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1. Introduction 

The Tennessee Valley Authority (TVA) Kingston Fossil Plant (KIF) is located at the confluence of the Emory 
and Clinch Rivers on Watts Bar Reservoir in Roane County, near Kingston, 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 ash after combustion.  

The evaluations of the spatial extent of ash deposition indicated 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. In the upstream 
direction, the thickness of ash appeared to diminish quickly beyond about ERM 3.5. In the downstream 
direction, ash deposition generally diminished to trace amounts by about ERM 1.0, with pockets of greater 
thickness [about 2 inches to about 1 foot (ft) in some places] occurring in depositional areas in the Clinch 
River. Downstream of Clinch River Mile (CRM) 2.0, ash deposits varied 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 2011). 

Dredging efforts in the Emory River began on March 20, 2009 and continued until May 29, 2010. Hydraulic 
dredging in the river began during an initial dredging pilot program on March 20, 2009. This pilot study 
continued until July 20, 2009 (during the time-critical removal action) and included three 10-inch dredges. 
In August 2009, Phase I production dredging began 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 had been removed during the Phase II 
dredging. 

 During dredging operations, turbidity was expected to increase in the immediate area of the dredging. 
Control practices such as 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 
suspended solids from the dredging operations. During dredging, several high flow events occurred, 
possibly washing ash further down into the Clinch and Tennessee Rivers. It was estimated that 532,000 cy 
of ash still remained in the river (Jacobs 2011). Areas in the Emory River were not dredged if the ash or 
sediment was too dense to dredge. Areas in the Emory, Clinch, and Tennessee Rivers may contain 
pockets of ash possibly intermixed with native river sediment. 
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The downstream transport and fate of ash includes intermixing with both seasonally-exposed and 
submerged sediments. Submerged sediment is below water year-round, however during the winter months 
from December to April, the water level is decreased in the reservoir and seasonally-exposed sediment was 
sampled at this time (Tennessee Valley Authority 2010). Both submerged and seasonally-exposed sediment 
may serve as a sink for some ash-related constituents. Adsorption, precipitation, and complexation with 
organic matter are just some of the possible mechanisms explaining metal retention in the sediments 
(Wieder 1998; Perry and Kleinmann 1991; Brodie et al. 1993 as cited in: Ye et al. 2001). Aquatic vegetation 
may accumulate metals from both sediment and water through phytoextraction into their shoots or 
phytostabilization from the sediments by root uptake (Dwivedi et al. 2008). Periphyton, a complex attached 
micro community of algae, bacteria, zooplankton, and protozoans (Weitzel 1979) is capable of 
bioaccumulating metals. Periphyton accumulates metals by adsorption on the extracellular matrix, cell 
surface adsorption, and intracellular uptake (Holding et al. 2003). Aquatic vegetation and periphyton may 
serve as an additional sink for the metals that remain in the sediments and water from the ash spill. 

As part of the Kinston Ash Recovery Project Non-Time-Critical Removal Action for the River System 
Sampling and Analysis Plan (Tennessee Valley Authority 2010), the initial assessment of ash-related metal 
and metalloid bioaccumulation in aquatic emergent and shoreline vegetation and periphyton was conducted 
post-dredging. In 2011, 1 year after Phase II dredging, ARCADIS and Restoration Services, Inc. collected 
aquatic vegetation and periphyton with the objectives to:  1) quantify metal concentrations in both emergent 
and shoreline vegetation, as well as in periphyton and evaluate differences between reference and impacted 
sites; 2) assess risk to aquatic vegetation and periphyton by relating concentrations measured at the study 
sites to reference sites and literature derived effects values, when available; and 3) provide concentrations 
of metals in aquatic vegetation and periphyton for estimating exposures in herbivores and omnivores. The 
purpose of this report is to summarize concentrations of trace elements measured in aquatic vegetation and 
periphyton tissue, and to evaluate potential spatial trends in vegetation collected within the study site. 
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2. Methods 

