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Bioaccumulation of Polychlorinated Biphenyls (PCBs) in Atlantic Sea Bream (Archosargus
rhomboidalis) from Kingston Harbour, Jamaica.

Ann-Tenneil O’Connor!, Dwight Robinson', Tara P. Dasgupta?, Aaron T. Fisk®and Ken G.
Drouillard?

!Department of Life Sciences. University of the West Indies, Mona Campus, Jamaica, W..
2Department of Chemistry. University of the West Indies, Mona Campus, Jamaica, W.I.
3Great Lakes Institute for Environmental Research (GLIER), University of Windsor, Ontario,
Canada

Abstract.

Multiple sizes of Sea bream were collected from Kingston Harbour, Jamaica, to assess steady state
bioaccumulation of polychlorinated biphenyls (PCBs) in a tropical fish. Sea beam fork lengths
ranged from 7.3-21.5 cm (n=36 fish) and tissue lipids decreased with body length. Larger fish had
lower $13C isotopes compared to smaller fish, suggesting a change in diet. Linear regressions
showed no differences in lipid equivalent sum PCB concentrations with size. However, differences
in individual congener bioaccumulation trajectories occurred. Less hydrophobic PCBs decreased
with increasing body length, intermediate PCBs showed no trend, whereas highly hydrophobic
(above log Kow of 6.5) PCBs increased. The different congener patterns were interpreted to be a
result of decreases in overall diet PCB concentrations with increased fish length coupled with
differences in PCB toxicokinetics as a function of hydrophobicity yielding dilution, pseudo-steady
state and non-steady state bioaccumulation patterns.

Keywords. Kingston Harbour, stable isotopes, biomagnification, toxicokinetics, POPs
INTRODUCTION

Bioaccumulation and food web biomagnification of persistent organic pollutants (POPs) such as
polychlorinated biphenyls (PCBs) is well established (Oliver and Niimi, 1988; Connolly and
Pedersen, 1988; Rassmussen et al., 1990). Hydrophobic POPs compounds distribute primarily to
lipids, and to a lesser extent hydrophobic non-lipid organic matter (Debruyn and Gobas, 2007),
while their elimination is inversely related to chemical hydrophobicity and animal lipid pool size
(Bruggeman et al., 1984; Hawker and Connell, 1985). Despite strong mechanistic understanding
of toxicokinetics processes (Gobas et al., 1988) and prevalence of POPs bioaccumulation models
(Arnot and Gobas, 2004), most aquatic food web models operate under the assumption that steady
state is achieved between fish and their environment and diet. Yet, the majority of field studies
examining POPs bioaccumulation in the field have emphasized sampling entire food webs (Borga
et al., 2012) and there are few studies that sampled different size and age classes of the same
population of fish necessary to test the steady state assumption (Olsson et al., 2000; Paterson et
al., 2006 a,b; Burtnyk et al., 2009; Paterson et al., 2016).

Steady-state is defined as the condition of constant chemical concentrations with time which is
achieved when uptake and elimination kinetics become balanced under constant water and dietary
POPs concentrations, constant growth and lack of change in tissue composition such as % lipids.
Paterson et al. (2007) demonstrated that time to steady state in temperate fish is also dependent on
seasonal temperature cycles; such that for yellow perch (Perca flavascens), steady state
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requirements exceed the life of the species. Tropical fish, however, do not experience large
changes in water temperature and their metabolic rates remain closer to their thermal optima. A
lack of winter metabolic minimum means that chemical toxicokinetics remain more consistent,
and annually elevated, compared to what is experienced by temperate fish. Thus, tropical fish are
more likely to achieve steady state. Most studies testing steady state POPs bioaccumulation
focused on temperate fish. This study examines steady state in the tropical Atlantic Sea Bream
(Archosargus rhomboidalis) to determine if steady state dynamics predominant in a tropical fish.

Materials and Methods.

Atlantic sea bream were collected from the Kingston Harbour, Jamaica in 2010-2012 between June
to September (Figure 1). The harbour has a total surface area of 51km? and extends 16.5 km east-
west and 6.5km north-south. It receives industrial and residential waste via a number of gullies,
rivers and outlets. These gullies and other outlets are a major source of solid waste, heavy metals,
chemical contaminants and sewage (Goodbody, 2003). Temperature and salinity ranges from
26.66-27.11°C and 33.51-34.96 ppt, respectively (Buddo, 2012).

Fig. 1 Study area in the Kingston Harbour, Jamaica. Rectangle indicates boundary of the sampling
area.

