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Abstract Sixteen stations were established to assess
water and sediment quality throughout the Caura/Tacarigua
watershed. Samples were analyzed for Cd, Cr, Cu, Fe, Ni,
Pb, Zn and Hg using atomic absorption spectrometry dur-
ing the dry and wet seasons of 2005. In the dry season, Pb
and Zn exceeded sediment quality guidelines for the pro-
tection of aquatic life. Highest concentrations of all metals
were recorded at one station subject to a range of anthro-
pogenic inputs in the lower watershed area; Cu exceeded
the water quality guideline at this station. In the wet season,
Zn exceeded the SQG at one station located south of res-
idential areas in the lower watershed area and highest
concentrations of Cr and Pb were recorded at that station.
Metals in water were detected primarily at stations in the
lower watershed area. Wet season concentrations of Zn in
water were significantly higher than corresponding dry
season concentrations. Likely sources of trace metals in the
watershed include effluent from a light industrial estate,
sewage/domestic waste from non-functioning sewage
treatment plants and pit latrines, agricultural and urban
runoff. Results of this study show that management strat-
egies using an integrated approach are needed to minimize
trace metal pollution within the watershed.

Keywords Trace metals - Pollution - Tropical watershed -
Water - Sediment

W. Nelson (B)

Institute of Marine Affairs, Hilltop Lane, Chaguaramas,
PO Box 3160, Carenage Post Office,

Trinidad and Tobago, West Indies

e-mail: wnorville@ima.gov.tt

Introduction

Trace metals occur naturally in the environment but
anthropogenic activities increase the bioavailable trace
metal pool. Major sources of trace metals include industrial
effluent, sewage and domestic waste, agricultural run-off
and urban run-off. While some of these elements are
essential elements, i.e. they are required as cofactors or for
important biochemical functions in an organism, all can
have toxic effects in organisms when present in excess
(Phillips 1995). Trace metals present in the environment
can bioaccumulate in aquatic organisms, posing a threat to
consumers including man (USEPA 2000). This can result
in neurological, systemic, carcinogenic effects, or birth
defects. The Caura/Tacarigua watershed is approximately
50 km? in size and is the fourth largest watershed in the
northern range of Trinidad (Celestain 2010). Land use
within the watershed is diverse. Land use in the upper to
middle watershed includes areas of forest and mixed forest,
agricultural areas, recreational areas, rural and squatting
communities, as well as a few institutions (e.g. schools, a
hospital, a horticultural site). Water is abstracted from the
Caura/Tacarigua River for domestic purposes both by the
national body responsible for supplying drinking water to
the population, and villagers from the rural and squatting
communities. The area is also used for recreational activ-
ity; it is estimated that there are over 60,000 visitors to the
recreational park within the watershed annually (Celestain
2010). The lower watershed is characterized by dense
residential areas including planned housing developments,
various institutions (e.g. schools, an orphanage, a crema-
torium) and agricultural, commercial and light industrial
areas. The pollution sources and activities within the
watershed are considered representative of those which
take place in the Caroni River Basin, the largest, most
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densely populated and one of the most polluted river basins
in the country. This river basin is a major contributor to the
country’s potable water supply and encompasses the Ca-
roni Swamp, a Ramsar site. The swamp contains the
country’s largest mangrove forest (Juman and Ramsewak
2010) and is a habitat for resident and migratory birds as
well as commercially important invertebrates (Bacon
1970). The swamp also supports an ecotourism industry.