2.1 Collection Locations 

Sections of the Emory, Clinch, and Tennessee Rivers were all impacted to some degree by the ash spill. 
Each river is comprised of impacted reaches and areas unimpacted by ash that are referred to as reference 
reaches, which have been identified upstream from CRM 4.5, ERM 6.0, and TRM 568. Downstream of 
these reference areas, the following reaches have been established: 

• Emory River  
o Reach A:  ERM 0.0 – 1.5 
o Reach B:  ERM 1.5 – 3.5 
o Reach C:  ERM 3.5 – 6.0 

• Clinch River 
o Reach A:  CRM 0.0 – 3.0 
o Reach B:  CRM 3.0 – 4.5 

• Tennessee River 
o Reach A:  TRM 550.0 – 566.0 
o Reach B:  TRM 566.0 – 568.0 

2.2 Sampling and Analysis 

Aquatic vegetation was collected from June 21 through June 24, 2011. Aquatic vegetation samples were 
collected at three locations within each river reach, as well as from each reference area (Figure 1). At each 
location within a river reach, a sample was taken for emergent vegetation from the summer pool and a 
second sample from the vegetation growing along the shoreline. Both types of vegetation were sampled 
using Kyocera ceramic scissors that were decontaminated between each use (Figure 2). Emergent 
vegetation samples were collected only from the area of the plant emerging from the water. Roots and other 
submerged parts of the plant were not included as part of the sample. Shoreline vegetation was cut above 
the ground and roots were also not included with the sample. Samples from the two types of vegetation 
were bagged separately in 2-gallon plastic sample bags, labeled, double bagged, and custody sealed. Two 
sets of quality assurance/quality control samples served as duplicates and laboratory matrix spike/matrix 
spike duplicate samples for both types of vegetation. Sufficient mass was met when plants filled half of the 
2-gallon bag. Samples were stored on dry ice on the boat and transported back to the field house where 
they were stored at < -10 degrees Celsius (°C) prior to shipment. 

Periphyton samples were collected from May 31 through June 24, 2011. Periphytometers were constructed 
using glazed ceramic tiles (four) attached using silicone glue to a nylon rope and suspended with a foam 
float. Ceramic tiles and rope were decontaminated prior to deployment. Three periphytometers were each 
attached to a cinder block anchor and deployed within an area to serve as a set to be composited as one 
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sample upon retrieval. One set of periphytometers was placed in each river reach. Periphytometers were 
monitored, and 3 weeks was determined to allow sufficient growth and mass for collection. Upon retrieval, 
all three samplers were removed from the river and each ceramic tile was scraped using a sterile plastic cell 
lifter (Figure 3). Periphyton was collected in a plastic sample cup and stored on dry ice for transport back to 
the Kingston field station. Samples were stored in a <-10°C freezer prior to shipment. 

Aquatic vegetation and periphyton samples were shipped frozen on dry ice to Pace Analytical Services, Inc., 
(Pace), located in Green Bay, Wisconsin, for analysis of metals and percent moisture. Metals were analyzed 
using the Method SW-846 6010B/6020/7471A and measurement of percent moisture was done according to 
Pace Standard Operating Procedure. Pace reported all metals results in milligrams per kilogram (mg/kg) wet 
weight and also provided percent moisture results for each sample. Pace analyzed the plant and periphyton 
tissues for a suite of 26 metals and metalloids and for those that were below detection limits, the method 
detection limit (MDL) was provided. The MDL was based on 40 CFR Part 136 procedure (Tennessee Valley 
Authority 2009). Project-specific MDLs, also referred to as limit of detection, were reported as the greater of 
historical blank concentrations and on the 40 CFR Part 136 MDL procedure (Tennessee Valley Authority 2009). 

2.3 Statistical Analysis 

Statistical analyses were conducted to compare trace element concentrations in emergent and shoreline 
vegetation collected from the Emory, Clinch, and Tennessee Rivers. Periphyton was not evaluated using 
statistical comparison methods due to sample size limitations (i.e., fewer than two samples for most 
reaches) (Table 1). All 26 metals and metalloids were evaluated for their frequency of detection; when an 
analyte was not detected, the result was reported at a project-specific MDL and considered the reporting 
limit (RL) specific to that sample. 

