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Figure 14. Hierarchical clustering of SLMDs deployed at 13 sites in the Ruby Creek watershed May
through September, 2015. Figure 14a) and 14b) are the same cluster solutions with different labels.
Figure 14a) labels indicate the four SLMD sample groups: hardrock (n=9), placer (n=4), both (n=11),
and none (n=17). The group indicates if the SLMD was deployed at a site downstream of hard rock
mining, placer mining, both, or no mining. Figure 14b) labels indicate the site and month the SLMD
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was deployed (e.g. gran6: site=Granite and Month=June). The SLMD retrieval date was

approximately a month after deployment (e.g. gran6: month deployed=June, month retrieved=
July). Site abbreviations are gran = Granite, ruby = Ruby, Ican= Lower Canyon, mill = Mill, Islate =
Lower Slate, midcan = Middle Canyon, upcan = Upper Canyon, nfcan = North Fork Canyon, midslate
= Middle Slate, least = Lower East, sfslate = South Fork Slate, upeast = Upper East, upslate = Upper

Slate.
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Table 13. The nonsignificant association (chi-squared test, p>0.05) between hierarchical cluster
groups and SLMD sample groups: hardrock (n=9), placer (n=4), both (n=11), and none (n=17). The

sample group indicates if the SLMD was deployed at a site downstream of hard rock mining, placer
mining, both, or no mining.

Cluster
Sample Group 1 2 X p-value
Hardrock 5 4 6.59 0.0863*
Placer 2 2
Both 10 1
None 15 2

*Significant association based on chi-squared test (p<0.05)

71



Relation of all metals to SLMD sample groups—Nonmetric (RIFFLE) cluster analysis

Nonmetric clustering recognized consistent patterns with metal quantities in SLMD samples
that distinguished sample groups. Out of 20 RIFFLE iterations, 70% produced three significant cluster
solutions (chi-squared test, p<0.05), 30% produced two nonsignificant cluster solutions. Of the
significant cluster solutions, A resulted 12 times and B and C each occurred once (Table 14). The
same eleven metals had high (=0.5) PRE scores in cluster solutions A and B (Table 14); aluminum,
chromium and magnesium were the top three separators based on PRE scores for cluster solutions
A and B (Table 14). Cluster solution C had three different metals, lead, zinc and cadmium, with high
PRE scores compared to the other solutions (Table 14). Based on the frequency of occurrence of
cluster solution A in the 20 iterations, the similarity of results with the association analysis and of
PRE scores for cluster solutions A and B, and the low misclassification rates of sample sites into
sample groups in cluster solutions A and B, these are the more reliable cluster solutions.

Both Solution A and Solution B show distinct patterns of metal accumulation on SLMDs at
sample sites in relation to locations of mining activity. Solutions A and B grouped all four of the
SLMDs collected downstream of placer mining into the same cluster (cluster 1; Table 14); SLMDs
collected downstream of both hard rock mining and placer mining (n=11) clustered into the
opposite cluster (cluster 2) aside from 2 misclassifications in solution A and 1 misclassification in
solution B (Table 14). SLMDs collected downstream of hard rock mining or from sites without mining

were split between clusters for all three solutions (Table 14).
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Table 14. Contingency tables of the SLMD sample groups and significant RIFFLE cluster solutions
(chi-squared test, p<0.05) based on SLMDs deployed at 13 sites in the Ruby Creek watershed from
May through September, 2015. SLMD sample groups include hardrock (n=9), placer (n=4), both
(n=11), and none (n=17). The sample groups indicate if the SLMDs were deployed at a site that is
downstream of hard rock mining, placer mining, both types of mining, or no mining.

Solution A Cluster

Sample Group 1 2 X p-value
hardrock 5 4 8.60 0.0350*
placer 4 0

both 2 9

none 9 8

Metal PRE score

Al 0.9

Cr 0.9

Mg 0.9

\ 0.9

Co 0.8

Fe 0.8

Ba 0.5

K 0.5

Mn 0.5

Ni 0.5

U 0.5

Solution B Cluster

Sample Group 1 2 X p-value
hardrock 6 3 12.40 0.0061*
placer 4 0

both 1 10

none 9 8

Metal PRE score

Cr 1.0

Mg 1.0

Al 0.8

Co 0.8

Fe 0.8

\ 0.8

K 0.6

Mn 0.6

Ni 0.6

U 0.5
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Table 14. Continued.

Solution C Cluster

Sample Group 1 2 X p-value
hardrock 5 4 8.43 0.0379*
placer 1 3

both 2 9

none 12 5

Metal PRE score

U 0.8

Mn 0.7

Pb 0.7

Zn 0.7

Co 0.6

Mg 0.5

Al 0.5

Ba 0.5

Cd 0.5

Cr 0.5

Fe 0.5

K 0.5

\ 0.5

*Significant association based on chi-squared test (p<0.05)
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IV. Periphyton

Analysis of variance and pairwise comparisons of periphyton sample groups

Metal accumulation in periphyton differed for one metal between sample groups (Table 15).
Periphyton collected downstream of hard rock and placer mining (“both”) accumulated greater
guantities of calcium than periphyton collected upstream of mining or far downstream (1.5 km) of

mining (Table 15).

75



Table 15. Median mass of metals accumulated per gram of periphyton acid digested per day of sampler deployment among the four groups
of periphyton. Periphyton samplers were deployed at 13 sites in the Ruby Creek watershed for approximately five months from May through
September. Periphyton sample groups include hardrock (n=3), placer (n=1), both (n=4), and none (n=5). The sample groups indicate if the
periphyton was collected at a site downstream of hard rock mining, placer mining, both types of mining, or no mining.

Metal Hardrock (ng/g/day) Placer (ug/g/day) Both (ug/g/day) None (pg/g/day)" H p-value
Calcium 64.25 102.40 95.58 69.26 6.49 0.0389
Aluminum 160.90 166.50 136.35 114.80 0.73 0.6953
Arsenic 0.72 0.35 0.64 0.54 0.83 0.6601
Barium 0.64 0.48 0.81 0.69 2.52 0.2834
Cadmium 0.028 0.001 0.005 0.002 0.43 0.8067
Chromium 0.53 0.73 0.44 0.35 3.25 0.1963
Cobalt 0.15 0.13 0.11 0.09 1.48 0.4754
Copper 2.25 2.06 1.15 0.83 0.83 0.6601
Iron 554.90 341.90 363.40 375.30 4.23 0.1204
Lead 0.16 0.08 0.22 0.15 0.06 0.9703
Manganese 9.13 5.30 8.10 7.43 0.24  0.8865
Magnesium 72.36 100.60 59.60 44.57 2.73 0.2545
Nickel 0.47 0.59 0.26 0.22 2.83 0.2430
Potassium 15.92 25.11 40.13 27.86 1.94 0.3794
Selenium 0.063 0.05 0.079 0.07 3.19 0.2024
Silver 0.019 0.004 0.010 0.005 2.11 0.3479
Sodium 0.89 8.01 3.17 2.48 0.74 0.6917
Thorium 0.005 0.004 0.005 0.008 0.18 0.9142
Uranium 0.024 0.005 0.13 0.013 0.03 0.9854
Vanadium 0.60 0.69 0.43 0.38 1.93 0.3794
Zinc 24.20 19.69 28.80 16.10 2.39 0.3020

