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Abstract Metals can have significant impacts on inhab-
itants of mangrove swamps as well as consumers of
mangrove-associated fauna. Yet, for several Caribbean
islands, assessments regarding the impact of metals on
such ecosystems are particularly sparse. The present
study investigated the distribution and potential impact
of Cd, Cr, Cu, Ni, Pb and Zn in the Caroni Swamp,
Trinidad and Tobago’s largest mangrove ecosystem.
Surface sediments and mangrove oysters (Crassostrea
rhizophorae) from 10 sites in the swamp were analysed
for the 6 identified metals. The concentration ranges (in
pg/g dry wt.) of metals in sediments from Caroni Swamp
were: Zn (113.4-264.6), Cr (27-69.7), Ni (10.7-41.1)
and Cu (11-40.7). Based on Canadian Sediment Quality
Guidelines (CSQGs), metals in sediments posed a low to
medium risk to aquatic life. The concentration ranges (in
ug/g wet wt.) for metals in Crassostrea rhizophorae
tissues were: Zn (123.2-660), Cu (4.2-12.3), Ni (0.1-
5.5), Pb (0.1-0.9), Cr (0.2-0.3) and Cd (0.1-0.2).
Multiple evaluations indicated that zinc posed a potential
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threat to the health of oyster consumers. Information
from this study is vital for managing the Caroni
Swamp, safeguarding the health of consumers of shell-
fish on this Caribbean island and serving as a useful
baseline for future local and regional risk assessments.
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Introduction

Mangrove swamps in small island developing states
(SIDS) are critically important ecosystems as they are
key biodiversity hotspots and are depended upon by
local populations for goods and services. Naturally oc-
curring inorganic contaminants such as metals may
threaten mangrove swamps due to their persistence,
ubiquity and their capability to exert deleterious effects
to biota (Luoma and Rainbow 2008). Among the direct
negative effects of metals on inhabitants of mangrove
swamps are mutations (Klekowski et al. 1999), increased
mortalities and decreased growth rates (De Wolf and
Rashid 2008). Metal bioaccumulation in commercially
harvested mangrove fauna may also indirectly pose a
threat to the health of consumers. Quantitative assess-
ments have indicated that inorganic arsenic levels in
oysters from Taiwan’s coastal areas may have led to an
increased cancer risk for long-term oyster consumers
(Han et al. 1998, 2000).

The Caroni Swamp, the largest mangrove swamp on
the island of Trinidad, is a wetland of international
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importance under the Ramsar Convention on Wetlands
of International Importance especially as Waterfowl
Habitat. The Caroni River Basin, in which the swamp
is located, is drained by 19 major rivers and currently
houses six industrial estates comprising of over 172
industries, approximately 33 % of the national popula-
tion and multiple agricultural enterprises (Juman et al.
2002; Trinidad and Tobago 2008). Metal contamination
has been reported for several rivers and sites in the river
basin (Mohammed et al. 1996; Ramsingh 2009;
Surujdeo-Maharaj 2010). The potential for metal con-
tamination in the Caroni Swamp is high as it is subjected
to fluvial inputs from rivers which drain the Caroni
River Basin, runoff from the Uriah Butler Highway
(one of the major north—south highways that borders
the swamp on its east) and influence by maritime activ-
ities in the Gulf of Paria (a semi-enclosed body of water
between the South American mainland and Trinidad).
Although previous studies (Klekowski et al. 1999;
Astudillo et al. 2002, 2005; Norville 2007) have provid-
ed snapshot views of metal contamination in specific
areas of the swamp, a comprehensive assessment of the
distribution and potential impacts of metal contaminants
in the entire swamp was lacking.

Historically, the Caroni Swamp has been important to
the livelihood of fishermen as the swamp supports sev-
eral commercially important species; mangrove oysters
(Crassostrea rhizophorae), mussels (Mytella guyanensis,
Mytella falcata), clams (Phacoides pectinatus), conch
(Melongena melongena) and shrimp (Penaeus spp.;
Nathai-Gyan and Juman 2005). Although the majority
of the swamp is a Prohibited Area under the Forests Act,
chapter 66:01 (Trinidad and Tobago 1915), the Blue
River and Felicity areas are still ranked as the most
popular on the island for the commercial harvesting of
mangrove oysters (Bullock and Moonesar 2003). Oysters
harvested from the Caroni Swamp showed significantly
higher levels of microbial contamination than those from
other areas (Laloo et al. 2000). Although evidence from
Rampersad et al. (1999) and Laloo et al. (2000) indicated
that the bacteriological quality of locally harvested raw
oysters pose a threat to the health of consumers, compre-
hensive assessments on the risk posed by chemical con-
taminants such as metals is unavailable. Among the
Caribbean islands, information is also particularly sparse
on the impact of pollutants in mangrove fauna on human
health (Fernandez et al. 2007). Locally, comprehensive
quantitative assessments regarding the risks posed
by chemical contaminants such as metals to shellfish
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consumers have never been conducted. Therefore, the
objectives of this study were to determine the levels of
metals (cadmium, chromium, copper, lead, nickel, zinc)
in the sediments and mangrove oysters (Crassostrea
rhizophorae) of the Caroni Swamp, to determine wheth-
er metals in the sediments posed a threat to aquatic life
and to determine whether metal levels in Crassostrea
rhizophorae posed a risk for human consumption.

Materials and method
Site description

The Caroni Swamp is located on the western coast
of Trinidad (Fig. 1) within the Caroni River Basin.
The primary anthropogenic activities occurring in
that river basin are domestic, agricultural and industrial.
In its eastern region, three rivers (Caroni, Cunupia,
Guaymare), which drain the Caroni River Basin, enter
the swamp. The swamp is also bordered on its east by
the Uriah Butler Highway and on its west by the Gulf of
Paria. One site from an estuarine mangrove area in the
Nariva Swamp was also included primarily for compar-
ative purposes. The Nariva Swamp is the largest wetland
in the country and is located on the eastern coast of
Trinidad in the Nariva hydrometric area (Fig. 1). In
contrast to the Caroni River Basin where anthropogenic
activities are widespread, agriculture is the most prom-
inent activity in the Nariva hydrometric area.

