
 



 

 

Bioavailability of Persistent Organic Pollutants in Fish from Gunston Cove (Potomac 

River Watershed, Virginia) 

A Thesis submitted in partial fulfillment of the requirements for the degree of Master of 

Science  at George Mason University 

by 

Adam Moody 

Bachelor of Science 

George Mason University, 2007 

Director: Gregory D. Foster, Professor 

Department of Chemistry 

Spring Semester 2013 

George Mason University 

Fairfax, VA 



ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright 2013 Adam H. Moody 

All Rights Reserved 



iii 

 

ACKNOWLEDGEMENTS 

Without the support of my family and friends the completion of this project would not 

have happened.  Special acknowledgement to Dr. Thomas B Huff for general 

chromatography theory, Beverly Bachman and Alex Graziano from the Environmental 

Science and Policy Department for assisting with sample collections and the students of 

the Foster group who offered their time and energy with various aspects of this project. 

 



iv 

 

TABLE OF CONTENTS 

Page 

List of Tables ...................................................................................................................... v 

List of Figures .................................................................................................................... vi 

Abstract ............................................................................................................................. vii 

INTRODUCTION .............................................................................................................. 1 

MATERIALS AND METHODS ........................................................................................ 6 

2.1 Chemicals .................................................................................................................. 6 

2.2 Study Site ................................................................................................................. 10 

2.3 Sample Collection and Treatment ........................................................................... 12 

2.4 Laboratory Sample Processing ............................................................................... 14 

2.5 Analytical Conditions .............................................................................................. 17 

2.6 Quality Assurance ................................................................................................... 18 

2.7 Statistical Data Analysis ......................................................................................... 20 

RESULTS AND DISCUSSION ....................................................................................... 21 

3.1.1 PAH Concentrations ............................................................................................ 21 

3.1.2 PCB Concentrations ............................................................................................. 25 

3.1.3 OCP Concentrations ............................................................................................ 32 

3.2 BSAF for PCBs and OCPs ...................................................................................... 34 

Conclusions ....................................................................................................................... 44 

APPENDIX A ................................................................................................................... 46 

APPENDIX B ................................................................................................................... 50 

REFERENCES ................................................................................................................. 54 

CIRRICULUM VITAE .................................................................................................... 59 

 



v 

 

LIST OF TABLES 

Table Page 

Table 1 List of analytes ....................................................................................................... 8 
Table 2: Samples collected from Gunston Cove............................................................... 13 

Table 3: Summary of targeted ions in SIM mode for PAHs, PCBs and OCPs ................ 18 

Table 4: POP concentrations (mean ± sd) in fish and sediment from Gunston Cove ...... 22 

 



vi 

 

LIST OF FIGURES 

Figure Page 

Figure 1: Map of Gunston Cove and sampling site locations ........................................... 11 
Figure 2: Homologue % of [tPAHs] in Gunston Cove bed sediment ............................... 23 

Figure 3: PAH homologue concentrations between sediment and fish. ........................... 25 

Figure 4: PCB congener concentrations in bed sediments (mean ± sd) ........................... 28 

Figure 5: PCB congener concentrations among fish species (mean ± sd). ....................... 29 
Figure 6: PCA score plot analysis of PCB congener profiles in fish ................................ 30 
Figure 7: Mean PCB homologue profile concentrations between fish and sediment ....... 31 
Figure 8: Linear regression between tPCB concentration and %total lipids in fish. ........ 32 

Figure 9: Lipid-normalized tPCB concentrations in fish. ................................................. 35 
Figure 10: Lipid-normalized 4,4’-DDE concentrations in fish. ........................................ 36 

Figure 11: Lipid-normalized γ-chlordane concentrations in fish. ..................................... 36 
Figure 12: Lipid-normalized relative percentages of PCB congeners in fish ................... 37 
Figure 13: BSAF values for predominant PCB congeners ............................................... 39 

Figure 14: Relationship between median BSAF values and log Kow for PCBs. ............. 40 
Figure 15: Median BSAF values for 4,4’-DDE and γ-chlordane ..................................... 43 



 

 

ABSTRACT 

BIOAVAILABILITY OF PERSISTENT ORGANIC POLLUTANTS IN FISH FROM 

GUNSTON COVE (POTOMAC RIVER WATERSHED, VIRGINIA) 

Adam Moody, M.S. 

George Mason University, 2013 

Thesis Director: Dr. Gregory D. Foster 

 

Three classes of Persistent Organic Pollutants (POPs): Polycyclic Aromatic 

Hydrocarbons (PAHs), Polychlorinated Biphenyls (PCBs) and Organochlorine Pesticides 

(OCPs) were investigated in aquatic biota and bed sediments from an embayment-river 

mainstem of the Potomac River.  Mean sediment concentrations ranged from 2.85 * 10
3
 

to 3.27 * 10
3
 ng g

-1
 for total-PAHs, 27.9 to 29.6 ng g

-1
 for total-PCBs, 1.42 to 1.66 ng g

-1
 

for 4,4’-DDE and 0.65-0.66 ng g
-1

 for γ-chlordane.  A greater portion of high molecular 

weight PAHs were present in the bed sediments indicating high contribution of 

pyrogenically-derived PAHs.  Consensus-based Threshold Effect Concentrations (TECs) 

have been compared to concentrations of total-PAHs, individual PAHs, total-PCBs and 

individual OCPs.  Mean concentrations of POPs in fish tissue ranged from 5.4 to 34.3 ng 

g
-1

 for total-PAHs, 40 to 116 ng g
-1

 for total-PCBs, 14.0 to 28.9 ng g
-1

 for 4,4’-DDE and 

<LOD to 1.8 ng g
-1

 for γ-chlordane.  The highest total-PCB and 4,4’-DDE concentrations 



 

 

were observed in White Perch (Morone americana) and Spottail Shiner (Notropis 

hunsonius) indicating strong correlation with their dietary consumptions.  The median 

biota-sediment accumulation factor (BSAF) estimated in all fish species for total-PCBs 

was 1.88.  However, some individual and co-eluting PCB congeners had median BSAFs 

that were substantially greater (e.g. congener numbers 44, 84, 91, 138/164, 151, 158 and 

183) or lower (e.g. congener numbers 22, 56/60, 191 and 208) than the total-PCB 

average.  Bioaccumulation for PCB congeners showed a somewhat parabolic relation 

with n-octanol/water partition coefficients, confirming some previous investigations.  The 

median BSAF value for 4,4’-DDE was 9.58, higher than all other analytes of interest 

indicating an exceptionally high affinity to partition into aquatic biota.  No clear trend 

was observed between apparent bioaccumulation factors and trophic level.  
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INTRODUCTION 

 

Persistent Organic Pollutants (POPs) are organic carbon-based chemical compounds that 

derive from anthropogenic sources.  POPs possess a particular combination of physical 

and chemical properties such that, when they are released into the environment: (1) they 

remain intact for long periods of time (many years); (2) become widely distributed 

throughout the environment as a result of natural processes by soil, water and air; (3) 

accumulate in the fatty tissue of living organisms including humans, and are found at 

higher concentrations in organisms that occupy higher trophic levels of the food web; and 

(4) are toxic to both humans and wildlife 
1
.  Due to the intrinsic qualities of POPs being 

persistent, lipophilic and toxic, POPs are of particular concern to water quality 

management in riverine 
2,3

, lacustrine 
4,5

, and marine ecosystems 
6,7

.  POPs remain as a 

priority concern for the Chesapeake Bay Program due to their risks to environmental 

health 
8
.  Three groups of POP contaminants included on this list are the polychlorinated 

biphenyls (PCBs), organochlorine pesticides (OCPs) and polycyclic aromatic 

hydrocarbons (PAHs).  

Since commercial production of PCBs began in 1929, between 1.2 to 2 million 

metric tons of PCBs have been manufactured globally.  The primary application for PCBs 

have been focused in electric utility applications, functioning as coolants and dielectric 
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fluids, but PCBs were also applied as building materials, adhesives, paints, dyes and 

plasticizers.  Legislation to restrict the manufacturing, distribution and application of 

PCBs in the United States and Europe began in the 1970s beginning with the Toxic 

Substances Control Act 
9
.  Despite these restrictions, PCBs are still being used in the U.S. 

in completely enclosed electrical systems (e.g. electrical transformers, capacitors).  

Currently, there are more than 200,000 kg of PCBs in active use in enclosed transformers 

in the San Francisco Bay area alone 
10

.  Exposure to the environment from numerous 

accidental spills of PCBs has remained a primary concern for the Environmental 

Protection Agency (EPA).  From 1988 to 1992 almost 3,600 incidents involving PCB 

spills were reported, which lead the list of toxic organic chemicals released to the 

environment by accidents 
11

.   