For all constituents detected at a frequency greater than 50 percent (i.e., when the concentration of a metal 
or metalloid exceeded the detection limit at greater than half the 27 samples from the nine reference and 
impacted sites), one-way analysis of variance (ANOVA) tests were conducted using Statistical Analysis 
Software (v. 9.3) and log-transformed metal concentrations. The RL was substituted for non-detected 
concentrations for constituents with a frequency of detection greater than 50 percent. 

Two general approaches were used to evaluate spatial trends of metal and metalloid concentrations in 
aquatic vegetation. In the first approach, ANOVA tests were conducted for each metal at the nine sampling 
locations (Table 1). Each ANOVA test was followed by post-hoc pairwise comparisons using the Tukey-
Kramer test. In the second approach, samples from each reference location were grouped (N=9 samples 
from the three reference locations) and compared to non-reference locations grouped by river using the 
ANOVA test. A one-tailed Dunnett’s test was then performed on locations to compare potential differences 
between impacted sites and reference sites. For all statistical tests, the null hypothesis of no difference was 
rejected with a p-value < 0.05. 
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3. Results 

The frequency of detection, range of detected concentrations, and range of sample-specific detection limits 
for all analytes in emergent and shoreline vegetation are presented in Table 2 and Appendices A and B, 
respectively. Metals that were all non-detects or mostly non-detects (e.g., < 50 percent detection) in 
emergent and shoreline vegetation were excluded from the statistical analyses. In addition, constituents 
that are considered plant macronutrients (e.g., calcium, magnesium and potassium) were not statistically 
evaluated or otherwise evaluated for temporal trends. All raw analytical results from emergent vegetation, 
shoreline vegetation, and periphyton can be found in Appendices C, D, and E, respectively. 

Detection frequencies of elements were similar between the 27 samples of emergent vegetation and 
27 samples of shoreline vegetation (Figure 4). In emergent and shoreline vegetation, antimony, beryllium, 
and mercury were below detection limits in all samples. In addition, sodium, thallium, and selenium were also 
below detection limits in all shoreline vegetation samples. Excluding plant macronutrients, 13 constituents 
were detected in greater than 50 percent of the emergent vegetation samples and 12 constituents were 
detected in greater than 50 percent of the shoreline vegetation samples. As discussed below, many of 
these constituents are considered essential or beneficial elements to plant growth and are typically found in 
plant tissue. 

Compared to shoreline and emergent vegetation, fewer total periphyton samples were submitted for trace 
element analyses (ten total samples excluding field duplicates). Samples of periphyton were collected from 
a reference location in the Emory and Clinch Rivers, in addition to two impacted locations in the Clinch River 
and three impacted locations in the Emory River. Periphyton samples were not collected in the Tennessee 
River. Most metals and metalloids were found above detection limits in periphyton samples (Figure 5). 
Thallium was the only constituent not detected above detection limits in periphyton samples; potassium, 
silver, and sodium were detected above detection limits in less than half the samples. All remaining 
constituents were found above detections limits in greater than 80 percent of the periphyton samples. 

Summary results and statistics are presented in Table 2 for emergent and shoreline vegetation; raw data for 
vegetation and periphyton are included in Appendices C and D. Mean concentrations of trace elements 
detected in emergent vegetation and shoreline vegetation are presented in Figures 6 through 22 and 
Figures 23 through 38, respectively. 

3.1 Aquatic Emergent Vegetation 

Significant differences in emergent vegetation evaluated by individual sample reaches were only found for 
aluminum, iron, lead, nickel, and vanadium (Table 3; Figures 6, 14, 15, 18, and 21). These differences are 
discussed below, with particular focus on potential spatial trends. 