*Significant differences based on Kruskal-Wallis Rank Sum test (p <0.05)

! The placer group (n=1) was not included in the Kruskal-Wallis Rank Sum test

2 pairwise comparisons between groups with Wilcoxon Rank Sum test show a significant differences between the “both” and “none” groups
(p<0.05)
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Relation of all metals to periphyton sample groups—Hierarchical cluster analysis

Periphyton samples were separated into two distinct clusters using hierarchical clustering. A
significant association (chi-squared test, p<0.05) between cluster groups and periphyton sample
groups indicates that sample groups were identifiable based on the kinds and quantities of metals
within the samples (Table 16). Based on metal quantities, periphyton collected at sample sites
downstream of hard rock mining clustered separately and almost exclusively from the other sample
groups (Figure 16). The exception in this cluster was periphyton collected at the Middle Slate site,

which is downstream of both placer and hard rock mining (Figure 16).
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Figure 15. Hierarchical clustering of periphyton samples collected from 13 sites in the Ruby Creek
watershed. Clusters are established based on quantities of metals in periphyton, which accumulated
during an approximately five-month sampler deployment from May through September, 2015.
Figures 16a) and 16b) are the same cluster solutions with different labels. a) Labels indicate the
periphyton sample groups: hardrock (n=3), placer (n=1), both (n=4), and none (n=5). The sample
groups indicate if the periphyton samplers were deployed at a site that is downstream of hard rock
mining, placer mining, both types of mining, or no mining. b) Labels indicate the site the periphyton
were collected from. Site abbreviations are gran = Granite, ruby = Ruby, Ican= Lower Canyon, mill =
Mill, Islate = Lower Slate, midcan = Middle Canyon, upcan = Upper Canyon, nfcan = North Fork
Canyon, midslate = Middle Slate, least = Lower East, sfslate = South Fork Slate, upeast = Upper East,
upslate = Upper Slate.
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Table 16. A significant association (chi-squared test, p<0.05) between hierarchical cluster groups and
periphyton sample groups: hardrock (n=3), placer (n=1), both (n=4), and none (n=5). The sample
groups indicate if the periphyton samplers were deployed at a site that is downstream of hard rock
mining, placer mining, both types of mining, or no mining.

Cluster
Sample Group 1 2 X p-value
Hardrock 0 3 9.48 0.0235*
Placer 1 0
Both 3 1
None 5 0

*Significant association based on chi-squared test (p<0.05)
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2. Upper Skagit River and Silverdaisy Creek watersheds

Stabilized Liquid Membrane Devices (SLMDs)

The SLMDs in Silverdaisy Creek accumulated higher quantities of five metals compared to
the SLMDs in the Upper Skagit River. These five metals are arsenic, cadmium, nickel, lead and zinc

(Figure 17).
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Figure 16. Metals accumulated on SLMDs deployed at approximately monthly intervals in Silverdaisy
Creek (n=18) and the Upper Skagit River (n=18), June through September, 2015. Labels show the site
(“sd”= Silverdaisy Creek and “us” = Upper Skagit River) where the SLMDs were deployed and the
month (“7” = July, “8” = August and “9” = September) the SLMDs were retrieved.
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Periphyton

Five metals were present in greater quantities in the Silverdaisy Creek periphyton compared
to the Upper Skagit River periphyton. These five metals were arsenic, cadmium, lead, selenium and
zinc (Figure 18). Four of these metals—arsenic, cadmium, lead, and zinc—also accumulated in
greater quantities on the SLMDs deployed in Silverdaisy Creek than those in the Upper Skagit River

(Figure 18).
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Figure 17. Metals accumulated in periphyton collected from Silverdaisy Creek (n=2) and the Upper
Skagit River (n=2). Two periphyton samplers per site were deployed from June through September,
2015 allowing for periphyton colonization and metal accumulation. Labels indicate the site (“sd”=
Silverdaisy Creek and “us” = Upper Skagit River) where the periphyton samplers were deployed.
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3. Quality Assurance and Quality Control

Several quality assurance and quality control techniques were used to ensure that samples
that were analyzed for metal content were precise and accurate, samples were representative of
site conditions, and samples were not contaminated from external sources. Two sampling stations
were established per sampling site, which SLMD and periphyton samplers were deployed on, to
account for habitat variability. To quantify contamination sources in the field for water sampling
techniques, | used field blanks for grab samples (NanoPure water) and SLMDs (SLMDs that were
transported to sampling sites but not deployed). | checked for contamination sources in the
laboratory for water sampling techniques using laboratory blanks for grab samples (NanoPure
water) and SLMDs (SLMDs that were stored in the laboratory and underwent the same extraction
process as the deployed SLMDs). To determine if metal quantities in periphyton subsamples that
were acid digested were representative of the metal quantities in the entire periphyton sample
collected, | generated laboratory replicates. Thus, | homogenized and divided periphyton samples
with large enough masses to be split into two or three subsamples, and acid digested each
separately and analyzed them for metals. In addition, | generated replicate solutions with SLMD
extraction solutions and periphyton digestion solutions to assess how representative the aliquots
were of the metal content in the SLMD extraction solutions and periphyton digestion solutions; also,
assuming each aliquot from the same SLMD extraction solution and periphyton digestion solution
would produce the same results for metal quantities, this was a measure of the variability with the
instrumentation used for analysis. Finally, | used a standard reference material with a known metal

content to check for contamination sources in the periphyton drying and acid digesting process.

86



Field Blanks and Laboratory Blanks:

No contamination in grab sample field (n=14) or laboratory blanks (n=4) was detected. None
of the total or dissolved grab samples had concentrations of any metal above the detection level of
the ICP-MS (Table 19 and Table 20).

Approximately two out of thirteen SLMD field blanks per metal had concentrations above
the detection level, indicating there may have be a potential source of contamination in the field on
two sampling days (Table 21). Laboratory blanks indicate that the SLMDs had background levels of

aluminum, zinc, calcium, manganese and chromium (Table 22).
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Table 17. Total (n=14) and dissolved (n=14) metal concentrations in grab sample field blanks and the detection level for each metal from the
ICP-MS. Field blanks were collected during site visits from an acid washed polypropylene sample bottle filled with NanoPure water.
NanoPure water was collected from the sample bottle using the same equipment and techniques as the surface water grab samples.

