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Assessment of Metals Concentrations in Salmonberry 
and Sourdock Collected Near the DMTS 

This technical memorandum describes the findings of chemical analyses for metals in 
salmonberries and sourdock collected in the summer of 2004 in the vicinity of the Red Dog 
Mine operations, near the DeLong Mountain Regional Transportation System (DMTS).  The 
sampling was conducted to provide information to the community in response to concerns about 
potential metals concentrations in subsistence foods.   

Background 

Historical transport of ore concentrate over a 50-mile haul road from the Red Dog lead/zinc 
mine in northwest Alaska to a seaport has been associated with elevated lead levels on moss 
growing near the road, raising concerns within the local community regarding subsistence 
foods.  Initial studies of berries and sourdock, which are part of the local subsistence diet, 
suggested little impact from mine-related activities.  In 2001, the Alaska Division of Public 
Health (ADPH) conducted a health study entitled Public Health Evaluation of Exposure of 
Kivalina and Noatak Residents to Heavy Metals from Red Dog Mine (ADPH 2001).  This 
evaluation included a description of metals analyses in berries collected from near the haul road 
and port facilities in 2001.  In reviewing the berry data, ADPH concluded that “The 
concentrations of heavy metals detected in the salmonberries are consistent with typical 
background levels and do not pose a public health concern.”  However, additional berry data 
collected later in 2001 by the Alaska Department of Environmental Conservation (E&E 2002) 
and Exponent (2002) suggested there may be elevated concentrations of metals in areas near 
port facilities.  These and other subsequently collected data are being used in the ongoing risk 
assessment. 

In May 2004, the Alaska Community Action on Toxics (ACAT) published a report entitled 
Analysis of Reports on Elevated Levels of Heavy Metals in Plants Used for Subsistence near 
Red Dog Mine, Alaska, in which they concluded that metals concentrations in subsistence plant 
foods are elevated and made a number of public health recommendations (ACAT 2004).  The 
conclusions in the ACAT report were based almost exclusively on an analysis conducted by Dr. 
Fred Youngs, a chemist at the University of Massachusetts and the director of the Citizen’s 
Environmental Laboratory in Boston, MA (ACAT Appendix).  However, subsequent reviews by 
ADPH (2004) and Exponent (2004) revealed numerous errors in data characterization and 
reporting by Dr. Youngs, as well as a generally flawed methodology resulting in unsupported 
conclusions.  Although the ACAT report was based on a flawed methodology, many of ACAT’s 
public health recommendations were in line with the efforts already put forth by Teck Cominco 
(Exponent 2004).   

This technical memorandum reports on the results of the salmonberry and sourdock sampling 
conducted as part of a comprehensive assessment of potential impacts to human health and the 
environment associated with metals released during overland transport of ore concentrate.  The 
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overall purpose of this sampling effort was two-fold: 1) To provide additional data for the 
ongoing risk assessment, and 2) to generate the information necessary to provide accurate and 
up-to-date public health recommendations regarding subsistence food harvest in the region. 

