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ABSTRACT

Clarke, Janet. Master of Environmental Assessment. Under the direction of Dr. Tamara
Pandolfo. Validation of non-lethal sampling techniques to estimate organic chemical

contaminant load in hardhead catfish.

Anthropogenic activity and climate change have contributed to ecological degradation of
Florida’s bays and estuaries through population growth, urbanization, habitat alteration, and
toxic spills. Organic chemical contaminants in these estuarine systems are a significant
environmental concern because of their environmental persistence and lipophilicity, enabling
uptake in fish and other aquatic wildlife. Chemicals of concern (COCs) include polychlorinated
biphenyls (PCBs), organochlorides (including DDT and its metabolites), and organobromides
(BDEs, PBDESs). Chemical pollutant loads in surface waters can be estimated by measuring the
presence of contaminants in fish tissue. Traditional sampling techniques require the use of
muscle tissue and are lethal to individual specimens. Use of adipose fin clipping has been used
by fishery scientists as a non-lethal tracking method in other teleost species but has not been
widely studied as a technique for tissue sample collection. This study measured whether
adipose fin clips are as effective as muscle tissue analysis in detecting the presence of organic
chemicals in fish lipid tissue. Twenty-six hardhead catfish, Ariopsis felis, collected from Florida’s
Indian River Lagoon were analyzed for the presence of the COCs in muscle fillet tissue and in
adipose fins. In fish weighing more than 20 grams, the presence of COCs in muscle tissue and
in adipose fin tissue were strongly correlated. However, this relationship was not always evident
for smaller fish (less than 20 grams). Fin sample weight variation did not impact the
effectiveness of chemical detection. Adipose fin clipping is a valuable non-lethal sampling
technique that produces a consistent and accurate measure of the uptake of organic chemical

pollutants.



BIOGRAPHY

Janet Clarke is returning to NC State University for the third time to continue her goals of
pursuing higher education throughout her life and career. She graduated in 1992 from NC State
with a B.S in Forestry, and immediately started working for International Paper in South
Carolina, then Pennsylvania. After starting a family, her husband Robert was offered a job in
Okinawa, Japan, and the Clarke family relocated to Japan in 2000 with their young child,
Nathan, and soon welcomed their second child Yana to the family. Janet enjoyed taking her kids
to explore the scenery and culture of Okinawa'’s island life, and, when the kids were old enough
to start school, Janet accepted the opportunity to work on one of the US Marine Corps bases as
a civilian environmental compliance officer. This was a fascinating job, as pollution prevention
on a small island is critical because any hazardous spill or chemical release into the

environment has an immediate impact on local creeks, beaches, and wildlife.

In 2008, the family moved back to North Carolina, where Janet was hired to work in the
Environment, Health and Safety Department with the University of North Carolina at Chapel Hill.
Within a few years, she was promoted to the position of Stormwater Specialist, which involves
ensuring that UNC follows its NPDES permit requirements. Pollution prevention is key in
protecting local surface water and other ecosystems, and the challenge and variety of working
with many departments and student organizations on pollution prevention programs is quite
engaging and enlightening. In 2014, Janet completed a Graduate Certificate in Geographic
Information Systems from NC State, and in 2018, she started her journey of the Master of
Environmental Assessment program. Both of her children graduated from college in May 2021,

and Janet hopes to complete the family celebration by earning her degree in August 2021.



ACKNOWLEDGEMENTS

I would like to thank Dr. Tamara Pandolfo for her support throughout the writing of this paper.
Dr. Pandolfo has been an influential and excellent professor during the pursuit of my master’s
degree. | am also grateful to Dr. Rebecca Heltsley, Dr. Gregory Cope, and Dr. Douglas Adams
for allowing me to use their research data to compile this paper. It is inspiring to work with an
excellent team dedicated to environmental research, protection, and education. | would also like
to thank the rest of the NC State Environmental Assessment department members; each course
has been a valuable learning experience, and | have been applying this knowledge to my
environmental compliance career since | started the program nearly 3 years ago. Additionally, |
am very appreciative of my supervisor, Sharon Myers, as well as my other UNC colleagues who
have been extraordinarily supportive and have been following my academic progress with great
interest. And finally, but most importantly, | could not have been successful without the full
encouragement and support of my children, Nathan and Yana, as well as my other family and

friends.