Total Metal Dissolved Metal
Sample Type Metal Concentrations (ug/L) Concentrations (ug/L)  Detection level (ug/L)
Grab Samples Field Blanks
Aluminum <dI* <dI* 1.36
Antimony <dI* <dI* 0.023
Arsenic <dI* <dI* 0.033
Barium <dI* <dI* 0.24
Beryllium <dI* <dI* 0.048
Cadmium <dI* <dI* 0.041
Calcium <dI* <dI* 5.21
Chromium <dI* <dI* 0.019
Cobalt <dI* <dI* 0.018
Copper <dI* <dI* 0.13
Iron <dI* <dI* 1.46
Lead <dI* <dI* 0.050
Manganese <dI* <dI* 0.030
Magnesium <dI* <dI* 1.68
Molybdenum <dI* <dI* 0.15
Nickel <dI* <dI* 0.021
Potassium <dI* <dI* 5.63
Selenium <dI* <dI* 0.50
Silver <dI* <dI* 0.039
Sodium <dI* <dI* 7.77
Thallium <dI* <dI* 0.20
Thorium <dI* <dI* 0.005
Uranium <dI* <dI* 0.003
Vanadium <dI* <dI* 0.013
Zinc <dl* <dl* 0.49

*<dl= below detection level
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Table 18. Total (n=3) and dissolved (n=3) metal concentrations in grab sample laboratory blanks and the detection level for each metal from
the ICP-MS. Laboratory blanks were collected from an acid washed polypropylene sample bottle filled with NanoPure water. Collection
techniques for laboratory blanks were the same as the surface water grab samples.

Total Metal Dissolved Metal
Sample Type Metal Concentrations (ug/L) Concentrations (ug/L) Detection level (ug/L)
Grab Samples Field Blanks
Aluminum <dI* <dI* 1.36
Antimony <dI* <dI* 0.023
Arsenic <dI* <dI* 0.033
Barium <dI* <dI* 0.24
Beryllium <dI* <dI* 0.048
Cadmium <dI* <dI* 0.041
Calcium <dI* <dI* 5.21
Chromium <dI* <dI* 0.019
Cobalt <dI* <dI* 0.018
Copper <dI* <dI* 0.13
Iron <dI* <dI* 1.46
Lead <dI* <dI* 0.050
Manganese <dI* <dI* 0.030
Magnesium <dI* <dI* 1.68
Molybdenum <dI* <dI* 0.15
Nickel <dI* <dI* 0.021
Potassium <dI* <dI* 5.63
Selenium <dI* <dI* 0.50
Silver <dI* <dI* 0.039
Sodium <dI* <dI* 7.77
Thallium <dI* <dI* 0.20
Thorium <dI* <dI* 0.005
Uranium <dI* <dI* 0.003
Vanadium <dI* <dI* 0.013
Zinc <dl* <dl* 0.49

*<dl= below detection level
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Table 19. The total number of SLMD field blanks (n=13) which were above the detection level for each metal from the ICP-MS. Field blanks
were assembled and stored at WWU, transported to sample sites, placed into scintillation vials during site visits, and transported back to
WWU. Field blanks underwent the same extraction and analysis process as all the deployed SLMDs. Due to instrument limitations for the
number of samples that can be analyzed in one run, SLMDs were analyzed on two different days and both detection levels are presented

Sample Type Metal Total number of samples >dI* Detection level" (ug/L) Detection level® (ug/L)
SLMDs Field Blanks
Aluminum 11 1.08 0.91
Antimony 2 0.023 0.026
Arsenic 2 0.052 0.019
Barium 4 0.42 0.28
Beryllium 2 0.075 0.11
Cadmium 2 0.036 0.030
Calcium 2 2.29 7.94
Chromium 5 0.021 0.033
Cobalt 2 0.014 0.005
Copper 1 0.16 0.15
Iron 5 1.20 1.01
Lead 1 0.13 0.069
Manganese 10 0.060 0.020
Magnesium 2 1.16 1.03
Molybdenum 3 0.046 0.021
Nickel 2 0.057 0.020
Potassium 5 2.12 7.34
Selenium 2 1.11 0.69
Silver 3 0.013 0.035
Sodium 1 5.34 7.04
Thallium 2 0.27 0.007
Thorium 2 0.005 0.007
Uranium 2 0.005 0.005
Vanadium 3 0.012 0.009
Zinc 9 0.71 0.015

*>dl: below detection level
!Detection level for samples analyzed on November 12" 2015
’Detection level for samples analyzed on November 13 2015
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Table 20. The number of SLMD lab blanks (n=12) which were above the detection level for each metal from the ICP-MS. Lab blanks were
assembled and stored at WWU and underwent the same extraction and analysis process as all the deployed SLMDs. All lab blanks were
analyzed on November 13™ 2015, so the detection level for each metal during that run is presented.

Sample Type Metal Number of samples above detection level Detection level (ug/L)
SLMDs Field Blanks
Aluminum 12 0.91
Antimony 1 0.026
Arsenic 0 0.019
Barium 0 0.28
Beryllium 0 0.11
Cadmium 0 0.030
Calcium 3 7.94
Chromium 4 0.033
Cobalt 0 0.005
Copper 0 0.15
Iron 4 1.01
Lead 0 0.069
Manganese 5 0.020
Magnesium 1 1.03
Molybdenum 0 0.021
Nickel 0 0.020
Potassium 0 7.34
Selenium 1 0.69
Silver 3 0.035
Sodium 1 7.04
Thallium 0 0.007
Thorium 0 0.007
Uranium 0 0.005
Vanadium 3 0.009
Zinc 12 0.015
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SLMD extraction solution replicates and periphyton digestions solution replicates

Based on relative percent differences lower than 15%, replicate SLMD extraction solution
samples were in agreement for metal quantities for most of the metals analyzed. Nineteen or more
of 23 SLMD extraction solution replicate samples had relative percent differences below 15% for
aluminum, arsenic, barium, calcium, cobalt, iron, lead, magnesium, manganese, nickel, uranium,
vanadium and zinc (Table 23); this indicates that the aliquot of SLMD extraction solution used to
detect the quantity of metals accumulated on SLMDs was precise for these metals (Table 23).
Cadmium, chromium and potassium all had eight or more replicates with relative percent
differences greater than 15% (Table 23). This could have resulted from metal quantities being close
to the detection level of the ICP-MS thereby decreasing the accuracy of the results, or the aliquots
of SLMD extraction solution were not representative of the metal content in the entire composite
sample for cadmium, chromium and potassium.

Metal quantities detected in periphyton replicates show that the periphyton subsamples
that were acid digested to determine metal content were representative of the metal content in the
entire dried periphyton sample. Five or more periphyton replicates had low relative percent
differences (<15%) for cadmium, calcium, cobalt, copper, iron, magnesium, manganese, nickel,
potassium, and zinc (Table 24). Two replicates, b10 and b11, had high relative percent differences
(>15%) for 16 of the 21 metals analyzed indicating that these samples may not have been mixed well
before subsamples were obtained for acid digestion and metals analysis (Table 24). Overall,
periphyton subsamples appear to be representative of the metal quantities in the entire dried
periphyton sample.

Replicate samples from the same periphyton digestion solution showed that the periphyton
digestion solutions were well mixed prior to obtaining an aliquot for analysis and there was minimal

contamination. None of the periphyton digestion solution replicates had relative percent differences
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greater than 15% for 12 of the 21 metals analyzed (Table 25). Five of six periphyton digestion
solution replicates exceeded the 15% relative percent difference criteria for sodium (Table 25). For
the remaining eight metals, less than three of the periphyton digestion solution replicates had a
relative percent difference above 15% (Table 25). Although precautions to prevent contamination
were taken, sodium is ubiquitous and contamination could have resulted from bare hands touching
vials or lids.

