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Abstract: The Gulf of Paria receives heavy metal input from urban runoff, industrial and agricultural activity, 
sewage and domestic wastes: both from the west coast and from inland areas of Trinidad. Non-residual concen-
trations of nine metals, as well as total mercury concentrations, were used to determine spatial distributions of 
heavy metals in sediments in the Gulf of Paria. Surficial sediment samples were collected at 37 stations, which 
included the mouths of 11 major rivers that flow into the Gulf of Paria. Stations were sampled twice during the 
wet season (July 1998 and November/ December 1998) and twice during the dry season (March 1999 and April 
1999). Sediments were analyzed for aluminium (Al), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), 
lead (Pb), manganese (Mn), nickel (Ni), zinc (Zn) and mercury (Hg). Total Organic Carbon (TOC) and grain size 
analyses were also performed on the sediments. Principal component analysis showed that sediments from river 
mouths subject to greatest land use and anthropogenic input, were distinct from other sediments in the Gulf of 
Paria. This was due to higher Pb, Zn, Cu and Hg concentrations (3.53-73.30 µg g-1, 45.8-313.9 µg g-1, 8.43-39.71 
µg g-1 and 0.03-0.10 µg g-1, respectively). Sediments further from the coast were also distinct due to their higher 
Al, Fe, Cr and Mn concentrations (1.37-3.16 mg g-1, 9.51-18.91 mg g-1, 17.22-28.41 µg g-1 and 323.6–1,564.2 µg 
g-1, respectively). Cd and Pb were higher in the wet season while Ni was higher in the dry season. Pb, Zn, Cu 
and Hg were correlated with each other and with TOC. Correlation was also observed between Al, Fe, Cr, Mn 
and Ni. Al, Fe, Cr and Mn were correlated with percentage clay in sediments. The results suggest that Pb, Zn, 
Cu and Hg are preferentially removed by organic matter, which settles at the river-mouths, while Al, Fe, Cr, Mn, 
and Ni become associated with clay minerals and are transported away from the coast.
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The Gulf of Paria is approximately 
7 500 km2, and is situated between Trinidad 
and the Venezuelan mainland. Industrial and 
agricultural activities, sewage, domestic waste 
and urban runoff from the west coast and 
inland areas of Trinidad all introduce a variety 
of metals into the Gulf of Paria. While many 
metals are biologically essential, all are toxic 
to biota above specific threshold concentra-
tions, and are potential threats to the environ-
ment. Contamination of the Gulf of Paria is of 
particular concern since the Gulf is a fisheries 
area for commercially important species of 
fish and shellfish, as well as a nursery and 
feeding area for several aquatic species. 
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Once introduced into the water, metals 
tend to become incorporated into the under-
lying sediments so that sediments are good 
indicators of metal contamination levels. The 
non-residual metal fraction is more indicative 
of bioavailable metal than total metal in sedi-
ments. It is thought that more information on 
the extent of metal pollution could be obtained 
through analysis of this non-residual fraction 
(Forstner and Wittmann 1979, Doherty et al. 
2000). The present study seeks to determine 
the spatial distribution of non-residual metals 
and total mercury in surficial sediments (wet 
and dry seasons) and, hence, identify metal 
enriched regions in the Gulf of Paria.
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MATERIALS AND METHODS

Thirty-seven stations were established in 
shallow and deep waters of the Gulf of Paria 
(Fig. 1). These included stations at the mouths 
of 11 major rivers: Diego Martin, Maraval, 
Caroni, Caparo, Couva, Guaracara, Cipero, 
Godineau, Guapo, Cap de Ville and St. Ann’s. 
Sampling was scheduled to obtain two sets of 
both wet and dry season data. Surficial sediment 
samples were collected in July and November/
December 1998, and March and April 1999, 
using a 0.04 m2 grab sampler (one, two, one and 
two grabs per station respectively).

