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1. Introduction 

The Tennessee Valley Authority (TVA) Kingston Fossil Plant (KIF), one of TVA’s larger fossil plants, is 

located at the confluence of the Emory and Clinch Rivers on Watts Bar Reservoir in Roane County, 

Tennessee. Ash, a by-product of a coal-fired power plant, is stored in unlined containment areas, including 

a former Dredge Cell. Failure of the Dredge Cell dike released about 5.4 million cubic yards (cy) of coal ash 

covering approximately 300 acres. Fly ash also entered the channel and overbank areas of the riverine 

section of the Emory River. While the released fly ash itself is primarily composed of fine silica particles 

very similar to sand, it also contains trace amounts of arsenic, chromium, copper, lead, mercury, nickel, 

selenium, thallium, vanadium, zinc, and other metals which occur naturally in the coal. 

Evaluations of the spatial extent of ash deposition indicate that ash may have traveled upstream as far as 

Emory River mile (ERM) 6.0, and as far downstream as Tennessee River mile (TRM) 566 (Jacobs 2010). 

In the upstream direction, the thickness of ash appeared to diminish quickly beyond about ERM 3.5. In the 

downstream direction, ash deposition generally diminishes quickly below about ERM 1.0, with pockets of 

greater depth occurring in depositional areas in the lower Emory River and Clinch River. Downstream of 

Clinch River mile (CRM) 2.0, ash deposits generally vary from trace amounts to 2 inches. Ash deposition 

of 0.5 to 1 inch was observed in the Tennessee River at TRM 566 (south of the Clinch River). Only trace 

amounts of ash have been observed further downstream (Jacobs 2010). 

Dredging efforts in the Emory River began on March 20, 2009 and continued until May 29, 2010, and was 

completed in several phases. Hydraulic dredging in the river began during the first phase, which was an 

initial dredging pilot program on March 20, 2009. This pilot study continued until July 20, 2009 (during the 

time-critical removal action). Phase I production dredging began in August 2009 and focused on removing 

the greatest volume of ash in the quickest time frame to reduce the potential for upstream flooding by 

clearing the river channel and to minimize downriver migration risk. At the end of the pilot and Phase I 

dredging, approximately 1.96 million cy of ash had been removed from the river. Phase II dredging began 

in February 2010 in order to further minimize the potential future ash migration down river. This period of 

dredging was considered “precision” dredging and was focused on returning the river channel to its original 

(pre-spill) depths while minimizing disturbance of legacy sediment. An estimated 780,000 cy of ash was 

removed during the Phase II dredging. During dredging operations, turbidity was expected to increase in the 

immediate area of the dredging. Engineering controls (silt curtains) and operational controls (i.e., reduce 

cutter head speed, reduce rate of advance, and reverse cutter head rotation) were implemented to minimize 

suspending solids during the dredging operations. 

As an initial assessment of the ash-related contaminant exposure to avian species, concentrations of 

contaminants and productivity were studied in tree swallows (Tachycineta bicolor) nesting near the TVA 

Kingston fly ash spill. Eggs, eggshells, and 15-day nestlings were analyzed for metals and metalloids found 

in coal ash to determine accumulation and extent of maternal transfer of pollutants. It was hypothesized that 

birds foraging and breeding in ash-contaminated areas would transfer more metals and metalloids to their 

offspring and have poorer productivity than birds in reference areas, and that metal and metalloid 
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concentrations would be higher in 2010 than in 2009, as these elements bioconcentrated and accumulated 

in prey items for both egg-laying adults and 15-day nestlings. Within impacted areas, it was hypothesized 

locations close to the ash spill (Emory River) would have higher concentrations in eggs and nestlings than 

locations farther away. Furthermore, it was hypothesized that increases in metals and metalloids would 

decrease egg dimensions and weight, nestling feather and tarsus lengths and weight, hatching, and nestling 

success, and female fledglings produced per nesting female. 
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2. Methods 

The methods used for selecting insectivorous bird species are described below, along with a description of 

the study sites, field collections, trace element analysis, and statistical analysis. 

2.1 Species Selection 

Tree swallows were selected for this study for several reasons. Tree swallows are widely used as indicator 

species of local sediment contamination (Bishop et al. 1995; Nichols et al. 1995; Secord et al. 1999). They 

readily use nest boxes, which can be established at specific sites of interest. They feed near their nest box, 

primarily on emergent aquatic insects. As a result, residues in their tissues reflect those concentrations of 

constituents in local sediments that accumulate in the insect biota. 

Tree swallows are insectivorous passerines that inhabit standing cavities of dead trees, bluebird boxes, or 

other artificial structures (Nicholson 1997; Robinson 1990). They are a breeding migratory resident in 

Tennessee, typically arriving in March and April. Nests are typically cup-shaped, mainly comprised of dead 

grasses and lined with feathers. Eggs are usually laid in April and May, with peak egg laying in mid-May. 

Tree swallow clutch sizes in Tennessee range from four to six eggs, with an average of 4.92. Eggs are 

incubated by the female for approximately 13 to 16 days and nestlings are fed by both adults for 

approximately 20 days before they fledge (Nicholson 1997; Robinson 1990). Tree swallows prey on a 

variety of insects, primarily emergent aquatic insects such as mayflies. They catch their prey while flying 

over the water or in nearly open areas (U.S. Geological Survey 2003; Blancher and McNicol 1991; Quinney 

and Ankney 1985). Foraging distances from nesting sites typically range from 100 to 200 meters, thus 

providing good spatial resolution for results (McCarty and Winkler 1999).  

Tree swallows may be exposed to constituents of potential ecological concern through bioaccumulation of 

trace elements in prey that emerges from the water and sediment, as well as through incidental surface 

water ingestion when foraging. Tree swallow eggs and eggshells were collected to evaluate the transfer of 

contaminants from the parent to the offspring. In addition, 15-day nestlings were also collected. Adult tree 

swallows are migratory and subsequently have a history of contamination from multiple sources with varying 

lengths of exposure, while eggs and eggshells are likely to reflect the exposure history of the laying adult 

females, as well as the extent of sediment contamination in the area near the nest box. Nestlings that were 

15 days old were collected because these offspring are fed emergent benthic invertebrates, and therefore 

tend to more directly reflect concentrations of contaminants in prey items and sediments near the vicinity of 

the nest box. 

2.2 Study Sites 

In 2009, five colonies of tree swallow boxes were established at two potentially-impacted areas immediately 

around the ash spill, including ERM 3.0 and ERM 3.5, and at one location downstream on the Clinch River 

at CRM 2.5. In addition, two colonies were established at areas not impacted by the TVA Kingston ash spill. 
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These included one upstream impoundment on the Tennessee River [Fort Loudoun Dam (FLD)], and one 

positive control site on the upstream Clinch River [Melton Hill Dam (MHD)] which has known historical 

contamination from coal ash. The positive control was included to evaluate whether concentrations in the 

impacted site exceeded those of a highly-impacted area. Colony sites consisted of newly-installed boxes 

and existing bird boxes. A total of 81 boxes were monitored in 2009. 

In 2010, the tree swallow study was expanded to colonies at a total of nine potentially-impacted areas, 

including locations on the Emory River directly around the spill, areas downstream on the Clinch and 

Tennessee Rivers, and a total of five unimpacted (reference) areas at nearby impoundment locations. 

Impacted locations included ERM 3.0 (two colonies), ERM 3.5, several embayments surrounding the KIF 

plant (East Embayment, West Embayment, and North Embayment), CRM 2.5, CRM 1.0, and TRM 566. The 

number of reference sites was increased from two (FLD and MHD) to five, adding upstream islands of the 

Tennessee River (TRM 569.5 and TRM 571.5), another upstream impoundment (Tellico Dam) on the 

Tennessee River, and one upstream location on the Little Emory River at river mile (LERM) 2.0. In addition 

to increasing the number of established colonies, predator guards were also placed around the poles of 

each bird box in an effort to reduce predation. The number of monitored boxes increased from 81 in 2009 to 

530 in 2010. All 2009 and 2010 colony locations are depicted on Figure 1. Boxes monitored for productivity 

data are depicted in Figure 2. 

2.3 Field Collections 

Tree swallow egg and nestling sampling efforts began in May 2009, approximately 5 months after the spill, 

and were continued in May 2010. One egg was collected from each occupied, accessible nest with target 

numbers of ten eggs per area in 2009 and 15 eggs per area in 2010. In addition, one 15-day nestling was 

collected from each occupied, accessible nest, with target numbers of ten nestlings per area in 2009 and 

15 nestlings per area in 2010. When possible, egg and nestling collections were co-located from the same 

nest. In addition to these collections, efforts were made in 2010 to collect un-hatched “dud” eggs remaining 

in tree swallow nests at the end of the breeding season. 

Tree swallow nests were accessed by foot or by boat (Figure 3a). In 2009, all of the boxes were typically 

monitored weekly or bi-weekly. During 2010, most boxes were monitored bi-weekly or monthly; however, 

a subset of boxes at the five original 2009 sites were monitored daily. While these five sites were the focus 

for egg and nestling collections, when possible, eggs were collected from all established colonies. One egg 

was randomly selected from each nest, sealed in a labeled plastic bag, placed in a labeled plastic container 

for transport, and cooled on ice. Clutch size was recorded at the time of collection. Eggs were weighed and 

measured (length and width) (Figure 3a), and egg volume was calculated (length x width2 x 0.51) (Hoyt 

1979). Each egg was then repackaged in a labeled plastic bag, placed in a labeled glass jar and custody 

sealed, and then frozen. Samples were shipped to the lab on dry ice for chemical analysis. A subset of 

20 eggshells was selected and also analyzed for metals. This included 13 eggshells from 

potentially-impacted areas and seven eggshells from reference areas. 
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Similarly, one nestling greater than or equal to 15 days old was randomly selected from each nest and placed 

individually in a labeled, plastic bag (Figure 3b). The open bag with the nestling was placed in an insulated 

box with dry ice for euthanasia. Once the specimen was euthanized, the bag was sealed and cooled on ice 

until processing. Nestlings were processed (weighed, measured length of tarsus and third primary feather) 

within 24 hours of collection. After processing, each specimen was repackaged in a clean plastic bag, sealed, 

and frozen. In addition, nestlings that were found dead in nest boxes during monitoring activities were also 

collected, sealed in labeled plastic bags, placed on ice, and, if possible, processed in the same manner as 

other nestlings. A summary of the egg, eggshell, and nestling collections by year and location is presented 

in Table 1. Hatching success and nestling survival (assumed to be equivalent to fledging success) were 

recorded in 2010 at the time of egg and nestling collections for a subset of the nests. Nests destroyed by 

predators were excluded from estimates of hatching and nestling survival to focus only on the effects of 

contamination. 

2.4 Trace Element Analysis 

Tree swallow egg contents from the impacted and reference sites were separated from shells and the 

egg contents were analyzed for trace elements. Egg content samples were homogenized prior to analysis. 

Egg homogenates were digested and analyzed for 26 trace elements (aluminum, antimony, arsenic, barium, 

beryllium, boron, calcium, cadmium, chromium, cobalt, copper, iron, potassium, lead, magnesium, 

manganese, mercury, molybdenum, nickel, sodium, selenium, strontium, silver, thallium, vanadium, and 

zinc) according to Method SW-846 6020. Results were reported in milligrams per kilogram (mg/kg) wet 

weight. Percent moisture was used to convert results to mg/kg dry weight (dw). All trace element and 

percent moisture analyses were conducted at Pace Analytical Services, Inc. (Pace) located in Green Bay, 

Wisconsin or in Minneapolis, Minnesota. 

Similarly, nestlings were analyzed for trace elements as whole body samples. Each nestling was 

homogenized and analyzed for the same set of 26 trace elements using Method SW-846 6020. Results 

were reported in the same manner as for egg contents.  

Tree swallow eggshells were also analyzed for trace elements. After the yolk and egg white were removed 

from the egg (at the laboratory), the shell was homogenized and analyzed for the same set of 26 trace 

element concentrations according to Method SW-846 6020. Shells were not rinsed prior to analysis. Results 

were reported in mg/kg wet weight. Percent moisture was not measured; literature estimates were used to 

convert results to dw. All trace element analysis was conducted at Pace. 

Percent recoveries of spiked samples and certified reference materials were within the Quality Assurance 

Project Plan-specified or laboratory-derived acceptance limits in most cases. Data associated with 

recoveries outside these limits were qualified as estimated (J flagged). In addition, a few aluminum results 

were rejected due to very low recoveries of the quality control samples. 
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Percent moisture was performed according to Pace standard operating procedures. In some instances, 

sample volumes were too small or samples were held too long to accurately measure percent moisture 

(ESI 2011). All but two tree swallow egg percent moistures were rejected (R flagged); therefore, a default 

literature-based value of 81.6 percent was applied when converting concentrations to dw (Brasso et al. 

2010). Percent moisture was not calculated for eggshells; a default percent moisture of 3 percent was used 

based on literature values of chicken egg membrane water content and considering the water in residual 

egg white on the eggshell (Ning and Tao 2011). For nestlings with valid percent moisture estimates, the 

average of percent moisture (67 percent) in all nestling samples with valid moisture results was used as a 

default percent moisture value. 

2.5 Statistical Comparisons 

Statistical analyses were conducted to determine whether there were spatial and/or temporal trends in tree 

swallow eggs, eggshells (spatial trends only), or nestlings. Tree swallow sampling locations were grouped 

into reference nests and various sets of impacted nests for statistical comparisons. In 2009, the reference 

site evaluated was FLD. In 2010, reference sites for egg and eggshell data included FLD, Tellico Dam, the 

upstream Tennessee River (above TRM 568), and the Little Emory River, while only FLD was used as a 

reference site for nestlings. Impacted sites in 2009 included CRM 2.5, ERM 3.5, and ERM 3.0. In 2010, 

three more impacted sites were evaluated in addition to those monitored in 2009, including CRM 1.0, 

TRM 566, and the East, West, and North Embayments, hereafter referred to as the “Embayments.” In 

addition, a positive control site with known historical contamination (MHD) was evaluated both years. 

Summary statistics were calculated for eggs, eggshells, and nestlings (sample size, frequency of detection, 

mean, standard deviation minimum and maximum detection and detection limits) for each year and location 

for the 26 metals and metalloids and for egg and nestling biometrics and nest productivity. Spatial and 

temporal trends were evaluated for all metals, metalloids, biometrics, and nest productivity. For all statistical 

tests, the null hypothesis of no difference was rejected when p-values were less than 0.05; however, 

p-values between 0.05 and 0.1 were also evaluated and discussed for conservative measures. Statistical 

evaluations of calcium, magnesium, potassium, and sodium were not included as these elements are 

essential nutrients with little to no information available for toxicity in birds. 

For all constituents detected in eggs, eggshells, and nestlings with normal or lognormal distribution, two-way 

analysis of variance (ANOVA) tests were conducted for similar locations (e.g., sites identified as sampled in 

both 2009 and 2010, including ERM 3.0, ERM 3.5, CRM 2.5, FLD, and MHD) between 2009 and 2010 using 

Statistical Analysis Software (SAS, v. 9.3), evaluating year, location, and the interaction of year and location 

using parametric tests. The data for each of these constituents were tested for normality and homogeneity 

of variance to ensure a parametric test was appropriate. All metals best fit a lognormal distribution for all 

three tissue types and were natural-log transformed for statistical analyses. Biometric data for eggs and 

nestlings best fit a normal distribution. Clutch size in 2009 and 2010 did not fit a normal distribution and was 

evaluated using Scheirer-Ray-Hare extension of the Kruskal-Wallis non-parametric two-way ANOVA.  
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For locations for which 2009 data were not available, one-way ANOVA tests were used to evaluate 

differences between locations in 2010 when data were normally distributed. One-way ANOVA tests were 

conducted for eggs collected from all nine locations in 2010, for eggshells collected from five locations in 

2010, and for nestlings collected from five locations in 2010. Both one-way and two-way ANOVAs were 

followed by a post-hoc test using Tukey-Kramer for unequal sample sizes. In addition, post-hoc Dunnett’s 

test, a test designed to compare each “treatment” site to one “control”, was performed on locations to test 

whether impacted site concentrations were higher (lower for egg and nestling biometrics) than reference 

sites. For the Dunnett’s test, the reference site was FLD for the two-way ANOVA for 2009 and 2010 data. 

The reference for the Dunnett’s test was a composite of FLD, Tellico Dam, and upstream TRM sites when 

data from 2010 were evaluated in a one-way ANOVA among locations. The composite excluded the two 

samples collected from LERM and the samples from the positive control at MHD. 

To evaluate productivity of the nests, measured in 2010, the 2010 clutch size was multiplied by hatching 

success and nestling survival and divided by 2 to obtain female fledglings successfully produced per nesting 

female. None of the productivity metrics (hatching success, nestling survival, and female fledglings per 

nesting female met assumptions of a parametric test (non-normal distributions), and thus were compared 

among locations and with reference sites using the non-parametric Kruskal-Wallis test.  

Finally, Pearson correlation analyses were conducted for eggs, nestlings, and productivity metrics to 

determine whether any relationships were evident among trace elements and/or between trace elements 

and egg or nestling biometrics. Spearman correlation analyses were conducted when parametric 

assumptions were not met, specifically for clutch size, hatching success, nestling survival, and fledglings 

produced per nesting female. In addition, Pearson correlation analyses were conducted for eggs and 

eggshells from the same nest and eggs and nestlings from the same nest.  
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3. Results 

3.1 Frequency of Detections 

The frequency of detection, range of detected concentrations, and range of sample-specific detection limits 

for all analytes in tree swallow eggs, eggshells, and nestlings are presented by year and by location in 

Appendices A, B, and C, respectively. The frequency of detection for each analyte was determined by 

combining all sites and years in order to identify which analytes were detected with sufficient frequency to 

evaluate trends. Analytes that were all non-detects or had many (≥ 25 percent) non-detects in eggs, 

eggshells, and nestlings were excluded from the statistical analyses. All analytical results for tree swallow 

eggs, eggshells, nestlings, and productivity data can be found in Appendices D, E, and F, respectively. 

In tree swallow eggs, barium and strontium were above detection limits in all samples. Copper, iron, 

manganese, selenium, and zinc were mostly above detection limits, with frequency of detections between 

79 and 99.5 percent. For statistical testing, sample-specific detection limits were substituted for non-detects 

for these analytes as a conservative measure. Cobalt was only detected in 2010 samples; as a result, data 

analysis for this metal compared ranges and means among locations in 2010 only. Similarly, mercury was 

detected at too low a frequency in 2009 (less than 12 percent) for statistical analysis; however, frequency 

of detection was approximately 50 percent in 2010. Consequently, comparisons for mercury were made 

between locations in 2010. For statistical testing, sample-specific detection limits were substituted for 

non-detects for both cobalt and mercury. Tree swallow egg concentrations of aluminum, antimony, arsenic, 

beryllium, boron, cadmium, chromium, lead, molybdenum, nickel, silver, thallium, and vanadium were 

below detection limits in most samples (less than 12 percent detection rate) and were not included in 

further analysis. 

In tree swallow eggshells, barium, copper, selenium, and strontium were above detection limits in all 

samples. Arsenic, manganese, mercury, and zinc had detection frequencies between 25 and 95 percent. 

For statistical testing, sample-specific detection limits were substituted for these non-detects. Tree swallow 

eggshell concentrations of aluminum, antimony, beryllium, boron, cadmium, cobalt, lead, molybdenum, 

silver, thallium, and vanadium were below detection limits in all samples and were not included in further 

analysis. In addition, concentrations of chromium, iron, and nickel were each detected in only one sample, 

with estimated values (J flagged), and therefore were also not included in further analysis. 

In tree swallow nestlings, barium, copper, iron, selenium, strontium, and zinc were above detection limits in 

all samples. The dataset for manganese contained a few non-detects in 2009 samples, but had an overall 

frequency of detection of 97 percent. For statistical testing, sample-specific detection limits were substituted 

for non-detects. Cadmium and molybdenum were only detected in 2010 samples with frequency of 

detections of 85 and 77 percent, respectively; as a result, comparisons for these analytes were only made 

between locations in 2010. Similarly, mercury was detected at too low a frequency in 2009 to evaluate (less 

than 25 percent); however, frequency of detection was approximately 88 percent in 2010. As a result, 

comparisons for mercury were made between locations in 2010. For statistical testing of cadmium, 



 

110930-TNTVA-RPT-406 3-2 

Trace Element 
Concentrations and 
Productivity in Tree 
Swallows:  2009-2010 

Tennessee Valley Authority 
Ash Recovery Project 
Kingston, Tennessee 

molybdenum, and mercury, sample-specific detection limits were substituted for non-detects. Tree swallow 

nestling concentrations of antimony, beryllium, and thallium were below detection limits and were not 

included in further analysis. In addition, concentrations of aluminum, arsenic, boron, chromium, cobalt, lead, 

nickel, silver, and vanadium were detected in only a few samples (detection frequencies were all below 

12 percent) or they were only detected in 2010 with estimated values (J flagged), and therefore were not 

included in further analysis. 

A summary of sample sizes, numbers of detections, means, standard deviations, and ranges of metal and 

metalloid concentrations analyzed in tree swallow eggs, eggshells, and nestlings and egg biometrics and 

productivity metrics are presented in Tables 2, 3, and 4, respectively. Spatial trends, evaluation of impacted 

areas compared to reference areas, gradients with distance from the source, and temporal evaluations of 

metal concentrations in tree swallow eggs, eggshells, and nestlings are presented in the subsections below 

and in Figures 4 through 48. Differences between the reference site and the positive control site (MHD) were 

evaluated, but used for comparison purposes only. 

3.2 Tree Swallow Egg Concentrations 

Results of the spatial and temporal trend analysis for tree swallow eggs are presented in Tables 5 through 8. 

Boxplots showing the distribution of data and the median concentrations for each location and year are 

presented in Figures 4 through 17, and graphs depicting mean concentrations with standard error are 

presented in Figures 30 through 39. Results are discussed in the subsections below, divided into 1) 

differences among locations sampled in both 2009 and 2010, allowing the effect over 2 years to be included; 

2) differences among the locations only sampled in 2010 combined with other 2010 location data, where only 

data from 1 year could be evaluated; and (3) differences between years identifying temporal trends. 

3.2.1 Spatial Trends between Locations Sampled in Both 2009 and 2010 

Tree swallow eggs concentrations were compared among the locations, FLD (reference site), CRM 2.5, 

ERM 3.5, ERM 3.0, and MHD (positive control). Locations were compared individually and grouped into 

impacted and reference locations. The two-way ANOVA found significant differences in tree swallow eggs 

among individual locations only for selenium, strontium, and egg weight (Table 5). In addition, significant 

differences were also identified for copper when comparing impacted sites to the reference site, FLD, and 

were close to the level of significance for manganese (Table 6). No significant differences were found 

among locations for barium, iron, zinc, egg length, egg width, or egg volume. The specific locations and 

magnitude of the significant differences are discussed below. 

 In 2009 and 2010, copper concentrations were less than 1 mg/kg dw higher in impacted eggs than 

reference concentrations (at FLD), and significant differences were only at CRM 2.5 when employing the 

Dunnett’s post-hoc one-tailed test (Table 6, Table 2; Figure 31). Other two-tailed pairwise comparisons 

using Tukey-Kramer post-hoc did not identify impacted sites as having higher concentrations than the 
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reference site (Table 5). Two-tailed tests provide all pairwise comparisons of year/location combinations, 

but have less power to detect differences than the one-tailed test, which combines years. 

 Manganese concentrations were close to the level of significance, with higher concentrations in 

impacted eggs in ERM 3.0 than in FLD reference eggs using Dunnett’s one-tailed post-hoc tests 

(Table 6), but differences were not close to significant using two-tailed post-hoc tests (Table 5). Mean 

concentrations of manganese in ERM 3.0 eggs were no more than 2 mg/kg dw higher in manganese 

than FLD eggs in 2009 and in 2010 (Figure 8, Figure 33). 

 Selenium concentrations were significantly different between locations, with higher concentrations in 

eggs in all impacted sites than in FLD reference eggs (Table 6) using Dunnett’s post-hoc one-tailed test 

and in eggs at ERM 3.0 compared to FLD eggs using the two-tailed Tukey-Kramer post-hoc test 

(Table 5). Mean concentrations of impacted eggs were about 1.0 to 1.5 mg/kg dw higher in selenium 

than FLD eggs in 2009, while 2010 impacted eggs were 0.3 to approximately 2 mg/kg dw higher in 

selenium concentrations than 2010 FLD eggs (Table 2; Figure 36). 

 Strontium concentrations were significantly different between locations, with higher concentrations in 

impacted eggs only at CRM 2.5 than in FLD reference eggs using the one-tailed post-hoc test (Tables 5 

and 6). However, ERM 3.0 eggs were close to being significantly higher compared to FLD eggs 

(Table 6) using the one-tailed test. Mean concentrations of strontium in CRM 2.5 eggs were 

approximately 12 mg/kg dw greater than FLD reference eggs in 2009; however, mean concentrations 

were similar in 2010, with the reference FLD location concentration being only about 0.4 mg/kg dw 

lower than CRM 2.5 (Table 2; Figure 38). 

 Egg weights were close to the level of significance, with lower weights in impacted eggs than in 

reference eggs. CRM 2.5 had significantly lower egg weights than FLD using the Dunnett’s one-tailed 

test. Using the two-tailed post-hoc test, CRM 2.5 in 2009 was lower than FLD in 2009. However, the 

2009 measurements had low precision and possibly low accuracy due to weighing to the nearest gram 

rather than nearest 0.1 gram, as was done in 2010 (values for CRM 2.5 were either 1 or 2, Table 2). 

The egg weight result for 2009 has much uncertainty and no post-hoc significant differences were 

observed between impacted and FLD reference sites in 2010 (Table 5) when measurements were more 

precise (see Section 3.1.2 on 2010 egg weight results). 

3.1.2 Spatial Trends between 2010 Locations  

Evaluation of differences for the 2010 tree swallow egg data indicated significant differences for barium, 

iron, manganese, mercury, selenium, and zinc, and close to the level of significance for clutch size and egg 

weight. No significant differences were found among 2010 locations for cobalt, copper, strontium, egg 

length, egg width, or egg volume. Unlike 2009 which only had FLD as a non-positive control reference site, 

the 2010 locations included a composite reference site (FLD, Tellico Dam, and upstream Tennessee River) 

and a second reference site, LERM 2.0. Due to the small sample size [number (n) = 2], LERM 2.0 was not 

considered representative of the area, and was therefore not used as a reference site for statistical 
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comparisons. The potentially-impacted sites included TRM 566, CRM 1.0, CRM 2.5, ERM 3.5, ERM 3.0, 

Embayments, and MHD (positive control). Details of the comparisons are discussed below. 

 Significant Dunnett’s post-hoc comparisons indicated higher mean barium, iron, manganese, and zinc 

concentrations in TRM 566 eggs compared to the composite reference site, as well as compared to 

other impacted sites (Tables 2 and 8). The mean barium concentration in TRM 566 eggs (Table 7) was 

three times the mean barium concentration in the more upstream CRM 2.5 eggs (Table 2; Figure 30). 

Dunnett’s post-hoc comparisons also indicated higher iron concentrations in eggs in the impacted site, 

TRM 566, compared to the composite reference site (Table 8). Tukey-Kramer post-hoc comparisons 

showed significantly higher concentrations in eggs from TRM 566 than from CRM 2.5, ERM 3.5, and the 

composite reference site (Table 7). The mean iron concentration in TRM 566 eggs was almost double 

the mean iron concentration in CRM 2.5 and ERM 3.5 eggs (approximately 140 mg/kg dw more), and 

was approximately 107 mg/kg dw greater than the reference site (Table 2; Figure 32). The mean 

manganese concentration in TRM 566 eggs was more than double the mean manganese 

concentrations in CRM 2.5, ERM 3.5, and composite reference site eggs (Table 2; Figure 34). Zinc 

concentrations were significantly higher at TRM 566, with double the mean zinc concentration 

compared to CRM 2.5 eggs (Tables 2 and 7). Furthermore, the mean concentration of zinc at TRM 566 

was approximately 45 mg/kg dw greater than the mean zinc concentration for the composite reference 

site (Table 2; Figure 39). Given the distance of TRM 566 from the ash spill and the lower levels of 

barium, iron, manganese, and zinc in impacted sites found closer to the spill, it is unlikely that the 

increases in these four constituents are attributed to potential effects of the ash release and could 

possibly be caused by a historical source or a source unrelated to the ash spill. 

 Mercury concentrations were significantly higher in impacted eggs at a number of sites than in reference 

eggs (Table 7). Specifically, Dunnett’s post-hoc testing found significantly higher concentrations of 

mercury in ERM 3.5, ERM 3.0, and the Embayment eggs compared to FLD reference eggs (Table 8). 

Tukey-Kramer post-hoc comparisons found significantly higher concentrations of mercury in eggs from 

ERM 3.0, ERM 3.5, and the Embayments compared to TRM 566 eggs, MHD positive control eggs, and 

the composite reference site. Comparisons of mercury concentrations at CRM 1.0 and CRM 2.5 could 

not be made because all mercury concentrations were below the detection limits for those two locations. 

Although the ranges of mercury concentrations were similar between impacted sites and the composite 

reference sites (Figure 35), mean mercury concentrations in eggs from ERM 3.5 and ERM 3.0 the 

Embayments were approximately 0.07 mg/kg dw higher than the concentrations of mercury in eggs 

from the composite reference sites (Table 2; Figure 35). The frequency of detection for mercury was 

relatively low (less than 50 percent) in both reference and impacted sites. Sample-specific detection 

limits were substituted for non-detects, which could have inflated the mean concentrations. 

 Selenium concentrations were significantly higher in impacted eggs at many sites than in reference 

eggs (Table 8). Dunnett’s one-tailed post-hoc comparisons found significantly higher concentrations in 

TRM 566, CRM 1.0, CRM 2.5, ERM 3.0, and Embayments compared to the composite reference site 

(Table 8). When evaluating all two-tailed pairwise post-hoc comparisons (Table 7), selenium 

concentrations in TRM 566, ERM 3.0, Embayments, and MHD eggs were significantly higher than 
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concentrations in the composite reference eggs, and higher selenium concentrations in CRM 2.5 were 

close to the level of significance compared to the composite reference. Mean concentrations of 

selenium in impacted eggs were approximately 0.7 to 1.7 mg/kg dw higher than the concentrations of 

selenium in composite reference site eggs (Table 2; Figure 37). 

 Clutch size was not significantly smaller in impacted than reference locations (Table 6) and 2010 

comparisons showed significant differences were only observed between the composite reference and 

positive control (MHD) locations (Table 7). Such a difference is not considered to be an effect of the ash 

release and is not discussed further. 

 Egg weights were close to the level of significance, with lower weights in impacted eggs than in reference 

eggs (Table 7). However, when post-hoc comparisons were evaluated, no specific comparisons were 

identified as significant using the Tukey-Kramer or Dunnett’s tests. As a result, these differences are likely 

an artifact of natural variability among eggs and habitats. 

3.1.3 Temporal Trends 

Evaluations of tree swallow eggs comparing differences between years 2009 and 2010 found significant 

differences for copper, iron, strontium, and egg weight as discussed below. No significant differences in year 

were found for barium, manganese, selenium, zinc, clutch size, egg length, egg width, or egg volume 

(Table 5). 

 Copper concentrations were significantly different between 2009 and 2010 locations, with higher 

concentrations in 2009 than in 2010 (Table 5), opposite of the hypothesis that it takes time to 

bioaccumulate up the food chain, and 2010 should be higher. The Tukey-Kramer post-hoc comparisons 

found significantly higher concentrations in 2009 MHD eggs compared to 2010 eggs from MHD, FLD, 

ERM 3.0, and ERM 3.5 (Table 5); however, a significant interaction was identified between years and 

locations. The ranges of copper concentrations in MHD 2009 eggs were approximately 1 to 2 mg/kg dw 

higher than concentrations in FLD and ERM 3.5 eggs; however, in 2010 copper concentrations shifted 

down in all eggs, including MHD (Table 2; Figure 31). Given that the significant driver between 

concentrations is higher copper values at MHD, this is not considered to be an effect of the ash release 

and is not discussed further. 

 Iron concentrations were significantly different between years, with higher concentrations in 2009 eggs 

than in 2010 eggs (Table 5), opposite of the hypothesis that 2010 should be higher. However, when 

post-hoc comparisons were evaluated, no specific comparisons were identified as significant using the 

Tukey-Kramer test (Table 2; Figure 32). 

 Strontium concentrations were significantly different between years, with higher concentrations in 2009 

eggs than in 2010 eggs (Table 5), opposite of what was hypothesized. When evaluating post-hoc 

comparisons, strontium concentrations were significantly higher in 2009 CRM 2.5 eggs compared to 

FLD, ERM 3.5, CRM 2.5, and MHD 2010 eggs. Mean concentrations of strontium in CRM 2.5 eggs had 

approximately 11 mg/kg dw more strontium than CRM 2.5 eggs in 2010 (Table 2). Although strontium 
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concentrations were significantly higher in CRM 2.5 2009 eggs, these differences appear to be driven 

by one egg with a strontium concentration of 51.45 mg/kg dw (Figure 11). 

 Egg weights were significantly different between years, with lower weights in 2009 eggs than in 2010 

eggs at several locations. In 2009, CRM 2.5 had significantly lower egg weights than ERM 3.5 and MHD 

2010 eggs. In addition, MHD 2009 eggs had significantly lower weights than ERM 3.0, ERM 3.5, FLD, 

and MHD 2010 eggs (Table 2; Figure 14). As previously discussed, egg weight measurements had low 

precision and possibly low accuracy in 2009 due to measurement to nearest gram rather than nearest 

0.1 gram, as was done in 2010 and differences may be an artifact of imprecise measurements in 2009.  

3.2 Tree Swallow Eggshell Concentrations 

Results of the spatial and temporal trend analysis for tree swallow eggshells are presented in Tables 9 

and 10. Boxplots showing the distribution of data and the median concentrations for each location and year 

are presented in Figures 18 through 22, and graphs depicting mean concentrations with standard error are 

presented in Figures 40 and 41. Eggshells were only collected in 2010. Results are discussed in the 

subsections below, which only discuss 2010 results because eggshells were not collected in 2009. 

3.2.1 Spatial Trends between 2010 Locations 

Significant differences in tree swallow eggshells were evaluated by comparing locations in 2010. These 

locations included a composite reference site (FLD, Tellico Dam, and upstream Tennessee River), 

potentially-impacted sites (TRM 566, ERM 3.0, and Embayments), and MHD (positive control). Significant 

differences in tree swallow eggshells between these locations were found for barium and strontium, as 

discussed below. Zinc was also significantly different between locations, but only in the direction of 

reference sites having higher concentrations than impacted sites. No significant differences were found 

between 2010 locations for arsenic, copper, manganese (see Section 3.6), mercury, or selenium. 

 Barium concentrations were significantly higher in eggshells in impacted locations than in reference 

locations (Tables 9 and 10). Dunnett’s post-hoc comparisons indicated higher barium concentrations in 

TRM 566 eggshells compared to the composite reference site. Post-hoc Tukey-Kramer pairwise 

comparisons showed significantly higher barium concentrations at TRM 566 compared to ERM 3.0 and 

the composite reference site. While the mean eggshell concentration at TRM 566 was based on a 

sample size of two, both concentrations were the highest values from all of the impacted and reference 

sites combined (Table 3; Figure 40), and TRM 566 also was highest in egg content (based upon higher 

sample sizes). Given the distance of TRM 566 from the ash spill and the lower levels of barium in 

impacted sites found closer to the spill, it is unlikely that the increases in barium in eggs and eggshells 

are attributed to potential effects of the ash release, but probably are due to a historical source or 

factors unrelated to the ash spill. 

 Strontium concentrations in eggshells were almost significantly higher in impacted sites than in than 

reference sites (Tables 9 and 10). Using Dunnett’s post-hoc test, strontium concentrations were close to 
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the level of significance when comparing TRM 566 and the Embayments to the composite reference 

site, with the impacted sites having higher strontium concentrations than the reference sites. Post-hoc 

Tukey-Kramer comparisons also showed significantly higher strontium concentrations at the 

Embayments compared to the positive control, MHD. Although the sample sizes were small, strontium 

concentrations from eggshells in the Embayments and TRM 566 even had higher ranges compared to 

the composite reference site, ERM 3.0, and MHD (Table 3; Figure 41). 

 No differences were identified for zinc concentrations in eggshells between impacted locations and 

reference sites using the Dunnett’s post-hoc tests (Table 10). Tukey-Kramer post-hoc comparisons 

indicated significantly higher concentrations for the composite reference site compared to ERM 3.0 and 

MHD eggshells (Table 9), the opposite of what was expected. Zinc was not detected in any of the 

samples from ERM 3.0 and was detected in only one sample from MHD. Given that zinc concentrations 

were higher in reference eggs than in impacted eggshells, these differences were not attributed to 

potential effects of the ash spill (Table 3). 

3.2.2 Temporal Trends 

Evaluations by year could not be determined as eggshells were only analyzed in 2010. 