Sample collection

Sediment and oyster samples were collected in May (dry
season) and December (wet season) 2009 from 10 sam-
pling sites in Caroni Swamp and 1 sampling site in
Nariva Swamp. Triplicate sediment samples were col-
lected at each of the 11 sampling sites using either a
stainless steel Petite Ponar or Ekman grab sampler
(dependent on water depth). From each grab, two
100 g subsamples were taken, one each for metal and
Organic Matter/Total Organic Carbon (OM/TOC) anal-
ysis. Fifty oysters (Crassostrea rhizophorae) of similar
sizes, 1.6-2.6 (shell length) and 2.3—4.3 cm (shell
height), were collected from the prop roots of a single
red mangrove (Rhizophora mangle) tree and comprised
a single sample. Triplicate oyster samples were collected
at 7 sites (Fig. 1) over the same time period. All samples
(sediments and oysters) were placed in clean Ziploc
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Fig. 1 Map showing location of sampling sites in the Caroni
Swamp, Trinidad (**Oysters and Sediments; *Sediments) [BR
Blue River**, GOP Gulf of Paria**, CD Catfish Drain**, CR
Caroni River*, EC Entrance Canal**, LL Large Lagoon**, NSD

bags and transported on ice to the laboratory where they
were stored at —20 °C (metal analyses) or 4 °C
(OM/TOC analyses).

Chemical analyses

Fifty grams of each sediment sample was oven dried at
60 °C (to a constant weight), homogenized and sieved to
a particle size <63 pum. Dried sediment (0.5 g) was pre-
digested overnight with 10 mL of concentrated nitric
acid (at room temperature) and then further digested on
a heating block at 130-135 °C for 6 hours (Astudillo
et al. 2005). Samples were cooled, diluted with 5 mL of
deionised water and filtered into 25 mL volumetric
flasks using No. 542 Whatman hardened ashless filter
paper and the filtrate made up to 25 mL using deionised
water (Astudillo et al. 2005). Twenty-five oysters (non-
damaged and closed) from each sample were shucked,
whole tissues removed and the composite sample
homogenized. Five grams of each composite sample

North/South Drain*, HS Herbaceous Swamp*, UMER Upper
Madame Espagnol River**, MMER Mouth of the Madame
Espagnol River**]

was placed into a boiling tube and oven dried at
105 °C overnight. Dried oyster samples also underwent
the nitric acid digestion procedure described for the
sediments (Astudillo et al. 2005). Sediment and oyster
samples were analysed for chromium, nickel, copper,
zinc, cadmium and lead on a Varian SpectrAA 880
flame atomic absorption spectrophotometer. Five exter-
nal calibration standards for each metal were used to
calibrate the FAAS and calibration curves with R’
values>0.9 were used. Method blanks were also simul-
taneously prepared and analysed with each batch of
sediment and oyster samples. Validation of the methods
for metals in sediments and oyster tissues were done by
analysis of Estuarine Sediment (SRM 1646A) from the
National Institute of Standards and Technology (NIST),
USA and analysis of Lobster Hepatopancreas Reference
Material for Trace Metals (TORT-2) from the National
Research Council Canada (NRCC), respectively.
Average percentage recoveries for SRM 1646A samples
ranged from 41 to 107 % for all investigated metals (Cd
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107 %, Cr 70 %, Cu 92 %, Ni 75 %, Pb 41 %, Zn 74 %).
For TORT-2 samples, percentage recoveries ranged
from 69 % to 119 % for all investigated metals (Cd
99 %, Cr 119 %, Cu 90 %, Ni 69 %, Pb 115 %, Zn
89 %). Since percentage recoveries for lead in sediments
were very low (41 %), sediment lead level results were
excluded. Correction factors (CFs) were applied to com-
pensate for unacceptable percentage recoveries (i.e.
those out of the 100+5 % range). CFs were based on
the percentage recovery of a specific metal and brought
the recovery to 100 %. The organic matter content of
sediment samples was determined by loss on ignition
(LOI) following Commendatore and Esteves (2004).
Organic matter content (%) from loss on ignition was
calculated according to Sutherland (1998) and then
transformed to total organic carbon content based on
Gaspare et al. (2009). Moisture content determinations
according to McDonald et al. (2006) were conducted for
a sample of oyster tissues. Based on an average 17.87 %
dry weight for oyster tissues, a conversion factor of 5.6
was used to convert metal concentrations reported on a
wet weight basis to a dry weight basis.

Data analyses

Pearson correlation analyses were performed between
sediment metal concentrations and OM/TOC content
and used to determine whether sediment metal data
needed to be corrected for this parameter. Univariate
analyses (a two factor ANOVA test) was carried out
on both sediment and oyster data to determine the effect
of sites/seasons on metal concentrations. The a
posteriori test used was a Fisher’s Least Significant
Difference (LSD) test. Multivariate statistics (Principal
Components Analysis—PCA) were also conducted on
both the sediment and oyster data in order to assess
whether spatial variability in metal levels existed in the
Caroni Swamp.

Assessment of threat posed by metals in sediments
to aquatic life

Due to the absence of local and regional sediment quality
guidelines, the Canadian Sediment Quality Guidelines
(CCME 2002) were utilized to assess the threat posed
by metals in sediments to aquatic life. Metals levels were
proposed to pose a (a) Low Risk if they were below the
ISQG (Interim Sediment Quality Guideline), (b) Medium
Risk if they were between the ISQG and the PEL
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(Probable Effect Level) and (c) High Risk if they exceeded
the PEL.