Samples were collected during the day using trawl nets. The nets were dragged for 30 minutes. All
“Brim” species were retained while bycatch were released. Sea bream were stored in a cooler over
ice for transport to the laboratory. Species identification was later verified using the Fish Base
online database and the Jamaica National Marine Fisheries Atlas. At the laboratory, each fish was
given a unique identification number and fork length (cm) and weight (g) was recorded. Ten grams
of dorsal muscle was removed stored frozen for stable isotope analyses. The remaining carcass
was homogenized in stainless steel blenders and about 20 g was stored frozen until PCB analysis.

Chemical analyses was carried out according to modifications of Burtnyk et al. (2009).
Approximately 1g of homogenate was ground with 10g of sodium sulfate and spiked with PCB 34
as a surrogate standard. The mixture was cold column extracted for 1 hr with 50:50 hexane:
dichloromethane followed by evaporation to 10 mL. Neutral lipid was determined gravimetrically
by removing 1 mL of sample extract and drying for 1 hour at 110 °C. The remaining extract was
concentrated to 2 mL. Sample clean-up was done using florisil columns. After adding the sample
to the column, it was eluted with 50 ml of hexane followed by 50 ml of 15% dichloromethane:
hexane. The cleaned up sample was concentrated and analyzed using an Agilent 6890, Series Plus
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Gas Chromatograph equipped with Agilent-7683 Series autosampler and a 63 Ni-uECD. The
method analyzed for 34 PCB congeners using a certified PCB standard (Quebec PCB Congener
Mix, Accustandard, New Haven, CT, USA). Samples were extracted in batches of 6, with each
batch containing a blank and a reference tissue (homogenized goat liver fortified with Aroclor
1254). Detection limits for individual PCBs averaged 0.056+0.004 ng/g wet weight and ranged
from 0.02 — 0.12 ng/g wet wt. Mean recovery of the surrogate standard was 94%.

PCB congeners detected at a frequency of less than 30% (IUPAC #'s 17/18, 33, 74, 70/76, 87,
105/132, 158, 156/171, 191, 195/208, 205, 204 and 209) were excluded from data analyses. For
the remaining congeners, non-detected values were substituted with a value equal to 1/3 the
congener detection limit. Sum PCBs refers to the sum of frequently detected PCBs (IUPAC #
31/28, 49, 52, 44, 95, 101, 99, 110, 151/82, 149, 118, 153, 138, 187, 183, 128, 177, 180, 170/190,
199 and 194) with non-detected values substituted with 1/3 the detection limit. PCB concentrations
were expressed in units of either ng/g wet weight or ng/g lipid equivalent weight. Lipid equivalent
PCB concentrations are calculated according to:

CWW
Cleq = (1)

(*1ipia+0.05-X1qw)

Where Cieq and Cww are the lipid equivalent and wet weight concentration (ng/g), Xiipia and Xidw iS
the fraction by weight of lipids and lean dry weight and 0.05 is a constant relating the partition
capacity of lean dry weight relative to lipids (DeBruyn and Gobas, 2007).

Skin-on dorsal muscle (1 g) was dried at 60 °C for 48 hr and ground to a powder for stable isotopes.
Between 400 to 600 pg of powder was lipid extracted by chloroform/methanol and added to a 3
mm X 5.5 mm tin capsule. The samples were analyzed on a Costech Elemental Combustion System
coupled to a Delta VV Advantage Isotope Ratio Mass Spectrometer. The stable isotope results (%o)
were calculated relative to a reference standard as per equation 2:

05N (or 913¢) = (=222 — 1) 1000 )
Rstandard

Where R is the ratio of heavy to light isotope (**N/**N or 3C/*?C) in the sample relative to the

reference. The reference standards were atmospheric nitrogen for nitrogen and Pee Dee Belemnite

carbonate for carbon. Ten percent of samples and standards were run in duplicate to assess

precision.

Data were analyzed using Statistica 64 statistical software package. Normality and homogeneity
of variance was tested by normal probability plot and Levene's test. Linear regressions and analysis
of variance (ANOVA) were used to compare lipid, stable isotopes or PCBs as a function of fork
length or between fish grouped into size categories. Post-Hoc tests (Tukey's HSD) were used to
compare individual size classes. A probability of p < 0.05 was considered statistically significant.
Measures of central tendency are reported as means * standard error (SE).