Aluminum concentrations in emergent vegetation collected from the Emory River reference location were 
significantly greater than impacted reaches ERM 1.5 and ERM 3.0. Within the Clinch River, the reference 
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location had significantly greater concentrations of aluminum compared to the impacted reach CRM 2.5. 
Overall, aluminum concentrations in emergent vegetation were greatest in samples collected from the 
Emory River reference reach and lowest in samples collected from the Tennessee River reference reach. 
Reference locations from the Emory, Clinch, and Tennessee Rivers were subsequently combined into a 
single reference group and compared to mean concentrations of impacted reaches of each river (Figure 6). 
Although the grouped reference locations had the greatest mean concentrations of aluminum, differences 
were not significant when compared to impacted reaches (Figure 6). 

Iron concentrations were significantly different between sample reaches, with the highest mean 
concentrations in the Emory River reference reach (Figure 14). Emergent vegetation collected from two 
impacted reaches within the Emory River (ERM 1.5 and ERM 3.0) had significantly lower concentrations of 
iron compared to the Emory River reference location. Samples collected from the Emory River reference 
location were also significantly greater than all impacted reaches within the Clinch River and the Tennessee 
River reference reach. Within the Clinch River, the reference reach was significantly greater than each 
impacted reach. The reference location on the Tennessee River had significantly less iron compared to the 
reference reaches on the Clinch and Emory Rivers, but not the impacted Tennessee reach. When evaluated 
by grouped locations, no significant differences were evident between locations.  

Lead concentrations in emergent aquatic vegetation collected from the Emory River reference location were 
significantly greater compared to impacted reaches ERM 1.5 and ERM 3.0. These were the only significant 
differences between a reference location and corresponding impacted reaches (Figure 15). Reference 
reaches of the Emory and Clinch Rivers were each significantly greater than the Tennessee River reference 
reach. No other differences were detected between sample reaches. When evaluated by grouped locations, 
no significant differences were evident between locations. 

Nickel concentrations in samples from the Clinch River reference were significantly greater than samples 
collected in the Tennessee reference location (Figure 18). When evaluated by grouped locations, no 
significant differences were evident between locations. 

Vanadium concentrations were only detected above detection limits in 52 percent of emergent aquatic 
vegetation samples (Figure 4). Most samples collected from impacted reaches were below vanadium 
detection limits. In contrast, samples from Clinch and Emory Rivers reference reaches were detected at 
100 percent frequency. Mean concentrations from the Emory River reference reach were significantly 
greater than ERM 3.0 (1/3 detections) as well as the Tennessee River references location and CRM 2.5 
(0/3 detections) (Figure 21). When evaluated by grouped locations, no significant differences were evident 
between locations. 



 

111101-TNTVA-RPT-411 3-3 

Draft Trace Element 
Concentrations in Aquatic 
Vegetation and 
Periphyton:  2011 
Tennessee Valley Authority 
Ash Recovery Project 
Kingston, Tennessee 

3.2 Aquatic Shoreline Vegetation 

Significant differences in shoreline vegetation evaluated by individual sample reaches were detected for 
aluminum, boron, copper, manganese, nickel, strontium, and zinc (Table 4; Figures 23, 26, 30, 33, 35, 36, 
and 38). A summary of these spatial differences are described below for each constituent. 

Aluminum concentrations in shoreline vegetation samples collected from the Tennessee River reference 
location were significantly greater than samples collected in impacted reaches of the Emory River (ERM 3.0) 
and Tennessee River (TRM 567) (Figure 23). When evaluated by grouped locations, no significant 
differences were evident between locations. 

Boron concentrations in samples collected from the Emory River reference reach were significantly greater 
than samples collected in the reference and impacted reaches of the Tennessee River (TRM 567). In 
addition, boron concentrations in TRM 567 samples were significantly less than samples collected in the 
Clinch River reference reach (Figure 26). When evaluated by grouped locations, no significant differences 
were evident between locations. 

Copper concentrations in samples collected from the Tennessee River reference reach were significantly 
greater than samples from impacted reaches of the Emory River (ERM 3.0 and ERM 4.5) and Clinch River 
(CRM 2.5) (Figure 30). When evaluated by grouped locations, no significant differences were evident 
between locations. 