Risk assessment of metals in Crassostrea rhizophorae
to humans

Metal levels in Crassostrea rhizophorae were evaluated
based on local (Trinidad and Tobago 1998) and interna-
tional (USFDA 2007) guidelines for metals in seafood
(Table 2). For essential metals, comparisons were made
between metal levels in oyster tissues and the recom-
mended dietary allowances (RDAs) and Tolerable
Upper Intake Levels (ULs; Nutrition Board and I. 0. M
2001). The Risk Quotient (RQ) was one of the quanti-
tative methods used to assess the risk posed by metals in
Crassostrea rhizophorae to human consumers. The
Risk Quotient (RQ) according to Fung et al. (2004)
was calculated as follows:

Concentration of metal in oyster tissues

RQ =

Level of concern for specific metal

Tolerable Daily Intake
Rate of Shellfish Consumption

Level of Concern =

The assumptions made were (a) the tolerable daily
intake of the relevant metal was equivalent to the toler-
able upper intake level (UL) of the Nutrition Board and
I. 0. M (2001), (b) a single oyster cocktail contained 12
oysters’ total soft tissue (Laloo et al. 2000), each oyster
total soft tissue weighed approximately 1.5 g (based on
weights recorded for oysters in this study), (c) low
consumption consumers had 1 oyster cocktail/day
(18 g/day) and (d) high consumption consumers had 4
oyster cocktails/day (72 g/day). When determining risk
quotients, the best case scenario (RQbcs), based on low
consumption consumers, and the worst case scenarios
(RQwecs), based on high consumption consumers, were
calculated. The Target Hazard Quotient (THQ) was
another quantitative method used to determine the
non-carcinogenic risk to the public from consuming
oysters contaminated with metals. The THQ, according
to Han et al. (1998), was determined as follows:

EFr x EDtot x SFI x MCS 3
x 10

THQ =
Q < RfD x BWa x ATn

The assumptions made were (a) exposure frequency
(EFr) was 350 days/year, exposure duration (EDtot) was
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30 years, (b) averaging time (ATn) was 365 days/year
for 30 years (Han et al. 1998; Liu et al. 2006), (c) body
weight (BWa) was 77 (male) and 70 kg (female;
Gulliford et al. 2003) and (d) ingested metal was equal
to absorbed metal with no loss of metal (Han et al.
1998). Oral reference doses (RfD) were based on
USEPA (2012). The two seafood ingestion rates (SFI),
as described for the RQ assumptions, were low con-
sumption consumers (Typically General Consumers)
and high consumption consumers (Maximum Exposed
Individuals). Metal concentrations in the edible portion
of seafood (MCS) were based on the findings of this
study.

Results
Metal concentrations in sediments

Table 1 summarizes the mean concentrations (p1g/g dry
wt.)of Zn (113.4 - 264.6), Cr (27-69.7), Ni (10.7 - 41.1)
and Cu (11-40.7) in sediments from the Caroni Swamp.
The highest metal concentrations were found at the
following sites: Herbaceous Swamp (HS)—highest Cu
and Ni levels and high Zn levels, Upper Madame

Espagnol River (UMER)—highest Zn levels, Mouth
of the Madame Espagnol River (MMER)—high Cr
and Ni levels and Gulf of Paria (GOP)—high Cr levels
(Table 1). Average metal levels (ng/g dry wt.) in sedi-
ments of the Nariva Swamp site, Cu (8.5), Ni (12.9) and
Zn (90.4), were significantly lower than those at various
sites in the Caroni Swamp (Table 1). Overall, Cr, Cu and
Ni levels in the sediments were significantly different
between sites in the Caroni Swamp (ANOVA, p<
0.001). Nickel was the only metal for which there was
a significant seasonal difference in sediment metal
levels (ANOVA, p<0.001) with higher Ni levels report-
ed in the dry season. Zinc was also the only metal for
which there was a significant interaction between the
two factors of site and season (ANOVA, p=0.007).
Since correlations between sediment metal levels and
TOC were not significant (Pearson’s Correlation, p>
0.05), sediment metal data was not corrected for this
parameter. PCA on sediment metals in the dry season
revealed that principal components 1 and 2 accounted
for 78.5 % of the variation. Eigenvectors indicated that
principal component 1 (PC1) was governed by decreas-
ing concentrations of nickel (—0.637) and zinc (—0.485)
while principal component 2 (PC2) was governed by
decreasing concentrations of copper (—0.707) and

Table 1 Sediment metal concentrations (average+SEM, where n=3) at sampling sites in the dry and wet seasons in the Caroni and Nariva

Swamp, Trinidad (all concentrations reported in png/g dry weight)

Cr Cu Ni Zn
Site Dry Wet Dry Wet Dry Wet Dry Wet
CR 27.0+£5.9 30.0+3.5 20.2+0.8 21.3+1.8 18.6+1.7 10.7+3.4 122.8+5.0 171.7+38.1
EC 54.2+4.1 51.2+2.7 223+5.5 23.1+£5.3 32.0+2.6 25.5+8.7 135.6 £14.4 119.6+£8.9
LL 55.94+2.4 543+4.7 19.2+1.2 13.2+2.8 30.5+0.3 18.6+2.4 134.0+6.0 113.4+8.5
BR 57.4+2.0 57.94£3.5 16.5+1.3 21.7£1.9 274+14 28.2+2.1 131.0£7.1 116.3£3.7
CD 54.0+5.7 64.8+4.1 16.2+0.9 18.1+1.7 29.1+£0.4 26.8+2.6 132.4+4.2 119.5£3.2
GOP 65.0+6.7 69.7+£2.0 11.0£1.5 12.042.5 27.2+0.9 12.4+2.7 127.7+0.9 114.0£2.1
MMER 66.7+£5.4 67.8+1.9 16.9+0.4 16.9+£2.5 41.1+£89 233+4.8 193.8+34.5 194.5+29.3
UMER 53.4+4.6 62.0+1.6 18.0+0.5 20.7£6.2 27.5+2.0 24.3+4.1 264.6+4.4 172.7+£20.5
HS 63.6+£2.7 64.3+2.8 32.0+£1.1 40.7+13.8 38.8+0.8 40.2+8.9 164.5+0.2 179.0+32.7
NSD 49.7£4.0 62.0+2.5 20.9+1.5 24.5+4.4 30.9+1.6 25.6+3.4 133.0+1.8 134.5+12.5
N 51.7+4.8 332422 7.3+2.0 9.7+13 16.2+0.9 9.5+2.6 95.4+3.8 85.3+23
*ISQG 52.3 18.7 **ERL-20.9 124.0
*PEL 160.0 108.0 **ERM-51.6 271.0