Methods 

In summer 2004, salmonberry and sourdock samples were collected from three traditional 
harvesting locations at increasing distance from the port facilities: a) Ipiavik South, i.e., on the 
south end of Ipiavik lagoon, 1.5 miles northwest of the port; b) Kivalina South, approximately 3 
miles southeast of Kivalina and 12 miles northwest of the port; and c) Kivalina North, 
approximately 1 mile northeast of Kivalina and 17 miles northwest of the port (Figure 1).  
Washed and unwashed samples were analyzed for lead and cadmium, two metals that had 
previously been identified as chemicals of concern for the site.  Metals concentrations were 
compared between sites, and to samples collected in 2001 from Ipiavik South and from a 
reference location near Noatak.  The Noatak samples represent the best available background 
data, given the relative proximity to the site, and a location beyond topographic features in the 
prevailing upwind direction.  To evaluate potential differences between sampling locations and 
years, data were analyzed using a one-way analysis of variance (ANOVA), with a Bonferroni’s 
multiple comparison post-test using GraphPad Prism® version 4.02 for Windows® (GraphPad 
Software, San Diego California USA).  An ANOVA is a statistical test used to evaluate 
potential differences between multiple (i.e., three or more) sets of data.  In this analysis, an 
ANOVA was used to estimate the probability that metals concentrations in salmonberries and 
sourdock differ between locations (Ipiavik South, Kivalina South, Kivalina North, and Noatak) 
or whether changes in concentrations occurred between 2001 and 2004.  It can identify overall 
differences, but a post-test is necessary to make individual comparisons (i.e., between two sites 
or between two dates) and to identify where the likely differences, if any, occur.  The result of 
the post-test is a p-value.  A p-value of 0.05 or less, for example, would indicate that there is a 
95 percent (or greater) probability that the metals concentrations in a given tissue are different in 
the two groups being compared; p-values of 0.05 or lower are typically considered statistically 
significant1.  It should be noted, however, that statistical significance does not necessarily imply 
biological relevance.  That is, two groups may differ statistically for a particular measurement, 
but if that difference is not large enough to cause a biological alteration, it may not be 
biologically relevant. 

Results 

The 2004 sampling effort was designed to answer three questions: 1) Do metals concentrations 
in subsistence plant foods differ at harvest sites with increasing distance from the DMTS road 
and port facility? 2) Have metals concentrations in salmonberries and sourdock at a traditional 
harvest site near the port facility (Ipiavik South) changed between 2001 and 2004? and 3) Are 

 
1 In the remainder of the document, the word “significant” indicates statistical significance. 
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significant differences in cadmium concentrations in sourdock harvested from any of the three 
sites evaluated in 2004.  Lead concentrations in unwashed sourdock samples were significantly 
elevated at Ipiavik South compared to the other two sites, but not in washed samples. 

Reference Comparisons — 2004 metals concentrations were the same as or significantly 
less than reference concentrations, with the exception of sourdock lead, which was significantly 
elevated only in washed samples from Kivalina North and unwashed samples from Ipiavic 
South. 

Washed vs. Unwashed Comparisons — At any given site, there was no significant 
difference between concentrations in washed and unwashed samples, providing further support 
for the conclusion that fugitive dust from road and port activities is not significantly affecting 
subsistence foods. 

2004 vs. 2001 Comparisons — We also evaluated whether metals concentrations in 
salmonberries and sourdock have changed since the last sampling effort in 2001.  Data from 
2001 suggested that lead concentrations in salmonberries and sourdock from Ipiavik South 
might have been influenced by road- and port-related activities.  Many fugitive dust control 
improvements have been implemented at road and port facilities since that time (Exponent 
2002, 2004b).  Lead concentrations were lower in 2004 than in 2001 in both salmonberries and 
sourdock.  Cadmium concentrations were the same in 2004 and 2001 in both salmonberries and 
sourdock.  

Taken together, these results support continued subsistence harvesting of berries and other 
vegetation, without restrictions, in areas as close to the port as Ipiavik South.  Areas within the 
port and road ambient air boundary were not evaluated because access restrictions are currently 
and will continue to be in place. 
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Table 1.  Salmonberry cadmium and lead concentrations (mg/kg-wet weight)

Sample Cadmium Lead Cadmium Lead
Ipiavik South, 2004

A-1 0.039 0.010 0.043 0.008
A-2 0.037 0.009 0.039 0.009
A-3 0.029 0.007 0.034 0.004
A-4 0.027 0.005 0.024 0.003
A-5 0.021 0.003 0.025 0.008
A-6 0.024 0.005 0.021 0.001 U

  Mean 0.029 0.007 0.031 0.006
  SD 0.007 0.003 0.009 0.003

Kivalina South, 2004
B-1 0.028 0.001 U 0.022 0.001 U
B-2 0.058 0.001 0.053 0.001 U
B-3 0.032 0.003 0.027 0.001 U
B-4 0.038 0.001 U 0.043 0.001 U
B-5 0.023 0.001 U 0.015 0.001

