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1 INTRODUCTION 
The jurisdictional lands of the Six Treaty Tribes of Oklahoma1 are located within the Oklahoma portion of 
the Grand Lake watershed downstream of the Tri-State Mining District (TSMD).  Toxic substances 
released from the TSMD (i.e. lead, zinc, and cadmium) are known to be transported away from the 
Superfund site and onto tribal jurisdictional lands via the Neosho River, the Spring River, and Tar Creek 
(MacDonald, Ingersoll et al. 2010).  Tribal members who gather wild plants from floodplain habitats in 
this area are concerned with potential health hazard posed by exposure to these substances as well as 
the potential injury to the natural resources under tribal stewardship due to such exposure.  To begin 
assessing whether tribal natural resources exposed to these substances may be injured, we conducted a 
reconnaissance assessment of the extent to which fluvial sediments may be contaminated with heavy 
metals on the jurisdictional lands of the Six Treaty Tribes. 

The objectives of this study were: 

 To document the downstream extent to which contamination of fluvial sediment has occurred 

 To assess (for the first time) the level of contamination within floodplain sediments 

 To identify areas where sampling should take place for future studies 

In this report, we present chemical analysis for total lead and zinc concentrations determined by field 
portable X-ray fluorescence spectrometry of the <63 micron fraction of sediments from the riverine and 
floodplain areas downstream of the TSMD.  Additionally, results of confirmatory analysis for total lead, 
zinc, and cadmium determined by inductively coupled plasma-mass spectrometry are presented.  These 
data were compared with toxicological effect levels, thresholds effects levels, and background levels 
compiled by MacDonald (2000, 2010) and Pope (2004). 

2 MATERIALS AND METHODS 

2.1 Study Location 

Samples were taken within the southern portion of the Grand Lake watershed (Figures 1-4).  Control 

samples were taken from areas upstream of mining activities on both the Spring and Neosho rivers 

(refer to Figure 1).  

2.2 Field Procedures 

The number and spacing of samples locations along each transect were dependent upon channel 

complexity within the study reach and width of channel/floodplain.   In-channel samples were collected 

using a hand operated auger or Van Dorn sampler.  Bank and floodplain samples were collected using a 

hand trowel.  At each sample location, a 400 g sample was collected in quart-sized Ziplock™ bags and 

labeled, and a GPS waypoint was recorded.  Between each sample collection, sampling equipment was 

washed with a laboratory detergent solution using a brush and rinsed with deionized water. 

                                                           
1 The Six Treaty Tribes consist of the Cherokee Nation, Eastern Shawnee Tribe of Oklahoma, Miami Tribe of 
Oklahoma, Ottawa Tribe of Oklahoma, Seneca-Cayuga Tribe of Oklahoma, and the Wyandotte Nation of Oklahoma. 
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Figure 1: Locations of sampling sites. 

 

  

Figure 2: Locations of transects taken along Neosho River (NR), Elm Creek (EC), Tar Creek (TC), and Little Elm Creek (LEC). 
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2.3 Laboratory Analysis 

Samples were transferred to white Dixie™ bowls and oven dried at 110 °C for 8 hours.  Dried samples 

were then ground with a mortar and pestle and passed through a 5-, 10-, 35-, 60-, 120-, and 230-mesh 

sieve to achieve a homogenized sample that was less than 63 microns (clay fraction).  A portion of the 

sieved sample was placed in a 31.0-mm polyethylene sample cup so that one-half to two-thirds of the 

sample cup was full.  The sample cup was then covered with a 2.5 µm Mylar film for analysis.  The 

remaining homogenized portions of all samples were stored in Ziplock™ bags.  All equipment including 

mortar, pestle, and sieves were thoroughly cleaned between sample preparations to prevent cross 

contamination.  XRF screening was performed at the Cherokee Nation Environmental Office in 

Tahlequah, OK by a certified operator. 

2.4 Confirmatory Analysis 

A total of 30 samples were selected for confirmatory analysis.  Samples were selected to represent a 

range of metal concentrations determined by XRF analysis.  Homogenized samples were sent to Trace 

Element Research Laboratory, Texas A & M University, College Station, TX for heavy metal analysis by 

inductively coupled plasma mass spectrometry (ICP-MS).  

Figure 3: Locations of transects taken along Spring River (SR) and Lost Creek (LC). 
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2.5 Calculation of PEC-Q Values 

The Mean Probable Effect Concentration-Quotient (PEC-Q) for each metal was calculated by dividing the 

measured concentration of the metal within a sample by the Probable Effect Concentration (PEC) for the 

particular metal.  PECs for lead, zinc, and cadmium calculated by MacDonald (2000) were used where 

the PEC values for lead, zinc and cadmium were 459 ppm, 128 ppm, and 4.98 ppm, respectively.   

PEC-Q=
[𝑥]

𝑃𝐸𝐶𝑥
 

Where, x is a metal sampled. 