Samples were dried at approximately 60°C, 
ground and passed through a 180 µm sieve. Use 
of the finer fraction removes the dependence of 
metal content on surface area so that the analy-
sis is normalized for sediment type i.e. sand, 
silt or clay. This fraction also yields highest 
contrast between anomalous and background 
samples (Oliver 1973). Metals were analyzed 
using the Perkin Elmer AAnalyst 100 Atomic 
Absorption Spectrometer. Each grab sample 

was analysed in duplicate. Sediments were ana-
lysed for non-residual Al, Cd, Cr, Cu, Fe, Pb, 
Mn, Ni and Zn using flame or graphite furnace 
atomic absorption spectrometry. Samples were 
shaken with 0.5 M hydrochloric acid and fil-
tered (Environmental Canada 1979). Sediments 
were analyzed for total Hg (after digestion 
with sulphuric, nitric and hydrochloric acids) 
using a cold vapour technique as outlined 
in Environmental Canada (1979) methods. 
Detection limits for these metals were Al (1 
μg g-1), Fe (0.4 μg g-1), Mn (0.03 μg g-1), Zn 
(5 μg kg-1), Cd (0.5 μg kg-1), Cr (1 μg kg-1), Cu 
(5 μg kg-1), Pb (5 μg kg-1), Ni (2 μg kg-1) and 
Hg (2.5 μg kg-1). Total Organic Carbon analy-
sis (detection limit: 0.01%) was performed 
according to the titrimetric method outlined by 
Buchanan and Kain (1971). Grain size analysis 
was performed using the settling tube method 
of Folk (1974). Seasonal differences in metal 
concentrations were assessed using parametric 
(Paired t on the log transformed data) and 
non-parametric (Wilcoxon) tests. Relationship 
between parameters were assessed using Peason 
correlation, and Principal Component Analysis 
was used to facilitate pattern detection in the 
data (Zitko 1994).

RESULTS 

Metals, TOC and grain size data

Concentration ranges and mean concentra-
tions for metals in sediments in the wet and dry 
seasons are given in Table 1. Canadian Interim 
Sediment Quality Guidelines (ISQGs) for total 
metal (Anonymous 1998) are included as a 
benchmark. The number of stations (n

1
 and n

2
) 

exceeding these guidelines in each season is 
also presented. Pb in sediments from St. Ann’s 
River and Cu from sediments at Guaracara, 
Cipero and St. Ann’s Rivers exceeded the ISQG 
in both seasons. Ranges and means for TOC in 
sediments in the wet and dry seasons are given 
in Table 2. Results of the grain size analysis for 
each season are also given in Table 2.
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Fig. 1. Location of sampling stations in the Gulf of Paria, 
Trinidad.



35Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 53 (Suppl. 1): 33-40, May 2005 (www.tropiweb.com)

Seasonal differences

Pb and Cd concentrations were higher in 
the wet season, suggesting contribution from 
land-based sources while Ni concentrations 
were higher in the dry season (Paired t, p<0.01 
and Wilcoxon, p<0.01; Table 1). Cu and Hg 
concentrations were also higher in the dry sea-
son (Paired t, p<0.05 and Wilcoxon, p<0.05). 
Mn concentrations were higher in the dry 
season (Wilcoxon, p<0.01). Wet season TOC 
and percentages for sand and silt content were 
similar to dry season values. The maximum 
percentage clay content in the dry season was 
considerably lower than the corresponding 
maximum in the wet season.

Pearson correlation

Strong positive correlation was observed 
between Al, Mn, Cr, Fe (Pearson, p<0.005) 
and, to a lesser extent (Pearson, p<0.05), Ni, in 
both wet and dry seasons. These metals were 
also positively correlated with percentage clay 
in sediments (Pearson, p<0.05). Positive cor-
relation also existed between Hg, Pb, Zn and 
Cu in both seasons (Pearson, p<0.001). These 

metals were positively correlated with TOC 
(Pearson, p<0.05). Weak negative correlation 
(Pearson, p < 0.1) between Mn and Cu, Zn and 
Hg was observed in both seasons while one 
correlation was specific to the wet season: posi-
tive correlation (Pearson, p < 0.05) between Cd 
and Cu, Zn and Hg.

