 0.00001 

Cases Included 120 MlssLng Cases 0 

Kruskal-Wallis All-Pairwise Comparisons Test of PB by SAMPLE SITE 

SAMPLE 
08nZC2AXDS 
3E 94 C2AXlJS 
3F34C20MNF' 
0804320MSF 
080402AI;D.S 
080432AUSF 
080402OMCS 
080402AUNF 

Mean Homogeneous Groups 
139.53 A 
83.833 A3 
74.667 AaC 
64.667 BC: 
55.367 BC 
44.96'7 RCD 
36.767 C D 
14.500 D 

Alpha C. 3.5 
Critical Z Value 3.124 Critical Value 'or Comparison 39.6 1-7 

There are 4 groups (A, B, etc.) in which the means 
are not significantly different from 3ne another. 

Kruskal-Wallis All-Pairwise Comparisons Test of PB by SAMPLE SITE 

SAMPLE 
08C4?2Ab?S 
0 8 1; 4 02AlJLKF- 
380402AUSF 
080402AXDS 
080402AXUS 
0804020MDS 
0804020MNE7 
CE04020MSF 
SAMPLE 
08C402AXCS 
38OLC20MIlS 
0604C20MNI' 
O804CZOMSF 

Mean 
5.5 . 36.7 
14.503 
44. 367 
109.53 
83.833 
36.767 
74.667 
64.667 
Mean 

83. ti33 
36.767 
74. 667 
64. 66'7 

Aipha 0.05 
Critical Z Value 3.124 Critlcal Value tor Comparison 39.677 

Dolly Varden Lead Concentration Analyses - Road Sites and Mine Sites 

Kruskal-Wallis One-Way Nonparametric AOV for PB by SAMPLE SITE 

SAMPLE 
0601CZMSRD 
080102NFUS 
080302BLDV 
CE0402AUDS 
C80402A5'N? 
G60402AtiSF 
C80432AXaS 
CEC432AXIIS 

Mean 
Rank 
1.58. 0 
125.5 
127. i 
55.1 
14.5 
45.8 
121.7 
87.1 

Sample 
Size 

15 
15 
15 
15 
15 
15 
15 
1 : 



K r ~ s i a l - W a l l : s  S t a r i s t i c  1 3 3 . 7 8 6  
P-Va,ue, 2sir:g Ch i -Squa red  Approxirnat:on 0 . C 0 3 3  

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Between I 0  3 3 3 4 2 4  3 0 3 4 2 . 4  6 8 . 2  0 . 0 0 0 3  
W; thin 1 5 4  6 8 5 2 6  4 4 5 . 3  
m oi.al 1 6 4  3 7 1 9 5 0  

Total number o f  v a l u e s  tha; were  t i e d  133 
Max. d i f f .  a l l o w e d  be tween t i e s  0. CCC01 

Cases  Included 1 6 5  M l s s l n g  Cases  3 

Kruskal-Wallis All-Pairwise Comparisons Test of PB by SAMPLE SITE 

SAMPLE 
0 8 0 1  02MSRC 
08C332RIJZV 
OHCXIZNFX 
08C402AXCS 
08C402AXUS 
0804020MMF 
0804020MSF 
080402AUDS 
080402AUSF 
O804020MDS 
Ob34Z2AJN" 

Mean 
1 5 8 . 0 0  

Homogeneous Groups 
A 
A 13 
A R 
ARC' 

riCD 
HCII 

CDE 
D E 
D E 
D E  
E, 

Al p h i  C.35 
Cr;r ;cal  Z Value  3 . 3 1 ' 1  C r i t i c a l  Valse f o r  Compari s o n  5 7 . 8  ' 3  
The re  a r e  5 g r o u p s  ( A ,  B ,  ecc. ) i n  which t h e  means 
a r e  n o t  s i g n i f i c a n t l y  different from one  a n o t h e r .  