TABLE OF CONTENTS

I O I a0 o [ T2 1 o T T

2.0 Materials and MeEthOOS. .. .....i vttt e e e e e e e e e

2.1 Site DESCIIPON. ...ttt e

2.2 Sample Collection and EXtraction..............ccoeviiviiiiiie i i,

2.3 Data ANalYSIiS. ..ot

Bi0 REBSUIS. ..ttt e e s

O I B 1Yo U =13 o o

oI O Y 1= (=Y 071



Table 1

Table 2

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

LIST OF TABLES

Weight and lipid content of adipose fin and muscle tissue of hardhead
catfish collected in the Indian River Lagoon, FL................covviviviiviinnnnnn, 6

Regression analysis of chemical concentrations detected in muscle fillet
tissue and adipose fin tissue according to fish size.................oocooii i 7

LIST OF FIGURES

Map of the study sampling sites located in the Indian River Lagoon
National Estuary, Florida, USA. ... ... e 3

Plate 73. Hardhead Catfish, Ariopsis felis, 22.7 cm SL, Atlantic Ocean, St.
Johns Co., FL, 1 October 2014 (UF 237634). Image courtesy of the

Florida Museum of Natural History. A: Dorsal Fin, B: Adipose Fin, C:

CaUdAl BN e 4

Organic chemical contaminants (PCB, BDE, and DDT congeners)
detected in adipose fin vs. muscle tissue in hardhead catfish weighing
between 20 and 1330 g.....ovvviriii it e e 8

PCBs in adipose fin vs. muscle tissue in hardhead catfish weighing
between 20 and 1330 g.....ovvvieiii it e 8

BDEs in adipose fin vs. muscle tissue in hardhead catfish weighing
between 20 and 1330 g.....ovunieitit i e e 9

DDTs in adipose fin vs. muscle tissue in hardhead catfish weighing
between 20 and 1330 g.....ccvuuiiiiit i e 9

Organic chemical contaminants (PCB, BDE, and DDT congeners)
detected in adipose fin vs. muscle tissue in hardhead catfish weighing less
tNAN 20 guininit e 10

PCBs in adipose fin vs. muscle tissue in hardhead catfish weighing less
TN 20 guen e 10

BDEs in adipose fin vs. muscle tissue in hardhead catfish weighing less
TN 20 guen e 11

DDTs in adipose fin vs. muscle tissue in hardhead catfish weighing less
TN 20 guen e 11

vi



1.0 Introduction

Organic chemical contaminants have long been identified as a significant environmental
concern in Florida’s bays and estuaries. The Indian River Lagoon on Florida’s central east coast
receives surface water discharged from Lake Okeechobee and the St. Lucie Basin. Over the
years, the drainage pattern of the river basin has been altered by anthropogenic activity and
climate change. Population growth, urbanization, habitat alteration, pollution, and toxic spills
have contributed to ecological degradation of the sensitive estuarine waters of the Indian River
Lagoon (Adams et al. 2019). Slowly flowing rivers have been channelized into fast-moving
canals, and the conversion of natural swamps and forests to agricultural and residential use has
resulted in an increase in the transport of chemicals into the Lagoon. Chemicals of concern
(COCs) in this estuarine system include polychlorinated biphenyls (PCBs), organochlorides
(including DDT and its metabolites), and organobromides (BDEs, PBDES).

Sediment and surface water sampling during 1977-78 concluded that sediments in the
Indian River Lagoon contained detectable amounts of PCBs and DDTs (Wang et al. 1980).
Sediments in the nearby St. Johns River, Florida, exceeded the Effects-Range-Medium (ERM)
sediment quality guidelines for six contaminants, including PCBs and the DDT metabolite
4,4'DDE (USEPA 2010). Regionally, sediment contamination was only detected in about 4% of
the South Atlantic Bight survey area, with more extensive sediment contamination in estuaries
than in offshore sampling sites (USEPA 2010).