To estimate toxicity of sediments to benthic invertebrates the sum of the PEC-Q values for lead, zinc, 

and cadmium were used.   These values were compared to the site specific toxicity threshold (SSTT) 

values  (<6.47, low risk; 6.47-10.04, moderate risk; and >10.04, high risk) for amphipod survival 

determined by MacDonald et al. (2010).  Only samples analyzed by ICP-MS were included in this 

estimation. 

2.6 Statistical Analysis 
All statistical tests were performed using Statistica 9 software (Statsoft®, Tulsa, OK).  Normality was 

tested using two methods; firstly, by using histograms to visually inspect the data and secondly, by 

performing two statistical tests for normality (Kolmogorov-Smirnov and Shipiro-Wilks).  All parameters 

tested to be normal.  Therefore, it was concluded that parametric statistical analyses would be used in 

all cases.  The following statistical tests and the circumstances under which they were used are 

described below: 

 Outliers were detected using Grubb’s test for outliers as well as box and whisker plots of data 

with outliers displayed visually. 

 Statistical differences between two groups of data were determined using a t-test for 

independent samples.   

 Statistical differences between three or more groups of data were determined using Analysis of 

Variance (ANOVA) with Fisher LSD post-hoc tests for significance. 

 Statistical comparisons between groups of data were made using the Pearson correlation test. 

All statistical analyses were performed at a 95% confidence interval. 
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Figure 4: Locations of transects taken along Grand River (GR). 

 

3 RESULTS AND DISCUSSION 
The results, in full, are presented in Appendix A (Tables 6-20).   

3.1 Detection of Outliers 

Grubb’s test for outliers was performed on all groups of data (Zn-XRF, Pb-XRF, Fe-XRF, Zn-ICP, Pb-ICP, 

and Cd-ICP).  Outliers were detected in groups Zn-XRF and Pb-XRF (p=0.00 in both cases).  A box and 

whisker plot of these two groups of data determined that the outlying data points were samples NRC-3-

5 and NRC-3-6 (bank and overbank samples from the third transect of Neosho River control samples).  

Inspection of this sampling location revealed that the east bank of the River had been stabilized using 

production rock from the TSMD, which had likely resulted in the high concentrations of lead and zinc 

measured.  These data points were removed from the dataset for all subsequent analyses. 

3.2 Comparison of XRF and ICP-MS Data 

Concentrations of lead and zinc in samples analyzed by ICP-MS (10% of the total number of samples 

taken) were compared to corresponding concentrations of lead and zinc in samples analyzed by XRF.  

The results of this analysis are shown in Tables 1 and 2. 
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Table 1: Comparison of zinc concentrations in samples analyzed by XRF and ICP-MS. 

  
  

r Value 

  Means (ppm) Std. Dev. Zn-XRF Zn-ICP 

Zinc-XRF 2276.067 2233.460 1.00 0.99 

Zinc-ICP 2382.953 2319.796 0.99 1.00 
Note: Red r-value denotes that p<0.05. 

Table 2: Comparison of lead concentrations in samples analyzed by XRF and ICP-MS 

  
  

r Value 

  Means (ppm) Std. Dev. Pb-XRF Pb-ICP 

Lead-XRF 173.4567 154.2319 1.00 0.99 

Lead-ICP 171.4800 151.8269 0.99 1.00 
Note: Red r-value denotes that p<0.05. 

These data show that a significant, positive correlation existed between data obtained from analysis by 

ICP-MS and XRF.  Additionally, these data were able to meet definitive level data criteria per the 

requirements set forth by EPA Method 6200 (correlation coefficient of greater than 0.99 between XRF 

data and confirmatory data). 

3.3 Comparison of Data from Control Sites and Impacted Sites 

The data shown in Table 3 indicated that data from control sites were significantly different to data from 

impacted sites (p=0.00 in all cases).  These data were generated by using a t-test to compare the 

difference between the mean value within impacted sites and the mean value within control sites for 

each respective heavy metal.  

 

Table 3: Means, number of samples, and t-test results for the comparison between control and impacted samples. 

DATA SET Mean Impacted (ppm) Mean Control (ppm) N Impacted N Control p Value 

Zinc-XRF 628.34 89.08 239 58 0.00 

Lead-XRF 57.52 17.97 239 58 0.00 

Iron-XRF 16804.55 10692.71 239 58 0.00 

Zinc-ICP 2962.75 63.77 24 6 0.00 

Lead-ICP 210.70 14.58 24 6 0.00 

Cadmium-ICP 16.39 0.32 24 6 0.00 

 

3.4 PEC-Q Values 

PEC-Q values are presented in Appendix D.  24% of samples had a PEC-Q value of greater than 1 for zinc 

and 9.7% of samples had a PEC-Q value of greater than 1 for lead.   
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Table 4 shows ƩPEC-QPb,Zn,Cd for samples analyzed by ICP-MS as well as the predicted magnitude of 

toxicity for each sample.  Risk levels were defined as: <6.47, low risk; 6.47-10.04, moderate risk; >10.04, 

high risk (MacDonald 2010). 