3.3 Tree Swallow Nestling Concentrations 

Results of the spatial and temporal trend analysis for tree swallow nestlings are presented in Tables 11 

and 12. Boxplots showing the distribution of data and the median concentrations for each location and year 

are presented in Figures 23 through 29, and graphs depicting mean concentrations with standard error are 

presented in Figures 42 through 48. Results are discussed in the subsections below when examining 

1) effects of location on concentrations of nestlings collected from the same sites in 2009 and 2010, and 

2) effect of year on concentrations of nestlings collected in 2009 and 2010.  

3.3.1 Spatial Trends between Locations Sampled in Both 2009 and 2010 

Significant differences in tree swallow nestlings were evaluated by comparing locations measured in both 

2009 and 2010, where FLD is the reference site for comparison to impacted sites. The locations evaluated 

included FLD (reference site), CRM 2.5, ERM 3.5, ERM 3.0, and MHD (positive control). Significant 

differences in tree swallow nestlings between these locations with higher concentrations in the impacted 

sites than the reference sites were only found for cadmium, manganese, mercury, selenium, and strontium, 

as discussed below. P-values were close to the level of significance for zinc with higher concentrations in 

the impacted sites than the positive control MHD. P-values were also close to the level of significance for 

iron, but the reference site concentrations were higher in iron than the impacted sites, opposite of what is 

expected if ash increased iron. No significant differences were found between locations for barium, copper, 

molybdenum, clutch size, nestling weight, feather length, or tarsus length. 
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 Cadmium was only detected in 2010; therefore, comparisons were made only between locations in 

2010. Dunnett’s post-hoc tests found that concentrations of cadmium in ERM 3.5 were close to the level 

of significance, with higher concentrations in the impacted ERM 3.5 nestlings than FLD reference 

nestlings (Table 12). Post-hoc comparisons using Tukey-Kramer indicated that cadmium concentrations 

in nestlings from the positive control, MHD, were greater than nestlings from the impacted ERM 3.0 site. 

The ranges of cadmium concentrations were similar between locations (Figure 23); however, the mean 

cadmium concentration in ERM 3.5 nestlings was only 0.03 mg/kg dw higher than in FLD nestlings 

(Table 4; Figure 42). 

 Iron concentrations were close to the level of significance when evaluating location, but higher 

concentrations were observed in the reference location FLD and positive control MHD than impacted 

locations (Table 11; Figure 43), opposite of what was hypothesized. Dunnett’s test, which only 

evaluates if impacted sites have greater concentrations than reference sites, showed no significant 

differences (Table 12). 

 For manganese, no pairwise comparisons between ERM 3.0 or any other impacted site compared to 

the FLD reference site resulted in significant differences using the Dunnett’s test (Table 12). Post-hoc 

pairwise comparisons using the Tukey-Kramer test indicated that concentrations of manganese in 

ERM 3.0 nestlings in 2009 were significantly higher than for nestlings at the positive control, MHD, in 

2009 (Table 11; Figure 44), but not compared to the reference site (Table 12). 

 Mercury was only detected with sufficient frequency for comparisons in 2010; therefore, statistical 

evaluations were made only between locations in 2010. Mercury concentrations were significantly 

higher in impacted nestlings than in reference nestlings (Table 11). Dunnett’s post-hoc testing found 

significantly higher concentrations of mercury in CRM 2.5, ERM 3.5, ERM 3.0, and MHD nestlings 

compared to FLD nestlings (Table 12). Tukey-Kramer post-hoc pairwise comparisons found significantly 

higher concentrations of mercury in nestlings from ERM 3.0, ERM 3.5, and CRM 2.5 compared to MHD 

nestlings and FLD nestlings. Mean mercury concentrations in nestlings from CRM 2.5, ERM 3.5, and 

ERM 3.0 were more than double the concentrations of mercury in nestlings from FLD (Table 4; 

Figure 45).  

 Selenium concentrations in nestlings were not significantly higher in impacted sites than reference sites 

(Tables 11 and 12) unless MHD was removed from the Dunnett’s post-hoc analysis and then ERM 3.0 

was significantly higher (by 0.3 to 0.4 mg/kg) than FLD (Table 2, Table 21). In Section 3.6, the results 

from removing MHD from the post-hoc analysis are discussed further. Tukey-Kramer post-hoc 

comparison testing indicated that concentrations of selenium at the positive control (MHD) in 2009 and 

2010 were significantly higher than at all other impacted sites in 2009 and 2010 (ERM 3.0, ERM 3.5, 

and CRM 2.5) and at FLD in 2009 and 2010 (Table 4; Figure 46). 

 Strontium concentrations were almost significantly higher in impacted nestlings than in reference 

nestlings (Tables 11 and 12). Dunnett’s post-hoc comparisons indicated that only ERM 3.0 was close to 

the level of significance when comparing strontium concentrations in nestlings to the FLD reference site 

(Table 12). All significant post-hoc Tukey-Kramer pairwise comparisons showed higher strontium 

concentrations at impacted site locations (ERM 3.0, ERM 3.5, and CRM 2.5) compared to strontium 
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concentrations in nestlings from the positive control, MHD. Mean concentrations of strontium in ERM 3.0 

nestlings were approximately 6 to 7 mg/kg dw higher than strontium concentrations in FLD nestlings in 

2009 and 2010 (Table 2; Figure 47). 

 No differences in zinc concentrations in nestlings were identified between impacted locations and 

reference sites using the Dunnett’s post-hoc tests (Table 12; Figure 48). Post-hoc Tukey-Kramer 

pairwise comparisons indicated that zinc concentrations in CRM 2.5 and ERM 3.5 nestlings in 2010 

were higher than zinc concentrations in 2009 nestlings from the positive control, MHD. 

3.3.2 Temporal Trends 

The evaluations of tree swallow nestlings comparing similar locations by year found significant differences 

for iron, zinc, and tarsus length, as discussed below. No significant differences in year were found for 

barium, cadmium, copper, manganese, mercury, molybdenum, selenium, strontium, clutch size, nestling 

weight, or feather length. No interaction terms were significant in the two-way ANOVA for nestlings, 

indicating that trends observed among locations in 2009 were similar in 2010. 

 Iron concentrations were significantly different between years, with higher concentrations in 2010 than 

2009 nestlings (Table 11), which would support the hypothesis that bioaccumulation into the eggs takes 

time, except for the finding in Section 3.3.1 above that the reference site had more iron in the eggs than 

the impacted sites. Post-hoc comparisons indicated that iron concentrations in nestlings from FLD in 

2010 were significantly greater than iron concentrations in nestlings from CRM 2.5 and ERM 3.5 in 

2009, and the positive control, MHD, in 2009. In addition, iron concentrations in MHD 2010 nestlings 

were significantly higher than iron concentrations in 2009 CRM 2.5 nestlings. These higher 

concentrations in the reference sites are not likely attributed to potential effects of the ash spill and will 

not be discussed further (Table 4; Figures 24 and 43). 

 Zinc concentrations were significantly different between years, with higher concentrations in 2010 than 

2009 nestlings (Table 11). Post-hoc comparisons indicated that zinc concentrations in nestlings from 

CRM 2.5 and ERM 3.0 were significantly higher than zinc concentrations in 2009 MHD nestlings, but 

not higher than the FLD reference site. Given that the significant driver between concentrations is lower 

concentrations of zinc at the positive control, MHD, this is not considered to be an effect of the ash 

release and is not discussed further (Table 4; Figure 48). 

 Tarsus lengths were significantly different between years, with longer tarsus lengths in 2010 than in 

2009 nestlings (Tables 4 and 11; Figure 29). However, tarsus lengths were not significantly different 

among locations (Section 3.3.1). The expectation, if constituents reduce tarsus length, would be that 

2010 nestlings would have shorter tarsus lengths than 2009 nestlings due to lag in bioaccumulation of 

chemicals through the food chain. The data do not support that hypothesis and the results do not 

implicate ash as the cause of the temporal difference. 
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3.4 Correlations Between Metal Concentrations and Egg or Nestling Metrics 

Pearson and Spearman correlation tests were conducted for eggs, eggshells, and nestlings in order to 

evaluate relationships between metal concentrations and egg or nestling metrics. These tests assess how 

well the relationship between two variables can be described, as well as indicating the degree of linear 

dependence between the two variables. The sign of the correlation indicates the direction of association 

between the two variables, with positive coefficients indicating a positive correlation and negative 

coefficients indicating a negative correlation. 

3.4.1 Tree Swallow Eggs 

In tree swallow eggs, while several metals indicated a significant positive correlation with each other, 

barium, copper, iron, and strontium were the only metals or metalloids that showed a significant (or close to 

significant) correlation with the egg biometric data in the hypothesized direction (negative correlation of egg 

metrics with metals, Table 13). Copper and strontium both showed a negative correlation with egg weight 

(R = -0.24 and R = -0.14), indicating that as copper and strontium increased, egg weight decreased. Barium 

showed a negative correlation with clutch size (R = -0.14), but a positive correlation with egg width and egg 

volume (R = 0.20 and R = 0.18, respectively). Iron showed a negative correlation with clutch size (R = -0.19), 

but a positive correlation with egg weight (R = 0.12). Opposite of the hypotheses, zinc showed a positive 

correlation with egg weight (R = 0.14). Of these metals, only copper and strontium and possibly barium (see 

Section 3.6) egg concentrations were elevated above reference egg concentrations, however. 

3.4.2 Tree Swallow Nestlings 

In tree swallow nestlings, while several metals indicated a significant positive correlation with each other, 

barium, copper, iron, manganese, selenium, and zinc showed a significant (or close to significant) correlation 

with the nestling biometric data (Table 14). Copper, iron, and zinc all showed a negative correlation with 

nestling weight (R = -0.44, R = -0.29, and R = -0.40, respectively) and feather length (R = -0.24, R = -0.30, 

R = -0.34, respectively), indicating that as copper, iron, and zinc increased, nestling weight and feather length 

decreased. Barium and manganese showed a negative correlation with feather length (R = -0.16 for both), 

indicating that as barium and manganese concentrations increased, feather length decreased. None of these 

metals in nestlings was elevated above reference concentrations in nestlings. 

3.4.3 Tree Swallow Eggs versus Eggshells from the Same Nest 

Eggshells were analyzed primarily to evaluate strontium concentrations in impacted eggs compared to 

reference eggs, as this analyte is often used as a tracer for ash exposure. However, given that analytical 

data were available for all other metals and metalloids, an exploratory analysis of potential correlations 

between eggs and eggshells coming from the same nest was also conducted. This analysis indicated 

several positive correlations between metals. Barium, iron, selenium, and zinc were all positively correlated, 

indicating that as each metal concentration increased in eggs, it also increased in eggshells (Table 15). 
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3.4.4 Tree Swallow Eggs versus Nestlings from the Same Nest 

Tree swallow eggs and nestlings collected from the same nest indicated several positive correlations 

between metals. Cobalt, mercury, and strontium were all positively correlated, indicating that as each metal 

concentration increased in eggs, it also increased in nestlings (Table 16). 

3.5 Nest Productivity 

Of the three metrics used to calculate fledglings produced per nest in 2010 (clutch size, hatching success, 

nestling survival), only hatching success and clutch size significantly differed among locations (Table 17, 

Figure 49). No impacted sites had lower clutch size than the reference site, FLD. The impacted sites, 

ERM 3.0 and ERM 3.5, had significantly lower hatching success than the reference site, FLD, but did not 

differ significantly from the positive control, MHD. Within the impacted reaches, ERM 3.5 had significantly 

lower clutch size and almost significantly lower hatching success than the more downstream impacted site 

CRM 2.5 (Table 17). ERM 3.0 also had significantly lower clutch size than the more downstream CRM 2.5. 

When these metrics were combined into fledglings produced per nesting female, none of the locations 

showed significant differences, although ERM 3.5 almost had significantly lower fledglings per nesting 

female than the more downstream impacted site CRM 2.5 (Table 17, Figure 50).  

Mean productivity measurements for each site are presented in Figure 51. When nests were combined into 

two larger groups:  impacted (n = 38) and reference sites (n = 19), no differences were significant (p > 0.05, 

Kruskal Wallis non-parametric test). (Note: MHD was included as a reference site in this analysis since it 

produced higher productivity than FLD, the established reference site.) However, nestling survival was 

almost significantly lower by 6 percent in the impacted sites than the reference sites (p = 0.082, Kruskal 

Wallis test, Figure 52). The other three metrics showed a smaller reduction of 3 to 5 percent, but the 

reduction was far from significant (p > 0.27, Kruskal-Wallis test, Figure 52). 

Very few trace element concentrations in eggs were negatively and significantly correlated to productivity 

metrics (Table 18). Strontium was significantly and negatively correlated to nestling survival. Manganese 

and zinc in eggs were significantly correlated to reductions in female fledglings produced per nesting female 

(R = -0.29 and -0.33, respectively). However, of these three metals, only manganese and strontium in eggs 

were possibly elevated above reference levels due to the ash. Sample sizes were large (n > 57) for 

correlations (compared to ANOVAs), and thus power to detect correlations is high and “almost significant” 

results (0.05 < p <0.1) with R values in 0.2 to 0.29 range (Table 18) are unlikely to be meaningful 

relationships. No significant or even close to significant correlations of eggshell concentrations with 

productivity metrics were found but sample sizes were small (n < 9). 

For nestlings, some element concentrations were negatively and significantly correlated to productivity 

metrics (Table 19). None were significantly correlated to hatching success, but barium and zinc nestling 

concentrations were significantly correlated or close to the level of significance, with reductions in nestling 

survival (R = -0.24 to -0.31). However, none of these metals had nestling concentrations potentially elevated 
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above reference sites by the ash. Selenium was slightly negatively correlated to hatching success, nestling 

survival, and fledglings produced when measured in eggs (R = -0.17, -0.10, and -0.01, respectively, 

Table 19), but the Spearman correlation coefficients were not significant (P > 0.19), despite large sample 

sizes of 71, 57, and 57, respectively. Consequently, selenium in nestlings was not negatively correlated with 

any productivity metrics. 

3.6 Removal of Melton Hill Dam from Analyses 

MHD, the positive control site, has known historical contamination from non-spill related events. Results 

from this location were used for comparative purposes only. However, after all statistical analyses were 

completed, it was discovered that removing MHD from the analyses could potentially change the results of 

the spatial and temporal trends for the remaining sites. As a result, all analyses were repeated excluding this 

site for each tissue type and for nest productivity (Tables 20 through 28). A summary of the changes that 

occurred compared to the original results is discussed below for each tissue type and for nest productivity. 

3.6.1 Tree Swallow Eggs 

Results of the spatial and temporal trend analysis for tree swallow eggs when MHD is removed from the 

statistical analysis are presented in Tables 20 through 23. Only results that changed interpretation from the 

previous analysis with MHD are discussed. When MHD was removed from the two-way Kruskal Wallis test, 

Table 21), changes in barium temporal and spatial results were observed with almost significantly higher 

concentrations in 2009 than 2010, opposite of the hypothesis it takes time to bioaccumulate metals. 

However, Tukey-Kramer post-hoc comparisons indicated no significant differences for barium. Spatially, 

ERM 3.0 had significantly higher barium concentrations than the FLD reference site. In addition, egg lengths 

were no longer significantly different when MHD was excluded. 

Comparisons with eggs collected in 2010 only are presented in Tables 22 and 23. Results of the one-way 

ANOVA (and Kruskal-Wallis test for clutch size) were similar to the original analyses, with the exception that 

no significant differences were observed for clutch size.  

3.6.2 Tree Swallow Eggshells 

Results of the spatial trend analysis for tree swallow eggshells are presented in Tables 24 and 25. Results 

of the one-way ANOVA were similar to the original analyses, with the exception of manganese and 

strontium. When MHD was removed from the analysis, ERM 3.0 had significantly lower concentrations of 

manganese than the composite reference site and TRM 566, opposite of what is expected if ash were 

having an effect, Strontium concentrations did not show any significant differences between locations.  
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3.6.3 Tree Swallow Nestlings 

Results of the spatial and temporal trend analysis for tree swallow nestlings are presented in Tables 26 

and 27. When MHD was removed, no significant differences were identified between sites or years for 

cadmium, manganese, strontium, and zinc, except difference between years (higher in 2010) was close to 

significant for zinc. No specific differences were identified with Tukey-Kramer post-hoc comparisons but a 

significant difference in selenium concentrations was identified between ERM 3.0 and the reference site, 

with higher concentrations of selenium in ERM 3.0 than the reference (FLD). 

3.6.4 Tree Swallow Nest Productivity 

Results of the spatial and temporal trend analysis for tree swallow nestlings are presented in Table 28. No 

differences were observed in the nest productivity analyses when MHD was removed. 
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4. Discussion of Findings 

Several differences were observed for insectivorous birds nesting among ash-impacted stretches of the 

Emory, Clinch, and Tennessee Rivers and reference areas. To summarize the statistically significant or 

almost significant results, selenium and mercury were higher for impacted site tree swallow eggs than 

reference sites, but neither was higher in eggshells, and only mercury was higher in nestlings. Copper, 

strontium, barium, and manganese were higher in eggs than one reference site (FLD) but not the composite 

reference site. Strontium was also higher in eggshells and nestlings. It was the only element higher in 

eggshells possibly due to ash. Strontium is known to replace calcium in shells and can be transferred from 

the shell to the nestling (Mora 2003). Nestlings had cadmium concentrations that were elevated relative to 

reference areas, but that relationship was not observed for eggs or eggshells.  

Concentrations were not increasing over time in eggs as hypothesized, but rather decreased over time for 

a few metals. Barium, strontium, and iron were significantly higher in eggs in 2009 than 2010; otherwise, 

metals and metalloids did not differ among years. Of the metals showing temporal changes in eggs, only 

strontium concentrations were higher than reference sites and thus possibly due to the ash. 

None of the trace elements that were elevated in the impacted reaches potentially from the ash in eggs, 

eggshells, or nestlings were significantly and negatively correlated to the reproductive measures of hatching 

success, nestling survival, or fledglings produced per nesting female, except strontium and barium, which 

were negatively correlated to nestling survival, barium was negatively correlated to clutch size, and 

manganese was negatively correlated to fledglings per female. Copper and strontium in eggs were 

associated with decreases in egg weight. Copper in nestlings was also associated with decreases in 

nestling weight. 

Other differences showing higher levels in impacted sites do not appear to be related to the ash. 

Manganese and zinc were higher in nestlings in impacted areas than the positive control, but not higher 

than at other reference sites; thus, the difference does not appear to be related to the ash. Other trace 

elements, including barium, iron, manganese, and zinc, were unusually high in eggs at TRM 566, but were 

probably from a historical source or due to other non-ash related factors since upstream areas with greater 

ash deposition did not have elevation of these elements. Similarly, barium in eggshells was elevated at 

TRM 566, but not in other areas. Manganese and zinc were elevated in nestlings relative to the positive 

control, but not the other reference sites, and thus the difference may not be related to the ash. 

Of egg and nestling parameters measured, only egg weight at impacted sites was significantly lower than 

reference sites. Egg weight data have low precision in 2009 making this result less certain. Of elements with 

elevated egg levels above reference sites, only copper and strontium were associated with decreases in 

egg weight. Copper was also associated with decreases in nestling weight. In contrast, mercury, selenium, 

and manganese were not associated with measured egg or nestling parameters.  
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A literature review was conducted to evaluate whether concentrations observed at the sites with elevated 

levels relative to reference sites were of concern. Studies indicated a range of mercury effects levels for 

birds. Mercury can cause reproductive impairment in birds, deformities such as short legs, extra toes, 

spoon-shaped bills (Heinz and Hoffman 2003). Thompson (1996) concluded that mercury concentrations in 

bird eggs up to approximately 2.5 mg/kg dw appear to have little detrimental effect on reproduction. Means 

of mercury in impacted tree swallow eggs were 0.15 and 0.22 mg/kg dw, which are well below the 

suggested threshold level of mercury concentrations in egg tissue (Table 2; Figure 32). The maximum 

concentration of mercury was 0.37 mg/kg dw, which is also well below the effects value of 2.5 mg/kg dw. 

For nestling tissue, less information is available. Young and Heeson (1977) found that mercury 

concentrations in breast and liver tissue of adult Brandts cormorants, brown pelicans, and California gulls 

ranged from 1.4 to 12.2 mg/kg dw (assumed 75 percent moisture), without causing mortality. Mean 

concentrations of whole body nestlings from impacted sites ranged from 0.05 to 0.1 mg/kg dw (Table 4; 

Figure 37), which are well below the lower end of the effects range presented by Young and Heeson 

(1977). The maximum detected concentration of mercury in nestling tissue was 0.15 mg/kg dw, which was 

also well below this effects value. 

Selenium is an essential nutrient at low doses; however, it readily accumulates in birds and can be 

transferred to developing offspring (Heinz 1996). When accumulated above the required amount, studies 

have shown effects of selenium on bird reproduction through teratogenesis and offspring mortality, as well 

as other kinds of sublethal effects. Teratogenic deformities in birds include anophthalmy (missing eyes), 

spinal and bill deformations, defects in internal organs, and histological abnormalities (Harding et al. 2005; 

Heinz 1996; Hoffman 2002). Selenium has been evaluated in various field and laboratory studies. Maternal 

transfer of selenium to avian offspring has been well documented in various species of wild aquatic birds 

from both Kesterson National Wildlife Refuge (Ohlendorf et al. 1986) and Martins Reservoir (King 1988; 

King et al. 1994). These field studies have also been corroborated by several laboratory studies using 

dietary exposures of selenium-dosed food in mallards (Heinz et al. 1987 and 1989).  

Selenium concentrations known to cause reproductive or teratogenic effects in birds vary, possibly due to 

differences in each species’ ability to maternally transfer selenium to their young or from species-specific 

differences in responses to maternally transferred selenium (Fairbrother et al. 1999; Ohlendorf et al. 1986). 

As a result of this variability, background concentrations and known levels of selenium causing adverse 

effects in birds also differs. While selenium has been studied for a number of years and there are many 

reviews in relation to exposure and effects of selenium in birds, the most recent compilation of selenium 

effects data in avian eggs (Ohlendorf and Heinz 2011) was used in this evaluation of tissue concentrations. 

Mean background concentrations of selenium in eggs are generally thought to be below 3 mg/kg dw, with 

individual egg concentrations of less than 5 mg/kg dw (Ohlendorf and Heinz 2011). Ohlendorf et al. (1986) 

found that selenium concentrations of 5 mg/kg dw in black-necked stilt (Himantopus mexicanus) eggs 

resulted in 20 percent mortality or deformity in embryos, but a re-analysis of the stilt field data indicated only 

10 percent mortality results at 21 to 31 mg/kg (Adams et al. 2003) and ≤ 5 mg/kg is useful for estimating 

background levels but not adverse effects. Studies on other species recently have been reviewed and 

suggest threshold effects (EC10) concentrations ranging from 7.7 to 60 mg/kg dw in various species of avian 



 

110930-TNTVA-RPT-406 4-3 

Trace Element 
Concentrations and 
Productivity in Tree 
Swallows:  2009-2010 

Tennessee Valley Authority 
Ash Recovery Project 
Kingston, Tennessee 

eggs (Janz et al. 2010). The red-winged blackbird (Agelaius phoeniceus), a species that also feeds on 

terrestrial insects in riparian areas, had a threshold (EC10) for adverse effects of 22 mg Se/kg. 

Mean concentrations of selenium in impacted eggs ranged from 3.15 to 4.75 mg/kg dw (Table 2; Figures 33 

and 34). All but two of the impacted sites (TRM 566 and ERM 3.0) had mean concentrations that fall around 

the suggested background concentrations (Ohlendorf and Heinz 2011) (Table 2). When evaluating individual 

selenium concentrations, 20 concentrations were above the background values and individual egg values of 

5 mg/kg dw. Of these, only three eggs in impacted sites exceeded the lowest benchmark for reported adverse 

impacts of 7.7 mg Se/kg. The benchmark of 7.7 mg/kg in eggs is based on mallards (Anas platyrhynchos), 

and this benchmark was exceeded by one egg in ERM3.5, two eggs in ERM3.0, as well as one egg in the 

positive control, MHD. The two eggs in the Emory River represent 1.7 percent of all eggs evaluated in the 

impacted reaches, and these eggs do not exceed the red-winged blackbird adverse effect concentration, a 

species with a diet more similar to a tree swallow. Consequently, it is not surprising that no significant effects 

of selenium on egg weight, clutch size, nestling weight, feather and tarsus length, hatching success, nestling 

survival, or fledglings produced per nesting female were observed. 

Whole body tissue concentrations of selenium in impacted nestlings were not significantly higher than 

selenium concentrations in reference nestlings. Whole-body tissue concentrations of selenium that likely 

adversely affect nestlings range from 8 to 12 mg/kg (range of grackle nestling carcass, liver, and feather 

concentrations with adverse effects, Bryan et al. 2012). No nestlings in the impacted sites exceeded this 

threshold (maximum was 6.67 mg/kg dw), although the positive control had one nestling with 9 mg/kg dw. 

Strontium was elevated in eggs, eggshells, and nestlings. Elevated levels of strontium in eggshells have 

been found to reduce eggshell strength and increase the number of cracked eggs, in turn reducing hatching 

success and increasing embryonic mortality (Mora 2003). Strontium in eggshells has also been shown to 

cause an interference with calcium transfer from the eggshell into the embryo, which in turn can lead to 

insufficient levels of calcium for bone formation (Mora et al. 2007). Strontium in eggs was negatively 

correlated to nestling survival, but levels causing adverse effect need to be evaluated to determine if 

concentrations are high enough to adversely affect tree swallows. 

No toxicity reference value has been established for strontium in avian eggs. Mora (2003) presents mean 

metal concentrations in eggs from several passerine birds in Arizona. Mean concentrations of strontium in 

yellow-breasted chat eggs and willow flycatcher eggs were 23.9 and 35.1 mg/kg dw, respectively. These 

strontium concentrations were somewhat lower than those presented by Schwarzbach et al. (2006), where 

the mean concentration of strontium in normal clapper rail embryos was 66.10 mg/kg dw (range 30.2 to 

94.6 mg/kg dw). While there is not enough information in the literature to determine effects levels of 

strontium in eggs based on laboratory studies, Ridgway and Karnofsky (1952) presented data for calculation 

of an LD50 of 73 mg/kg dw based on chicken egg injection, assuming a 55 gram egg and 80 percent 

moisture. Schwarzbach et al. (2006) estimated mean concentration in deformed clapper rail embryos at 

121.40 mg/kg dw (range 82.2 to 176 mg/kg dw). Mean strontium concentrations in eggs from sites impacted 

by the ash spill ranged from 4.78 to 17.85 mg/kg dw, with a maximum concentration of 51.45 mg/kg dw. All 
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of the impacted site concentrations were below reported effects levels, and thus probably are not of 

concern.  

Mean strontium concentrations found in eggshells considered to be “somewhat elevated” were 299 mg/kg 

dw for willow flycatchers (Mora 2003), 826 mg/kg dw for yellow-breasted chats (Mora 2003), and 265 mg/kg 

dw for black-throated blue warblers (Blum et al. 2000). Reduced egg production in Pekin ducks (Anas 

peking) was reported when eggshell strontium concentrations were 120,000 mg/kg (Wheeler 1919).  Mean 

strontium concentrations in impacted site eggshells were well below these levels, ranging from 101.89 to 

125.26 mg/kg dw, with a maximum concentration of 176.29 mg/kg dw (Table 3; Figure 36). 

For nestlings, mean concentrations of strontium in their whole bodies (9.4 to 14 mg/kg dw) at the impacted 

sites were lower than the mean of common grackle (Quiscalus quiscula) carcasses (Bryan et al. 2012) of 

nestlings that had feather strontium concentrations below that of healthy, normal heron populations (Golden 

et al.2003). Pipping chicks with 11.3 mg/kg dw had hepatic oxidative stress in black-crowned night herons 

(Rattner et al. 2000), but such effects may have no impact on chick survival. It is unknown what 

concentration would have caused mortality, but 11.3 mg/kg dw is not believed to be embryotoxic (Rattner et 

al. 2000). Strontium concentrations in nestlings in impacted sites ranged from 3.8 to 50.6 mg/kg dw. 

Strontium was below levels producing adverse impacts for eggs and eggshells, and nestling strontium 

concentrations were not correlated to any productivity metrics. Because of these findings and that mean 

values were lower than effects levels for means in Bryan et al. (2002, effects values for individual eggs is not 

provided), strontium probably is below a level of concern for nestlings, also. 

A literature review of copper hazards to fish, wildlife, and invertebrates by Eisler (1998) found no available 

data for defining a toxicity reference value based on bird egg tissue. Copper is a micronutrient, but at high 

levels can be toxic and reduce reproduction (Eisler 1998). Toxicity studies have been conducted on 

domesticated birds. Ridgway and Karnofsky (1952) evaluated the effects of copper sulfate on chicken 

embryos through injection into the yolk sac. Using data in that study and assumptions of a 55 gram egg and 

80 percent moisture, a median lethal injected dose would be 20 mg/kg dw; however, there is a high 

uncertainty in using this concentration as an effects value because the route of exposure (injection) can 

overestimate effects of some chemicals (Heinz et al. 2009) and the egg weights and percent moistures 

were not reported. Mean copper concentrations in all site-impacted tree swallow eggs ranged from 2.43 to 

3.61 mg/kg dw, with a maximum concentration of 11.96 mg/kg dw (Table 2; Figure 30). All of these 

impacted means, as well as the maximum concentration, are below this suggested median lethal threshold 

of 20 mg/kg dw for copper in egg tissue. The lowest adverse effect level is unknown but may be lower than 

20 mg/kg dw. Although copper is negatively correlated with egg and nestling weights, such correlations are 

not important because copper cannot be strongly linked to changes in egg hatchability or nestling survival or 

most importantly, fledglings produced per female, which affect population viability.  

Manganese is an essential micronutrient in birds; however, it can be toxic in high doses. Although it is an 

important cofactor in metabolism, adverse effects of manganese toxicity are similar to those caused by lead, 

including neurobehavioral defects and other nervous system dysfunction. Unfortunately, effects levels for 
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manganese in eggs have not yet been determined (Burger and Gochfeld 2003), but concentrations 

measured at a variety of geographical locations ranged between 1 and 5 mg/kg dw in bird eggs (Howe and 

Malcolm 2004). In Arizona, Bell’s vireo (Vireo bellii) eggs contained a mean similar to the impacted sites of 

12.5 mg/kg dw of manganese with maximum of 20.6 mg/kg dw, yet such levels were not mentioned as a 

cause of concern (Mora 2003). Manganese in tree swallow eggs in impacted sites ranged from 6.6 to 

14 mg/kg dw, lower than these estimates. However, manganese concentration in eggs was negatively 

correlated to fledglings produced per female and has the potential to have a negative effect if too high in 

eggs. Mean concentrations of manganese in ERM 3.0 eggs, which was the site with elevated manganese 

that was almost significantly higher than the FLD reference, were 6.61 and 7.98 mg/kg dw in 2009 and 

2010, respectively. These concentrations were only slightly higher than mean concentrations in FLD eggs 

of 4.94 and MHD mean concentrations in eggs of 6.26 mg/kg dw (Table 2; Figure 33). Thus, manganese 

concentrations are probably not high enough in eggs to be of great concern that its presence in ash is 

strongly affecting productivity, particularly given the fledglings produced per female are similar between 

impacted and reference sites. 

No toxicity reference value has been established for barium in avian eggs, but reference sites had up to 

40 mg/kg barium in eggs. Field studies published on barium in egg tissue have indicated barium 

concentrations are associated with embryo deformities at 2.2 mg/kg dw in clapper rail eggs (Schwarzbach 

et al. 2006). The effects level of 2.2 mg/kg dw was from a field study with a mixture of metals. As a result, 

the deformities associated with this concentration of barium potentially could be attributed to the effects from 

other metals found in the embryos. Another field study reported concentrations of barium in passerine birds 

up to 14.3 mg/kg dw without reporting that concentration as a level of concern (Mora 2003). If 40 mg/kg 

barium is the reference level, then only one outlier egg, located in ERM 3.0 exceeds that threshold and may 

have been affected by the ash. Barium in eggs is not significantly and strongly correlated to any productivity 

metrics, which suggests it is not an important factor affecting tree swallows. Barium concentrations in 

nestlings were negatively correlated to nestling survival, but barium in nestlings was no higher than 

reference sites. Barium in eggs was also negatively correlated to clutch size, as well as barium in nestlings 

to feather length, but clutch size and feather length were not significantly smaller than the reference 

locations. Overall, the results for barium do not strongly implicate ash as affecting tree swallow productivity. 

Cadmium was higher in nestlings in impacted sites than reference sites. Cadmium can reduce growth in 

chicks. Cadmium concentrations in nestling livers of 0.004 to 0.03 mg/kg wet weight, converted to dry weight 

of 0.02 to 0.15 mg/kg dw assuming 80 percent moisture were considered to have no adverse effects to 

nestlings (Central Science Library 2003). Cadmium concentrations in whole body nestlings of < 2 mg/kg dw 

were well below levels of concern (Bryan et al. 2012). Cadmium in nestlings in impacted sites had mean 

concentrations ranging from 0.05 to 0.08 mg/kg dw. The maximum observed concentration in a nestling in 

an impacted site was 0.09, which is lower than the concentrations considered to have no adverse effects 

on nestlings. 
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Of interest, very few trace elements that might be elevated from ash in the impacted reaches discussed 

above were significantly and negatively correlated to the productivity metrics of hatching success, nestling 

survival, or fledglings produced per nesting female. The few were strontium, manganese, and barium for 

which benchmarks of adverse effects are unavailable, and more research is needed on these to establish 

effects levels. Notably, selenium in eggs, which exceeded a potential adverse benchmark in some locations, 

had a weak and non-significant relationship to productivity metrics. Such finding, combined with no significant 

differences in production of fledglings between impacted and reference locations indicates tree swallows and 

possibly other songbirds that feed on aerial insects are not as sensitive as ducks, for which effects levels are 

well established. 

4.1. Summary and Conclusions 

Consistent with other field surveys, uncertainties exist when evaluating species that have the ability to 

migrate, or in systems of complex analyte mixtures. The evaluations in this study focused on comparisons 

among sites, between years, and with literature-derived concentrations in order to assess the relationship 

between the ash release and trace elements in tree swallow egg contents, eggshells, and whole body 

nestlings. Natural variability or historical contamination associated with the sample sites may have 

contributed to some of the differences found among sites. Of 26 metals and metalloids investigated, 

selenium, strontium, copper, and manganese showed spatial trends that potentially could be related to ash 

rather than historical or factors unrelated to ash. However, only selenium had concentration increases to 

levels exceeding a known benchmark (EC10) suggestive of adverse effects to the most sensitive bird 

species tested, the mallard. No eggs exceeded the EC10 of a bird with feeding habits more similar to the tree 

swallow, specifically the red-winged blackbird. Selenium concentrations in eggs exceeded the adverse 

benchmark value for mallards in individual eggs in approximately 1.7 percent of the impacted eggs sampled. 

These exceedances appear to be limited to areas directly adjacent to the ash spill (ERM 3.0 and ERM 3.5). 

Tree swallow size, hatching success, nestling survival, and fledglings produced per nesting female were not 

significantly correlated to selenium concentrations in eggs or nestlings. A comprehensive evaluation of tree 

swallows will be completed in the Baseline Ecological Risk Assessment using additional lines of evidence in 

order to interpret the differences between locations and years, but this assessment did not identify any trace 

elements that could be strongly associated with adverse effects on the tree swallow population. 

4.2. Future Studies 

Monitoring efforts for tree swallows were continued in 2011 by researchers from Virginia Polytechnic 

Institute and State University. Several of the same colonies were evaluated, as well as newly established 

colonies along impacted stretches of the Emory and Clinch Rivers and in unimpacted upstream locations. 

In addition, full-scale physiological and reproductive studies were also conducted within each colony. 

Samples from 2011 are currently being analyzed. These monitoring efforts are scheduled to be repeated 

in 2012. 
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Table 1. Summary of Tree Swallow Egg, Eggshell, and Nestling Collections for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Site Name River Type
2009         
Eggs

2010         
Eggs

2010         
Eggshells

2009         
Nestlings

2010         
Nestlings

Ft. Loudoun Dam Tennessee River 9 16 (+1) 2 3 10

Tennessee River Mile 569.5 to 571.5 Tennessee River NC 15 NC NC NC

Tellico Dam Tennessee River NC 15 2 NC NC

Little Emory River Mile 2.0 Little Emory River NC 2 NC NC NC

Emory River Mile 3.5 Emory River Potentially Affected Sites 13 (+2) 12 1 11 (+1) 10

Emory River Mile 3.0- Right Bank Emory River Potentially Affected Sites 10 15 4 9 (+2) 15

Emory River Mile 3.0- Islands and         
Left Bank Emory River Potentially Affected Sites NC 15 2 NC NC

West Embayment Embayment Potentially Affected Sites NC 2 1 NC NC

Location Tissue Type 1

Reference Sites

North Embayment Embayment Potentially Affected Sites NC 4 1 NC NC

East Embayment Embayment Potentially Affected Sites NC 4 2 NC NC

Clinch River Mile 2.5 Clinch River Potentially Affected Sites 11 (+1) 15 NC 12 15 (+1)

Clinch River Mile 1.0 Clinch River Potentially Affected Sites NC 15 NC NC NC

Tennessee River Mile 566.0 Tennessee River Potentially Affected Sites NC 9 3 NC NC

Melton Hill Dam Clinch River Positive Control 2 16 (+1) 16 (+4) 2 9 15 (+1)

1 Tissue types include eggs, eggshells, and nestlings. Values shown in (+) behind egg and nestling samples indicate unhatched "dud" eggs and dead nestlings, respectively.
2 Historically contaminated site, not related to the ash spill.