When COCs are present in surface water, marine wildlife may be exposed through
dermal absorption, inhalation through the gills, or by ingesting contaminated food or sediments
(Harvey et al. 2007). Tissue and blubber samples of fish and dolphins in the Indian River
Lagoon were taken over a 10-year period in the 1990s — 2000s, with results indicating that PCB
and PDBE contamination was 1-2 orders of magnitude greater in sharks and dolphins than in
their lower trophic-level food sources, such as hardhead catfish (Johnson-Restrepo et al. 2005).
Several studies in Tampa Bay, FL from the 1970s through the 1990s linked organic chemical
exposures to liver lesions in bottom-feeding marine fish species, with higher concentrations of
contaminants located near industrial discharge sites (McCain et al. 1996).

Fish are sensitive to changes in their environment and are useful indicators of
environmental contamination (Karr et al. 1986). Although water sampling may not indicate
actual chemical concentrations in the environment, chemical pollutant loads in surface waters
can be estimated by measuring the presence of contaminants in fish tissue, as organic

chemicals are more highly concentrated in fish lipid tissue than in the surrounding water



compartment (Smedes et al. 2020). Traditional sampling techniques require the use of muscle
tissue and are lethal to individual specimens. With the advancement of more sensitive
laboratory equipment and improved sampling methods, smaller tissue samples taken from
adipose fin clips may provide similar results without causing mortality to the fish specimens. In
2006, hardhead catfish from Florida’s Indian River Lagoon were collected and sampled to
determine whether non-lethal sampling of adipose fins provides similar results to traditional
lethal sampling methods for measuring the uptake of organic chemical contaminants, including
polychlorinated biphenyls (PCBs), organochlorides (including DDT and its metabolites), and
organobromides (BDEs, PDBES).

2.0 Materials and Methods

2.1 Site Description

Hardhead catfish samples were collected from the Indian and Banana Rivers, two rivers
located within the larger Indian River Lagoon National Estuary on Florida’s east coast. The
approximately 80-mile-long study area extends from Titusville to the north and Vero Beach to
the South (Figure 1). The Eau Gaille and St. Sebastian Rivers, as well as numerous small
creeks and drainage canals, discharge into the Indian River. Saltwater from the Atlantic Ocean
exchanges with brackish lagoon water through the Port Canaveral and Sebastian Inlets. Water
averages 4 feet in depth throughout the estuary and supports diverse aquatic habitat (Indian

River Lagoon National Estuary Program et al. 2007).
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Figure 1. Map of the study sampling sites located in the Indian River Lagoon National Estuary,
Florida, USA.



The hardhead catfish (Ariopsis felis, Figure 2) is a native teleost dwelling in the Indian
River Lagoon. This sea catfish lives in shallow coastal waters, turbid rivers, creeks, sloughs,
and lakes (Robins et al. 2018) and exhibits limited migration due to relatively stable annual
water temperatures (One Lagoon et al. 2021). These bottom feeders eat algae, seagrasses,
cnidarians, sea cucumbers, and worms and small crustaceans found in sand and mud
substrates. The catfish can grow to 24 inches long and weigh up to 12 pounds (Florida FWC
2021, NatureServe 2021). The adipose fin is the small, fleshy fin located along the spine
between the dorsal and caudal fins; the adipose fin is comparably high in lipid content to muscle
tissue, allowing for comparison of contaminant load in fins to muscle without the need to

calculate an adjustment factor (Ferguson 2020).

Figure 2. Plate 73. Hardhead Catfish, Ariopsis felis, 22.7 cm SL, Atlantic Ocean, St. Johns Co.,
FL, 1 October 2014 (UF 237634). Image courtesy of the Florida Museum of Natural History.
A: Dorsal Fin, B: Adipose Fin, C: Caudal Fin.

2.2 Sample Collection and Extraction

A total of 26 hardhead catfish, Ariopsis felis, were collected and analyzed in the study.
Samples were collected from estuarine waters of the Indian River Lagoon in Florida. All fish
samples were placed directly on ice and transported back to the lab where standard length,
weight, and gender were determined. Samples of adipose fin and axial muscle fillet (right
dorsal) were dissected from each of the captured hardhead catfish with solvent rinsed stainless
steel scalpels. The tissue samples were homogenized with sodium sulfate, spiked with internal
standards, and extracted with pressurized fluid extraction (PFE). Extracts were reduced in
volume and cleaned up using size exclusion chromatography and alumina columns. Calibration

solutions were processed in the same manner as the tissue samples. Lipid was determined



gravimetrically. Standard reference materials (NIST SRM 1946: PCBs, organochlorine
pesticides, brominated flame retardants in Lake Superior fish tissue) and blanks were
processed with each batch of samples.