Kruskal-Wallis All-Pairwise Comparisons Test of PB by SAMPLE SITE 

SAMPLE 
3?01L2KSRD 
Ob01C2NFIJS 
0633C2RJDV 
080402AUDS 
080402AONF 
080402LAWSF 
080402AXDS 
080'102AXiJS 
0804320M3S  
C804020MNF 
0 8 0 4 0 2 0 M F  

Mean 
1.58 . 0 0  
12!3. .53 
1 2 7 .  C'7 
5 5 . 1 0 0  
1 4 . 5 0 C  
4 5 . 8 0 0  
1 2 1  
H7. 0 6 7  
3 7  . 3 67 
7 6 . 3 3 0  
6 4 . 8 6 7  



SAMPLE 
083402AUNF' 
OeP492A3SF 
C8C432kX3S 
0824 32.T:X:;S 
?b0<020MES 
0894 C20MMF 
0834G20MSl' 
SAMPLE 
C8040201"DS 
0804020MNF 
0804020MSF 

Mean 
14.500 
45.800 
121.70 
87.067 
37. C67 
76.300 
64.867 
Mean 

37.067 
76.300 
64.867 

Alpha 0.0.5 
Critical Z Value 3.31" Critical Val-ue for Compar~son 57.870 

Dolly Varden Lead Concentration Analyses - Trends with Time 

Kruskal-Wallis One-Way Nonparametric AOV for PB by YEAR - North Fork 
Red Dog Creek 

Mean Sample 
YEAR Rank Size 
1993 14.4 6 
1999 18.11 1 C 
2300 30.7 
2021 3 ,  ..3 3 
2002 16.3 ? 3 

Total 20.0 3 9 

Kruskal-Wallis Statistic 14.5?49 
P-Value, Csing Chi-Squared Approximation 3.0057 

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
B e t w e e r .  4 1893.40 473.350 5.29 C.0020 
Within 34 3013.10 89.503 
Total 38 4936.50 

Total number of values that were tied 14 
Max. difi. allowed between ties 0.00001 
Cases Included 39 M-~ssing Cases 0 

Kruskal-Wallis All-Pairwise Comparisons Test of PB by YEAR - North Fork 
Red Dog Creek 

YEAR Mean 1993 1999 2000 2001  
1993 14.417 
1999 18.350 3.933 
2000 30.700 16.283 12.350 
2001 37.333 22.917* '8.9G3 6.633 
2002 16.300 1.883 2. C5C 14.400 21.033" 

Alpha 0.05 
Critical Z Value 2.807 



Kruskal-Wallis One-Way Nonparametric AOV for PB by DATE - Anxiety Ridge 
Creek 

Mean Sample 
DATE Rank Size 

08/'25/'93 54.2 6 
08,1;~/98 41 .9 L G 
38/11/99 36.3 1 C 
38 /C1/0C 54.9 
08/C1/32 17.0 3 C 

Total 31.0 6 1 

Kruskal-Wallis Stati st? c 42. 5: 6% 
F-Val~~e, Using Chi-Squared Approximation C.OCCO 

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Between 4 13395.1 3348.7'7 34.0 C . O O O O  
Within 5 6 5508.4 98.36 
Totaj 60 18903.5 

PozaL n~nber of values that were tled 21 
Max. s l t f .  allowed between tlcs 0.03331 
Cases Iqcl~ded 61 Mlsslnq Cases 0 

Kruskal-Wallis All-Pairwise Comparisons Test of PB by DATE - Anxiety 
Ridge Creek 

DATE Mean Homogeneous Groups 
08/01/00 54.9C0 A 
08/25/93 54.167 A 
ae/lo/se 41.850 A 
08/11/99 36.250 A 
38/04/32 17.017 R 

Alpha 0.05 
Critical Z Value 2.807 
There are 2 groups (A and 3 )  ic which the means 
are not significantly different from one another 

Dolly Varden Selenium Concentration Analyses - Road Sites 

Kruskal-Wallls One-Way Nonparametric AOV for SE by SAMPLE SITE 

SAMPLE 
080402AUDS 
080402AUNF 
080402ACSF 
080402AXDS 
080432AXl-S 
08C4020C.ICS 
0804020MNF 
0804020MSF 

Totdl 

Mean 
Rank 
90.7 
18.6 
88.1 
84.5 
68.2 
17.9 
54.1 
41.8 
60.5 

Sample 
Size 

15 
15 
15 
! 5 
1 L I 

-8 r- . ./ 

15 
15 

120 



Kr~skal-Wallis Statistic 61.6173 
FTJa1ue, Using Chi-Squared Hpproximat~.on 0.0000 

