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ABSTRACT  

Selection of receptor species is a critical  step in formulating  the study  design of ecological risk  
assessments (ERAs). The great blue heron (Ardea herodias; GBH) and belted kingfisher  (Ceryle alcyon; 
BKF) are piscivorous  predators that are often selected as receptor species for  ERAs pertaining  to 
persistent bioaccumulative  contaminants in aquatic environments . Both species have similar  dietary  
compositions, however their  exposure characteristics including  metabolic rates, foraging  range, and 
site fidelity  may differ . Matching  receptor characteristics to site attributes and risk management 
goals ultimately  determines the value of any ERA. The primary  objective of the present study  was to 
investigate the influence of Ú×ÌÊÐÌÚɀ life  history  characteristics in the selection of the most effective 
receptor. Sediments and floodplain  soils of the Tittabawassee River (TR) downstream of Midland,  
MI,  USA contain total  concentrations of the seventeen 2,3,7,8-substituted  polychlorinated  
dibenzofurans  (PCDFs) and dibenzo-p-dioxins  (PCDDs) ranging  from  1.0x102 to 5.4x104 ng/kg dw. 
These concentrations of PCDD/DFs in sediments and soils are some of the greatest reported and are 
10- to 20-fold  greater than the regional background .  As apical avian piscivorous  predators, GBH and 
BKF were selected as aquatic-based receptor species within  a broad group  of receptors in support  of 
an ERA. Both were considered appropriate  species for  inclusion  based on their  presence on-site and 
great potential  to experience elevated exposures to bioaccumulative  PCDD/DFs. Exposure for  both 
the GBH and BKF was quantified  by predicting  dietary  exposure to contaminants and direct 
measurement of contaminants in tissues of each species. The degree to which  these two  lines of 
evidence converged for  each species was evaluated by comparing  biomagnification  factors (BMFs) of 
select congeners between the two  species. Ratios of site-specific predominant  PCDD/DF congeners 
indicate that both species were foraging  within  the TR floodplain . However,  BMFs for  the GBH are 
lesser than those for  the BKF. Differences in BMFs may stem from  either species-specific metabolism 
or foraging  behavior. Concentrations of PCDD/DFs in BKF tissues were greater than those observed 
in GBH, suggesting the restricted foraging  range of BKF within  1 km of  nest burrow  offers greater 
spatial resolution  and maximal  exposure compared to GBH. 

MATERIALS AND METHODS  

ÅPrey items of piscivores, such as forage fish, crayfish, and frogs were collected from  
nine sampling  areas (BSAs), two  in reference areas (RA), five  along the 
Tittabawassee River (TR) and two  along the Saginaw River (SR) (Figure 1) during  
2003 ɬ 2006. 

ÅTissues of belted kingfisher  (BKF) and great blue heron (GBH) were collected from  
within  the TR study  area and associated reference areas during  2005 ɬ 2007. 

ÅConcentrations of seventeen 2,3,7,8-substituted  PCDD/DF congener concentrations 
in prey items and livers of BKF and GBH nestlings were determined  at 
AsureQuality  Limited,  Lower  Hutt,  New  Zealand. 

ÅConcentrations of TCDD equivalents (TEQ) for  ͓/"##ɤ#%Ú (DF-TEQs) and dioxin -
like  PCBs  (PCB-TEQs) were calculated by use of World  Health  Organization  TCDD 
equivalency factors (TEFs) for  birds [2]. 

TISSUE EXPOSURE DISCUSSION  

Å Site-specific dietary  compositions of the two  species were very similar : 

й BKF diet composed of 90.2% fish, 5.4% crayfish, and 4.4% frogs 

й GBH diet composed of 96% fish, 2% crayfish, and 2% frogs  

Å Dietary  items (n=188), including  frogs, crayfish, and forage fish composites, were 
collected and analyzed for  PCDD/DFs (13 forage fish composites also analyzed for  
PCBs). 

Å Concentrations of DF-TEQs in dietary  items were 22- to 180-fold  greater in TR 
reaches and 3- to 33-fold  greater in SR compared to RA (Figure 2).  

Å DF-TEQs contribute  greatly to total  TEQs in TR fish (~80%) while  PCB-TEQs are 
more predominant  in fish from  RA and the SR. 

Å Due to similarity  of total  TEQs concentrations among prey item taxa within  a 
sampling  location, dietary  composition  had little  influence on predicted  exposure. 

Å Dietary  exposure would  be predicted  to be greatest along the TR, least in the RA, 
and intermediate  along the SR (Table 1). 

REFERENCES 

ACKNOWLEDGEMENTS  

1. Hilscherova , K., et al. (2003).  Environ Sci Technol 37:468-474. 

2. van den Berg, M., et al. (1998).  Environ Health Perspect 106:775-79 

ÅThe hard work  and dedication  of all  the members of our field  and laboratory  research teams 
made this research possible. 