Muscle and adipose fin tissues were analyzed for 88 PCBs, 24 organochlorine
pesticides, and 24 brominated flame retardants. All analysis was performed using gas
chromatography-mass spectrometry equipped with a pressure-temperature programmable
vaporizing (PTV) inlet in both electron impact (El) and negative chemical ionization (NCI)

modes.

2.3 Data Analysis

Total weight and fin and muscle tissue sample weights were measured for each of the
26 catfish collected. Lipids as percentage of total weight was calculated for each fin and muscle
tissue sample. The samples were grouped into size categories of less than 20 grams, 200-300
grams, 400-500 grams, 500-600 grams, and more than 600 grams. Regression analysis was
performed to determine whether size of the fish affected the uptake of the organic chemicals
into the fish tissue. Statistical analyses established whether predictive relationships exist

between the detection of organic chemical contaminants in muscle and adipose fin tissues.

3.0 Results

A total of twenty-six (26) hardhead catfish weighing between 7.8 and 1329.7 grams were
collected for further analysis (Table 1). Adipose fin samples averaged 0.2215 g in weight (range
0.0017 - 0.8014 g), with an average lipid content of 12.88% (range 0.11 - 39.65%). Muscle
tissue samples averaged 3.42 g in weight (range 0.58 — 4.96 g) with an average lipid content of
8.49% (range 0.31 — 8.49%).

When analyzed for PCBs, BDEs, and DDTSs, the twenty fish weighing more than 20
grams demonstrated a strong correlation of chemical concentrations detected in the lipids in
both the muscle fillet tissue and the adipose fin tissue (r? = 0.88 — 0.97; Table 2). The six fish
weighing less than 20 grams demonstrated a less robust predictive relationship between
concentrations of contaminants in muscle and fin tissue (r? = 0.57). These results provided
substantial rationale to group the fish into two size categories for further analysis: one group

containing the fish weighing under 20 grams and the other group containing all other fish.



Table 1. Weight and lipid content of adipose fin and muscle tissue of hardhead catfish collected
in the Indian River Lagoon, FL.

Sample Tot_al Fish Adip_ose Fin Adi_ppse Fin Musc_le Tissue Mus_cl_e Tissue
Weight (g) Weight (g) Lipid (%) Weight (g) Lipid (%)
1 7.81 0.0020 0.11 0.58 0.34
2 11.09 0.0048 3.67 0.80 0.39
3 11.75 0.0054 0.64 0.89 0.54
4 14.66 0.0054 0.65 1.26 0.49
5 16.63 0.0017 16.50 1.42 0.64
6 19.79 0.0134 3.69 1.37 0.67
7 81.37 0.0396 11.32 3.86 0.69
8 86.31 0.0322 2.43 3.79 0.54
9 217.02 0.0818 15.79 3.19 0.36
10 288.53 0.1969 14.81 4.11 0.31
11 419.96 0.1633 21.35 3.97 0.61
12 449.32 0.2371 22.00 4.54 1.51
13 503.24 0.1913 18.72 4.08 0.45
14 528.35 0.2884 16.40 4.59 0.34
15 558.11 0.3472 17.48 4.38 0.74
16 559.57 0.3209 14.64 4.96 0.37
17 559.72 0.1811 10.34 4.03 0.34
18 617.98 0.3422 39.65 3.47 0.43
19 628.62 0.4771 6.70 4.44 0.37
20 635.47 0.3888 17.49 4.52 0.42
21 644.77 0.4440 14.90 4.35 0.58
22 679.80 0.2566 7.87 4.42 0.50
23 720.88 0.2586 10.46 3.75 0.54
24 1272.68 0.3167 11.15 4.43 1.20
25 1272.68 0.3608 21.38 NA NA
26 1329.71 0.8014 14.68 4.23 8.49




Table 2. Regression analysis of chemical concentrations detected in muscle fillet tissue and

adipose fin tissue according to fish size.