NC - Not collected.
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Table 2. Tree Swallow Egg Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

Composite Reference 2 NA NA NA  NA NA - NA 0 46 NC  NC 17.94 - 48.91
Fort Loudoun Dam 0 9 NC  NC 134.17 - 135.85 0 16 NC  NC 17.94 - 44.02

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 22.83 - 67.39
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 20.65 - 46.2

Clinch River (CRM 1.0) NA NA NA  NA NA - NA NA NA NC  NC NA - NA
Clinch River (CRM 2.5) 0 11 NC  NC 132.01 - 265.22 NA NA NC  NC NA - NA
Emory River (ERM 3.5) 0 13 NC  NC 134.52 - 260.33 1 12 NC  NC 19.57 - 33.7
Emory River (ERM 3.0) 0 10 NC  NC 134.33 - 158.15 0 25 NC  NC 20.11 - 57.61

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 20.11 - 36.41
Melton Hill Dam 0 16 NC  NC 134.9 - 407.07 0 16 NC  NC 19.57 - 53.26

Composite Reference 2 NA NA NA  NA NA - NA 1 46 NC  NC 0.07 - 0.20
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.55 0 16 NC  NC 0.07 - 0.16

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 0.08 - 0.24
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 0.08 - 0.17

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 0 15 NC  NC 0.08 - 0.15
Clinch River (CRM 2.5) 0 11 NC  NC 0.53 - 1.09 0 15 NC  NC 0.07 - 0.22
Emory River (ERM 3.5) 0 13 NC  NC 0.54 - 1.03 0 12 NC  NC 0.07 - 0.08
Emory River (ERM 3.0) 0 10 NC  NC 0.53 - 0.65 1 30 NC  NC 0.08 - 0.24

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 0.07 - 0.13
Melton Hill Dam 0 16 NC  NC 0.54 - 1.63 0 16 NC  NC 0.07 - 0.20

Composite Reference 2 NA NA NA  NA NA - NA 0 46 NC  NC 0.13 - 0.35

2009 Tree Swallow Egg Results (mg/kg dw) 2010 Tree Swallow Egg Results (mg/kg dw)

Mean  SD1 Range Mean  SD1 Range   

Aluminum

Antimony

p NA NA NA  NA NA NA 0 46 NC  NC 0.13 0.35
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.55 0 16 NC  NC 0.13 - 0.32

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 0.32 - 0.92
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 0.16 - 0.33

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 0 15 NC  NC 0.15 - 0.29
Clinch River (CRM 2.5) 0 11 NC  NC 0.53 - 1.09 0 15 NC  NC 0.13 - 0.44
Emory River (ERM 3.5) 0 13 NC  NC 0.54 - 1.03 0 12 NC  NC 0.15 - 0.32
Emory River (ERM 3.0) 0 10 NC  NC 0.53 - 0.65 0 30 NC  NC 0.15 - 0.82

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 0.15 - 0.32
Melton Hill Dam 0 16 NC  NC 0.54 - 1.63 0 16 NC  NC 0.14 - 0.38

Composite Reference 2 NA NA NA  NA NA - NA 46 46 9.18  7.98 1.79 - 40.22
Fort Loudoun Dam 9 9 6.52  3.64 1.49 - 12.29 16 16 8.36  7.33 1.79 - 30.98

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 20.92  12.68 11.96 - 29.89
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 15.98  7.72 4.57 - 24.46

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 12.22  8.13 1.52 - 35.33
Clinch River (CRM 2.5) 11 11 8.94  3.19 3.43 - 13.8 15 15 5.72  3.52 1.85 - 14.13
Emory River (ERM 3.5) 12 13 8.69  6.08 0.65 - 22.28 12 12 6.28  3.78 2.23 - 15.22
Emory River (ERM 3.0) 10 10 17.38  25.63 3.36 - 89.22 30 30 8.67  6.55 1.63 - 26.09

Embayments 3 NA NA NA  NA NA - NA 10 10 8.8  4.63 1.98 - 15.76
Melton Hill Dam 16 16 8.38  5.02 1.96 - 19.02 16 16 10.46  11.11 1.96 - 35.87

Arsenic

Barium
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Table 2. Tree Swallow Egg Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2009 Tree Swallow Egg Results (mg/kg dw) 2010 Tree Swallow Egg Results (mg/kg dw)

Mean  SD1 Range Mean  SD1 Range   

Composite Reference 2 NA NA NA  NA NA - NA 0 46 NC  NC 0.07 - 0.71
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.55 0 16 NC  NC 0.07 - 0.35

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 0.33 - 0.49
Tennessee River (TRM 566) NA NA NA  NA NA - NA 1 9 NC  NC 0.16 - 0.71

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 0 15 NC  NC 0.15 - 0.31
Clinch River (CRM 2.5) 0 11 NC  NC 0.53 - 1.09 0 15 NC  NC 0.14 - 0.46
Emory River (ERM 3.5) 0 13 NC  NC 0.54 - 1.03 0 12 NC  NC 0.14 - 0.33
Emory River (ERM 3.0) 0 10 NC  NC 0.53 - 0.65 0 30 NC  NC 0.15 - 0.42

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 0.15 - 0.54
Melton Hill Dam 0 16 0.7  0.32 0.54 - 1.63 0 16 NC  NC 0.16 - 0.82

Composite Reference 2 NA NA NA  NA NA - NA 0 46 NC  NC 1.85 - 5.05
Fort Loudoun Dam 0 9 NC  NC 10.74 - 10.95 0 16 NC  NC 1.85 - 4.57

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 2.34 - 7.07
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 2.12 - 4.78

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 0 15 NC  NC 2.17 - 4.35
Clinch River (CRM 2.5) 0 11 NC  NC 10.61 - 21.2 0 15 NC  NC 1.9 - 6.52
Emory River (ERM 3.5) 0 13 NC  NC 10.74 - 20.65 1 12 NC  NC 2.01 - 6.85
Emory River (ERM 3.0) 0 10 NC  NC 10.76 - 12.5 0 30 NC  NC 2.12 - 5.98

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 2.07 - 6.36
Melton Hill Dam 0 16 NC  NC 10.78 - 32.61 0 16 NC  NC 2.01 - 5.44

Composite Reference 2 NA NA NA  NA NA - NA 1 46 NC  NC 0.04 - 0.19

Boron

Beryllium

p NA NA NA  NA NA NA 1 46 NC  NC 0.04 0.19
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.55 1 16 NC  NC 0.04 - 0.09

TRM 566 NA NA NA  NA NA - NA 0 2 NC  NC 0.08 - 0.13
Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 9 NC  NC 0.04 - 0.18

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 0 15 NC  NC 0.04 - 0.12
Clinch River (CRM 2.5) 0 11 NC  NC 0.53 - 1.09 0 15 NC  NC 0.04 - 0.12
Emory River (ERM 3.5) 0 13 NC  NC 0.54 - 1.03 0 12 NC  NC 0.04 - 0.09
Emory River (ERM 3.0) 0 10 NC  NC 0.53 - 0.65 1 30 NC  NC 0.04 - 0.26

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 0.01 - 0.14
Melton Hill Dam 0 16 NC  NC 0.54 - 1.63 0 16 NC  NC 0.04 - 0.21

Composite Reference 2 NA NA NA  NA NA - NA 2 46 0.82  0.23 0.6 - 1.58
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.61 2 16 0.8  0.21 0.6 - 1.41

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 1 2 NC  NC 1.9 - 2.12
Tennessee River (TRM 566) NA NA NA  NA NA - NA 1 9 NC  NC 0.65 - 1.47

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 8 15 0.95  0.23 0.65 - 1.52
Clinch River (CRM 2.5) 0 11 NC  NC 0.53 - 1.31 0 15 NC  NC 0.6 - 1.96
Emory River (ERM 3.5) 0 13 NC  NC 0.54 - 1.03 3 12 1.13  1.37 0.6 - 5.44
Emory River (ERM 3.0) 0 10 NC  NC 0.53 - 0.71 4 30 0.85  0.33 0.65 - 1.85

Embayments 3 NA NA NA  NA NA - NA 1 10 NC  NC 0.65 - 1.14
Melton Hill Dam 0 16 NC  NC 0.54 - 1.63 0 16 NC  NC 0.6 - 1.69

Cadmium

Chromium
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Table 2. Tree Swallow Egg Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2009 Tree Swallow Egg Results (mg/kg dw) 2010 Tree Swallow Egg Results (mg/kg dw)

Mean  SD1 Range Mean  SD1 Range   

Composite Reference 2 NA NA NA  NA NA - NA 33 46 0.11  0.04 0.07 - 0.23
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.55 11 16 0.1  0.03 0.08 - 0.17

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 1 2 NC  NC 0.15 - 0.23
Tennessee River (TRM 566) NA NA NA  NA NA - NA 7 9 0.15  0.08 0.07 - 0.29

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 11 15 0.12  0.05 0.08 - 0.26
Clinch River (CRM 2.5) 0 11 NC  NC 0.53 - 1.09 10 15 0.12  0.05 0.07 - 0.22
Emory River (ERM 3.5) 0 13 NC  NC 0.54 - 1.03 9 12 0.1  0.02 0.08 - 0.14
Emory River (ERM 3.0) 0 10 NC  NC 0.53 - 0.65 20 30 0.13  0.08 0.07 - 0.41

Embayments 3 NA NA NA  NA NA - NA 7 10 0.13  0.04 0.08 - 0.20
Melton Hill Dam 0 16 NC  NC 0.54 - 1.63 10 16 0.13  0.08 0.07 - 0.41

Composite Reference 2 NA NA NA  NA NA - NA 45 46 3.22  2.37 1.85 - 16.3
Fort Loudoun Dam 4 9 2.93  0.6 2.62 - 4.5 16 16 2.57  0.45 1.85 - 3.59

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 2.58  0.04 2.55 - 2.61
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 2.43  0.34 1.9 - 2.83

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 2.79  0.51 2.07 - 3.97
Clinch River (CRM 2.5) 5 11 3.52  1.07 2.67 - 5.4 15 15 3.27  0.89 1.85 - 5.05
Emory River (ERM 3.5) 5 13 3.61  2.53 2.66 - 11.96 12 12 2.68  0.73 2.01 - 4.35
Emory River (ERM 3.0) 1 10 NC  NC 2.65 - 3.37 30 30 2.96  0.48 2.07 - 4.02

Embayments 3 NA NA NA  NA NA - NA 10 10 2.55  0.3 2.12 - 3.1
Melton Hill Dam 6 16 4.69  4.15 2.67 - 19.02 16 16 2.54  0.4 1.9 - 3.32

Composite Reference 2 NA NA NA  NA NA - NA 43 46 195.49  71.11 68.48 - 366.3

Cobalt

Copper

p NA NA NA  NA NA NA 43 46 195.49  71.11 68.48 366.3
Fort Loudoun Dam 6 9 198.75  80.79 134.17 - 343.6 15 16 178.97  71.86 68.48 - 300.54

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 402.17  261.32 217.39 - 586.96
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 302.84  143.2 161.41 - 657.61

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 14 15 201.56  72.62 125 - 361.41
Clinch River (CRM 2.5) 5 11 199.79  92.4 132.01 - 431.74 13 15 159.02  51.53 72.83 - 251.63
Emory River (ERM 3.5) 9 13 215.42  102.58 134.52 - 513.04 12 12 159.78  51.31 92.39 - 259.78
Emory River (ERM 3.0) 8 10 218.71  88.91 134.33 - 400.6 30 30 219.44  125.5 100.54 - 717.39

Embayments NA NA NA  NA NA - NA 10 10 204.55  73.09 111.41 - 329.35
Melton Hill Dam 10 16 235.13  103.38 135.67 - 407.07 16 16 202.75  100.21 80.98 - 443.48

Composite Reference 2 NA NA NA  NA NA - NA 1 46 NC  NC 0.13 - 1.96
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.55 0 16 NC  NC 0.13 - 0.3

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 0.46 - 0.47
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 0.16 - 0.45

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 0 15 NC  NC 0.28 - 0.54
Clinch River (CRM 2.5) 1 11 NC  NC 0.53 - 1.09 0 15 NC  NC 0.13 - 0.43
Emory River (ERM 3.5) 0 13 NC  NC 0.54 - 1.03 0 12 NC  NC 0.14 - 0.45
Emory River (ERM 3.0) 0 10 NC  NC 0.53 - 0.65 0 30 NC  NC 0.15 - 0.4

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 0.14 - 0.45
Melton Hill Dam 0 16 NC  NC 0.54 - 1.63 1 16 NC  NC 0.14 - 0.38

Iron

Lead
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Table 2. Tree Swallow Egg Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2009 Tree Swallow Egg Results (mg/kg dw) 2010 Tree Swallow Egg Results (mg/kg dw)

Mean  SD1 Range Mean  SD1 Range   

Composite Reference 2 NA NA NA  NA NA - NA 41 46 6.99  3.19 1.9 - 15.22
Fort Loudoun Dam 7 9 4.94  2.39 2.64 - 9.31 11 16 6.26  3.22 1.9 - 12.5

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 14.13  3.07 11.96 - 16.3
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 14.07  11.79 5.98 - 44.57

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 8.12  4.3 4.24 - 16.85
Clinch River (CRM 2.5) 7 11 6.88  4.93 2.59 - 18.35 15 15 5.42  2.11 3.32 - 9.78
Emory River (ERM 3.5) 10 13 7.18  5.01 2.71 - 19.57 12 12 6.15  2.22 3.32 - 9.78
Emory River (ERM 3.0) 10 10 6.61  2.46 4.06 - 11.15 30 30 7.98  5.32 2.94 - 31.52

Embayments 3 NA NA NA  NA NA - NA 10 10 9.71  5.12 2.28 - 20.11
Melton Hill Dam 13 16 6.63  3.1 2.69 - 14.24 10 16 8.89  6.32 2.72 - 26.09

Composite Reference 2 NA NA NA  NA NA - NA 34 46 0.14  0.05 0.08 - 0.33
Fort Loudoun Dam 0 9 NC  NC 0.11 - 0.11 10 16 0.11  0.03 0.08 - 0.18

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 1 2 NC  NC 0.15 - 0.2
Tennessee River (TRM 566) NA NA NA  NA NA - NA 8 9 0.12  0.02 0.09 - 0.15

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 0 15 NC  NC 0.13 - 0.37
Clinch River (CRM 2.5) 2 11 0.15  0.04 0.1 - 0.21 0 15 NC  NC 0.13 - 0.3
Emory River (ERM 3.5) 3 13 0.16  0.11 0.11 - 0.5 6 12 0.21  0.04 0.15 - 0.28
Emory River (ERM 3.0) 1 10 NC  NC 0.11 - 0.2 7 30 0.22  0.05 0.14 - 0.37

Embayments 3 NA NA NA  NA NA - NA 6 10 0.21  0.04 0.14 - 0.29
Melton Hill Dam 1 16 NC  NC 0.11 - 0.33 11 16 0.13  0.02 0.09 - 0.19

Composite Reference 2 NA NA NA  NA NA - NA 4 46 0.23  0.06 0.16 - 0.43

Manganese

Mercury

p NA NA NA  NA NA NA 4 46 0.23  0.06 0.16 0.43
Fort Loudoun Dam 0 9 NC  NC 5.37 - 5.48 0 16 NC  NC 0.16 - 0.39

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 0.2 - 0.6
Tennessee River (TRM 566) NA NA NA  NA NA - NA 2 9 0.24  0.07 0.18 - 0.41

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 2 15 0.24  0.05 0.19 - 0.37
Clinch River (CRM 2.5) 0 11 NC  NC 5.3 - 10.87 0 15 NC  NC 0.32 - 1.09
Emory River (ERM 3.5) 0 13 NC  NC 5.39 - 10.33 0 12 NC  NC 0.17 - 0.2
Emory River (ERM 3.0) 0 10 NC  NC 5.33 - 6.52 5 30 0.26  0.1 0.18 - 0.51

Embayments 3 NA NA NA  NA NA - NA 2 10 0.22  0.06 0.17 - 0.32
Melton Hill Dam 0 16 NC  NC 5.35 - 16.3 0 16 NC  NC 0.17 - 0.47

Composite Reference 2 NA NA NA  NA NA - NA 2 46 0.97  1.52 0.44 - 8.15
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.55 2 16 1.6  2.49 0.44 - 8.15

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 1 2 NC  NC 0.65 - 1.63
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 0.5 - 1.14

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 1 15 NC  NC 0.51 - 2.07
Clinch River (CRM 2.5) 0 11 NC  NC 0.53 - 1.09 0 15 NC  NC 0.46 - 1.52
Emory River (ERM 3.5) 1 13 NC  NC 0.54 - 1.03 2 12 1.21  1.79 0.47 - 6.52
Emory River (ERM 3.0) 0 10 0.55  0.03 0.53 - 0.65 11 30 4.97  9 0.5 - 33.7

Embayments 3 NA NA NA  NA NA - NA 4 10 5.44  10.38 0.5 - 34.24
Melton Hill Dam 0 16 NC  NC 0.54 - 1.63 2 16 1.52  2.49 0.47 - 8.15

Nickel

Molybdenum
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Table 2. Tree Swallow Egg Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2009 Tree Swallow Egg Results (mg/kg dw) 2010 Tree Swallow Egg Results (mg/kg dw)

Mean  SD1 Range Mean  SD1 Range   

Composite Reference 2 NA NA NA  NA NA - NA 46 46 3.04  0.91 1.3 - 5.98
Fort Loudoun Dam 9 9 2.64  0.81 1.61 - 3.77 16 16 2.87  0.91 1.3 - 5.05

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 5.52  2.19 3.97 - 7.07
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 4.37  0.95 2.88 - 5.98

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 3.71  0.88 2.5 - 5.98
Clinch River (CRM 2.5) 11 11 3.58  1.3 2.47 - 6.84 15 15 3.84  0.94 2.45 - 5.98
Emory River (ERM 3.5) 12 13 3.88  2.25 1.3 - 10.87 12 12 3.15  0.66 2.12 - 4.19
Emory River (ERM 3.0) 10 10 4.13  1.54 2.72 - 6.99 30 30 4.75  2.13 2.45 - 13.04

Embayments 3 NA NA NA  NA NA - NA 10 10 4.38  0.86 2.83 - 5.98
Melton Hill Dam 15 16 3.91  1.06 2.28 - 5.98 16 16 4.11  1.38 2.61 - 8.15

Composite Reference 2 NA NA NA  NA NA - NA 4 46 0.03  0.03 0.01 - 0.21
Fort Loudoun Dam 0 9 NC  NC 0.26 - 0.27 3 16 0.03  0.02 0.02 - 0.05

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 0.02 - 0.05
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 0.02 - 0.03

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 2 15 0.02  0.01 0.02 - 0.05
Clinch River (CRM 2.5) 0 11 NC  NC 0.26 - 0.54 0 15 NC  NC 0.01 - 0.05
Emory River (ERM 3.5) 0 13 NC  NC 0.27 - 0.52 0 12 NC  NC 0.01 - 0.05
Emory River (ERM 3.0) 0 10 NC  NC 0.26 - 0.32 2 30 0.02  0.01 0.02 - 0.04

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 0.02 - 0.05
Melton Hill Dam 0 16 NC  NC 0.27 - 0.82 0 16 NC  NC 0.02 - 0.13

Composite Reference 2 NA NA NA  NA NA - NA 46 46 7.71  8.96 1.85 - 47.83

Selenium

Silver

p NA NA NA  NA NA NA 46 46 7.71  8.96 1.85 47.83
Fort Loudoun Dam 9 9 5.93  2.16 2.29 - 8.67 16 16 6.9  8.89 1.85 - 39.67

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 12.23  5.76 8.15 - 16.3
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 6.51  2.46 3.75 - 10.87

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 6.68  3.24 3.59 - 16.85
Clinch River (CRM 2.5) 11 11 17.85  15.91 3.49 - 51.45 15 15 7.33  7.69 3.37 - 27.72
Emory River (ERM 3.5) 13 13 10.98  7.24 1.09 - 23.5 12 12 4.78  1.33 3.21 - 7.61
Emory River (ERM 3.0) 10 10 8.52  4.7 3.85 - 20.16 30 30 9.05  6.45 3.1 - 33.15

Embayments 3 NA NA NA  NA NA - NA 10 10 7.75  5.04 3.47 - 20.11
Melton Hill Dam 16 16 6.7  4.66 2.23 - 19.95 16 16 5.9  4.23 2.07 - 15.76

Composite Reference 2 NA NA NA  NA NA - NA 0 46 NC  NC 0.06 - 0.17
Fort Loudoun Dam 0 9 NC  NC 0.54 - 0.55 0 16 NC  NC 0.06 - 0.15

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 0.08 - 0.23
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 0.07 - 0.16

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 1 15 NC  NC 0.07 - 0.14
Clinch River (CRM 2.5) 0 11 NC  NC 0.53 - 1.09 1 15 NC  NC 0.07 - 0.21
Emory River (ERM 3.5) 0 13 NC  NC 0.54 - 1.03 0 12 NC  NC 0.07 - 0.22
Emory River (ERM 3.0) 0 10 NC  NC 0.53 - 0.65 0 30 NC  NC 0.07 - 0.2

Embayments 3 NA NA NA  NA NA - NA 1 10 NC  NC 0.07 - 0.21
Melton Hill Dam 0 16 NC  NC 0.54 - 1.63 0 16 NC  NC 0.07 - 0.19

Strontium

Thallium
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Table 2. Tree Swallow Egg Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2009 Tree Swallow Egg Results (mg/kg dw) 2010 Tree Swallow Egg Results (mg/kg dw)

Mean  SD1 Range Mean  SD1 Range   

Composite Reference 2 NA NA NA  NA NA - NA 0 46 NC  NC 0.21 - 3.21
Fort Loudoun Dam 0 9 NC  NC 1.05 - 1.11 0 16 NC  NC 0.21 - 0.52

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 0 2 NC  NC 0.51 - 1.52
Tennessee River (TRM 566) NA NA NA  NA NA - NA 0 9 NC  NC 0.26 - 0.53

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 0 15 NC  NC 0.24 - 0.48
Clinch River (CRM 2.5) 0 11 NC  NC 1.04 - 2.12 0 15 NC  NC 0.42 - 1.41
Emory River (ERM 3.5) 0 13 NC  NC 1.05 - 2.07 0 12 NC  NC 0.24 - 0.51
Emory River (ERM 3.0) 0 10 NC  NC 1.07 - 1.25 0 30 NC  NC 0.07 - 1.3

Embayments 3 NA NA NA  NA NA - NA 0 10 NC  NC 0.23 - 0.51
Melton Hill Dam 0 16 NC  NC 1.07 - 3.26 0 16 NC  NC 0.22 - 0.6

Composite Reference 2 NA NA NA  NA NA - NA 46 46 110.7  46.86 18.48 - 266.3
Fort Loudoun Dam 9 9 98.00  46.29 33.83 - 170.4 16 16 99.5  41.82 18.48 - 163.04

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 204.4  112.21 125 - 283.7
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 155.5  45.15 118.48 - 262.5

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 119.5  37.08 68.48 - 195.65
Clinch River (CRM 2.5) 11 11 97.21  55.79 37.63 - 237.1 15 15 84.0  25.22 57.07 - 138.59
Emory River (ERM 3.5) 12 13 112.46  70.89 13.04 - 315.76 12 12 96.6  27.63 63.59 - 147.83
Emory River (ERM 3.0) 10 10 119.62  42.78 64.55 - 192.93 30 30 121.9  70.43 46.74 - 386.41

Embayments 3 NA NA NA  NA NA - NA 10 10 111.5  37.56 64.67 - 174.46
Melton Hill Dam 16 16 104.02  47.98 42.39 - 198.37 16 16 114.5  56.19 56.52 - 297.83

Composite Reference 2 NA NA NA  NA NA - NA 46 46 4.86957  0.97999 2 - 7

Vanadium

Zinc

p NA NA NA  NA NA NA 46 46 4.86957  0.97999 2 7
Fort Loudoun Dam 9 9 5  1.22 2 - 6 16 16 4.4375  1.15289 2 - 7

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 5  0 5 - 5
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 5  0.86603 3 - 6

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 5.26667  0.70373 4 - 6
Clinch River (CRM 2.5) 11 11 4.81818  0.98165 3 - 6 15 15 5.53333  0.5164 5 - 6
Emory River (ERM 3.5) 13 13 4.38462  1.26085 2 - 6 12 12 4.75  0.75378 4 - 6
Emory River (ERM 3.0) 10 10 4.9  0.99443 3 - 6 30 30 5.03333  0.7184 4 - 6

Embayments 3 NA NA NA  NA NA - NA 10 10 5.2  1.0328 4 - 7
Melton Hill Dam4 14 15 4.86  1.56 1 - 7 15 15 5.53  1.55 4 - 10

Composite Reference 2 NA NA NA  NA NA - NA 46 46 1.90  0.08 1.72 - 2.04
Fort Loudoun Dam 9 9 1.92  0.09 1.75 - 2.03 16 16 1.90  0.08 1.74 - 2.04

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 1.86  0.11 1.79 - 1.94
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 1.94  0.06 1.89 - 2.07

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 1.92  0.11 1.74 - 2.15
Clinch River (CRM 2.5) 11 11 1.95618  0.10787 1.688 - 2.045 15 15 1.87  0.08 1.71 - 2.00
Emory River (ERM 3.5) 13 13 1.90462  0.10293 1.728 - 2.101 12 12 1.93  0.09 1.79 - 2.14
Emory River (ERM 3.0) 10 10 1.886  0.07039 1.792 - 2.002 30 30 1.90  0.09 1.71 - 2.09

Embayments 3 NA NA NA  NA NA - NA 10 10 1.90  0.10 1.76 - 2.08
Melton Hill Dam 16 16 1.87  0.08 1.73 - 1.98 16 16 1.93  0.09 1.81 - 2.11

Egg Length (cm)

Clutch Size
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Table 2. Tree Swallow Egg Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2009 Tree Swallow Egg Results (mg/kg dw) 2010 Tree Swallow Egg Results (mg/kg dw)

Mean  SD1 Range Mean  SD1 Range   

Composite Reference 2 NA NA NA  NA NA - NA 46 46 1.33  0.05 1.08 - 1.42
Fort Loudoun Dam 9 9 1.34  0.03 1.3 - 1.379 16 16 1.32  0.08 1.08 - 1.41

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 1.36  0.01 1.36 - 1.37
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 1.35  0.04 1.29 - 1.41

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 1.35  0.02 1.30 - 1.40
Clinch River (CRM 2.5) 11 11 1.35455  0.04257 1.287 - 1.416 15 15 1.33  0.04 1.23 - 1.40
Emory River (ERM 3.5) 13 13 1.32846  0.06291 1.19 - 1.417 12 12 1.36  0.02 1.32 - 1.39
Emory River (ERM 3.0) 10 10 1.3408  0.03769 1.288 - 1.409 30 30 1.33  0.04 1.25 - 1.42

Embayments 3 NA NA NA  NA NA - NA 10 10 1.33  0.03 1.29 - 1.37
Melton Hill Dam 16 16 1.35  0.05 1.255 - 1.42 16 16 1.33  0.05 1.21 - 1.41

Composite Reference 2 NA NA NA  NA NA - NA 46 46 1.7  0.17 1.0 - 2.0
Fort Loudoun Dam 9 9 1.76  0.14 1.58 - 1.97 16 16 1.7  0.23 1.0 - 2.0

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 1.8  0.07 1.7 - 1.8
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 1.8  0.12 1.6 - 1.9

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 1.8  0.14 1.5 - 2.0
Clinch River (CRM 2.5) 11 11 1.83564  0.19078 1.426 - 2.081 15 15 1.7  0.14 1.3 - 1.9
Emory River (ERM 3.5) 13 13 1.72377  0.22921 1.248 - 1.998 12 12 1.8  0.11 1.6 - 2.1
Emory River (ERM 3.0) 10 10 1.7304  0.1153 1.553 - 1.869 30 30 1.7  0.14 1.4 - 2.0

Embayments 3 NA NA NA  NA NA - NA 10 10 1.7  0.12 1.5 - 2.0
Melton Hill Dam 16 16 1.74  0.18 1.47 - 2.04 16 16 1.7  0.15 1.4 - 2.0

Composite Reference 2 NA NA NA  NA NA - NA 46 46 1.8  0.20 0.9 - 2.1

Egg Volume (cm3)

Egg Width (cm)

p NA NA NA  NA NA NA 46 46 1.8  0.20 0.9 2.1
Fort Loudoun Dam 9 9 1.88889  0.78 1 - 3 16 16 1.8  0.14 1.5 - 2.0

Little Emory River (LERM 2.0) NA NA NA  NA NA - NA 2 2 1.8  0.00 1.8 - 1.8
Tennessee River (TRM 566) NA NA NA  NA NA - NA 9 9 1.9  0.14 1.7 - 2.0

Clinch River (CRM 1.0) NA NA NA  NA NA - NA 15 15 1.8  0.19 1.4 - 2.1
Clinch River (CRM 2.5) 11 11 1.36364  0.50452 1 - 2 15 15 1.7  0.15 1.4 - 1.9
Emory River (ERM 3.5) 13 13 1.46154  0.51887 1 - 2 12 12 1.9  0.11 1.7 - 2.1
Emory River (ERM 3.0) 10 10 1.5  0.70711 1 - 3 30 30 1.8  0.17 1.4 - 2.1

Embayments 3 NA NA NA  NA NA - NA 10 10 1.8  0.10 1.6 - 2.0
Melton Hill Dam 16 16 1.375  0.50 1 - 2 16 16 1.8  0.19 1.5 - 2.2

1  Mean calculations include reporting limits substituted for non-detects. LERM - Little Emory River Mile.
2 Composite reference includes Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568). mg/kg dw - Milligrams per kilogram dry weight.
3  Embayments include samples from the East, West, and North Embayments. NA - Not applicable.
4  Clutch size measurements were inadvertently not recorded for one nest in 2009. NC - Not calculated; not enough detections to calculate mean. Range includes reporting limits.

cm - Centimeter. SD - Standard deviation.
CRM - Clinch River Mile. TRM - Tennessee River Mile
ERM - Emory River Mile.
g - Gram.

Egg Weight (g)
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Table 3.  Tree Swallow Eggshell Summary Statistics for 2010

Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Composite Reference 2 0 4 NC  NC 8.14 - 17.22
Tennessee River (TRM 566) 0 2 NC  NC 10.62 - 14.85

Emory River (ERM 3.0) 0 7 NC  NC 6.29 - 13.61
Embayments 3 0 4 NC  NC 11.65 - 18.97

Melton Hill Dam 0 3 NC  NC 7.84 - 10.62
Composite Reference 2 0 4 NC  NC 0.03 - 0.06

Tennessee River (TRM 566) 0 2 NC  NC 0.04 - 0.05
Emory River (ERM 3.0) 0 7 NC  NC 0.02 - 0.05

Embayments 3 0 4 NC  NC 0.04 - 0.07
Melton Hill Dam 0 3 NC  NC 0.03 - 0.04

Composite Reference 2 1 4 NC  NC 0.07 - 0.24
Tennessee River (TRM 566) 1 2 NC  NC 0.1 - 0.14

Emory River (ERM 3.0) 5 7 0.09  0.03 0.06 - 0.15
Embayments 3 2 4 0.16  0.08 0.1 - 0.27

Melton Hill Dam 2 3 0.09  0.02 0.08 - 0.11
Composite Reference 2 4 4 11.75  3.44 8.87 - 16.7

Tennessee River (TRM 566) 2 2 70.72  41.7 41.24 - 100.21
Emory River (ERM 3.0) 7 7 13.55  6.47 5.26 - 22.68

Embayments 3 4 4 21.93  12.28 9.07 - 38.56
Melton Hill Dam 3 3 20.52  11.7 8.76 - 32.16

Composite Reference 2 0 4 NC  NC 0.12 - 0.26
Tennessee River (TRM 566) 0 2 NC  NC 0.15 - 0.23

Emory River (ERM 3.0) 0 7 NC  NC 0.09 - 0.21
Embayments 3 0 4 NC  NC 0 18 - 0 28

2010 Tree Swallow Eggshell Results (mg/kg dw)

Mean  SD1 Range

Aluminum

Antimony

Arsenic

Barium

Beryllium
Embayments 0 4 NC  NC 0.18 - 0.28

Melton Hill Dam 0 3 NC  NC 0.11 - 0.15
Composite Reference 2 0 4 NC  NC 0.85 - 1.75

Tennessee River (TRM 566) 0 2 NC  NC 1.13 - 1.55
Emory River (ERM 3.0) 0 7 NC  NC 0.65 - 1.44

Embayments 3 0 4 NC  NC 1.24 - 1.96
Melton Hill Dam 0 3 NC  NC 0.81 - 1.13

Composite Reference 2 0 4 NC  NC 0.03 - 0.07
Tennessee River (TRM 566) 0 2 NC  NC 0.04 - 0.06

Emory River (ERM 3.0) 0 7 NC  NC 0.02 - 0.05
Embayments 3 0 4 NC  NC 0.04 - 0.07

Melton Hill Dam 0 3 NC  NC 0.03 - 0.04
Composite Reference 2 1 4 NC  NC 0.26 - 0.79

Tennessee River (TRM 566) 0 2 NC  NC 0.34 - 0.47
Emory River (ERM 3.0) 0 7 NC  NC 0.2 - 0.43

Embayments 3 0 4 NC  NC 0.37 - 0.6
Melton Hill Dam 0 3 NC  NC 0.25 - 0.34

Composite Reference 2 0 4 NC  NC 0.03 - 0.06
Tennessee River (TRM 566) 0 2 NC  NC 0.04 - 0.05

Emory River (ERM 3.0) 0 7 NC  NC 0.02 - 0.05
Embayments 3 0 4 NC  NC 0.04 - 0.07

Melton Hill Dam 0 3 NC  NC 0.03 - 0.04

Boron

Cadmium

Chromium

Cobalt
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Table 3.  Tree Swallow Eggshell Summary Statistics for 2010

Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

2010 Tree Swallow Eggshell Results (mg/kg dw)

Mean  SD1 Range

Composite Reference 2 4 4 1.26  0.63 0.74 - 2.16
Tennessee River (TRM 566) 2 2 1.24  0.15 1.13 - 1.34

Emory River (ERM 3.0) 7 7 0.96  0.16 0.82 - 1.24
Embayments 3 4 4 1.05  0.31 0.75 - 1.44

Melton Hill Dam 3 3 0.99  0.26 0.71 - 1.24
Composite Reference 2 1 4 NC  NC 33.09 - 51.96

Tennessee River (TRM 566) 0 2 NC  NC 31.86 - 44.74
Emory River (ERM 3.0) 0 7 NC  NC 18.97 - 41.03

Embayments 3 0 4 NC  NC 35.05 - 57.01
Melton Hill Dam 0 3 NC  NC 23.61 - 31.86

Composite Reference 2 0 4 NC  NC 0.06 - 0.12
Tennessee River (TRM 566) 0 2 NC  NC 0.07 - 0.1

Emory River (ERM 3.0) 0 7 NC  NC 0.04 - 0.09
Embayments 3 0 4 NC  NC 0.08 - 0.13

Melton Hill Dam 0 3 NC  NC 0.05 - 0.07
Composite Reference 2 4 4 1.44  0.55 0.82 - 1.96

Tennessee River (TRM 566) 2 2 1.75  0.73 1.24 - 2.27
Emory River (ERM 3.0) 7 7 0.72  0.39 0.29 - 1.44

Embayments 3 3 4 1.12  0.38 0.8 - 1.65
Melton Hill Dam 3 3 1.04  0.8 0.48 - 1.96

Composite Reference 2 0 4 NC  NC 0.02 - 0.05
Tennessee River (TRM 566) 0 2 NC  NC 0.03 - 0.04

Emory River (ERM 3.0) 5 7 0.03  0.01 0.03 - 0.04
Embayments 3 0 4 NC  NC 0 03 - 0 05

Copper

Iron

Lead

Manganese

Mercury
Embayments 0 4 NC  NC 0.03 - 0.05

Melton Hill Dam 1 3 NC  NC 0.03 - 0.03
Composite Reference 2 0 4 NC  NC 0.07 - 0.15

Tennessee River (TRM 566) 0 2 NC  NC 0.09 - 0.13
Emory River (ERM 3.0) 0 7 NC  NC 0.06 - 0.12

Embayments 3 0 4 NC  NC 0.1 - 0.16
Melton Hill Dam 0 3 NC  NC 0.07 - 0.09

Composite Reference 2 1 4 NC  NC 0.2 - 0.42
Tennessee River (TRM 566) 0 2 NC  NC 0.26 - 0.36

Emory River (ERM 3.0) 0 7 NC  NC 0.15 - 0.33
Embayments 3 0 4 NC  NC 0.29 - 0.46

Melton Hill Dam 0 3 NC  NC 0.2 - 0.26
Composite Reference 2 4 4 0.51  0.13 0.39 - 0.63

Tennessee River (TRM 566) 2 2 0.34  0.1 0.27 - 0.41
Emory River (ERM 3.0) 7 7 0.38  0.1 0.29 - 0.6

Embayments 3 4 4 0.38  0.06 0.32 - 0.45
Melton Hill Dam 3 3 0.43  0.14 0.34 - 0.6

Composite Reference 2 0 4 NC  NC 0.01 - 0.01
Tennessee River (TRM 566) 0 2 NC  NC 0.01 - 0.01

Emory River (ERM 3.0) 0 7 NC  NC 0 - 0.01
Embayments 3 0 4 NC  NC 0.01 - 0.01

Melton Hill Dam 0 3 NC  NC 0.01 - 0.01
Composite Reference 2 4 4 77.42  12.65 58.76 - 86.19

Tennessee River (TRM 566) 2 2 125.26  2.19 123.71 - 126.8
Emory River (ERM 3.0) 7 7 101.89  32.55 62.16 - 147.42

Embayments 3 4 4 123.07  37.75 87.11 - 176.29
Melton Hill Dam 3 3 64.95  14.07 52.89 - 80.41

Nickel

Selenium

Silver

Molybdenum

Strontium
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Table 3.  Tree Swallow Eggshell Summary Statistics for 2010

Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

2010 Tree Swallow Eggshell Results (mg/kg dw)

Mean  SD1 Range

Composite Reference 2 0 4 NC  NC 0.03 - 0.06
Tennessee River (TRM 566) 0 2 NC  NC 0.04 - 0.05

Emory River (ERM 3.0) 0 7 NC  NC 0.03 - 0.06
Embayments 3 0 4 NC  NC 0.05 - 0.14

Melton Hill Dam 0 3 NC  NC 0.03 - 0.05
Composite Reference 2 0 4 NC  NC 0.19 - 0.39

Tennessee River (TRM 566) 0 2 NC  NC 0.24 - 0.34
Emory River (ERM 3.0) 0 7 NC  NC 0.14 - 0.31

Embayments 3 0 4 NC  NC 0.27 - 0.43
Melton Hill Dam 0 3 NC  NC 0.18 - 0.24

Composite Reference 2 3 4 13.3  4.98 8.66 - 18.25
Tennessee River (TRM 566) 1 2 NC  NC 5.77 - 10.31

Emory River (ERM 3.0) 0 7 NC  NC 3.4 - 7.42
Embayments 3 0 4 NC  NC 6.29 - 10.31

Melton Hill Dam 1 3 NC  NC 4.23 - 10.21
1  Mean calculations include reporting limits substituted for non-detects.
2  Composite reference includes Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).
3  Embayments include samples from the East, West, and North Embayments.
ERM - Emory River Mile.
mg/kg dw - Milligrams per kilogram dry weight.
NC - Not calculated; not enough detections to calculate mean. Range includes reporting limits.
TRM - Tennessee River Mile.

