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Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and polychlorinated biphenyls
(PCBs) [hereafter referred to as “dioxin-like compounds™] are persistent environmental contaminants that have been
found to be ubiquitous in environmental media and biota. Because of their persistence and widespread distribution in
the environment, humans are exposed via a number of different exposure pathways. While non-occupational exposure
to dioxin-like compounds can occur through the inhalation of ambient air and incidental ingestion of water and soil, the
most important exposure pathway for the general population is the consumption of food and food products, primarily
meat, fish and dairy products.* Today, well over 90% of the daily intake of PCDDs, PCDFs and PCBs for the majority
of the population has been estimated to come from food products.*?

In order to better understand potential exposures to dioxin-like compounds, both the U.S. Food and Drug
Administration (USFDA) and the U.S. Environmental Protection Agency (USEPA) have conducted large, nationwide
studies to assess the levels of PCDD/Fs and PCBs in fish.**® Independent studies by Schecter and coworkers have also
characterized the levels of these compounds in fish,”®® while other researchers have conducted more species specific
studies, especially for farm-raised catfish.’>** Unfortunately, however, very little recent data are available regarding the
levels of dioxin-like compounds in wild catfish in the U.S. Furthermore, much of the data in the published literature
was collected more than ten years ago limiting the ability to establish current background exposures through
consumption of this particular food source for the general U.S. population.

Given the relatively high consumption rates of catfish in the U.S., especially in states in the southeast, it is believed that
catfish could contribute appreciably to the dietary intake of PCDD/Fs and dioxin-like PCBs. For example, research
conducted at Mississippi State University estimated the total consumption of catfish to be 281 million pounds and 136
million pounds per year for the U.S. and south central populations, respectively.* With states such as Arkansas and
Mississippi leading the U.S. in average per capita consumption of catfish at 5.95 and 4.61 pounds per person per year,
respectively, there is a clear need to characterize the concentration of PCDD/Fs and dioxin-like PCBs in catfish,
particularly in the south central states.** In this study, we quantified the current PCDD, PCDF, and dioxin-like PCB
levels in tissue from a number of wild-caught and farm-raised catfish collected throughout Southern Mississippi which
appears to represent the most substantial assessment conducted to date.

Materials and Methods

Sixty-one wild-caught and farm-raised catfish samples from Southern Mississippi were collected in March 2006 and
three farm-raised catfish samples from the same region were collected in May 2005. Wild catfish (n=33) were caught
by local fisherman along the Mississippi, Pearl, and Leaf Rivers. Samples were collected in one location along the
Mississippi River (MR), two locations along the Pearl River (PR and the Ross Barnett Spillway or RBS), and two
locations along the Leaf River (LR1 and LR2). Immediately after the fish were caught they were measured for length,
weighed, and then filleted using clean knives and glass plates. Final filet weights were also recorded prior to
packaging. Farm-raised catfish samples (n=31) were purchased either directly from a Mississippi farm or from local
seafood markets and/or grocery stores (ten stores visited) that obtain catfish from farms in Mississippi. All samples
were wrapped individually in aluminum foil (shiny side out), placed in labeled plastic bags and frozen on dry ice in
uncontaminated coolers. Samples were kept frozen until analysis.

Fish tissue samples were analyzed by Vista Analytical Laboratory (El Dorado Hills, CA) for the 17 laterally-substituted
PCDD/Fs and 12 dioxin-like PCBs using EPA Methods 1613 and 1668, respectively. Samples with concentrations
below the limit of detection (LOD) were assumed to have a concentration equal to the LOD divided by the square root
of two. PCDD/F, PCB, and total TCDD TEQs for individual samples were calculated by summing the product of each
congener’s concentration and the associated 1998 World Health Organization toxic equivalency factor.® All data
analyses were conducted using Microsoft Excel. The mean, median, and 25" and 75" percentile TEQ concentrations
were characterized by fish type (wild-caught and farm-raised), sample type (fillet, whole, dressed, and nugget) and
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collection site. Ninety-five percent confidence intervals for the mean TEQ levels were also calculated using Microsoft
Excel. All TEQ concentrations are presented as wet weight unless otherwise noted.

Results and Discussion

Table 1 presents descriptive data for the various types of fish and types of samples collected. A total of 17 blue, 3
appaloosa, and 1 willow catfish were filleted for tissue analysis. As expected, farm-raised catfish fillets were larger
than wild-caught fillets and had a higher average lipid fraction.

Table 1: Descriptive data for wild-caught and farm-raised catfish collected in Southern Mississippi
Avg. %  Avg. Tissue Avg. Fish Avg. Fish

Species Collected Lipid  Weight®  Weight®  Length®
Wild-Caught Channel, Blue, Appaloosa, Willow 1.53 6.92 18.63 14.10
Fillet Blue, Appaloosa, Willow 1.78 9.51 24.65 16.04
Whole Channel 0.87 2.56 2.56 8.94
Farm-Raised Channel® 7.97 13.07
Fillet Channel® 8.20 11.67
Dressed Channel® 4.92 17.44
Nuggets Channel® 8.51 20.88

®Measured in ounces
®Measured in inches
‘Assumed — catfish farmers primarily raise channel cats due to their hardiness and growth rate.