OCPs are another group of chlorinated organic chemical compounds that were 

used extensively in the U.S. from the 1940s through the 1960s in agriculture and 

mosquito control.  Some developing nations continue to employ the use of OCPs, both 

legally and illegally, but all countries belonging to the Organization for Economic Co-

operation and Development (OECD) have either banned the production and application 

of OCPs entirely or tightly regulate their use.  An abundance of scientific evidence has 

revealed that OCPs are among the most hazardous pollutants released into the 

environment and are considered to possess endocrine-disrupting and carcinogenic 

properties 
12–15

. 

PAHs are by-products from the incomplete combustion of fossil fuels and 

biomass and are naturally occurring compounds found in petroleum.  Due to increasing 
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urban development and the expansion of fossil fuel consumption across the planet, the 

presence of PAHs in the environment has also increased.  The three primary sources of 

PAHs into the environment are (1) pyrolysis emissions from fossil fuels and biomass, (2) 

discharge, runoff or spillage of petrogenic hydrocarbons, and (3) biogenesis 
16

.  The EPA 

lists sixteen different PAH compounds as priority contaminants for their potential 

genotoxic and carcinogenic effects to humans.  Due to improved awareness in 

environmental protection and conservation, endeavors have been implemented for stricter 

control and government regulation on PAH exposure in both urban developed areas and 

the natural environment 
17

.   

The accumulations of POPs in urban aquatic environments arise from many point 

and nonpoint sources.  The prominent nonpoint sources of POPs include automobile 

emissions, untreated urban runoff, municipal waste site discharge, leaking sewer and 

septic lines, and atmospheric deposition 
3,16,18–20

.  According to the EPA’s National Water 

Quality Inventory Report to Congress 2004 reporting cycle, atmospheric deposition is the 

leading source of impairment for toxic organics, pesticides, and other pollutants in bays 

and estuaries in the United States.  Prominent point sources for POPs into freshwater 

estuaries and coastal environments include industrial discharges, wastewater treatment 

plant (WWTP) effluents, and energy utility emissions.  It is difficult to isolate and 

quantify the significance of individual source emissions of POPs to the environment but 

aquatic environments such as rivers, lakes and estuaries serve as repositories that enable 

the levels of POPs and other toxic organic compounds to be correlated with land use, 

landscapes and identifiable inputs at the scale of a watershed.   
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It has been well documented that lipophilic compounds preferentially accumulate 

in lipids of fish and other animals 
21

.  Equilibrium partitioning theory (EPT) dictates that 

maximal biota concentrations of organic solutes should be reached once their 

thermodynamic activities in tissues are equalized with the surrounding media 
22

.  EPT is 

considered a useful approximation for describing bioaccumulation of hydrophobic 

organic contaminants in data that is highly aggregated with respect to animal type, 

chemical type and n-octanol/water partition coefficient (Kow) 
23

.  The validity of this 

theory can be observed in POP bioaccumulation in fish, where the two principle routes of 

exposure occur via their gills and other body surfaces, and from their diet 
24,25

.   

The Gunston Cove Region of the Potomac River was chosen as the location for 

this study due to an ongoing fish pathology study 
26

.  Inlets on the Potomac River such as 

Gunston Cove act as filters and deposition zones of stream runoff from the sub-

watersheds.  These inlets represent important points of entry of POPs and are some of the 

most contaminated regions along the Potomac River.  In addition, Gunston Cove receives 

wastewater treatment plant (WTP) discharge directly through Pohick Creek.  Recent 

toxicological abnormalities have been observed in smallmouth bass (Micropterus 

dolomieu) populations of the Potomac River through observed lesions and testicular 

oocytes (male feminization) 
27

.   Studies have shown that bioaccumulation of POPs can 

have negative effects on fish immune systems 
28–30

. 

The objectives of the present study were to quantify PAHs, PCBs and OCPs in 

bed sediments and biota from Gunston Cove, assess the molecular patterns of these 
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compounds in fish tissues, and evaluate the equilibrium partitioning and bioaccumulation 

among several fish species by means of biota-sediment accumulation factors (BSAFs).   
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MATERIALS AND METHODS 

2.1 Chemicals  
 

Florisil, copper granules and hydrochloric acid were supplied by J.T. Baker (Phillipsburg, 

NJ).  Sodium sulfate was supplied VWR International Inc. (Bridgeport, NJ).   Sorbents 

used for column clean-up were baked at 400 
o
C (4h) and stored at 60 

o
C before use.  

Double distilled water (DDW) was produced in the laboratory using a Corning Megapure 

still.  All other solvents (toluene, hexane, isooctane, acetone, dichloromethane and 

methanol) were supplied by Thermo Fisher Scientific (Rockville, MD) and were pesticide 

grade.  The PAHs naphthalene, 1-methylnapthalene, 2-methylnaphthalene, 

acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 

benz(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

benzo(a)pyrene, indeno(1,2,3-cd)pyrene and dibenz(a,h)anthracene were purchased from 

Restek (Bellefonte, PA) as a stock mixture in acetonitrile solution.  Perylene, 2-

methylphenanthrene, 4,5-methylenephenanthrene, 1,2:3,4-dibenzanthracene, 2-

methylanthracene, 9-methylanthracene, 1-methylphenanthrene and 1-methylanthracene 

were purchased from Accustandard Inc. (New Haven, CT) as individual stock standards 

each  in toluene solution.  1-methylfluorene, triphenylene and biphenyl were purchased 

from Sigma Aldrich (St. Louis, MO) as individual neat compounds.  A working solution 

containing all PAHs was prepared at 100 ng uL
-1

.  The PCBs were purchased from 
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AccuStandard Inc. in the form of four prepared congener mixtures dissolved in isooctane.  

The OCPs were purchased from Restek in the form of one prepared standard mixture 

dissolved in 1:1 hexane/toluene solution.  All PAHs, PCBs and OCPs studied in this 

paper are listed in Table 1.  A working solution containing both the PCBs and the OCPs 

was prepared at 8 ng uL
-1

 for the OCPs and 400 pg uL
-1

 for the PCBs.  Deuterated PAH 

standards were purchased from Restek and Spex Certiprep (Metuchen, NJ).  Internal 

injection quantitation standards for gas chromatography-mass spectrometry (GC-MS) 

included 2,4,6-trichlorobiphenyl (PCB 30), 2,2’,3,4,4’,5,6,6’-octachlorobiphenyl (PCB 

204), fluorene-d10, fluoranthene-d10 and benzo(a)pyrene-d12.  Final calibration 

standards were made up in pesticide grade toluene.  Surrogate sample spikes (SS) were 

added to each sample and used for method recovery.  Surrogate spikes consisted of 6.40 

ng of  2,4,5,6-tetrachloro-m-xylene, 2,2’,4,5’, 5.61 ng of 6-pentachlorobiphenyl (PCB 

103), and 5.60 ng of 2,2’,3,4,4’,6’-hexachlorobiphenyl (PCB 140) in isooctane and 100 

ng of acenaphthene-d10, 100 ng of phenanthrene-d10, and 100 ng of chrysene-d12 in 

acetone.  Ultra high purity nitrogen gas used for solvent volume reduction and helium gas 

for GC-MS analysis was purchased from Robert’s Oxygen (Manassas, VA).   
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Table 1 List of analytes 

 

PAHs Analyzed 

Number of 

Rings 

(number of 

carbons per 

ring) 

Compound CAS 

Number
a
 

MW Log Kow 

2(6) Naphthalene
b
 

1-Methylnaphthalene 

2-MethylNapthalene 

Biphenyl 

91-20-3 

90-12-0 

91-57-6 

92-52-4 

128.2 

142.2 

142.2 

154.2 

3.30 

3.86 

3.87 

3.76 

2(6), 1(5) Acenaphthylene
c
 

Acenaphthene 

Fluorene 

1-Methylfluorene 

208-96-8 

83-32-9 

86-73-7 

1730-37-6 

152.2 

154.2 

166.2 

180.3 

3.94 

4.15 

4.02 

4.56 

3(6) Phenanthrene 

Anthracene 

2-Methylphenanthrene 

2-Methylanthracene 

1-Methylphenanthrene 

1-Methylanthracene 

9-Methylanthracene 

85-01-8 

120-12-7 

2531-84-2 

613-12-7 

832-69-9 

610-48-0 

779-02-2 

178.2 

178.2 

192.3 

192.3 

192.3 

192.3 

192.3 

4.35 

4.35 

4.89 

4.89 

4.89 

4.89 

4.89 

3(6), 1(5) 4,5-Methylenephenanthrene 

Fluoranthene 

203-64-5 

206-44-0 

190.3 

202.3 

4.60 

4.93 

4(6) Pyrene 

Benz[a]anthracene 

Chrysene 

Triphenylene 

129-0-0 

56-55-3 

218-01-9 

217-59-4 

202.3 

228.3 

228.3 

228.3 

4.93 

5.52 

5.52 

5.52 

4(6), 1(5) Benzo[b]fluoranthene 

Benzo[k]fluoranthene 

205-99-2 

207-08-9 

252.3 

252.3 

6.11 

6.11 

5(6) Benzo[a]pyrene 

Perylene 

Dibenzo[a,h]anthracene 

1,2:3,4-Dibenzanthracene 

50-30-8 

198-55-0 

53-70-3 

215-58-7 

252.3 

252.3 

278.4 

278.4 

6.11 

6.11 

6.70 

6.41 

5(6), 1(5) Indeno(1,2,3-cd)pyrene 

 