Results

Thirty six sea bream were collected with a body weight range of 8.0-240.5g and fork lengths of
7.3-21.5cm. Although otoliths were collected, the age could not be ascertained with confidence as
is common for tropical fish. As such, the samples were also classified into four size categories as
a proxy for age classes and to enable categorical detection of non-linear patterns.
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The mean£SE (range) lipid content of fish was 2.4 + 0.3% (0.3 to 6.3%). Lipids demonstrated a
significant (F134=5.2; p<0.01; Regression R? = 0.29) decreasing trend with body length. Post hoc
comparisons across size categories indicated lipid differences were significant between size classes
1and 4 (p<0.01; Tukey's HSD; Table 1). For stable isotopes, §*3C significantly declined with body
size (F1, 34 = 4.78; p<0.05; Regression R? = 0.10) whereas 5'°N was not significantly (F134=0.38;
p>0.5) related to length. Post hoc comparisons indicated fish had significantly (p<0.01; Tukey's
HSD; Table 1) lower carbon isotopes for size classes 3 and 4 relative size classes 1 and 2.

MeanzSE sum PCBs in fish were 4.48+0.51 ng/g wet weight and ranged from 0.5 — 12.8 ng/g wet
weight. Wet weight sum PCBs exhibited a significant (F1,34 = 5.0; p<0.05; Regression R? = 0.13)
declining trend with fork length. Post hoc comparisons of wet weight sum PCBs by size category
were similar to %lipids, with differences evident between size classes 1 and 4 (Table 1). When
sum PCBs were converted to lipid equivalent concentrations, there was no longer a significant
relationship with body length (F1,34=1.15; p>0.3; Regression R? <0.01).

Table. 1 Summary of fork length, lipids, stable isotopes and sum PCBs in sea bream.

Size N Lipid 613C 615N Sum Sum

Size (cm) (%) (%) (%o) PCBs PCBs

Class wet wt. lipid
(ng/g) equivalent

(ng/g)

1 8.3+ 0.2 9 3.6£0.28  -14.5+0.1* 13.4+0.2® 6.5+1.0° 129+152
2 11.6 £ 0.5 14  2.4+05%° -14.740.3* 14.3+0.2* 4.2+0.7%°  120+18?
3 17.4+0.4 5 2.1+0.7%"  -16.5+0.4° 13.6+0.3* 5.6+1.5%° 186+242
4 20.4 +0.3 8 0.9+0.1° -17.5%05° 12.940.5* 1.4+0.4° 104+172

Data reported as means * standard error. Superscripts are significantly different from one another
(p<0.05; Tukey's HSD).

Linear regressions were then performed on lipid equivalent PCBs as a function of body length for
individual congeners. Eleven of the 21 congeners exhibited no significant (regression slopes =0;
p>0.05; ANOVA) relationship with body length. Ten of the congeners (PCBs 52, 95, 101, 153,
138, 187, 177, 180, 199 and 194) had concentrations that were significantly (regression slopes #
0; p<0.05; ANOVA) related to fork length. However, the direction of the slope varied between
congeners. PCBs 52 and 95 had significantly (regression slopes <0; p<0.01; ANOVA) negative
relationships with length whereas PCBs 101, 153, 138, 187, 177, 180, 199 and 194 had
significantly (regression slopes >0; p values ranging from <0.001 — p<0.05; ANOVA) positive
relationships with length. Figure 2 presents bioaccumulation plots for selected congeners (PCBs
52, 110, and 187) across size categories. PCB 52 is representative of a dilution profile with size,
PCB 110 reflects apparent steady state (no change) while PCB 187 demonstrates non-steady state
net bioaccumulation. Figure 3 provides a plot of the lengthwise bioaccumulation slopes (ng/g lipid
equivalent/cm fish) for individual congeners as a function of log Kow. Based on Figure 3, there is
a transition in the bioaccumulation slope from negative for low Kow congeners (log Kow < 6.25)
to neutral followed by positive slopes for chemicals with log Kow values exceeding 6.75.
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Fig 2. Mean £ SE concentration (ng/g lipid equivalent) of PCBs in fish across size classes for
selected congeners, PCBs 52 (m), 110 (®) and 187 (A). Size classes defined in Table 1.

Discussion

Data on length related changes in tissue lipid and stable isotopes (carbon) provide supporting
evidence to indicate altered body condition and feeding ecology of fish over the size range of
animals collected. The larger sizes classes of sea bream had lower tissue lipids and lower §3C
compared to fish from size classes 1 and 2. The change in 5'C suggests larger fish were more
dependent on a pelagic diet while the smaller size classes incorporated either nearshore or benthic
signals (Paterson et al., 2007b). However, such changes were not associated with a shift in trophic
position given the low variation in §*°N. Stomach contents of fish (data not shown) indicated that
mollusks (benthic invertebrates) were more frequently consumed by fish > 20 cm which supports
a diet shift but not in the expected direction based on changes in §*3C. Other studies report a diet
shift by sea bream from zooplankton to more omnivorous diets that includes algae and vascular
plants as fish age (Randall et al., 2004). Indeed, the largest size class of fish from the present study
did have the lowest 5!°N, although non-significantly so. Vascular plants and algae are expected to
have both lower energy density and lower PCBs compared to zooplankton, benthic invertebrates
and fish. The low energy density of later aged diets is consistent with the observed decrease in
tissue lipids of larger fish. Although diets were not collected separately for measurement of PCB
concentrations or isotopes, the patterns in stable isotopes and tissue lipids imply a diet change
occurred and the change is likely to have affected the average dietary exposure to PCBs by fish.