Analysis of the Apple Leaves Standard reference material showed greater than 15%
deviation for all detectable metals except zinc (Table 26). These results indicate that there may have
been sources of other metals that could have contaminated the reference material during the
drying, acid digesting, or instrumental analysis process. However, periphyton replicates and
replicates of periphyton digestion solutions indicate little contamination so this is unlikely. Because
concentrations from the ICP-MS become less reliable the closer a concentration is to the detection
level of a particular metal, these results could be explained by low metal concentrations in the
reference material that were near the detection level of the ICP-MS thus producing less accurate

measurements of metals.
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Table 21. Mean mass of metals and relative percent differences (rpd) from SLMD extraction solution replicates (n=2). Two replicates were
generated from 23 composited SLMD extraction solutions. To generate replicates, two separate aliquots of SLMD extraction solutions were
diluted with NanoPure water and analyzed by the ICP-MS for metals. Relative percent differences greater than 15% are bolded and
underlined.

Aluminum Arsenic Barium Calcium Cadmium Chromium Cobalt Iron
Sample Mean rpd Mean rpd Mean rpd Mean rpd Mean rpd Mean rpd Mean rpd Mean rpd
ID (ng/d) (%)  (ug/d) (%) (pg/d) (%) (ng/d) (%)  (ng/d) (%)  (ng/d) (%)  (ug/d) (%) (ng/d) (%)

33 18691 607 029 1160 599 10.87 10688 885 024 336 038 13.03 032 16.63 207.72 11.14
112 20955 750  0.45 1223 138 533 5067 1246 036 6.8 032 27.82 026 052 27514 232
203 37130 029 140 220 153 406 59045 427 011 19.77 060 157 038 423 570.81  3.24
213 14369 3.02 042 935 024 272 77659 059 002 2371 023 844 014 171 18871  0.30
242 43074 573 164 038 094 463 51588 160 007 915 113 437 050 122 60838  1.99
291 78051 477 384 432 569 350 129843 342 0.16 1441 087 314 040 516 102645  3.76
293 87027 635 465 684 674 659 233710 716 042 144 103 577 034 256 118829  5.07
321 140404 542 499 665 350 611 761.88 392 039 1000 509 272 164 577 202195  3.36
403 15334 691 027 549 042 34.80 33484 509 009 29.99 038 17.42 038 400 27555 831
432 33990 191 135 676 133 128 452401 166 092 1111 018 674 029 509 143.88 5.9
433 34859 821 112 1517 000 000 7855 1029 101 505 014 21.83 035 9.08 13146  2.36
441 11300 486 028 973 000 000 11644 948 011 2538 016 18.88 031 11.07 157.57  4.28
491 33748 231 065 665 067 087 57596 350 000 000 091 3500 041 676 531.68  4.05
582 10779 342 035 173 037 2275 25517 082 002 2971 033 3398 013 536 12530 5.75
613 12911 111 016 255 016 2335 861.15 208 000 000 010 807 005 7.63 102.82  0.98
671 1026.03 039 178  1.00 236 11.53 130638 4.88 0.14 043 351 166 097 073 144998 121
743 89397 38 636 910 370 13.49 1469.15 1195 053 549 070 496 231 926 71932 0094
841 113026 856  1.76 411 814 723 128347 622 0.13 1536 2.80 1171 205 028 2172.94  9.78
842 92677 1496 147 012 645 435 121880 048 0.1 29.00 250 18.43 173 434 1763.89 15.83
901 161.14 1119 076 568 0.6 40.27 16858 127 001 2002 021 26.45 0.18 7.6 22365 19.41
921 4825 256 034 882 000 000 6627 28 031 1120 008 2814 013 739 4582 10.03
983 48611 166 294 754 375 1360 32460 547 032 1765 058 428 027 887 660.80  0.13
993 14535 552 039 375 062 10.89 29017 018 002 149.63 012 341 006 011 12979 1361
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Table 21. Continued.

Lead Magnesium Manganese Nickel Potassium Uranium Vanadium Zinc

Sample  Mean rpd Mean rpd Mean rpd Mean rpd Mean rpd Mean rpd Mean rpd Mean rpd

ID (bg/d) (%)  (wg/d) (%)  (ug/d) (%)  (wg/d) (%)  (ug/d) (%) (ug/d) (%)  (ng/d) (%) (ng/d) (%)
33 0.00 0.00 71.04 14.02 13.09 11.65 1.52 14.02 25.10 33.99 1.27 11.21 0.62 18.65 83.62 9.69
112 0.29 3.91 66.69 0.33 26.59 3.11 0.98 2.72 27.76 2.73 1.53 2.56 0.58 5.90 1461.42 2.52
203 0.13 1.27 169.40 3.81 18.21 2.96 2.01 6.05 46.17 0.76 0.15 3.20 1.26 3.03 25.15 10.60
213 0.00 0.00 62.65 1.22 7.01 0.78 0.94 3.50 15.78 12.42 0.09 6.36 0.52 3.59 8.40 8.50
242 0.55 1.01 216.12 0.06 37.89 1.18 2.12 1.55 43.38 4.61 0.16 0.49 1.48 3.08 14.05 1.11
291 1.78 3.20 269.08 4.47 32.84 4.68 0.75 4.05 107.95 5.07 0.56 6.00 2.24 6.14 25.32 6.55
293 1.92 7.68 323.37 6.66 35.13 5.12 1.00 8.05 162.68 11.81 0.51 3.52 2.48 5.46 41.50 3.85
321 1.05 1.32 825.04 2.21 56.62 3.34 6.58 2.74 255.48 5.19 0.27 4.86 6.10 4.18 42.45 1.77
403 0.00 0.00 75.10 8.96 40.93 4.36 2.05 8.44 30.50 7.77 0.24 6.44 0.65 10.16 7.00 2.58
432 4.22 2.02 30.47 7.95 41.45 0.98 3.29 0.74 7.47 0.52 0.03 4.44 1.04 1.14 52.05 3.43
433 3.84 8.15 28.08 9.53 35.93 7.99 3.68 5.24 7.61 40.93 0.03 8.22 0.78 8.21 59.86 6.55
441 0.00 0.00 36.90 7.00 17.96 4.38 0.86 10.25 30.52 1.51 0.88 5.64 0.32 9.79 340.59 4.78
491 0.00 0.00 161.50 0.55 18.03 3.52 1.89 16.64 28.45 5.13 0.10 11.30 1.31 1.61 3.26 8.10
582 0.00 0.00 46.61 0.51 9.78 5.08 1.22 0.23 23.97 62.86 0.05 4.33 0.37 1.22 4.61 6.39
613 0.00 0.00 25.53 6.16 6.86 1.81 0.08 4.12 17.52 69.33 0.15 5.19 0.38 0.71 1.51 4.34
671 0.14 196.40 602.46 4.57 30.75 1.22 4.71 2.76 123.76 18.33 0.10 5.69 431 1.44 11.91 3.92
743 11.83 435 148.49 295 135.85 10.24 6.80 17.02 71.01 27.62 0.06 1.14 1.32 0.30 49.17 12.13
841 0.90 27.97 629.52 7.83 157.90 4.34 5.57 4.48 159.02 13.48 0.35 7.50 4.15 6.96 12.43 5.94
842 0.66 39.76 507.08 14.70 134.40 1.31 4.95 6.22 134.93 8.55 0.39 0.37 3.56 12.14 10.37 7.54
901 0.00 0.00 65.37 11.31 8.95 9.66 1.19 2.59 36.04 32.82 0.12 3.14 0.51 10.63 4.06 2.67
921 0.00 0.00 27.83 1.09 3.82 3.46 2.68 2.79 51.91 18.64 0.05 9.91 0.27 7.30 58.47 0.32
983 0.76 21.58 185.23 5.78 22.89 5.31 0.62 4.42 88.26 25.51 0.19 13.77 1.34 3.71 28.10 8.29
993 0.00 0.00 39.14 4.49 16.49 3.56 0.12 17.77 43.60 17.41 0.14 0.09 0.32 6.43 3.27 0.77
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Table 22. Mean mass and relative percent differences (rpd) of accumulated metals per gram of periphyton per days of deployment in
periphyton replicate samples. Replicate periphyton samples (n=2, except b11 n=3) were generated from dried periphyon samples that had
enough dry mass to be divided into two or three subsamples (0.25-0.5 g each). Each subsample was acid digested separately to form
periphyton digestion solutions, which were diluted with NanoPure and analyzed by the ICP-MS for metals. Relative percent differences
greater than 15% are bolded and underlined.