193-39-5 276.3 6.70 

Continued on next page  
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        PCBs Analyzed 

Number of Chlorines CAS Structural PCB Number
d
 Number 

of 

Congeners 

1 1, 2, 3 3 

2 4, 5, 6, 7, 8, 9, 10, 12, 15 9 

3 16, 17, 18, 19, 20, 22, 24, 25, 26, 27, 28, 

29, 31, 32, 33, 34, 37 

17 

4 40, 41, 42, 44, 45, 46, 47, 48, 49, 52, 56, 

59, 60, 63, 64, 66, 67, 69, 70, 71, 74, 77 

22 

5 82, 83, 84, 85, 87, 91, 92, 93, 95, 97, 99, 

101, 103, 104, 105, 109, 110, 114, 115, 

118, 119, 123 

22 

6 128, 128, 131, 132, 134, 135, 136, 137, 

138, 141, 144, 146, 147, 149, 151, 153, 

156, 157, 158, 164, 167 

21 

7 170, 171, 172, 173, 174, 176, 177, 178, 

179, 180, 183, 185, 187, 189, 190, 191, 

193 

17 

8 194, 195, 196, 197, 199, 203, 205 7 

9 206, 207, 208 3 

 Total Number of Congeners 121 

 

OCPs Analyzed  

Name CAS 

Number
a
 

Formula MW Log Kow 

4,4’-DDE 72-55-9 C14H8Cl4 318.0 6.00 

Aldrin 309-00-2 C12H8Cl6 364.9 6.75 

Dieldrin 60-57-1 C12H8Cl6O1 380.9 5.45 

Endrin 72-20-8 C12H8Cl6O1 380.9 5.45 

Heptachlor 

Epoxide (Isomer B) 

1024-57-3 C10H5Cl7O1 389.3 4.56 

γ-chlordane 5566-34-7 C10H6Cl8 409.8 7.00 
a
Environmental Protection Agency (EPA) EPI Suite v4.1 

b
Italicized compounds are known carcinogens

31
 

c
Underlined compounds are on the EPA priority pollutant list

32
 

d
Mills et al., 2007

33
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2.2 Study Site  
 

Gunston Cove (38
o
40’07.45”N, 77

o
08’41.12”W) is a shallow embayment of ~5 km

2
 that 

extends into the tidal freshwater Potomac River approximately 20.0 km downstream from 

Washington, DC (USA).  The perimeter of Gunston Cove forms the southern boundary of 

Fort Belvoir and the northern boundary of Mason Neck State Park in northern Virginia 

(Figure 1).  Gunston Cove is a regional sub-watershed for the Potomac River which 

contains the confluence of both Accotink and Pohick Creeks.  Gunston Cove attracts 

boating and fishing enthusiasts and the area surrounding Gunston Cove incorporates 

recreational parks, marinas, an interstate highway, urban housing developments, semi-

industrial zones, Fort Belvoir U.S. Army installation and a WWTP.  Gunston Cove and 

the Potomac River mainstem both receive large quantities of treated wastewater effluent.  

The Blue Plains WWTP is located 19.0 km upstream from Gunston Cove and discharges 

1.25 million m
3
 (avg.) of wastewater a day into the mainstem of the tidal freshwater 

Potomac River each day.  The Noman M Cole Jr. Pollution Control Plant is located 1.80 

km above head of tide in Pohick Creek and discharges 2.04 x 10
5
 m

3
 (avg.) of wastewater 

a day into the creek.  These features surrounding Gunston Cove all have a high likelihood 

to contribute to the loadings of organic pollutants into the Gunston Cove inlet.   

 Land use is a major factor that influences pollutant emissions into rivers.  Urban 

watersheds are known to release PAHs, PCBs and other toxic pollutants into the aquatic 

environment during runoff events 
3
.  Studies on the land use profiles of the Accotink and 

Pohick sub-watersheds, which flow into Gunston Cove, report that the average percent 

impervious surface to be 27% and 23% respectively 
34

.  Impervious surface coverage 



11 

 

percentages correlate to large volumes of pollutant-containing storm runoff discharging 

into waterways during storm events. 

 

 

 
Figure 1: Map of Gunston Cove illustrating approximate locations of sampling sites:  ■ indicates fish collection by 

seine net and ▲ indicates fish collection by trawl net.  
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Fish species collected from Gunston Cove were typical of mid-Atlantic tidal 

freshwater rivers.  These include intermediary trophic level species whose primary diets 

consist of benthic dwelling aquatic organisms, insect larvae, fish eggs and plants.  These 

species include the mummichog (Fundulus Heteroclitus), spottail shiner (Notropis 

hudsonius), inland silverside (Menidia beryllina), bluegill (Lepomis macrochirus), and 

redbreast sunfish (Lepomis auritus).  These are all benthivorous trophic level III 

freshwater species whose dietary habits were determined based on literature survey 

26,35,36
, and all five species feed extensively on benthic organisms such as mosquito 

(Culicidae) and midge fly (Chironimidae) larvae, oligocheate worms (Oligocheata), 

fingernail clams (Sphaeriidae), fish eggs and zooplankton.  The white perch (Morone 

americana) is an important commercial and popular game fish in eastern North America.  

It is the most common fish found in the open waters of Gunston Cove.  White perch of 

the size captured feed on a mixed diet of benthos, zooplankton and smaller fish and so 

can be classified as trophic level III/IV 
26,35,36

. 

 

2.3 Sample Collection and Treatment 
 

The harvesting of both the bed sediment and fish samples from Gunston Cove was 

conducted on May 22, 2012.  Fish ranging in length from 5-13 cm were harvested from 

sites 4, 6, 7, 9 and 10 by seine or trawl net.  Fish identified for study were tallied and 

separated according to species before being wrapped in pre-cleaned aluminum foil, 

placed in plastic bags and stored in a portable ice box.   Bed sediment samples were 
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collected from sites 7 and 10.  These samples consisted of the top ~5 cm of the bed 

sediment and were collected using a Petite Ponar grab sampler (Wildco, Buffalo, NY).  

The samples were placed in amber glass jars using a stainless steel spoon, sealed with 

Teflon-lined lids and then stored in a portable ice box.  Upon return to the analytical 

laboratory, all fish and sediment samples were stored at -20 
o
C until they were processed.  

An inventory of the biota and sediments collected from Gunston Cove along with their 

biometric and characteristic properties is summarized in Table 2.   

 

 

 
Table 2: Samples collected from Gunston Cove 

Fish Species  

[Trophic Level] 

Primary Food Sources Station N
a 

Length 

(cm) 

Mass 

(g) 

% Total 

Lipids 

Mummichog [III] 

(Fundulus 

heteroclitus) 

Benthic Infauna and Epifauna  4,6 20 5-7 4.0-6.5 3.3 ± 0.1 

Spottail Shiner 

[III] 

(Notropis 

hudsonius) 

Benthic Infauna, Epifauna, 

Zooplankton, Fish Eggs and 

Plants 

7 10 5-9 6.0-8.0 4.7 ± 0.3 

Inland Silverside 

[III] 

(Menidia 

beryllina) 

Crustaceans and Zooplankton  4 12 6-9 3.7-6.8 2.1 ± 0.2 

Bluegill [III] 

(Lepomis 

macrochirus) 

Benthic Infauna, Zooplankton, 

Plants 

7,10 7 8-11 13-23 4.7 ± 0.3 

Redbreast Sunfish 

[III] 

(Lepomis auritus) 

Benthic Infauan, Zooplankton, 

Plants 

10 5 8-10 12-20 3.7 ± 0.1 

White Perch 

[III/IV] 

(Morone 

americana) 

Benthic Infauna, Zooplankton, 

Fish Eggs and Small Fish 

9 10 9-13 12-25 6.1 ± 0.2 

      

Bed Sediments % Sand % 

Silt/Clay 

Station % Moisture %Organic 

Content 

Gunston Cove 

Site 7 

12.0 ± 3.3 88.0 ± 

3.3 

7 56.7 ± 1.2 2.8  

Gunston Cove 

Site 10 

15.4 ± 0.7 84.6 ± 

0.7 

10 58.1 ± 1.2 3.5 ± 0.1 
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a
 Number of individuals collected 

 