With respect to steady state, there was no change in lipid equivalent sum PCBs across fish length
which is consistent with a steady state interpretation. However, analysis of individual congener
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Fig 3. Bioaccumulation slopes (ng/g lipid equivalent/cm fish) of PCBs in sea bream. Solid
symbols have slopes significantly (p<0.05; ANOVA) different than zero. Open symbols indicate

congeners where the slope was not significantly different than zero. Dashed line provides the zero
slope reference. Log Kow values from Hansen et al. (1999).

behavior showed differences between contaminants that conformed to a hydrophobicity pattern.
Less hydrophobic PCBs exhibited declining trends in concentrations with fish size suggestive of a
non-steady state dilution profile. Contaminants of intermediate hydrophobicity presented the
predicted steady state profile while the most hydrophobic congeners increased in lipid equivalent
concentrations with size indicative of non-steady state net positive bioaccumulation.

These mixed bioaccumulation patterns can be explained as a result of both shifts in diet
concentration to lower PCB contaminated diets coupled with a transition from steady state to non-
steady state bioaccumulation as a function of chemical hydrophobicity. Thus, if prey PCB
concentrations decreased for the larger fish, such changes would be readily tracked by the least
hydrophobic chemicals which are most rapidly eliminated from fish (Paterson et al., 2006a, 2007).
This non-steady state dilution trend actually represents steady state (or an approach to steady state)
between the fish and its diet which are interpreted to have declined with time. PCBs of intermediate
hydrophobicity exhibit constant concentrations with fish size and are expected to exhibit
intermediate elimination rates from fish. For these congeners, the decline in diet concentrations
are only partially compensated by elimination yielding a pseudo-steady state (i.e. apparent non-
changing) bioaccumulation pattern even though fish may have become out of steady state with
respect to their most current diet for the oldest individuals. For the most hydrophobic congeners,
elimination is very slow to negligible and fish have not achieved their full bioaccumulation
potential with respect to their early age diet nor with the new diet of older individuals following
the diet shift. These congeners continue to accumulate with fish size/age even though prey
contamination may have decreased.
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The above interpretation assumes that the inferred decrease in PCB concentrations in diet
(supported by the lower Kow dilution profiles) occurs similarly for all congeners. It is further
assumed that the decrease in diet concentration did not drop to a value of zero PCB content.
Finally, it is assumed that fish length provides a valid measure of fish age, although it is recognized
that differences in growth between individuals could confound age categories presumed on the
basis of fish size categories. In the latter case, biodilution, resulting from an increase in growth
rate for larger fish size classes, can be ruled out as a mechanistic interpretation of the overall
bioaccumulation pattern because changes in growth rate would influence all PCBs to the same
degree and is not compatible with the different bioaccumulation trajectories observed between
congeners.

Most food web PCB bioaccumulation models assume steady state kinetics operate (Arnot and
Gobas, 2004). This has been challenged, particularly for highly hydrophobic PCBs, in several
populations of temperate fish (Olsson et al., 2000; Paterson et al., 2007; Burtnyk et al., 2009;
Paterson et al., 2016). It was initially hypothesized that tropical fish are more likely to achieve
steady state compared to temperate fish owing to a lack of seasonal temperature cycles experienced
by tropical fish which in turn moderates their chemical toxicokinetics. Indeed, steady state (or
pseudo-steady state) was observed over a larger range of chemical hydrophobicity's in the present
study than reported for temperate fish (Burtnyk et al., 2009). However, the above observations
were partly confounded by a diet shift which was interpreted to result in decreased prey
contamination for the largest size classes. Despite this, the present research suggests that non-
steady state, net bioaccumulation conditions operate for the most hydrophobic PCB congeners in
tropical fish as has been described for temperate fish.

Acknowledgements.

The authors acknowledge the Port Royal Marine Laboratory for sample collection aid. Drs. Karl
Aiken and Eric Hyslop provided resource materials. We also thank Ms. Lamar Thomas for
editorial help. This research was supported in part by NSERC funds to K. Drouillard and by World
Bank funds supporting the Analytical Facilities at UWI, Mona Campus, Kingston, Jamaica.