Materials and methods
Experimental protocol

Sampling was conducted on two occasions—once in the
dry season (between 11th March and 8th April 2005) and
once in the wet season (between 28th June and 19th August
2005). Sixteen stations were selected for sampling, and
water and surficial sediment samples were collected at each
station. These were selected to (1) reflect the various types
of land use within the watershed, (2) cover as wide a
geographical area and as even a distribution as possible
over the watershed area and (3) assess quality along the
Caura/Tacarigua River as well as the contribution from
tributaries to the river. Accessibility of the stations was
also taken into consideration. Surficial water samples were
collected by direct immersion of acid washed high-density
polyethylene (HDPE) sample bottles, or where not possi-
ble, a bucket was immersed and the water collected was
transferred to the sample bottles. Surficial sediment sam-
ples were collected using polypropylene scoops, homoge-
nized and transferred to polyethylene bags. Physico-
chemical parameters were also taken and GPS co-ordinates
recorded at each station. The location of stations sampled
and land use within the Caura/Tacarigua watershed are
shown in Fig. 1. All samples were transported back to the
laboratory on ice. In order to preserve the samples, water
samples were acidified to pH 2 using 2 ml L™ of con-
centrated HNOj3 and sediment samples were frozen.
Physicochemical parameters—dissolved oxygen, con-
ductivity, salinity, pH and temperature—were determined
in water. Dissolved oxygen, conductivity and salinity were
measured in situ using the YSI Model 85 Meter, which had
an accuracy of 0.3 mg L™', 2.5 uS ecm™ " and +0.1 ppt
for the three parameters, respectively. pH and temperature
were measured in situ using the YSI Model 60 Meter,
which had an accuracy of 0.1 pH unit and 0.1 °C for
the two parameters, respectively. Extractable Cd, Cr, Cu,
Fe, Pb, Ni, Zn and total Hg were determined in water and
sediment. Acidified water samples were shaken and
allowed to stand overnight to obtain the extractable metal
fraction. Total Hg was determined according to the method
outlined in Environment Canada (1979). Twenty millilitres
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Fig. 1 Location of stations sampled and land use within the Caura/
Tacarigua Watershed

of sample was digested with 1 ml concentrated H,SO,4 and
0.5 ml concentrated HNOj3; 5 ml KMnO, followed by 1 ml
portions was added until the purple colour persisted for at
least 15 min. Two millilitres of K,S,Og was added and the
mixture heated at 95 °C for two hours. After cooling,
NH,OH HCI was used to reduce excess KMnQO,. Sediment
samples were dried at 60 °C and then sieved to obtain the
<180 um size fraction, in which the dependence of metal
content on surface area is removed (Hawkes and Webb
1962; Oliver 1973). Total organic carbon was determined
according to the method outlined in Buchanan and Kain
(1971). One gramme of sample was digested in K,Cr,0,
and H,SO, and titrated against standardised ferrous
ammonia solution. The detection limit for this method was
0.01 %. Extractable metals were determined according to
the method outlined in Environment Canada (1979). Ten
grammes of sample was shaken with 100 ml of 0.5 N HCI
acid for 16 h and filtered by suction through Whatman No.
40 filter paper. Total Hg was determined according to the
method outlined in Environment Canada (1979). Five
grammes of sample was digested with 10 ml concentrated
H,SO, and 5 ml concentrated HNOj;. Samples were
cooled, 2 ml HCI were added and the mixture digested at
60 °C for 2 h. Samples were cooled and 15 ml KMnO,
added. Five millilitres of K,S,0g was added and the
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mixture allowed to stand overnight. KMnO, was added
until the purple colour persisted for at least 15 min. NH,_
OH HCI was used to reduce excess KMnOy,.

Analyses for metals were performed using the Perkin-
Elmer AAnalyst 100 Atomic Absorption Spectrometer with
deuterium background correction. Cd, Cr, Cu, Fe, Pb, Ni
and Zn were determined using Flame and Graphite Furnace
Atomic Absorption Spectrometry. Hg was determined
using Cold Vapour Atomic Absorption Spectrometry.
Detection limits for water were—Cd: 0.20 pg L™', Cr:
0.60 pg L', Cu: 0.66 pg L™', Fe: 0.04 ug ml~', Pb:
1.30 pg L', Ni: 230 ug L™', Zn: 0.01 pg ml™', Hg:
0.20 pg L™'. Detection limits for sediment were—Cd:
00l pgg ', Cr: 001 pgg™ ', Cu: 001 ugg ', Fe:
045 ugg™', Pb: 0.03pgg ', Ni: 005pgg’, Zn:
0.04 pg g~ ', Hg: 0.01 pg g~ .