2.4 Laboratory Sample Processing 
 

PAHs, PCBs and OCPs were analyzed in bed sediments and multiple fish whole body 

composite tissue homogenates.  Composite fish tissue homogenate for each fish species 

was prepared according to EPA method 823B.  Briefly, semi-thawed multiple whole fish 

bodies were prepared in a stainless-steel blender, then the ground sample was separated 

into quarters, opposite quarters were mixed together by hand and the two halves were 

mixed back together.  The blending, quartering, and hand mixing was repeated two more 

times.  Upon completion of homogenization, the composite fish tissue homogenates were 

stored at -20 
0
C prior to the extraction and cleanup.  Aliquots of the composite fish tissue 

homogenate were sampled for gravimetric total lipid determinations adapted from 

Ramalhosa et al. 
37

.  The extraction process for POPs in the composite fish tissue 

homogenate was carried out using microwave-assisted saponification (MAS) (MARS, 

CEM Corp., Matthews, NC).  This method was adapted from EPA Method 3546 and 

Xiong et al. 
38

.  Tissue homogenates (~1 g) were thawed and pulverized to a fine powder 

after mixing with a 3:1 (wt/wt) ratio of an anhydrous sodium sulfate using a mortar and 

pestle.  The granulated mixture was loaded into a 100 mL GreenChem MARS extraction 

vessel and partially filled with ~10 mL of 1M potassium hydroxide in methanol.  All 

samples were spiked with surrogates prior to the saponification process.  The MAS was 

conducted at 100 
0
C for 15 minutes at 600 W.  When the MAS process was complete, the 
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vessel was cooled and the contents were decanted into a clean 60 mL conical glass 

centrifuge tube for back extraction with 25 mL of hexane.  The back extraction mixture 

was vortexed for 10 seconds, allowed to separate and the top nonpolar phase was 

transferred to a clean centrifuge tube.  The back extraction process was carried out a total 

of three times per sample, and the resulting three hexane extracts were combined and 

concentrated to ~1.0 mL using an N-VAP model 112 nitrogen evaporator (Organomation 

Associates Inc., Berlin, MA).   

The POPs in the bed sediments were extracted using microwave-assisted 

extraction (MAE).  This method was also adapted from EPA method 3546 with 

modifications reported 
39

.  Sediments were thawed and centrifuged at 1500 rpm 

(International Equipment Company Model H N, Needham Heights, MA) to separate pore 

water from solids.  For each collection site, ~5 g of de-watered bed sediment was added 

into a 100 mL GreenChem MARS extraction vessel along with ~5 g of a sodium sulfate 

desiccant and 20 mL of 1:1 (v/v) hexane:acetone as the extraction solvent.  All surrogates 

spikes were added to the MARS vessel prior to the MAE process.  The MARS extraction 

program for the sediments was identical to the extraction program for the fish tissue.  

Following MAE, the extraction solvent was decanted from the vessel and transferred to a 

60 mL conical glass centrifuge tube.  This MAE procedure was carried out a total of three 

times for each sample, and the resulting three extracts were combined together upon 

completion, solvent exchanged with hexane and concentrated to ~1 mL using nitrogen 

evaporation.   
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Both bed sediment and fish tissue extracts were subjected to clean-up using 

Florisil chromatography to remove interfering substances from the extracts prior to GC-

MS analysis adapted from EPA method 3620C. The concentrated extracts were loaded 

onto a pre-fired (400 
o
C) stoppered glass chromatography column packed from bottom to 

top with 2 g of sodium sulfate, 6 g of 2% (v/w) water-deactivated Florisil, and another 2 

g of sodium sulfate.  The contents of the Florisil column were pre-rinsed in hexane prior 

to the loading of the sample extracts.  Elution for the fish tissue extracts from the column 

was achieved with 50 mL of 1:1 (v/v) hexane:DCM collected into a 60 mL glass 

centrifuge tube.  Elution for the bed sediment extracts from the column was achieved 

with 50 mL of DCM into the glass centrifuge tube.  The eluents for both fish and bed 

sediment extracts were solvent exchanged with toluene and concentrated to ~0.5 mL 

under a gentle stream of N2 gas, transferred to an injection vial and spiked with internal 

standard.  The vialed bed sediment extracts were stored in the presence of HCl-activated 

copper granules to precipitate GC-MS interfering rhombic sulfur (S8) and sulfide 

compounds remaining in the extract.   

Ancillary measurements were conducted on the stored bed sediment for grain-size 

analysis and for determination of the percent water weights by using a method described 

previously 
40

.  The total organic carbon and total nitrogen contents of the sediments were 

measured using a Thermo-Scientific Flash 2000 NC soil analyzer with HCl pre-treatment 

to remove carbonates.   
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2.5 Analytical Conditions 
 

Quantitative analysis of the POPs was performed using an Agilent (Agilent Technologies, 

Santa Clara, CA) 7890A gas chromatograph (GC) coupled to a 5975C mass spectrometer 

(MS) with an inert ion source.  The GC-MS was fitted with a Restek (Bellefonte, PA) 

Rtx-5 fused silica capillary column (30 m x 0.25 mm ID x 0.25 µm film thickness).  The 

GC-MS was equipped with a Programmable Temperature Vaporizing Injector (PTV) 

with a dimpled liner.  Injections (2 µL for PAHs, 10 µL for PCBs and OCPs) were 

performed using an Agilent Model G4513A auto-injector in the splitless mode for PAH 

analysis and solvent vent mode for PCBs and OCPs.  For PAH analysis the inlet 

temperature was 280 
0
C and the temperature program was 100

 0
C held for 0.5 min, 20 

0
C 

min
-1

 to 290 
0
C no hold, 5 

0
C min

-1
 to 320 

0
C held for 9 min with a constant column flow 

of 1.4 mL min
-1

. For PCB and OCP analysis the inlet temperature was kept at 100 
0
C, 

after 0.25 min the inlet temperature was raised by 710 
0
C min

-1
 to 280 

0
C.  The 

temperature program was 90 
0
C held for 1 min, 60 

0
C min

-1
 to 150 

0
C held for 0 min, 5 

0
C 

min
-1

 to 300
0
C no hold with a constant column flow of 2.5 mL min

-1
.  Transfer line 

temperature was set at 290 
0
C, ion source temperature at 230 

0
C and quadrupole 

temperature at 150 
0
C.  The mass spectrometer was operated in selected ion monitoring 

mode (SIM mode) with the targeted ions for analytes summarized in Table 3.  

Calibrations were evaluated through Chemstation (version E.02.02.1431) using internal 

injection standards at 5-8 concentration levels.  Internal standards used in calibrations and 

samples were 5.6 ng per vial of 2,4,6-trichlorobiphenyl (PCB 30), 5.6 ng per vial of 
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2,2’,3,4,4’,5,6,6’-octachlorobiphenyl (PCB 204), 198 ng per vial of fluoranthene-d10, 

196 ng per vial of fluorene-d10 and 197 ng per vial of benzo[a]pyrene-d12.     

  

 

 
Table 3: Summary of targeted ions in SIM mode for PAHs, PCBs and OCPs 

Compound 
Quant ion (bold), Q1 ion (normal), Q2 ion (italic) 

 
 

 

PAHs 

128,127 (Nap); 142,141 (1-MeNap, 2-MeNap); 154,153 (BiPh); 

152,151 (Any); 153,152 (Anp); 166,165 (Flu); 165,180 (1-

MeFlu); 178,176 (Phe, Ant); 192, 191 (2-MeP, 2-MeA, 1-MeA, 

1-MeP, 9-MeA); 190,189 (4,5-MeP); 190,189 (Fluor, Py); 

228,226 (Cry,Triph,BaA); 252,250 (BbF,BkF,BaP, Per); 276,277 

(InP,BghiP); 278,279 (DahA,1234DA) 

 
 

PCBs 

and 

OCPs 

222,224 (di-CBs); 256,258 (tri-CBs); 292,290 (tetra-CBs); 
326,328 (penta-CBs); 360,362 (hexa-CBs); 394,396 (hepta-CBs); 

430,428 (octa-CBs); 464,462 (nona-CBs); 263,264,66 (aldrin); 

353,355,351 (heptachlor epoxide); 373,375,237 (γ-chlordane); 
246,318,176 (4,4’-DDE); 263,277,79 (dieldrin); 263,281,81 

(endrin) 

 

2.6 Quality Assurance 
 

Analytical limits of detection (LODs) were determined by multiplying the standard 

deviation of 10 replicate injections of the least concentrated calibration (10 pg µL
-1 

for 

PAHs, 16 pg µL
-1

 for OCPs and 0.80 pg µL
-1

 for PCBs) by the Student’s t-test for the 

95% confidence interval.  LOD ranges were 0.15-1.82 ng per sample for PAHs, 0.70-2.25 

ng per sample for OCPs and 0.03-0.86 ng per sample for PCBs.  The LOD values were 

then divided by the approximate sample mass to determine the method detection limits 

(MDLs) in ng g
-1

 units for both fish tissue and bed sediment samples.  Approximate 

sample masses are one (1) gram for fish tissue and five (5) grams for bed sediment.  