Table 4: ƩPEC-QPb,Zn,Cd values and predicted magnitude of toxicity for samples analyzed by ICP-MS. 

Sample 
ID 

Zn PEC-Q  Pb PEC-Q Cd PEC-Q) ƩPEC-QZn,Pb,Cd 
Risk Level 

Low Moderate High 

EC-1-3 1.88 0.78 1.34 4.01 X 
  

EC-2-2 0.72 0.82 0.66 2.20 X 
  

EC-2-3 5.14 1.27 2.35 8.76 
 

X 
 

GR-11-2 1.08 0.31 0.54 1.92 X 
  

GR-11-3 0.97 0.27 0.51 1.76 X 
  

GR-11-4 1.08 0.30 0.59 1.97 X 
  

GR-12-2 1.14 0.31 0.51 1.96 X 
  

GR-12-4 1.09 0.30 0.51 1.90 X 
  

NRC-3-1 0.12 0.09 0.05 0.25 

Controls NRC-5-4 0.09 0.12 0.03 0.24 

NRC-5-5 0.10 0.12 0.03 0.24 

SR-1-3 9.59 1.79 5.00 16.38 
  

X 

SR-2-5 8.63 1.80 4.32 14.74 
  

X 

SR-3-3 4.25 1.66 1.91 7.82 
 

X 
 

SR-7-4 8.61 1.55 4.72 14.87 
  

X 

SR-9-3 4.84 1.95 2.95 9.74 
 

X 
 

SR-10-1 6.62 1.59 4.72 12.94 
  

X 

SR-10-2 3.03 0.70 1.71 5.44 X 
  

SRC-2-3 0.22 0.14 0.13 0.49 

Controls SRC-3-5 0.19 0.12 0.10 0.41 

SRC-4-1 0.11 0.10 0.05 0.27 

SRO-2-3 2.29 1.34 1.55 5.18 X 
  

TC-1-1 17.54 2.97 7.85 28.36 
  

X 

TC-1-2 12.22 2.91 5.08 20.21 
  

X 

TC-1-3 13.01 2.73 6.14 21.88 
  

X 

TC-2-1 12.96 3.08 6.33 22.37 
  

X 

TC-2-2 8.00 1.75 4.38 14.12 
  

X 

TC-3-2 12.57 2.81 6.39 21.77 
  

X 

TC-3-3 9.39 4.77 6.29 20.45 
  

X 

TC-4-2 8.28 1.76 2.63 12.67 
  

X 

 

  



8 
 

3.5 Presentation of Data from Impacted Sites 

Data obtained from this study were compared to those from other studies pertaining to lead, zinc, and 

cadmium contamination particularly those by MacDonald (2000; 2010) and Pope (2004).  Threshold 

effect concentration is defined by MacDonald, Ingersoll et al. (2010) as “the concentration of a chemical 

in sediment below which adverse biological changes are unlikely to occur”. 

Table 4 shows a summary of the findings of these studies. 

Table 5: Background, threshold effects, and probable effects concentrations for zinc, lead, and cadmium (MacDonald, 
Ingersoll et al. 2000; Pope 2004; MacDonald, Ingersoll et al. 2010). 

  Zinc (mg/kg) Lead (mg/kg) Cadmium (mg/kg) 

Background Concentrations 
Estimated by Pope, 2004 

100 20 0.6 

National Background 
Concentrations Estimated by 

Horowitz et al., 1991 
88 23 No Data 

Threshold Effects 
Concentration Estimated by 

MacDonald et al., 2000 
124 35.8 0.99 

General Probable Effects 
Concentration Estimated by 

MacDonald et al., 2000 
459 128 4.98 

Low Risk Threshold 
Concentration Estimated by 

MacDonald et al., 2010 
1702 123 9.01 

High Risk Threshold 
Concentration Estimated by 

MacDonald et al., 2010 
2409 179 14.1 

 

Figures 5, 6, and 7 present the data obtained from this study.  Each sample location is represented by a 

colored dot on a map of the study area.  The color of the dot represents the level at which the sampling 

location was found to be contaminated by each respective contaminant according to the estimations 

presented in Table 4. 
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Figure 5: Lead concentrations at sampling locations shown by dots representing the level of contamination (determined by 
XRF). 
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Figure 6: Zinc concentrations at sampling locations shown by dots representing the level of contamination (determined by 
XRF). 
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Figure 7: Cadmium concentrations at sampling locations shown by dots representing the level of contamination (determined 
by ICP-MS). 

 

 

3.5 Estimation of Background Values 

We found the following mean values for zinc, lead, and cadmium at control locations: 

Table 6: Mean concentrations of zinc (determined by XRF), lead (determined by XRF), and cadmium (determined by ICP-MS) 
for control samples taken on the Spring and Neosho rivers. 