Vanadium

Zinc

Thallium
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Table 4.  Tree Swallow Nestling Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

Fort Loudoun Dam 0 3 NC  NC 67.9 - 78 0 10 NC  NC 10.2 - 14.7
Clinch River (CRM 2.5) 0 12 NC  NC 60.1 - 124.24 0 15 NC  NC 11 - 15.3
Emory River (ERM 3.5) 0 11 NC  NC 62 - 89.1 0 10 NC  NC 11.2 - 14.6
Emory River (ERM 3.0) 0 9 NC  NC 72 - 96.3 1 15 NC  NC 11.1 - 14.3

Melton Hill Dam 0 9 NC  NC 61.1 - 81.3 0 15 NC  NC 10.7 - 15.1
Fort Loudoun Dam 0 3 NC  NC 0.27 - 0.31 0 10 NC  NC 0.04 - 0.05

Clinch River (CRM 2.5) 0 12 NC  NC 0.24 - 0.48 0 15 NC  NC 0.04 - 0.06
Emory River (ERM 3.5) 0 11 NC  NC 0.25 - 0.36 0 10 NC  NC 0.04 - 0.05
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.39 0 15 NC  NC 0.04 - 0.05

Melton Hill Dam 0 9 NC  NC 0.24 - 0.33 0 15 NC  NC 0.04 - 0.05
Fort Loudoun Dam 0 3 NC  NC 0.27 - 0.31 0 10 NC  NC 0.07 - 0.2

Clinch River (CRM 2.5) 0 12 NC  NC 0.24 - 0.48 0 15 NC  NC 0.08 - 0.21
Emory River (ERM 3.5) 0 11 NC  NC 0.25 - 0.36 3 10 0.11  0.04 0.08 - 0.2
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.39 0 15 NC  NC 0.08 - 0.1

Melton Hill Dam 0 9 NC  NC 0.24 - 0.33 2 15 0.1  0.04 0.08 - 0.19
Fort Loudoun Dam 3 3 3.93  2.78 1.4 - 6.9 10 10 4.22  2.76 0.87 - 9.8

Clinch River (CRM 2.5) 12 12 5.72  6.85 1.2 - 23.33 15 15 4.75  1.49 2.9 - 7.6
Emory River (ERM 3.5) 11 11 4.36  3.06 0.45 - 11.7 10 10 3.87  1.42 1.6 - 6.2
Emory River (ERM 3.0) 9 9 12.92  19 2.19 - 56.2 15 15 6.09  4.79 2.1 - 17.7

Melton Hill Dam 9 9 2.6  1.11 1 - 4.9 15 15 4.87  1.98 1.7 - 8.7

2010 Nestling Results (mg/kg dw)

Mean  SD1 Range

Aluminum

Antimony

Arsenic

2009 Nestling Results (mg/kg dw)

Mean  SD1 Range

Barium

Fort Loudoun Dam 0 3 NC  NC 0.27 - 0.31 0 10 NC  NC 0.08 - 0.11
Clinch River (CRM 2.5) 0 12 NC  NC 0.24 - 0.48 0 15 NC  NC 0.08 - 0.18
Emory River (ERM 3.5) 0 11 NC  NC 0.25 - 0.36 0 10 NC  NC 0.08 - 0.11
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.39 0 15 NC  NC 0.08 - 0.21

Melton Hill Dam 0 9 NC  NC 0.24 - 0.33 0 15 NC  NC 0.08 - 0.11
Fort Loudoun Dam 0 3 NC  NC 5.4 - 6.2 0 10 NC  NC 1.1 - 1.5

Clinch River (CRM 2.5) 0 12 NC  NC 4.8 - 10 0 15 NC  NC 1.1 - 1.6
Emory River (ERM 3.5) 0 11 NC  NC 5 - 7.1 0 10 NC  NC 1.2 - 1.5
Emory River (ERM 3.0) 0 9 NC  NC 5.8 - 7.7 1 15 NC  NC 0.4 - 1.5

Melton Hill Dam 0 9 NC  NC 4.9 - 6.5 0 15 NC  NC 1.1 - 1.6
Fort Loudoun Dam 0 3 NC  NC 0.27 - 0.31 7 10 0.05  0.01 0.03 - 0.07

Clinch River (CRM 2.5) 0 12 NC  NC 0.24 - 0.48 13 15 0.06  0.02 0.02 - 0.09
Emory River (ERM 3.5) 0 11 NC  NC 0.25 - 0.36 9 10 0.08  0.05 0.03 - 0.17
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.39 13 15 0.05  0.02 0.02 - 0.1

Melton Hill Dam 0 9 NC  NC 0.24 - 0.33 14 15 0.08  0.04 0.02 - 0.18

Cadmium

Beryllium

Boron
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Table 4.  Tree Swallow Nestling Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2010 Nestling Results (mg/kg dw)

Mean  SD1 Range

2009 Nestling Results (mg/kg dw)

Mean  SD1 Range

Fort Loudoun Dam 0 3 NC  NC 0.33 - 0.37 0 10 NC  NC 0.32 - 0.92
Clinch River (CRM 2.5) 0 12 NC  NC 0.25 - 0.69 3 15 0.66  0.96 0.35 - 4.1
Emory River (ERM 3.5) 1 11 NC  NC 0.27 - 0.83 3 10 0.5  0.19 0.36 - 0.99
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.53 1 15 NC  NC 0.35 - 1.4

Melton Hill Dam 0 9 NC  NC 0.24 - 0.71 4 15 0.81  1.03 0.34 - 4.1
Fort Loudoun Dam 0 3 NC  NC 0.27 - 0.31 0 10 NC  NC 0.04 - 0.05

Clinch River (CRM 2.5) 1 12 NC  NC 0.25 - 0.86 1 15 NC  NC 0.04 - 0.05
Emory River (ERM 3.5) 0 11 NC  NC 0.25 - 0.36 0 10 NC  NC 0.04 - 0.05
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.39 0 15 NC  NC 0.04 - 0.05

Melton Hill Dam 0 9 NC  NC 0.24 - 0.33 2 15 0.04  0 0.04 - 0.05
Fort Loudoun Dam 3 3 8.93  2.8 6.1 - 11.7 10 10 7.23  0.76 5.8 - 8.1

Clinch River (CRM 2.5) 12 12 7.59  2.01 5.3 - 11.7 15 15 8.45  1.74 6.2 - 11.4
Emory River (ERM 3.5) 11 11 7.56  1.79 5.5 - 10.8 10 10 8.44  1.6 5.9 - 11.2
Emory River (ERM 3.0) 9 9 7.61  1.47 5.5 - 10.4 15 15 8.27  1.52 6.6 - 12.7

Melton Hill Dam 9 9 6.7  1.38 5.2 - 10 15 15 7.89  1.58 5.9 - 10.7
Fort Loudoun Dam 3 3 221.67  39.95 177 - 254 10 10 250.9  69.17 183 - 399

Clinch River (CRM 2.5) 12 12 180.38  31.87 137 - 264.55 15 15 206.07  44.7 132 - 327
Emory River (ERM 3.5) 11 11 193.09  28.61 167 - 264 10 10 212.3  31.52 162 - 267
Emory River (ERM 3.0) 9 9 201.21  37.46 166.89 - 287 15 15 212.93  33.1 143 - 264

Melton Hill Dam 9 9 185.78  51.9 144 - 315 15 15 224.73  35.9 180 - 308

Cobalt

Copper

Iron

Chromium

Fort Loudoun Dam 0 3 NC  NC 0.27 - 0.31 2 10 0.35  0.83 0.08 - 2.7
Clinch River (CRM 2.5) 0 12 NC  NC 0.24 - 0.48 2 15 0.1  0.06 0.08 - 0.31
Emory River (ERM 3.5) 0 11 NC  NC 0.25 - 0.36 1 10 NC  NC 0.08 - 0.12
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.39 1 15 NC  NC 0.08 - 0.11

Melton Hill Dam 0 9 NC  NC 0.24 - 0.33 0 15 NC  NC 0.07 - 0.1
Fort Loudoun Dam 3 3 4.97  2.28 2.5 - 7 10 10 3.65  1.01 2.5 - 5.6

Clinch River (CRM 2.5) 12 12 5.37  4.94 1.7 - 17.27 15 15 4.95  2.05 2 - 9.6
Emory River (ERM 3.5) 8 11 3.78  1.73 1.6 - 6.4 10 10 5.04  3.82 2.1 - 14.7
Emory River (ERM 3.0) 9 9 11.24  16.01 1.83 - 47.6 15 15 5.01  2.04 2.3 - 9.2

Melton Hill Dam 9 9 2.38  0.64 1.5 - 3.4 15 15 3.93  1.54 1.6 - 7
Fort Loudoun Dam 0 3 NC  NC 0.05 - 0.06 3 10 0.04  0 0.03 - 0.05

Clinch River (CRM 2.5) 6 12 0.09  0.05 0.05 - 0.23 15 15 0.09  0.02 0.06 - 0.15
Emory River (ERM 3.5) 1 11 NC  NC 0.06 - 0.11 10 10 0.1  0.02 0.06 - 0.12
Emory River (ERM 3.0) 2 9 0.09  0.02 0.07 - 0.12 15 15 0.1  0.02 0.06 - 0.12

Melton Hill Dam 1 9 NC  NC 0.05 - 0.07 14 15 0.06  0.02 0.02 - 0.08

Lead

Manganese

Mercury
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Table 4.  Tree Swallow Nestling Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2010 Nestling Results (mg/kg dw)

Mean  SD1 Range

2009 Nestling Results (mg/kg dw)

Mean  SD1 Range

Fort Loudoun Dam 0 3 NC  NC 2.7 - 3.1 9 10 0.22  0.05 0.15 - 0.32
Clinch River (CRM 2.5) 0 12 NC  NC 2.4 - 4.85 14 15 0.21  0.05 0.11 - 0.31
Emory River (ERM 3.5) 0 11 NC  NC 2.5 - 3.6 10 10 0.21  0.04 0.15 - 0.28
Emory River (ERM 3.0) 0 9 NC  NC 2.9 - 3.9 7 15 0.18  0.03 0.13 - 0.24

Melton Hill Dam 0 9 NC  NC 2.4 - 3.3 10 15 0.21  0.06 0.11 - 0.34
Fort Loudoun Dam 0 3 NC  NC 0.3 - 0.59 0 10 NC  NC 0.25 - 0.71

Clinch River (CRM 2.5) 1 12 NC  NC 0.25 - 1.2 2 15 0.35  0.14 0.27 - 0.77
Emory River (ERM 3.5) 1 11 NC  NC 0.25 - 1.8 2 10 0.35  0.08 0.27 - 0.54
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.39 2 15 0.32  0.08 0.28 - 0.58

Melton Hill Dam 0 9 NC  NC 0.24 - 0.46 3 15 0.47  0.46 0.26 - 1.9
Fort Loudoun Dam 3 3 3.1  1.61 1.8 - 4.9 10 10 2.99  0.86 1.9 - 4.8

Clinch River (CRM 2.5) 12 12 3.64  1.1 2.5 - 6.67 15 15 2.95  0.43 2.2 - 3.7
Emory River (ERM 3.5) 11 11 3.12  0.57 2.3 - 4.1 10 10 3.44  0.56 2.6 - 4.3
Emory River (ERM 3.0) 9 9 3.41  0.31 3 - 4.1 15 15 3.41  0.46 2.8 - 4.4

Melton Hill Dam 9 9 6.22  2.08 3.3 - 9 15 15 5.23  1.8 1.6 - 8.5
Fort Loudoun Dam 0 3 NC  NC 0.14 - 0.16 2 10 0.01  0.01 0.01 - 0.04

Clinch River (CRM 2.5) 0 12 NC  NC 0.12 - 0.25 1 15 NC  NC 0.01 - 0.01
Emory River (ERM 3.5) 0 11 NC  NC 0.12 - 0.18 2 10 0.02  0.01 0.01 - 0.04
Emory River (ERM 3.0) 0 9 NC  NC 0.14 - 0.19 0 15 NC  NC 0.01 - 0.03

Melton Hill Dam 0 9 NC  NC 0.12 - 0.16 1 15 NC  NC 0.01 - 0.01

Silver

Molybdenum

Nickel

Selenium

Fort Loudoun Dam 3 3 11.77  5.09 5.9 - 15 10 10 7.19  2.88 3.8 - 12.8
Clinch River (CRM 2.5) 12 12 14.08  13.26 3.8 - 50.61 15 15 10.32  3.21 5.6 - 17.7
Emory River (ERM 3.5) 11 11 9.37  4.68 2 - 19.1 10 10 12.34  3.7 7.3 - 17.4
Emory River (ERM 3.0) 9 9 17.85  15.16 3.53 - 47.7 15 15 14.04  8.6 4.3 - 36.2

Melton Hill Dam 9 9 5.11  2.54 3 - 11.2 15 15 6.77  2.23 2.2 - 10.6
Fort Loudoun Dam 0 3 NC  NC 0.27 - 0.31 0 10 NC  NC 0.04 - 0.05

Clinch River (CRM 2.5) 0 12 NC  NC 0.24 - 0.48 0 15 NC  NC 0.04 - 0.07
Emory River (ERM 3.5) 0 11 NC  NC 0.25 - 0.36 0 10 NC  NC 0.04 - 0.05
Emory River (ERM 3.0) 0 9 NC  NC 0.29 - 0.39 0 15 NC  NC 0.04 - 0.05

Melton Hill Dam 0 9 NC  NC 0.24 - 0.33 0 15 NC  NC 0.04 - 0.12
Fort Loudoun Dam 0 3 NC  NC 0.54 - 0.62 0 10 NC  NC 0.12 - 0.33

Clinch River (CRM 2.5) 0 12 NC  NC 0.48 - 1 0 15 NC  NC 0.13 - 0.17
Emory River (ERM 3.5) 0 11 NC  NC 0.5 - 0.71 1 10 NC  NC 0.13 - 0.33
Emory River (ERM 3.0) 0 9 NC  NC 0.58 - 0.77 0 15 NC  NC 0.13 - 0.29

Melton Hill Dam 0 9 NC  NC 0.49 - 0.65 2 15 0.25  0.25 0.12 - 1.1

Strontium

Thallium

Vanadium
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Table 4.  Tree Swallow Nestling Summary Statistics for 2009 and 2010
Tennessee Valley Authority              Kingston, Tennessee

Analyte Site
Number of 

Detects
Number of 
Samples

Number of 
Detects

Number of 
Samples

2010 Nestling Results (mg/kg dw)

Mean  SD1 Range

2009 Nestling Results (mg/kg dw)

Mean  SD1 Range

Fort Loudoun Dam 3 3 90.73  14.96 76.1 - 106 10 10 94.62  13.69 64.5 - 113
Clinch River (CRM 2.5) 12 12 98.08  23.31 69.3 - 149.09 15 15 108.03  20.86 82 - 161
Emory River (ERM 3.5) 11 11 92.23  21.05 54.7 - 123 10 10 108.07  10.82 88.1 - 124
Emory River (ERM 3.0) 9 9 100.73  12.19 90.75 - 125 15 15 102.6  20.58 82 - 158

Melton Hill Dam 9 9 83.93  13.71 64.1 - 98.6 15 15 96.09  16.71 49.9 - 127
Fort Loudoun Dam 3 3 20.3333  3.05505 17 - 23 10 10 21.8809  2.64831 17.833 - 25.518

Clinch River (CRM 2.5) 12 12 21.3333  2.83912 15 - 25 15 15 20.0151  3.07072 11.935 - 25.215
Emory River (ERM 3.5) 11 11 22.4545  1.86353 18 - 25 10 10 21.4687  1.9295 17.132 - 24.245
Emory River (ERM 3.0) 9 9 22.3333  2.91548 19 - 28 15 15 20.8839  2.16657 14.61 - 24.265

Melton Hill Dam 9 9 21.78  1.30 19 - 23 15 15 22.21  2.12 17.481 - 24.43
Fort Loudoun Dam 3 3 4.35  0.15 4.181 - 4.476 10 10 4.35  0.67 2.618 - 5.079

Clinch River (CRM 2.5) 12 12 4.62  0.59 3.279 - 5.268 15 15 4.44  0.47 3.15 - 5.072
Emory River (ERM 3.5) 11 11 4.55  0.52 3.809 - 5.476 10 10 4.64  0.68 3.874 - 5.784
Emory River (ERM 3.0) 9 9 4.42  0.42 3.826 - 5.071 15 15 4.63  0.36 3.97 - 5.283

Melton Hill Dam 9 9 4.6736  0.61 3.656 - 5.414 15 15 4.4061  0.54 3.381 - 5.154
Fort Loudoun Dam 3 3 1.1  0.07 1.1 - 1.2 10 10 1.3  0.07 1.1 - 1.4

Clinch River (CRM 2.5) 12 12 1.2  0.08 1.0 - 1.3 15 15 1.3  0.07 1.1 - 1.4
Emory River (ERM 3.5) 11 11 1.1  0.07 1.0 - 1.3 10 10 1.3  0.10 1.1 - 1.5
Emory River (ERM 3.0) 9 9 1.2  0.11 1.0 - 1.4 15 15 1.3  0.04 1.2 - 1.4

Melton Hill Dam 9 9 1.1  0.11 1.0 - 1.3 15 15 1.3  0.07 1.2 - 1.4
Fort Loudoun Dam NA NA NC  NC NC  NC 13 13 0 99  0 06 0 8 1

Feather Length (cm)

Tarsus Length (cm)

Zinc

Nestling Weight (g)

Fort Loudoun Dam NA NA NC  NC NC  NC 13 13 0.99  0.06 0.8 - 1
Clinch River (CRM 2.5) NA NA NC  NC NC  NC 15 15 0.93  0.13 0.6 - 1
Emory River (ERM 3.5) NA NA NC  NC NC  NC 10 10 0.78  0.25 0.33 - 1
Emory River (ERM 3.0) NA NA NC  NC NC  NC 15 15 0.84  0.17 0.5 - 1

Melton Hill Dam NA NA NC  NC NC  NC 14 14 0.83  0.18 0.33 - 1
Fort Loudoun Dam NA NA NC  NC NC  NC 9 9 1  0.00 1 - 1

Clinch River (CRM 2.5) NA NA NC  NC NC  NC 15 15 0.93  0.13 0.67 - 1
Emory River (ERM 3.5) NA NA NC  NC NC  NC 8 8 0.96  0.12 0.67 - 1
Emory River (ERM 3.0) NA NA NC  NC NC  NC 15 15 0.91  0.16 0.5 - 1

Melton Hill Dam NA NA NC  NC NC  NC 10 10 0.98  0.08 0.75 - 1
Fort Loudoun Dam NA NA NC  NC NC  NC 9 9 2.22  0.71 1 - 3.5

Clinch River (CRM 2.5) NA NA NC  NC NC  NC 15 15 2.41  0.59 1.25 - 3
Emory River (ERM 3.5) NA NA NC  NC NC  NC 8 8 1.82  0.66 0.67 - 2.5
Emory River (ERM 3.0) NA NA NC  NC NC  NC 15 15 1.95  0.57 0.5 - 2.5

Melton Hill Dam NA NA NC  NC NC  NC 10 10 2.22  0.76 0.67 - 3
1   Mean calculations include reporting limits substituted for non-detects. g - Gram.
2  Composite reference includes Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568). mg/kg dw - Milligrams per kilogram dry weight.
ERM - Emory River Mile. NC - Not calculated; not enough detections to calculate mean. Range includes reporting limits.
cm - Centimeter. SD - Standard deviation.
CRM - Clinch River Mile. TRM - Tennessee River Mile

Hatching Success 

Nestilng Survival 
(Fledging success)

Female Fledglings 
Produced per Nesting 
Female
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Table 5. Tree Swallow Egg ANOVAs – Comparisons Between Years and Locations in 2009 and 2010 

Tennessee Valley Authority              Kingston, Tennessee

 Analyte
Number of 
Samples R2 Location Year Location*Year

Location by Year              

Post-hoc Comparisons 1

Barium 148 0.06 0.32 0.10 0.46 —

Copper 148 0.19 0.14 0.001 0.02
range: 0.001 - 0.047               

MHD 2009 > ERM 3.0, 3.5, MHD,     
and FLD 2010

Iron 148 0.08 0.35 0.03 0.89 —

Manganese 148 0.07 0.16 0.38 0.80 —

Selenium 148 0.22 < 0.0001 0.44 0.70 0.05                            
ERM 3.0 2010 > ERM 3.5 2010

0.0007                          
ERM 3.0 2010 > FLD 2009

0.0002                          
ERM 3.0 2010 > FLD 2010

0.04                            
MHD 2010 > FLD 2009

0.05                            
MHD 2010 > FLD 2010

Strontium 148 0.16 0.03 0.004 0.10 0.01                            
CRM 2.5 2009 > ERM 3.5 2010

0.02                            
CRM 2.5 2009 > FLD 2010

0.01                            
CRM 2.5 2009 > MHD 2010

0.07                            
CRM 2.5 2009 > CRM 2.5 2010

Zinc 148 0 05 0 21 0 95 0 96Zinc 148 0.05 0.21 0.95 0.96 —

Clutch Size 145 — 0.10 0.53 0.15 —

Egg Length 148 0.07 0.90 0.97 0.04 —

Egg Width 148 0.06 0.88 0.39 0.19 —

Egg Volume 148 0.06 0.83 0.47 0.12 —

Egg Weight 148 0.20 0.06 0.0001 0.13
range: 0.06 - 0.08                 

ERM 3.5 and MHD 2010 > CRM 2.5 
2009

0.09                            
FLD 2009 > CRM 2.5 2009

0.06                            
FLD 2009 > MHD 2009

range: 0.04 - 0.07                  
ERM 3.0, ERM 3.5, FLD, and MHD 

2010 > MHD 2009

Note: Comparisons of years/locations using 2-way ANOVAs except clutch size, which used 2-way non-parametric Kruskal Wallis test with Scheirer-Ray-Hare extension.
CRM - Clinch River Mile.
ERM - Emory River Mile.

BOLD denotes potenShading denotes statistical significance (p<0.05). FLD - Fort Loudoun Dam; reference site.
–  - Indicates no statistical differences. MHD - Melton Hill Dam.
ANOVA - Analysis of Variance. R2 - Correlation coefficient.

1 Significant differences from the post-hoc Tukey-Kramer two-tailed test.
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Table 6. Tree Swallow Egg Dunnett's – Comparisons Between Reference (Fort Loudoun Dam) and Locations in 2009 and 2010 

Tennessee Valley Authority              Kingston, Tennessee

ERM 3.0 vs. FLD ERM 3.5 vs. FLD CRM 2.5 vs. FLD MHD vs. FLD

Barium 148 0.11 0.78 0.63 0.44

Copper 148 0.46 0.42 0.03 0.09

Iron 148 0.29 0.79 0.89 0.30

Manganese 148 0.07 0.32 0.58 0.06

Selenium 148 < 0.0001 0.03 0.003 < 0.0001

Strontium 148 0.06 0.39 0.03 0.78

Zinc 148 0.12 0.62 0.89 0.37

Clutch Size 145 1.00 0.34 1.00 1.00

Egg Length 148 0.49 0.82 0.80 0.65

Number of 
Samples

 Analyte
Impacted vs. Reference Post-hoc Comparisons 1

gg g

Egg Width 148 0.74 0.96 0.92 0.82

Egg Volume 148 0.89 0.98 0.95 0.90

Egg Weight 148 0.06 0.15 0.007 0.03

1 Significant differences from the post-hoc Dunnett's one-tailed test except clutch size, which used one-tailed Wilcoxon Rank Sum test.

Shading denotes statistical significance (p<0.05).

BOLD denotes potential statistical significance (0.05≤p≤0.1).

CRM - Clinch River Mile.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

MHD - Melton Hill Dam.
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Table 7. Tree Swallow Egg ANOVAs – Comparisons Between Locations in 2010

Tennessee Valley Authority              Kingston, Tennessee

 Analyte Number of Samples R2 Location

Location              
Post-hoc Comparisons 

1

Barium 155 0.12 0.02
0.03                     

TRM 566 > CRM 2.5

Cobalt 155 0.06 0.33 —

Copper 155 0.07 0.18 —

Iron 155 0.13 0.007
0.01                     

TRM 566 > CRM 2.5

0.02                    
TRM 566 > ERM 3.5

0.09                    
TRM 566 > REF

Manganese 155 0.14 0.003
0.004                    

TRM 566 > CRM 2.5

0.045                   
TRM 566 > ERM 3.5

Mercury 155 0.48 < 0.001
range: < 0.0001 - 0.0005    

ERM 3.5, ERM 3.0, 
Embayments > MHD

range: < 0.0001 - 0.0002    
ERM 3.5, ERM 3.0, 

Embayments > TRM 566

< 0.0001                 
ERM 3.5, ERM 3.0, 
Embayments > REF

Selenium 155 0.28 < 0.001
0.01                    

ERM 3.0 > ERM 3.5

< 0.0001                 
ERM 3.0 > REF

0.004                   
Embayments > REF

0.01                     
MHD > REF

0.09                     
CRM 2.5 > REF

0.009                   
TRM 566 > REF

Strontium 155 0.08 0.11 —

Zinc 155 0.12 0.01
0.01                     

TRM 566 > CRM 2.5

Clutch Size 154 NA 0.05
0.03                     

MHD > FLD

Egg Length 155 0.05 0.54 —

Egg Width 155 0.06 0.31 —

Egg Volume 155 0.07 0.26 —

Egg Weight 155 0.09 0.07 —

Note: Comparisons between locations were conducted using 1-way ANOVA or Kruskal-Wallis test for clutch size

Shading denotes statistical significance (p<0.05).

BOLD denotes potential statistical significance (0.05≤p≤0.1).

–  - Indicates no statistical differences. MHD - Melton Hill Dam.

ANOVA - Analysis of Variance. NA - Not applicable.

CRM - Clinch River Mile. R2 - Correlation coefficient.              

ERM - Emory River Mile. REF - Composite reference, including Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River 

FLD - Fort Loudoun Dam; reference site. TRM - Tennessee River Mile.

1 Significant differences from the post-hoc Tukey-Kramer two-tailed test or, for clutch size 
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Table 8. Tree Swallow Egg Dunnett's – Comparisons Between Composite Reference1 and Locations in 2010

Tennessee Valley Authority              Kingston, Tennessee

LERM 2.0 vs. REF ERM 3.0 vs. REF Embayments vs. REF ERM 3.5 vs. REF CRM 1.0 vs. REF CRM 2.5 vs. REF TRM 566 vs. REF MHD vs. REF

Barium 155 0.19 0.98 0.92 1.00 0.34 1.00 0.04 0.98

Cobalt 155 0.16 0.63 0.65 1.00 0.84 0.96 0.37 0.88

Copper 155 1.00 0.93 1.00 1.00 1.00 0.57 1.00 1.00

Iron 155 0.08 0.78 0.90 1.00 0.91 1.00 0.01 0.96

Manganese 155 0.10 0.72 0.29 1.00 0.65 1.00 0.004 0.62

Mercury 155 0.35 < 0.0001 < 0.0001 < 0.0001 NC NC 1.00 0.90

Selenium 155 0.02 < 0.0001 0.0006 0.83 0.04 0.01 0.001 0.001

Strontium 155 0.27 0.12 0.78 1.00 0.89 0.99 0.92 1.00

Zinc 155 0.11 0.77 0.91 1.00 0.61 1.00 0.03 0.89

Clutch Size 154 1.00 1.00 1.00 0.27 1.00 1.00 1.00 1.00

Egg Length 155 0.81 0.97 0.97 1.00 1.00 0.50 1.00 1.00

Egg Width 155 0.99 0.93 0.96 1.00 1.00 0.58 1.00 0.98

Egg Volume 155 1.00 0.93 0.97 1.00 1.00 0.87 1.00 0.83

Egg Weight 155 0.99 0.85 0.99 1.00 1.00 0.23 1.00 1.00

1 Composite reference includes Fort Loudoun Dam Tellico Dam and upstream Tennessee River (above TRM 568)

 Analyte
Number of 
Samples

Impacted vs. Reference Post-hoc Comparisons 2

 Composite reference includes Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).
2 Significant differences from the post-hoc Dunnett's one-tailed test or one-tailed Wilcoxon rank sum test for clutch size.

Shading denotes statistical significance (p ≤ 0.05).

BOLD denotes potential statistical significance (0.05≤p≤0.1).

–  - Indicates no statistical differences.

ANOVA - Analysis of Variance.

CRM - Clinch River Mile.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

LERM - Little Emory River Mile.

MHD - Melton Hill Dam.

NC - Not calculated. 

REF - Composite reference, including Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).

TRM - Tennessee River Mile.
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Table 9. Tree Swallow Egg Shell ANOVAs – Comparisons Between Locations in 2010
Tennessee Valley Authority              Kingston, Tennessee

 Analyte
Number of 
Samples

R2 Location
Location           
Post-hoc 

Comparisons 1

Arsenic 20 0.36 0.14 –

Barium 20 0.54 0.02 0.01                 
TRM 566 > ERM 3.0

0.02                 
TRM 566 > REF

Copper 20 0.13 0.70 –

Manganese 20 0.38 0.10 –

Mercury 20 0.31 0.20 –

Selenium 20 0.26 0.32 –

Strontium 20 0.47 0.04 0.06                 
Embayments > MHD

Zinc 20 0.59 0.01 0.003                
REF > ERM 3.0

0.09                 
REF > MHD

Note: Comparisons between years  were conducted using 1-way ANOVA.p y g y

Shading denotes statistical significance (p<0.05).

–  - Indicates no statistical differences.
ANOVA - Analysis of Variance.

MHD - Melton Hill Dam.
R2 - Correlation coefficient.

REF - Composite reference, including Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568)

TRM - Tennessee River Mile.

1 Significant differences from the post-hoc Tukey-Kramer two-tailed test.
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Table 10. Tree Swallow Eggshell Dunnett's – Comparisons Between Composite Reference1 and Locations in 2010

Tennessee Valley Authority              Kingston, Tennessee

ERM 3.0 vs. REF Embayments vs. REF TRM 566 vs. REF MHD vs. REF

Arsenic 20 1.00 0.88 0.96 1.00

Barium 20 0.75 0.24 0.004 0.35

Copper 20 0.98 0.95 0.72 0.97

Manganese 20 1.00 0.95 0.63 0.99

Mercury 20 0.98 0.58 0.84 1.00

Selenium 20 1.00 1.00 1.00 0.97

Strontium 20 0.24 0.06 0.08 0.97

Zinc 20 1.00 1.00 1.00 1.00

1 Composite reference includes Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).

 Analyte
Number of 
Samples

Impacted vs. Reference Post-hoc Comparisons 2

Co pos te e e e ce c udes o t oudou a , e co a , a d upst ea e essee e (abo e 568)
2 Significant differences from the post-hoc Dunnett's one-tailed test.

Shading denotes statistical significance (p<0.05).

BOLD denotes potential statistical significance (0.05≤p≤0.1).

–  - Indicates no statistical differences.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

MHD - Melton Hill Dam.

REF - Composite reference, including Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).

TRM - Tennessee River Mile.
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Table 11. Tree Swallow Nestling ANOVAs – Comparisons Between Years and Locations in 2009 and 2010

Tennessee Valley Authority              Kingston, Tennessee

 Analyte Number of Samples R2 Location Year Location*Year
Location by Year          

Comparisons 1

Barium 109 0.11 0.11 0.26 0.36 —

Cadmium 2 65 0.16 0.03 — —
0.07                          

MHD 2010 > ERM 3.0 2010

Copper 109 0.12 0.46 0.158 0.27 —

Iron 109 0.207494 0.09 0.003 0.73
0.005                         

FLD 2010 > CRM 2.5 2009

0.07                          
MHD 2010 > CRM 2.5 2009

0.09                          
FLD 2010 > ERM 3.5 2009

0.02                          
FLD 2010 > MHD 2009

Manganese 109 0.141214 0.02 0.52 0.27
0.03                          

ERM 3.0 2009 > MHD 2009

Mercury 2 65 0.71 < 0.0001 — —
< 0.0001                      

CRM 2.5, ERM 3.5, and ERM 3.0 
2010 > MHD 2010

< 0.0001                      
CRM 2.5, ERM 3.5, ERM 3.0, and 

MHD 2010 > FLD 2010

Molybdenum 2 65 0.06 0.40 — — —

Selenium 109 0.445685 < 0.0001 0.33 0.25

range: < 0.0001 - 0.04           
MHD 2009 and 2010 > ERM 3.0,   

ERM 3.5, CRM 2.5 and           
FLD 2009 and 2010

Strontium 109 0.27 < 0.0001 0.90 0.20
range: 0.002 - 0.04              

CRM 2.5 and ERM 3.0 2009 and 
2010 > MHD 2009

0.009                         
ERM 3.5 2009 > MHD 2009

range 0.04 - 0.06               
ERM 3.0 2009 and 2010 > MHD 

2010

Zinc 109 0 15 0.08 0 02 0 60
0.06                          

Zinc 109 0.15 0.08 0.02 0.60
CRM 2.5 2010 > MHD 2009

0.08                          
ERM 3.5 2010 > MHD 2009

Nestling Weight 109 0.11 0.29 0.49 0.38 —

Feather Length 109 0.05 0.86 0.80 0.56 —

Tarsus Length 109 0.40 0.80 < 0.0001 0.93
range: 0.03 - 0.07               

FLD, CRM 2.5, and ERM 3.0 2010 
> CRM 2.5 2009

range: 0.0008 - 0.008            
FLD, CRM 2.5, ERM 3.5,         

ERM 3.0, and MHD 2010 >        
ERM 3.5 2009

range: 0.03 - 0.08               
FLD, ERM 3.0, and MHD 2010 >   

ERM 3.0 2009

0.08                          
CRM 2.5 and ERM 3.0 2010 >     

FLD 2009

range: 0.003 - 0.02              
FLD, CRM 2.5, ERM 3.5, ERM 3.0, 

MHD 2010 > MHD 2009

0.04                          
ERM 3.0 2010 > CRM 2.5 2010

Note: Comparisons between years and locations were conducted using 2-way ANOVAs. ANOVA - Analysis of Variance.
1  Significant differences from the post-hoc Tukey-Kramer two-tailed test. CRM - Clinch River Mile.
2  Constituents could not be evaluated in 2009 due to low frequency of detection; ERM - Emory River Mile.

    therefore, 1-way ANOVAs were conducted to evaluate differences between locations in 2010. FLD - Fort Loudoun Dam; reference site.