*ISQOG Interim Sediment Quality Guideline (CCME 2012), *PEL Probable Effect Level (CCME 2012), **ERL Effects Range Low, **ERM

Effects Range Median (Long et al. 1995)

Cd concentrations in all sediment samples were below the method detection limit (0.59 pg/g dry weight)
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increasing concentrations of Cr (0.696). PCA on sedi-
ment metal data in the wet season revealed that principal
components 1 and 2 accounted for 76.01 % of the
variation. Eigenvectors indicated that principal compo-
nent 1 (PC1) was governed by increasing concentrations
of nickel (0.634) and copper (0.583) while principal
component 2 (PC2) was governed by increasing
concentrations of zinc (0.918). The clustering of the
majority of sites in the middle of the ordination plots
(for both the dry and wet seasons) indicated that sedi-
ment metal levels at the majority of sites in the Caroni
Swamp were similar (Fig. 2). This was corroborated by
the a posteriori tests as for each metal there was a group
of sites for which there were no significant differences
(Fisher’s Least Significant Difference (LSD) Test,
p>0.05) in sediment metal levels. In both seasons, the
relevant ordination plots (Fig. 2a, b) indicated that cer-
tain sites were dissimilar from the majority. The
Herbaceous Swamp (HS) site (located in left quadrant
of the plot for the dry season) was one site that reflected
the highest sediment metal (Ni, Zn) contamination in the
dry season in the Caroni Swamp (Fig. 2a). By contrast,
the Nariva Swamp (N) and Caroni River (CR) sites
(located in right quadrant of the plot for the dry season
and the left quadrant of the plot for the wet season)
reflected the lowest sediment metal (Ni, Cu, Zn, Cr)
levels in both seasons (Figs. 2a, b). In the dry season,
the Upper Madame Espagnol River (UMER) and
Mouth of the Madame Espagnol River (MMER) sites
reflected high sediment nickel and zinc levels (Fig. 2a)
while in the wet season, these exact sites along with the
Caroni River (CR) and Herbaceous Swamp (HS) sites
(located in the upper quadrant) were distinct as they
reflected high zinc levels (Fig. 2b).

Assessment of threat posed by metals in the sediments
to aquatic life

Levels of none of the investigated metals at any of the
sites exceeded the PEL (Table 1) and therefore sediment
metals did not pose a high risk to aquatic life in the
Caroni Swamp. Overall, sediment metal (Cu, Cr, Zn)
levels were either below the ISQG or between the ISQG
and the PEL (Table 1) and thereby posed only a low to
medium risk to aquatic life. This implies that aquatic
organisms are expected to rarely and in some cases to
occasionally be exposed to adverse biological effects.
Lead, copper, chromium and zinc simultaneously posed
a medium risk to aquatic life at the EC, LL and HS sites
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in the dry season and at the NSD, UMER and HS sites in
the wet season. The ERL and ERM (proposed by Long
et al. 1995) which were used to assess the risks posed by
nickel indicated that nickel levels posed a low to medi-
um risk to aquatic life in the Caroni Swamp (Table 1).

Metal concentrations in oyster tissues

Table 2 summarizes the mean concentrations (pLg/g wet
wt.) of Zn (123.2 - 660.0), Cu (4.2 - 12.3),Ni (0.1 - 5.5),
Pb (0.1 - 0.9), Cr (0.2 - 0.3) and Cd (0.1 - 0.2) in
Crassostrea rhizophorae tissues from the Caroni
Swamp. Crassostrea rhizophorae tissues at the Upper
Madame Espagnol River (UMER) site reflected the
highest levels of zinc in both seasons (382.7 -
660.0 ng/g wet wt.) while those at the Blue River
(BR), Catfish Drain (CD) and Gulf of Paria (GOP) sites
reflected the highest copper levels (10.6-12.3 pg/g wet
wt.; Table 2). In contrast to the findings for sediments,
metal concentrations in oyster tissues were significantly
different among sites for nickel (ANOVA, p=0.046) but
this was not the case for cadmium, chromium or lead
(ANOVA, p>0.05). Chromium was the only metal for
which there was a seasonal difference in oyster tissue
metal levels (ANOVA, p=0.015) with higher chromium
levels being reported in the dry season. For both Zn
(ANOVA, p<0.001) and Cu (ANOVA, p=0.014), there
was a significant interaction between the two factors of
site and season. PCA on Crassostrea rhizophorae metal
levels in the dry season revealed that principal compo-
nents 1 and 2 accounted for 67.7 % of the variation.
Eigenvectors indicated that principal component 1
(PC1) was governed by decreasing concentrations of
zinc (—0.708) while principal component 2 (PC2) was
governed by increasing concentrations of chromium
(0.665) and copper (0.697). PCA on Crassostrea
rhizophorae metal levels in the wet season revealed that
principal components 1 and 2 accounted for 56.5 % of
the variation. Eigenvectors indicated that principal com-
ponent 1 (PC1) was governed by decreasing concentra-
tions of copper (—0.562) and nickel (—0.487) while
principal component 2 (PC2) was governed by increas-
ing concentrations of lead (0.729). The ordination plot
based on metal levels in Crassostrea rhizophorae in the
dry season indicated that the majority of sites were
similar as evidenced by their clustering in the right
quadrant of the plot (Fig. 3a). However, such was not
the case in the wet season as there was no major clus-
tering of sites (Fig. 3b). In the dry season, it was evident
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Table 2 Metal concentrations in Crassostrea rhizophorae tissues (average+SEM, where n=3) at sampling sites in the dry and wet seasons
in the Caroni Swamp, Trinidad (all concentrations reported in png/g wet weight)