 Zinc (ppm) Lead (ppm) Cadmium (ppm) 

Neosho River* 80.6 18.7 0.459 
Spring River 97.0 17.2 0.181 

*Mean values for zinc and lead exclude samples NRC-3-5 and NRC-5-6 

The lowest observed value for zinc was found at location NRC-5-4 and measured at 42.5 ppm (ICP-MS) and 47.5 

ppm (XRF).  The lowest observed value for lead was seen at NRC-3-1 and measured 11.1 ppm using ICP-MS and 

was below the detection limit of the XRF.  Cadmium was lowest at NRC-5-5 and measured 0.139 ppm using ICP-MS. 
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4 CONCLUSIONS 
This objectives of this study were to i) determine the downstream extent of lead, zinc, and cadmium 
contamination of fluvial sediment as a result of hazardous substance releases from the TSMD, ii) to 
assess the concentrations of lead, zinc, and cadmium in floodplain sediments on the jurisdictional lands 
of the Six Treaty Tribes of Oklahoma, and iii) to identify areas where future sampling should take place. 

The results presented in this report showed that hazardous substances released from the TSMD have 

been transported downstream at least as far south as the northern portion of Grand Lake O’ the 

Cherokees.  Several samples taken during the course of this study exceeded the values outlined in Table 

4.  Importantly: 

 4.61% of samples taken exceeded the high risk threshold concentration of 2409 ppm for zinc 

and 5.77%  exceeded the high risk threshold concentration of 179 ppm for lead.   

 7.69% of samples exceeded the low risk threshold concentration of 1702 ppm for zinc and 

11.15% of samples exceeded the low risk threshold concentration of 123 ppm for lead. 

 83.46% of samples exceeded the background value of 100 ppm for zinc, and 65.00% of samples 

exceeded the background concentration of 20 ppm for lead. 

The results of this study clearly show that high concentrations of heavy metals are present in sediment 

downstream of the Tri-State Mining District.   

Elevated concentrations of zinc (as high as 516.3 ppm), lead (as high as 53.5 ppm), and cadmium (2.56 

ppm) were observed in samples taken from the southern-most transect of this study.  These data, 

combined with the upward trend of the regression lines seen in Figures 23 and 24 (data from the Grand 

River), indicated that contaminants may have dispersed further downstream than originally anticipated.  

It would be useful if the Six Treaty Tribes were to extend the scope of this study to include the whole of 

Grand Lake and possibly below the dam wall in order to ascertain how far south contamination has 

spread.  

The sum of PEC-Q values for lead, zinc, and cadmium were determined and compared to  site specific 

toxicity threshold values for benthic invertebrates determined by MacDonald (2010).  This study showed 

that i) 1 of 3 samples taken on Elm Creek posed a moderate risk, ii) 4 of 7 samples posed a high risk and 

2 of 7 samples posed a moderate risk for samples taken on Spring River, and iii) 8 of 8 samples taken on 

Tar Creek posed a high risk. 

Mean concentrations of lead, zinc, and cadmium from control sites showed that the background levels 

found in this study were largely in agreement with those estimated by Pope in 2004. However, Pope 

used the lowest values found in his study to estimate background values, which were substantially 

higher than the lowest values for each contaminant measured in this study. 

We advise that future sampling efforts be focused on the locations presented in Figure 8.  These 

locations represent areas where concentrations of the contaminants of concern were particularly high 

and/or were located on or near Tribal Trust land.  It is important that these areas be identified in order 

for sampling locations of future studies to be collocated with those presented herein. 
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Figure 8: Proposed future sampling locations for the plant CRI. 

 

   

This report represents the first in a series of studies aimed at gathering information regarding the extent 

of contamination as a result of historic mining activities as well the extent to which contaminants have 

caused potential damage to tribal natural resources.    
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APPENDIX A: RAW DATA 
 

Table 7:Data from sample locations taken on Elm Creek. 

 

 

Table 8: Data from sample locations taken on Little Elm Creek. 

 



16 
 

Table 9: Data from sample locations taken on Lost Creek. 

 

 

Table 10: Data from sample locations taken on Tar Creek. 
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Table 11: Data from sample locations taken on Spring River. 
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Table 12: Data from sample locations taken on Spring River, continued. 
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Table 13: Data from sample locations taken on Neosho River. 
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Table 14: Data from sample locations taken on Neosho River, continued. 
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Table 15: Data from sample locations taken on Neosho River, continued. 
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Table 16: Data from sample locations taken on Grand River. 
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Table 17: Data from sample locations taken on Grand River, continued. 

 

 

Table 18: Data from sample locations taken on Grand River, continued. 
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Table 19: Data from sample locations taken on oxbow lakes adjacent to Spring River. 