    Significant differences from the post-hoc Tukey-Kramer two-tailed test presented. NC - Not calculated.

Shading denotes statistical significance (p<0.05). MHD - Melton Hill Dam.

BOLD denotes potential statistical significance (0.05≤p≤0.1). R2 - Correlation coefficient.

–  - Indicates no statistical differences.
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Table 12. Tree Swallow Nestling Dunnett's – Comparisons Between Reference (Fort Loudoun Dam) and Locations in 2009 and 2010

Tennessee Valley Authority              Kingston, Tennessee

ERM 3.0 vs. FLD ERM 3.5 vs. FLD CRM 2.5 vs. FLD MHD vs. FLD

Barium 109 0.09 0.67 0.48 0.75

Cadmium 2 65 0.80 0.09 0.49 0.04

Copper 109 0.76 0.75 0.76 0.97

Iron 109 0.99 1.00 1.00 1.00

Manganese 109 0.26 0.81 0.64 0.99

Mercury 2 65 < 0.0001 < 0.0001 < 0.0001 0.0001

Molybdenum 2 65 1.00 0.82 0.92 0.91

Selenium 109 0.11 0.25 0.26 < 0.0001

Strontium 109 0.08 0.45 0.37 1.00

Zinc 109 0.22 0.33 0.20 0.87

Nestling Weight 109 0 87 0 48 0 93 0 91

 Analyte Number of Samples
Impacted vs. Reference Post-hoc Comparisons 1

Nestling Weight 109 0.87 0.48 0.93 0.91

Feather Length 109 0.91 0.75 0.92 0.75

Tarsus Length 109 0.88 0.94 0.54 0.95

1 Significant differences from the post-hoc Dunnett's one-tailed test.

Shading denotes statistical significance (p<0.05).

BOLD denotes potential statistical significance (0.05≤p≤0.1).

–  - Indicates no statistical differences.

CRM - Clinch River Mile.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

MHD - Melton Hill Dam.

2 Constituents could not be evaluated in 2009 due to low frequency of detection; therefore, significant differences from the post-hoc Dunnett's one-tailed test were 
conducted between locations in 2010.
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Table 13.  Tree Swallow Egg Correlation Coefficients1

Tennessee Valley Authority              Kingston, Tennessee

Analyte Egg Weight ClutchSize Egg Length Egg Width Egg VolumeAnalyte Egg Weight ClutchSize Egg Length Egg Width Egg Volume

Barium R2 0.01552 -0.13595 0.06579 0.20233 0.17779

p-value 0.82 0.05 0.34 0.003 0.009

Copper R2 -0.24412 0.0453 0.0091 0.01171 0.0124

p-value 0.0003 0.51 0.89 0.86 0.86

I 2Iron R2 0.11943 -0.19275 0.0617 0.05041 0.06351

p-value 0.08 0.005 0.37 0.46 0.36

Manganese R2 0.11257 -0.09528 -0.00638 -0.01424 -0.01864

p-value 0.10 0.17 0.93 0.84 0.79

Selenium R2 -0.00042 -0.0657 0.03576 0.00007 0.01237

p-value 1.00 0.34 0.60 1.00 0.86

Strontium R2 -0.13785 -0.0533 0.00384 0.03938 0.03028

p-value 0.04 0.44 0.96 0.57 0.66

Zinc R2 0.14368 -0.0906 0.05147 0.08301 0.08078

p-value 0.04 0.45 0.45 0.23 0.24

Note: All analytes are log transformed unless otherwise noted.
1Pearson correlation coefficients were used for all except clutch size, which used Spearman's correlation coefficient because it was not normally distributed.

Shading denotes statistical significance (p<0.05).

BOLD denotes potential statistical significance (0.05≤p≤0.1).

R2 Correlation coefficientR  - Correlation coefficient.

Table 13 - 01NOV11  bf



          

Table 14.  Tree Swallow Nestling Correlation Coefficients1

Tennessee Valley Authority              Kingston, Tennessee

Analyte Nestling Weight Feather Length Tarsus LengthAnalyte Nestling Weight Feather Length Tarsus Length

Barium R2 -0.06277 -0.16234 0.15057

p-value 0.52 0.09 0.12

Copper R2 -0.44082 -0.23828 0.01144

p-value < 0.0001 0.01 0.91

Iron R2 -0 28641 -0 29794 0 04361Iron R 0.28641 0.29794 0.04361

p-value 0.003 0.002 0.65

Manganese R2 -0.12727 -0.16068 0.10347

p-value 0.19 0.09 0.28

Selenium R2 -0.03727 -0.08301 -0.11378

p value 0 70 0 39 0 24p-value 0.70 0.39 0.24

Strontium R2 -0.11073 -0.14962 0.07314

p-value 0.25 0.12 0.45

Zinc R2 -0.39606 -0.344 0.18453

p-value < 0.0001 0.0002 0.05

Note: All analytes are log transformed unless otherwise noted.
1 Pearson correlation coefficients were used for all except clutch size, which used Spearman's correlation coefficient 

  because it was not normally distributed.

Shading denotes statistical significance (p<0.05).

BOLD denotes potential statistical significance (0 05≤p≤0 1)BOLD denotes potential statistical significance (0.05≤p≤0.1).

R2 - Correlation coefficient.
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Table 15.  Tree Swallow Egg vs. Eggshell from the Same Nest – Pearson Correlation Coefficients

Tennessee Valley Authority              Kingston, Tennessee

Analyte R2 p-value

Barium 0 6170 0 005Barium 0.6170 0.005

Copper 0.0861 0.73

Iron -0.5299 0.02

Manganese -0.3597 0.13

Mercury 0.2263 0.35

Selenium -0.5213 0.02

Strontium -0.0144 0.95

Zinc -0.7796 < 0.0001

Note: All analytes are log transformed unless otherwise noted.

Shading denotes statistical significance (p<0.05).

R2 C l ti ffi i tR2 - Correlation coefficient.
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Table 16.  Tree Swallow Egg vs. Nestling from the Same Nest – Pearson Correlation Coefficients

Tennessee Valley Authority              Kingston, Tennessee

Analyte R2 p-value

Barium -0 0034 0 98Barium 0.0034 0.98

Cobalt 0.8944 < 0.0001

Copper -0.1722 0.11

Iron -0.1499 0.16

Manganese 0.0568 0.60

Mercury 0 4053 < 0 0001Mercury 0.4053 < 0.0001

Selenium 0.1598 0.13

Strontium 0.2662 0.01

Zinc -0.0104 0.92

Note: All analytes are log transformed unless otherwise noted.

Shading denotes statistical significance (p < 0 05)Shading denotes statistical significance (p < 0.05).

R2 - Correlation coefficient.
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Table 17.  Tree Swallow Productivity ANOVAs – Comparisons Between Locations in 2010
Tennessee Valley Authority              Kingston, Tennessee

 Analyte Number of Samples Location
Location             
Post-hoc 

Comparisons 1

Clutch Size 69 0.02
0.02                   

CRM 2.5 > ERM 3.5

0.03                   
CRM 2.5 > ERM 3.0

0.04                   
MHD > FLD

0.08                   
MHD > ERM 3.5

Hatching Success 67 0.02
0.003                  

FLD > MHD

0.006                  
FLD > ERM 3.5

0.01                   
FLD > ERM3.0

0.08                   
CRM 2.5 > ERM 3.5

0.08                   
CRM 2.5 > MHD

Fledgling Success 57 0.40 –

Female Fledglings per              
57 0 25

0.06                   g g p

Nesting Female2 57 0.25
CRM 2.5 > ERM 3.5

Note: Clutch size was only for nests with other productivity measures evaluated, whereas Table 7 includes all nests.
1Comparisons  between locations (all groups and then pairwise) were conducted using non-parametric Kruskal-Wallis test.
2 Calculated as (clutch size x (hatching success/100) x (nestling success/100))/2.

Shading denotes statistical significance (p < 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

–  - Indicates no statistical differences.

ANOVA - Analysis of Variance.

MHD - Melton Hill Dam.

ERM - Emory River Mile.

CRM - Clinch River Mile.

FLD - Fort Loudoun Dam.
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Table 18.  Tree Swallow Egg vs. Nest Productivity – Spearman Correlation Coefficients1

Tennessee Valley Authority              Kingston, Tennessee

Analyte Hatching Success Nestling Survival
Female Fledglings per          

Analyte Hatching Success Nestling Survival
Nesting Female

Barium R2 0.0671 -0.1728 -0.2378

p-value 0.58 0.20 0.07

Copper R2 0.2656 -0.2463 0.2160

p-value 0.03 0.06 0.11

Iron R2 -0.0922 -0.1661 -0.2385

p-value 0.445 0.217 0.07

Manganese R2 -0.1446 -0.0882 -0.2898

p-value 0.23 0.51 0.03

Selenium R2 -0.1675 -0.1919 -0.1608Selenium R
p-value 0.16 0.15 0.23

Strontium R2 0.1008 -0.2781 -0.2229

p-value 0.40 0.04 0.10

Zinc R2 -0.0906 -0.2258 -0.3350

p-value 0 45 0 09 0 01p-value 0.45 0.09 0.01

Note: All analytes are log transformed unless otherwise noted.
1 Spearman's correlation coefficient was used because the nest productivity data were not normally distributed.

Shading denotes statistical significance (p < 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

R2 - Correlation coefficient.
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Table 19.  Tree Swallow Nestling vs. Nest Productivity – Spearman Correlation Coefficients1

Tennessee Valley Authority              Kingston, Tennessee

Female Fledglings per
Analyte Hatching Success Nestling Survival

Female Fledglings per         
Nesting Female

Barium R2 -0.1054 -0.2770 0.0963

p-value 0.44 0.04 0.48

Copper R2 0.1233 -0.1318 0.1138

l 0 36 0 33 0 40p-value 0.36 0.33 0.40

Iron R2 0.0488 -0.1608 -0.2309

p-value 0.72 0.23 0.08

Manganese R2 0.1129 -0.1256 0.1668

p-value 0.40 0.35 0.21
2Selenium R2 -0.1671 -0.0972 -0.0116

p-value 0.21 0.47 0.93

Strontium R2 -0.0340 -0.2408 -0.0474

p-value 0.80 0.07 0.73

Zinc R2 -0.0007 -0.3119 -0.1783

p-value 1.00 0.02 0.18

1 Spearman's correlation coefficient was used because the nest productivity data were not normally distributed.

Note: All analytes are log transformed unless otherwise noted.

Shading denotes statistical significance (p < 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

R2 - Correlation coefficient.
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Table 20. Tree Swallow Egg ANOVAs – Comparisons Between Years and Locations in 2009 and 2010, 

Excluding Melton Hill Dam

Tennessee Valley Authority              Kingston, Tennessee

 Analyte
Number of 
Samples R2 Location Year Location*Year

Location by Year          

Post-hoc Comparisons 1

Barium 116 0.22 0.19 0.08 0.36 —

Copper 116 0.02 0.04 0.04 0.27
0.04                       

CRM 2.5 2009 > FLD 2010

Iron 116 0.28 0.38 0.05 0.77 —

Manganese 116 0.37 0.20 0.63 0.76 —

Selenium 116 <.0001 < 0.0001 0.53 0.56
0.05                       

ERM 3.0 2010 > ERM 3.5 2010

0.0009                     
ERM 3.0 2010 > FLD 2009

0.0003                     
ERM 3.0 2010 > FLD 2010

Strontium 116 0.01 0.08 0.005 0.08
0.01                       

CRM 2.5 2009 > ERM 3.5 2010

0.02                       
CRM 2.5 2009 > FLD 2010

0.06                       
CRM 2.5 2009 > CRM 2.5 2010

Zinc 116 0.52 0.16 0.81 0.99 —

Clutch Size 116 — 0 11 0 38 0 12 —Clutch Size 116 — 0.11 0.38 0.12 —

Egg Length 116 0.43 0.81 0.38 0.12 —

Egg Width 116 0.40 0.76 0.67 0.14 —

Egg Volume 116 0.23 0.71 0.44 0.06 —

Egg Weight 116 0.01 0.04 0.005 0.17
range: 0.05 - 0.08            

ERM 3.5, FLD 2010 > CRM 2.5 
2009

0.07                       
FLD 2009 > CRM 2.5 2009

Note: Comparisons of years/locations using 2-way ANOVAs except clutch size, which used 2-way non-parametric Kruskal Wallis test 

            with Scheirer-Ray-Hare extension.

Shading denotes statistical significance (p < 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

–  - Indicates no statistical differences.

ANOVA - Analysis of Variance.

CRM - Clinch River Mile.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

R2 - Correlation coefficient.

1 Significant differences from the post-hoc Tukey-Kramer two-tailed test.
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Table 21. Tree Swallow Egg Dunnett's – Comparisons Between Reference (Fort Loudoun Dam) and Locations in 2009 and 2010, 
Excluding Melton Hill Dam 

Tennessee Valley Authority              Kingston, Tennessee

ERM 3.0 vs. FLD ERM 3.5 vs. FLD CRM 2.5 vs. FLD

Barium 116 0.08 0.74 0.58

Copper 116 0.35 0.31 0.009

Iron 116 0.25 0.75 0.86

Manganese 116 0.05 0.27 0.52

Selenium 116 < 0.0001 0.03 0.003

Strontium 116 0.05 0.35 0.03

Zinc 116 0.11 0.57 0.85

Clutch Size 116 1.00 0.34 1.00

Egg Length 116 0.44 0.78 0.76

 Analyte
Number of 
Samples

Impacted vs. Reference Post-hoc Comparisons 1

Egg Width 116 0.86 0.96 0.93

Egg Volume 116 0.69 0.94 0.90

Egg Weight 116 0.05 0.13 0.006

1 Significant differences from the post-hoc Dunnett's one-tailed test except clutch size which used one-tailed Wilcoxon Rank Sum test.

Shading denotes statistical significance (p < 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

CRM - Clinch River Mile.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.
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Table 22. Tree Swallow Egg ANOVAs – Comparisons Between Locations in 2010, Excluding Melton Hill Dam 

Tennessee Valley Authority              Kingston, Tennessee

 Analyte Number of Samples R2 Location
Location               

Post-hoc Comparisons 1

Barium 139 0.14 0.006
0.01                     

TRM 566 > CRM 2.5

0.06                     
TRM 566 > ERM 3.5

Cobalt 139 0.07 0.23 —

Copper 139 0.06 0.30 —

Iron 139 0.15 0.003
range: 0.007 - 0.08          

TRM 566 > CRM 2.5, ERM 
3.5, REF

0.08                     
LERM 2.0 > CRM 2.5

Manganese 139 0.17 0.001
range: 0.002 - 0.10          

TRM 566 > CRM 2.5, ERM 
3.0, ERM 3.5, REF

Mercury 139 0.47 < 0.001

< 0.0001                  
CRM 1.0, CRM 2.5, ERM 3.5, 

ERM 3.0, Embayments > 
REF

range: < 0.0001 - 0.003      
CRM 1.0, CRM 2.5, ERM 3.5, 

ERM 3.0, Embayments >     
TRM 566

Selenium 139 0.30 < 0.001
0.008                    

ERM 3.0 > ERM 3.5

< 0.0001                  
ERM 3.0 > REF

0.004                    
Embayments > REFEmbayments > REF

0.08                     
LERM 2.0 > REF

0.08                     
CRM 2.5 > REF

0.008                    
TRM 566 > REF

Strontium 139 0.08 0.15 —

Zinc 139 0.13 0.008
0.009                    

TRM 566 > CRM 2.5

Clutch Size 139 — 0.16 —

Egg Length 139 0.04 0.58 —

Egg Width 139 0.06 0.29 —

Egg Volume 139 0.07 0.18 —

Egg Weight 139 0.10 0.06 —

Note: Comparisons between locations were conducted using 1-way ANOVA or Kruskal-Wallis test for clutch size.

Shading denotes statistical significance (p < 0.05).
BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).
–  - Indicates no statistical differences. MHD - Melton Hill Dam.

ANOVA - Analysis of Variance. R2 - Correlation coefficient.
CRM - Clinch River Mile. REF - Composite reference, including Fort Loudoun Dam, Tellico Dam, and upstream 
ERM - Emory River Mile.            Tennessee River (above TRM 568).
FLD - Fort Loudoun Dam; reference site. TRM - Tennessee River Mile.

1 Significant differences from the post-hoc Tukey-Kramer two-tailed test or, for clutch size Wilcoxon rank sum test.

Table 22 - 21MAR12  bf



Table 23. Tree Swallow Egg Dunnett's – Comparisons Between Composite Reference1 and Locations in 2010, Excluding Melton Hill Dam 

Tennessee Valley Authority              Kingston, Tennessee

LERM 2.0 vs. REF ERM 3.0 vs. REF Embayments vs. REF ERM 3.5 vs. REF CRM 1.0 vs. REF CRM 2.5 vs. REF TRM 566 vs. REF

Barium 139 0.15 0.97 0.90 1.00 0.28 1.00 0.03

Cobalt 139 0.13 0.58 0.60 1.00 0.81 0.95 0.32

Copper 139 1.00 0.92 1.00 1.00 1.00 0.56 1.00

Iron 139 0.06 0.74 0.88 1.00 0.89 1.00 0.01

Manganese 139 0.07 0.67 0.24 1.00 0.59 1.00 0.002

Mercury 139 0.34 < 0.0001 < 0.0001 < 0.0001 NC NC 1.00

Selenium 139 0.01 < 0.0001 0.001 0.80 0.04 0.01 0.001

Strontium 139 0.24 0.11 0.75 1.00 0.87 0.98 0.90

Zinc 139 0.10 0.74 0.89 1.00 0.58 1.00 0.02

Clutch Size 139 1.00 1.00 1.00 0.27 1.00 1.00 1.00

Egg Length 139 0.79 0.96 0.96 1.00 1.00 0.46 1.00

Egg Width 139 1.00 0.92 0.96 1.00 1.00 0.84 1.00

Egg Volume 139 0.99 0.91 0.95 1.00 1.00 0.55 1.00

Egg Weight 139 0.98 0.82 0.99 1.00 1.00 0.20 1.00

 Analyte
Number of 
Samples

Impacted vs. Reference Post-hoc Comparisons 2

1 Composite reference includes Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).
2 Significant differences from the post-hoc Dunnett's one-tailed test or one-tailed Wilcoxon rank sum test for clutch size.

Shading denotes statistical significance (p ≤ 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

–  - Indicates no statistical differences.

ANOVA - Analysis of Variance.

CRM - Clinch River Mile.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

LERM - Little Emory River Mile.

NC - Not calculated. 

REF - Composite reference, including Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).

TRM - Tennessee River Mile.
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Table 24. Tree Swallow Eggshell ANOVAs – Comparisons Between Locations in 2010, Excluding Melton Hill Dam 
Tennessee Valley Authority              Kingston, Tennessee

 Analyte
Number of 
Samples

R2 Location
Location                  

Post-hoc Comparisons 1

Arsenic 17 0.34 0.14 –

Barium 17 0.59 0.007
0.009 - 0.08                  

TRM 566 > ERM 3.0, ERM 3.5, 
REF

Copper 17 0.13 0.59 –

Manganese 17 0.46 0.04
0.09                        

REF > ERM 3.0

0.09                        
TRM 566 > ERM 3.0

Mercury 17 0.18 0.44 –

Selenium 17 0.30 0.19 –

St ti 17 0 33 0 14Strontium 17 0.33 0.14 –

Zinc 17 0.65 0.003
0.001                       

REF > ERM 3.0

Note: Comparisons between years were conducted using 1-way ANOVA.

Shading denotes statistical significance (p < 0.05).

–  - Indicates no statistical differences.

ANOVA - Analysis of Variance.

ERM - Emory River Mile.

R2 - Correlation coefficient.

REF - Composite reference, including Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).

TRM - Tennessee River Mile.

1 Significant differences from the post-hoc Tukey-Kramer two-tailed test.
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Table 25. Tree Swallow Eggshell Dunnett's – Comparisons Between Composite Reference1 and Locations in 2010, Excluding Melton Hill Dam 

Tennessee Valley Authority              Kingston, Tennessee

ERM 3.0 vs. REF Embayments vs. REF TRM 566 vs. REF

Arsenic 17 1.00 0.83 0.93

Barium 17 0.69 0.19 0.003

Copper 17 0.97 0.92 0.65

Manganese 17 1.00 0.93 0.54

Mercury 17 0.96 0.53 0.79

Selenium 17 1.00 1.00 1.00

Strontium 17 0.22 0.06 0.08

Zinc 17 1.00 1.00 1.00

1 Composite reference includes Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).
2

 Analyte
Number of 
Samples

Impacted vs. Reference Post-hoc Comparisons 2

2 Significant differences from the post-hoc Dunnett's one-tailed test.

Shading denotes statistical significance (p < 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

–  - Indicates no statistical differences.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

REF - Composite reference, including Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River (above TRM 568).

TRM - Tennessee River Mile.
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Table 26. Tree Swallow Nestling ANOVAs – Comparisons Between Years and Locations in 2009 and 2010,
Excluding Melton Hill Dam 
Tennessee Valley Authority              Kingston, Tennessee

 Analyte
Number of 
Samples R2 Location Year Location*Year

Location by Year          

Comparisons 1

Barium 85 0.51 0.18 0.76 0.70 —

Cadmium 2 50 0.12 0.12 — — —

Copper 85 0.38 1.00 0.48 0.24 —

Iron 85 0.01 0.05 0.03 0.94
0.003                        

FLD 2010 > CRM 2.5 2009

0.06                         
FLD 2010 > ERM 3.5 2009

Manganese 85 0.61 0.38 0.90 0.54 —

Mercury 2 50 0.80 < 0.0001 — —
< 0.0001                      

CRM 2.5, ERM 3.5, and ERM 3.0 
2010 > FLD 2010

Molybdenum 2 50 0.10 0.19 — — —

Selenium 85 0.10 0.21 0.70 0.10 —

Strontium 85 0.16 0.29 0.67 0.25 —

Zinc 85 0.22 0.56 0.06 0.46 —

Nestling Weight 85 0.28 0.35 0.38 0.47 —

Feather Length 85 0.82 0.72 0.81 0.63 —

Tarsus Length 85 < 0.0001 0.73 < 0.0001 0.84
range: 0.01 - 0.07               

FLD, CRM 2.5, ERM 3.5, and ERM 
3 0 2010 > CRM 2 5 20093.0 2010 > CRM 2.5 2009

range: 0.0004 - 0.004            
FLD, CRM 2.5, ERM 3.5, and ERM 

3.0 2010 > ERM 3.5 2009

range: 0.02 - 0.08               
FLD, ERM 3.5, and ERM 3.0 2010 

> ERM 3.0 2009

range: 0.05 - 0.10               
FLD, CRM 2.5, ERM 3.5, and ERM 

3.0 2010 > FLD 2009

Note: Comparisons between years and locations were conducted using 2-way ANOVAs.
1  Significant differences from the post-hoc Tukey-Kramer two-tailed test.
2  Constituents could not be evaluated in 2009 due to low frequency of detection;

    therefore, 1-way ANOVAs were conducted to evaluate differences between locations in 2010. 

    Significant differences from the post-hoc Tukey-Kramer two-tailed test presented. 

Shading denotes statistical significance (p<0.05).
BOLD denotes potential statistical significance (0.05≤p≤0.1).

–  - Indicates no statistical differences.

ANOVA - Analysis of Variance.

CRM - Clinch River Mile.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

NC - Not calculated.

MHD - Melton Hill Dam.

R2 - Correlation coefficient.
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Table 27. Tree Swallow Nestling Dunnett's – Comparisons Between Reference (Fort Loudoun Dam) and Locations 
in 2009 and 2010, Excluding Melton Hill Dam 

Tennessee Valley Authority              Kingston, Tennessee

ERM 3.0 vs. FLD ERM 3.5 vs. FLD CRM 2.5 vs. FLD

Barium 85 0.10 0.63 0.46

Cadmium 2 50 0.76 0.06 0.43

Copper 85 0.72 0.71 0.73

Iron 85 0.99 0.99 1.00

Manganese 85 0.26 0.77 0.61

Mercury 2 50 < 0.0001 < 0.0001 < 0.0001

Molybdenum 2 50 1.00 0.78 0.90

Selenium 85 0.04 0.13 0.14

Strontium 85 0.09 0.43 0.35

Zinc 85 0.19 0.29 0.17

Nestling Weight 85 0.85 0.92 0.50

 Analyte Number of Samples
Impacted vs. Reference Post-hoc Comparisons 1

Feather Length 85 0.92 0.96 0.92

Tarsus Length 85 0.89 0.72 0.91

1 Significant differences from the post-hoc Dunnett's one-tailed test.

Shading denotes statistical significance (p < 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

–  - Indicates no statistical differences.

CRM - Clinch River Mile.

ERM - Emory River Mile.

FLD - Fort Loudoun Dam; reference site.

2 Constituents could not be evaluated in 2009 due to low frequency of detection; therefore, significant differences from the post-hoc Dunnett's one-tailed test were 
conducted between locations in 2010.
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Table 28. Tree Swallow Productivity ANOVAs – Comparisons Between Locations in 2010, Excluding Melton Hill Dam 

Tennessee Valley Authority              Kingston, Tennessee

 Analyte Number of Samples Location
Location          
Post-hoc 

Comparisons 1

Clutch Size 54 0.02
0.02                

CRM2.5 > ERM3.5

0.03                
CRM2.5 > ERM3.0

Hatching Success 53 0.02
0.006               

FLD > ERM3.5

0.01                
FLD > ERM3.0

0.08                
CRM2.5 > ERM3.5

Fledgling Success 47 0.36 –

Female Fledglings per Nesting Female2 47 0 19
0.06                

Female Fledglings per Nesting Female 47 0.19
CRM2.5 > ERM 3.5

Note: Clutch size was only for nests with other productivity measures evaluated, whereas Table 22 includes all nests (excluding MHD).
1Comparisons  between locations (all groups and then pairwise) were conducted using non-parametric Kruskal-Wallis test.
2 Calculated as (clutch size x (hatching success/100) x (nestling success/100))/2.

Shading denotes statistical significance (p < 0.05).

BOLD denotes potential statistical significance (0.05 ≤ p ≤ 0.1).

–  - Indicates no statistical differences.

ANOVA - Analysis of Variance.

MHD - Melton Hill Dam.

ERM - Emory River Mile.

CRM - Clinch River Mile.

FLD - Fort Loudoun Dam.
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FIGURE

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009- 2010

TREE SWALLOW EGG COLLECTIONS

3a

CITY: KNX  DIV/GROUP: ENV/GIS  DB:   C.SMITH  PIC: B.ILGNER  PM:  D.JONES   TM:  S.YOUNG
PROJECT: TNTVAKIP.ERA4.000073              PATH: G:\GIS\TVA\KIF\Amphibians-Bird data\Tree Swallow\F3a_TreeSwallowEggCollections.pdf

Tree swallow nest with eggs. Measuring tree swallow egg with digital micrometers.



FIGURE

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009- 2010

TREE SWALLOW 
NESTLING COLLECTIONS

3b

CITY: KNX  DIV/GROUP: ENV/GIS  DB:   C.SMITH  PIC: B.ILGNER  PM:  D.JONES   TM:  S.YOUNG
PROJECT: TNTVAKIP.ERA4.00007              PATH: G:\GIS\TVA\KIF\Amphibians-Bird data\Tree Swallow\F3b_TreeSwallownNestlingCollections.pdf

Fifteen-day tree swallow nestling.

Examining 15-day tree swallow nestling feathers.
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Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

Box Plot Legend

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

4

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – BARIUM

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Notes: 
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

5

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – COBALT (2010)

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Box Plot Legend

Notes: 
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

6

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – COPPER

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Box Plot Legend

Notes: 
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

7

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – IRON

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Box Plot Legend

Notes: 
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

8

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – MANGANESE

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Notes: 
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

9

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – MERCURY (2010)

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Box Plot Legend

Notes: 
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

10

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – SELENIUM

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Box Plot Legend

Notes: 
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

11

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – STRONTIUM

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Box Plot Legend

Notes: 
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

12

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – ZINC

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM – Little Emory River.
MHD Melton Hill Dam positive control site

FIGURE

13

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – CLUTCH SIZE

MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Notes: 
Egg weight presented in g = grams

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

Egg weight presented in g = grams .

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

14

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – EGG WEIGHT

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Notes: 
Egg length presented in cm = centimeter

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

Egg length presented in cm = centimeter.

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

15

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – EGG LENGTH

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Notes: 
Egg width presented in cm = centimeter

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

Egg width presented in cm = centimeter.

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

16

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – EGG WIDTH

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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Egg volume presented in cm3 = cubic centimeter

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

Egg volume presented in cm3 = cubic centimeter.

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM Little Emory River

FIGURE

17

TRACE ELEMENT CONCENTRATIONS IN 
EGGS – EGG VOLUME

LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.



Arsenic Barium

100

120

0.25

0.30

Arsenic Barium

w
)

60

80

0.15

0.20

at
io

n 
m

g/
kg

 (d
w

)

ra
tio

n 
m

g/
kg

 (d
w

20

40

0.05

0.10

C
on

ce
nt

ra

C
on

ce
nt

r

R
ef

er
en

ce

TR
M

 5
66

ER
M

 3
.0

Em
ba

ym
en

ts

M
H

D

0

R
ef

er
en

ce

TR
M

 5
66

ER
M

 3
.0

E
m

ba
ym

en
ts

M
H

D
0.00

C
om

po
si

te
 

R
ef

er
en

ce
 *

C
om

po
si

te
 

R
ef

er
en

ce
 *

Box Plot Legend

Notes: 
Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

TRACE ELEMENT CONCENTRATIONS IN

Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
TRM Tennessee River Mile

FIGURE

18

TRACE ELEMENT CONCENTRATIONS IN 
EGGSHELLS – ARSENIC AND BARIUM

TRM – Tennessee River Mile.
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Notes: 
Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
TRM Tennessee River Mile

FIGURE

19

TRACE ELEMENT CONCENTRATIONS IN 
EGGSHELLS – COPPER AND IRON

TRM – Tennessee River Mile.
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Notes: 
Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
TRM Tennessee River Mile

FIGURE

20

TRACE ELEMENT CONCENTRATIONS IN 
EGGSHELLS – MANGANESE AND MERCURY

TRM – Tennessee River Mile.
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Notes: 
Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
TRM Tennessee River Mile

FIGURE
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TRACE ELEMENT CONCENTRATIONS IN 
EGGSHELLS – SELENIUM AND STRONTIUM

TRM – Tennessee River Mile.
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Notes: 
Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
TRM Tennessee River Mile

FIGURE

22

TRACE ELEMENT CONCENTRATIONS IN 
EGGSHELLS – ZINC

TRM – Tennessee River Mile.
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Notes: 
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.

FIGURE
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TRACE ELEMENT CONCENTRATIONS IN 
NESTLINGS – BARIUM AND CADMIUM
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Notes: 
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.

FIGURE

24

TRACE ELEMENT CONCENTRATIONS IN 
NESTLINGS – COPPER AND IRON
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Box Plot Legend

Notes: 
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.

FIGURE

25

TRACE ELEMENT CONCENTRATIONS IN 
NESTLINGS – MANGANESE AND MERCURY
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Box Plot Legend

Notes: 
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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TRACE ELEMENT CONCENTRATIONS IN 
NESTLINGS – MOLYBDENUM AND SELENIUM
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Box Plot Legend

Notes: 
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight)

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.

FIGURE
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TRACE ELEMENT CONCENTRATIONS IN 
NESTLINGS – STRONTIUM AND ZINC
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Box Plot Legend

Notes: 
Nestling weight presented in g = gram

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Nestling weight presented in g = gram.
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.

FIGURE
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TRACE ELEMENT CONCENTRATIONS IN 
NESTLINGS – CLUTCH SIZE AND NESTLING WEIGHT
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Box Plot Legend

Notes: 
Nestling feather and tarsus length in cm = centimeter

TRACE ELEMENT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Nestling feather and tarsus length in cm = centimeter.
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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TRACE ELEMENT CONCENTRATIONS IN 
NESTLINGS – FEATHER AND TARSUS LENGTH



n=46 n=2 n=9 n=15 n=15 n=12 n=30 n=10 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

CRM Cli h Ri Mil

FIGURE

30

EGGS: 
MEAN CONCENTRATIONS IN BARIUM (2010)

CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
TRM – Tennessee River Mile.



n=9 n=16 n=11 n=15 n=13 n=12 n=10 n=30 n=16 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE

31

EGGS: 
MEAN CONCENTRATIONS IN COPPER

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.



n=46 n=2 n=9 n=15 n=15 n=12 n=30 n=10 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

CRM Cli h Ri Mil

FIGURE

32

EGGS: 
MEAN CONCENTRATIONS IN IRON (2010)

CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
TRM – Tennessee River Mile.



n=9 n=16 n=11 n=15 n=13 n=12 n=10 n=30 n=16 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE

33

EGGS: 
MEAN CONCENTRATIONS IN MANGANESE

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.



n=46 n=2 n=9 n=15 n=15 n=12 n=30 n=10 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

CRM Cli h Ri Mil

FIGURE

34

EGGS: 
MEAN CONCENTRATIONS IN MANGANESE (2010)

CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
TRM – Tennessee River Mile.



n=46 n=2 n=9 n=15 n=15 n=12 n=30 n=10 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

CRM Cli h Ri Mil

FIGURE

35

EGGS: 
MEAN CONCENTRATIONS IN MERCURY (2010)

CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
TRM – Tennessee River Mile.



n=9 n=16 n=11 n=15 n=13 n=12 n=10 n=30 n=16 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE

36

EGGS: 
MEAN CONCENTRATIONS IN SELENIUM

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.



n=46 n=2 n=9 n=15 n=15 n=12 n=30 n=10 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

CRM Cli h Ri Mil

FIGURE

37

EGGS: 
MEAN CONCENTRATIONS IN SELENIUM (2010)

CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
TRM – Tennessee River Mile.



n=9 n=16 n=11 n=15 n=13 n=12 n=10 n=30 n=16 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

* - Composite reference site, including samples from Fort  Loudoun Dam, Tellico 

FIGURE

38

EGGS: 
MEAN CONCENTRATIONS IN STRONTIUM

Dam, and upstream Tennessee River Miles 569.5 and 571.5.
Embayments - Includes samples from East, West, and North Embayments.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
TRM – Tennessee River Mile.



n=46 n=2 n=9 n=15 n=15 n=12 n=30 n=10 n=16

EGGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Egg content concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

*  – Composite reference site, including samples from Fort  Loudoun Dam, Tellico Dam,
and upstream Tennessee River Miles 569.5 and 571.5.

CRM Cli h Ri Mil

FIGURE

39

EGGS: 
MEAN CONCENTRATIONS IN ZINC (2010)

CRM – Clinch River Mile.
Embayments – Includes samples from East, West, and North Embayments
ERM – Emory River Mile.
LERM – Little Emory River.
MHD – Melton Hill Dam, positive control site.
TRM – Tennessee River Mile.
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EGGSHELLS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

* - Composite reference site, including samples from Fort  Loudoun Dam, Tellico 

FIGURE
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EGGSHELLS: 
MEAN CONCENTRATIONS IN BARIUM

Dam, and upstream Tennessee River Miles 569.5 and 571.5.
Embayments - Includes samples from East, West, and North Embayments.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
TRM – Tennessee River Mile.
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EGGSHELLS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Eggshell concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

* - Composite reference site, including samples from Fort  Loudoun Dam, Tellico 

FIGURE
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EGGSHELLS: 
MEAN CONCENTRATIONS IN STRONTIUM

Dam, and upstream Tennessee River Miles 569.5 and 571.5.
Embayments - Includes samples from East, West, and North Embayments.
ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
TRM – Tennessee River Mile.
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NESTLINGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE
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NESTLINGS: 
MEAN CONCENTRATIONS IN CADMIUM (2010)

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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NESTLINGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE
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NESTLINGS: 
MEAN CONCENTRATIONS IN IRON

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.



n=3 n=10 n=12 n=15 n=11 n=10 n=9 n=15 n=9 n=15

NESTLINGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE
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NESTLINGS: 
MEAN CONCENTRATIONS IN MANGANESE

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.



n=3 n=10 n=12 n=15 n=11 n=10 n=9 n=15 n=9 n=15

NESTLINGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE
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NESTLINGS: 
MEAN CONCENTRATIONS IN MERCURY

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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NESTLINGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE
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NESTLINGS: 
MEAN CONCENTRATIONS IN SELENIUM

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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NESTLINGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE
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NESTLINGS: 
MEAN CONCENTRATIONS IN STRONTIUM

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.
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NESTLINGS

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Nestling concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM – Clinch River Mile.