Aluminum Arsenic Barium Cadmium Calcium Chromium Cobalt
Metal Metal Metal Metal Metal Metal Metal
mass/ mass/ mass/ mass/ mass/ mass/ mass/
periphyton periphyton periphyton periphyton periphyton periphyton periphyton
Sample mass/day rpd mass/day rpd mass/day rpd mass/day rpd mass/day mass/day mass/day rpd
1D (vg/g/d) (%) (vg/g/d) (%) (ug/e/d) (%) (vg/g/d) (%)  (ps/g/d) rpd (%) (vg/g/d) rpd (%) (vg/g/d) (%)
b2 124.11 9.75 0.51 1.42 0.80 9.86 0.01 34.69 87.04 1.09 0.49 4.17 0.10 2.87
b10 71.79 134.32 0.08 145.42 0.30 128.65 0.00 0.00 54.71 108.42 0.32 159.45 0.07  156.02
b1l 11469  21.95 0.17 16.61 0.79 63.54 0.00  300.00 56.70 14.09 0.25 32.30 0.09 34.87
b14 80.95 1.72 0.20 1.72 0.80 14.60 0.00 0.00 124.27 24.46 0.43 18.53 0.04 5.17
b15 129.88 1.62 0.23 5.28 0.60 10.29 0.00 0.00 63.01 7.04 0.44 5.95 0.10 4.27
bl6 169.91 6.07 0.45 33.12 0.54 12.92 0.00 0.00 95.22 12.20 0.74 5.22 0.14 11.94
b25 161.89 16.92 0.78 12.56 0.88 16.87 0.01 14.62 93.33 5.38 0.45 14.92 0.14 11.05
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Table 22. Continued

Copper Iron Lead Magnesium Manganese Nickel Potassium
Metal Metal Metal Metal Metal Metal Metal
mass/ mass/ mass/ mass/ mass/ mass/ mass/
periphyton periphyton periphyton periphyton periphyton periphyton periphyton
Sample mass/day mass/day mass/day mass/day mass/day mass/day rpd mass/day rpd
ID (vg/g/d) rpd (%) (g/g/d) rpd (%) (ng/g/d) rpd (%) (ng/g/d) rpd (%) (ng/g/d) rpd (%) (g/g/d) (%) (vg/g/d) (%)
b2 1.18 3.32 372.23 2.39 0.15 3.52 52.75 4.95 6.57 3.10 0.25 0.00 48.04 0.01
b10 0.68 155.75 150.34 148.49 0.04 152.50 35.28 150.59 3.68 131.60 0.18 0.14 9.00 3.18
b11 061  29.72 207.49  23.05 0.15  63.75 4469 2570 739  17.56 0.26  0.03 3501  0.18
b14 0.59 7.35 296.24 13.19 0.04 1.05 22.20 12.44 4.69 4.63 0.11 0.00 16.95 0.00
b15 0.91 9.10 278.18 2.06 0.12 1.97 58.42 0.60 6.28 2.96 0.32 0.00 19.58 0.00
b16 2.01 2.87 370.55 3.55 0.09 18.93 99.68 4.00 5.99 7.11 0.63 0.01 22.06 0.12
b25 1.37 11.58 319.31 11.79 0.33 10.55 71.25 11.50 11.08 9.49 0.31 0.02 40.88 0.09
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Table 22. Continued

Selenium Silver Sodium Thorium Uranium Vanadium Zinc
Metal Metal Metal Metal Metal Metal Metal
mass/ mass/ mass/ mass/ mass/ mass/ mass/
periphyton periphyton periphyton periphyton periphyton periphyton periphyton
Sample mass/day mass/day mass/day mass/day mass/day mass/day mass/day
ID (ne/g/d) rpd (%) (ne/g/d) rpd (%) (ne/g/d) rpd (%) (ne/g/d) rpd (%) (ne/g/d) rpd (%) (ne/g/d) rpd (%) (ne/g/d) rpd (%)
b2 0.07 4.40 0.02 10.95 2.73 4.99 0.01 29.67 0.01 23.03 0.40 8.82 26.01 0.20
b10 0.05 152.58 0.00 125.18 0.00 0.00 0.00 190.54 0.01 112.38 0.27 147.52 17.91 142.04
b1l 0.05  18.84 0.00  15.76 2.15 41.72 0.04 114.57 0.06  18.36 037  24.03 484  23.26
b14 0.06 12.17 0.00 4.99 0.32 200.00 0.00 200.00 0.02 7.91 0.18 7.97 42.30 10.22
b15 0.05 11.52 0.00 3.85 4.79 4.80 0.01 17.44 0.02 18.31 0.43 1.09 13.20 9.79
b16 0.06 42.91 0.00 21.46 6.09 14.20 0.00 4.97 0.00 10.27 0.71 5.42 22.69 4.72
b25 0.10 10.20 0.01 21.53 3.84 15.02 0.00 76.08 0.01 12.91 0.50 17.51 19.83 6.32
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Table 23. Mean mass and relative percent differences (rpd) of accumulated metals per gram of periphyton per days of deployment in

periphyton digestion solution replicates (n=3). Periphyton digestion solution replicates were generated using three separate aliquots of
periphyton digestion solutions which were each diluted with NanoPure and analyzed separately on the ICP-MS for metals. Relative percent

differences greater than 15% are bolded and underlined.