 

 

Table 20: Data from sample locations taken on Spring River at control locations. 
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Table 21: Data from sample locations taken on Neosho River at control locations. 
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APPENDIX B: GRAPHS OF AVERAGE TRANSECT CONCENTRATIONS FOR LEAD 

AND ZINC 
 

Figure 9: Mean zinc concentration (ppm) within transects along the Neosho River. 
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Figure 10: Mean lead concentration (ppm) within transects along the Neosho River. 
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Figure 11: Mean zinc concentration (ppm) within control transects along the Neosho River. 
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Figure 12: Mean lead concentration (ppm) within control transects along the Neosho River. 
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Figure 13: Mean zinc concentration (ppm) within transects along Elm Creek. 
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Figure 14: Mean lead concentration (ppm) within transects along Elm Creek. 
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Figure 15: Mean zinc concentration (ppm) within transects along Tar Creek. 
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Figure 16: Mean lead concentration (ppm) within transects along Tar Creek. 
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Figure 17: Mean zinc concentration (ppm) within transects along Little Elm Creek. 
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Figure 18: Mean lead concentration (ppm) within transects along Little Elm Creek. 
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Figure 19: Mean zinc concentration (ppm) within transects along the Spring River. 

 Mean 

 Mean±SE 

1 2 3 4 5 6 7 8 9 10 11

Transect

0

500

1000

1500

2000

2500

3000

Z
in

c
 (
p
p
m

)

 

Figure 20: Mean lead concentration (ppm) within transects along the Spring River. 
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Figure 21: Mean zinc concentration (ppm) within transects taken from oxbow lakes adjacent to the Spring River. 
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Figure 22: Mean lead concentration (ppm) within transects taken from oxbow lakes adjacent to the Spring River. 
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Figure 23: Mean zinc concentration (ppm) within control transects along the Spring River. 
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Figure 24: Mean lead concentration (ppm) within control transects along the Spring River. 
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Figure 25: Mean zinc concentration (ppm) within transects along Lost Creek. 
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Figure 26: Mean lead concentration (ppm) within transects along Lost Creek. 
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Figure 27: Mean zinc concentration (ppm) within transects along the Grand River. 
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Figure 28: Mean lead concentration (ppm) within transects along the Grand River. 
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APPENDIX C: GRAPHS OF MEAN LEAD AND ZINC CONCENTRATIONS GROUPED 

BY LOCATION WITHIN A TRANSECT 
 

Figure 29: Mean lead concentration (ppm) for overbank, bank, river, and oxbow samples from impacted sites. 
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Figure 30: Mean zinc concentration (ppm) for overbank, bank, river, and oxbow samples from impacted sites. 
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APPENDIX D: PEC-Q Values 
 

Sample 
ID 

Zn PEC-Q (XRF) Pb PEC-Q (XRF) Zn PEC-Q (ICP) Pb PEC-Q (ICP) Cd PEC-Q (ICP) 

EC-1-1 0.46 0.61 
   

EC-1-2 2.15 0.59 
   

EC-1-3 1.68 0.76 1.88 0.78 1.34 

EC-1-4 0.00 0.00 
   

EC-2-1 0.46 0.40 
   

EC-2-2 0.68 0.95 0.72 0.82 0.66 

EC-2-3 5.01 1.50 5.14 1.27 2.35 

EC-2-4 0.74 0.49 
   

EC-3-1 0.17 0.12 
   

EC-3-2 0.37 0.16 
   

EC-3-3 0.34 0.16 
   

EC-3-4 0.34 0.11 
   

EC-3-5 0.19 0.19 
   

EC-4-1 0.28 0.17 
   

EC-4-2 0.22 0.15 
   

EC-4-3 0.29 0.16 
   

EC-4-4 0.30 0.20 
   

EC-4-5 0.15 0.15 
   

GR-1-1 0.41 0.16 
   

GR-1-2 0.36 0.22 
   

GR-1-3 0.36 0.22 
   

GR-1-4 2.07 0.45 
   

GR-1-5 2.61 0.66 
   

GR-2-1 1.52 0.39 
   

GR-2-2 0.84 0.28 
   

GR-2-3 0.33 0.10 
   

GR-2-4 0.44 0.26 
   

GR-2-5 0.21 0.18 
   

GR-2-6 0.24 0.11 
   

GR-3-1 1.11 0.36 
   

GR-3-2 0.27 0.18 
   

GR-3-3 0.28 0.15 
   

GR-3-4 0.43 0.13 
   

GR-3-5 0.32 0.15 
   

GR-3-6 0.44 0.17 
   

GR-4-1 1.02 0.33 
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file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/GR-1-1.JPG
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Sample 
ID 

Zn PEC-Q (XRF) Pb PEC-Q (XRF) Zn PEC-Q (ICP) Pb PEC-Q (ICP) Cd PEC-Q (ICP) 