Manganese concentrations varied between a few sample locations (Figure 33). The only within-river 
differences were between impacted reaches:  samples from CRM 4.0 were greater in manganese 
concentrations compared to CRM 2.5 samples and ERM 3.0 and 4.5 samples were greater than ERM 1.5 
samples. Manganese concentrations in samples collected from the Tennessee River reference location, 
ERM 3.0 and ERM 4.5 were significantly greater than concentrations in the Clinch River reference, CRM 
2.5, and ERM 1.5. When evaluated by grouped locations, no significant differences were evident between 
locations. 

Nickel concentrations were greatest in samples collected from the Emory River reference location; these 
samples were significantly greater than samples collected from CRM 2.5 (Figure 35). When evaluated by 
grouped locations, no significant differences were evident between locations. 

Strontium concentrations were greatest in samples collected from the Emory River reference location; these 
samples were significantly greater than samples collected from TRM 567 (Figure 36). When evaluated by 
grouped locations, no significant differences were evident between locations. 

Zinc concentrations in TRM 567 samples were significantly greater than concentrations in samples collected 
from ERM 1.5 and all Clinch River samples, including the Clinch River reference location (Figure 38). When 
evaluated by grouped locations, no significant differences were evident between locations. 
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3.3 Periphyton 

Trace-element concentrations in periphyton were not statistically compared among sites due to small 
sample sizes (N ≤ 2 per reach). Concentration plots of raw periphyton data are provided in Figures 39 
through 49 for the detected, non-macronutrient constituents. In addition, a quantitative evaluation of 
potential spatial trends was not conducted for periphyton samples due to sample size limitations.  

Based on the available data, trace element concentrations were detected at greater frequencies in 
periphyton compared to emergent and shoreline vegetation (Figure 5; Appendix E). In addition, 
concentrations of trace elements were generally much greater in periphyton tissue compared to emergent 
and shoreline vegetation. Concentration ranges of several constituents were approximately an order of 
magnitude greater than concentrations in emergent and shoreline vegetation, including aluminum, arsenic, 
cadmium, chromium, cobalt, copper, iron, lead, manganese, selenium, and vanadium. 

When evaluated qualitatively, spatial trends were generally not discernable among sample locations 
(Figures 39 through 49). Mercury appeared to be trending towards greater concentrations in the Clinch 
River compared to the Emory River, although it is currently unknown if this is an artifact of the small 
sample size. 
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4. Discussion of Findings 

Several spatial differences were observed in emergent and shoreline vegetation samples collected within 
the study area. When impacted river reaches were compared to corresponding references reaches (i.e., 
impacted reaches within a river compared to the reference reach for that river), the concentrations of trace 
elements were always elevated in reference reaches whenever a difference was statistically significant. 

Overall, potential spatial trends observed for each vegetation type appear to be limited to elevated 
concentrations of select trace metals in the reference reaches relative to impacted reaches. Based on the 
assumption that upstream reference sites on the Emory, Clinch, and Tennessee Rivers were not impacted 
by ash, as described in the Sampling and Analysis Plan (Tennessee Valley Authority 2010), available data 
do not indicate ash-related impacts to aquatic vegetation growing within impacted reaches. However, 
background contamination from other sources might confound that interpretation, along with other 
uncertainties as discussed below. 

Uncertainty is inherent in many aspects of field surveys, particularly in systems with complex analyte 
mixtures. Additionally, the study site consists of confluences of three river systems with potential differences 
in the geology and soil types of the drainage areas, potential legacy metals contamination in upstream 
reaches, and potential upstream migration and deposition of constituents. Each of these factors can 
confound interpretation of spatial trends. Aspects of the present study design also limit interpretation of 
results, including small sample sizes (N=3 for emergent and shoreline vegetation per location; N≤2 for 
periphyton per location) that decrease statistical power and thus decrease the ability to detect significant 
differences when differences may truly exist. In addition, use of ceramic tiles for periphyton colonization 
represents an artificial substrate that might support a different algal community relative to periphyton 
colonizing natural substrata. 

