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RESULTS 

1. Hg Exposure in Target Species: All adult tier one target species were above the critical threshold at the Olin Site (Figure 3). In the      
contaminated sites Carolina Wrens have the highest  blood Hg levels with 67.2% of adults above the LOAEL (lowest observed       
adverse effects level) of 1.18ug/g, while Song Sparrows and  Louisiana Waterthrush  were 100% and 21.3% above the LOAEL,        
respectively (Table 1).  There were highly significant differences  in Hg levels among sites for  adult Carolina Wrens (ANOVA, 
F=81.3, p<.0001) and Song Sparrows (Kruskall-Wallis, X2 = 75.2, p<.0001).          
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Mean Blood Hg in Louisiana Waterthrush
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Mean Blood Hg in Song Sparrow
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Table 1. Proportion of AHY birds sampled at each location along the NFHR in 2007 with blood Hg levels that exceed 
the 1.18ug/g LOAEL threshold for songbirds along the NFHR (NS= not sampled).

2. Preliminary results of  reproductive success in Carolina wrens: There was a difference in our productivity indices (# fledglings/# 
eggs)  in the contaminated vs.reference sites (Figure 4).However, sample sizes were too small to apply statistical procedures. There was 
also a significant relationship between female blood Hg and egg Hg in several species sampled (e.g., Song Sparrow, Carolina Wren, 
Indigo Bunting, Northern Cardinal, and Red-wing Blackbird)(Figure 5).

S o n g b i r d  S p e c i e s
U p s t r e a m /
R e f e r e n c e

O l i n  S i t e /  
N P L  S i t e

N e a r -  
D o w n s t r e a m

F a r -
D o w n s t r e a m T o t a l  %  

T i e r  1

C a r o l i n a  W r e n  ( n =  5 8 ) 0 % 3 4 . 4 8 % 1 8 . 9 7 % 1 3 . 7 9 % 6 7 . 2 4 %
L o u i s i a n a  W a t e r t h r u s h  ( n =  3 ) N S 0 % 1 0 0 % N S 1 0 0 %
S o n g  S p a r r o w  ( n = 1 0 8 ) 0 % 5 . 5 6 % 5 . 5 6 % 1 0 . 1 9 % 2 1 . 3 0 %

T i e r  2

I n d i g o  B u n t i n g  ( n = 2 6 ) 0 % 3 . 7 0 % 0 % 0 % 3 . 7 0 %
A m e r i c a n  R e d s t a r t  (  n = 1 ) 0 % N S 0 % N S 0 %
R e d - e y e d  V i r e o  ( n = 2 9 ) 0 % 1 0 . 3 4 % 1 3 . 7 9 % 1 7 . 2 4 % 4 1 . 3 8 %
W o o d  T h r u s h  ( n = 4 ) 0 % N S 2 5 % 0 % 2 5 %
E a s t e r n  P h o e b e  ( n = 2 ) 0 % N S 0 % 0 % 0 %

Figure 5.  There is a significant relationship 
between  female blood Hg levels and egg Hg 
levels along the NFHR.

Figure 4. Carolina Wren productivity upstream  vs. 
downstream the point source. The blue line 
represents average wren productivity according to 
Haggerty and Morton (1995).
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Figure 3. Mean Blood Hg levels in adult (AHY) and juvenile (HY) Carolina Wrens, Song Sparrows, and Louisiana Waterthrush.

SUMMARY AND RECOMMENDATIONS:

1) Several adult bird species on the North Fork of the Holston River had body burdens of Hg exceeding the LOAEL level of 1.18ug/g. Adult 
Carolina wrens had the highest Hg levels with an average of 2.06 ug/g and 67% of individuals above LOAEL downstream of the NPL site. 
This may be due to the fact that they are permanent residents on the NFHR and are feeding on higher trophic level insects. Louisiana 
Waterthrush were also high with a mean Hg level of 1.88 ug/g, and 100% of adults sampled over the LOAEL downstream of the NPL site. 
Song Sparrows averaged lower than the latter species with a mean of .922 ug/g, however 21.3% of song sparrows downstream of  the NPL site 
were above the injury threshold. 

2) Reproductive success in Carolina Wrens differed between reference and contaminated sites, however small sample sizes precluded 
statistical analysis. While productivity (#fledglings/ # eggs) was lower in the contaminated sites than the reference, it was only slightly lower 
than average Carolina wren productivity as determined in studies by Haggerty and Morton (1995). Therefore, in 2008 a more intensive study 
of Carolina wren reproductive success will be implemented to increase sample sizes and better determine reproductive effects in relation to Hg 
levels.