LODs and MDLs for all analytes are presented in Appendix A.  Analyte standards were 
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tested for extraction/cleanup efficiency and analyte recovery through spiking experiments 

in fish matrices (n = 3) and sediment matrices (n = 3).  Recovery percentages for analyte 

standards in both fish tissue and bed sediment spiked matrices are presented in Appendix 

B.  Surrogate standards were spiked into all samples prior to extraction as a performance 

check (n=4 for fish analysis, n=5 for bed sediment).  2,4,5,6-tetrachloro-m-xylene, PCB 

103 and PCB 140 were used as surrogates for PCB and OCP analysis, their recoveries 

ranged from 71% to 122% in fish tissue and from 62% to 128% in bed sediment.  

Acenaphthene-d10, phenanthrene-d10 and chrysene-d12 were used as surrogates for PAH 

analysis, their recoveries ranged from 60% to 124% in fish tissue and from 64% to 104% 

in bed sediment.  POP analysis results for the sediments were expressed as µg g
-1

 dry 

weight (dwt) for PAHs and ng g
-1

 dwt for PCBs and OCPs.  Results for the fish were 

expressed as ng g
-1

 wet weight (wwt) for PAHs, PCBs and OCPs.  With each set of 

sample analyses, laboratory blanks were performed and then subtracted from sample 

quantifications.  Laboratory blank concentrations of POPs were subjected to full 

laboratory sample processing methods for both fish tissue and bed sediment but without 

the addition of any fish tissue or bed sediment.  Laboratory blank concentrations ranged 

from below the detection limit (<DL) to 4.75 ng g
-1

 wwt for total PAHs in fish tissue, 

<DL to 6.7 ng g
-1

 dwt for total PAHs in bed sediments, <DL to 6.11 ng g
-1

 dwt for total 

PCBs in fish tissue, <DL to 21.9 ng g
-1

 dwt for PCBs in bed sediments, <DL to 4.80 ng g
-

1
 wwt for OCPs in fish tissue and <DL to 0.79 ng g

-1
 dwt for OCPs in bed sediments.   
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2.7 Statistical Data Analysis  
 

Significance testing of sample concentrations was evaluated using one-way analysis of 

variance (ANOVA) followed by Tukey’s posthoc test (α-level = 0.05), student’s t-test (α-

level = 0.05) and multivariate statistics.  Statistical analysis was performed using Minitab 

(Version 16, Minitab Inc. State College, PA).  Excel spreadsheets were used to evaluate 

trend lines derived from correlated distribution constants.   

Biota-sediment accumulation factors (BSAF) were estimated in individual fish for 

all PCB congeners and OCPs detected coincidentally in bed sediments and biota 

according to the following relation using lipid- and organic-carbon-normalized residue 

concentrations:   

     
              

               
 

                     
        

      
 

                   
           

                
  

Where Cbiota is the compound concentration in biota and ƒlipid is the total lipid percentage, 

and Csediment is the compound concentration in sediment and ƒorganic carbon is the total 

organic-carbon percentage 
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RESULTS AND DISCUSSION 

3.1.1 PAH Concentrations 
 

Concentrations of PAHs found in Gunston Cove sediments are shown in Table 4.  PAHs 

found in bed sediments from Gunston Cove showed much greater concentrations relative 

to fish tissue with mean ± sd measurements of 2.85 ± 0.05 µg g
-1

 dwt and 3.27 ± 0.26 µg 

g
-1

 dwt at both sites within the cove.  Significantly different mean tPAH concentrations 

existed between sediments collected from the two sites (two-sample t-test, p < 0.05).  

Fluoranthene, pyrene and perylene were the most abundant PAHs found at both site 

locations and accounted for 16%, 14% and 36% by mass, respectively, of the total PAHs 

at Site 7 and 20%, 15% and 21% by mass, respectively, of the total PAHs at Site 10.  

Figure 2 shows the homologue percentages of tPAH concentrations in the Gunston Cove 

bed sediments.  The tPAH concentrations and PAH homologue profiles were closely 

related to previously reported values in bed sediments of nearby areas within the Potomac 

River Coastal Plain (3.38 µg g
-1

 dwt) by Foster and Cui 
16

.  Sediment quality was 

assessed for 10 individual PAH compound concentrations (anthracene, fluorene, 

naphthalene, phenanthrene, benzo[a]anthracene, benzo(a)pyrene, chrysene, 

dibenz[a,h]anthracene, fluoranthene and pyrene) and their combined tPAH concentration 

at each sampling site to compare with sediment quality guidelines (SQG) reported by 

MacDonald et al. 
41

.  The SQG tPAH concentration at Site 7 was calculated below the 
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1610 ng g
-1

 dwt threshold effect concentration (TEC) suggested for PAHs in sediments, 

however the SQG tPAH concentration at Site 10 was calculated above the TEC.  

Sediment concentrations above the TEC will have some toxicological effect on sediment-

dwelling organisms.  Of the individual PAHs, fluoranthene (447 ± 10 ng g
-1

 dwt at Site 7, 

654 ± 115 ng g
-1

 dwt at Site 10), pyrene, (405 ± 11 ng g
-1

 dwt at Site 7, 504 ± 109 ng g
-1

 

dwt at Site 10) and benzo (a) pyrene (161 ± 6 ng g
-1

 dwt at Site 7, 266 ± 22 ng g
-1

 dwt at 

Site 10) are above the individual PAH TEC values of 423 ng g
-1

 dwt, 195 ng/g dwt and 

150 ng g
-1

 dwt respectively.   

 

 

 
Table 4: POP concentrations (mean ± sd) in fish and sediment from Gunston Cove 

 

 Bluegill Mummichog White 

Perch 

Spottail 

Shiner 

Inland 

Silverside 

Redbreast 

Sunfish 

Sediment 

Site 7 

Sediment 

Site 10 

 (n=4) (n=4) (n=4) (n=4) (n=4) (n=4) (n=5) (n=5) 

 ng g-1 ng g-1 ng g-1 ng g-1 ng g-1 ng g-1 ng g-1 ng g-1 

tPAHs 33.8 ± 

4.4 

5.4 ± 1.8 26.5 ± 

8.6 

34.3 ± 

6.8 

9.8 ± 3.5 30.1 ± 3.0 2.85 * 103 

± 5.0 * 10 
3.27 * 103 

± 0.26 * 

103 

tPCBs 52.5 ± 

3.2 

40.0 ± 3.7 115 ± 

10 

116 ± 

11 

68.5 ± 4.1 48.4 ± 7.0 29.6 ± 1.5 27.9 ± 2.2 

4-4’-DDE 14.0 ± 

2.4 

14.0 ± 2.7 28.9 ± 

4.0 

24.8 ± 

1.8 

19.9 ± 2.2 14.3 ± 2.0 1.7 ± 0.2 1.4 ± 0.2 

Aldrin 1.9 1.9 1.9 1.9 1.9 1.9 0.4 0.4 

Heptachlor 

Epoxide 

0.9 0.9 0.9 0.9 0.9 0.9 0.2 0.2 

Dieldrin 1.5 1.5 1.5 1.5 1.5 1.5 0.3 0.3 

Endrin 1.3 1.3 1.3 1.3 1.3 1.3 0.3 0.3 

γ-Chlordane 0.7 1.8 ± 0.3 1.2 ± 

0.1 

1.6 ± 

0.2 

1.1 ± 0.1 0.7 0.7 ± 0.1 0.7 ± 0.2 
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Figure 2: Homologue % of [tPAHs] in Gunston Cove bed sediment.  Values on the x-axis represent PAH homologue 

structures: number of rings (number of carbons per ring) 

 

 

 

The ratios of low molecular weight (LMW) PAHs (2-3 ring PAHs) to high 

molecular weight (HMW) PAHs (4-6 ring PAHs) can be observed in attempt to 

discriminate the origins (petrogenic vs pyrogenic) of PAHs (Figure 3).  Large proportions 

of HMW PAHs are characteristic to combustion origins (pyrogenic), while the 

enrichment of LMW PAHs is common in petrogenic sources 
42

.  The LMW:HMW PAH 

ratio for the analyzed bed sediments of Gunston Cove was 6% to 94%.  However, the 

presence of perylene, a HMW PAH and the most abundant PAH in the sediments, is not 

considered to be pyrogenically derived in this circumstance as studies have shown that 

perylene is only a minor PAH constituent when derived pyrogenically but when found in 

samples at a high relative abundance its formation is attributed to anaerobic diagenesis of 

organic matter due to microbial processes within layered sediments 
43

.   
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Mean ± sd tPAH concentrations in the fish studied are shown in Table 4.  