Another factor contributing to uncertainty is the collection of different species of vegetation and periphyton 
across sampling locations. Compositional differences in periphyton communities might be expected across 
sampling sites that contain habitat differences, which can influence metal bioaccumulation rates and 
therefore introduce uncertainty in the interpretation of spatial trends of metal concentrations in periphyton 
tissue. Aquatic vegetation sampling sites were selected based on the availability of emergent vegetation 
(Tennessee Valley Authority 2010), resulting in the collection of a variety of emergent and shoreline species. 
Thus, inter-species differences in bioaccumulation of metals typically observed for aquatic plant species 
(Lopez and Carballeira 1993) may bias the spatial trends observed in these results. In addition, only plant 
biomass emerging from the ground or water surfaces were analyzed for metals. Since plant roots can be a 
significant source of accumulated metals relative to aboveground biomass (Outridge and Noller 1991), it is 
possible that these tissue results underestimate concentrations in aquatic vegetation. 

Some trace elements are essential for normal plant growth (e.g., potassium, calcium, magnesium, iron, 
boron, manganese, zinc, copper, molybdenum, nickel, and selenium) (Epstein 1965), although both 
essential and non-essential metals (e.g., mercury, cadmium, and lead) can result in growth inhibition and 
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toxicity (Vardanyan et al. 2008). To evaluate potential adverse effects of these metals to primary producers, 
vegetation and periphyton tissue concentrations reported herein will be compared to available tissue-based 
effects levels in the Baseline Ecological Risk Assessment. In addition, these tissue-based concentrations 
will be used as direct inputs for dietary exposure models to estimate potential trophic transfer and doses to 
herbivorous and omnivorous wildlife. 

4.1 Summary and Conclusions 

A total of 26 metals and metalloids were measured in emergent vegetation, shoreline vegetation, and 
periphyton. Spatial differences in metal concentrations potentially caused by the ash spill were not apparent 
from the available data. In fact, higher concentrations in the reference sites of the Clinch and Emory Rivers 
accounted for the majority of the statistically-significant differences observed. Such differences may indicate 
legacy concentrations in upstream locations that are unrelated to the ash spill. However, care should be 
exercised when interpreting and drawing conclusions from these data given underlying uncertainties, as 
discussed above. 
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Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).
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Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
REF R f L ti

FIGURE

21

MEAN VANADIUM CONCENTRATIONS IN 
EMERGENT AQUATIC VEGETATION

REF = Reference Location.



T R

60

80 Clinch R.Emory R. Tennessee R.

60

80

c 
(m

g/
kg

 d
w

)

40

c 
(m

g/
kg

 d
w

)

40

Zi
nc

20

Zi
nc

20

R
E

F 
(3

/3
)

M
 4

.5
 (3

/3
)

M
 3

.0
 (3

/3
)

M
 1

.5
 (3

/3
)

R
E

F 
(3

/3
)

M
 4

.0
 (3

/3
)

M
 2

.5
 (3

/3
)

R
E

F 
(3

/3
)

56
7 

(3
/3

)

0

en
ce

 (9
/9

)

m
or

y 
(9

/9
)

lin
ch

 (6
/6

)

ss
ee

 (3
/3

)

0

Sample Reach (# detects/ # samples)

ER
M

 

ER
M

ER
M

ER
M

C
R

M
 

C
R

M

C
R

M

TR
M

 

TR
M

 

River (# detects/ # samples)

R
ef

er
e

Em C

Te
nn

es

Note: Mean ± standard error.

MEAN ZINC CONCENTRATIONS IN EMERGENT

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON
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Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
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Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
REF R f L ti

FIGURE

23

MEAN ALUMINUM CONCENTRATIONS IN 
SHORELINE VEGETATION

REF = Reference Location.