  Mean 0.036 0.001 0.032 0.001
  SD 0.014 0.001 0.016 0.000

Kivalina North, 2004
C-1 0.021 0.001 U 0.021 0.002
C-2 0.033 0.002 0.021 0.001
C-3 0.027 0.001 0.020 0.001 U
C-4 0.028 0.001 U 0.023 0.001
C-5 0.030 0.001 U 0.030 0.003

  Mean 0.028 0.001 0.023 0.002
  SD 0.004 0.000 0.004 0.001

Ipiavik South, 2001
6 0.023 0.031 0.024 0.040
7 0.027 0.036 0.025 0.037
8 0.032 0.017 0.031 0.026
9 0.027 0.025 0.023 0.015
10 0.031 0.030 0.022 0.020

  Mean 0.028 0.028 0.025 0.028
  SD 0.004 0.007 0.004 0.011

Noatak, 2001
22 0.036 0.0006 0.027 0.0009
23 0.038 0.002 0.030 0.017
24 0.024 0.0005 0.023 0.029
25 0.013 0.007 0.017 0.001
26 0.022 0.0005 0.025 0.0008
27 0.037 0.0007 0.027 0.001
28 0.037 0.001 0.037 0.0005
29 0.029 0.0006 0.038 0.001
30 0.029 0.002 0.034 0.002
31 0.034 0.0007 0.031 0.001

  Mean 0.030 0.002 0.029 0.005
  SD 0.008 0.002 0.006 0.009

Washed Samples Unwashed Samples

Note: SD - standard deviation 
 U - not detected in sample; one-half the detection limit was used to calculate statistics 
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 Table 2.  Sourdock cadmium and lead concentrations (mg/kg-wet weight)

Sample Cadmium Lead Cadmium Lead
Ipiavik South, 2004

A-1 0.004 0.059 0.006 0.101
A-2 0.002 0.090 0.003 0.115
A-3 0.003 0.065 0.005 0.120
A-4 0.009 0.062 0.013 0.101
A-5 0.004 0.160 0.007 0.247
A-6 0.009 0.021 0.011 0.047

  Mean 0.005 0.076 0.007 0.122
  SD 0.003 0.047 0.004 0.066

Kivalina South, 2004
B-1 0.004 0.059 0.004 0.019
B-2 0.003 0.024 0.004 0.033
B-3 0.002 0.029 0.002 0.040
B-4 0.002 0.048 0.003 0.024
B-5 0.003 0.045 0.005 0.021

  Mean 0.003 0.041 0.003 0.027
  SD 0.001 0.014 0.001 0.009

Kivalina North, 2004
C-1 0.007 0.227 0.005 0.047
C-2 0.003 0.067 0.008 0.021
C-3 0.006 0.057 0.005 0.038
C-4 0.007 0.109 0.010 0.015
C-5 0.001 0.029 0.005 0.034

  Mean 0.005 0.098 0.007 0.031
  SD 0.002 0.078 0.003 0.013

Ipiavik South, 2001
12 0.012 0.151 0.0209 0.316
13 0.012 0.207 0.0162 0.236
14 0.011 0.165 0.0057 0.216
15 0.007 0.195 0.0109 0.267
16 0.015 0.293 0.0099 0.330
17 0.009 0.334 0.0154 0.422

  Mean 0.011 0.224 0.013 0.298
  SD 0.003 0.073 0.005 0.075

Noatak, 2001
32 0.053 0.013 0.075 0.015
33 0.017 0.015 0.013 0.014
34 0.010 0.033 0.016 0.021
35 0.026 0.012 0.034 0.014
36 0.014 0.009 0.018 0.019
37 0.010 0.008 0.017 0.012
38 0.018 0.008 0.034 0.006
39 0.021 0.018 0.032 0.022
40 0.017 0.014 0.028 0.016
41 0.025 0.012 0.027 0.012

  Mean 0.021 0.014 0.029 0.015
  SD 0.012 0.007 0.018 0.005

Washed Samples Unwashed Samples

Note: SD - standard deviation 
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