Significant variations of non-lipid-normalized mean tPAH concentrations exist between 

fish species (one-way ANOVA, p < 0.05) due to the significantly lower concentration 

values in the mummichog and inland silverside samples compared to bluegill, redbreast 

sunfish, white perch and spottail shiner.  Distribution of LMW PAHs among all fish 

species ranged from 53-81% of the tPAH mass, thus contrasting with the sediment PAH 

profile data (Figure 3).  These results are attributable to the greater bioavailability of 

LMW PAHs due to their higher water solubility than HMW PAHs, variances in the 

dietary composition among fish species, enhanced metabolism and decreased gut 

assimilation of HMW PAHs in fish tissue 
6,44

.  There was variance among the fish species 

on which PAHs were the most dominant; fluorene, phenanthrene and anthracene were the 

dominant PAHs in redbreast sunfish and inland silverside, while 1-methylnapthalene, 2-

methylnapthalene and fluoranthene were the dominant PAHs in spottail shiner, fluorene, 

phenanthrene and fluoranthene were the dominant PAHs in white perch, fluorene, 1-

methylfluorene and benzo(a)pyrene were the dominant PAHs in mummichog and 

fluoranthene, benzo(a)pyrene and phenanthrene were the dominant PAHs in bluegill. 
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Figure 3: Comparison of PAH homologue concentrations between sediment and fish.  Values on the x-axis represent 

PAH homologue structures: number of rings (number of carbons per ring) 

 

 

 

3.1.2 PCB Concentrations 
 

PCBs found in the bed sediment had mean ± sd concentrations of 29.6 ± 1.5 ng g
-1

 dwt at 

site 7 and 27.9 ± 2.2 ng g
-1

 dwt at site 10 (Table 4).  Both of these values are below the 

59.8 ng g
-1

 (dwt) TEC level suggested for PCBs in freshwater ecosystem sediments 
41

.  

No significant difference in mean tPCB concentrations existed between each sample site 

(t-test, p  > 0.05, n = 2).  The tPCB concentrations measured were similar to previously 

reported values in bed sediments on the Potomac River Coastal Plain (0.2 to 82.3 ng g
-1

 

dwt) by Foster and Cui (2008)  and (8 to 50 ng g
-1

 dwt) Crimmins et al. (2002).  The most 

abundant congeners detected in bed sediments were PCB 131,146 (6-7% of tPCB 

concentration), PCB 92,101 (5-7% of tPCB concentration), PCB 149 (5-6% of tPCB 
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concentration) and PCB 180 (4-7% of tPCB concentration).  The concentrations of 

individual and co-eluting congeners among bed sediments and fish species are shown in 

Figures 4 and 5 respectively.  During quantitative analysis, some PCB congeners were 

found to coelute with interfering compounds remaining in the sample extracts.  These 

PCB congeners include 25, 26, 29 and 193 for sediment samples and 26, 29, 93/95, 

131/146, 149, 180, 187 and 193 for the fish tissue samples.  These congeners were unable 

to be quantitated accurately in their respective samples and were not included in the 

results.  The 6-chloro congener class was the most dominant chlorination substitution 

level contributing 26% of the tPCB concentration for site 7 and 23% of the tPCB 

concentration for site 10.     

The mean ± sd concentrations of tPCBs in fish (Table 4) showed significant 

variations of tPCB concentrations between fish species (one-way ANOVA, p < 0.05).  

tPCB concentrations ranged from 40 to 116 ng g
-1

 wwt and were observed in ascending 

order:  mummichog<redbreast sunfish<bluegill<inland silverside<white perch<spottail 

shiner.  With the exception of the mummichog which is solely a benthic-feeding 

organism, the other five fish species are known to eat a diet of both benthic- and pelagic-

dwelling organisms.  Variance of tPCB concentrations among fish species may be 

attributed to species-specific preferences in dietary consumption (pelagic vs. benthic 

organisms).  The most abundant congeners detected in fish tissue were PCB 138,164 (8-

18% of tPCB concentration) and PCB 92,101 (5-10% of tPCB concentration) (Figure 5).   

Individual PCB congener concentrations among fish species was assessed using 

Principle Components Analysis (PCA) and is shown in Figure 6 with a 63% variability 
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defined by principle components 1 and 2.  This score plot shows variance among the fish 

species due to difference in the relative abundances for individual congeners.   The 

highest first component eigenvalue among individual congeners was 0.139 and the 

following five congeners had eigenvalues above 0.137: PCB 49, 82, 85, 97 and 183.    

While none of these congeners showed high relative abundances to tPCB concentrations 

in fish tissue they also didn’t have diminutively low relative abundances either (Figure 5) 

where a slight change in congener concentration among species could significantly 

impact the eigenvalue for that congener.      
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Figure 4: PCB congener concentrations in bed sediments (mean ± sd) 
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Figure 5: PCB congener concentrations among fish species (mean ± sd).  
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Figure 6: PCA score plot comparison between PCB congener concentration profiles among fish species. 

 

 

 

A PCB homologue profile comparison between fish tissue and bed sediment is 

shown in Figure 7.  This comparison strongly contrasts with the PAH homologue 

comparison between fish tissue and bed sediment.  For the PCB congeners, both fish 

tissue and bed sediment compartments showed a strong correlation with each other 

among all chlorine substitution levels with the 6-chloro congener class being the most 

abundant chlorine substitution level in all fish species and sediments.  So despite the 

variance with some individual congener profiles among fish species their chlorination 

homologue profiles remained consistent.  In fish, the 6-chloro congener class contributes 

32% of tPCBs in mummichog, 25% of tPCBs in redbreast sunfish, 28% of tPCBs in 
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bluegill, 37% of tPCBs in inland silverside, 29% of tPCBs in white perch and 27% of 

tPCBs in spottail shiner.  

 

 

 

 
Figure 7: Profile comparing the  mean PCB homologue concentrations between fish and sediment.  

 

 

 

A linear regression plot between the tPCB concentrations for each fish species 

and their total lipid percentages is shown in Figure 8 (R
2
 = 0.369).  Variance in tPCB 

concentrations in aquatic organisms may be influenced by many factors, such as maturity 

level of the species, reproductive status, size, season, or the types of lipids within the 

organism.  Similar discrepancies regarding the associations between PCB residues and 

lipid contents in freshwater fish have been reported by Stow et al. and Crimmins et al. 

36,45
.   
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Figure 8: Linear regression between tPCB concentration and percent total lipids in fish.  

 

 

 

3.1.3 OCP Concentrations 
 

The OCP contaminant found at the highest concentration in all fish tissues and bed 

sediments was 4,4’-DDE, while the only other OCP detected in samples was γ-chlordane 

(Table 4).  The remaining OCPs were below the LODs of all sampled fish and sediments.  

The 4,4’-DDE mean concentrations ranged from 14.0 to 28.9 ng g
-1

 wwt in all fish 

species and 1.4 to 1.7 ng g
-1

 dwt in sediments, γ-chlordane mean concentrations ranged 

from <DL to 1.8 ng g
-1

 wwt in all fish species and 0.7 ng g
-1

 dwt in sediments.  OCP 

concentrations in Gunston Cove sediment were below their TEC levels (3.2 ng g
-1

 dwt for 

4,4’-DDE, 3.2 ng g
-1

 dwt for γ-chlordane) suggested for freshwater ecosystem sediments 

41
.  Significant variations of mean concentrations of both 4,4’-DDE and γ-chlordane exist 
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between fish species (one-way ANOVA, p < 0.05).  In the sediments, the mean 

concentrations of both 4,4’-DDE and γ-chlordane were not significantly different (one-

way ANOVA, p > 0.05).  Variance in OCP concentrations among fish species was 

similar to the variance in tPCB concentrations among fish species.  For both tPCBs and 

OCPs, the White Perch and Spottail Shiner fish species showed the highest concentration 

levels.  This observation leads us to believe that these two species share similar dietary 

consumption habits, and since the White Perch is also a piscivorous species that preys on 

small fish, perhaps the Spottail Shiner is a dietary staple contributing to the loading of 

POPs in White Perch through biomagnification 
26,35,36

.   