FIGURE
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NESTLINGS: 
MEAN CONCENTRATIONS IN ZINC

ERM – Emory River Mile.
MHD – Melton Hill Dam, positive control site.
n = Number of samples.
Reference – Fort Loudoun Dam.
TRM – Tennessee River Mile.



2010 Cl t h Si

10

12

2010 Clutch Size

1 0

1.2

2010 Hatching Success

6

8

ut
ch

 S
iz

e 0.8

1.0

in
g 

Su
cc

es
s

2

4

C
lu

0.4

0.6

H
at

ch
i

C
R

M
 2

.5

ER
M

 3
.0

ER
M

 3
.5

FL
D

M
H

D
0

C
R

M
 2

.5

ER
M

 3
.0

ER
M

 3
.5

FL
D

M
H

D

0.2

Box Plot Legend

Notes: 
Hatching success in percent

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

2010 PRODUCTIVITY DATA CLUTCH SIZE AND

Hatching success in percent.
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
FLD – Fort Loudoun Dam, reference.
MHD – Melton Hill Dam, positive control site.
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2010 PRODUCTIVITY DATA – CLUTCH SIZE AND 
HATCHING SUCCESS
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TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

2010 PRODUCTIVITY DATA FEMALE FLEDGLINGS

Nestling survival in percent.
† – Data points identified as outliers or potential outliers were included in all statistical analyses. 
CRM – Clinch River Mile.
ERM – Emory River Mile.
FLD – Fort Loudoun Dam, reference.
MHD – Melton Hill Dam, positive control site.
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2010 PRODUCTIVITY DATA – FEMALE FLEDGLINGS 
PER NESTING FEMALE AND NESTLING SURVIVAL
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TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.

CRM – Clinch River Mile.
ERM – Emory River Mile.

2010 TREE SWALLOW PRODUCTIVITY

FIGURE
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FLD – Fort Loudoun Dam, reference site.
MHD – Melton Hill Dam, positive control site.

2010 TREE SWALLOW PRODUCTIVITY 
MEASUREMENTS BY LOCATION
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2010 TREE SWALLOW PRODUCTIVITY

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS AND 
PRODUCTIVITY IN TREE SWALLOWS: 2009-2010

Notes: Mean ± standard error.
Impacted locations include ERM 3.0, ERM, 3.5, and CRM 2.5. 
Reference locations include FLD and MHD.

FIGURE
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2010 TREE SWALLOW PRODUCTIVITY 
MEASUREMENTS BY GROUP

CRM – Clinch River Mile. 
ERM – Emory River Mile.
FLD – Fort Loudoun Dam.
MHD – Melton Hill Dam.
n = Number of samples.
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Table B-1
Tree Swallow Eggshells Dataset

Reference Site - Composite Reference - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Frequency of Detection (FOD) [a]

Constituent FOD

% Min Max Min Max

Aluminum 0 - 4 0 – - – 8.144 - 17.22 –
Antimony 0 - 4 0 – - – 0.0299 - 0.06186 –
Arsenic 1 - 4 25 0.06907 - 0.06907 0.1753 - 0.2371 KIF-FLD.BH097_TS.V.G.04-BD-050410(5/4/2010)
Barium 4 - 4 100 8.866 - 16.7 – - – KIF-TLD.BH119_TS.V.G.05-BD-050410(5/4/2010)
Beryllium 0 - 4 0 – - – 0.1237 - 0.2577 –
Boron 0 - 4 0 – - – 0.8454 - 1.753 –
Cadmium 0 - 4 0 – - – 0.03093 - 0.06701 –
Calcium 4 - 4 100 95464 - 186598 – - – KIF-TLD.BH119_TS.V.G.05-BD-050410(5/4/2010)
Chromium 1 - 4 25 0.7938 - 0.7938 0.2577 - 0.5464 KIF-TLD.BH120_TS.V.G.04-BD-050410(5/4/2010)
Cobalt 0 - 4 0 – - – 0.02887 - 0.06082 –
Copper 4 - 4 100 0.7423 - 2.165 – - – KIF-TLD.BH119_TS.V.G.05-BD-050410(5/4/2010)
Iron 1 - 4 25 33.09 - 33.09 36.8 - 51.96 KIF-FLD.BH097_TS.V.G.04-BD-050410(5/4/2010)
Lead 0 - 4 0 – - – 0.0567 - 0.1237 –
Magnesium 4 - 4 100 429.9 - 742.3 – - – KIF-TLD.BH119_TS.V.G.05-BD-050410(5/4/2010)
Manganese 4 - 4 100 0.8247 - 1.959 – - – KIF-FLD.BH097_TS.V.G.01-BD-051110(5/11/2010)
Mercury 0 - 4 0 – - – 0.02371 - 0.04948 –
Molybdenum 0 - 4 0 – - – 0.07113 - 0.1546 –
Nickel 1 - 4 25 0.3918 - 0.3918 0.1959 - 0.4227 KIF-TLD.BH120_TS.V.G.04-BD-050410(5/4/2010)
Potassium 0 - 4 0 – - – 1474 - 3113 –
Selenium 4 - 4 100 0.3918 - 0.6289 – - – KIF-FLD.BH097_TS.V.G.04-BD-050410(5/4/2010)
Silver 0 - 4 0 – - – 0.005876 - 0.01237 –
Sodium 4 - 4 100 1371 - 2124 – - – KIF-TLD.BH119_TS.V.G.05-BD-050410(5/4/2010)
Strontium 4 - 4 100 58.76 - 86.19 – - – KIF-TLD.BH119_TS.V.G.05-BD-050410(5/4/2010)
Thallium 0 - 4 0 – - – 0.02784 - 0.05979 –
Vanadium 0 - 4 0 – - – 0.1856 - 0.3918 –
Zinc 3 - 4 75 8.66 - 18.25 9.381 - 9.381 KIF-FLD.BH097_TS.V.G.01-BD-051110(5/11/2010)

Note: Composite Reference Site made up of samples from Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River Miles 569.5 and 571.5.
– - Not detected/ not analyzed/ not applicable.

mg/kg dw - Milligram per kilogram dry weight.
[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Number of Detects / 
Number of Samples

Detected Concentrations Detection Limits

Location of Maximum Detection
(mg/kg dw) (mg/kg dw)



Table B-2
Tree Swallow Eggshells Dataset

Impacted Site - Tennessee River Mile 566 - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Constituent FOD

% Min Max Min Max

Aluminum 0 - 2 0 – - – 10.62 - 14.85 –
Antimony 0 - 2 0 – - – 0.03814 - 0.05361 –
Arsenic 1 - 2 50 0.1031 - 0.1031 0.1443 - 0.1443 KIF-TRM566.0.BH461_TS.V.G.02-BD-051110(5/11/2010)
Barium 2 - 2 100 41.24 - 100.2 – - – KIF-TRM566.0.BH464_TS.V.G.03-BD-051110(5/11/2010)
Beryllium 0 - 2 0 – - – 0.1546 - 0.2268 –
Boron 0 - 2 0 – - – 1.134 - 1.546 –
Cadmium 0 - 2 0 – - – 0.04124 - 0.05773 –
Calcium 2 - 2 100 165979 - 174227 – - – KIF-TRM566.0.BH461_TS.V.G.02-BD-051110(5/11/2010)
Chromium 0 - 2 0 – - – 0.3402 - 0.4742 –
Cobalt 0 - 2 0 – - – 0.03711 - 0.05258 –
Copper 2 - 2 100 1.134 - 1.34 – - – KIF-TRM566.0.BH464_TS.V.G.03-BD-051110(5/11/2010)
Iron 0 - 2 0 – - – 31.86 - 44.74 –
Lead 0 - 2 0 – - – 0.07423 - 0.1031 –
Magnesium 2 - 2 100 653.6 - 668 – - – KIF-TRM566.0.BH461_TS.V.G.02-BD-051110(5/11/2010)
Manganese 2 - 2 100 1.237 - 2.268 – - – KIF-TRM566.0.BH461_TS.V.G.02-BD-051110(5/11/2010)
Mercury 0 - 2 0 – - – 0.03093 - 0.0433 –
Molybdenum 0 - 2 0 – - – 0.09278 - 0.134 –
Nickel 0 - 2 0 – - – 0.2577 - 0.3608 –
Potassium 0 - 2 0 – - – 1918 - 2680 –
Selenium 2 - 2 100 0.268 - 0.4124 – - – KIF-TRM566.0.BH461_TS.V.G.02-BD-051110(5/11/2010)
Silver 0 - 2 0 – - – 0.007629 - 0.01031 –
Sodium 2 - 2 100 1309 - 1588 – - – KIF-TRM566.0.BH464_TS.V.G.03-BD-051110(5/11/2010)
Strontium 2 - 2 100 123.7 - 126.8 – - – KIF-TRM566.0.BH461_TS.V.G.02-BD-051110(5/11/2010)
Thallium 0 - 2 0 – - – 0.03608 - 0.05155 –
Vanadium 0 - 2 0 – - – 0.2371 - 0.3402 –
Zinc 1 - 2 50 10.31 - 10.31 5.773 - 5.773 KIF-TRM566.0.BH461_TS.V.G.02-BD-051110(5/11/2010)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Number of Detects / 
Number of Samples

Detected                
Concentrations

Detection Limits

Location of Maximum Detection

Frequency of Detection (FOD) [a]

(mg/kg dw) (mg/kg dw)



Table B-3
Tree Swallow Eggshells Dataset

Impacted Site - Emory River Mile 3.0 - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Constituent FOD

% Min Max Min Max

Aluminum 0 - 7 0 – - – 6.289 - 13.61 –
Antimony 0 - 7 0 – - – 0.02268 - 0.04948 –
Arsenic 5 - 7 71.4 0.0567 - 0.09588 0.1134 - 0.1546 KIF-ERM3.0.BH178_TS.V.G.06-BD-050510(5/5/2010)
Barium 7 - 7 100 5.258 - 22.68 – - – KIF-ERM3.0.BH178_TS.V.G.06-BD-050510(5/5/2010)
Beryllium 0 - 7 0 – - – 0.09381 - 0.2062 –
Boron 0 - 7 0 – - – 0.6495 - 1.443 –
Cadmium 0 - 7 0 – - – 0.02474 - 0.05258 –
Calcium 7 - 7 100 101443 - 196907 – - – KIF-ERM3.0.BH178_TS.V.G.06-BD-050510(5/5/2010)
Chromium 0 - 7 0 – - – 0.1959 - 0.433 –
Cobalt 0 - 7 0 – - – 0.02268 - 0.04742 –
Copper 7 - 7 100 0.8247 - 1.237 – - – KIF-ERM3.0.BH293_TS.V.G.01-BD-051210(5/12/2010)
Iron 0 - 7 0 – - – 18.97 - 41.03 –
Lead 0 - 7 0 – - – 0.04433 - 0.09485 –
Magnesium 7 - 7 100 363.9 - 712.4 – - – KIF-ERM3.0.BH178_TS.V.G.06-BD-050510(5/5/2010)
Manganese 7 - 7 100 0.2887 - 1.443 – - – KIF-ERM3.0.BH178_TS.V.G.06-BD-050510(5/5/2010)
Mercury 5 - 7 71.4 0.02784 - 0.04124 0.02887 - 0.03918 KIF-ERM3.0.BH293_TS.V.G.01-BD-051210(5/12/2010)
Molybdenum 0 - 7 0 – - – 0.05567 - 0.1237 –
Nickel 0 - 7 0 – - – 0.1546 - 0.3299 –
Potassium 2 - 7 28.6 1340 - 1402 1485 - 2464 KIF-ERM3.0.BH173_TS.V.G.09-BD-050510(5/5/2010)
Selenium 7 - 7 100 0.2887 - 0.5979 – - – KIF-ERM3.0.BH293_TS.V.G.01-BD-051210(5/12/2010)
Silver 0 - 7 0 – - – 0.004536 - 0.009897 –
Sodium 7 - 7 100 1247 - 1598 – - – KIF-ERM3.0.BH173_TS.V.G.09-BD-050510(5/5/2010)
Strontium 7 - 7 100 62.16 - 147.4 – - – KIF-ERM3.0.BH172_TS.V.G.10-BD-050510(5/5/2010)
Thallium 0 - 7 0 – - – 0.0268 - 0.05979 –
Vanadium 0 - 7 0 – - – 0.1443 - 0.3093 –
Zinc 0 - 7 0 – - – 3.402 - 7.423 –

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Number of Detects / 
Number of Samples

Detected Concentrations Detection Limits

Location of Maximum Detection
(mg/kg dw) (mg/kg dw)

Frequency of Detection (FOD) [a]



Table B-4
Tree Swallow Eggshells Dataset

Impacted Site - Embayments - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Constituent FOD

% Min Max Min Max

Aluminum 0 - 4 0 – - – 11.65 - 18.97 –
Antimony 0 - 4 0 – - – 0.04227 - 0.06804 –
Arsenic 2 - 4 50 0.09588 - 0.1031 0.1856 - 0.268 KIF-WEMBAY.BH268_TS.V.G.01-BD-050610(5/6/2010)
Barium 4 - 4 100 9.072 - 38.56 – - – KIF-WEMBAY.BH268_TS.V.G.01-BD-050610(5/6/2010)
Beryllium 0 - 4 0 – - – 0.1753 - 0.2784 –
Boron 0 - 4 0 – - – 1.237 - 1.959 –
Cadmium 0 - 4 0 – - – 0.04433 - 0.0732 –
Calcium 4 - 4 100 151546 - 208247 – - – KIF-WEMBAY.BH268_TS.V.G.01-BD-050610(5/6/2010)
Chromium 0 - 4 0 – - – 0.3711 - 0.5979 –
Cobalt 0 - 4 0 – - – 0.04124 - 0.06701 –
Copper 4 - 4 100 0.7526 - 1.443 – - – KIF-NEMBAY.BH243_TS.V.G.01-BD-051110(5/11/2010)
Iron 0 - 4 0 – - – 35.05 - 57.01 –
Lead 0 - 4 0 – - – 0.08144 - 0.134 –
Magnesium 4 - 4 100 584.5 - 826.8 – - – KIF-NEMBAY.BH243_TS.V.G.01-BD-051110(5/11/2010)
Manganese 3 - 4 75 0.8866 - 1.649 0.8041 - 0.8041 KIF-EEMBAY.BH197_TS.V.G.03-BD-050510(5/5/2010)
Mercury 0 - 4 0 – - – 0.03402 - 0.05464 –
Molybdenum 0 - 4 0 – - – 0.1021 - 0.1649 –
Nickel 0 - 4 0 – - – 0.2887 - 0.4639 –
Potassium 0 - 4 0 – - – 2103 - 3423 –
Selenium 3 - 4 75 0.3505 - 0.4536 – - – KIF-EEMBAY.BH208_TS.V.G.01-BD-050510(5/5/2010)
Silver 0 - 4 0 – - – 0.008454 - 0.0134 –
Sodium 4 - 4 100 1443 - 1701 – - – KIF-NEMBAY.BH243_TS.V.G.01-BD-051110(5/11/2010)
Strontium 4 - 4 100 87.11 - 176.3 – - – KIF-WEMBAY.BH268_TS.V.G.01-BD-050610(5/6/2010)
Thallium 0 - 4 0 – - – 0.04536 - 0.1443 –
Vanadium 0 - 4 0 – - – 0.268 - 0.433 –
Zinc 0 - 4 0 – - – 6.289 - 10.31 –

Note: Embayment site made up of samples from the East, West, and North Embayments.
– - Not detected/ not analyzed/ not applicable.

mg/kg dw - Milligram per kilogram dry weight.
[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Number of Detects / 
Number of Samples

Detected                
Concentrations

Detection Limits

Location of Maximum Detection

Frequency of Detection (FOD) [a]

(mg/kg dw) (mg/kg dw)



Table B-5
Tree Swallow Eggshells Dataset

Positive Control - Melton Hill Dam - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Constituent FOD

% Min Max Min Max

Aluminum 0 - 3 0 – - – 7.835 - 10.62 –
Antimony 0 - 3 0 – - – 0.02784 - 0.03814 –
Arsenic 2 - 3 66.7 0.08351 - 0.0866 0.1134 - 0.1134 KIF-MHD.BH061_TS.V.G.06-BD-050410(5/4/2010)
Barium 3 - 3 100 8.763 - 32.16 – - – KIF-MHD.BH079_TS.V.G.10-BD-050410(5/4/2010)
Beryllium 0 - 3 0 – - – 0.1134 - 0.1546 –
Boron 0 - 3 0 – - – 0.8144 - 1.134 –
Cadmium 0 - 3 0 – - – 0.0299 - 0.04124 –
Calcium 3 - 3 100 104124 - 149485 – - – KIF-MHD.BH079_TS.V.G.10-BD-050410(5/4/2010)
Chromium 0 - 3 0 – - – 0.2474 - 0.3402 –
Cobalt 0 - 3 0 – - – 0.02784 - 0.03711 –
Copper 3 - 3 100 0.7113 - 1.237 – - – KIF-MHD.BH063_TS.V.G.07-BD-050410(5/4/2010)
Iron 0 - 3 0 – - – 23.61 - 31.86 –
Lead 0 - 3 0 – - – 0.05464 - 0.07423 –
Magnesium 3 - 3 100 424.7 - 548.5 – - – KIF-MHD.BH079_TS.V.G.10-BD-050410(5/4/2010)
Manganese 3 - 3 100 0.4845 - 1.959 – - – KIF-MHD.BH079_TS.V.G.10-BD-050410(5/4/2010)
Mercury 1 - 3 33.3 0.02577 - 0.02577 0.0268 - 0.03093 KIF-MHD.BH063_TS.V.G.07-BD-050410(5/4/2010)
Molybdenum 0 - 3 0 – - – 0.06907 - 0.09278 –
Nickel 0 - 3 0 – - – 0.1959 - 0.2577 –
Potassium 1 - 3 33.3 1423 - 1423 1660 - 1918 KIF-MHD.BH063_TS.V.G.07-BD-050410(5/4/2010)
Selenium 3 - 3 100 0.3402 - 0.5979 – - – KIF-MHD.BH079_TS.V.G.10-BD-050410(5/4/2010)
Silver 0 - 3 0 – - – 0.00567 - 0.007629 –
Sodium 3 - 3 100 1299 - 1567 – - – KIF-MHD.BH063_TS.V.G.07-BD-050410(5/4/2010)
Strontium 3 - 3 100 52.89 - 80.41 – - – KIF-MHD.BH079_TS.V.G.10-BD-050410(5/4/2010)
Thallium 0 - 3 0 – - – 0.03093 - 0.05258 –
Vanadium 0 - 3 0 – - – 0.1753 - 0.2371 –
Zinc 1 - 3 33.3 10.21 - 10.21 4.227 - 5.773 KIF-MHD.BH079_TS.V.G.10-BD-050410(5/4/2010)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Number of Detects / 
Number of Samples

Detected                
Concentrations

Detection Limits

Location of Maximum Detection

Frequency of Detection (FOD) [a]

(mg/kg dw) (mg/kg dw)



Appendix C 

110930-TNTVA-RPT-406  

  

Tree Swallow Nestling  

Occurrence Tables 



Constituent FOD

% Min Max Min Max

Aluminum 0 - 3 0 – - – 67.9 - 78 –
Antimony 0 - 3 0 – - – 0.27 - 0.31 –
Arsenic 0 - 3 0 – - – 0.27 - 0.31 –
Barium 3 - 3 100 1.4 - 6.9 – - – KIF-FLD02-TS.N.01-BD-062109(6/21/2009)
Beryllium 0 - 3 0 – - – 0.27 - 0.31 –
Boron 0 - 3 0 – - – 5.4 - 6.2 –
Cadmium 0 - 3 0 – - – 0.27 - 0.31 –
Calcium 3 - 3 100 11300 - 22500 – - – KIF-FLD18-TS.N.01-BD-060109(6/1/2009)
Chromium 0 - 3 0 – - – 0.33 - 0.37 –
Cobalt 0 - 3 0 – - – 0.27 - 0.31 –
Copper 3 - 3 100 6.1 - 11.7 – - – KIF-FLD02-TS.N.01-BD-062109(6/21/2009)
Iron 3 - 3 100 177 - 254 – - – KIF-FLD02-TS.N.01-BD-062109(6/21/2009)
Lead 0 - 3 0 – - – 0.27 - 0.31 –
Magnesium 3 - 3 100 651 - 985 – - – KIF-FLD02-TS.N.01-BD-062109(6/21/2009)
Manganese 3 - 3 100 2.5 - 7 – - – KIF-FLD02-TS.N.01-BD-062109(6/21/2009)
Mercury 0 - 3 0 – - – 0.054 - 0.062 –
Molybdenum 0 - 3 0 – - – 2.7 - 3.1 –
Nickel 0 - 3 0 – - – 0.3 - 0.59 –
Potassium 3 - 3 100 5170 - 8110 – - – KIF-FLD18-TS.N.01-BD-060109(6/1/2009)
Selenium 3 - 3 100 1.8 - 4.9 – - – KIF-FLD18-TS.N.01-BD-060109(6/1/2009)
Silver 0 - 3 0 – - – 0.14 - 0.16 –
Sodium 3 - 3 100 2840 - 3730 – - – KIF-FLD02-TS.N.01-BD-062109(6/21/2009)
Strontium 3 - 3 100 5.9 - 15 – - – KIF-FLD02-TS.N.01-BD-062109(6/21/2009)
Thallium 0 - 3 0 – - – 0.27 - 0.31 –
Vanadium 0 - 3 0 – - – 0.54 - 0.62 –
Zinc 3 - 3 100 76.1 - 106 – - – KIF-FLD02-TS.N.01-BD-062109(6/21/2009)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Table C-1
Tree Swallow Nestling Dataset

Reference Site - Fort Loudoun Dam - 2009
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Number of Detects / 
Number of Samples

Detected 
Concentrations

Detection Limits

Location of Maximum Detection
(mg/kg dw) (mg/kg dw)

Frequency of Detection (FOD) [a]



Constituent FOD

% Min Max Min Max

Aluminum 0 - 10 0 – - – 10.2 - 14.7 –
Antimony 0 - 10 0 – - – 0.037 - 0.053 –
Arsenic 0 - 10 0 – - – 0.072 - 0.2 –
Barium 10 - 10 100 0.87 - 9.8 – - – KIF-FLD.BH089_TS.N.G.01-BD-060110(6/1/2010)
Beryllium 0 - 10 0 – - – 0.075 - 0.11 –
Boron 0 - 10 0 – - – 1.1 - 1.5 –
Cadmium 7 - 10 70 0.03 - 0.067 0.039 - 0.046 KIF-FLD.BH110_TS.N.G.01-BD-060510(6/5/2010)
Calcium 10 - 10 100 8890 - 30800 – - – KIF-FLD.BH089_TS.N.G.01-BD-060110(6/1/2010)
Chromium 0 - 10 0 – - – 0.32 - 0.919 –
Cobalt 0 - 10 0 – - – 0.036 - 0.052 –
Copper 10 - 10 100 5.8 - 8.1 – - – KIF-FLD.BH.092_TS.N.G.01-BD-053110(5/31/2010),KIF-

FLD.BH098_TS.N.G.01-BD-071210(7/12/2010)
Iron 10 - 10 100 183 - 399 – - – KIF-FLD.BH098_TS.N.G.01-BD-071210(7/12/2010)
Lead 2 - 10 20 0.08 - 2.7 0.076 - 0.1 KIF-FLD.BH109_TS.N.G.01-BD-052810(5/28/2010)
Magnesium 10 - 10 100 700 - 1290 – - – KIF-FLD.BH089_TS.N.G.01-BD-060110(6/1/2010)
Manganese 10 - 10 100 2.5 - 5.6 – - – KIF-FLD.BH098_TS.N.G.01-BD-071210(7/12/2010)
Mercury 3 - 10 30 0.034 - 0.047 0.03 - 0.042 KIF-FLD.BH.092_TS.N.G.01-BD-053110(5/31/2010)
Molybdenum 9 - 10 90 0.15 - 0.32 0.19 - 0.19 KIF-FLD.BH.092_TS.N.G.01-BD-053110(5/31/2010)
Nickel 0 - 10 0 – - – 0.25 - 0.707 –
Potassium 10 - 10 100 7340 - 11400 – - – KIF-FLD.BH098_TS.N.G.01-BD-071210(7/12/2010)
Selenium 10 - 10 100 1.9 - 4.8 – - – KIF-FLD.BH.092_TS.N.G.01-BD-053110(5/31/2010)
Silver 2 - 10 20 0.0084 - 0.012 0.0076 - 0.035 KIF-FLD.BH103_TS.N.G.01-BD-070610(7/6/2010)
Sodium 10 - 10 100 3770 - 6380 – - – KIF-FLD.BH098_TS.N.G.01-BD-071210(7/12/2010)
Strontium 10 - 10 100 3.8 - 12.8 – - – KIF-FLD.BH089_TS.N.G.01-BD-060110(6/1/2010)
Thallium 0 - 10 0 – - – 0.035 - 0.051 –
Vanadium 0 - 10 0 – - – 0.12 - 0.33 –
Zinc 10 - 10 100 64.5 - 113 – - – KIF-FLD.BH098_TS.N.G.01-BD-071210(7/12/2010)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Location of Maximum Detection

Table C-2
Tree Swallow Nestling Dataset

Reference Site - Fort Loudoun Dam - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Frequency of Detection (FOD) [a]

Number of Detects / 
Number of Samples

(mg/kg dw) (mg/kg dw)

Detected 
Concentrations

Detection Limits



Constituent FOD

% Min Max Min Max

Aluminum 0 - 12 0 – - – 60.1 - 124.2 –
Antimony 0 - 12 0 – - – 0.24 - 0.4848 –
Arsenic 0 - 12 0 – - – 0.24 - 0.4848 –
Barium 12 - 12 100 1.2 - 23.33 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Beryllium 0 - 12 0 – - – 0.24 - 0.4848 –
Boron 0 - 12 0 – - – 4.8 - 10 –
Cadmium 0 - 12 0 – - – 0.24 - 0.4848 –
Calcium 12 - 12 100 5740 - 90303 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Chromium 0 - 12 0 – - – 0.25 - 0.69 –
Cobalt 1 - 12 8.33 0.86 - 0.86 0.25 - 0.4848 KIF-DISCHARGE05-TS.N.02-BD-071209(7/12/2009)
Copper 12 - 12 100 5.3 - 11.7 – - – KIF-DISCHARGE10-TS.N.01-BD-070609(7/6/2009)
Iron 12 - 12 100 137 - 264.5 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Lead 0 - 12 0 – - – 0.24 - 0.4848 –
Magnesium 12 - 12 100 590 - 1350 – - – KIF-DISCHARGE06-TS.N.01-BD-060109(6/1/2009)
Manganese 12 - 12 100 1.7 - 17.27 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Mercury 6 - 12 50 0.057 - 0.2303 0.053 - 0.079 KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Molybdenum 0 - 12 0 – - – 2.4 - 4.848 –
Nickel 1 - 12 8.33 1.2 - 1.2 0.25 - 0.4848 KIF-DISCHARGE06-TS.N.01-BD-060109(6/1/2009)
Potassium 12 - 12 100 4730 - 16576 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Selenium 12 - 12 100 2.5 - 6.667 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Silver 0 - 12 0 – - – 0.12 - 0.2485 –
Sodium 12 - 12 100 2730 - 19303 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Strontium 12 - 12 100 3.8 - 50.61 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)
Thallium 0 - 12 0 – - – 0.24 - 0.4848 –
Vanadium 0 - 12 0 – - – 0.48 - 1 –
Zinc 12 - 12 100 69.3 - 149.1 – - – KIF-DISCHARGE03-TS.N.01-BD-060409(6/4/2009)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Table C-3
Tree Swallow Nestling Dataset

Impacted Site - Clinch River Mile 2.5 - 2009
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Frequency of Detection (FOD) [a]

Number of Detects / 
Number of Samples

Detected 
Concentrations

(mg/kg dw) (mg/kg dw)

Detection Limits

Location of Maximum Detection



Constituent FOD

% Min Max Min Max

Aluminum 0 - 15 0 – - – 11 - 15.3 –
Antimony 0 - 15 0 – - – 0.04 - 0.055 –
Arsenic 0 - 15 0 – - – 0.077 - 0.21 –
Barium 15 - 15 100 2.9 - 7.6 – - – KIF-CRM2.5.BH332_TS.N.G.03-BD-060110(6/1/2010)
Beryllium 0 - 15 0 – - – 0.081 - 0.175 –
Boron 0 - 15 0 – - – 1.1 - 1.6 –
Cadmium 13 - 15 86.7 0.031 - 0.093 0.022 - 0.044 KIF-CRM2.5.BH338_TS.N.G.04-BD-053110(5/31/2010)
Calcium 15 - 15 100 9810 - 24500 – - – KIF-CRM2.5.BH332_TS.N.G.03-BD-060110(6/1/2010)
Chromium 3 - 15 20 0.57 - 4.1 0.35 - 0.46 KIF-CRM2.5.BH328_TS.N.G.02-BD-052810(5/28/2010)
Cobalt 1 - 15 6.67 0.05 - 0.05 0.039 - 0.054 KIF-CRM2.5.BH327_TS.N.G.01-BD-053110(5/31/2010)
Copper 15 - 15 100 6.2 - 11.4 – - – KIF-CRM2.5.BH328_TS.N.G.02-BD-052810(5/28/2010)
Iron 15 - 15 100 132 - 327 – - – KIF-CRM2.5.BH336_TS.N.G.03-BD-053110(5/31/2010)
Lead 2 - 15 13.3 0.096 - 0.31 0.077 - 0.11 KIF-CRM2.5.BH325_TS.N.G.01-BD-052810(5/28/2010)
Magnesium 15 - 15 100 827 - 1170 – - – KIF-CRM2.5.BH332_TS.N.G.03-BD-060110(6/1/2010)
Manganese 15 - 15 100 2 - 9.6 – - – KIF-CRM2.5.BH332_TS.N.G.03-BD-060110(6/1/2010)
Mercury 15 - 15 100 0.064 - 0.15 – - – KIF-CRM2.5.BH327_TS.N.G.01-BD-053110(5/31/2010)
Molybdenum 14 - 15 93.3 0.11 - 0.31 0.21 - 0.21 KIF-CRM2.5.BH328_TS.N.G.02-BD-052810(5/28/2010)
Nickel 2 - 15 13.3 0.6 - 0.77 0.27 - 0.37 KIF-CRM2.5.BH328_TS.N.G.02-BD-052810(5/28/2010)
Potassium 15 - 15 100 7100 - 9370 – - – KIF-CRM2.5.BH350_TS.N.G.01-BD-060210(6/2/2010)
Selenium 15 - 15 100 2.2 - 3.7 – - – KIF-CRM2.5.BH327_TS.N.G.01-BD-053110(5/31/2010)
Silver 1 - 15 6.67 0.0097 - 0.0097 0.008 - 0.011 KIF-CRM2.5.BH325_TS.N.G.01-BD-052810(5/28/2010)
Sodium 15 - 15 100 3680 - 6380 – - – KIF-CRM2.5.BH336_TS.N.G.03-BD-053110(5/31/2010)
Strontium 15 - 15 100 5.6 - 17.7 – - – KIF-CRM2.5.BH332_TS.N.G.03-BD-060110(6/1/2010)
Thallium 0 - 15 0 – - – 0.038 - 0.07 –
Vanadium 0 - 15 0 – - – 0.13 - 0.17 –
Zinc 15 - 15 100 82 - 161 – - – KIF-CRM2.5.BH336_TS.N.G.03-BD-053110(5/31/2010)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

(mg/kg dw) (mg/kg dw)

Frequency of Detection (FOD) [a]

Table C-4
Tree Swallow Nestling Dataset

Impacted Site - Clinch River Mile 2.5 - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Number of Detects / 
Number of Samples

Detected                
Concentrations

Detection Limits

Location of Maximum Detection



Constituent FOD

% Min Max Min Max

Aluminum 0 - 11 0 – - – 62 - 89.1 –
Antimony 0 - 11 0 – - – 0.25 - 0.36 –
Arsenic 0 - 11 0 – - – 0.25 - 0.36 –
Barium 11 - 11 100 0.45 - 11.7 – - – KIF-FARM08-TS.N.01-BD-060109(6/1/2009)
Beryllium 0 - 11 0 – - – 0.25 - 0.36 –
Boron 0 - 11 0 – - – 5 - 7.1 –
Cadmium 0 - 11 0 – - – 0.25 - 0.36 –
Calcium 11 - 11 100 3920 - 24800 – - – KIF-FARM08-TS.N.01-BD-060109(6/1/2009)
Chromium 1 - 11 9.09 0.48 - 0.48 0.27 - 0.83 KIF-FARM02-TS.N.01-BD-060809(6/8/2009)
Cobalt 0 - 11 0 – - – 0.25 - 0.36 –
Copper 11 - 11 100 5.5 - 10.8 – - – KIF-FARM10-TS.N.01-BD-060109(6/1/2009)
Iron 11 - 11 100 167 - 264 – - – KIF-FARM10-TS.N.01-BD-060109(6/1/2009)
Lead 0 - 11 0 – - – 0.25 - 0.36 –
Magnesium 11 - 11 100 510 - 1150 – - – KIF-FARM07-TS.N.01-BD-060409(6/4/2009)
Manganese 8 - 11 72.7 1.8 - 6.1 1.6 - 6.4 KIF-FARM10-TS.N.01-BD-060109(6/1/2009)
Mercury 1 - 11 9.09 0.061 - 0.061 0.07 - 0.11 KIF-FARM05-TS.N.01-BD-072409(7/24/2009)
Molybdenum 0 - 11 0 – - – 2.5 - 3.6 –
Nickel 1 - 11 9.09 1.8 - 1.8 0.25 - 0.36 KIF-FARM10-TS.N.01-BD-060109(6/1/2009)
Potassium 11 - 11 100 4960 - 9090 – - – KIF-FARM10-TS.N.01-BD-060109(6/1/2009)
Selenium 11 - 11 100 2.3 - 4.1 – - – KIF-FARM07-TS.N.01-BD-060409(6/4/2009)
Silver 0 - 11 0 – - – 0.12 - 0.18 –
Sodium 11 - 11 100 2310 - 4930 – - – KIF-FARM07-TS.N.01-BD-060409(6/4/2009)
Strontium 11 - 11 100 2 - 19.1 – - – KIF-FARM08-TS.N.01-BD-060109(6/1/2009)
Thallium 0 - 11 0 – - – 0.25 - 0.36 –
Vanadium 0 - 11 0 – - – 0.5 - 0.71 –
Zinc 11 - 11 100 54.7 - 123 – - – KIF-FARM07-TS.N.01-BD-060409(6/4/2009)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Table C-5
Tree Swallow Nestling Dataset

Impacted Site - Emory River Mile 3.5 - 2009
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Number of Detects / 
Number of Samples

Detected Concentrations Detection Limits

Location of Maximum Detection
(mg/kg dw) (mg/kg dw)

Frequency of Detection (FOD) [a]



Constituent FOD

% Min Max Min Max

Aluminum 0 - 10 0 – - – 11.2 - 14.6 –
Antimony 0 - 10 0 – - – 0.04 - 0.053 –
Arsenic 3 - 10 30 0.089 - 0.12 0.079 - 0.2 KIF-ERM3.5.BH041_TS.N.G.01-BD-061510(6/15/2010)
Barium 10 - 10 100 1.6 - 6.2 – - – KIF-ERM3.5.BH050_TS.N.G.01-BD-052810(5/28/2010)
Beryllium 0 - 10 0 – - – 0.083 - 0.11 –
Boron 0 - 10 0 – - – 1.2 - 1.5 –
Cadmium 9 - 10 90 0.027 - 0.17 0.049 - 0.049 KIF-ERM3.5.BH037_TS.N.G.02-BD-061310(6/13/2010)
Calcium 10 - 10 100 9600 - 42600 – - – KIF-ERM3.5.BH039_TS.N.G.01-BD-060610(6/6/2010)
Chromium 3 - 10 30 0.46 - 0.99 0.36 - 0.46 KIF-ERM3.5.BH049.TS.N.G.01-BD-062810(6/28/2010)
Cobalt 0 - 10 0 – - – 0.039 - 0.052 –
Copper 10 - 10 100 5.9 - 11.2 – - – KIF-ERM3.5.BH049.TS.N.G.01-BD-062810(6/28/2010)
Iron 10 - 10 100 162 - 267 – - – KIF-ERM3.5.BH040_TS.N.G.01-BD-062510(6/25/2010)
Lead 1 - 10 10 0.12 - 0.12 0.078 - 0.1 KIF-ERM3.5.BH036_TS.N.G.01-BD-061310(6/13/2010)
Magnesium 10 - 10 100 833 - 1540 – - – KIF-ERM3.5.BH042_TS.N.G.01-BD-060910(6/9/2010)
Manganese 10 - 10 100 2.1 - 14.7 – - – KIF-ERM3.5.BH036_TS.N.G.01-BD-061310(6/13/2010)