GR-4-2 0.79 0.25 
   

GR-4-3 0.79 0.22 
   

GR-4-4 0.28 0.13 
   

GR-4-5 0.53 0.14 
   

GR-4-6 0.56 0.21 
   

GR-5-1 1.17 0.34 
   

GR-5-2 0.51 0.20 
   

GR-5-3 0.63 0.16 
   

GR-5-4 0.25 0.26 
   

GR-6-1 1.44 0.36 
   

GR-6-2 0.82 0.20 
   

GR-6-3 0.55 0.20 
   

GR-6-4 0.63 0.27 
   

GR-6-5 0.23 0.15 
   

GR-7-1 0.82 0.30 
   

GR-7-2 0.65 0.22 
   

GR-7-3 0.64 0.14 
   

GR-7-4 0.57 0.15 
   

GR-7-5 0.31 0.17 
   

GR-8-1 0.31 0.21 
   

GR-8-2 0.61 0.23 
   

GR-8-3 0.72 0.31 
   

GR-8-4 0.71 0.22 
   

GR-8-5 0.72 0.26 
   

GR-9-1 0.90 0.35 
   

GR-9-2 0.86 0.30 
   

GR-9-3 0.94 0.31 
   

GR-9-4 0.28 0.14 
   

GR-9-5 0.35 0.21 
   

GR-10-1 0.14 0.15 
   

GR-10-2 0.67 0.21 
   

GR-10-3 0.87 0.20 
   

GR-10-4 1.13 0.26 
   

GR-10-5 0.90 0.32 
   

GR-11-1 0.90 0.35 
   

GR-11-2 1.06 0.30 1.08 0.31 0.54 

GR-11-3 1.01 0.32 0.97 0.27 0.51 

GR-11-4 1.00 0.37 1.08 0.30 0.59 

GR-11-5 0.53 0.14 
   

GR-12-1 0.09 0.11 
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Sample 
ID 

Zn PEC-Q (XRF) Pb PEC-Q (XRF) Zn PEC-Q (ICP) Pb PEC-Q (ICP) Cd PEC-Q (ICP) 

      
GR-12-2 1.04 0.27 1.14 0.31 0.51 

GR-12-3 1.01 0.33 
   

GR-12-4 1.12 0.42 1.09 0.30 0.51 

GR-12-5 0.69 0.27 
   

LC-1-1 0.67 0.28 
   

LC-1-2 0.37 0.20 
   

LC-2-1 0.55 0.16 
   

LC-2-2 0.76 0.29 
   

LC-3-1 0.34 0.14 
   

LC-3-2 0.50 0.21 
   

LC-3-3 0.43 0.14 
   

LC-4-1 0.31 0.17 
   

LC-4-2 0.40 0.28 
   

LC-4-3 0.44 0.36 
   

LC-4-4 0.42 0.18 
   

LC-4-5 0.32 0.33 
   

LC-5-1 0.42 0.14 
   

LC-5-2 0.28 0.30 
   

LC-5-3 0.20 0.19 
   

LEC-1-1 0.30 0.17 
   

LEC-1-2 0.26 0.11 
   

LEC-2-1 0.34 0.13 
   

LEC-2-2 0.46 0.10 
   

NR-1-1 0.13 0.12 
   

NR-1-2 0.17 0.12 
   

NR-1-3 0.13 0.13 
   

NR-2-1 0.19 0.14 
   

NR-2-2 0.17 0.11 
   

NR-2-3 0.19 0.17 
   

NR-3-1 0.16 0.16 
   

NR-3-2 0.15 0.17 
   

NR-3-3 0.18 0.12 
   

NR-3-4 0.16 0.11 
   

NR-4-1 0.47 0.26 
   

NR-4-2 0.27 0.21 
   

NR-4-3 0.17 0.10 
   

NR-4-4 0.22 0.15 
   

NR-4-5 0.22 0.11 
   

NR-5-1 0.20 0.10 
   

NR-5-2 0.29 0.16 
   

file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/GR-12-2.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/GR-12-3.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/GR-12-4.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/GR-12-5.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/LC-1-1.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/LC-1-2.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/LC-2-1.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/LC-2-2.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/LC-1-1.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/LEC-1-2.jpg
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/LEC-2-1.jpg
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/LEC-2-2.jpg
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/NR-1-1.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/NR-2-1.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/NR-2-2.JPG
file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/NR-3-1.JPG
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file:///C:/Users/Owner/Documents/SIX%20TREATY/XRF/Photos/NR-4-2.jpg
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Sample 
ID 

Zn PEC-Q (XRF) Pb PEC-Q (XRF) Zn PEC-Q (ICP) Pb PEC-Q (ICP) Cd PEC-Q (ICP) 

