Spatial and Temporal Distribution of Polycyclic Aromatic Hydrocarbons within Sediments and Fish Tissues of the Lower Chesapeake Bay Basin
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reclassified based on scale. PAH analysis is being done on surficial sediment grab samples and dated sediment cores as well as on muscle and liver tissues of largemouth bass : s x, & . ~ A
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Figure 1: Reference map of study area: VirginiaNggs;tion of the and of all fish samples. Preliminary data excluded samples from the Elizabeth River (blue) and the Upper James, Rappahannock, or Coastal basins (green). : B0 s
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With a human population of over 6.8 million, the southern portion of the = - o ©
Chesapeake Bay basin dominates the landscape of Virginia (Figure 1). o0 o® o "
The temperate and humid climate of the region, with annual precipitation i I _ _ P 5.00 6.00
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vegetated terrain. Four major basins drain a total land area of 5.6x 104 km?2: Plate 1: Injecting a standard on the GCMS. Plate 2: Otolith of 12 year old blue catfish. - Plate 3: Morgantown Generation Station. e e o, i e i R e i e e g e e e B o e S e e B B i e Figure 14: Surficial sediment total organic carbon versus total PAH concentration
In descending order of land area James, Potomac-Shenandoah, Rappahannock, and York (Figure 2). Flowing through the metamorphic and igneous bedrock of the Blue Ridge and Piedmont and the more recent sedimentary : : g g - excludes outlier (0.46, 238,401.23).
deposits of the Coastal Plain, each of these fluvial systems interacts with the varied geologic assemblies that define the physiographic provinces of Virginia (McFarland and Bruce, 2006). Annual sedimentation rates into the Bay v ** | m PR Sttt Cruvive | Observad Generl : 01005 T
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Interconnected by over 1,400 km of major interstate, this region of Virginia has been greatly influenced by anthropogenic activity. Active petroleum power plants, paper mills, and military and commercial airports abound within ‘ oo |
the region, and retired creosote factories have left a chemical signature upon the landscape that has yet to be discerned. These identified sources of PAHs are located mostly along the I-95 transportation corridor, connecting ot Snot GiZ Score  Concentration Gradient NP S —
Washington D.C. to Petersburg (Figure 3). While development is highest in the Potomac basin with over 27% urban land use, concentrated around the Capital Beltway of Washington D.C., nearly half of the population resides in the ® <-2:585td. Dev. B P RS I over A g e e
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centers. Western portions of the region are dominated by agricultural land use; however, these areas are susceptible to atmospheric fallout from West Virginia's coal mining and combustion (Clark et al., 2013). With endangered | I | I I | ) | pipscsevonsouRRR e e Siiics _
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Figure 6: Average concentrations (ppb) of high molecular weight (HMW) PAHs by basin of all surficial sediment samples (with and without two outlying sites) Figure 11: Interpolated surface via inverse weighted distance function Figure 12: Interpolated surface via inverse weighted distance function of Figure 15: High-low clustering report for fish tissue (left) and
. and of all fish samples. Preliminary data excluded samples from the Elizabeth River (blue) and the Upper James, Rappahannock, or Coastal basins (green). of fish tissue sampling sites’ total PAH concentration. surficial sediment sampling sites’ total PAH concentration. surficial sediment (right).
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| (Largemouth Bass) Figure 5 and 6 depict the concentrations of PAHs by basin. Low molecular weight PAHs, associated with atmospheric fallout, exhibit diminishing concentrations towards Chesapeake Bay, indicating atmospheric
"- /. Upperpoomac FERTEEIIEI e deposition dominates in the western portions of the region (which experience the highest amounts of precipitation). Overlaid surfaces corroborate the westward dominance of low molecular weight PAHs (Figure 7 and
8). The Shenandoah's southern fork and the Rappahannock consistently yield significant levels of high and low molecular weights. These sites are likely severely impacted by West Virginia coal mining and power
| o ’ generation to the east. The ratio of low molecular weight to high molecular weight PAHs indicates the degree of source similarity at a given site; greater ratios have less similar sources. In both mediums there is a
G ‘ negative relationship between total PAH concentration and this ratio (Figure 9 and 10), supporting the findings of Mai et al. (2003). Surficial sediment PAH levels had a mean value of 3.9x103 +2.5x104 ppb, while fish
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i Preliminary geospatial analysis of VADEQ surficial sediment and fish tissue concentration data suggests that PAH concentrations are highest in areas with multiple PAH identified sources. The fish and sediment samples
Legend y have varying distributions (Figure 11 and 12). Areas of high PAH concentrations in sediment and in fish tissues were observed near the King George reach of the Potomac and outside of Staunton (along southern fork
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e 4w %QZ&Z‘LMO’ of the Shenandoah basin). The Morgantown Power Generation Station is located across the Potomac River from King George and has known environmental implications as studied by Seaman (2010). Hotspots of PAHs
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%ZZZJ ‘ o000 olrriinioka ] e in fish tissue are also seen in the Elizabeth River, where shipping and retired paper industries dominate.
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— Ll R recter Than 12500 el (Blue catfish) N PAH levels are sensitive to organic composition. As seen in Figure 13, there is a negative relationship between PAH levels and lipid content. PAHSs cling to surfaces of lipids within fish tissues; however, this lipophilic
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Figure 2: Major basins within the study area; Fish sampling areas. A Figure 3: Identified sources of PAHs and the Figure 4: Surficial sediment and sediment core Plate 4: Targeted fish species. S N nature increases biological degradation rates (Birkholz et al., 1988). Conversely, there is a positive relationship between PAH levels and total organic carbon in sediment (Figure 14). The low efficiency of bio-
minimum of three collection sites within each area, at each site 3 distribution of human population. sampling sites. concentration, a result of equilibrium partitioning coefficients, may be viewed in the disparity between average PAH levels in sediment and fish (Hawthorne et al., 2006). Apex predator species were shown to have PAH
Methods individuals of each target species were collected. values greater than could be accounted for by the direct exposure experienced by bottom feeding fish. This is indicative of bio-magnification within targeted species (Bierman, 1990). However, high-low clustering
. ) HMW More Present HMW More Present spatial statistics shows that fish tissue levels were randomly distributed across the study area (Figure 15). This contrasts the significant high value clustering of surficial sediment samples, perhaps a result of sampling a
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ediment core analysis will offer insight into how these spatial distributions evolved. These preliminary results have isolated the region's longstanding industrial locales and atmospheric fallout as sources of dominant
Shenandoah-Potomac, Rappahannock, and York Rivers) and in lacustrine systems in the upper portions of these basins (Figure 4). A Wildco Petite Ponar Bottom Grab Sampler was used to retrieve surficial sediment samples (top 5 cm) at PAH loading to aquatic environments now considered ecologically vulnerable
various locations throughout the study site for a spatial analysis (Figure 4). Sampling sites were also chosen based on distance to potential identified PAH source locations, i.e. power plants and population concentration centers, as well i F!g”reh7‘ Fish tissue OVer'ac'ﬁ' |nterfpfl\l/|a:c/$dpztlj_lrface;: Lhe red Surfafce f Figure 8: Surficial sediment overlaid interpolated surfaces: the red surface
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were also targeted because blue catfish mature to top predators through an autogenetic switch nearly two years after birth. o o o
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