Cr Cu Ni Pb Zn Cd
Site Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
EC 0.3£0.0 02+£0.0 6.7£0.6 7.0+£0.2 04+0.0 1.0+0.4 bdl 0.1£0.0 208.5+23.5 319342 bdl 0.1+£0.0
LL 02+£0.0 02+£0.0 62+0.5 52+0.8 0.2+0.0 0.4+0.1 bdl 0.1+0.0 254.2+19.8 236.8+23.0 bdl 0.1+0.0
BR 02+£0.0 02+£0.0 122+13 9.1+0.5 0.3+0.0 0.4+0.0 bdl 0.1£0.0 304.4+14.2 308.1£10.6 bdl 0.1+0.0
CD 0.3+£0.1 02+0.0 12.3+0.8 7.3+0.6 04+0.1 5.5+3.0 bdl 0.1£0.0 243.6+20.6 187.1£14.0 bdl 0.1+0.0
GOP 03+0.0 02+0.0 10.6+1.5 65+0.5 02+0.1 03+0.1 09+04 0.1+0.0 215.6+27.3 1232+18.7 bdl 0.2+0.0
MMER 0.2+0.0 02+£0.0 6.8+0.1 53+0.2 0.1£0.0 0.3£0.0 bdl 0.1£0.0 358.1+72.5 280.8+27.8 bdl 0.1+0.0
UMER 0.3+£0.1 02+£0.0 6.8£0.7 42+04 0.9+0.6 0.4+0.1 bdl 0.1£0.0 660.0+53.7 382.7+£33.7 bdl 0.1+0.0
*MPL 20 2 50
*GL 13 80 1.7 4

bdl Below detection limit (Method detection limit for Pb (dry season)—0.33 pg/g wet weight, and Cd (dry season)—0.10 pg/g wet weight)
*MPL Maximum Permitted Level of metal in fish and fishery products (Trinidad and Tobago 1998), **GL Guidance Level for toxic

elements in molluscan shellfish (USFDA 2007)

that the Upper Madame Espagnol River (UMER) site
was dissimilar from the majority of sites as it reflected
the highest levels of zinc in oyster tissues (660 p1g/g wet
wt.). In the wet season, the Catfish Drain (CD) and Blue
River (BR) sites were located in the left quadrant of the
ordination plot (Fig. 3b) and were characterised by high
Cu and Ni levels.

Assessment of threat posed by metals to human health

Zinc was the only metal whose levels in oyster tissues
exceeded established guideline levels (Table 2) and
therefore was the only metal for which further risk
assessment work was conducted. Levels of zinc in oys-
ter tissues at all investigated sites in both seasons were
between 3 to 13 times the maximum permitted level
(50 pg/g wet wt.) proposed by Trinidad and Tobago
(Table 2). Based on the ingestion rates of low consump-
tion consumers (1 oyster cocktail/day), those individuals
would be ingesting between 2.2 and 11.9 mg of zinc per
cocktail depending on the site of harvest. Therefore, on a
daily basis, zinc levels would have exceeded the recom-
mended dietary allowance- RDA (women—_8 mg/day,
men—11 mg/day) for adults at certain sites (Upper
Madame Espagnol River—UMER) but would not have
exceeded the Tolerable Upper Intake Level—UL
(40 mg/day). Based on the ingestion rates of high con-
sumption consumers (4 oyster cocktails/day), those in-
dividuals would be ingesting between 8.9 and 47.5 mg
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of zinc per day and therefore the RDA at all sites would
have been exceeded for those consumers. The only site
at which the UL would have been exceeded was the
Upper Madame Espagnol River (UMER) site. The best
case risk quotient (RQbcs) for zinc based on ingestion
rates for low consumption consumers (1 oyster
cocktail/day) was between 0.055 and 0.297 and thus
zinc would not have posed a threat to oyster consumers
(Table 3). However, the worst case risk quotient
(RQwcs) based on high consumption oyster consumers
(4 oyster cocktails/day) was between 0.222 and 1.188
and would have posed a threat to oyster consumers
(Table 3). THQs for zinc for TGCs were between
0.092 and 0.542 and were below the acceptable safe
value of 1 (Table 4). THQs for MEIs ranged from 0.368
to 2.17 (Table 4) indicating that the acceptable safe
value was exceeded at certain sites (MMER, UMER,
BR and EC). Overall, THQ values for zinc suggested
that this metal would have posed a human health threat
to oyster consumers but this was also dependent on
ingestion rate.