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Bet :g t?cr ,  7 74508 1C644.3 11.2 3.3000 
- T rvl 1- h 1 n 112 69388 6143.5 
- iota1 119 143896 

Total number of va17Jes thaz were tied 93 
Yax. d i f f .  allowed between tles 0. 000Cl 
Cases I n c i u d e d  120 Kissinq Cases 0 

Kruskal-Wallis All-Pairwise Comparisons Test of SE by SAMPLE SITE 

SAMPLE 
080402AUDS 
~ ~ C ~ O L A T J S F  
083432AXDS 
380402AXIJS 
0804020MNF 
OSO~C2CMSF 
0834CiOML)S 
CP94021iilNb 

Mean 
90.733 
88.100 
84.533 
68.200 
54.100 
41.833 
37.867 
18.633 

Homogeneous Groups 
A 
A 
A 
AR 
ABC 
Y C: 
a c 
c 

A1 phz  C.O!> 
Crii led? 7 T7alile 3. 124 Critical Valce  fc;r Ccmpar i .--;n 39. 67 7 
There are 3 groups (Tab, B, etc.) :n ~h-::k: t:ke rrledris  

are not significantly different frorn one another. 

Kruskal-Wallis All-Pairwise Comparisons Test of SE by SAMPLE SITE 

SAMPLE 
C80402AUDS 
Oe0432AUNF 
080402AUSF 
080402AXDS 
080402AXUS 
0804020MDS 
0804020MNF 
3834020MSF 
SAMPLE 
0 6 3 4 C 7 A X r J S  
0834 C20PIDS 
0634020MNF 
OSO4020MSF 

Mean 
90.733 
18.633 
88.100 
84.533 
68.200 
37.867 
54. i00 
41.833 
Mean 

68. 2127 
3 j.867 
54. I00 
41.833 

Alpha 0 . 0.5 
Critical Z Value 3.124 Critical Value for Cornparison 39.677 



Dolly Varden Selenium Concentration Analyses - Road Sites and Mine Sites 

Kruskal-Wallis One-Way Nonparametric AOV for SE by SAMPLE SITE 

SAMPLE 
[>8':1122MSRD 
0801 02NFLlS 
080332BU3L- 
080402AUDS 
380402AUNF 
080402AUSF 
Ou3402AXDS 
~2604 0?AXYS 
C8'<34320MDS 
0804020MNF 
0804020MSF 

Total 

Mean 
Rank 
1.55. 6 
115.0 
132.0 
99.1 
18.6 
94.4 
89.9 
73.2 
31.9 
55.3 
41.9 
83.0 

Sample 
Size 

15 
15 
15 
1 L 1 ., 

: 5 
- - 
L d 

i :I 
15 
i .5 
15 
15 

165 

Xruskal-Wallis Scatistic 117.424 
P-Vzlue, Using Chi-Squared Approximation 6.0000 

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Setweer. 1C 267919 26791.9 38.8 O.OC00 
Within 154 106370 69C. : 
Tot-al  164 374183 

T o t d i  number OF v a L ~ e s  rhat were t-ied 128 
Max. ciff. aliowed between ties 0.00091 
Cases Tncluded 165 Missing Cases 0 

Kruskal-Wallis All-Pairwise Comparisons Test of SE by SAMPLE SITE 

SAMPLE 
080 1132?4SR3 
O80302BU3V 
08Cl02NFCS 
080402AUDS 
080402AUSF 
080402AXDS 
050402AXUS 
lQeC4323MNF 
08C432O:.ISF 
:)e$.1''-" IJLu>~D~ 
118 C ~> sL2Z.&[JKF 

Mean 
155.60 
132.00 
115.03 
99. 067 
94.433 
89.867 
73.233 
55.333 
41.933 
37.567 
18 . 63.3 

Homogeneous Groups 
A 
AB 
AHC 
ABCD 
BCDE 
BCDE 
CDEF 

DE E 
[ IFF  

F F- - 

Alpha 0.05 
Critical Z Value 3.317 Critical Value for Comparison 57.870 
There are 6 groups (A, B, etc.) in which the means 
are not significantly different from 0r.e another. 