Table 2 shows the mean, range and various percentiles of total measured concentrations of PCDDs, PCDFs, and dioxin-
like PCBs. As seen in Table 2, concentrations ranged from 0.13 to 4.96 pg TEQ/g wet wt for wild-caught fish and from
0.15 to 2.56 pg TEQ/g wet wt for farm-raised fish, with average values of 1.50 and 0.98 pg TEQ/g wet wt and median
values of 1.41 and 0.97 pg TEQ/g wet wt, respectively. Surprisingly, there was no statistically significant difference
between the mean TEQ for wild-caught and farm-raised catfish fillets (p=0.11). Although not significantly different
(p=0.45), whole wild-caught fish had a slightly higher mean TEQ than wild-caught fillets even though the whole fish
were appreciably smaller in size than the fish from which the fillets were taken (Table 1). Further examination of the
relationships between total TEQ concentration and the length and weight of the individual fish indicated that fish weight
is a moderate predictor of TEQ concentration (p=0.07); however, in this study fish length was not predictive of total
TEQ fish concentrations (p=0.30). Regardless, more comprehensive analyses will be needed to determine specifically
what characteristics impact TEQ concentrations in catfish from this region of the country.

Table 2: TEQ summary statistics for the 29 dioxin-like congeners by fish type and sample type.

TEQ (pg/g)
25% . 75"
N Mean 95%Cl Percentile Median Percentile Range
All Samples 64 1.25 1.01-149 0.43 117 1.71 0.13-4.96
Wild-Caught 33 1.50 1.13-1.88 0.68 141 1.73 0.13-4.96
Fillet 24 1.39 1.02-1.76 0.63 1.54 1.74 0.13-3.43
Whole 9 1.80 0.85-2.76 0.91 1.28 1.68 0.64 - 4.96
Farm-Raised 31 0.98 0.72-1.24 0.22 0.97 1.56 0.15 - 2.56
Fillet 25 0.99 0.69-1.29 0.21 0.98 1.51 0.15-2.56
Dressed 2 1.42 0.54-2.30 1.19 1.42 1.64 0.97-1.87
Nuggets 4 0.64 0.00-1.36 0.27 0.33 0.69 0.16-1.74

Figure 1 illustrates the total TEQ concentration distribution for the wild-caught catfish by collection site. These box
plots identify the median, average and range of concentrations (not the 5-95% distribution). Interestingly, the Ross
Barnett Spillway, which is part of the Pearl River just to the northeast of Jackson, had fish with some of the lowest
tissue concentrations while fish collected from the Pearl River near Picayune were relatively higher. This may be due to
downstream effects, the possibility of point sources near to where the fish were collected, and even the age of the fish
collected. With regard to the Leaf River, the second location not only had the highest concentrations of PCDD/Fs and
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dioxin-like PCBs, but also had the widest range of tissue concentrations. Even more importantly, these fish were some
of the smallest collected indicating a potential source between the first collection site along the Leaf River (which was
upstream of LR2) and the second collection site. For the Mississippi River, tissue levels were on average, lower than
expected. This may be due to several factors including the larger volume of water in this river and the rapid currents
compared to those of smaller and shallower rivers such as the Leaf and Pearl.

As shown in Figure 2, with the exception of the Mississippi River, PCDDs were the main contributors to the mean total
TEQ for each collection site.  For the Mississippi River, PCBs contributed most to the overall TEQ followed by
PCDDs and PCDFs. More noteworthy are the differences in the relative amounts of PCDDs, PCDFs and PCBS that
contributed to the mean total TEQ fish concentrations for the different sites on the Leaf River. While the relative
contributions of PCDD/Fs decreased from LR1 to LR2, the contribution of PCBs significantly increased. A similar
trend is seen with the Ross Barnett Spillway and the Pearl River; however, the differences in relative contributions are
smaller than those seen with the Leaf River sites. These results indicate that TEQ concentrations in wild-caught and
farm-raised fish are generally similar, but TEQ concentrations and the contribution of PCDDs, PCDFs and PCBs to the
mean TEQ concentration vary by collection site for wild-caught catfish.

Figure 1: Boxplots of total TEQ concentrations in wild- Figure 2: Contribution of dioxins, furans, and PCBs to

caught catfish from the different collection sites. the mean total TEQ by collection site.
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When comparing these results to those for fish from a primarily urbanized area,'® the TEQ concentrations in fish tissue
from rural Southern Mississippi had a much smaller range of values (0.13 — 4.96 vs. 0.4 — 41 in Suarez et al.™®).
However, the average and median TEQ concentrations for samples collected in the highly industrialized Houston ship
channel were only 3.5 and 2.5 times greater than the concentrations found in rural Mississippi, suggesting that little
difference exists between vastly urbanized areas and those that are relatively rural.

A direct comparison of catfish nugget concentrations reported in Fiedler et al.'? with data for our farm-raised nuggets
indicate a continuation of the downward trend of PCDD/F and PCB levels in food products initially reported by several
researchers in the mid-1990s.*"*#*°  The continued decrease in PCDD/PCDF concentrations in blood over the past 30
years has also been well documented.?’ While the mean concentration for the 1997 study was 2.85 pg TEQ/g wet wt,
the mean concentration for farm-raised catfish nuggets analyzed in this study was significantly lower (p=0.02) at 0.64
pg TEQ/g wet wt. These results provide a reasonable data set describing the current background levels of PCDDs,
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PCDFs and dioxin-like PCBs in catfish representative of the Southeastern region of the United States and will allow for
the determination of current background intake of these chemicals due to this particular food source. It should be noted
that prior work has shown that cooking practices will often lower the actual quantity of PCDD/Fs and PCBs in the
prepared foods which are ingested and this must be considered in any risk assessment.#
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