Discussion

Results of this study indicated that metal distribution in
the sediments and oysters at the majority of sites in the
Caroni Swamp were similar. However, a few sites dis-
tinctly revealed important information about metal
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Table 3 Risk Quotients (RQs) for zinc

RQbcs RQwecs

SITE Dry Season Wet Season Dry Season  Wet Season

EC 0.094 0.144 0.375 0.575
LL 0.114 0.107 0.458 0.426
BR 0.137 0.139 0.548 0.555
CD 0.110 0.084 0.438 0.337
GOP 0.097 0.055 0.388 0.222
MMER 0.161 0.126 0.645 0.506
UMER 0.297 0.172 1.188 0.689

contamination in the swamp. One such site, the
Herbaceous Swamp (HS), reflected high levels of Cu,
Ni and Zn in the sediments and was located mere metres
from the Uriah Butler Highway (a major roadway on the
island). Metals such as Cu and Zn are associated with
motor vehicle roadways and typically originate from
vehicle tailpipe emissions and brake/tyre wear
(Sternbeck et al. 2002; Lough et al. 2004; Birmili et al.
2006). Therefore, metals at the HS site potentially orig-
inated from vehicular traffic on the adjacent roadway
and entered the swamp via surface runoff. The Upper
Madame Espagnol River (UMER) site, located down-
stream of the Cunupia River and Bejucal Canal,
reflected high Zn levels in both the sediments and oysters
while the Caroni River (CR) site, located in the lower
course of the Caroni River, reflected high Zn levels in the
sediments in the wet season. Metals at both sites may have
originated from land-based activities in the Caroni River
Basin and reached the swamp via fluvial transport.
Specifically, zinc may have originated from improperly

discarded tyres, runoff from galvanized metal roofs, do-
mestic wastewater, sewage sludge, battery/smelter wastes,
metal salvaging operations and runoff from roadways and
agricultural areas (Mohammed et al. 1996; Wik and Dave
2009; Degaffe and Turner 2011). The Mouth of the
Madame Espagnol River (MMER) site, located a few
metres from the Gulf of Paria and subjected to intense
boat activity by oyster collectors and fishermen, reflected
high levels of Zn in both the sediments and oysters and
high Ni and Cr levels in the sediments. Marine vessels
contribute to metal contamination in aquatic environments
via engine emission products and fuel leakages as metals
are a component of fuels utilized by maritime vessels
(Jittner et al. 1995; Cooper and Gustafsson 2004).
Metal contamination at the MMER site may have there-
fore been influenced by the operation of maritime vessels
at the site or in the proximal Gulf of Paria.

Copper, nickel, chromium and zinc levels in the
sediments of the Caroni Swamp were evaluated as being
capable of posing a low to medium threat to aquatic
organisms. It must be noted that although the ‘near total
fraction” of metals in the sediments were determined by
this study, sediment-dwelling as well as other aquatic
organisms are actually exposed to the bioavailable frac-
tion of metals in the sediments. This must be taken into
consideration when interpreting the risks posed by the
‘near total fraction’ of metals to aquatic organisms as
risks may be overestimated. Nevertheless, metal con-
taminants in sediments affect benthic organisms by re-
ducing their diversity and abundance, excluding or
restricting certain species, leading to their decreased
growth and increased juvenile mortality (Mayer-Pinto
et al. 2010). Benthic organisms also provide several

Table 4 Target Hazard Quotients

(THQs) for zinc Typically General Consumers (TGC) Maximum Exposed Individuals (MEI)
Female Male Female Male
Site Dry Wet Dry Wet Dry Wet Dry Wet
Season Season Season Season Season Season Season Season
EC 0.171 0.262 0.156 0.239 0.686 1.050 0.623 0.954
LL 0.209 0.195 0.190 0.177 0.836 0.778 0.760 0.708
BR 0.250 0.253 0.227 0.230 1.001 1.013 0910 0.921
CD 0.200 0.154 0.182 0.140 0.801 0.615 0.728 0.559
GOP 0.177 0.101 0.161 0.092 0.709 0.405 0.644 0.368
MMER  0.294 0.231 0.268 0210 1.177 0.923 1.070 0.839
UMER  0.542 0315 0.493 0.286 2.170 1.258 1.973 1.144
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important ecosystem services and compromised health
may impair their abilities for service provision (Covich
et al. 1999). Benthos is also consumed by organisms
(e.g. fishes) in higher trophic levels (Fugi et al. 2001)
and threats to their health may ultimately have ripple
effects on their predators. Once sediment-dwelling or-
ganisms in the Caroni Swamp are adversely affected by
metals, marine organisms dependent on these resources
may ultimately be negatively affected.

Although several metals (Zn, Cu, Ni, Cr, Pb, Cd)
were detected in the tissues of Crassostrea rhizophorae
in the Caroni Swamp, only zinc levels exceeded local
maximum permitted levels. Furthermore, both the Risk
Quotients (RQs) and Target Hazard Quotients (THQs)
indicated that zinc would have posed a health risk to
consumers depending on their ingestion rates. Due to
limited resources, pooled oyster samples of similar shell
lengths were analysed from each site. An assumption of
this method was that the similar oyster size range would
have either limited or eliminated any size effect on metal
concentrations in oysters. Some previous studies
(Rebelo et al. 2003; de Souza et al. 2011; Diaz Rizo
et al. 2010) have also analysed pooled oyster samples of
similar size ranges. However, size effect is a variable
that may potentially influence oyster metal levels.
Previous studies (Silva et al. 2001, 2003, 2006) have
addressed this issue by analysing metal levels in
individual oysters and then performing subsequent
regression analyses (between metal levels in oysters and
oyster tissue dry weight) to determine if size effect is a
variable to be eliminated.

Risk assessments performed in this study may have
over or underestimated risks since quantitative data on
oyster consumption rates in Trinidad was lacking and a
number of assumptions had to be made. One assumption
that was made when assessing the risk posed by zinc in
Crassostrea rhizophorae to humans was that the
‘ingested metal was equal to absorbed metal with no
loss of metal’. While this assumption allows for an
estimation of risk based on a ‘worst case scenario’, it
also allows for an overestimation of risks. Previous
research has indicated that a fraction of the total zinc
concentrations in the soft tissues of oysters are actually
bioavailable to humans. For Crassostrea gigas,
Bragigand et al. (2004) estimated that between 50 %
and 80 % of zinc was bioavailable while Amiard et al.
(2008) indicated that 78—82 % of zinc was bioaccessible.
Hence, the results of this risk assessment must be
interpreted within the context that risks may have been

overestimated. In future, attempts should be made to
assess the fraction of metals in Crassostrea rhizophorae
that is bioaccessible to humans. In spite of the limita-
tions, information provided by risk assessments is critical
to safeguarding the health of consumers. While con-
sumers can consider oysters as a source of the essential
metal zinc, they must be aware that if ingested in quan-
tities above tolerable levels, some of the acute effects
may include gastrointestinal distress while chronic ef-
fects may include impairment of immune and pancreatic
functions and interference with metabolic cycles of cop-
per and other essential elements (Nriagu 2007). Previous
studies (Rampersad et al. 1999; Laloo et al. 2000) have
indicated that high microbial loads in raw oysters pose a
health risk to consumers in Trinidad and that oysters
from the Caroni Swamp were significantly more
contaminated than those from other areas. Collectively,
previous and current work (this study) confirms that
oyster consumers may be ingesting a literal ‘cocktail’
of biological and chemical contaminants.