Kruskal-Wallis All-Pairwise Comparisons Test of SE by SAMPLE SITE 

SAMPLE 
380: 02MSRC 
38'9; 172?jElJS 

58~l3(>2P~1DT~Y 
C5J/103,qC'i;S 
G8043;iAtiNF 
080302.4USF 
080402AXDS 
080402AXUS 
080402OMDS 
0804020MNF 
OS04020MSF 
SAMPLE 
C80432AUNF 
08C432AUSF 
080402AXDS 
080402AXUS 
0804020MDS 
0804020MNF 
0804020MSF 
SAMPLE 
0804320Y3S 
38C4323MKF 
380LG2SMSF' 

Mean 
155.60 
115.03 
132.00 
99.061 
18.6'33 
94.433 
89.867 
73.233 
37.867 
55.333 
41.933 
Mean 

18.633 
94.433 
89.867 
73.233 
37.867 
55.333 
41.933 
Mean 

37.867 
55.333 
41.913 

klp13 C . 0 5 
Crltlcal Z Value 3.31'1 Crizical Value ior Cornparlssr, 57.8 /:I 

Kruskal-Wallis One-Way Nonparametric AOV for SE by RIVER 

RIVER 
Anxiel y 
Aufeis 
Buddy 

Main Stem 
North Fork 
Ornikviorok 

Total 

Mean Sample 
Rank Slze 
8:. 5 3 C 
70.7 4 i? 

132. C 15 
1-55. 6 15 
115.0 15 
45.0 4 5 
83.0 165 

Kruskal-Wallis Szatistic 88.6008 
F - : , ' c ? J ~ ,  [ J s ~ n q  Chi-Squared Appr3ximaticn C. 0000 

Parametric AOV Applled to Ranks 
Source D F SS MS F P 

Between 5 202155 40431.1 37.4 0.9200 
Wlthin 159 172034 1082.0 
Total 164 374189 

Total number of values that were tled 128 
Mzx. ci;f f . allos~~ed between ties 0.3GCOl 
Cases Incl~deci 16.5 Missing Cases 0 



Kruskal-Wallis All-Pairwise Comparisons Test of SE by RIVER 

RIVER Mean Homogeneous Groups 
Yaln  Stem 155.60 A 
Auddy 132.00 A 
Y c r : ! ~  k'ork 115.03 AB 
Ar-xi cry 81.550 3C 
AuLels  - .n - 3  

l l J .  111 C' n 
\,- 

Ornikviorok 45.044 D 

Alpha 0 . 0 5  
C r i t i c a l  Z Va lue  2.935 
There  a r e  4 g r o u p s  ( A ,  B, e t c .  1 i c  which t h e  means 
a r e  n o r  s ; q n i f i c a n t l y  different from one  a n o t h e r .  

Kruskal-Wallis All-Pairwise Comparisons Test of SE by RIVER 

RIVER 
A n x i e t y  
Auf e i s  
Ruddy 
Main Stem 
Nor th  F o r <  
O n i i  k v i o r o x  
RIVER 
Nor th  E'ork 
Om1 k v i o r o k  

Mean 
81.550 
70.711 
132.00 
155.6s 
I?;. 313 
45 .041 
Mean 

115.03 
45.044 

Anxiety Auf ei s Buddy MainStem 

10.84 
50.45* 61.29" 
74.05" 84.59* 23.63 
33.118 44. ? 3 *  16.97 30.57 
36.51* 25. 67 86.96* 11'3. 56* 

North Fork 

Alpha 0.05 
C r i t i c a l  Z Va lue  2.935 

Dolly Varden Selenium Concentration Analyses - Trends with Time 

Kruskal-Wallis One-Way Nonparametric AOV for SE by YEAR - Mainstem Red 
Dog Creek 

Mean Sample 
YEAR Rank Slze 
1998 12.5 13 
1999 13.3 10 
2000 26. 9 5 
2301 32.6 8 
1032 34.8 15 

l o t L l  26.5 4 8 

K r u s k a l - W z l l i s  S t a t i s t i c  24. 6504 
P - V a l ~ e ,  S s i n g  Ch i -Squa red  Approx ima t ion  3.3001 

Parametric AOV Applled to Ranks 
Source D F SS MS F P 
Between 4 4830.73 1207.68 11.9 0.0CCC 
IrTithir: 43 437'3.83 -0i.86 
T o t a l  47 921C.53 

T o t a l  nurrther of  v a l u e s  t h a t  were  t . i ec  6 



>lax. dlff. al~owed oetween tles C. 30001 
Cases Included 48 Missing Cases C 

Kruskal-Wallis All-Pairwise Comparisons Test of SE by YEAR - Mainstem 
Red Dog Creek 

YEAR Mean Homogeneous Groups 
2702 34 .Go0 ,P, 

2131 33.615 '4 

2 3 3 P  26.900 AB 
1999 13.300 B 
1 9 9 a  12.550 B 

Alpha 0.05 
Critical Z Value 2.807 
Therr arc 2 groups :? 6r.d l3) in which i n e  x c a r ~ s  

are no;- siqni t~santly a:f:erenl- irom orie another. 