The levels of 4,4’-DDE found in Gunston Cove exhibited a large disparity between 

the bed sediments and fish tissues.  The reason for this variance in Gunston Cove is not 

fully understood however seasonal increases in water temperature can lead to net-

volatilization of POPs deposited in aquatic environments 
46

.   Water temperature 

increases in Gunston Cove occurring during the spring and summer months can cause 

enhanced volatilization of POPs deposited in bed sediment.  Water temperatures in a 

shallow and well-mixed system like the tidal Potomac are fairly uniform with depth and 

closely track with daily changes in air temperature.  During the winter of 2010-2011, 

water temperature in the tidal Potomac ranged from 0-12 
0
C but increased to the range of 

20-25 
0
C by mid-spring 

26
.  Net-volatilization enables POPs to migrate through the water 

column towards the water surface where pelagic-dwelling organisms are more susceptible 

to exposure.  If net-volatilization of POPs in the water column of Gunston Cove was 

taking place during the sampling of this study, then the fish showing the highest 
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concentrations of POPs (White Perch and Spottail Shiner) might be predominantly 

pelagic feeders while the fish with the lowest concentrations of POPs (Mummichog, 

Redbreast Sunfish and Bluegill) may be predominantly benthic feeders at the time of 

sampling.    

 

3.2 BSAF for PCBs and OCPs 
 

The BSAF is a parameter describing bioaccumulation of sediment-associated organic 

compounds into tissues of ecological receptors 
47

.  The BSAF is, in essence, a 

thermodynamic (or fugacity) ratio for the chemical of interest between the organism and 

sediment and is used to understand partitioning behavior and bioaccumulation potential 

of POPs in the Gunston Cove food web.  A BSAF value of 1 is the idealized value for a 

compound and indicates that the compound is in partition equilibrium by having an equal 

affinity to accumulate in both biota and sediment.  BSAF values above 1 for a compound 

indicate that the compound has an increased affinity to partition in biota than sediments, 

BSAF values below 1 indicate that the compound has an increased affinity to partition in 

sediments over biota.   

In order to compare the bioaccumulation of POP residues present in fish tissues 

and bed sediments, the concentration values for POPs were normalized for total lipid 

content and total organic-carbon content.  Organic-carbon- and lipid-normalized POP 

concentration values are strongly affected by the total lipid and organic-carbon 

percentages determined for each sample.  Differences in tPCB (Figure 9), 4,4’-DDE 
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(Figure 10) and γ-chlordane (Figure 11) lipid-normalized concentration ascension order 

among fish species were observed when compared to their non-lipid-normalized 

concentrations.  The lipid-normalized concentrations for all individual and co-eluting 

PCB congeners represented as relative percentages of the tPCB lipid-normalized 

concentration mean for all fish species are presented in Figure 12.   

 

 

 

 
Figure 9: Lipid-normalized tPCB concentrations in fish. 
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Figure 10: Lipid-normalized 4,4’-DDE concentrations in fish. 

 

 

 

 
Figure 11: Lipid-normalized γ-chlordane concentrations in fish. 

 

 

 

0

200

400

600

800

1000

1200

Bluegill Mummichog White Perch Spottail Shiner Inland
Silverside

Sunfish

n
g 

g-1
 li

p
id

 w
e

ig
h

t 

0

10

20

30

40

50

60

70

Bluegill Mummichog White Perch Spottail Shiner Inland
Silverside

Sunfish

n
g 

g-1
 li

p
id

 w
e

ig
h

t 



37 

 

 
Figure 12: Lipid-normalized relative percentages of PCB congeners among fish species. 
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The BSAF was evaluated for predominant PCB congeners (Figure 13) detected in 

the sediments and fish.  The median BSAF values were compiled among all fish species 

and bed sediment Site 10.  Among the PCB homologues, the highest BSAF value 

belonged to the 138/164 co-eluting congeners.  The highest median BSAF values per 

PCB homologue were the 6-chloro substitutions (2.69), which were above the 

theoretically predicted EPT value of 2.4.  The EPT value was determined by applying the 

linear free-energy relationships of Klipids = Kow for bioconcentration and Koc = 0.41 Kow 

for sediment sorption (i.e., Klipids = 2.4 Koc) 
2,48

.  The EPT value of 2.4 indicates a 

preference of PCBs to partition into biota lipids relative to sediment organic matter.   The 

median calculated BSAF value among all PCB congeners was 1.88, noticeably below the 

theoretically predicted EPT value of 2.4.  The major PCB congeners did not show a linear 

trend with increasing log Kow and there was no apparent differentiation of BSAFs among 

species.  The BSAF showed a somewhat parabolic correlation with increasing log Kow 

values (R
2
 = 0.285, n = 66) for PCB congeners in fish tissue (Figure 14).  The median 

BSAF values observed were as follows:  2-chloro (BSAF = 0.40), 3-chloro (BSAF = 

0.70), 4-chloro (BSAF = 1.50), 5-chloro (BSAF = 2.40), 6-chloro (BSAF = 2.69), 7-

chloro (BSAF = 2.33), 8-chloro (BSAF = 1.41), 9-chloro (BSAF = 0.05).   
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Figure 13: Median BSAF values for predominant PCB congeners detected among all fish species and sediment site 10.  

Whisker bars indicate maximum BSAF values. 
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Figure 14: Relationship between median BSAF values and log Kow for PCBs. 
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orthosubstituted molecular structures undergoing hydroxylation 
49

.  PCBs containing less 

than five chlorine atoms have a high capacity to be metabolized and excreted from 

vertebrates thus reducing their concentrations 
50

.   

PCB congeners containing five or more chlorine atoms have a significantly lower 

propensity to metabolize in biota tissue and the 5-chloro, 6-chlor and 7-chloro PCB 

congeners reflect this by showing an increase in BSAF values indicating that they have 

the highest affinity to partition into the fish tissue rather than the bed sediment.  These 

higher chlorinated PCB congeners exhibit increasing hydrophobicity and are not expected 

to be present at similar levels in the water column as the lower chlorinated PCB 

congeners.  So their high affinity to partition into fish tissue arises from bioaccumulation 

processes involving their partitioning away from bed sediments into benthic organisms 

that the fish feed on, or from the incidental consumption of bed sediments containing 

PCBs by fish as they feed on benthic organisms.  Other possible routes of exposure for 

PCBs in fish tissue can be from their initial introduction into the Gunston Cove 

ecosystem due to surface runoff or treated wastewater effluent where the PCBs are 

introduced into the water column and bioaccumulate into fish tissue by dermal or 

respiratory surface absorption or they partition into zooplankton which are eaten by 

pelagic feeding fish species.  Volatilization of PCBs in the bed sediment due to seasonal 

increases in the water temperature may also have an effect on the BSAF values.  

The highest chlorinated and most hydrophobic PCB congeners (8-chloro and 9-

chloro) showed a significant reduction in BSAF values where both were well below the 

theoretically predicted BSAF value.  While these are the most hydrophobic/lipophilic of 
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all PCB congeners and are expected to show the highest affinity to bioaccumulate in fish 

tissue, they showed a reduced absorption in fish tissue over the bed sediment.  It may be 

hypothesized that the most-chlorinated PCB congeners are extremely stubborn in their 

partitioning from one environmental compartment to another.  The falloff in 

bioaccumulation of PCB congeners of high chlorine substitution and very high Kow 

values is attributed to steric effects from their molecular size and exceptionally long 

times to reach steady-state partitioning 
51

.  Steric hindrance restricts the permeation of 

hydrophobic molecules with large cross-sectional area (>9.5 Å) through the phospholipid 

bilayer of fish gill epithelium that imposes a physical barrier to diffusion.  Transfer across 

the gill epithelium from water to blood will impede uptake by a slow rate of solvation for 

hydrophobic molecules of large molecular size.  The observations for the BSAF values of 

predominant PCB congeners with increasing Kow values in this study is consistent with 

the parabolic correlation profile between fish bioaccumulation and increasing Kow values 

described for similar freshwater fish from the Potomac River by Crimmins et al. 
36

.   

The median BSAF was evaluated for 4,4’-DDE and γ-chlordane detected in fish 

species and bed sediment (Figure 15).  The BSAF observed for OCPs showed median 

BSAF values of 9.58 for 4,4’-DDE and 1.00 for γ-chlordane.  These values show that 

4,4’-DDE has a strong affinity to partition into fish tissue over bed sediments while γ-

chlordane has an equal affinity to partition into both environmental compartments.  The 

high BSAF value for 4,4’-DDE may be due to the seasonal water temperature increase 

that enhances the volatility of 4,4’-DDE to partition from the bed sediment and into the 

water column towards the surface where it can bioconcentrate into aquatic biota including 
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pelagic organisms that are prey to the fish species.  This phenomenon did not show an 

influence on γ-chlordane as indicated by its much lower BSAF value.    

 

 

 

 
Figure 15: Median BSAF values for 4,4’-DDE and γ-chlordane among all fish species and sediment site 10.  The 

boxes show the 75th and 25th quartiles and the whiskers denote the minimum and maximum BSAF values among 

species. 