Mercury 10 - 10 100 0.064 - 0.12 – - – KIF-ERM3.5.BH042_TS.N.G.01-BD-060910(6/9/2010),KIF-
ERM3.5.BH037_TS.N.G.02-BD-061310(6/13/2010)

Molybdenum 10 - 10 100 0.15 - 0.28 – - – KIF-ERM3.5.BH040_TS.N.G.01-BD-062510(6/25/2010)
Nickel 2 - 10 20 0.43 - 0.54 0.27 - 0.36 KIF-ERM3.5.BH049.TS.N.G.01-BD-062810(6/28/2010)
Potassium 10 - 10 100 7760 - 10400 – - – KIF-ERM3.5.BH042_TS.N.G.01-BD-060910(6/9/2010)
Selenium 10 - 10 100 2.6 - 4.3 – - – KIF-ERM3.5.BH049.TS.N.G.01-BD-062810(6/28/2010)
Silver 2 - 10 20 0.017 - 0.042 0.0085 - 0.023 KIF-ERM3.5.BH036_TS.N.G.01-BD-061310(6/13/2010)
Sodium 10 - 10 100 3860 - 5900 – - – KIF-ERM3.5.BH042_TS.N.G.01-BD-060910(6/9/2010)
Strontium 10 - 10 100 7.3 - 17.4 – - – KIF-ERM3.5.BH050_TS.N.G.01-BD-052810(5/28/2010)
Thallium 0 - 10 0 – - – 0.041 - 0.05 –
Vanadium 1 - 10 10 0.17 - 0.17 0.13 - 0.33 KIF-ERM3.5.BH049.TS.N.G.01-BD-062810(6/28/2010)
Zinc 10 - 10 100 88.1 - 124 – - – KIF-ERM3.5.BH042_TS.N.G.01-BD-060910(6/9/2010)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

(mg/kg dw) (mg/kg dw)

Frequency of Detection (FOD) [a]

Table C-6
Tree Swallow Nestling Dataset

Impacted Site - Emory River Mile 3.5 - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Number of Detects / 
Number of Samples

Detected Concentrations Detection Limits

Location of Maximum Detection



Table C-7
Tree Swallow Nestling Dataset

Impacted Site - Emory River Mile 3.0 - 2009
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Constituent FOD

% Min Max Min Max

Aluminum 0 - 9 0 – - – 72 - 96.3 –
Antimony 0 - 9 0 – - – 0.29 - 0.39 –
Arsenic 0 - 9 0 – - – 0.29 - 0.39 –
Barium 9 - 9 100 2.193 - 56.2 – - – KIF-RESIDENTIAL07-TS.N.01-BD-060109(6/1/2009)
Beryllium 0 - 9 0 – - – 0.29 - 0.39 –
Boron 0 - 9 0 – - – 5.8 - 7.7 –
Cadmium 0 - 9 0 – - – 0.29 - 0.39 –
Calcium 9 - 9 100 6067 - 44200 – - – KIF-RESIDENTIAL05-TS.N.01-BD-060409(6/4/2009)
Chromium 0 - 9 0 – - – 0.2924 - 0.53 –
Cobalt 0 - 9 0 – - – 0.29 - 0.39 –
Copper 9 - 9 100 5.5 - 10.4 – - – KIF-RESIDENTIAL10-TS.N.01-BD-052809(5/28/2009)
Iron 9 - 9 100 166.9 - 287 – - – KIF-RESIDENTIAL01-TS.N.01-BD-060409(6/4/2009)
Lead 0 - 9 0 – - – 0.29 - 0.39 –
Magnesium 9 - 9 100 603 - 1470 – - – KIF-RESIDENTIAL05-TS.N.01-BD-060409(6/4/2009)
Manganese 9 - 9 100 1.827 - 47.6 – - – KIF-RESIDENTIAL07-TS.N.01-BD-060109(6/1/2009)
Mercury 2 - 9 22.2 0.076 - 0.1182 0.068 - 0.11 KIF-RESIDENTIAL08-TS.N.01-BD-062509(6/25/2009)
Molybdenum 0 - 9 0 – - – 2.9 - 3.9 –
Nickel 0 - 9 0 – - – 0.29 - 0.39 –
Potassium 9 - 9 100 5830 - 9600 – - – KIF-RESIDENTIAL10-TS.N.01-BD-052809(5/28/2009)
Selenium 9 - 9 100 3 - 4.1 – - – KIF-RESIDENTIAL01-TS.N.01-BD-060409(6/4/2009)
Silver 0 - 9 0 – - – 0.14 - 0.19 –
Sodium 9 - 9 100 3120 - 5200 – - – KIF-RESIDENTIAL05-TS.N.01-BD-060409(6/4/2009)
Strontium 9 - 9 100 3.533 - 47.7 – - – KIF-RESIDENTIAL07-TS.N.01-BD-060109(6/1/2009)
Thallium 0 - 9 0 – - – 0.29 - 0.39 –
Vanadium 0 - 9 0 – - – 0.58 - 0.77 –
Zinc 9 - 9 100 90.75 - 125 – - – KIF-RESIDENTIAL10-TS.N.01-BD-052809(5/28/2009)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

Number of Detects / 
Number of Samples

Detected Concentrations Detection Limits

Location of Maximum Detection(mg/kg dw) (mg/kg dw)

Frequency of Detection (FOD) [a]



Constituent FOD

% Min Max Min Max

Aluminum 1 - 15 6.67 13.2 - 13.2 11.1 - 14.3 KIF-ERM3.0.BH186_TS.N.G.01-BD-052710(5/27/2010)
Antimony 0 - 15 0 – - – 0.04 - 0.052 –
Arsenic 0 - 15 0 – - – 0.078 - 0.1 –
Barium 15 - 15 100 2.1 - 17.7 – - – KIF-ERM3.0.BH188_TS.N.G.01-BD-052410(5/24/2010)
Beryllium 0 - 15 0 – - – 0.082 - 0.21 –
Boron 1 - 15 6.67 1.3 - 1.3 0.4 - 1.5 KIF-ERM3.0.BH186_TS.N.G.01-BD-052710(5/27/2010)
Cadmium 13 - 15 86.7 0.024 - 0.1 0.023 - 0.045 KIF-ERM3.0.BH162_TS.N.G.01-BD-052610(5/26/2010)
Calcium 15 - 15 100 2810 - 37200 – - – KIF-ERM3.0.BH171_TS.N.G.02-BD-060210(6/2/2010)
Chromium 1 - 15 6.67 1.4 - 1.4 0.35 - 0.45 KIF-ERM3.0.BH173_TS.N.G.04-BD-060210(6/2/2010)
Cobalt 0 - 15 0 – - – 0.039 - 0.05 –
Copper 15 - 15 100 6.6 - 12.7 – - – KIF-ERM3.0.BH162_TS.N.G.01-BD-052610(5/26/2010)
Iron 15 - 15 100 143 - 264 – - – KIF-ERM3.0.BH171_TS.N.G.02-BD-060210(6/2/2010)
Lead 1 - 15 6.67 0.11 - 0.11 0.077 - 0.1 KIF-ERM3.0.BH188_TS.N.G.01-BD-052410(5/24/2010)
Magnesium 15 - 15 100 756 - 1500 – - – KIF-ERM3.0.BH171_TS.N.G.02-BD-060210(6/2/2010)
Manganese 15 - 15 100 2.3 - 9.2 – - – KIF-ERM3.0.BH189_TS.N.G.06-BD-060210(6/2/2010)

Mercury 15 - 15 100 0.055 - 0.12 – - – KIF-ERM3.0.BH162_TS.N.G.01-BD-052610(5/26/2010),KIF-
ERM3.0.BH185_TS.N.G.01-BD-060310(6/3/2010)

Molybdenum 7 - 15 46.7 0.16 - 0.24 0.13 - 0.22 KIF-ERM3.0.BH162_TS.N.G.01-BD-052610(5/26/2010)
Nickel 2 - 15 13.3 0.34 - 0.58 0.28 - 0.35 KIF-ERM3.0.BH173_TS.N.G.04-BD-060210(6/2/2010)
Potassium 15 - 15 100 6960 - 10200 – - – KIF-ERM3.0.BH162_TS.N.G.01-BD-052610(5/26/2010)
Selenium 15 - 15 100 2.8 - 4.4 – - – KIF-ERM3.0.BH162_TS.N.G.01-BD-052610(5/26/2010)
Silver 0 - 15 0 – - – 0.008 - 0.031 –
Sodium 15 - 15 100 3160 - 5570 – - – KIF-ERM3.0.BH162_TS.N.G.01-BD-052610(5/26/2010)
Strontium 15 - 15 100 4.3 - 36.2 – - – KIF-ERM3.0.BH188_TS.N.G.01-BD-052410(5/24/2010)
Thallium 0 - 15 0 – - – 0.038 - 0.049 –
Vanadium 0 - 15 0 – - – 0.13 - 0.29 –
Zinc 15 - 15 100 82 - 158 – - – KIF-ERM3.0.BH162_TS.N.G.01-BD-052610(5/26/2010)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

(mg/kg dw) (mg/kg dw)

Frequency of Detection (FOD) [a]

Table C-8
Tree Swallow Nestling Dataset

Impacted Site - Emory River Mile 3.0 - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Number of Detects / 
Number of Samples

Detected 
Concentrations

Detection Limits

Location of Maximum Detection



Table C-9
Tree Swallow Nestling Dataset

Positive Control - Melton Hill Dam - 2009
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Constituent FOD

% Min Max Min Max

Aluminum 0 - 9 0 – - – 61.1 - 81.3 –
Antimony 0 - 9 0 – - – 0.24 - 0.33 –
Arsenic 0 - 9 0 – - – 0.24 - 0.33 –
Barium 9 - 9 100 1 - 4.9 – - – KIF-MHD25-TS.N.01-BD-052809(5/28/2009)
Beryllium 0 - 9 0 – - – 0.24 - 0.33 –
Boron 0 - 9 0 – - – 4.9 - 6.5 –
Cadmium 0 - 9 0 – - – 0.24 - 0.33 –
Calcium 9 - 9 100 4970 - 25000 – - – KIF-MHD02-TS.N.01-BD-052809(5/28/2009)
Chromium 0 - 9 0 – - – 0.24 - 0.71 –
Cobalt 0 - 9 0 – - – 0.24 - 0.33 –
Copper 9 - 9 100 5.2 - 10 – - – KIF-MHD02-TS.N.01-BD-052809(5/28/2009)
Iron 9 - 9 100 144 - 315 – - – KIF-MHD02-TS.N.01-BD-052809(5/28/2009)
Lead 0 - 9 0 – - – 0.24 - 0.33 –
Magnesium 9 - 9 100 518 - 985 – - – KIF-MHD02-TS.N.01-BD-052809(5/28/2009)
Manganese 9 - 9 100 1.5 - 3.4 – - – KIF-MHD25-TS.N.01-BD-052809(5/28/2009)
Mercury 1 - 9 11.1 0.056 - 0.056 0.05 - 0.065 KIF-MHD03-TS.N.01-BD-071609(7/16/2009)
Molybdenum 0 - 9 0 – - – 2.4 - 3.3 –
Nickel 0 - 9 0 – - – 0.24 - 0.46 –
Potassium 9 - 9 100 5170 - 8570 – - – KIF-MHD02-TS.N.01-BD-052809(5/28/2009)
Selenium 9 - 9 100 3.3 - 9 – - – KIF-MHD02-TS.N.01-BD-052809(5/28/2009)
Silver 0 - 9 0 – - – 0.12 - 0.16 –
Sodium 9 - 9 100 2590 - 3570 – - – KIF-MHD24-TS.N.01-BD-052809(5/28/2009)
Strontium 9 - 9 100 3 - 11.2 – - – KIF-MHD02-TS.N.01-BD-052809(5/28/2009)
Thallium 0 - 9 0 – - – 0.24 - 0.33 –
Vanadium 0 - 9 0 – - – 0.49 - 0.65 –
Zinc 9 - 9 100 64.1 - 98.6 – - – KIF-MHD12-TS.N.01-BD-060109(6/1/2009)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

(mg/kg dw)

Frequency of Detection (FOD) [a]

Number of Detects / 
Number of Samples

Detected                  
Concentrations

Detection Limits

Location of Maximum Detection(mg/kg dw)



Table C-10
Tree Swallow Nestling Dataset

Positive Control - Melton Hill Dam - 2010
Tennessee Valley Authority (TVA)
Kingston Ash Recovery Project

Constituent FOD

% Min Max Min Max

Aluminum 0 - 15 0 – - – 10.7 - 15.1 –
Antimony 0 - 15 0 – - – 0.039 - 0.054 –
Arsenic 2 - 15 13.3 0.11 - 0.15 0.075 - 0.19 KIF-MHD.BH082_TS.N.G.01-BD-061610(6/16/2010)
Barium 15 - 15 100 1.7 - 8.7 – - – KIF-MHD.BH059_TS.N.G.02-BD-060210(6/2/2010)
Beryllium 0 - 15 0 – - – 0.079 - 0.11 –
Boron 0 - 15 0 – - – 1.1 - 1.6 –
Cadmium 14 - 15 93.3 0.041 - 0.18 0.024 - 0.024 KIF-MHD.BH082_TS.N.G.01-BD-061610(6/16/2010)
Calcium 15 - 15 100 7470 - 22800 – - – KIF-MHD.BH059_TS.N.G.02-BD-060210(6/2/2010)
Chromium 4 - 15 26.7 0.48 - 4.1 0.34 - 0.43 KIF-MHD.BH083_TS.N.G.01-BD-060810(6/8/2010)
Cobalt 2 - 15 13.3 0.047 - 0.052 0.037 - 0.053 KIF-MHD.BH085_TS.N.G.01-BD-061410(6/14/2010)
Copper 15 - 15 100 5.9 - 10.7 – - – KIF-MHD.BH083_TS.N.G.01-BD-060810(6/8/2010)
Iron 15 - 15 100 180 - 308 – - – KIF-MHD.BH083_TS.N.G.01-BD-060810(6/8/2010)
Lead 0 - 15 0 – - – 0.074 - 0.1 –
Magnesium 15 - 15 100 734 - 1640 – - – KIF-MHD.BH083_TS.N.G.01-BD-060810(6/8/2010)
Manganese 15 - 15 100 1.6 - 7 – - – KIF-MHD.BH059_TS.N.G.02-BD-060210(6/2/2010)
Mercury 14 - 15 93.3 0.02 - 0.081 0.036 - 0.036 KIF-MHD.BH084_TS.N.G.02-BD-052810(5/28/2010)
Molybdenum 10 - 15 66.7 0.18 - 0.34 0.11 - 0.19 KIF-MHD.BH082_TS.N.G.01-BD-061610(6/16/2010)
Nickel 3 - 15 20 0.28 - 1.9 0.26 - 0.33 KIF-MHD.BH083_TS.N.G.01-BD-060810(6/8/2010)
Potassium 15 - 15 100 6130 - 10200 – - – KIF-MHD.BH085_TS.N.G.01-BD-061410(6/14/2010)
Selenium 15 - 15 100 1.6 - 8.5 – - – KIF-MHD.BH083_TS.N.G.01-BD-060810(6/8/2010)
Silver 1 - 15 6.67 0.009 - 0.009 0.0077 - 0.013 KIF-MHD.BH084_TS.N.G.02-BD-052810(5/28/2010)
Sodium 15 - 15 100 3410 - 5270 – - – KIF-MHD.BH082_TS.N.G.01-BD-061610(6/16/2010)
Strontium 15 - 15 100 2.2 - 10.6 – - – KIF-MHD.BH059_TS.N.G.02-BD-060210(6/2/2010)
Thallium 0 - 15 0 – - – 0.037 - 0.12 –
Vanadium 2 - 15 13.3 0.35 - 1.1 0.12 - 0.3 KIF-MHD.BH083_TS.N.G.01-BD-060810(6/8/2010)
Zinc 15 - 15 100 49.9 - 127 – - – KIF-MHD.BH082_TS.N.G.01-BD-061610(6/16/2010)

– - Not detected/ not analyzed/ not applicable.
mg/kg dw - Milligram per kilogram dry weight.

[a] - Frequency of detection (FOD) = number of detects / total number of samples analyzed.

(mg/kg dw)

Frequency of Detection (FOD) [a]

Number of Detects / 
Number of Samples

Detected                  
Concentrations

Detection Limits

Location of Maximum Detection
(mg/kg dw)
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Appendix E 

110930-TNTVA-RPT-406  

  

Tree Swallow Eggshell 2010 

Sample Results



Table E-1. Tree Swallow Eggshell 2010 Sample Results, Composite Reference Sites1 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID: KIF-FLD.BH097_TS.V.G.04-BD-050410 KIF-FLD.BH097_TS.V.G.01-BD-051110 KIF-TLD.BH119_TS.V.G.05-BD-050410 KIF-TLD.BH120_TS.V.G.04-BD-050410
Analyte Sample Date: 5/4/2010 5/11/2010 5/4/2010 5/4/2010
Aluminum <8.144 <16.49 <17.22 <12.27
Antimony <0.0299 <0.05979 <0.06186 <0.04433
Arsenic 0.06907 J <0.2268 <0.2371 <0.1753
Barium 11.24 8.866 16.7 10.21
Beryllium <0.1237 <0.2474 <0.2577 <0.1856
Boron <0.8454 <1.753 <1.753 <1.237
Cadmium <0.03093 <0.06392 <0.06701 <0.04742
Calcium 129897 95464 186598 160825
Chromium <0.2577 <0.5258 <0.5464 0.7938 J
Cobalt <0.02887 <0.05773 <0.06082 <0.0433
Copper 0.7423 J 0.9794 J 2.165 1.134 J
Iron 33.09 J <49.59 <51.96 <36.8
Lead <0.0567 <0.1134 <0.1237 <0.08557
Magnesium 511.3 429.9 742.3 687.6
Manganese 0.8247 J 1.959 1.856 J 1.134 J
Mercury <0.02371 <0.04742 <0.04948 <0.03505
m <0.07113 <0.1443 <0.1546 <0.1031
Nickel <0.1959 <0.4021 <0.4227 0.3918 J
Potassium <1474 <2969 <3113 <2206
Selenium 0.6289 0.6186 J 0.4021 J 0.3918 J
Silver <0.005876 <0.01237 <0.01237 <0.008866
Sodium 1412 1371 2124 1433
Strontium 84.12 58.76 86.19 80.62
Thallium <0.02784 <0.0567 <0.05979 <0.04227
Vanadium <0.1856 <0.3711 <0.3918 <0.2784
Zinc 16.91 18.25 J <9.381 8.66 J
1 Composite reference site comprised of samples from Fort Loudoun Dam, Tellico Dam, and upstream Tennessee River Miles 569.5 and 571.5.

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.



Table E-2. Tree Swallow Eggshell 2010 Sample Results, Tennessee River Mile 566 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID: KIF-TRM566.0.BH461_TS.V.G.02-BD-051110 KIF-TRM566.0.BH464_TS.V.G.03-BD-051110
Analyte Sample Date: 5/11/2010 5/11/2010
Aluminum <14.85 <10.62
Antimony <0.05361 <0.03814
Arsenic 0.1031 J <0.1443
Barium 41.24 100.2
Beryllium <0.2268 <0.1546
Boron <1.546 <1.134
Cadmium <0.05773 <0.04124
Calcium 174227 165979
Chromium <0.4742 <0.3402
Cobalt <0.05258 <0.03711
Copper 1.134 J 1.34
Iron <44.74 <31.86
Lead <0.1031 <0.07423
Magnesium 668 653.6
Manganese 2.268 1.237
Mercury <0.0433 <0.03093
m <0.134 <0.09278
Nickel <0.3608 <0.2577
Potassium <2680 <1918
Selenium 0.4124 J 0.268 J
Silver <0.01031 <0.007629
Sodium 1309 1588
Strontium 126.8 123.7
Thallium <0.05155 <0.03608
Vanadium <0.3402 <0.2371
Zinc 10.31 J <5.773

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.



Table E-3. Tree Swallow Eggshell 2010 Sample Results, Emory River Mile 3.0 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-
ERM3.0.BH171_TS.V

.G.11-BD-050510

KIF-
ERM3.0.BH172_TS.V

.G.10-BD-050510

KIF-
ERM3.0.BH173_TS.V

.G.09-BD-050510

KIF-
ERM3.0.BH174_TS.V

.G.08-BD-050510

KIF-
ERM3.0.BH178_TS.V

.G.06-BD-050510

KIF-
ERM3.0.BH293_TS.V

.G.01-BD-051210

KIF-
ERM3.0.BH310_TS.V

.G.04-BD-051210
Analyte Sample Date: 5/5/2010 5/5/2010 5/5/2010 5/5/2010 5/5/2010 5/12/2010 5/12/2010
Aluminum <10 <8.247 <6.804 <9.691 <13.61 <11.34 <6.289
Antimony <0.03608 <0.0299 <0.02474 <0.03505 <0.04948 <0.04124 <0.02268
Arsenic 0.08144 J <0.1134 0.0567 J 0.07216 J 0.09588 J <0.1546 0.06392 J
Barium 11.03 14.12 6.598 15.15 22.68 5.258 20
Beryllium <0.1443 <0.1237 <0.1031 <0.1443 <0.2062 <0.1649 <0.09381
Boron <1.031 <0.8557 <0.701 <1 <1.443 <1.134 <0.6495
Cadmium <0.03814 <0.03196 <0.02577 <0.03711 <0.05258 <0.04433 <0.02474
Calcium 152577 110309 101443 128866 196907 123711 107216
Chromium <0.3196 <0.2577 <0.2165 <0.3093 <0.433 <0.3608 <0.1959
Cobalt <0.03505 <0.02887 <0.02371 <0.03402 <0.04742 <0.04021 <0.02268
Copper 0.8247 J 1.134 0.9072 0.8247 J 0.9588 J 1.237 J 0.8454
Iron <30.1 <24.74 <20.52 <29.18 <41.03 <34.23 <18.97
Lead <0.0701 <0.05773 <0.04742 <0.06701 <0.09485 <0.07938 <0.04433
Magnesium 489.7 421.6 391.8 467 712.4 625.8 363.9
Manganese 0.9794 J 0.3814 J 0.732 J 0.5979 J 1.443 J 0.6082 J 0.2887 J
Mercury <0.02887 0.03299 J 0.02887 J 0.02784 J <0.03918 0.04124 J 0.0299
m <0.08763 <0.07216 <0.05979 <0.08557 <0.1237 <0.1 <0.05567
Nickel <0.2474 <0.1959 <0.1649 <0.2371 <0.3299 <0.2784 <0.1546
Potassium <1804 <1485 1402 J <1753 <2464 <2052 1340 J
Selenium 0.3608 J 0.3608 J 0.299 J 0.3814 J 0.4021 J 0.5979 0.2887 J
Silver <0.007216 <0.005979 <0.004948 <0.00701 <0.009897 <0.008247 <0.004536
Sodium 1381 1536 1598 1536 1247 1454 1474
Strontium 96.19 147.4 64.02 92.89 130.9 62.16 119.6
Thallium <0.05979 <0.04845 <0.0268 <0.03299 <0.04742 <0.03918 <0.05979
Vanadium <0.2268 <0.1856 <0.1546 <0.2165 <0.3093 <0.2577 <0.1443
Zinc <5.464 <4.433 <3.711 <5.258 <7.423 <6.186 <3.402

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.



Table E-4. Tree Swallow Eggshell 2010 Sample Results, Embayments1 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID: KIF-EEMBAY.BH197_TS.V.G.03-BD-050510 KIF-EEMBAY.BH208_TS.V.G.01-BD-050510 KIF-NEMBAY.BH243_TS.V.G.01-BD-051110 KIF-WEMBAY.BH268_TS.V.G.01-BD-050610
Analyte Sample Date: 5/5/2010 5/5/2010 5/11/2010 5/6/2010
Aluminum <11.65 <13.3 <18.97 <13.71
Antimony <0.04227 <0.04845 <0.06804 <0.04948
Arsenic 0.09588 J <0.1856 <0.268 0.1031 J
Barium 21.44 9.072 18.66 38.56
Beryllium <0.1753 <0.1959 <0.2784 <0.2062
Boron <1.237 <1.34 <1.959 <1.443
Cadmium <0.04433 <0.05155 <0.0732 <0.05258
Calcium 169072 151546 174227 208247
Chromium <0.3711 <0.4227 <0.5979 <0.433
Cobalt <0.04124 <0.04639 <0.06701 <0.04845
Copper 0.7526 J 0.866 J 1.443 J 1.134 J
Iron <35.05 <40 <57.01 <41.34
Lead <0.08144 <0.09278 <0.134 <0.09588
Magnesium 709.3 595.9 826.8 584.5
Manganese 1.649 0.8866 J <0.8041 1.134 J
Mercury <0.03402 <0.03814 <0.05464 <0.03918
m <0.1021 <0.1134 <0.1649 <0.1237
Nickel <0.2887 <0.3196 <0.4639 <0.3299
Potassium <2103 <2402 <3423 <2474
Selenium 0.3918 J 0.4536 J 0 U 0.3505 J
Silver <0.008454 <0.009588 <0.0134 <0.009897
Sodium 1474 1443 1701 1443
Strontium 114.4 87.11 114.4 176.3
Thallium <0.04948 <0.04536 <0.06495 <0.1443
Vanadium <0.268 <0.299 <0.433 <0.3093
Zinc <6.289 <7.216 <10.31 <7.423
1 Embayment site comprised of samples from the East, West, and North Embayments.

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.



Table E-5. Tree Swallow Eggshell 2010 Sample Results, Melton Hill Dam (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID: KIF-MHD.BH061_TS.V.G.06-BD-050410 KIF-MHD.BH063_TS.V.G.07-BD-050410 KIF-MHD.BH079_TS.V.G.10-BD-050410
Analyte Sample Date: 5/4/2010 5/4/2010 5/4/2010
Aluminum <10.62 <7.835 <9.175
Antimony <0.03814 <0.02784 <0.03299
Arsenic 0.0866 J <0.1134 0.08351 J
Barium 8.763 20.62 32.16
Beryllium <0.1546 <0.1134 <0.134
Boron <1.134 <0.8144 <0.9485
Cadmium <0.04124 <0.0299 <0.03505
Calcium 145361 104124 149485
Chromium <0.3402 <0.2474 <0.2887
Cobalt <0.03711 <0.02784 <0.03196
Copper 1.01 J 1.237 0.7113 J
Iron <31.86 <23.61 <27.63
Lead <0.07423 <0.05464 <0.06392
Magnesium 547.4 424.7 548.5
Manganese 0.6804 J 0.4845 J 1.959
Mercury <0.03093 0.02577 J <0.0268
m <0.09278 <0.06907 <0.08041
Nickel <0.2577 <0.1959 <0.2268
Potassium <1918 1423 J <1660
Selenium 0.3608 J 0.3402 J 0.5979
Silver <0.007629 <0.00567 <0.006598
Sodium 1536 1567 1299
Strontium 61.55 52.89 80.41
Thallium <0.05258 <0.03093 <0.03814
Vanadium <0.2371 <0.1753 <0.2062
Zinc <5.773 <4.227 10.21 J

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.



Appendix F 

110930-TNTVA-RPT-406  

  

Tree Swallow Nestling 2009 and 

2010 Sample Results 



Table F-1. Tree Swallow Nestlings 2009 and 2010 Sample Results, Fort Loudoun Dam (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-FLD02-
TS.N.01-BD-

062109

KIF-FLD18-
TS.N.01-BD-

060109

KIF-FLD23-
TS.N.01-BD-

062109

KIF-
FLD.BH110_TS.N
.G.01-BD-060510

KIF-
FLD.BH100_TS.N
.G.01-BD-060710

KIF-
FLD.BH103_TS.N
.G.01-BD-070610

KIF-
FLD.BH097_TS.N
.G.01-BD-070810

KIF-
FLD.BH098_TS.N
.G.01-BD-071210

Analyte Sample Date: 6/21/2009 6/1/2009 6/21/2009 6/5/2010 6/7/2010 7/6/2010 7/8/2010 7/12/2010
Aluminum <78 <67.9 <74.5 <12.9 <12.3 <12.9 <11.4 <14.7
Antimony <0.31 <0.27 <0.3 <0.047 <0.045 <0.047 <0.041 <0.053
Arsenic <0.31 <0.27 <0.3 <0.09 <0.086 <0.09 <0.08 <0.1
Barium 6.9 3.5 1.4 J 3.5 2.2 0.87 J 1.5 J 3.6 J
Beryllium <0.31 <0.27 <0.3 <0.095 <0.091 <0.095 <0.084 <0.11
Boron <6.2 <5.4 <6 <1.3 <1.3 <1.3 <1.2 <1.5
Cadmium <0.31 <0.27 <0.3 0.067 J 0.055 J 0.053 J <0.044 0.03 J
Calcium 20800 22500 11300 9650 11800 8890 19000 27300
Chromium <0.34 <0.33 <0.37 <0.41 <0.39 <0.41 <0.711 <0.919
Cobalt <0.31 <0.27 <0.3 <0.045 <0.043 <0.045 <0.04 <0.052
Copper 11.7 9 6.1 7.9 7.4 6.5 7 8.1
Iron 254 234 177 203 241 216 333 399
Lead <0.31 <0.27 <0.3 <0.09 <0.086 <0.09 <0.079 <0.1
Magnesium 985 886 651 839 844 700 1010 1240
Manganese 7 5.4 2.5 3.3 4.6 2.5 2.9 5.6
Mercury <0.062 <0.054 <0.06 <0.037 <0.036 <0.037 <0.033 <0.042
Molybdenum <3.1 <2.7 <3 0.22 J <0.19 0.19 J 0.23 J 0.29 J
Nickel <0.31 <0.59 <0.3 <0.31 <0.3 <0.31 <0.28 <0.707
Potassium 6450 8110 5170 8370 8040 7340 8970 11400
Selenium 2.6 4.9 1.8 2.6 3.3 1.9 2.5 2
Silver <0.16 <0.14 <0.15 <0.015 <0.0089 0.012 <0.027 <0.035
Sodium 3730 3300 J 2840 4200 3890 3960 4260 6380
Strontium 15 14.4 J 5.9 6.4 J 4.7 3.8 7.4 10.8
Thallium <0.31 <0.27 <0.3 <0.044 <0.042 <0.044 <0.039 <0.051
Vanadium <0.62 <0.54 <0.6 <0.15 <0.28 <0.15 <0.257 <0.33
Zinc 106 90.1 76.1 93.3 94.9 64.5 84.3 113
Nestling Weight (g) 17 21 23 23.477 22.986 22.573 20.644 17.833
Feather Length (cm) 4.476 4.181 4.399 4.262 4.528 4.616 4.168 2.618
Tarsus Length (cm) 1.061 1.118 1.202 1.378 1.224 1.261 1.318 1.125

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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Table F-2. Tree Swallow Nestlings 2009 and 2010 Sample Results, Clinch River Mile 2.5 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-
DISCHARGE02-

TS.N.01-BD-
061409

KIF-
DISCHARGE03-

TS.N.01-BD-
060409

KIF-
DISCHARGE03-

TS.N.02-BD-
071609

KIF-
DISCHARGE04-

TS.N.01-BD-
061409

KIF-
DISCHARGE05-

TS.N.01-BD-
052809

KIF-
DISCHARGE05-

TS.N.02-BD-
071209

KIF-
DISCHARGE06-

TS.N.01-BD-
060109

KIF-
DISCHARGE06-

TS.N.02-BD-
071609

KIF-
DISCHARGE07-

TS.N.01-BD-
061609

Analyte Sample Date: 6/14/2009 6/4/2009 7/16/2009 6/14/2009 5/28/2009 7/12/2009 6/1/2009 7/16/2009 6/16/2009
Aluminum <67.5 <124.2 <62 <75.8 <72.9 <60.1 <75.2 <65.5 <77.9
Antimony <0.27 <0.4848 <0.25 <0.3 <0.29 <0.24 <0.3 <0.26 <0.31
Arsenic <0.27 <0.4848 <0.25 <0.3 <0.29 <0.24 <0.3 <0.26 <0.31
Barium 1.8 23.33 2 1.3 1.6 4.3 J 14.4 1.3 1.2
Beryllium <0.27 <0.4848 <0.25 <0.3 <0.29 <0.24 <0.3 <0.26 <0.31
Boron <5.4 <10 <5 <6.1 <5.8 <4.8 <6 <5.2 <6.2
Cadmium <0.27 <0.4848 <0.25 <0.3 <0.29 <0.24 <0.3 <0.26 <0.31
Calcium 10600 90303 24200 10200 5740 40300 33100 10500 8270
Chromium <0.27 <0.5455 <0.25 <0.69 <0.39 <0.3 <0.48 <0.26 <0.31
Cobalt <0.27 <0.4848 <0.25 <0.3 <0.29 0.86 <0.3 <0.26 <0.31
Copper 5.3 7.879 5.3 6.7 9.9 5.6 7.8 6.6 6.6
Iron 137 264.5 161 163 177 173 167 196 182
Lead <0.27 <0.4848 <0.25 <0.3 <0.29 <0.24 <0.3 <0.26 <0.31
Magnesium 679 1124 858 590 611 816 1350 653 703
Manganese 1.8 17.27 1.9 1.8 1.7 4.1 6.9 2.3 2
Mercury <0.056 0.2303 J 0.064 J <0.079 0.12 J <0.053 <0.06 0.057 J 0.094 J
Molybdenum <2.7 <4.848 <2.5 <3 <2.9 <2.4 <3 <2.6 <3.1
Nickel <0.27 <0.4848 <0.25 <0.41 <0.29 <0.32 1.2 J <0.26 <0.31
Potassium 6410 16576 5990 5410 5980 4730 8360 6440 7290
Selenium 2.8 6.667 2.9 J 3.2 4.5 2.5 3.5 2.9 J 3.6 J
Silver <0.13 <0.2485 <0.12 <0.15 <0.15 <0.12 <0.15 <0.13 <0.16
Sodium 3620 19303 2980 3100 3180 2730 3950 J 2940 3740
Strontium 6.8 J 50.61 J 10.7 6.9 J 3.8 19.1 25.4 J 5.3 4.7
Thallium <0.27 <0.4848 <0.25 <0.3 <0.29 <0.24 <0.3 <0.26 <0.31
Vanadium <0.54 <1 <0.5 <0.61 <0.58 <0.48 <0.6 <0.52 <0.62
Zinc 78.3 149.1 J 86.3 89.1 110 69.3 122 70.8 83.1
Nestling Weight (g) 21 24 21 23 18 25 20 22 20
Feather Length (cm) 4.994 4.26 5.038 4.904 4.947 5.248 4.326 5.268 4.663
Tarsus Length (cm) 1.107 1.24 1.154 1.164 1.047 1.17 1.228 1.156 1.229

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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Table F-2. Tree Swallow Nestlings 2009 and 2010 Sample Results, Clinch River Mile 2.5 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-
DISCHARGE09-

TS.N.01-BD-
060109

KIF-
DISCHARGE09-

TS.N.02-BD-
060109

KIF-
DISCHARGE10-

TS.N.01-BD-
070609

KIF-
CRM2.5.BH334_
TS.N.G.01-BD-

052610

KIF-
CRM2.5.BH325_
TS.N.G.01-BD-

052810

KIF-
CRM2.5.BH328_
TS.N.G.02-BD-

052810

KIF-
CRM2.5.BH339_
TS.N.G.03-BD-

052810

KIF-
CRM2.5.BH342_
TS.N.G.04-BD-

052810

KIF-
CRM2.5.BH327_
TS.N.G.01-BD-

053110
Analyte Sample Date: 6/1/2009 6/1/2009 7/6/2009 5/26/2010 5/28/2010 5/28/2010 5/28/2010 5/28/2010 5/31/2010
Aluminum <73.4 <85.6 <99.1 <11.7 <11.5 <14.3 <15.3 <12 <12.9
Antimony <0.29 <0.34 <0.4 <0.042 <0.041 <0.052 <0.055 <0.043 <0.047
Arsenic <0.29 <0.34 <0.4 <0.082 <0.16 <0.2 <0.21 <0.17 <0.18
Barium 8.6 6.7 2.1 5.7 3.2 3.4 6.1 7.4 5.5
Beryllium <0.29 <0.34 <0.4 <0.175 <0.085 <0.11 <0.11 <0.088 <0.095
Boron <5.9 <6.9 <7.9 <1.2 <1.2 <1.5 <1.6 <1.2 <1.3
Cadmium <0.29 <0.34 <0.4 <0.022 0.07 J 0.062 J 0.045 J 0.031 J 0.076 J
Calcium 17300 15700 15600 22100 14600 9810 15500 15600 17300
Chromium <0.29 <0.44 <0.4 <0.37 <0.36 4.1 0.57 J <0.38 0.58 J
Cobalt <0.29 <0.34 <0.4 <0.041 <0.04 <0.05 <0.054 <0.042 0.05 J
Copper 7.9 9.8 11.7 8.1 9.3 11.4 10 6.5 10
Iron 156 188 200 171 201 J 241 J 208 J 207 J 217 J
Lead <0.29 <0.34 <0.4 <0.082 0.31 <0.1 <0.11 <0.083 <0.09
Magnesium 969 1060 1040 942 880 908 1060 941 1110
Manganese 5.8 12.4 6.5 6.7 4.3 6.2 8.1 3.6 3.7
Mercury <0.07 <0.069 0.086 J 0.064 0.073 0.12 0.11 0.094 0.15
Molybdenum <2.9 <3.4 <4 0.18 J 0.21 J 0.31 J 0.23 J 0.17 J 0.22 J
Nickel <0.29 <0.34 <0.4 <0.29 <0.28 0.77 J <0.37 <0.29 <0.31
Potassium 7030 8880 9400 7420 7700 8220 9070 7350 8890
Selenium 3.4 3.7 4 J 2.6 2.8 3.6 3.6 2.7 3.7
Silver <0.15 <0.17 <0.2 <0.0085 0.0097 J <0.01 <0.011 <0.0087 <0.0093
Sodium 3530 J 4560 J 6060 3890 3880 4600 5770 4100 4460
Strontium 17 J 11.2 J 7.5 15.8 6.7 8.4 12.5 11.5 11
Thallium <0.29 <0.34 <0.4 <0.04 <0.04 <0.049 <0.053 <0.041 <0.044
Vanadium <0.59 <0.69 <0.79 <0.13 <0.13 <0.16 <0.17 <0.14 <0.15
Zinc 107 111 101 95.9 94.6 J 128 J 121 J 106 J 132 J
Nestling Weight (g) 23 24 15 21.314 21.149 19.28 16.059 21.138 20.093
Feather Length (cm) 3.951 4.52 3.279 4.654 4.552 4.334 3.15 4.406 4.693
Tarsus Length (cm) 1.291 1.251 1.039 1.31 1.342 1.302 1.262 1.266 1.248