Wet season TOC and percentages for sand 
and silt content were similar to dry season 
values. The maximum percentage clay content 
in the dry season was considerably lower than 
the corresponding maximum in the wet season. 
Concentration ranges and mean concentra-
tions for TOC in sediments in the wet and dry 

TABLE 1
Ranges, means and p values (Paired t and Wilcoxon tests) of heavy metal concentrations in surficial sediments 

of the Gulf of Paria, Trinidad- wet season 1998 and dry season 1999

Metal Wet Season 1998 Dry Season 1999 Paired t Wilcoxon ISQG* 
 Conc Mean  n

1 
Conc Mean  n

2 
p-value p-value  

 Range Conc  Range Conc

Fe 3.2- 18.9 11.3 na 1.9- 16.9 10.7 na 0.202 0.312 -
Mn 46.1- 1 174.7 463.7 na 43.3- 1 564.2 539.2 na 0.063 0.003 -
Al 0.5- 3.1 2.1 na 0.2- 3.2 2.2 na 0.944 0.021 -
Cr 5.4- 28.4 19.2 0 3.7- 24.4 19.2 0 0.686 0.928 52.3
Cd bdl- 0.50 0.19 0 0.02- 0.46 0.14 1 0.001 0.001 0.7
Pb 3.1- 73.3 17.0 3 0.8- 58.3 5.6 1 0.000 0.000 30.2
Zn 13.6- 170.3 50.5 1 7.1- 313.9 57.2 2 0.495 0.064 124
Cu 0.8- 39.7 7.3 4 1.6- 35.5 7.6 3 0.024 0.045 18.7
Hg (T) 0.2- 71.2 20.3 0 4.0- 99.7 25.1 0 0.011 0.025 130
Ni 1.6- 7.3 4.8 na 0.9- 27.2 15.9 na 0.000 0.000 -

Units: Fe, Al/ mg g-1; Mn, Cu, Cr, Cd, Pb, Zn, Ni/ μg g-1; Hg (Total)/ μg kg-1.
n= 37 for wet and dry seasons; n

1 
and n

2
- no of stations exceeding ISQG in wet and dry seasons respectively

* Canadian Interim Sediment Quality Guideline-ISQG (CCME 1999) for total metal in surficial sediments 
(-) none available; (na) not applicable; (bdl) below detection limit (for Cd: 0.001).

TABLE 2
Ranges and means of TOC and Grain Size data for 

surficial sediments of the Gulf of Paria, 
Trinidad- wet season 1998 and dry season 1999

Parameter Wet Season 1998 Dry Season 1999 

Range Mean Range Mean

TOC (%) 0.4- 3.1 1.5 0.1- 3.4 1.4
Sand (%) 0.4- 92.9 20.6 0.1- 99.9 26.7
Silt (%) 4.3- 91.6 67.0 0.0- 91.2 66.1
Clay (%) 1.5- 30.9 12.5 0.0- 20.0 7.2
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higher in the wet season compared with the 
dry season due to increased runoff, which 
may be the case with Pb and Cd. According to 
Fergusson (1990), high covariance between Fe 
and Mn in soils can arise due to similarities in 
their redox chemistry and geochemical behav-
iour. Chen et al. (1999) also report that Cr is 
similar to Fe and Al in terms of ionic size and 
geochemical properties, which could account 
for the correlation observed. Cu, Pb, Zn and Hg 
which were strongly correlated, have all been 
described as metals that have become enriched 
mainly due to anthropogenic input (Forstner 
and Wittmann 1979), whereas the weaker cor-
relation between Mn and Cu, Zn and Hg sug-
gests separate metal sources. The correlation 
noted between Cd and Cu, Zn and Hg in the 
wet season, all of which are associated with 
agricultural activity, suggests some contribu-
tion from agricultural runoff.

Stations in the wet season PCA score 
plot (Fig. 3a) can be separated into six groups 
and an outlier (Stn 34). Group 1 stations are 
river mouths in the northern and lower central 
areas of the west coast. Group 2 stations are 
river mouths on the northern area of the west 
coast. Group 3 stations are river mouths on the 
southern area of the west coast. Groups 4 and 
5 consist of river mouth and nearshore stations. 
Group 6 consists mainly of offshore stations. 
Stations in Groups 4, 5 and 6 span most of the 
coastline and cannot be associated with a spe-
cific area of the coast.

Fig. 2. Heavy metals in sediments from the Gulf of Paria, Trinidad. Plot of loadings in PC 1 and PC 2 (a) wet season 1998) 
(b) dry season 1999.

seasons are given in Table 2. Results of the 
grain size analysis are also given in Table 2.