Kruskal-Wallis One-Way Nonparametric AOV for SE by DATE - Anxiety Ridge 
creek 

Mean Sample 
DATE Rank Size 

08/13/98 14.5 10 
08illi99 32.6 10 
08/01/00 20.6 _I c 

08/04/02 32.2 . <> 
3 u 

Total 28.0 t; 5 

Kruskal-Wallis Statistic 11.0588 
P-Value, Using Chi-Squared Approximation 0.0114 

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Between 3 2837.1 945.700 4 .38 0.008: 
Within 51 11016.4 216.008 
Total 54 13853.5 

Total number of ~jaiues that were tied 16 
Max. dift. allowed between t-:es 0.00001 
P ,dses - Inc'uded 55 Missl~q Cases 6 

Kruskal-Wallis All-Pairwise Comparisons Test of SE by DATE - Anxiety 
Ridge Creek 

DATE Mean 08/10/98 08/11/99 08/01/00 
08/1G/98 14.53C 
3F/i?/99 12.63C l 8 . : c C  
08/01/00 20.600 6. 10C 12.300 
08/04/02 32.200 17.700* 0.400 11.600 

Alpha 0.05 
Critical Z Value 2.638 



Kruskal-Wallis One-Way Nonparametric AOV for SE by YEAR - North Fork 
Red Dog Creek 

Mean Sample 
YEAR Rank Size 
1999 6.7 : 0 
2000 15.8 a 

2001 .i 2 . 3 3 
i ' C O ?  21.3 1 J ., 8 .  

loral 17.0 3 3 

Kruskal-Wzllis Statistic 21.5958 
P-Value, Csi-ng Chi-Squared Approximation 0.0001 

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Between 3 2016.17 672.056 20.1 3.3CC0 
Within 2 9 971. 33 33.494 
Total 32 2987.53 

Total number of values that were tied 13 
Max. dl ff. allowed between tles 0.00001 

Cases Included 33 Pliss-ng Cases 6 

Kruskal-Wallis All-Palrwise Comparisons Test of SE by YEAR - North Fork 
Red Dog Creek 

YEAR Mean 1999 2000 2001  
1999 6.7G00 
2COO 15.800 9.100 
2001 32.000 25.300" 16.200 
2032 21.26' 14.567* 5.46' 10.733 

Alpha 0.05 
Critical Z Value 2.638 

Kruskal-Wallis All-Pairwise Comparisons Test of SE by YEAR - North Fork 
Red Dog Creek 

YEAR Mean Homogeneous Groups 
2001 32.000 A 
2002 21.267 A 
200C 15.830 AR  
1999 6.'1000 B 

Alpha C . 0 5 
Crltical Z Valus 2.638 
There are 2 groups (A and B) in which the means 
are not significantly different from one another. 



Dolly Varden Zinc Concentration Analyses - Road Sites 

Kruskal-Wallis One-Way Nonparametric AOV for ZN by SAMPLE SITE 

SAMPLE 
0 8 C 4 3 i A I J [ > 3  
7 8 12 r ?;F..[JNF 
i r i, J ~ u L C ~ A U S F  
O804C2AXIlS 
080402AXUS 
0804020MDS 
0804023MNF 
0804320MSF 

m - 
A ot aL 

Mean 
Rank 
26. (J 

38.6 
In. o 
80.5 
80. 7 
80.4 
83.9 
73.8 
60.5 

Sample 
Size 

1 5 
15 
'& 5 - 7 
5 

15 
15 
15 
1: 

1 2 0 

Kruskal-Wallis Statistic 67.3724 
P-Value, Using Chi-Squared Approximation 0.3000 