Clinch REmory R Tennessee R

0.25

0.30
Clinch R.Emory R. Tennessee R.

0.25

0.30

ni
c 

(m
g/

kg
 d

w
)

0 15

0.20

ni
c 

(m
g/

kg
 d

w
)

0.15

0.20

A
rs

e

0.10

0.15

A
rs

e

0.05

0.10

M
 R

E
F 

(0
/3

)

M
 4

.5
 (1

/3
)

M
 3

.0
 (3

/3
)

M
 1

.5
 (0

/3
)

M
 R

E
F 

(0
/3

)

M
 4

.0
 (0

/3
)

M
 2

.5
 (1

/3
)

M
 R

E
F 

(0
/3

)

M
 5

67
 (2

/3
)

0.05

er
en

ce
 (0

/9
)

E
m

or
y 

(4
/9

)

C
lin

ch
 (1

/6
)

es
se

e 
(2

/3
)

0.00

Sample reach (# detects/ # samples)

E
R

M

E
R

E
R

E
R

C
R

M

C
R

C
R

TR
M

TR
M

Sample reach (# detects/ # samples)

R
ef

e E

Te
nn

Note: Mean ± standard error.

MEAN ARSENIC CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
SHORELINE VEGETATION
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Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
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MEAN BARIUM CONCENTRATIONS IN
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TRACE ELEMENT CONCENTRATIONS IN 
SHORELINE VEGETATION

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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MEAN BARIUM CONCENTRATIONS IN 
SHORELINE VEGETATION

REF = Reference Location.
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MEAN BORON CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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MEAN CADMIUM CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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MEAN CHROMIUM CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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MEAN COBALT CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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MEAN COPPER CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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MEAN IRON CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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Note: Mean ± standard error.

MEAN LEAD CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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Note: Mean ± standard error.

MEAN MANGANESE CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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Note: Mean ± standard error.

MEAN MOLYBDENUM CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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REF = Reference Location.
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Note: Mean ± standard error.

MEAN NICKEL CONCENTRATIONS IN SHORELINE

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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Note: Mean ± standard error.

MEAN STRONTIUM CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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MEAN VANADIUM CONCENTRATIONS IN

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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Note: Mean ± standard error. 
Means with the same letter, or no letters, are not significantly different (Tukey-Kramer post-hoc; α=0.05);
Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

α = Specified level of significance.
CRM = Clinch River Mile. 
ERM = Emory River Mile.
TRM = Tennessee River Mile. 
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ALUMINUM AND ANTIMONY

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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ARSENIC AND BARIUM

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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BERYLLIUM AND BORON

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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CADMIUM AND CHROMIUM

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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COBALT AND COPPER

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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IRON AND LEAD

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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MANGANESE AND MERCURY

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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MOLYBDENUM AND NICKEL

TENNESSEE VALLEY AUTHORITY
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TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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SELENIUM AND SILVER

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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SODIUM AND STRONTIUM

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.

FIGURE

48

SODIUM AND STRONTIUM 
CONCENTRATIONS IN PERIPHYTON



200

250

700

800

m
 (m

g/
kg

 d
w

)

150

200

m
g/

kg
 d

w
)

400

500

600

V
an

ad
iu

m

50

100

Zi
nc

 (m

100

200

300

ER
M

 R
EF

ER
M

 4
.0

ER
M

 2
.5

ER
M

 1
.0

C
R

M
 R

EF

C
R

M
 3

.5

C
R

M
 1

.5

0

E
R

M
 R

EF

ER
M

 4
.0

ER
M

 2
.5

ER
M

 1
.0

C
R

M
 R

EF

C
R

M
 3

.5

C
R

M
 1

.5

0

100

Detected Value

VANADIUM AND ZINC

TENNESSEE VALLEY AUTHORITY
KINGSTON, TENNESSEE

TRACE ELEMENT CONCENTRATIONS IN 
AQUATIC VEGETATION AND PERIPHYTON

Note: Plant tissue concentrations in mg/kg (dw) = milligrams per kilogram (dry weight).

CRM = Clinch River Mile.
ERM = Emory River Mile.
REF = Reference Location.
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