0

5

10

15

20

25

30

35

40

45

 4-4'-DDE y-chlordane

B
SA

F 



44 

 

CONCLUSIONS 

 

Documentation of freshwater fish contamination through 3 classes of persistent organic 

pollutants in Gunston Cove, a freshwater estuary on the Potomac River, was presented in 

this work.  Several individual PAH contaminant concentrations in the bed sediments, 

including fluoranthene, pyrene and benzo(a)pyrene,  as well as the tPAH concentration at 

sample Site 10, were detected at levels above the consensus-based TEC levels developed 

by MacDonald et al. 
41

.  The PAH concentration profiles were dominated by HMW PAHs 

(94% tPAH mass) in the sediments and by LMW PAHs in fish (53%-81% tPAH mass).   

For PCBs, concentrations in fish tissues and bed sediments correlated strongly 

with their relative percent abundances among chlorine substitution levels.  However, 

variance was observed in several individual congener profile concentrations among 

species.   

The large disparity between the concentrations of 4,4’-DDE in fish species 

relative to the concentrations in bed sediments was a particularly unexpected result in this 

study.  This observation may be an effect of the seasonal increase in water temperature 

leading to the volatilization of this compound and decreasing its concentration in the bed 

sediment but increasing its concentration in the water column.   
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Bioaccumulation of PCBs and OCPs was shown in bluegill, mummichog, white 

perch, spottail shiner, inland silverside and redbreast sunfish.  Despite their ban, PCBs 

and OCPs were found in this aquatic environment.  The lipid-normalized BSAF 

estimated for all fish species in this study did show similar values to the theoretically 

estimated BSAF based on EPT for PCB congeners containing 5-7 chlorine atoms, but 

actual BSAF values were significantly lower than estimated BSAF values for both the 

lowest and highest chlorinated PCB congeners.  These results were not consistent with 

either EPT or BSAF calculations as observed through the variance in accumulation 

factors for congeners as Kow values increased.  This observation has been noted in 

previous reports and suggests that kinetic mechanisms may play an important part in the 

bioaccumulation process 
36

.   

This study confirms the reliability of integrating surrogate variables such as Kow 

with abiotic and species-specific distribution parameters (Koc and Klipids, respectively) 

towards building a predictive model of bioaccumulation assessment applied in 

monitoring aquatic system quality.  For future studies, seasonal sample grabs of fish 

tissues and bed sediments would offer a thorough investigation on changes to 

bioaccumulation rates of POPs in fish species due to seasonal variation in their total lipid 

percentages and variations of POP concentrations in bed sediments reflected by seasonal 

temperature trends.  Also, observation and identification of fish stomach contents could 

enhance in understanding the cause of POP concentration variability among different fish 

species of the same trophic level.   
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APPENDIX A 

Instrument Detection Limits and Method Detection Limits for Compounds in Method 

 Limits of Detection MDLs MDLs 

PAHs  Fish Tissue Bed Sediment 

  (ng) (ng/g) (ng/g) 

Napthalene 0.36 0.36 0.07 

1-methylnaphthalene 0.19 0.19 0.04 

2-methylnaphthalene 0.37 0.37 0.07 

Biphenyl 0.28 0.28 0.06 

Acenaphthylene 0.17 0.17 0.03 

 Acenaphthene 0.19 0.19 0.04 

 Fluorene 0.28 0.28 0.06 

 1-Methylfluorene 0.18 0.18 0.04 

Phenathrene 0.74 0.74 0.15 

 Anthracene 1.02 1.02 0.20 

 2-Methylphenathrene 1.04 1.04 0.21 

 2-Methylanthracene 1.81 1.81 0.36 

4,5-Methylenephenanthrene 0.47 0.47 0.09 

 1-Methylanthracene 1.77 1.77 0.35 

1-Methylphenanracene 1.81 1.81 0.36 

9-Methylanthracene 0.77 0.77 0.15 

Fluoranthene 0.33 0.33 0.07 

 Pyrene 0.15 0.15 0.03 

 Chrysene 0.57 0.57 0.11 

 Triphenylene 0.61 0.61 0.12 

Benzo[a]anthracene 0.63 0.63 0.13 

Benzo (b) fluoranthene 0.31 0.31 0.06 

 Benzo (k) fluoranthene 0.29 0.29 0.06 

Benzo (a) Pyrene 0.45 0.45 0.09 

 Perylene 0.76 0.76 0.15 

 Indeno (1,2,3-cd) pyrene 1.74 1.74 0.35 

 Dibenzo (a,h) anthracene 1.76 1.76 0.35 

1,2:3,4-Dibenzanthracene 1.82 1.82 0.36 
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 Limits of Detection  MDLs MDLs 

OCPs  Fish Tissue Bed Sediment 

  (ng) (ng/g) (ng/g) 

 aldrin 1.86 1.86 0.37 

heptachlor epoxide 0.87 0.87 0.17 

 y-chlordane 0.70 0.70 0.14 

4,4'-DDE 2.25 2.25 0.45 

 dieldrin 1.53 1.53 0.31 

 endrin 1.25 1.25 0.25 

    

        

 Limits of Detection  MDLs MDLs 

PCBs  Fish Tissue Bed Sediment 

  (ng) (ng/g) (ng/g) 

 4,10 0.13 0.13 0.03 

 7,9 0.19 0.19 0.04 

6 0.09 0.09 0.02 

 5,8 0.19 0.19 0.04 

19 0.09 0.09 0.02 

12 0.10 0.10 0.02 

18 0.10 0.10 0.02 

15 0.06 0.06 0.01 

17 0.07 0.07 0.01 

24,27 0.13 0.13 0.03 

 16,32 0.10 0.10 0.02 

34 0.07 0.07 0.01 

26 0.07 0.07 0.01 

25 0.60 0.60 0.12 

28,31 0.12 0.12 0.02 

20,33 0.11 0.11 0.02 

22 0.08 0.08 0.02 

45 0.08 0.08 0.02 

46,69,52 0.63 0.63 0.13 

49 0.08 0.08 0.02 

47,48 0.17 0.17 0.03 

104 0.06 0.06 0.01 

44 0.10 0.10 0.02 

42,59 0.67 0.67 0.13 
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 Limits of Detection MDLs MDLs 

PCBs  Fish Tissue Bed Sediment 

  (ng) (ng/g) (ng/g) 

37 0.11 0.11 0.02 

 41,71,64 0.28 0.28 0.06 

40 0.07 0.07 0.01 

67 0.08 0.08 0.02 

63 0.08 0.08 0.02 

74 0.10 0.10 0.02 

70 0.08 0.08 0.02 

66 0.15 0.15 0.03 

 93,95 0.13 0.13 0.03 

91 0.10 0.10 0.02 

56,60 0.16 0.16 0.03 

84 0.07 0.07 0.01 

92,101 0.41 0.41 0.08 

99 0.10 0.10 0.02 

119 0.05 0.05 0.01 

83 0.11 0.11 0.02 

97 0.04 0.04 0.01 

87,115 0.13 0.13 0.03 

85 0.09 0.09 0.02 

136 0.06 0.06 0.01 

110 0.06 0.06 0.01 

77 0.08 0.08 0.02 

82 0.08 0.08 0.02 

151 0.06 0.06 0.01 

135,144 0.15 0.15 0.03 

147 0.18 0.18 0.04 

109,123,118 0.22 0.22 0.04 

149 0.10 0.10 0.02 

134 0.86 0.86 0.17 

131,146 0.18 0.18 0.04 

114 0.17 0.17 0.03 

132 0.20 0.20 0.04 

153 0.10 0.10 0.02 

105 0.10 0.10 0.02 

179 0.05 0.05 0.01 

141 0.07 0.07 0.01 
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 Limits of Detection MDLs MDLs 

PCBs  Fish Tissue Bed Sediment 

  (ng) (ng/g) (ng/g) 

137 0.09 0.09 0.02 

176 0.10 0.10 0.02 

164, 138 0.18 0.18 0.04 

158 0.17 0.17 0.03 

129 0.37 0.37 0.07 

178 0.08 0.08 0.02 

187 0.12 0.12 0.02 

183 0.10 0.10 0.02 

128, 167 0.11 0.11 0.02 

185 0.12 0.12 0.02 

174 0.11 0.11 0.02 

177 0.10 0.10 0.02 

171 0.10 0.10 0.02 

156,157 0.22 0.22 0.04 

173 0.12 0.12 0.02 

172 0.09 0.09 0.02 

197 0.06 0.06 0.01 

180 0.04 0.04 0.01 

193 0.14 0.14 0.03 

191 0.08 0.08 0.02 

170,190 0.17 0.17 0.03 

199 0.07 0.07 0.01 

196,203 0.15 0.15 0.03 

189 0.11 0.11 0.02 

195 0.13 0.13 0.03 

208 0.09 0.09 0.02 

207 0.03 0.03 0.01 

194 0.07 0.07 0.01 

205 0.10 0.10 0.02 

206 0.10 0.10 0.02 



50 

 

APPENDIX B 

Analyte Standard Recovery Percentages in Fish Tissue and Bed Sediment Matrices 
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