      
NR-5-3 0.19 0.11 

   
NR-5-4 0.31 0.23 

   
NR-6-1 0.70 0.17 

   
NR-6-2 0.28 0.21 

   
NR-6-3 0.21 0.11 

   
NR-6-4 0.41 0.23 

   
NR-7-1 0.48 0.15 

   
NR-7-2 0.35 0.18 

   
NR-7-3 0.23 0.13 

   
NR-7-4 0.20 0.11 

   
NR-7-5 0.22 0.11 

   
NR-8-1 0.41 0.10 

   
NR-8-2 0.17 0.11 

   
NR-8-3 0.56 0.24 

   
NR-8-4 0.25 0.18 

   
NR-8-5 0.15 0.15 

   
NR-8-6 0.24 0.11 

   
NR-9-1 0.48 0.24 

   
NR-9-2 0.39 0.15 

   
NR-9-3 0.44 0.14 

   
NR-9-4 0.20 0.11 

   
NR-9-5 0.26 0.11 

   
NR-9-6 0.28 0.15 

   
NR-10-1 0.39 0.15 

   
NR-10-2 0.27 0.12 

   
NR-10-3 0.34 0.11 

   
NR-10-4 0.59 0.11 

   
NR-10-5 0.29 0.11 

   
NR-10-6 0.26 0.16 

   
NR-11-1 0.36 0.26 

   
NR-11-2 0.34 0.12 

   
NR-11-3 0.28 0.17 

   
NR-11-4 0.29 0.11 

   
NR-11-5 0.29 0.11 

   
NR-11-6 0.29 0.17 

   
NR-12-1 0.51 0.22 

   
NR-12-2 0.36 0.17 

   
NR-12-3 0.40 0.14 
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Sample 
ID 

Zn PEC-Q (XRF) Pb PEC-Q (XRF) Zn PEC-Q (ICP) Pb PEC-Q (ICP) Cd PEC-Q (ICP) 

NR-12-4 0.21 0.14 
   

NR-12-5 0.43 0.12 
   

NR-12-6 0.38 0.13 
   

NR-13-1 0.27 0.15 
   

NR-13-2 0.61 0.23 
   

NR-13-3 0.31 0.16 
   

NR-13-4 0.23 0.11 
   

NR-13-5 0.29 0.26 
   

NR-14-1 0.31 0.11 
   

NR-14-2 0.32 0.20 
   

NR-14-3 0.31 0.23 
   

NR-14-4 0.30 0.14 
   

NR-14-5 0.37 0.11 
   

NR-14-6 0.21 0.12 
   

NR-15-1 0.34 0.12 
   

NR-15-2 0.35 0.12 
   

NR-15-3 0.29 0.11 
   

NR-15-4 0.34 0.20 
   

NR-15-5 0.27 0.17 
   

NR-15-6 0.56 0.28 
   

NRC-1-1 0.37 0.23 
   

NRC-1-2 0.33 0.20 
   

NRC-1-3 0.34 0.19 
   

NRC-1-4 0.14 0.12 
   

NRC-1-5 0.17 0.18 
   

NRC-1-6 0.14 0.23 
   

NRC-2-1 0.14 0.11 
   

NRC-2-2 0.17 0.12 
   

NRC-2-3 0.15 0.14 
   

NRC-2-4 0.16 0.14 
   

NRC-2-5 0.16 0.19 
   

NRC-2-6 0.18 0.15 
   

NRC-3-1 0.15 0.10 0.12 0.09 0.05 

NRC-3-2 0.19 0.12 
   

NRC-3-3 0.19 0.11 
   

NRC-3-4 0.20 0.13 
   

NRC-3-5 1.49 0.83 
   

NRC-3-6 1.43 0.80 
   

NRC-4-1 0.12 0.10 
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Sample 
ID 

Zn PEC-Q (XRF) Pb PEC-Q (XRF) Zn PEC-Q (ICP) Pb PEC-Q (ICP) Cd PEC-Q (ICP) 

NRC-4-2 0.14 0.11 
   

NRC-4-3 0.18 0.11 
   

NRC-4-4 0.15 0.11 
   

NRC-4-5 0.13 0.12 
   

NRC-4-6 0.17 0.11 
   

NRC-5-1 0.16 0.13 
   

NRC-5-2 0.14 0.13 
   

NRC-5-3 0.15 0.12 
   

NRC-5-4 0.10 0.14 0.09 0.12 0.03 

NRC-5-5 0.15 0.11 0.10 0.12 0.03 

NRC-5-6 0.15 0.37 
   

SR-1-1 3.17 1.23 
   

SR-1-2 1.63 0.52 
   

SR-1-3 8.56 1.71 9.59 1.79 5.00 

SR-1-4 0.68 0.15 
   

SR-1-5 0.22 0.10 
   

SR-1-6 2.50 0.85 
   

SR-2-1 3.09 1.22 
   

SR-2-2 1.27 0.51 
   

SR-2-3 1.81 0.57 
   

SR-2-4 4.79 1.54 
   

SR-2-5 8.75 1.86 8.63 1.80 4.32 

SR-2-6 3.44 1.04 
   

SR-3-1 2.75 1.12 
   

SR-3-2 3.50 1.20 
   

SR-3-3 4.09 1.75 4.25 1.66 1.91 

SR-4-1 1.25 0.44 
   

SR-4-2 0.26 0.19 
   

SR-4-3 0.23 0.15 
   

SR-4-4 0.59 0.22 
   

SR-4-5 1.75 0.59 
   

SR-4-6 1.12 0.30 
   

SR-5-1 1.88 0.73 
   

SR-5-2 4.14 1.39 
   

SR-5-3 4.05 1.19 
   

SR-5-4 0.35 0.20 
   

SR-5-5 2.91 1.11 
   

SR-6-1 1.12 0.30 
   

SR-6-2 3.47 1.23 
   

SR-6-3 2.99 1.03 
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Sample 
ID 