Quality control

Samples were analysed in batches with each sample
analysed at least in duplicate. Procedural blanks were
analysed with each batch of samples. Certified reference
materials (CRMs) were used to assess the performance of
the method for total Hg in sediment: Marine Sediment
MESS-2 and BCSS-1 (National Research Council, Can-
ada). Recoveries obtained were 105 and 84.5 % for
MESS-2 and BCSS-1, respectively. Precision of the
extractable metals in sediment method was assessed using
percentage relative standard deviation (RSD) of 15 rep-
licates of a typical marine sediment, as no CRMS are
available. % RSDs obtained were as follows—Cd: 7.1, Cr:
0.7, Cu: 4.0, Fe: 9.1, Ni: 8.6, Pb: 4.5 and Zn: 5.1. High
purity, 18 MQ-cm de-ionized water (Millipore, UK) was
used to prepare aqueous reagents and solutions used.
Analytical reagents and compounds used in analysis were
of Aristar or AnalaR grades. Glass and plastic ware for
trace metals analysis were soaked overnight in 20 %
HNOs, rinsed twice with distilled water and once with de-
ionized water. Glassware for TOC analysis was soaked
with Nochromix acid, rinsed three times with distilled
water and twice with de-ionized water.

Data treatment

Data was analysed using Minitab Statistical Software
(Release 16). Statistical tests were performed on the
untransformed data and were described as significant when
p < 0.05. Paired t tests were used to assess seasonal dif-
ferences. Pearson correlation was used to assess relation-
ships between parameters in water and between parameters
in sediment. Principal Component Analysis was performed
on the data for each season separately. This multivariate
technique aims to reproduce the majority of the variance of

the original data by a few principal components and is very
useful in detecting patterns or relationships between sam-
ples (Zitko 1994).

Results and discussion
Water

Water quality guidelines (WQGs) from the Canadian
Council of Ministers of the Environment (CCME 2007)
were used to assess water quality parameters, as no ambient
water quality guidelines are available for Trinidad and
Tobago. Physical parameters were compared with WQGs
for the protection of aquatic life; trace metals were com-
pared with WQGs for the protection of aquatic life and
WQGs for the protection of agricultural water uses (irri-
gation). These WQGs are being used solely as benchmarks
and to highlight the relative toxicity of the metals as they
have been developed for a temperate climate and are not
necessarily applicable to a tropical environment.

Dissolved oxygen (DO) concentrations in the Caura/
Tacarigua River ranged from 0.4 to 8.8 mg L™' in the dry
season and from 2.7 to 7.6 mg L™' in the wet season
(Fig. 2a). DO concentrations in the lower part of the
watershed were generally below the CCME (2007) range
considered protective of aquatic life (5.5-9.5 mg L"),
particularly during the dry season. pH ranged from 6.1 to
8.2 in the Caura/Tacarigua River during the dry season.
Only one station (Stn 14) was more acidic than the rec-
ommended CCME (2007) range of 6.5-9.0 for the protec-
tion of aquatic life. In the wet season, pH ranged from 7.1 to
8.2 (Fig. 2b). All values were within the acceptable range.
Temperature in the Caura/Tacarigua River ranged from
24.5 to 34.8 °C in the dry season and from 24.4 to 26.9 °C
in the wet season (Fig.2c). The highest temperature
(34.8 °C) was recorded at Stn 14 during the dry season. The
CCME (2007) water quality guideline for the protection of
aquatic life is a narrative guideline on thermal additions to
receiving waters, with respect to thermal stratification, the
maximum weekly average temperature, and the short-term
exposure to extreme temperature. Essentially, large, lengthy
fluctuations from ambient conditions (such as appears to be
the case with Stn 14), should be avoided. Conductivity in
the Caura/Tacarigua River ranged from 158 to 710 pS cm™"
in the dry season and from 145 to 439 uS cm ™' in the wet
season (Fig. 2d). These values are fairly typical of fresh-
water, but the highest conductivity was recorded at Stn 14
during the dry season. There is no CCME guideline for
conductivity. Similar results were obtained for salinity
(which is a function of conductivity). Salinity ranged from
0.1 to 0.2 ppt, except at Stn 14 in the dry season, which had
a salinity of 0.3 ppt.