Principal Component Analysis (PCA) was 
also performed on the data. In the wet season, the 
first two components (PC 1 and PC 2) account 
for 72% of the total variance. The wet season 
loadings plot shows that Fe, Mn, Cu, Cr, Pb, 
Zn, Al and Hg contribute considerably ( load-
ing > 0.25) to PC 1 (Fig. 2a). Pb, Cu, Zn and 
Hg are inversely correlated with PC 1; Cr, Al, Fe 
and Mn are positively correlated with PC 1. Ni 
and Cd do not contribute much to PC1. All met-
als are inversely correlated with PC 2. Fe, Cu, 
Cr, Pb, Zn, Ni, Al and Hg contribute consider-
ably ( loading > 0.25) to PC 2. Ni shows the 
strongest (inverse) correlation with PC 2; Cd and 
Mn do not contribute much to PC 2. Dry season 
data produced results similar to those obtained 
for the wet season. PC 1 and PC 2 account for 
73% of the total variance. The eight metals that 
contribute considerably ( loading > 0.25) to 
PC1 in the wet season (Fe, Mn, Cu, Cr, Pb, Zn, 
Al and Hg) also contribute considerably to PC1 
in the dry season (Fig. 2b). The loadings plot of 
the first two components produced results similar 
to the wet season except for Cd, which is signifi-
cant along PC 2 only in the dry season.

DISCUSSION

When there is contribution from land-based 
sources, pollutant concentrations tend to be 
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From the loadings plot, it is expected that 
stations in the left quadrants would generally 
have higher concentrations of Cu, Pb, Zn and 
Hg while those in the right quadrants would 
generally have higher concentrations of Al, 
Mn, Fe and Cr (Zitko 1994). Examination of 
the data shows that this is generally the case 
(Table 3a). Groups 1 and 2 (furthest left in 
the score plot) are characterized by elevated 
concentrations of Cu, Pb, Zn and Hg. Group 
6 (furthest right in the score plot) is char-
acterized by elevated concentrations of Al, 
Mn, Fe and Cr (Table 3a). Examination of 

the data also shows that stations in Groups 
1 and 2 generally contain higher TOC con-
centrations (>1.5%) suggesting that Cu, Pb, 
Zn and Hg may have become associated with 
organic matter, which settles at these river 
mouths. Percentage clay at Group 6 stations 
was higher (8- 31%), suggesting that Al, Mn, 
Fe and Cr may have become associated with 
the clay sized fraction and transported further 
from the coast. PC 1 could, therefore, repre-
sent the rate of incorporation of metal into the 
bottom sediments/ rate of removal of metal 
by organic matter.

Fig. 3. Heavy metals in sediments from the Gulf of Paria, Trinidad. Plot of scores in PC 1 and PC 2 (a) wet season 1998, 
(b) dry season 1999. 

TABLE 3A
Heavy metals concentrations in groups produced by PCA- wet season 1998

Metal Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Outlier ISQG 
 River  River River  River mouth/  River mouth/  Mainly 34 *
 mouth stns  mouth stns mouth stns nearshore stns  nearshore stns offshore stns
 (4, 37, 25, 27, 28)  (3,5)  (31, 33) (14,17,29,36)  (13,16,30)   

Fe 9.03± 2.42 4.47± 1.62 4.96± 2.45 7.96± 0.86 10.19± 1.33 13.69± 2.24 13.71 -
Mn 178.30± 98.20 124.03± 86.08  53.91± 11.02 171.10± 82.19 287.53± 37.43 672.30± 245.94 459.98 -
Al 1.58± 0.40 1.00± 0.44 0.48± 0.04 1.14± 0.18 1.89± 0.13 2.66± 0.24 1.94 -
Cr 18.43± 5.55 7.81± 3.46 6.59± 1.06 14.11± 3.16 17.49± 4.59 22.70± 2.81 24.15 52.3
Cd 0.35± 0.11 0.17± 0.05 0.22± 0.02 0.13± 0.12 0.08± 0.07 0.17± 0.13 0.42 0.7
Pb 40.9± 20.5 31.50± 21.1 4.53± 0.04 6.58± 3.76 14.75± 1.32 14.46± 3.55 13.61 30.2
Zn 105.60± 41.20 92.50± 41.40 31.92± 7.50 29.04± 10.66 42.56± 1.90 38.59± 15.03 75.38 124
Cu 24.73± 9.10 12.50± 1.57 2.78± 0.63 2.79± 2.56 6.98± 4.52 4.27± 1.21 3.69 18.7
Hg (T) 45.50± 9.48 41.82± 3.23 16.84± 8.03 6.69± 5.00 17.27± 13.02 12.42± 7.19 71.18 130
Ni 5.51± 1.26 3.25± 0.04 2.39± 1.13 2.93± 0.78 4.71± 1.39 5.38± 1.02 3.80 -