Parametric AOV Applled to Ranks 
Source D F SS MS F P 
Between 7 81491 11641.8 23. 9 0.0000 
Wltni r 112 62449 55'. 6 
'"cta? 1 ' '  141941 

Total ncrnber of valxes thdt were 1-ied 59 
Max. difr. allowed berween tles 0. 00001 

Cases Included 120 Missir,g Cases 0 

Kruskal-Wallis All-Pairwise Comparisons Test of ZN by SAMPLE SITE 

SAMPLE 
2834070MNF 
C80432AXDS 
080402AXDS 
0804020MDS 
0804020MSF 
0804C2AUNF 
080402ACrDS 
OEC402ACSF 

Mean 
80.933 
80. 66'7 
80.533 
80.400 
78.833 
38.633 
26.033 
17.967 

Homogeneous Groups 

Alpha 0. C.5 
CriLical Z Value 1.124 Crltical Value for Cornparison 39.677 
"7 .here are 2 groups (A and 3: ; E  which the means 

a r c  n c t  siqnificantly di'ferent from one another. 

Dolly Varden Zinc Concentration Analyses - Road Sites and Mine Sites 

Kruskal-Wallis One-Way Nonparametric AOV for ZN by RIVER 

Mean Sample 
RIVER Rank Size 

I~cxiety 83.9 3 0 
Aufe: s 25.3 4 5 

S u d d y  113.5 1 5 



Main Stern 1 5 8 . 0  15 
Norrh Fork 111.5 15 
Omikviorok 89.0 4 5 

T c t  a 1  83.0 165 

Kruska l - i61a l l i s  S t a t 1  strc 1 0 8 . 5 7 6  
2 - ' J a l u e ,  Usinq Chi -Squa red  Appr oximati on 0 . 0 0 0 0  

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
8etweer:  5 247716 49555.2 62.3 0.3300 

159 126479 W i t h i n  795.5 
m -  ~ o t a l  1 6 4  374255 

Tota :  number  o f  v a l u e s  t h a t  were t i e d  8 4  
Max. d i f F .  a l l o w e d  be tween t i c s  0 .  00001 
Cdses  I n c l u d e d  165 M i s s i n q  Cases  O 

Kruskal-Wallis All-Pairwise Comparisons Test of ZN by RIVER 

RIVER Mean Homogeneous Groups 
Maln Stem 158.00 A 
Buddy 113.50 AB 
Kcrch Fork  111.53 AB 
Ornikx~;orok E9.033 Ij 

Ar-x ie ty  23.950 3 
A ~ f e i  s  26. ? 7 ?  (7 < ,  

Alpha 0.05 
C r i t i c a l  Z Va lue  2 . 9 3 5  
The re  a r e  3 g r o u p s  ( A ,  H, etc.) i n  wh-ch t h e  rnear .~ 
a r e  n c t  s i g n i 5 i c a n t i y  d i f f e r e r . t  f rom 3ne another. 

Kruskal-Wallis All-Pairwise Comparisons Test of ZN by RIVER 

RIVER 
Anxlety 
A u f e l s  
Buddy 
Main Stem 
Nor::? Fark  
0rn:kvlorok 
RIVER 
North  Fc rk  
Orni'cviorok 

Mean 
88.950 
28.322 
113.50 
158.00 
111.53 
89.033 
Mean 

111.53 
89.333 

Anxiety Aufeis Buddy Main Stem 

6 0 . 6 3 *  
24.55 85.18* 
69. Oh* 129.68* 44.50 
22. .58 E3.21- 1.97 

o x 8  6 C . ' l l i  24.47 
North Fork 

Alpha 3.05 
C r i t i c a l  Z Va lue  2.935 



Kruskal-Wallis One-Way Nonparametric AOV for ZN by SAMPLE SITES 

SAMPLE 
3 8 0 1  C2MSRC 
0831C2KFUS 
3 f l 3 3 2 B 3 D V  
0834C2AJDS 
0 6 0 4 0 2 A J N F  
080402AL'Sb' 
080402AXDS 
O8040SAX'JS 
08C4020M2.5 
0804020MKF 
08C4C20YSF 

, ., ,o;al 

Mean 
Rank 

1 5 8 . 0  
1 1 1 . 5  
1 1 3 . 5  

2 6 . 2  
4 0 . 6  
1 8 . 2  
8 8 . 5  
8 9 . 4  
8 9 . 1  
9 0 . 9  
8 7 . 1  
8 3 . 3  