@ Springer



624 Environ Earth Sci (2015) 74:621-628
Fig. 2 Physico-chemical (a) - , , , (b) , , ,
parameters of water in the 1] [ [ | 1| [ [ [
Caura/Tacarigua River—dry 2 | ‘ ‘ ‘ 2 | ‘ ‘ ‘
and wet seasons 2005 a DO 3 3
B | | | B | | |
b pH c temperature 4 4
d conductivity 5] 1 1 5] 1 1 1
B | | E | | |
6 6
B | | | B | | |
7 7
= E | | | = 1 | | |
£ * 1 | | £ 8. | | 1
g 9 g 9 |
n B | | | »n E | | | |
10 10
. 1 1 . 1 1 1 \
11 | 11 ] ‘ ‘ ‘
13 _- | | 13 | l l |
14 __ | ‘ 14 | 1 1 1
15 = | 15 | ‘ ‘ ‘
6 lo Jr—
0 2 4 6 8 10 0 2 4 6 8 10
Dissolved oxygen/ mg L pH units
B dry season 2005 H dry season 2005 wet season 2005
© 1 1 @ -
1 l l ] [—
2 ! ! 2 [e—
3 ! ! 3]
4 | | 4 1 ‘
5 l l 5
T _*
6 6
T : : _*
7 7
T _*
= 7 I I < T—
z ] 1 1 s | ——
10 10
T _*
11 : : 11 ]
2] ‘ ‘ 12 ]
13 . . 13|
14 ] . . 14 |
15 | . . 15 |
16 ) : : 16
0 10 20 30 40 0 200 400 600 800
Temperature/°C Conductivity/ pS cm!
H dry season 2005 wet season 2005 = dry season 2005 wet season 2005

In the dry season, concentrations in water in the Caura/
Tacarigua River ranged from <0.2 to 0.6 pg L™ Cd, <0.6
to 11.2 ug L™' Cr, <0.66 to 7.63 pg L™' Cu, <1.30 to
17.34 pg L™' Pb and <0.01 to 0.03 pug ml~" Zn (Table 1).
Fe, Ni and Hg were undetected. In the wet season, con-
centrations ranged from <0.6 to 5.99 pg L™' Cr, <0.66 to
9.29 ug L™" Cu and 0.05 to 0.40 pg ml~' Zn (Table 1). Fe,
Ni, Hg, Cd and Pb were undetected. All metal concentra-
tions were below the available WQGs for the protection of
agricultural water uses (irrigation) in both seasons. Cd, Cu,
Pb and Zn exceeded the WQGs for the protection of
aquatic life in the dry season, and Cu and Zn exceeded

@ Springer

these guidelines in the wet season at stations in the lower
watershed area.