ÅPersonnel at Cardno ENTRIX, Inc. (Okemos, MI  office) for  assistance with  data management. 
ÅFunding  was provided  through  an unrestricted  grant from  The Dow  Chemical Company to 

Michigan  State University  

CONCLUSIONS  

ÅThe Tittabawassee River and its floodplain  has a unique  contaminant  signature, 
with  a predominance of dibenzofurans, specifically  TCDF and 4-PeCDF. 

ÅConcentrations of SPCDD/DF were similar  among different  prey items collected 
from  the same location, thus variation  in dietary  composition  would  have little  
influence on the dietary  exposure. 

ÅRelative concentrations of congeners in the diet and BKF nestling liver  collected 
from  within  the same area were similar  but differences were observed between 
areas, suggesting that BKF tissue exposure was resultant from  site-specific dietary  
exposure. 

ÅDissimilarity  between ratio  of PCB 126 : 4-PeCDF in BKF and GBH tissues as 
compared to the TR diet could be attributed  to a difference in the time spent 
foraging  within  the Tittabawassee River floodplain . 

ÅBiomagnification  factor (BMF) of 4-PeCDF in GBH nestling liver  was much lower  
than expected, based on comparison to that in BKF nestling liver  and values 
reported in the literature .  This would  also suggest that the assumption of 100% site-
use for  the GBH was inaccurate. 

ÅSpecies-specific differences in metabolism of dioxin -like  compounds could also be 
contributing  to the differences observed here and should  be the focus of further  
research. 

ÅBelted kingfisher  appear to have a greater exposure potential  to SPCDD/DFs and 
site-fidelity  along the Tittabawassee River as compared to the great blue heron. 

ÅSpecies characteristics, including  foraging  range, should  be carefully  considered 
when selecting a receptor species, as is exemplified  here. 

DIETARY EXPOSURE  

INTRODUCTION  

ÅAround  1900, dibenzofurans  and dioxins  were discharged into  the Tittabawassee 
River near Midland,  MI . 

ÅMean concentrations of PCDD/DF in soils and sediments downstream of Midland,  
MI  were 10- to 20- fold  greater than those from  an upstream reference area [1]. 

ÅObjectives were to: 1) compare and contrast the exposure of two  avian piscivores 
foraging  and nesting within  the TR floodplain  to 2,3,7,8-substituted  PCDD/DFs 
congeners; 2) investigate influence of speciesɬspecific characteristics on its use as a 
receptor species. ÅTo correct for  the influence of easily metabolized congeners from  the comparison, 

the ratio  of two  recalcitrant congeners, the site-specific 4-PeCDF and the more 
ubiquitous  PCB-126, in the diet  and receptor tissues was determined  (Fig. 4) 

ÅThe ratio  of PCB-126 : 4-PeCDF was similar  between the diet  and BKF nestling liver  
collected from  the same area suggesting site-fidelity,  which  was in contrast to 
comparisons between the diet  and GBH nestling liver . 

ÅThe PCB-126 : 4-PeCDF ratio  in GBH nestling liver  collected from  along the TR was 
more similar  to the diet  collected from  the RA and SR, than to the diet  from  the TR. 

For additional information please visit out website at www.riverwildlife.msu.edu  

GREAT BLUE HERON (Ardea herodias) 

BELTED KINGFISHER (Ceryle alcyon) 

Å Spatial trends of SPCDD/DFs in BKF tissues and diet  were similar .   

Å Concentrations of site-specific SPCDD/DFs and 4-PeCDF were significantly  lesser 
in liver  of GBH nestlings when compared to BKF nestlings (Table 1), despite having  
very similar  predicted  dietary  exposure. 

Table 1.  Concentrations of SPCDD/DF, 2,3,4,7,8-pentachlorodibenzofuran  (4-PeCDF), and 
PCB-126 (ng/kg, ww ) in the diet and liver  tissue of BKF and GBH breeding during  2004 ɬ 2007 
within  the RA, TR, and SR floodplains,  based on geometric mean of site-specific dietary  items.   

Residue RA TR SR 

Diet  BKF (N=2) Diet  BKF (N=4) GBH (N=6) Diet  

SPCDD/DF 4.6 (7ɬ13) 240 210 7.8 57 

4-PeCDF 0.07 (0.16ɬ0.55) 22 68 1.5 3.8 

PCB-126 2.7 (7ɬ9) 43 53 38 51 

GBH Rookery 

ÅDifferences in concentrations of SPCDD/DF were observed between among species 
(Table 1) and relative contribution  of DF-TEQs and PCB-TEQs also varied  between 
the two  species(Fig. 3). 

ÅDF-TEQs contributed  the greatest proportion  to total  TEQs in the diet and BKF 
nestling liver  from  the TR, in contrast to GBH nestlings liver  which  more closely 
resembled the diet  from  RA and SR in which  PCB-TEQs contributed  the greatest. 

TISSUE EXPOSURE 

Crayfish  

Frog 

Fish 

Fish (PCB) 

5 29 2 2 7 51 7 7 8 12 4 4 

RA TR SR 

SR TR RA 