One of the factors which influenced metal levels in
both sediments and oyster tissues was season. In
Trinidad, rainfall is the predominant factor which
characterises seasons such that in the dry season rainfall
is considerably less than in the wet season. This study
indicated that nickel levels in the sediments and chro-
mium levels in oyster tissues were significantly higher
in the dry season at the majority of sites. Other local
studies (Norville 2005, 2007) have also reported sea-
sonal differences in metal levels in both sediments and
oysters. Rainfall events lead to increased surface runoff,
subsequent increased freshwater inputs into the Caroni
Swamp as well as metal transfer from the terrestrial to
estuarine/coastal environments. However, freshwater in-
puts may actually dilute metal concentrations in the
aquatic phase of the Caroni Swamp leading to reduced
sequestration in sediments as well as lower uptake by
filter-feeding organisms such as oysters. Season also
influences physiochemical parameters such as salinity
and pH which will also influence bioavailability and metal
uptake in biota (Luoma and Rainbow 2008). At some
sites, the opposite pattern was exhibited whereby metal
levels were higher in the wet season (e.g. zinc at the
Caroni River site). In these cases, freshwater inputs may
have been instrumental in transporting metals derived
from land-based sources into the swamp. Therefore, fluc-
tuating hydrological and physicochemical conditions may
account for the influence of season on metal levels in
sediments and biota.
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Table 5 Sediment metal levels (ng/g dry wt.) reported for mangrove sediments

Study Location Cd Cu Cr Ni Zn
Klekowski et al. (1999) Caroni Swamp, Trinidad 0.39-0.70 1.45-6.00  2.92-7.18 6.43-12.18  39.81-64.81
Astudillo et al. (2005) Caroni Swamp, Trinidad <0.01 13.2 30 24.1 126
Norville (2007) Caroni Swamp, Trinidad 0.16-0.28 6.41-15.71 837-20.69 5.27-8.56 39.57-50.58
Norville and Banjoo (2011)  Godineau Swamp, Trinidad 0.09-0.38 0.21-33.33  2.4-35.99 0.29-21.94 5.35-176.72
Silva et al. (1990) Sepetiba Bay, Brazil 0.6 2.8 10.8 18
Silva et al. (1996) Florianopolis Island, Brazil 0.02-0.19  0.3446.21 0.55-10.05 1.13-25.04 5.56-97.20
Harris and Santos (2000) Rio Casqueiro, Brazil (polluted)  1.63 15.42 59.9
Guaratuba, Brazil (unpolluted) 0.60 3.82 242
Machado et al. (2002a) Guanabara Bay, Brazil 18-80 612 26.7-610
Machado et al. (2002b) Jardim Gramacho, Brazil 32-58 170-850
Kehrig et al. (2003) Jequia, Brazil 79.6-91.7 37.4-43.4 447.5-505.1
Farias et al. (2007) Guanabara Bay, Brazil 0.01-0.2 0.01-6.3 3594 16-63
This study Caroni Swamp, Trinidad BDL 11-40.7 27-69.7 10.741.1 113.4-264.6

In the context of other local studies conducted in the
Caroni Swamp (Klekowski et al. 1999; Astudillo et al.
2005; Norville 2007), Cu, Cr, Ni and Zn levels in the
sediments of this study were comparatively higher
(Table 5). Similarly, levels of specific metals in
Crassostrea rhizophorae of this study were also higher
than those reported by previous studies (Norville 2007;
Astudillo et al. 2002, 2005) for mangrove oysters from
the Caroni Swamp (Table 6). Overall, this indicated that
metal levels may have increased over time in the Caroni
Swamp. Land-based sources within the Caroni river
basin (the Uriah Butler Highway and fluvial inputs from
the Caroni/Cunupia rivers) appeared to be one of the
contributors to metal contamination in the Caroni
Swamp. Once anthropogenic activities continue in the
Caroni river basin and river entry into the swamp con-
tinues, it is likely that metal contamination will be an
ongoing issue in the Caroni Swamp. In comparison to
other sites in Trinidad and Tobago, sediment metal
levels in the swamp were low as significantly higher
metal levels (which exceeded the PEL of the CSQGs)
were reported at several coastal sites (Singh 1989), in
the Caroni River Basin (Mohammed et al. 1996;
Ramsingh 2009) and in the Chaguaramas Peninsula
(Mohammed 2005). Previous local studies also reported
higher levels of Cr, Cu and Cd in Crassostrea
rhizophorae from other locations in Trinidad (Table 6).