Sediment

Sediment quality guidelines (SQGs) for the protection of
aquatic life from the Canadian Council of Ministers of the
Environment (CCME 2007) were used to assess sediment
quality parameters, as no ambient sediment quality guide-
lines are available for Trinidad and Tobago. There is no
sediment quality guideline for Total Organic Carbon.
SQGs available for total metals in surficial sediment are
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Table 1 Trace metals in water gy o, Cd/pg L™ Cripg L™ Cu/pg L Pb/pg L Zn pg ml™!
in the Caura/Tacarigua River-
dry and wet seasons 2005 Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
1 nd nd nd nd nd nd nd nd nd 0.05
2 nd nd nd nd nd nd nd nd nd 0.11
3 nd nd nd nd 1.10 2.51 nd nd nd 0.17
4 nd nd nd nd nd nd nd nd nd 0.15
5 nd nd 3.35 nd nd nd nd nd nd 0.11
6 nd nd nd nd nd nd nd nd nd 0.08
7 nd nd nd nd nd nd nd nd nd 0.05
8 nd nd nd nd nd nd nd nd nd 0.36
9 nd nd nd nd nd nd nd nd nd 0.15
10 nd nd nd nd 1.46 nd nd nd nd 0.22
11 nd nd nd nd 1.09 5.21 nd nd 0.01 0.13
12 0.60 nd nd nd 3.00 4.76 17.34 nd nd 0.12
13 0.36 nd nd nd 7.63 5.81 6.95 nd 0.01 0.22
nd not detected, / CCME (2007) 14 nd nd 1122 599 675 929 nd nd 002 040
gg::z t?(;llfl(l)tfya%llllllai?cl‘ulliefe{o; the s 0.55 nd nd nd 147 511 138 nd 003 024
CCME (2007) Water quality 16 nd nd nd nd 1.95 4.71 nd nd 0.03 0.22
guideline for the protection of CCME1 0.017 2-4 1-7 0.03
agricultural water uses CCME2 5.1 200-1,000 200 1-5
(irrigation)
1 T metal fraction is that fraction of the metal that is not part of
2 Je the silicate matrix of the sediment. Analysis of this fraction
3 [ is more useful in pollution studies than total metal as it
2 : tends to be more indicative of anthropogenic input
6 Jrm— (Forstner and Wittmann 1979; Doherty et al. 2000).
7 T TOC ranged from 0.21 to 2.37 % in the dry season and
é 8 = from 0.15 to 2.67 % in the wet season (Fig. 3). The highest
s o™ TOC concentration was recorded at Stn 3 (one of the
i? =~ tributaries in the upper watershed) during the wet season;
12— however, TOC concentrations were generally higher in the
13 [r—— lower part of the watershed. In the dry season, trace metal
14 | concentrations in sediment in the Caura/Tacarigua River
iz = ranged from 0.01 to 0.10 pg g~' Cd, 0.20 to 6.22 pug g~
: - - Cr, 1.27 t0 26.84 pg g~ ' Cu, 0.86 to 8.57 mg g~ ' Fe, 0.73
0 ! 2 3 0 9.86 pg g~ Ni, 0.37 to 42.07 pg g~' Pb, 1647 to
TOC/ % 255 ug g~ ' Zn and 0.01 to 0.06 pg g~ ' Hg. Cd and Hg
m dry season 2005 # wet season 2005 were not determined in sediments from Stns 11 to 16 in the

Fig. 3 Total organic carbon in sediment in the Caura/Tacarigua
River—dry and wet seasons 2005

being used solely as benchmarks and to highlight the rel-
ative toxicity of the metals for two reasons: (1) the SQGs
were developed for a temperate climate and are not nec-
essarily applicable to a tropical environment and (2) apart
from Hg, sediments were analyzed for the extractable (non-
residual) metal fraction; however, the SQGs are for the
total metal concentration, which is the sum of the non-
residual and residual metals fractions. The non-residual

dry season. These stations are subject to greater anthro-
pogenic input so it is likely that maximum Cd and Hg
concentrations in the watershed are higher than those
recorded. Pb and Zn exceeded the SQGs for the protection
of aquatic life during the dry season at Stn 14. The maxi-
mum (extractable) Cu concentration recorded was close to
the SQG at this station so it is possible that total Cu con-
centrations would also exceed the SQG. Cd, Cr, Hg (and
Cu) were below the SQGs. In the wet season, trace metal
concentrations ranged from <0.01 to 0.06 pg g~ Cd, 0.19
to 481 ugg™' Cr, 1.34 to 829 pgg™' Cu, 0.55 to
3.64mgg" Fe, 074 to 473 pgg™' Ni, 3.10 to
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9.07 ng g~ ' Pb, 424 to 269 ug g~' Zn and <0.01 to
0.15 pg g~ ' Hg. Zn exceeded the SQG for the protection
of aquatic life during the wet season at Stn 11. Cd, Cr, Cu,
Pb and Hg were below the SQGs. No SQGs are available
for Fe and Ni.