Sample 
Size 

- 
.. 5 
- K 

- - 
& L> 

* - 
A ., 
- - 
13 

1: 
1 5  
1 5  
1 5 
1 5  
1 5  

1 6 5  

Krus kal-Wailis Stat1 stic 1 1 0 .  331 
P-Value, Using Chl-Squared Approximation 3 . 0 0 0 0  

Parametric AOV Applied to Ranks 
Source D F SS MS F P 
Betweer, 1 0  2 5 1 7 8 0  2 5 1 7 8 . 0  3 1 . 7  0 . 0 0 0 0  
b/lt+.in 1 5 4  1 2 2 4 7 5  7 9 5 . 3  
.T lot-;i! 1 6 4  37425.5 

lctal ncmbcr of val.L~e~ that were tied 84 
Yax. d l f f .  dllowed between cies 3 .  0 0 o o i  
Cases Included 1 6 5  Missing Cases 0  

Kruskal-Wallis All-Pairwise Comparisons Test of ZN by SAMPLE SITES 

SAMPLE 
980152MS32  
38C302BUDV 
080102NFUS 
3804020MNF 
380402AXUS 
0804020MDS 
080402AXDS 
OF;'04020MSF 
Oe0402AONF 
0 8 0 4  02A!;DS 
CE0402F,LSF 

Mean 
1 5 b .  3 0  
1 1 3 . 5 0  
1 1 1 . 5 3  
9 0 . 9 0 0  
8 9 . 4 0 0  
8 9 . 1 0 0  
8 8 . 5 0 0  
8 1 . 1 0 0  
4 0 . 6 3 3  
2 6 . 1 6 7  
1 8 . 1 6 7  

Homogeneous Groups 

Alpha 0  .0.5 
Critical Z Value 3 . 3 1 7  Cricical Value f o r  Comparlscr. 17.8 13 
There are 4  groups (A, R, etc.) in which the means 
are not signifizantly drfferent from one another. 



Kruskal-Wallis All-Pairwlse Comparisons Test of ZN by SAMPLE SITES 

SAMPLE 
080102MSRD 
Ot?3102n'FUS 
080302UUUV 
CPC'4C2Ai'DS 
(1F; 64  '.)/3P,'c;hJE' 

08C432AUSF' 
08C4C2AXOS 
080402AXUS 
0804C20MDS 
0804020MNF 
0804020MSF 
SAMPLE 
086402AC'NF 
C80402AiJSF 
CPn402AXDS 
080402AX;IS 
0804020MDS 
08C4020MNF 
080402OMSF 
SAMPLE 
0804020MDS 
CS04C20MNF 
C804C20MSF 

Mean 
1 5 8 . 0 0  
111.. 5 3  
1 1 3 . 5 0  
2 6 . 1 6 7  
4 0 .  633 
1 8 . 1 6 7  
8 8 . 5 0 0  
8 9 . 4 0 0  
89.100 
9 0 . 9 0 0  
8 7 . 1 0 0  
Mean 

4 0 . 6 3 3  
1 8 . 1 6 7  
8 8 . 5 0 0  
8 9 . 4 0 0  
8 9 . 1 0 0  
9 0 . 9 0 0  
8 7 . 1 0 0  
Mean 

8 9 . 1 0 0  
9 0 . 9 0 0  
8 7 . 1 C O  

A l p h a  0.0.5 
Critical % V a l u e  3.31.1 Critical Value for Cornparlson 



Appendix 4. Cd, Pb, Se, and Zn (mg/Kg dry weight) juvenile Dolly Varden (whole body). 

C:ollector Sample 
Number Stream Site 

Date 
Collected 

Fish 

Spp 

L.ength 
(mm) 

Weight 

(2) 

Method 
analyte 

M R L  

200.80 
Cd 

total 
0.05 

200.8 
Pb 

total 
0.02 

7740.0 
Se 

total 
1 .0 

200.8 
Zn 

total 

0.5 
yo 

Solids 
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Appendix 4, juvenile Dolly Varden continued. 