Cell contents: Mean ± standard deviation; Fe, Al/mg g-1; Mn, Cu, Cr, Cd, Pb, Zn, Ni/μg g-1; Hg (Total)/ μg kg-1.
* Canadian Interim Sediment Quality Guideline- ISQG (CCME) (Anonymous 1998) for total metal in surficial sediments.
(-) none available.
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The loadings plot also suggests that sta-
tions in the lower quadrants (i.e. negatively 
loaded on PC 2) would have higher concen-
trations of Ni (most significant on PC 2) and 
all other metals excluding Mn and Cd, which 
do not contribute significantly to PC 2 (Zitko 
1994). This is consistent with the data (Table 
3a). Group 1 (furthest down in the score plot) is 
characterized by elevated concentrations of all 
metals. Groups higher up in the score plot are 
generally characterized by lower metal concen-
trations. All metals are negatively loaded on PC 
2, suggesting that PC 2 could represent extent 
of anthropogenic input to the stations.

Separation achieved by PCA analysis (for 
the river mouth stations) corresponds well with 
the land use of the west coast. Group 1 (Stns 
4, 37, 25, 27, 28), which is characterized by 
elevated concentrations of all metals analyzed 
contains stations that are subject to considerable 
anthropogenic input from several sources. Stn 
37 (St. Ann’s River), and to a lesser extent, Stn 4 
(Maraval River) are subject to urban runoff. The 
St. Ann’s River passes through the city of Port 
of Spain (the capital of Trinidad), which is an 
important human settlement centre. This river is 
also subject to sewage/ domestic waste. 

Station 25 (Guaracara River) is situated 
close to an oil refinery and receives runoff/ 
effluent from this refinery. Stn 27 (Cipero 
River) receives effluent from sewage and urban 
runoff. The Cipero River passes through San 
Fernando, another important human settle-
ment centre. Stn 28 (Godineau River) receives 
agricultural runoff, as the Godineau Swamp is 
primarily an agricultural area. In addition, this 
river receives sewage and is subject to petro-
leum leaks from transportation pipelines.

Group 2 (Stns 3 and 5) is less subject to 
effluents from heavy industry than Group 1. 
This is reflected in the average metal con-
centrations for Group 2, which are all lower 
than the Group 1 concentrations. Group 2 
concentrations of Hg, Zn and Pb are, however, 
fairly comparable with Group 1 concentrations. 
Stn 5 (Caroni River) receives effluent from 
sugar refineries and rum distilleries. While 
Caroni is primarily agricultural, runoff from 

the somewhat urbanized “East-West corridor” 
(northern Trinidad) also enters this river. 

Group 3 (Stns 31 and 33) is less subject 
to anthropogenic input than Groups 1 and 2. 
These stations receive input mainly from sew-
age/ agricultural activity. It is expected that 
they contain lower metal concentrations than 
river mouth stations in the northern and lower 
central regions of the west coast, which are 
subject to urban runoff and industrial waste as 
well as sewage and agricultural waste. This is 
consistent with the metal concentrations deter-
mined. Apart from Cd, and, to a lesser extent, 
Fe, metal concentrations for Group 3 are lower 
than the concentrations of Group 1 and 2. Stn 
34, which is an outlier, is also in the southern 
area of the west coast. Sediments at this station 
were distinct from most others in that they con-
tained elevated concentrations of Fe, Mn, Al, 
Cr, elevated Cd, Zn, Hg, Ni but low concentra-
tions of Pb and Cu which, again, suggests some 
contribution from agricultural waste.