Stations in the lower part of the watershed (Stns 12-16)
tended to have lower DO concentrations than stations in the
upper part of the watershed, particularly in the dry season.
These areas are subject to greater anthropogenic input.
During the dry season, there is less dilution of pollutants
being discharged into the river and more of the oxygen
present would be utilized during decomposition of biode-
gradable organic pollutants present. During the wet season,
apart from increased dilution of pollutants, there would be
increased river flow rates and hence increased aeration of
the river. The contrast between stations in the upper part of
the watershed and the lower part of the watershed was not
observed with other physico-chemical parameters; how-
ever, lowest pH, and highest temperature, conductivity and
salinity were recorded at Stn 14 during the dry season. This
was a tributary that receives effluent from a light industrial
estate in the lower part of the watershed. DO and pH were
not significantly different between seasons (p > 0.05).
Temperature, conductivity and salinity in the dry season
were significantly higher than corresponding values in the
wet season (p < 0.05), which may be due to the lack of
dilution of pollutant discharges during the dry season.

Metals in water were primarily present at stations in the
lower watershed area, in which there is increased land use
(residential, agricultural, commercial and industrial). Zn was
present throughout the entire watershed in the wet season,
which suggests that there is contribution from land-based
run-off. Zn concentrations in the wet season were signifi-
cantly higher than concentrations in the dry season
(p < 0.05), which is consistent with contribution from land-
based run-off. Concentrations of other metals were not sig-
nificantly different between seasons (p > 0.05). A significant
correlation suggests that some relationship exists between
parameters, e.g. a common source (Bastidas et al. 1999;
Emmerson et al. 1997). In the dry season, significant corre-
lations were Cr—Cu and Cd—Pb while in the wet season, Cr,
Cu and Zn were all significantly correlated (p < 0.05).

Total organic carbon (TOC) is the carbon found in
organic matter and can be used as an indicator of organic
matter, which has an affinity for trace metals, i.e. metals
tend to become concentrated on organic matter in sedi-
ments (Horowitz 1985). TOC can be due to natural sources,
i.e. decomposition of plant and animal matter or anthro-
pogenic sources such as sewage. It is likely that natural
sources are contributing to the elevated TOC concentra-
tions at Stn 3 in the upper watershed area. Apart from Stn
3, TOC tended to be higher at stations further downstream,
at which there is greater anthropogenic input.
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Cd and Hg were not included in statistical analyses of
the sediment data, as data for stations in the lower water-
shed were not available during the dry season. In the dry
season, correlations among all metals and correlations
between all metals and TOC were significant (p < 0.05),
indicating that there is some relationship between param-
eters, e.g. a common source. Dry season concentrations of
trace metals and TOC were not significantly different from
wet season concentrations (p > 0.05). In the wet season
correlations between Cr, Cu, Zn and Ni and between Cu,
Fe, Ni and TOC were significant, suggesting different
metal sources (p < 0.05).

Principal component analysis of the dry season data
showed that the first two components (PC 1 and PC 2)
account for 95 % of the total variance. PC 1 accounts for
85 % and PC 2 accounts for 10 % of the total variance.
Loading and score plots generated with PCA analysis are
shown in Fig. 4a, b. All metals were positively correlated
with PC 1 with lloading| > 0.30. Cu, Pb and Ni form a
cluster and contribute most significantly to PC 1. TOC and
Fe were positively correlated with and contributed signifi-
cantly to PC 2 (lloading| > 0.40). Zn and Cr were negatively
correlated with and contributed significantly to PC 2
(Hoadingl > 0.40). Cu, Pb and Ni did not contribute sig-
nificantly to PC 2 (lloadingl < 0.20). Different clusters of
metals suggest that there may be different metal sources or
that they may be transported differently. Examination of the
score plot shows that there are two main groups (Group A
and Group B). Group A consists of the stations in the upper
watershed (Stns 1-10). These stations are subject mainly to
agricultural run-off, sewage and domestic waste, and can be
considered less polluted compared with the other stations.
Stn 6 (a recreational bathing area) can be considered an
outlier—this was largely due to the Zn concentration which
was higher than at the other stations in this group. Group B
consists of the stations in the lower watershed (Stns 11-16).
Metal concentrations were more elevated in sediment at
these stations. Stn 14 (the station at which Pb and Zn
exceeded the SQGs and at which highest concentrations of
all metals and TOC were recorded) was an outlier. These
stations can be considered more polluted compared with the
other stations sampled. Likely trace metal sources for these
stations include effluent from a light industrial estate and
sewage and domestic waste from at least two non-func-
tioning sewage treatment plants serving residential areas
just north of Stn 11. The lower watershed is also subject to
agricultural and urban run-off (two major east—west road
networks pass through this area). Apart from pollution
sources within the lower watershed, these stations receive
pollutants from further upstream.