Collector 

ADF&G 

ADNR I 081003MSDVJ08 1 Rcd Dog1 Ma~nstcml 8/10/03 1 DV I 108 1 11.2 l ~ u v e n ~ l c  1 I 4.651 1 4.511 1 11.01 1 2121 24.6 
ADNR I 081003MSDVJ09 1 Rcd Dogl ~ a ~ n s t c m l  8l10103 1 DV ] 112 1 12 3 IJuvcnilc 1 I 2901 1 4 . 6 6  I 8.51 1 1851 24.6 

Sample 

Nuinber 

08050 1 MSRDDVJ05 

Stream 

Red Dog 

S ~ t e  

Ma~nsteni 

F~sh 

Spp 
DV 

Date 

Collected 

7'31i01 

Length 

(nim) 

134 

Wcight 

(g) 
21.74 

Method 

analyte 

M R L  
Juvcnilc 

200.80 

Cd 

total 

0.05 

3.83 

200.8 

Pb 

total 

0.02 

9.79 

% 

Solids 

22.8 

7740.0 

S c 

total 

1.0 

14 4 

200 8 

Zn 

total 

0 .5  

210 



SP!IOS s.0 0. 1 ZO'O SO'O J3qCUIlN 

% lclol 

u Z 
8'002 

leloi 

3s 
O ' O P L L  

lelol 

cld 

8.002 

le~ol 

P 3  
OS'OOZ 

alKleue 

PoYlaW 

) q B ! a ~  q18ua~ q s ! ~  ales aldu~es .io13a1103 



Appendix 4, juvenile Dolly Varden continued. 

~ v a l  near Haul ~ o a d l  7130101 1 DV I 90 1 5.05 l~uven~le  1 I 0.311 1 4.41 1 1381 20.4 

ADF&G 1 080501 EVOODVJOh I ~ v a l  near Haul ~ o a d l  7/30101 1 DV I 100 1 7 74 1~uvenilc 1 1 0221 1 0.551 1 2 71 1 1291 20.4 



Appendix 4, juvenile Dolly Varden continued. 

We~ght 

(g) 
17.63 

Collector 

ADF&G 

Stream 
Eva 

Sample 

Number 
080501 EVOODVJ07 

Mcthod 

analytc 

MRL 

Juvenile 
Site 

near Haul Road 

200.80 

Cd 

total 

0 05 

0 14 

Date 

Collcctcd 

713010 1 

200.8 

Pb 

total 

0.02 

0.17 

Fish 

Spp 
DV 

7740 0 

Sc 

total 

1 .0 

5 7 

Length 

(nini) 

126 

200.8 

Zn 

total 

0.5 

1 19 

YO 
Solids 

22.4 



Appendix 4, juvenile Dolly Varden continued. 

C\ 
4 

Collcctor- Sample 
Nurnber S ~ t e  Stream 

Datc 

Collected 

Frsh 

Spp 

Length 
(nini) 

Wc~ght 

(g) 

Method 
analytc 

MRL 

200.80 
Cd 

total 
0.05 

200.8 
P 13 

total 

0.02 

7740.0 
Se 

total 
I .O  

200.8 
Zn 

total 

0.5 
% 

Sol~ds 
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G O  0 
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,08002 

al!Uxnf 

7 t I N  

alLleue 

, PoLtialhi 

91 1 1 

(2) 
1 y S ' i a ~  

0 1 1 

(LU") 

yl8ual 

A a  

d d ~  

ys!d 

ZO/P/8 

P313311'J.l 

a l y j  

Y-lad Yl-ION 
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~ ~ l e a . 1 1 ~  

POTAaJNWOZOP080 
LaqLLln~ 
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9 J O V  

.1013a1103 







Appendix 4, juvenile Dolly Varden concluded. 

Collector 

ADFG 

Sample 

Numbcr 

O80402AUSFDVJ05 

Stream 

Aufcis Cr 
Sltc 

South Fork 

Date 

C;ollcctcd 

8/5/02 

Fish 

Spp 
DV 

Length 
(nini) 

1 1  1 

Weight 

(g) 
12.46 

Method 

analytc 

MRL 
Juvenile < 

200.80 

C d 

total 

0.05 

0.05 

200.8 

Pb 

total 

0.02 

0.04 

7740.0 

Se 
total 

1 .0 

3.6 

200.8 

Zn 

total 

0.5 

108 

% 

Sollds 

25.4 