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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Table F-2. Tree Swallow Nestlings 2009 and 2010 Sample Results, Clinch River Mile 2.5 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-
CRM2.5.BH333_
TS.N.G.02-BD-

053110

KIF-
CRM2.5.BH336_
TS.N.G.03-BD-

053110

KIF-
CRM2.5.BH338_
TS.N.G.04-BD-

053110

KIF-
CRM2.5.BH344_
TS.N.G.05-BD-

053110

KIF-
CRM2.5.BH322_
TS.N.G.01-BD-

060110

KIF-
CRM2.5.BH323_
TS.N.G.02-BD-

060110

KIF-
CRM2.5.BH332_
TS.N.G.03-BD-

060110

KIF-
CRM2.5.BH350_
TS.N.G.01-BD-

060210

KIF-
CRM2.5.BH352_
TS.N.G.01-BD-

060410
Analyte Sample Date: 5/31/2010 5/31/2010 5/31/2010 5/31/2010 6/1/2010 6/1/2010 6/1/2010 6/2/2010 6/4/2010
Aluminum <11.8 <12.2 <11.2 <11.9 <11.4 <11 <14 <14.4 <11.8
Antimony <0.043 <0.044 <0.04 <0.043 <0.041 <0.04 <0.051 <0.052 <0.043
Arsenic <0.17 <0.17 <0.16 <0.17 <0.08 <0.077 <0.098 <0.1 <0.083
Barium 4 3.9 3.4 3.5 2.9 4.9 7.6 5.1 J 4.6
Beryllium <0.087 <0.09 <0.082 <0.088 <0.084 <0.081 <0.1 <0.11 <0.087
Boron <1.2 <1.3 <1.2 <1.2 <1.2 <1.1 <1.5 <1.5 <1.2
Cadmium 0.038 J 0.075 J 0.093 J 0.053 J <0.044 0.044 J 0.041 J 0.087 J 0.047 J
Calcium 11700 23300 12200 12300 14200 19500 24500 15800 10700
Chromium <0.38 <0.39 <0.35 <0.38 <0.36 <0.35 <0.45 <0.46 <0.37
Cobalt <0.042 <0.043 <0.039 <0.042 <0.04 <0.039 <0.049 <0.051 <0.041
Copper 6.5 9.2 6.7 6.9 6.2 11.1 9.3 8.2 7.3
Iron 186 J 327 J 214 J 231 J 159 J 165 J 210 J 222 132 J
Lead <0.082 <0.085 0.096 J <0.083 <0.079 <0.077 <0.098 <0.1 <0.082
Magnesium 827 1140 891 868 899 1040 1170 1060 884
Manganese 4 2.1 4.2 4.5 2 5.5 9.6 5.2 4.6
Mercury 0.089 0.12 0.088 0.11 0.08 0.077 0.072 0.074 0.079
Molybdenum 0.2 J 0.26 J 0.23 J 0.21 J 0.11 J 0.17 J 0.17 J <0.21 0.22 J
Nickel <0.29 0.6 J <0.27 <0.29 <0.28 <0.27 <0.34 <0.35 <0.29
Potassium 7100 8180 7950 7150 7770 8030 8650 9370 8300
Selenium 2.6 3.2 2.9 2.7 2.9 2.6 3.2 2.9 2.2
Silver <0.0085 <0.0088 <0.0081 <0.0086 <0.0082 <0.008 <0.01 <0.01 <0.0085
Sodium 3990 6380 3980 3680 3900 3780 4630 5280 4160
Strontium 9 9.1 5.6 8.1 9.8 11.1 17.7 10.4 8.1
Thallium <0.041 <0.042 <0.038 <0.041 <0.062 <0.057 <0.06 <0.07 <0.041
Vanadium <0.14 <0.14 <0.13 <0.14 <0.13 <0.13 <0.16 <0.16 <0.13
Zinc 98.4 J 161 J 95.7 J 94 J 82 88.6 103 122 98.3
Nestling Weight (g) 21.679 11.935 19.578 18.114 23.068 19.37 20.61 21.624 25.215
Feather Length (cm) 4.383 4.526 4.61 4.977 3.955 5.072 4.72 3.961 4.609
Tarsus Length (cm) 1.367 1.127 1.172 1.212 1.317 1.262 1.381 1.26 1.331

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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Table F-3. Tree Swallow Nestlings 2009 and 2010 Sample Results, Emory River Mile 3.5 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-FARM01-
TS.N.01-BD-

060809

KIF-FARM02-
TS.N.01-BD-

060809

KIF-FARM03-
TS.N.01-BD-

060109

KIF-FARM03-
TS.N.02-BD-

071209

KIF-FARM04-
TS.N.01-BD-

071209

KIF-FARM05-
TS.N.01-BD-

072409

KIF-FARM06-
TS.N.01-BD-

061409

KIF-FARM07-
TS.N.01-BD-

060409

KIF-FARM07-
TS.N.02-BD-

061409

KIF-FARM08-
TS.N.01-BD-

060109

KIF-FARM09-
TS.N.01-BD-

060109
Analyte Sample Date: 6/8/2009 6/8/2009 6/1/2009 7/12/2009 7/12/2009 7/24/2009 6/14/2009 6/4/2009 6/14/2009 6/1/2009 6/1/2009

BIOBD0608Y09a BIOBD0608Y09a BIOBD0601Y09a BIOBD0712Y09a BIOBD0712Y09a BIOBD0724Y09a BIOBD0614Y09a BIOBD0604Y09a BIOBD0604Y09a BIOBD0601Y09a BIOBD0601Y09a
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
N N N N N N N N N N N

Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Analyte Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier
Aluminum <81.8 <68.1 <63.9 <78.9 <62 <75.1 <76.2 <89.1 <74.23 <77.8 <77.8
Antimony <0.33 <0.27 <0.26 <0.32 <0.25 <0.3 <0.3 <0.36 <0.3004 <0.31 <0.31
Arsenic <0.33 <0.27 <0.26 <0.32 <0.25 <0.3 <0.3 <0.36 <0.3004 <0.31 <0.31
Barium 5.1 2.3 4.3 0.45 1.6 J 1.9 5.1 6 13.73 11.7 3.6
Beryllium <0.33 <0.27 <0.26 <0.32 <0.25 <0.3 <0.3 <0.36 <0.3004 <0.31 <0.31
Boron <6.5 <5.4 <5.1 <6.3 <5 <6 <6.1 <7.1 <6.007 <6.2 <6.2
Cadmium <0.33 <0.27 <0.26 <0.32 <0.25 <0.3 <0.3 <0.36 <0.3004 <0.31 <0.31
Calcium 14700 9760 20900 3920 9320 10400 19000 18300 38046 24800 13900
Chromium <0.33 0.48 J <0.27 <0.36 <0.3 <0.3 <0.35 <0.42 <0.3004 <0.34 <0.83
Cobalt <0.33 <0.27 <0.26 <0.32 <0.25 <0.3 <0.3 <0.36 <0.3004 <0.31 <0.31
Copper 8.9 6.7 6.4 6.5 5.5 5.9 6.9 10.5 18.74 7.1 8
Iron 171 202 194 167 177 174 170 205 427.7 184 216
Lead <0.33 <0.27 <0.26 <0.32 <0.25 <0.3 <0.3 <0.36 <0.3004 <0.31 <0.31
Magnesium 966 684 886 510 533 683 887 1150 1816 1070 901
Manganese <6.4 <3.8 2.1 <1.6 2.2 1.8 3.5 5.5 8.439 4.3 4.3
Mercury <0.11 <0.097 <0.092 <0.096 <0.07 0.061 J <0.087 <0.1 0.1716 J <0.073 <0.091
Molybdenum <3.3 <2.7 <2.6 <3.2 <2.5 <3 <3 <3.6 <3.004 <3.1 <3.1
Nickel <0.33 <0.29 <0.26 <0.32 <0.25 <0.3 <0.3 <0.36 <0.3004 <0.31 <0.33
Potassium 7400 5710 6550 5380 4960 6870 6980 7660 13373 7460 7720
Selenium 3 2.6 3.5 2.9 2.5 2.3 J 2.8 4.1 6.865 J 3.5 3.3
Silver <0.16 <0.14 <0.13 <0.16 <0.12 <0.15 <0.15 <0.18 <0.143 <0.16 <0.16
Sodium 4010 2940 2540 J 2850 2310 3520 3510 4930 9040 4020 J 3850 J
Strontium 8.8 4.4 10.7 J 2 6.3 7.2 12.8 J 12.3 J 26.32 19.1 J 7.7 J
Thallium <0.33 <0.27 <0.26 <0.32 <0.25 <0.3 <0.3 <0.36 <0.3004 <0.31 <0.31
Vanadium <0.65 <0.54 <0.51 <0.63 <0.5 <0.6 <0.61 <0.71 <0.6007 <0.62 <0.62
Zinc 106 77.4 88.9 76.3 54.7 70.4 92.9 123 J 200.2 116 98.9
Nestling Weight (g) 21 23 23 25 23 24 22 18 18 24 22
Feather Length (cm) 4.703 5.131 4.683 4.196 5.476 5.118 4.286 4.32 4.32 4.319 3.985
Tarsus Length (cm) 1.112 1.157 1.073 1.027 1.174 1.162 1.107 1.148 1.148 1.124 1.288

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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Table F-3. Tree Swallow Nestlings 2009 and 2010 Sample Results, Emory River Mile 3.5 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-FARM10-
TS.N.01-BD-

060109

KIF-
ERM3.5.BH050_
TS.N.G.01-BD-

052810

KIF-
ERM3.5.BH039_
TS.N.G.01-BD-

060610

KIF-
ERM3.5.BH047_
TS.N.G.02-BD-

060610

KIF-
ERM3.5.BH042_
TS.N.G.01-BD-

060910

KIF-
ERM3.5.BH044_
TS.N.G.01-BD-

061110

KIF-
ERM3.5.BH036_
TS.N.G.01-BD-

061310

KIF-
ERM3.5.BH037_
TS.N.G.02-BD-

061310

KIF-
ERM3.5.BH041_
TS.N.G.01-BD-

061510

KIF-
ERM3.5.BH040_
TS.N.G.01-BD-

062510

KIF-
ERM3.5.BH049.T

S.N.G.01-BD-
062810

Analyte Sample Date: 6/1/2009 5/28/2010 6/6/2010 6/6/2010 6/9/2010 6/11/2010 6/13/2010 6/13/2010 6/15/2010 6/25/2010 6/28/2010
BIOBD0601Y09a BIOBD0528Y10A BIOBD0606Y10A BIOBD0606Y10A BIOBD0609Y10A BIOBD0611Y10A BIOBD0613Y10A BIOBD0613Y10A BIOBD0615Y10A BIOBD0625Y10A BIOBD0628Y10A
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
Bird Tree Swallow 

Nestling
N N N N N N N N N N N

Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Analyte Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier Result / Qualifier
Aluminum <88.9 <13 <11.2 <12.4 <13.6 <13.9 <14.2 <11.8 <11.8 <14.6 <12.4
Antimony <0.36 <0.047 <0.04 <0.045 <0.049 <0.05 <0.051 <0.043 <0.043 <0.053 <0.045
Arsenic <0.36 <0.18 <0.079 <0.087 <0.095 <0.097 <0.1 0.089 J 0.12 J <0.2 0.098 J
Barium 5.9 6.2 4.5 2.8 5.1 2.8 3.6 4.7 4.8 2.6 1.6 J
Beryllium <0.36 <0.096 <0.083 <0.091 <0.1 <0.1 <0.1 <0.087 <0.087 <0.11 <0.091
Boron <7.1 <1.3 <1.2 <1.3 <1.4 <1.4 <1.5 <1.2 <1.2 <1.5 <1.3
Cadmium <0.36 0.055 J 0.027 J 0.13 J <0.049 0.11 J 0.13 J 0.17 J 0.072 J 0.037 J 0.033 J
Calcium 15300 22400 42600 19600 29000 20500 11500 17200 26600 13300 9600
Chromium <0.39 <0.41 <0.36 <0.39 <0.43 0.63 J <0.45 0.46 J <0.37 <0.46 0.99 J
Cobalt <0.36 <0.046 <0.039 <0.044 <0.048 <0.049 <0.05 <0.042 <0.041 <0.052 <0.044
Copper 10.8 7.1 5.9 8.5 7.7 10.3 9.8 8.2 7.3 8.4 11.2
Iron 264 195 J 162 208 209 218 228 211 175 267 250
Lead <0.36 <0.091 <0.078 <0.086 <0.095 <0.097 0.12 J <0.082 <0.082 <0.1 <0.086
Magnesium 1070 1090 1510 1040 1540 1090 1020 1030 1140 981 833
Manganese 6.1 4.1 3.5 3.4 4.7 3 14.7 8.5 2.9 3.5 2.1
Mercury <0.086 0.091 0.064 0.11 0.12 0.091 0.096 0.12 0.11 0.1 0.11
Molybdenum <3.6 0.2 J 0.15 J 0.2 J 0.22 J 0.27 J 0.25 J 0.21 J 0.16 J 0.28 J 0.19 J
Nickel 1.8 <0.32 <0.27 0.43 J <0.33 <0.34 <0.35 <0.29 <0.29 <0.36 0.54 J
Potassium 9090 7760 8320 8450 10400 9400 9060 8340 8440 9360 8790
Selenium 3.8 3.2 2.6 3.6 3.1 3.5 3.1 4.2 2.9 3.9 4.3
Silver <0.18 <0.0094 <0.013 <0.023 <0.0098 <0.01 0.042 J 0.017 J <0.0085 <0.011 <0.009
Sodium 4410 J 4240 4160 4340 5900 4990 4280 3920 4100 4810 3860
Strontium 11.8 J 17.4 16.8 11.2 16 9.6 7.3 10.7 15.4 10.4 8.6
Thallium <0.36 <0.045 <0.05 <0.043 <0.047 <0.048 <0.049 <0.041 <0.041 <0.05 <0.043
Vanadium <0.71 <0.15 <0.13 <0.14 <0.16 <0.16 <0.16 <0.13 <0.13 <0.33 0.17 J
Zinc 110 115 J 114 108 124 106 102 112 88.1 117 94.6
Nestling Weight (g) 22 22.468 20.949 20.349 23.136 22.016 22.372 24.245 21.287 17.132 20.733
Feather Length (cm) 3.809 3.874 4.908 5.34 4.07 3.876 5.784 4.994 4.612 3.889 5.011
Tarsus Length (cm) 1.156 1.471 1.261 1.315 1.177 1.293 1.327 1.313 1.198 1.224 1.124

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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Table F-4. Tree Swallow Nestlings 2009 and 2010 Sample Results, Emory River Mile 3.0 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-
RESIDENTIAL01-

TS.N.01-BD-
060409

KIF-
RESIDENTIAL03-

TS.N.01-BD-
060409

KIF-
RESIDENTIAL04-

TS.N.01-BD-
060409

KIF-
RESIDENTIAL05-

TS.N.01-BD-
060409

KIF-
RESIDENTIAL06-

TS.N.01-BD-
060409

KIF-
RESIDENTIAL07-

TS.N.01-BD-
060109

KIF-
RESIDENTIAL08-

TS.N.01-BD-
062509

KIF-
RESIDENTIAL09-

TS.N.01-BD-
070109

KIF-
RESIDENTIAL10-

TS.N.01-BD-
052809

KIF-
ERM3.0.BH188_
TS.N.G.01-BD-

052410

KIF-
ERM3.0.BH162_
TS.N.G.01-BD-

052610

KIF-
ERM3.0.BH186_
TS.N.G.01-BD-

052710
Analyte Sample Date: 6/4/2009 6/4/2009 6/4/2009 6/4/2009 6/4/2009 6/1/2009 6/25/2009 7/1/2009 5/28/2009 5/24/2010 5/26/2010 5/27/2010
Aluminum <92.9 <73.3 <79.4 <93.3 <72 <76.6 <74.43 <83.5 <96.3 <12.2 <14.3 13.2 J
Antimony <0.37 <0.29 <0.32 <0.37 <0.29 <0.31 <0.2924 <0.33 <0.39 <0.044 <0.052 <0.044
Arsenic <0.37 <0.29 <0.32 <0.37 <0.29 <0.31 <0.2924 <0.33 <0.39 <0.085 <0.1 <0.085
Barium 3 4.9 2.6 8.1 2.7 56.2 2.193 3.4 33.2 17.7 16.4 2.5
Beryllium <0.37 <0.29 <0.32 <0.37 <0.29 <0.31 <0.2924 <0.33 <0.39 <0.18 <0.21 <0.18
Boron <7.4 <5.9 <6.3 <7.5 <5.8 <6.1 <5.969 <6.7 <7.7 <1.3 <1.5 1.3 J
Cadmium <0.37 <0.29 <0.32 <0.37 <0.29 <0.31 <0.2924 <0.33 <0.39 <0.023 0.1 J 0.029 J
Calcium 9170 14800 10600 44200 9050 17900 6067 23700 15700 2810 26600 9530
Chromium <0.4 <0.41 <0.43 <0.38 <0.48 <0.53 <0.2924 <0.33 <0.39 <0.39 <0.45 <0.38
Cobalt <0.37 <0.29 <0.32 <0.37 <0.29 <0.31 <0.2924 <0.33 <0.39 <0.043 <0.05 <0.042
Copper 8.9 6.9 6.5 5.5 6.8 8.4 7.918 7.2 10.4 10.6 12.7 8.1
Iron 287 215 199 170 192 185 166.9 174 222 239 260 214
Lead <0.37 <0.29 <0.32 <0.37 <0.29 <0.31 <0.2924 <0.33 <0.39 0.11 J <0.1 <0.087
Magnesium 883 835 819 1470 674 783 603 1050 1110 1140 1330 761
Manganese 5.9 3.9 3.5 3 3 47.6 1.827 3.7 28.7 4.5 8 3
Mercury <0.11 <0.069 <0.068 <0.075 <0.11 <0.085 0.1182 J 0.076 J <0.077 0.055 J 0.12 0.099
Molybdenum <3.7 <2.9 <3.2 <3.7 <2.9 <3.1 <2.924 <3.3 <3.9 0.18 J 0.24 J 0.17 J
Nickel <0.37 <0.29 <0.32 <0.37 <0.29 <0.36 <0.2924 <0.33 <0.39 <0.3 <0.35 <0.29
Potassium 7930 6680 7210 8720 5830 7150 6298 7270 9600 7630 10200 7070
Selenium 4.1 3.4 3.5 3.2 3.4 3.2 3.533 J 3 3.4 4.1 4.4 3.4
Silver <0.19 <0.15 <0.16 <0.19 <0.14 <0.15 <0.1462 <0.17 <0.19 <0.012 <0.025 <0.0091
Sodium 4710 3630 3930 5200 3320 3120 J 3338 3680 4980 3950 5570 3850
Strontium 7.2 J 15.9 J 9.3 J 24.6 J 7.4 J 47.7 J 3.533 9.2 35.8 36.2 26.8 8.3
Thallium <0.37 <0.29 <0.32 <0.37 <0.29 <0.31 <0.2924 <0.33 <0.39 <0.042 <0.049 <0.042
Vanadium <0.74 <0.59 <0.63 <0.75 <0.58 <0.61 <0.5969 <0.67 <0.77 <0.13 <0.17 <0.14
Zinc 100 J 94.4 J 91.6 J 117 J 91.9 J 94.9 90.75 101 125 101 158 117
Nestling Weight (g) 23 21 28 24 19 20 24 19 23 20.983 14.61 22.525
Feather Length (cm) 4.835 3.919 4.473 4.193 4.706 4.593 5.071 4.176 3.826 4.437 4.493 4.257
Tarsus Length (cm) 1.119 1.246 1.209 1.387 1.227 1.031 1.109 1.099 1.076 1.221 1.315 1.286

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.



Page 2 of  2

Table F-4. Tree Swallow Nestlings 2009 and 2010 Sample Results, Emory River Mile 3.0 (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-
ERM3.0.BH176_
TS.N.G.01-BD-

060110

KIF-
ERM3.0.BH178_
TS.N.G.02-BD-

060110

KIF-
ERM3.0.BH183_
TS.N.G.03-BD-

060110

KIF-
ERM3.0.BH169_
TS.N.G.01-BD-

060210

KIF-
ERM3.0.BH171_
TS.N.G.02-BD-

060210

KIF-
ERM3.0.BH172_
TS.N.G.03-BD-

060210

KIF-
ERM3.0.BH173_
TS.N.G.04-BD-

060210

KIF-
ERM3.0.BH174_
TS.N.G.05-BD-

060210

KIF-
ERM3.0.BH189_
TS.N.G.06-BD-

060210

KIF-
ERM3.0.BH185_
TS.N.G.01-BD-

060310

KIF-
ERM3.0.BH165_
TS.N.G.01-BD-

060410

KIF-
ERM3.0.BH167_
TS.N.G.01-BD-

060710
Analyte Sample Date: 6/1/2010 6/1/2010 6/1/2010 6/2/2010 6/2/2010 6/2/2010 6/2/2010 6/2/2010 6/2/2010 6/3/2010 6/4/2010 6/7/2010
Aluminum <11.1 <11.5 <11.7 <13.1 <14.2 <12 <12.3 <12.2 <11.6 <12.9 <12 <11.6
Antimony <0.04 <0.042 <0.042 <0.047 <0.051 <0.043 <0.045 <0.044 <0.042 <0.047 <0.043 <0.042
Arsenic <0.078 <0.081 <0.082 <0.092 <0.099 <0.084 <0.087 <0.086 <0.081 <0.091 <0.084 <0.082
Barium 3.3 5.1 4.1 3.2 J 8 2.9 J 4.8 J 8 4.8 J 2.1 3 5.4
Beryllium <0.082 <0.085 <0.086 <0.096 <0.1 <0.088 <0.091 <0.09 <0.085 <0.095 <0.088 <0.086
Boron <1.1 <1.2 <1.2 <1.4 <1.5 <1.2 <1.3 <1.3 <1.2 <0.4 <1.2 <1.2
Cadmium 0.03 J 0.045 J <0.045 0.066 J 0.089 J 0.041 J 0.043 J 0.063 J 0.044 J 0.054 J 0.024 J 0.032 J
Calcium 16300 19700 11700 15300 37200 16600 18800 24200 20200 8710 13700 23800
Chromium <0.35 <0.37 <0.37 <0.41 <0.45 <0.38 1.4 J <0.39 <0.37 <0.41 <0.38 <0.37
Cobalt <0.039 <0.041 <0.041 <0.046 <0.05 <0.042 <0.043 <0.043 <0.041 <0.045 <0.042 <0.041
Copper 7.3 7.9 7.3 8.4 8.4 7.5 7.2 8.3 7.7 8.5 7.6 6.6
Iron 201 225 199 J 218 264 251 211 143 165 193 196 J 215
Lead <0.077 <0.08 <0.081 <0.091 <0.099 <0.083 <0.086 <0.085 <0.08 <0.09 <0.083 <0.081
Magnesium 911 1150 807 864 1500 989 941 1130 1060 756 884 1110
Manganese 4.7 7.8 3.9 5.7 5.1 3.3 4.2 6.5 9.2 3.3 2.3 3.7
Mercury 0.079 0.097 0.11 0.11 0.095 0.098 0.1 0.09 0.085 0.12 0.087 0.082
Molybdenum 0.16 J 0.19 J 0.18 J <0.2 <0.22 <0.18 <0.18 <0.13 <0.17 <0.18 0.17 J <0.19
Nickel 0.34 J <0.28 <0.28 <0.32 <0.35 <0.29 0.58 J <0.3 <0.28 <0.32 <0.29 <0.28
Potassium 7440 8840 6960 8270 9970 8850 7460 8060 8350 8020 8080 7940
Selenium 3.2 3 3.7 3.4 3.8 3.7 3.2 2.8 3.1 3.4 2.9 3
Silver <0.008 <0.0083 <0.0084 <0.0094 <0.031 <0.0087 <0.0089 <0.0094 <0.0084 <0.015 <0.0087 <0.0084
Sodium 3300 3940 3160 3870 5300 4240 3640 4090 3860 3810 3830 4100
Strontium 7.1 9.1 16.4 7.6 15.8 10.2 9.7 21.3 14.9 4.3 7.6 15.3
Thallium <0.038 <0.04 <0.04 <0.045 <0.049 <0.041 <0.043 <0.042 <0.04 <0.045 <0.041 <0.04
Vanadium <0.13 <0.13 <0.13 <0.15 <0.16 <0.14 <0.14 <0.14 <0.13 <0.29 <0.14 <0.26
Zinc 83.3 98.3 82 90.4 136 102 101 101 95.4 88.7 84.9 100
Nestling Weight (g) 20.572 21.08 21.76 22.503 18.287 20.292 21.23 20.76 24.265 21.928 20.973 21.49
Feather Length (cm) 4.907 5.283 4.923 4.708 3.97 4.465 4.382 5.055 4.435 4.99 4.271 4.89
Tarsus Length (cm) 1.302 1.245 1.245 1.302 1.353 1.224 1.333 1.247 1.323 1.272 1.256 1.245

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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Table F-5. Tree Swallow Nestlings 2009 and 2010 Sample Results, Melton Hill Dam (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-MHD01-
TS.N.01-BD-

060109

KIF-MHD02-
TS.N.01-BD-

052809

KIF-MHD02-
TS.N.02-BD-

070609

KIF-MHD03-
TS.N.01-BD-

071609

KIF-MHD12-
TS.N.01-BD-

060109

KIF-MHD14-
TS.N.01-BD-

060409

KIF-MHD24-
TS.N.01-BD-

052809

KIF-MHD24-
TS.N.02-BD-

071209

KIF-MHD25-
TS.N.01-BD-

052809

KIF-
MHD.BH056_TS.

N.G.01-BD-
052810

KIF-
MHD.BH084_TS.

N.G.02-BD-
052810

KIF-
MHD.BH060_TS.

N.G.01-BD-
060110

Analyte
p

Date: 6/1/2009 5/28/2009 7/6/2009 7/16/2009 6/1/2009 6/4/2009 5/28/2009 7/12/2009 5/28/2009 5/28/2010 5/28/2010 6/1/2010
Aluminum <66.3 <77.7 <63 <61.1 <81.3 <67 <79.2 <66.4 <65.5 <13.4 <12.4 <10.7
Antimony <0.27 <0.31 <0.25 <0.24 <0.33 <0.27 <0.32 <0.27 <0.26 <0.048 <0.045 <0.039
Arsenic <0.27 <0.31 <0.25 <0.24 <0.33 <0.27 <0.32 <0.27 <0.26 <0.19 <0.17 <0.075
Barium 3.2 2.8 1.7 1.9 3.1 2.4 2.4 1 J 4.9 4.9 4.7 5.3
Beryllium <0.27 <0.31 <0.25 <0.24 <0.33 <0.27 <0.32 <0.27 <0.26 <0.098 <0.092 <0.079
Boron <5.3 <6.2 <5 <4.9 <6.5 <5.4 <6.3 <5.3 <5.2 <1.4 <1.3 <1.1
Cadmium <0.27 <0.31 <0.25 <0.24 <0.33 <0.27 <0.32 <0.27 <0.26 0.12 J 0.12 J 0.13 J
Calcium 4970 25000 7300 6760 12600 9520 7510 10000 13900 10100 10100 16100
Chromium <0.32 <0.31 <0.25 <0.24 <0.34 <0.34 <0.38 <0.27 <0.71 1.1 J <0.39 <0.34
Cobalt <0.27 <0.31 <0.25 <0.24 <0.33 <0.27 <0.32 <0.27 <0.26 <0.047 <0.044 <0.038
Copper 7.1 10 6.4 5.6 6.3 6.6 7 5.2 6.1 8.7 7.5 9.2
Iron 198 315 164 152 144 165 200 167 167 221 J 208 J 193 J
Lead <0.27 <0.31 <0.25 <0.24 <0.33 <0.27 <0.32 <0.27 <0.26 <0.093 <0.087 <0.075
Magnesium 549 985 631 518 821 681 699 596 737 955 745 964
Manganese 2.1 3.2 2.6 2.4 2.5 2 1.7 1.5 3.4 6.1 3 3.7
Mercury <0.058 <0.062 <0.05 0.056 J <0.065 <0.056 <0.063 <0.053 <0.052 0.069 0.081 0.064
Molybdenum <2.7 <3.1 <2.5 <2.4 <3.3 <2.7 <3.2 <2.7 <2.6 0.21 J 0.18 J 0.21 J
Nickel <0.4 <0.31 <0.25 <0.24 <0.33 <0.27 <0.32 <0.27 <0.46 <0.33 <0.3 <0.26
Potassium 5510 8570 6560 5170 7720 5450 7340 5210 5740 8720 6130 8260
Selenium 7.7 9 3.9 J 3.3 J 7.4 5.8 8.6 4.4 5.9 2.8 4.9 5.2
Silver <0.13 <0.16 <0.13 <0.12 <0.16 <0.13 <0.16 <0.13 <0.13 <0.0097 0.009 J <0.013
Sodium 2590 J 3370 2710 2630 3520 J 2960 3570 2630 3060 4430 3560 4270
Strontium 4.8 J 11.2 3.6 3.6 4.9 J 3.4 J 4.8 3 6.7 4.9 6.1 7.1
Thallium <0.27 <0.31 <0.25 <0.24 <0.33 <0.27 <0.32 <0.27 <0.26 <0.046 <0.043 <0.037
Vanadium <0.53 <0.62 <0.5 <0.49 <0.65 <0.54 <0.63 <0.53 <0.52 <0.15 <0.14 <0.12
Zinc 85.8 95 66.5 72.3 98.6 96.9 J 96.1 64.1 80.1 110 J 104 J 97
Nestling Weight (g) 22 23 21 19 23 23 22 22 21 21.882 23.019 17.717
Feather Length (cm) 4.643 4.911 5.414 4.904 3.656 4.919 4.628 5.256 3.731 4.091 4.976 4.938
Tarsus Length (cm) 1.273 1.02 1.288 1.05 1.08 1.282 1.062 1.127 1.083 1.37 1.346 1.245

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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Table F-5. Tree Swallow Nestlings 2009 and 2010 Sample Results, Melton Hill Dam (mg/kg dw)
Tennessee Valley Authority                                   Kingston, Tennessee

Sample ID:

KIF-
MHD.BH061_TS.

N.G.02-BD-
060110

KIF-
MHD.BH073_TS.

N.G.03-BD-
060110

KIF-
MHD.BH059_TS.

N.G.02-BD-
060210

KIF-
MHD.BH080_TS.

N.G.01-BD-
060210

KIF-
MHD.BH057_TS.

N.G.01-BD-
060310

KIF-
MHD.BH087_TS.

N.G.02-BD-
060310

KIF-
MHD.BH074_TS.

N.G.01-BD-
060410

KIF-
MHD.BH077_TS.

N.G.01-BD-
060710

KIF-
MHD.BH083_TS.

N.G.01-BD-
060810

KIF-
MHD.BH085_TS.

N.G.01-BD-
061410

KIF-
MHD.BH082_TS.

N.G.01-BD-
061610

KIF-
MHD.BH081_TS.

N.G.01-BD-
070710

Analyte
p

Date: 6/1/2010 6/1/2010 6/2/2010 6/2/2010 6/3/2010 6/3/2010 6/4/2010 6/7/2010 6/8/2010 6/14/2010 6/16/2010 7/7/2010
Aluminum <12.1 <12.6 <11.2 <12.6 <12 <12.5 <12.7 <13.2 <13 <13.7 <15.1 <10.7
Antimony <0.044 <0.046 <0.04 <0.045 <0.043 <0.045 <0.046 <0.048 <0.047 <0.05 <0.054 <0.039
Arsenic <0.085 <0.088 <0.078 <0.088 <0.084 <0.088 <0.089 <0.093 <0.091 0.11 J 0.15 J <0.075
Barium 3.7 8.1 8.7 6.2 5.7 1.7 J 5.7 6.1 3.4 3.6 2.8 2.5
Beryllium <0.089 <0.093 <0.082 <0.093 <0.088 <0.092 <0.094 <0.097 <0.096 <0.1 <0.11 <0.079
Boron <1.3 <1.3 <1.2 <1.3 <1.2 <1.3 <1.3 <1.4 <1.4 <1.4 <1.6 <1.1
Cadmium 0.048 J 0.11 J 0.052 J 0.058 J 0.041 J <0.024 0.074 J 0.064 J 0.092 J 0.056 J 0.18 J 0.041 J
Calcium 7910 14900 22800 17800 12100 7470 15800 17800 16100 20600 14100 16200
Chromium <0.38 0.48 J <0.35 <0.4 <0.38 <0.4 <0.4 <0.42 4.1 J <0.43 2.2 J <0.34
Cobalt <0.043 <0.044 <0.039 <0.044 <0.042 <0.044 <0.045 <0.047 0.047 J 0.052 J <0.053 <0.037
Copper 7.4 10 7.1 6.5 6.2 7.9 7.9 5.9 10.7 6.8 10.4 6.2
Iron 182 J 218 J 214 256 203 286 228 238 308 231 205 180
Lead <0.084 <0.088 <0.078 <0.088 <0.083 <0.087 <0.089 <0.092 <0.091 <0.095 <0.1 <0.074
Magnesium 734 997 1020 1010 744 833 1010 963 1640 1120 999 808
Manganese 2.7 5 7 3.1 2.8 1.6 4.8 3.4 3.4 3.6 6.1 2.6
Mercury 0.059 0.053 J 0.06 0.063 0.02 J <0.036 0.058 J 0.047 J 0.072 0.058 J 0.079 0.049 J
Molybdenum 0.19 J 0.23 J <0.18 <0.16 <0.15 <0.11 0.25 J <0.19 0.28 J 0.28 J 0.34 J 0.19 J
Nickel <0.3 <0.31 <0.27 <0.31 <0.29 <0.31 <0.31 <0.32 1.9 <0.33 1.2 J 0.28 J
Potassium 7850 8720 7610 8630 6790 9470 8770 8400 9880 10200 10100 7020
Selenium 5.2 5.4 5.2 7.4 1.6 3.8 5.4 4.4 8.5 5.6 8 5
Silver <0.0088 <0.013 <0.0081 <0.0091 <0.0086 <0.0091 <0.0092 <0.0096 <0.012 <0.0099 <0.011 <0.0077
Sodium 4320 4660 3510 4610 3860 4900 4690 4500 5250 5150 5270 3410
Strontium 3.9 9.4 10.6 7.9 6.4 2.2 7.2 10.3 6.5 6.6 6.5 6
Thallium <0.042 <0.043 <0.039 <0.043 <0.041 <0.043 <0.044 <0.046 <0.045 <0.047 <0.12 <0.037
Vanadium <0.14 <0.14 <0.13 <0.14 <0.27 <0.28 <0.15 <0.3 1.1 <0.16 0.35 J <0.12
Zinc 89.8 94.2 94 91.6 83.5 49.9 94 97.8 113 102 127 93.5
Nestling Weight (g) 23.689 24.43 22.734 23.801 23.917 24.238 22.065 22.952 20.932 21.65 17.481 22.619
Feather Length (cm) 4.692 4.639 5.154 4.883 4.402 3.529 4.582 4.337 4.112 3.774 3.381 4.601
Tarsus Length (cm) 1.37 1.277 1.249 1.162 1.229 1.188 1.225 1.243 1.293 1.324 1.187 1.327

< - Not detected at sample quantitation limit indicated.
cm - Centimeter.

g - Gram.
J - Estimated value.

mg/kg dw - Milligrams per kilogram dry weight.
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