Principal component analysis of the wet season data
showed that the first two components (PC 1 and PC 2)
account for 82 % of the total variance. PC 1 accounts for
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64 % and PC 2 accounts for 18 % of the total variance.
Loading and score plots generated with PCA analysis are
shown in Fig. 5a, b. All metals were positively correlated
with PC 1 with lloading| > 0.25. Cu and Ni form a cluster
and contribute most significantly to PC 1. TOC and Fe
were positively correlated with and contributed signifi-
cantly to PC 2 (lloadingl > 0.40). Cr, Zn and Pb were
negatively correlated with and contributed significantly to
PC 2 (lloadingl > 0.25).Cu and Ni did not contribute sig-
nificantly to PC 2 (lloading| < 0.20). As in the dry season,
different clusters of metals suggest that there may be dif-
ferent metal sources or that they may be transported dif-
ferently. Pb was much less significant along PC 1 during
the wet season compared with the dry season. This was
because during the wet season, there was not much varia-
tion in Pb concentrations throughout the watershed and all
concentrations recorded were approximately an order of
magnitude lower than the maximum concentration recor-
ded in the dry season. In addition, during the dry season, Pb
was considerably higher at the stations downstream of Stn
11 compared with stations further upstream.

Unlike the dry season, there was no marked increase in
concentrations in the lower watershed area during the wet
season. This may be due to increased dilution or flushing of

pollutants during this season. Examination of the score plot
shows that there is one main group; however, within this
group there are two “sub-groups”: A and A’. Most of the
stations sampled are part of Sub-group A suggesting that
there is not much variation in metal concentrations at these
stations. Sub-group A’ consists of Stns 2, 4 and 5 in the
upstream agricultural areas, suggesting that there is some
influence from land-based run-off. These stations had
similar (more elevated) concentrations of Cr, Cu and Fe.
Stn 3 and Stn 11 were outliers. Highest TOC, Fe, Cu and Ni
concentrations were recorded at Stn 3, one of the tributaries
within an agricultural area in the upper watershed. Highest
concentrations of Cr, Pb and Zn were recorded at Stn 11,
the station off a main road just downstream of the two non-
functioning sewage treatment plants. Stn 14 (the tributary
which receives effluent from the light industrial estate) can
also be considered an outlier; this was due in part to the
elevated concentrations of organic matter at that location.

Conclusions
The results of the study show that land-based sources and

activities within the Caura/Tacarigua watershed are
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adversely affecting water and sediment quality. Areas in
the lower part of the watershed are most affected. Likely
sources of trace metals in the watershed include effluent
from a light industrial estate (particularly in the dry sea-
son), sewage/domestic waste from non-functioning sewage
treatment plants and pit latrines in housing areas, agricul-
tural runoff and urban runoff. The distribution of trace
metals in sediment appears to be influenced by the organic
matter content of the sediment. Trace metals in water and
sediment at some locations within the watershed have the
potential to adversely affect aquatic life, but are unlikely to
adversely affect agriculture when used for irrigation.
Management strategies using an integrated approach are
needed to minimize trace metal pollution within the
watershed.
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