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ABSTRACT: Surface water samples were collected at a frequency of once monthly for a period of 18 months;
February 2013- July 2014, from several points on the Falcorp mangrove swamp, Ijala, Warri, Delta State. The
abstracted samples were subjected to several physical and chemical analyses which were conducted in accordance with
referenced procedures. The recorded data were subjected to statistical analysis and multivariate analysis using
Microsoft excel, SPSS version 16.0 and PAST respectively. There was no significant difference (P>0.05) across the
stations; Stations 1, 2, 3, 4 and 5 respectively for pH, Temperature, Electrical conductivity, DO, BODs, TSS, Turbidity,
Chloride, Salinity, Sulphate, Nitrate, Hardness, Ca, Ma, Zn, Cd and Pb. There were significant difference (P<0.05)
across the 5 stations for the following parameters; TDS, Bi-carbonate, Phosphate, Fe and Cu. The mean concentrations
of most of the physical and chemical parameters in the surface water with the exception of pH were below acceptable
WHO limits for portable water. The water quality index (WQI) at stations 1, 2, 3, 4 and 5 ranged from 8.45-24.9, 8.31-
23.95, 8.36-16.26, 8.24-10.11 and 8.43-23.58 respectively. The Principal component analysis (PCA) of the data sets
yielded 35 variables under 22 components with Eigenvalues < 1 (PC1-PC6) and >1 (PC7-PC22). There was a positive
correlation between pH, water temperature, TDS, EC, TSS, turbidity, Cl, HCOs, salinity, SO4, hardness, Ca, Mg, and

Cd whilst a negative relationship existed between DO, BODs, POy, NOs, Fe, Zn, Cu and Pb respectively.
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Coastal ecosystems such as coral reefs, mangroves and
wetlands are amongst the world’s richest storehouses
of biological diversity and primary productivity.
Mangrove habitats are wide spread mostly in the
Nigerian Niger Delta Region. They play an important
ecological role while providing a variety of services
for human well beings. The benefits obtained from
these thriving mangrove ecosystems are quite broad
and encompass a variety of economic, environmental
and social aspects, including carbon sequestration for
combating global warning. Field et al. (1998) reported
that mangroves are known to function as a critical
habitat for a plethora of terrestrial (e.g., bird colonies)
and aquatic species (e.g., spawning, feeding and
rearing habitats for many fish species. Mangroves are
also known to play a significant role in the
stabilization of sediments and the control of shoreline
erosion through the entrapment of particulate matter
and binding soil particles (Furukawa et al., 1997).
Mangroves forests are composed of a relatively small
number of tree and shrub plant species unlike other
tropical forest. Species of mangrove forest are
specially adapted to fluctuating salinity and are
capable of living in anoxic muddy sediments.
Mangrove vegetation composition is controlled

primarily by hydrology, geography and climate of the
region. Plant morphological adaptations such as aerial
roots facilitate life on and in the inter-tidal zone.
Pollution of mangrove and river systems can be
attributed to a variety of human activities which range
from large-scale agriculture and industry to everyday
behavior, such as driving cars and fertilizing lawns.
Large quantities of pollution often enter freshwater
systems from point sources, such as industrial or
municipal sewage outflows. However, nonpoint
source pollution is far more significant in many cases
also airborne pollutants can enter the atmosphere and
travel long distances, entering lakes and waterways in
otherwise pristine locations. Pollutants dissolved in
runoff from the surrounding landscape may account
for the greatest source of pollution in many freshwater
ecosystems. Falcorp mangrove swamp has a direct
interphase with the rainforest zone. It is a natural
ecological site that serves as a research centre, even
though not functioning, botanical garden, tourist and
conservation site etc. The location however is sited
behind the Warri Refinery and Petrochemical
Company and this has raised many questions as to a
possible pollution linkage from both point and
nonpoint sources. This is because of refining activities,
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which includes those carried out within the refinery
and illegal refining activities around. This could pose
a threat to the environmental integrity of the total
ecosystem.

The aim of this study was to investigate the
physicochemical, heavy metal and PAHs profiles of
surface water collected from  Falcorp Mangrove
Swamp, [jala, Warri, Delta State, Nigeria.

MATERIALS AND METHODS

The Study Area: Falcorp mangrove swamp is located
in Warri south Local Government Area of Delta State
Nigeria. It is situated off the Warri refinery and
petrochemical company jetty road, just behind the
refinery. It falls within the mangrove swamp
ecological zone but also has a direct interphase with
the rainforest ecological zone. It lies on longitude
(005° 41.1E, 005° 57.4E) and latitudes (05°18.3N,
05°84.5N). The water channel within the protected
area of the mangrove swamp is fed by water from
surrounding creeks, rivers and surface runoffs from
neighboring communities within the Ijala area.