Aluminum

Arsenic

Barium Cadmium Calcium Chromium Cobalt
Metal Metal Metal Metal Metal Metal Metal
mass/ mass/ mass/ mass/ mass/ mass/ mass/
periphyton periphyton periphyton periphyton periphyton periphyton periphyton
Sample mass/day mass/day mass/day mass/day mass/day mass/day mass/day
ID (ne/g/d) rpd (%) (ps/g/d) rpd (%) (wg/s/d) rpd (%) (vs/g/d)  rpd (%)  (ps/g/d) rpd (%) (wg/s/d) rpd (%) (vs/g/d)  rpd (%)
bl 289.51 4.84 0.63 10.10 0.50 14.05 0.02 236.56 85.18 8.26 1.30 5.41 0.25 20.79
b5 235.64 1.13 1.78 3.15 0.94 11.07 0.10 2.36 111.45 13.91 0.30 2.42 0.80 2.08
b15 131.07 3.28 0.23 3.78 0.59 10.02 0.00 0.00 63.40 5.02 0.43 3.53 0.10 2.09
b17 165.69 7.94 0.74 1.63 1.31 4.96 0.00 0.00 75.83 8.80 0.29 2.22 0.07 1.50
b18 171.67 6.29 0.91 4.22 0.82 3.42 0.05 5.98 51.12 4.84 0.61 4.23 0.16 3.21
b28 343.01 9.60 0.55 6.93 2.01 10.12 0.00 0.00 126.11 7.96 1.18 8.38 0.51 9.00
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Table 23. Continued

Copper Iron Lead Magnesium Manganese Nickel Potassium
Metal Metal Metal Metal Metal Metal Metal
mass/ mass/ mass/ mass/ mass/ mass/ mass/
periphyton periphyton periphyton periphyton periphyton periphyton periphyton
Sample mass/day mass/day mass/day mass/day mass/day mass/day mass/day
ID (ne/g/d) rpd (%) (png/g/d) rpd (%) (pg/s/d) rpd (%) (ng/g/d) rpd (%) (png/g/d) rpd (%) (pg/e/d) rpd (%) (ng/g/d) rpd (%)
bl 2.42 4.33 578.65 1.36 0.12 38.60 203.39 1.98 9.28 0.97 0.86 8.66 21.99 20.02
b5 1.00 2.95 289.47 1.24 4.13 2.45 49.42 0.98 42.89 1.50 0.46 1.20 13.75 2.10
b15 0.96 1.61 285.25 2.99 0.13 4.66 59.71 3.36 6.49 3.44 0.32 1.47 20.71 4.47
b17 3.18 1.24 315.92 1.36 0.27 2.53 65.72 1.12 5.33 1.82 0.16 0.78 33.70 2.19
b18 3.18 3.05 742.34 4.00 0.66 4.81 71.78 3.33 16.24 3.93 0.60 3.12 18.97 7.05
b28 1.49 7.17 720.51 8.83 0.28 9.81 238.22 7.95 31.45 8.33 1.18 6.69 43.53 11.11
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Table 23. Continued

Selenium Silver Sodium Thorium Uranium Vanadium Zinc
Metal Metal Metal Metal Metal Metal Metal
mass/ mass/ mass/ mass/ mass/ mass/ mass/
periphyton periphyton periphyton periphyton periphyton periphyton periphyton

Sample mass/day mass/day mass/day mass/day mass/day mass/day rpd mass/day rpd
ID (ng/g/d) rpd (%) (ng/g/d) rpd (%) (g/g/d) rpd (%) (ng/g/d) rpd (%) (ng/g/d) rpd (%) (vg/g/d) (%) (vg/g/d) (%)
bl 0.04 121.85 0.02 235.41 6.72 49.10 0.02 225.84 0.02 204.94 1.20 5.39 22.63 1.65
b5 0.11 11.06 0.04 6.62 1.96 38.51 0.00 0.00 0.02 3.65 0.49 2.36 26.49 2.37
b15 0.06 13.48 0.00 0.00 5.00 5.79 0.02 6.74 0.02 4.42 0.44 2.90 14.01 2.18
b17 0.04 23.01 0.00 0.00 3.97 82.26 0.01 20.04 0.01 3.79 0.49 1.75 16.36 1.12
b18 0.07 5.60 0.03 4.04 1.12 143.25 0.01 2.07 0.04 3.34 0.69 4.60 27.49 2.81
b28 0.08 3.69 0.01 4.34 2.71 60.70 0.01 19.36 0.01 17.05 1.25 8.24 12.33 6.87
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Table 24. Mass fraction of metals obtained after drying, acid digesting and analyzing Apple Leaves Standard Reference Material (n=2).

Observed values were compared to expected values by calculating percent deviation.

Observed Expected
Metal Sample Mass (g) [mng/Llice-ms Detection Limit (ug/L) Mass Fraction (ug/g) Mass Fraction (ug/g) % deviation
Aluminum 0.3259 55.92 0.005 169.72 93.21 82.08
0.3018 19.51 64.65 86.31 25.01
Arsenic 0.3259 <dI* 0.15 na** 0.012 na**
0.3018 <dI* na** 0.011 na**
Barium 0.3259 14.24 0.19 43.23 15.97 170.70
0.3018 11.27 37.33 14.79 152.40
Copper 0.3259 0.78 0.097 2.38 1.84 29.35
0.3018 0.36 1.18 1.70 30.59
Lead 0.3259 <dI* 0.092 na** 0.15 na**
0.3018 <dI* na** 0.14 na**
Molybdenum 0.3259 <dI* 0.51 na** 0.031 na**
0.3018 <dI* na** 0.028 na**
Manganese 0.3259 19.70 0.042 59.78 17.60 239.66
0.3018 14.91 49.40 16.30 203.07
Nickel 0.3259 0.15 0.070 0.46 0.30 53.33
0.3018 <dI* na** 0.27 na**
Selenium 0.3259 1.20 0.96 3.65 0.016 22,712.50
0.3018 <dI* na** 0.015 na**
Vanadium 0.3259 0.056 0.015 0.17 0.085 100.00
0.3018 <dI* na** 0.078 na**
Zinc 0.3259 1.14 0.26 3.48 4.07 14.50
0.3018 <dI* na** 3.77 na**

*<dl: Below the detection limit
**na= not applicable
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Discussion

Spatial and temporal changes in water chemistry were associated with mining activities. The
kinds and concentrations of metals in grab samples distinguished grab samples associated with
mining activities. Grab samples collected during the placer mining season (July to September)
downstream of mining formed a distinct and almost exclusive cluster with three different clustering
techniques. This indicates that the patterns within the data, which distinguished the grab sample
group linked to mining activities from other groups, were robust because cluster membership was
similar despite different approaches (hierarchical, Kmeans, and RIFFLE) to cluster development (Dr.
Robin Matthews, Dept. of Environmental Sciences, Western Washington University, personal
communication, October 2016).