Mass Range (grams) | Slope | r? | p value
<20 0.0028 | 0.57 | <0.0001

200 — 300 0.75 |0.97 | <0.0001

400 - 500 0.85 | 0.88 | <0.0001

500 — 600 1.04 | 0.95 | <0.0001

600 — 1300 0.98 | 0.95 | <0.0001

When samples for fish weighing more than 20 grams were analyzed for all organic
contaminants (PCBs, BDEs, and DDT), results indicated that these contaminants were detected
at comparable levels in both the muscle and adipose fin tissue (r> = 0.936; p < 0.0001; Figure
3). It can also be noted that when examining the weight of the adipose fins, fin size of the larger
fish did not impact this correlation; smaller fin samples showed the same relationship in
detecting contaminants as larger fin samples.

For each class of chemicals, PCBs (r> = 0.978; p < 0.0001; Figure 4), BDEs (r? = 0.846;
p < 0.0001; Figure 5), and DDTs (r? = 0.904; p < 0.0001; Figure 6), a strong correlation existed
between the level of contaminant found in muscle tissue and adipose fin in catfish specimens
greater than 20 grams. These results indicate that muscle tissue and adipose fins provide
comparable results in detection of these COCs.

When samples for fish weighing less than 20 grams were analyzed for all organic
contaminants (PCBs, BDE, and DDT), results indicated that although the relationship was
significant (p < 0.0001), the relationship between contaminants and muscle and adipose fin
tissue was not as predictive (r? = 0.574) when compared to the same relationship for larger fish
(Figure 7). However, when the analytes were examined separately, PCBs (r?> = 0.958; p =
0.0007; Figure 8) and BDEs (r? = 0.906; p < 0.005; Figure 9) show a strong correlation between
detection of contaminants in muscle and fin tissue. However, detection of DDT congeners in the

different tissues were not predictive (Figure 10).
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Figure 3. Organic chemical contaminants (PCB, BDE, and DDT congeners) detected in adipose
fin vs. muscle tissue in hardhead catfish weighing between 20 and 1330 g.
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Figure 5. BDEs in adipose fin vs. muscle tissue in hardhead catfish weighing between 20 and
1330 g.

2500
y=084x + 15.38

2000 | F=0.904 g
p < 0.0001 4

1500

1000

ZDDTs Muscle (ng-g lipid)

500

0 S00 1000 1500 2000 2500

T DDTsAdipose Fin (ng-g lipid)

Figure 6. DDTs in adipose fin vs. muscle tissue in hardhead catfish weighing between 20 and
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Figure 7. Organic chemical contaminants (PCB, BDE, and DDT congeners) detected in adipose

fin vs. muscle tissue in hardhead catfish weighing less than 20 g.
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4.0 Discussion

Non-lethal sampling of the adipose fin in hardhead catfish allowed for accurate
assessment of PCB, BDE, and DDT concentrations that were consistent with those derived from
traditional lethal sampling techniques. Adipose fin tissue was previously validated for the
assessment of organic contaminants in flathead catfish (Heltsley et al. 2005) and has been used
to assess mercury levels in brown trout (Skurdal et al. 1986).

Although this study further validated the use of adipose fin for the assessment of organic
contaminants in a common fish species, there were inconsistent relationships between the
contamination within muscle and adipose fin tissue for smaller fish (< 20 g). A strongly
predictive relationship was evident for PCBs and BDEs, whereas detection of the DDT
congeners displayed variable results. Further validation of the results for the smaller fish would
be helpful to determine whether smaller fish should be excluded from all sampling or can be
used in sampling for the presence of PCBs and BDEs only. Reasons for the different results in
the two size categories are unknown. However, it is possible that the smaller fish experience
metabolism or uptake differently than their larger, presumably older, cohort.

Studies evaluating the health impacts of adipose fin removal as a method for tracking
fish populations have demonstrated that fin clipping does not adversely affect the growth,
weight, or condition of the fish marked in this way, and that survival rates of clipped fish are
comparable to survival rates of non-clipped fish (Barnes 1994, Heltsley et al. 2005, Vander
Haegen et al. 2005, Peterson et al. 2014).