The dry season score plot of PC 2 versus 
PC 1 (Fig. 3b) was similar to the wet season 
plot; only minor changes in the positions of the 
stations were observed. Sampling stations were 
separated into 5 groups and one outlier (Stn 
37). Group 1 (Stn 25 and 27) and Group 2 (Stns 
3, 4, 5, 28) still consist of river mouth stations 
on the northern and lower central areas of the 
west coast. Stations in Group 3 (Stns 31 and 
33) are river mouths on the southern area of the 
west coast. Group 4 (Stns 17, 29, 36) consists 
of nearshore stations while Group 5 consists 
mainly of offshore stations.

Interpretations for the wet season gener-
ally hold for the dry season data. River mouth 
stations that are furthest left in the score plot, 
(Groups 1 and 2 and the outlier Stn 37) are 
characterized by elevated concentrations of 
Cu, Pb, Zn and Hg (Table 3b). TOC was higher 
at these stations (> 1.35%) except for Stn 4 
(1.03%), again, suggesting that Cu, Pb, Zn and 
Hg may have become associated with organic 
matter, which settles at these river mouths. 
Offshore stations, which are furthest right 
(Group 5), are characterized by elevated con-
centrations of Al, Cr, Mn and Fe. Clay content 
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was lower in the dry season, however, clay 
percentages for Group 5 (4- 20%) were among 
the higher values suggesting that Al, Mn, Fe 
and Cr may have become associated with the 
clay sized fraction and transported further from 
the coast. PC 1 could, again, represent the 
rate of incorporation of metal into the bottom 
sediments/ rate of removal of metal by organic 
matter. As in the wet season, Group 1 (furthest 
down in the score plot) is characterized by 
elevated concentrations of all metals. Groups 
higher up in the score plot are generally char-
acterized by lower metal concentrations (Table 
3b). All metals are negatively loaded on PC 
2 suggesting that PC 2 in the dry season plot 
could also represent extent of anthropogenic 
input to the stations.

Changes were observed in the positions 
of Stns 37, 4, 28 (and less noticeably, Stn 14) 
in comparing score plots for the wet and dry 
seasons. Stn 37 (St. Ann’s River), which is 
part of the more anthropogenic Group 1 in the 
wet season, is an outlier in the dry season due 
to comparatively high concentrations of Pb, 
Zn and Hg in the sediments. This could be 
partly attributed to TOC content, which was 
also higher in the dry season. Stn 37 is lower 
in the dry season score plot, which is consis-
tent with the hypothesis that stations more 

negatively loaded along PC 2, are subject to 
greater anthropogenic input. Stn 4 (Maraval 
River) and Stn 28 (Godineau River) show the 
opposite trend to Stn 37 in the dry season. 
These stations are no longer part of the more 
anthropogenic Group 1. TOC at both these 
stations were lower in the dry season so that 
metals removed by TOC were also lower. Stn 
14 (Caparo River) is further right in the dry 
season score plot due to increases in concen-
trations of Al, Fe, Cr and Mn. 

Analysis of the non-residual metal frac-
tion and total mercury in sediments of the 
Gulf of Paria proved very useful in identifying 
metal enriched regions in the Gulf of Paria. 
Land-based activity seems to be responsible 
for much of the Pb and Cd in sediments from 
the Gulf. Sediments at the mouths of rivers 
subject to greatest anthropogenic input and 
land use tend to accumulate Cu, Pb, Zn and 
Hg when the Total Organic Carbon content is 
high. Sediments further from the coast, which 
contain a greater clay sized fraction, tend to 
accumulate Fe, Al, Mn and Cr. There are sev-
eral sources for the metals found in sediments 
in the Gulf of Paria. Assignment of metals to a 
particular source would require more intensive 
sampling, including sampling along the rivers 
that flow into the Gulf. 