Although Kmeans and RIFFLE clustering both clustered grab samples associated with mining
activities together (“during_mining”), the consistency of the cluster solutions varied between the
methods. For grab samples, Kmeans clustering produced more consistent cluster solutions than
RIFFLE. Since RIFFLE defaults to using four variables (metals) with the highest PRE scores to generate
clusters, more variables may be necessary to generate stable cluster solutions (Robin Matthews,
Dept. of Environmental Sciences, personal communication, November 2016). However, the
variability of the RIFFLE solutions could be attributed to different cluster development strategies for
RIFFLE compared to Kmeans. Since RIFFLE is not a variance-based clustering technique and instead
uses ranks and medians to develop clusters, it can discover patterns in the data using variables with
small variances, like trace metals. However, if several patterns exist in the data, many significant
cluster solutions may result (Matthews and Hearne 1991).

Metals in grab samples that distinguished areas of active mining through clustering have
been associated with mining contamination in other areas. Metals that consistently contributed to

the greatest cluster separation with Kmeans clustering and did not exhibit a watershed-wide
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seasonal trend were cobalt, chromium, and manganese. Recent studies have also associated
elevated concentrations of cobalt, chromium and manganese in stream water to contamination
from hard rock mines and waste piles. Gray and Eppinger (2011) detected elevated concentrations
of cobalt in water downstream of cobalt mines. Similarly, Caruso et al. (2011) found that manganese
concentrations in water samples collected downstream of manganese mining were higher than
samples collected upstream. Chromium has been detected at elevated concentrations in stream
samples collected downstream of a nickel hard rock mine (Gunkel-Grillon et al. 2016).

Clustering of grab samples also suggested the presence of unidentified mining activities. The
remoteness of the Ruby Creek watershed made identification of mining locations challenging. The
sites that | identified as being influenced by mining were strongly evident in the clustering results;
these cluster results also suggest placer mining may be occurring in other areas, specifically above
the Upper Canyon site. Samples collected during the placer mining season (July-September) from
the Upper Canyon site clustered with the samples collected during the placer mining season
downstream of mining. Furthermore, indications of unidentified placer mining activity are also
supported by conductivity measurements. Conductivity was higher at all sites downstream of placer
mining and the Upper Canyon site, so conductivity could serve as an indicator of placer mining
activity. Conductivity, which is a measure of ions such as the dissolved forms of many metals, could
increase below placer mining because of sediment disturbance. Placer mining disturbs the sediment
which increases subsurface flow which contains higher concentrations of total dissolved solids
(Harter 2003; Gilman 2005). In addition, before the placer mining season began (June), | accessed
the Upper Canyon sampling site by an unmaintained trail overgrown by vegetation and partially
covered by landslide runout. In July | noted active placer mining downstream and that the trail had
been cleared. This could be linked to mining activities because the trail has been decommissioned in

areas above Canyon and North Fork of Canyon Creeks, and no trail improvements were made by the
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Forest Service during that time.

Due to the abundance of hard rock and placer mines throughout the Ruby Creek watershed,
| designed my study to capture watershed-scale effects. Spatial and temporal patterns in metal
concentrations in grab samples were evident throughout the watershed. Some temporal trends of
metal concentrations were consistent at all sampling sites regardless of mining activity; barium,
calcium, magnesium, molybdenum, potassium, and sodium increased at all sites, and aluminum
decreased at all sites throughout the summer. These patterns appear to be unrelated to mining and
could be explained by streamflow changing from surface runoff, as snowmelt ended, to baseflow
conditions that are driven by groundwater. Baseflow conditions appeared to begin unusually early in
the summer of 2015 because of a record low snow pack (NOAA 2016). The Canyon Creek
hydrograph indicates that baseflow conditions started before equipment deployment in early July
and persisted throughout the summer, as shown by little daily or three-month variation in water
stage and water temperature. Baseflow conditions are maintained by subsurface flow. The typical
major constituents within this water source are calcium, magnesium, sodium, and potassium, and
trace constituents can include barium and molybdenum (Harter 2003). Thus, increasing
concentrations of barium, calcium, magnesium, molybdenum, potassium and sodium could be
explained by an increase in the proportion of streamflow contributed by subsurface flow. The
highest concentrations of aluminum were found during the months of May and June, when
streamflow is mostly driven by surface runoff. The source of this aluminum may be geological or
atmospheric (ATSDR 2008).

The most evident utility of SLMDs for my research was that they identified metals that were
not detected in grab samples. In my study, 10 metals that have established Aquatic Life Criteria—
aluminum, arsenic, cadmium, chromium, copper, iron, lead, nickel, silver, and zinc—had a higher

frequency of detection by SLMDs compared to grab samples (EPA 2016). This underscores that grab
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samples capture water chemistry at one point in time and may miss episodic pulses of metals.
However, SLMDs selectively accumulated metals as shown by higher detection of antimony,
molybdenum, selenium, and sodium in grab samples compared to SLMDs.

The utility of SLMDs for this research was limited by a lack of understanding of metal uptake
kinetics. Prior to this study, there have been three published documents regarding the construction,
utility, and analysis of SLMDs (Brumbaugh et al. 2000; Brumbaugh et al. 2008; Marshall and Miller
2012). Currently, sampling rates are not quantifiable because of uncertainty regarding how
variability of metal concentrations, temperature, and water velocity affect metal accumulation on
SLMDs (Brumbaugh et al. 2000; Dr. William Brumbaugh, personal communication, January 2016).
SLMDs deployed downstream of both placer and hard rock mining accumulated less chromium,
cobalt, iron, magnesium, manganese, nickel, and vanadium than the other SLMD sample groups.
Sites with both placer and hard rock mining activity upstream were located in headwater streams
with lower mean stream temperatures (<10°C) compared to the other sites (>10°C). Cooler
temperatures may have limited diffusion of the chelating agent to the outer surface of the
membranes thus resulting in less metal accumulation on the SLMDs (Brumbaugh et al. 2000; Dr.
William Brumbaugh, personal communication, January 2016).

SLMDs deployed below areas of placer mining were distinguishable by the kinds and
guantities of metals accumulated. Clustering of SLMDs correctly identified the placer mining SLMD
sample group based on metals that have Aquatic Life Criteria (EPA 2016). Despite the limited sample
size (n=4), SLMDs downstream of placer mining were assigned to a single cluster, and clusters were
distinguished based on metals that have established toxicity criteria for aquatic life: aluminum,
cadmium, chromium, nickel, lead, and zinc (EPA 2016).

Other factors may affect metal accumulation on SLMDs besides metal concentrations in

surface waters. If metal concentrations in surface waters were the only factor affecting metal
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uptake, and metal concentrations in the grab samples | collected characterize average metal
concentrations in the streams over the month-long deployment of the SLMDs, the SLMDs should
have clustered similarly to grab samples. While temperature and water velocity have been
hypothesized to affect metal accumulation on SLMDs, my study also showed that SLMDs
preferentially sample individual metals as shown by the percentage of samples with detectable
metal concentrations for SLMDs compared to grab samples. Preferential sampling may have limited
accumulation of metals that distinguished sites and time periods of mining for grab sample clusters,
thereby explaining the dissimilarity between grab samples and SLMD clustering results.