Zn PEC-Q (XRF) Pb PEC-Q (XRF) Zn PEC-Q (ICP) Pb PEC-Q (ICP) Cd PEC-Q (ICP) 

      
SR-6-4 2.37 0.88 

   
SR-7-1 2.05 0.71 

   
SR-7-2 2.18 0.95 

   
SR-7-3 0.62 0.21 

   
SR-7-4 8.34 1.63 8.61 1.55 4.72 

SR-7-5 3.74 0.81 
   

SR-7-6 1.96 0.93 
   

SR-8-1 2.60 0.72 
   

SR-8-2 0.30 0.12 
   

SR-8-3 0.74 0.33 
   

SR-8-4 2.35 0.65 
   

SR-9-1 2.62 0.78 
   

SR-9-2 4.79 1.18 
   

SR-9-3 4.27 2.03 4.84 1.95 2.95 

SR-9-4 0.68 0.23 
   

SR-9-5 2.64 0.75 
   

SR-10-1 5.76 1.47 6.62 1.59 4.72 

SR-10-2 2.69 0.75 3.03 0.70 1.71 

SR-11-1 2.71 0.75 
   

SR-11-2 2.38 0.58 
   

SR-11-3 1.72 0.64 
   

SRC-1-1 0.21 0.10 
   

SRC-1-2 0.22 0.20 
   

SRC-1-3 0.23 0.14 
   

SRC-1-4 0.21 0.10 
   

SRC-1-5 0.26 0.14 
   

SRC-1-6 0.23 0.16 
   

SRC-2-1 0.28 0.22 
   

SRC-2-2 0.23 0.15 
   

SRC-2-3 0.25 0.10 0.22 0.14 0.13 

SRC-2-4 0.26 0.16 
   

SRC-2-5 0.22 0.19 
   

SRC-2-6 0.20 0.10 
   

SRC-3-1 0.17 0.10 
   

SRC-3-2 0.22 0.12 
   

SRC-3-3 0.20 0.11 
   

SRC-3-4 0.27 0.14 
   

SRC-3-5 0.20 0.15 0.19 0.12 0.10 

SRC-3-6 0.16 0.10 
   

 

file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-6-4.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-7-1.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-7-2.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-7-3.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-7-4.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-7-5.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-7-6.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-9-3.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-10-1.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-10-2.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SR-11-2.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-1-1.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-1-2.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-1-3.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-1-4.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-1-5.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-1-6.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-2-1.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-2-2.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-2-3.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-2-4.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-2-5.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-2-6.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-3-1.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-3-2.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-3-3.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-3-4.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-3-5.JPG
file:///C:/Users/Owner/AppData/Roaming/Microsoft/Excel/Photos/SRC-3-6.JPG


44 
 

Sample 
ID 

Zn PEC-Q (XRF) Pb PEC-Q (XRF) Zn PEC-Q (ICP) Pb PEC-Q (ICP) Cd PEC-Q (ICP) 

SRC-4-1 0.16 0.11 0.11 0.10 0.05 

SRC-4-2 0.21 0.14 
   

SRC-4-3 0.20 0.10 
   

SRC-4-4 0.23 0.19 
   

SRC-4-5 0.16 0.10 
   

SRC-4-6 0.17 0.14 
   

SRC-5-1 0.22 0.12 
   

SRC-5-2 0.21 0.17 
   

SRC-5-3 0.15 0.10 
   

SRC-5-4 0.23 0.15 
   

SRC-5-5 0.21 0.14 
   

SRC-5-6 0.17 0.10 
   

SRO-1-1 1.80 0.73 
   

SRO-1-2 1.80 0.79 
   

SRO-1-3 0.27 0.19 
   

SRO-2-1 1.61 0.71 
   

SRO-2-2 2.65 1.15 
   

SRO-2-3 1.94 1.24 2.29 1.34 1.55 

TC-1-1 15.63 2.90 17.54 2.97 7.85 

TC-1-2 13.06 3.17 12.22 2.91 5.08 

TC-1-3 13.88 3.16 13.01 2.73 6.14 

TC-2-1 11.81 2.89 12.96 3.08 6.33 

TC-2-2 6.62 1.38 8.00 1.75 4.38 

TC-3-1 3.29 0.88 
   

TC-3-2 11.82 2.67 12.57 2.81 6.39 

TC-3-3 9.50 4.91 9.39 4.77 6.29 

TC-4-1 0.82 0.28 
   

TC-4-2 8.42 1.55 8.28 1.76 2.63 
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