TABLE 3B
Heavy metals concentrations in groups produced by PCA- dry season 1999

Metal Group 1 Group 2 Group 3 Group 4 Group 5 Outlier ISQG* 
 River  River River Nearshore Mainly 37 * 
 mouth stns mouth stns mouth stns stns offshore stns  
 (25, 27)  (3, 4, 5, 28) (31, 33) (17, 29, 36) 

Fe 9.39± 2.20 5.32± 1.72 3.79± 2.62 8.76± 1.31 12.56± 1.90 8.03 -
Mn 214.53± 146.07 106.38± 67.87 108.18± 91.77 148.91± 18.88 734.73± 377.57 65.34 -
Al 1.84± 0.26 1.03± 0.55 0.22± 0.04 1.34± 0.33 2.67± 0.46 1.31 -
Cr 18.74± 5.03 10.51± 2.36 6.84± 4.40 16.62± 1.72 21.84± 1.58  20.10 52.3
Cd 0.30± 0.20 0.14± 0.07 0.04± 0.01 0.03± 0.01 0.13± 0.26 0.46 0.7
Pb 6.98± 0.66 12.46± 11.50 1.14± 0.04 1.21± 0.35 3.21± 0.79 58.3 30.2
Zn 92.95± 1.85 91.60± 61.50 9.53± 3.49 32.41± 12.70 45.31± 13.57 313.9 124
Cu 28.17± 10.32 14.13± 4.19 3.60± 2.33  1.89± 0.47 5.14± 2.03 30.27 18.7
Hg (T) 63.50± 20.40 44.63± 9.29 7.53± 0.22 8.79± 4.87 19.29± 10.27 99.74 130
Ni 25.31± 2.74 14.65± 3.28 1.35± 0.59 3.50± 1.42 18.45± 5.17 6.55 -
Cell contents: Mean ± standard deviation; Fe, Al/mg g-1; Mn, Cu, Cr, Cd, Pb, Zn, Ni/μg g-1; Hg (Total)/ μg kg-1.

* Canadian Interim Sediment Quality Guideline- ISQG (CCME) (Anonymous 1998) for total metal in surficial sediments. 
(-) none available.
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RESUMEN

El Golfo de Paria recibe metales pesados de zonas 
urbanas, industriales y agrícolas, además de aguas negras y 
aguas servidas, tanto de la costa occidental, como de tierra 
adentro de Trinidad. Se usaron concentraciones de metales 
pesados no residuales para determinar la distribución espa-
cial de metales pesados en sedimentos en el Golfo de Paria. 
Se extrajeron muestras de sedimentos superficiales en 37 
estaciones, que incluían la boca de 11 ríos principales que 
fluyen al golfo. Las estaciones fueron muestreadas dos 
veces durante la época lluviosa (julio 1998 y noviembre/
diciembre 1998) y dos en la época seca (marzo 1999 y 
abril 1999). Se analizó en los sedimentos cobre (Cu), cinc 
(Zn), plomo (Pb), mercurio (Hg), cadmio (Cd), níquel 
(Ni), cromo (Cr), hierro (Fe), manganeso (Mn), aluminio 
(Al), Carbón Orgánico Total (COT) y tamaño de grano. 
El análisis de componentes principales muestra que los 
sedimentos de las bocas de los ríos con cuencas más 
deforestadas y con mayor impacto antropogénico, son dis-
tintos del resto. Esto se debió a concentraciones mayores 
de Pb, Zn, Cu y Hg (3.53-73.30 µg g-1, 45.8-313.9 µg g-1, 

8.43-39.71 µg g-1 y 0.03-0.10 µg g-1, respectivamente). 
Los sedimentos más alejados de la costa también eran 
distintos por sus mayores concentraciones de Al, Fe, Cr 
y Mn (1.37-3.16 mg g-1, 9.51-18.91 mg g-1, 17.22-28.41 
µg g-1 y 323.6–1,564.2 µg g-1, respectivamente). Cd y 
Pb fueron mayores en la época húmeda, mientras que Ni 
fue mayor en la época seca. Matrices de correlación de 
Pearson muestran que Pb, Zn, Cu y Hg estaban correla-
cionados entre si y con el COT. Se observó correlación 

también entre Al, Fe, Cr, Mn y Ni. Estos metales estaban 
correlacionados con el porcentaje de arcilla en los sedi-
mentos. Pb, Zn, Cu y Hg son removidos preferiblemente 
por la materia orgánica que se asienta en la boca de los 
ríos, mientras que Al, Fe, Cr, Mn y Ni se asocian con las 
arcillas y son transportados lejos de la costa.

Palabras clave: Metales pesados, distribución espacial, 
sedimentos, Trinidad, Caribe.
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