My study supports the premise that periphyton can accumulate metals associated with
mining activities and be a concentrated source of metals to higher trophic levels including the
Rainbow Trout (O. mykiss) and Bull Trout (S. confluentus) that live in and spawn in the Ruby Creek
watershed (Ashley Rawhouser, Aquatic Resources Division, North Cascades National Park, personal
communication, October 2014). Periphyton communities collected downstream of hard rock and
placer mining were distinguishable from other sites through clustering based on the kinds and
guantities of metals accumulated. Since metals associated with mining activities may enter the food
web through water, sediment and dietary exposures, these metals can transfer to higher trophic
levels (Farag et al. 1994, 1999; Woodward et al. 1994, 1995). In other studies of biotic and abiotic
components of mining-contaminated streams, periphyton contained the highest concentrations of
arsenic, cadmium, copper, mercury, lead, zinc and antimony compared to other trophic levels (Farag
et al. 1998; Dovick et al. 2015). The highest concentrations of arsenic specifically were found in
periphyton, and then in tadpoles which feed on periphyton, followed by sediment, benthic
macroinvertebrates, fish, and water (Dovick et al. 2015). The highest concentrations of cadmium
and zinc were also in periphyton, followed by sediment, benthic macroinvertebrates, and fish (Farag

et al. 1998). Additionally, metal concentrations in functional feeding groups of benthic
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macroinvertebrates, specifically the shredders and the scrapers which feed on periphyton, were
greater than in other functional feeding groups, again supporting the premise that periphyton can
be a source of metals to higher trophic levels (Farag et al. 1998).

Concentrations of two metals in the Ruby Creek watershed exceeded Aquatic Life Criteria
(EPA 2016). Because the freshwater Criterion Continuous Concentration (CCC) for cadmium and lead
were exceeded in two different streams, Granite and Slate Creeks, at different times of the summer,
the potential for chronic exposures to these and other metals has to be considered. The CCC was
established on the basis that aquatic organisms would be adversely impacted if exposed to
concentrations higher than the criterion indefinitely (EPA 2016). My sample collection was limited to
one grab sample per month, so the likelihood that more frequent collections across a broader range
of sites with more focus on specific locations of mining activity would detect additional exceedances
seems high. These criteria may have been exceeded at Granite Creek because of two potential
sources: runoff from Washington State Route 20 and historical mining activities. Historical mines are
present in the Granite Creek watershed, although the current status of mining is unknown (Moen
1969). Also, SR 20 is adjacent to Granite Creek along approximately 24 km of the highway upstream
of my sample site, so road runoff containing cadmium from automobile brakes or tires is a potential
source (McKenzie et al. 2009). Unlike the Granite Creek site, the Middle Slate site where the other
exceedance occurred is remote and downstream of several hard rock mines and placer claims.
Although no active placer mining was observed during June, the exceedance could have resulted
from mine drainage from hard rock mines upstream of the sampling site.

Without exception, the clear, cold, well-oxygenated streams in the Ruby Creek watershed
are highly suited to supporting native trout; however, fish in the Ruby Creek watershed could be
affected by waterborne and dietary exposures to metals. Water concentrations that exceed Aquatic

Life Criteria indicate that aquatic organisms, including all life stages from eggs to adults of both Bull
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Trout and Rainbow Trout, could be adversely impacted if exposed to these concentrations for
extended periods. Additionally, chronic exposures through dietary sources such as the metals
concentrated in periphyton, and likely in the organisms at higher trophic levels that consume
periphyton like benthic macroinvertebrates, could affect developing fry. Reduced growth and
survival of juvenile Rainbow Trout was observed after waterborne and dietary exposures to benthic
macroinvertebrates contaminated with aluminum, arsenic, cadmium, copper, lead and zinc
(Woodward et al. 1994). Additionally, early life stage fish may receive a larger dose of metals than
adults because they feed exclusively on small invertebrates, and smaller invertebrates accumulate
higher concentrations of metals than larger invertebrates (Farag et al. 1998).

Silverdaisy Creek also contains metals that potentially could be toxic to organisms. Arsenic,
cadmium, lead and zinc, accumulated in higher quantities on SLMDs and in periphyton at Silverdaisy
Creek compared to the upper Skagit River. Thus, because of its suitable habitat for spawning and
rearing in the reach that | sampled, Silverdaisy Creek water and biota may be a source of arsenic,

cadmium, lead, silver, and zinc to higher trophic levels such as Bull Trout and Rainbow Trout.
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Summary

My study confirmed that metals were present in the water and benthos, and that site-
specific and temporal differences can be linked locations of hard rock and placer mining activities.
Metal concentrations in surface waters differed between sites upstream and downstream of mining
at times depending on when mining was or was not occurring. In the Ruby Creek watershed, metal
concentrations in surface waters were high enough to be capable of adversely affecting aquatic
organisms. Metals that were present in streams were not always detected in grab samples, but their
presence was confirmed by SLMDs and periphyton. Cluster analyses of SLMDs and periphyton from
the Ruby Creek watershed each distinguished two different groups of samples, samples collected
downstream of placer mining (SLMDs) and samples collected downstream of hard rock mining
(periphyton). Lastly, periphyton can be a concentrated source of toxic metals to other aquatic

organisms at higher trophic levels through dietary exposures.
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Appendices

Appendix A. Relation of dissolved metal concentrations to total metal concentrations in surface
water grab samples collected in the Ruby Creek watershed from May to September, 2015 (n=54) for

the 16 metals that were used for statistical analyses. Correlation coefficients and probability values
using Kendall’s tau are shown in each plot.
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Appendix A. continued
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Appendix B. Water temperatures collected at hourly intervals (HOBO Water Temperature Pro v2
datalogger, Onset Computer Corporation) from early summer to early fall, 2015 on the bottom of
the stream channel at 14 of 15 study sites in the Ruby Creek and Upper Skagit River watersheds. The
Middle Slate temperature logger was removed from the sampling station during the month of July

and was not re-deployed.
Upper Skagit River
16
14
12
10

Temperature °C

2

0
7/1/2015 0:00 7/28/20150:00  8/24/20150:00  9/20/2015 0:00

Date and Time

Ruby

18
16
14
12

Temperature °C

NoBs O

0
5/18/20150:00  6/27/2015 0:00 8/6/20150:00  9/15/2015 0:00

Date and Time

Granite

Temperature °C

NoBs O

0
7/17/2015 0:00 8/16/2015 0:00

Date and Time

9/15/2015 0:00

117

Silverdaisy Creek

Temperature °C

NoBs O

0
7/1/2015 0:00 7/28/20150:00  8/24/20150:00  9/20/2015 0:00

Date and Time

Lower Canyon

18
16
14
12

Temperature °C

NoBs O

0
5/18/20150:00  6/27/2015 0:00 8/6/2015 0:00 9/15/2015 0:00
Date and Time

Mill
18

16
14
12
10

Temperature °C

8
6
4
2
0

5/18/2015 0:00 6/16/2015 0:00 7/15/2015 0:00 8/13/2015 0:00
Date and Time



Appendix B. Continued
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Appendix B. Continued
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