From a regional perspective, levels of Cr, Cu, Cd, Pb
and Zn in Crassostrea rhizophorae tissues from this
study were lower than those reported for mangrove
oysters from the Dominican Republic and Brazil
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(Table 6). Levels of the majority of metals in
Crassostrea rhizophorae tissues in this study were
higher than those reported for oysters in Venezuela
(Astudillo et al. 2002, 2005) and Cuba (Diaz Rizo
et al. 2010). Of note is the fact that nickel levels in
Crassostrea rhizophorae from this study were higher
than those reported by all regional studies in Table 6.
This must be taken in the context that these high nickel
levels were reported for oysters at one site (Catfish
Drain) in one season (wet) in the Caroni Swamp
(Table 2) and thus this may have been an anomaly. Of
note as well is the fact that zinc levels in mangrove
oysters from this study were higher than those reported
from some areas in Brazil (Cotegipe Channel, Macau,
Curimatau and Potengi estuaries, Sambaqui Bay, Todos
os Santos Bay) but lower than those reported from the
Potengi estuary (Silva et al. 2001) and Sepetiba Bay,
Brazil (Rebelo et al. 2003; Amaral et al. 2005) and
the Dominican Republic (Sbriz et al. 1998). Overall,
this indicates that the bioavailability of most metals
to oysters in the Caroni Swamp is generally low
when compared to other regional studies. However,
zinc bioavailability to oysters is high but not as high
as some of the most contaminated regional sites.
Copper and zinc levels in mangrove sediments in
the Caroni Swamp in this study were low in com-
parison to levels reported for Brazil (Table 6). Low
sediment metal levels in the Caroni Swamp may be
explained by the lack of major anthropogenic activ-
ities within the swamp. By contrast, the high sedi-
ment metal levels reported locally/regionally were in
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Table 6 Metal levels (ng/g wet wt.) reported in Crassostrea rhizophorae tissues

Study Location Cd Cu Cr Pb Ni Zn
Astudillo et al. Trinidad 0.22-0.53  5.73-52.10  0.10-1.23 0.09-0.48 138.47-540.12
(2002) Caroni Swamp , Trinidad <0.01 5.73 0.1 0.09 138.47
Venezuela <0.0 1-0.22 1.38-3.28 <0.02-0.08 <0.01-0.14 24.87-40
Astudillo et al. Trinidad 0.39-0.67 14.6-53 0.23-0.64 0.17-0.43 171-488
(2005) Caroni Swamp, Trinidad  0.39 16.7 0.34 043 171
Venezuela 002-023 138403 008026 <0.01 39.9-45
Norville (2007)  Trinidad 0.07-3.07*  39.9-144.5" 0.26-3.29" 0.07-1.29" 1.02-23.13" 918.89-3994.05°
Caroni Swamp, Trinidad ~ 0.46-0.73*  39.90-70.99" 0.54-1.08* 0.09-0.25° 1.25-2.96° 918.88-1,601.81°
Sbrizetal. (1998)  Dominican Republic ~ 0.35-2.57 112-866"  1.73-10.7 0.08-1.46" 1.34-7.92° 1,050—4,380°
Diaz Rizo et al. Guacanayabo Gulf, Cuba 17-53 0.05-0.13 82-219
(2010)
Wallner-Kersanach ~ Cotegipe Channel, Brazil 3.54“ 1,567° 0.59" 3,005.5¢
et al. (2000)
Silvaetal. (2001)  Potengi estuary, Brazil 0.8-1.9° 33-234¢ 0.6-5.1° 1.8-7.8¢ 0.9-3.2¢ 1,550-3,949°
Silva et al. (2003)  Macau and Curimatau, 0.7-5¢ 7.6-281¢ 2.5-16" 0.6-5.7" 233-2,800"
Brazil
Rebelo et al. (2003)  Sepetiba Bay, Brazil 1.3-5.4° 1,627.5-28,523.8"
Amaral et al. (2005) Sambaqui Bay, Brazil 0.95° 307¢
Sepetiba Bay, Brazil 0.87 9,770"
Silva et al. (2006)  Potengi and Curimatau,  1.34-2.48" 16.9-39° 0.54-2.08"  967-2,000°
Brazil
de Souza et al. Todos os Santos Bay, 0.02-13.7"  28.4-602° 0.02-1.53" 1.31-9.89° 846-2,976"
(2011) Brazil
This study Caroni Swamp, 0.1-0.2 4.2-12.3 0.2-0.3 0.1-0.9 0.1-5.5 123.2-660
Trinidad 0.56-1.12° 23.52-68.88" 1.12-1.68" 0.56-5.04" 0.56-30.80" 689.92-3,696"

#Metal levels reported in pg/g dry wt

the proximity of metal salvaging operations, dump sites
for battery/smelter wastes, active secondary smelters, mu-
nicipal landfills, nickel mining sites and sites subjected to
point source inputs of raw sewage/urban/industrial wastes.
Of note is the fact that both chromium and nickel levels
reported in the Caroni Swamp were the highest reported
for mangrove sediments in both Trinidad as well as in
Brazil. However, when compared to international studies,
the levels of both metals were comparatively low as
significantly higher levels were reported in Australia and
Hong Kong (Lewis et al. 2011).

Conclusion

This study provided the first comprehensive assessment
of the distribution and impact of metals in the sediments
and mangrove oysters (Crassostrea rhizophorae) in the
Caroni Swamp, Trinidad. It is also the first local study to

quantitatively assess the risks posed by metal contami-
nants to oyster consumers. Metals presented a direct
threat to inhabitants of the swamp and thus to ecosystem
well-being. Evaluations based on the Canadian
Sediment Quality Guidelines (CSQGs) indicated that
metals posed a low to medium risk to aquatic life.
Metals in the swamp were also shown to be capable of
indirectly affecting human consumers of mangrove-
associated oysters. Based on multiple evaluations,
local/international guidelines for metals in seafood, rec-
ommended daily allowances (RDAs), tolerable intake
levels (ULs), Risk Quotient (RQs) and Target Hazard
Quotient (THQs), zinc was the only metal whose levels
were capable of posing a human health threat to oyster
consumers. Information from this study will be invalu-
able in the management of the Caroni Swamp Ramsar
Site, it will be critical to safeguarding the health of
consumers of shellfish and will serve as a useful base-
line for future local and regional risk assessments.
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