Hatchery-raised brown trout marked by adipose fin removal and recaptured as adults
displayed comparable survival rates to unclipped controls (Peterson et al. 2014). No deleterious
effects on lengths, weights, or condition factors were observed in rainbow trout that had their
adipose fins removed (Barnes 1994). Removal of adipose fins had no detrimental effects on the
growth or survival of Spring Chinook salmon over a 4-year study period (Vander Haegen et al.
2005). Complete healing of adipose fin clip in flathead catfish was typically observed within 4
weeks, with mortality rates of less than 1% (Heltsley et al. 2005).

While hardhead catfish are not threatened or endangered, this technique could be
protective of other teleost species that may be in a more vulnerable situation. Biomonitoring of
more sensitive species using this non-lethal method may lead to restoration or protection of
vulnerable fish species. In addition to the preservation of local fish populations, another
advantage of non-lethal sampling is the low cost of performing an adipose fin clip, estimated at

about 2 cents per clip (Heltsley et al. 2005). Sample analysis indicated that fin samples with
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small weights, regardless of fish size, are as accurate in detecting COCs as larger fin clip
samples, which can additionally reduce harm to individual specimens. Economic loss is reduced
because sampled fish are still available to be caught for food or sport.

Fish are exposed to organic chemical contaminants both through the abiotic
environment and by trophic transfer from dietary sources. Polychlorinated biphenyls (PCBSs),
organochlorides like DDT, and polybrominated diphenyl ethers (BDEs, PDBES) are
environmentally persistent, lipophilic, and bioaccumulative chemicals present in air, soils, and
sediments, and in human and wildlife tissues worldwide (Siddiqgi et al. 2003; Johnson-Restrepo
et al. 2005; Harvey et al. 2007). These chemicals have been detected in biota and sediments in
the Indian River Lagoon (Wang et al. 1980; Johnson-Restrepo et al. 2005). Contamination of
hardhead catfish is a concern because of the risk of biomagnification as this species is a
common food source for higher-level organisms (Johnson-Restrepo 2005; Hodgson 2010;
USEPA 2010), and biomonitoring can potentially capture the rate of organic pollutant uptake in
catfish fatty tissue and provide insight into the magnitude of bioaccumulation. The catfish native
to the Indian River study area have limited migratory tendencies throughout their 5- to 8-year life
cycle (One Lagoon et al. 2021) which further supports the potential for using localized catfish
populations as biomonitoring to measure changes in water quality over time.

Catfish are routinely consumed, not only by higher-level aquatic animals, but also by
humans. Fish is increasingly promoted as an important part of a healthy diet; however, the
health risk of consuming potentially contaminated fish must be balanced with the health benefits
of a diet high in fish (Scott et al. 2008). The EPA establishes advisory limits for the consumption
of wild-caught fish to protect people from ingesting an unsafe level of contamination. Mercury is
the most common contaminant listed in the health advisories, but the EPA also recommends
limits on fish consumption based on PCB and DDT levels (USEPA 2010).

Non-lethal fish sampling can be used to compare environmental contaminant
concentrations with State and Federal regulatory requirements, such as action levels or health
advisories to assess potential risk for human consumers. Catfish in the Chesapeake Bay were
analyzed for chemicals of concern; individuals relying on catfish as a large portion of their diet
were exposed to PCB levels exceeding the EPA health advisory levels, whereas PDBEs were
generally detected at levels below the EPA health advisory limits (Luellen et al. 2017). Fish
collected from estuaries throughout the United States exceeded the EPA'’s fish meal
consumption recommendations for PCBs in18% of the sample sites and for DDT in 2% of the

sample sites in the Southeast region (Harvey et al. 2007).
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Despite evidence showing that non-lethal sampling methods, such as adipose fin
sampling, is highly effective in evaluating the presence of organic chemical contaminants, these
methods are not widely used for this application. A significant challenge in implementing non-
lethal sampling programs is the additional time required when collecting fish samples because
each specimen must be handled carefully. The size of the fin to be sampled is very small, so
guality control is critically important through the entire process. Most of these challenges can be
overcome by practice and training, and it may be helpful for the researchers to work with
experienced fishery scientists who use the fin-clipping techniques in tracking fish populations.
Their experience and advice could be valuable in developing sample collection strategies.

Non-lethal sampling techniques are as effective as traditional lethal methods, and they
enable data collection without sampling-induced harm. Adipose fin sampling is a valuable non-
lethal sampling technique that produces a consistent and accurate measure of the uptake of

organic chemical compounds.
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