References

Arnot, JA, FAPC Gobas. (2004). A food web bioaccumulation model for organic chemicals in
aquatic ecosystems. Environ Toxicol Chem 23: 2343-2355.

Borga, K, KA Kidd, DCG Muir, O Berglund, JM Conder, FAPC Gobas, J Kucklick, O Malm,
DE Powelkk. (2012). Trophic magnification factors: considerations of ecology,
ecosystems and study design. Integr Environ Assess Manage 8:64-84.

Bruggeman, WA, A Wijbenga. (1984). Bioaccumulation of super-lipophilic chemicals in fish.
Toxicol Environ Chem 7:173-189.

Buddo, D.St.A., RD Steel, ER D'Oyen. (2013). Distribution of the invasive Indo-Pacific green
mussel, Perna viridis, in Kingston Harbour, Jamaica. Bull Mar Sci 73:433-441.

Burtnyk, MD, G Paterson, KG Drouillard, GD Haffner. (2009). Steady and non-steady state
kinetics describe polychlorinated biphenyl bioaccumulation in natural populations of
bluegill (Lepomis macrochirus) and cisco (Coregonus artedi). Can J Fish Aquat Sci 66:
2189-2198.



233
234
235
236
237
238
239
240

241
242

243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268

Connolly, JP, CJ Pedersen. (1988). A thermodynamic-based evaluation of organic chemical
accumulation in aquatic organisms. Environ Sci Technol 22:99-103.

Debruyn, AMH, FAPC Gobas. (2007). The sorptive capacity of animal protein. Environ Toxicol
Chem 26:1803-1808.

Gobas, FAPC, DCG Muir, D Mackay. (1988). Dynamics of dietary bioaccumulation and faecal
elimination of hydrophobic organic chemicals in fish. Chemosphere 17:943-962.

Goodbody, I. (2003). Kingston Harbour, Jamaica- An Overview. Bull Mar Sci 73:249-255.

Hansen BG, AB Paya-Perez, M Rahman, BR Larsen. (1999). QSARs for Kow and Koc of PCB

congeners: A critical examination of data, assumptions and statistical approaches.
Chemosphere 39:2209-2228.

Hawker, DW, DW Connell. (1985). Relationships between partition coefficient, uptake rate
constant, clearance rate constant and time to equilibrium for bioaccumulation.
Chemosphere 14:1205-1219.

Oliver, BG, AJ Niimi. (1988). Trophodynamic analysis of polychlorinated biphenyl congeners
and other chlorinated hydrocarbons in the Lake Ontario ecosystem. Environ Sci Technol
22:388-397.

Olsson, A, K Valters, S Burreau. (2000). Concentrations of organochlorine substances in relation
to fish size and trophic position: a study on perch (Perca fluviatilis). Environ Sci Technol
34:4878-4886.

Paterson, G, KG Drouillard, GD Haffner. (2006a). An evaluation of stable nitrogen isotopes and
polychlorinated biphenyls as bioenergetic tracers in aquatic systems. Can J Fish Aquat
Sci 63:628-641.

Paterson G, KG Drouillard, GD Haffner. (2006b). Quantifying resource partitioning in
centrarchids with stable isotope analysis. Limnol Oceanogr 51:1038-1044.

Paterson, G, KG Drouillard, TA Leadley, GD Haffner. (2007). Long term polychlorinated
biphenyl elimination by three size classes of yellow perch (Perca flavescens). Can J Fish
Aquat Sci 64:1222-1233.

Paterson, G, M Ryder, KG Drouillard, GD Haffner. (2016). Contrasting PCB bioaccumulation
patterns among Lake Huron lake trout reflect basin-specific ecology. Environ Toxicol
Chem 35:65-73.

Randall, JE, BP Bishop-Museum. (2004). Food Habits of Reef Fishes of the West Indies.
University of Hawaii, Hawaii Institute of Marine Biology, NOAA Miami Regional
Library.

Rasmussen, JB, DJ Rowan, DRS Lean, JH Carey. (1990). Food chain structure in Ontario lakes
determines PCB levels in lake trout (Salvelinus namaycush) and other pelagic fish. Can J
Fish Aquatic Sci 47:2030-2038.



	Bioaccumulation of Polychlorinated Biphenyls (PCBs) in Atlantic Sea Bream (Archosargus rhomboidalis) from Kingston Harbour, Jamaica
	Recommended Citation

	tmp.1498498128.pdf.zAzje