3) Genotoxicological results are still pending and will provide further insight to the injury of songbirds along the NFHR.

Indigo Bunting (Passerina cyanea)

INTRODUCTION

Mercury (Hg), is a persistent, bioaccumulative toxin, and is prevalent in aquatic and 

terrestrial environments throughout North America.  The transformation of Hg into the 

bioavailable form methylmercury (MeHg) makes this contaminant readily available to flora and 

fauna inhabiting Hg contaminated regions. While there have been many laboratory dosing 

studies on MeHg exposure and effects in individuals, researchers agree that the evaluation of 

impact of heavy metal pollution  in the natural environment should be founded on the knowledge

of pollution-related health disturbances in the organisms naturally occurring in the ecosystems

affected (Janssens et al. 2003). Birds have been established as an important taxon for sampling 

because they are well-established bioindicators of MeHg availability, they are relatively easily sampled, and commonly used matrices reflect 

>95% of the total body burden of Hg (Rimmer et al. 2005; Evers et al. 2005). In birds, exposure to heavy metals may cause effects on different 

levels of organization from biochemical responses to changes in population levels (Dauwe et al. 2005). 

The North Fork Holston River (NFHR), Virginia is a waterbody that was highly contaminated by a waterborne point source of mercury 

through  contamination by a chlor-alkali plant in Saltville, Virginia.  Although operations at the chlor-alkali plant ended in the late 1970s, 

mercury still persists in the fauna and flora along the NFHR. A pilot study conducted by BioDiversity Research Institute (BRI) in 2005 showed 

that, relative to a  concern level of 1.18 ug/g, ww (wet weight)(Evers, 2007), 32% and 38% of the songbirds sampled in the near- and far-

downstream (of point source) areas, respectively, were above this critical  threshold and  warranted further investigation.  In 2007 BRI conducted

an intensive Hg exposure study on the NFHR to determine methylmercury availability and subsequent effects of high Hg concentrations  to 

insectivorous songbirds.  Data collected regarding Hg effects included physiological and reproductive measures. The study objectives include:

1) Determine Hg exposure profile of target  songbirds along the NFHR; 2) Determine reproductive success of  Carolina wrens and 

compare  between reference and downstream contaminated areas and; 3) Use a bioassay to determine genetic damage and compare 

among Hg levels and between reference and contaminated areas of the NFHR; 4) Use isotopes to understand trophic level and 

subsequent Hg levels (results still pending for objectives 3 and 4).  Here we present  a preliminary analysis from the 2007 field season. 

STUDY AREA 

The study area includes a hundred mile stretch 
of the North Fork of the Holston River (NFHR), 
which flows through Smyth and Washington 
Counties, in Southwest Virginia and Hawkins 
County, Tennessee. Six subreach sampling sites 
(Figure 1) were selected and include multiple 
river miles. While most of the sites were located 
inVirginia, the RM2-5 site was just over the 
border in Tennessee. 

Tissue Sampling: For the capture of all birds 12-
meter, 30mm mesh mistnets were placed 
opportunistically within each subreach sampling 
plot. For both adults and juveniles, 26-28 gauge 
needles were used to puncture the cutaneous ulner 
vein in the wing. Heperinized capillary tubes were 
used to collect blood for mercury analysis. For 
genetic analysis  twenty micro liters of blood were 
collected following the above protocol and the 
blood then transferred to a FTA mini card 
(Whatman), dried for 15 minutes and stored in a 
cool, dry location. Two second-secondary feathers 
were also collected from adult songbirds and 
analyzed for Hg (Figure 2).

Monitoring Reproductive Success: Nest boxes were provided at each subreach 
(excluding RM2-5). There were, on average 30 nest boxes provided per site.   The 
boxes, both tube and wood, were used to target cavity nesters like the Carolina Wren.  
Boxes were checked once a week until nesting behavior was observed, and after that 
every 2-3 days. The parameters measured at each nest location included the number 
of eggs laid, number of eggs hatched, and number of young fledged.

Lab Analysis: All blood and feather 
samples were analyzed for total Hg 
following the procedures discussed in 
Evers et al. 2005, at the Texas A&M Trace 
Element Research Laboratory, College 
Station. Blood and egg Hg is shown on a 
wet weight basis. Figure 2. Field Methods: Biologists measuring wing chord, aging with Pyle guide, and taking blood.                

Figure 1. Map of six subreach sampling sites along the NFHR.