Description of Sampling Stations and sample
collection: Five stations were designated for this
study. Each of this station was approximately 600
meters apart from each other. Station 1(Longitude
005°42.213’E and Latitude 05°18.506’ N), Station 2
(Longitude 005°41.4’E and Latitude 05°18.61” N),
and Station 3 (Longitude 005°42.65° E and Latitude
05°.33.50°N) where located within the protected area
of the Falcorp mangrove along the water channel,
while Station 4 (Longitude 005°55.27°E and Latitude
05°66.202° N) and Station 5 (Longitude 005°48.94’E
and Latitude 05°69.715” N) were located in Ifie creek
which is linked to the water channel of the Falcorp
mangrove.

Water samples were collected from the five sampling
points once a month for a period of 18 months using
250ml sterile sampling bottles dipped into the water
with the aid of rope tied round each bottle.

Determination of Physico-chemical Parameters:
Several physico-chemical parameters of the water
samples from the five sampling points were
determined once in a month. Parameters such as;
pH, Electrical conductivity, total dissolved solids,
dissolved oxygen were determined using appropriate
calibrated meters which included; pH meter, EC
meter, TDS meter and DO meter. Turbidity = was
evaluated with the aid of a visible spectrophotometer.
The salinity and bicarbonate parameters were
determined according to procedures described by
Radojevic and Bashkin (1999). Calcium, magnesium
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and the heavy metals; Fe, Zn, Cd, Pb and Cu were
evaluated using a Flame photometer and Atomic
absorbance spectrophotometer respectively.
Alkalinity, chloride and total hardness were evaluated
using titrimeteric procedures as described by
Radojevic and Bashkin (1999). Nitrate and sulphate
parameters were determined using colorimetric
methods as described by Ogbeibu et al. (2014). The
BOD and COD parameters were ascertained using
modified Wrinklers procedure and dichromate method
as described by Ogbeibu ef al. (2014). The phosphate
value of the samples was determined using ascorbic
acid method as described by APHA (1998). The
temperature readings of the sampled surface water
were determined with the aid of a graduated mercury-
in-glass thermometer. The TSS parameter was
evaluated with the aid of gravimeteric procedure as
described by Ogbeibu et al. (2014).

Determination of the Water Quality Index (WQI): The
data  obtained from the  physicochemical
characteristics in water was subjected to Water Quality
Index modeling as described by Ramakrishniah et al.
(2009).

Statistical Analysis: Statistical analysis was carried
out on the data generated from each sampling station
using general descriptive statistics. The student T —
test and Kruskel Wallis Test was also used to test for
significance at the 0.05 level of probability for the
seasons and the different stations respectively.
Multivariate analysis of the available data was done
using the SPSS version 16.0 and PAST software whilst
Duncan’s Multiple Range test (DMR) was used to
locate significant difference(s) at 95% confidence
Interval where one exist.

RESULTS AND DISCUSSION

The results of the physicochemical parameters for the
water samples obtained separately from the five
sampling stations in Falcorp mangrove swamp are
shown in Table 1A. The results showed that there was
no significant difference (P>0.05) across the stations
(Stations 1, 2, 3, 4 and 5) respectively for pH,
Temperature, Electrical conductivity, DO, BODS,
TSS, Turbidity, Chloride, Salinity, Sulphate, Nitrate,
Hardness, Calcium, Magnesium, Zinc, Cadmium and
Lead, while there was significant difference (P<0.05)
across the 5 stations for the following parameters;
TDS, Bi-carbonate, Phosphate, Iron and Copper. The
mean concentrations of most of the physical and
chemical parameters in the surface water with the
exception of pH were below acceptable WHO limits
for portable water.
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Table 1a: Summary results of physicochemical properties of five stations, in Falcorp Mangrove within the period; February 2013- July

2014
ParamaterUnits Btation 1 Station 2 Station 3 Station 4 Station 3 WHO standard P- Bignificant-
© 7 salse  Lewvel
(2011)

2 E RK=2E K2 E RK=2E X=2E
pH 6.99=0.11 6.95=0.08 7.01=0.08 6.98=0.04 6.99=0.05 6535-83 058358 P=005
(Min-hlax) 6.19-7.92) (6.30-7.71) (B.42-7.84 (6.69-7.32) (6.20-7.148

20442016 20.89=017 20932027 30.07=014 30.18=017 - 0062 P=005
Temp('C) (28103060 (23503080 Q7703170 Q9.053106) (2850-
(Min-hlax) 31.50)
TDE(m=/L) 17754=640" 15516575  1510021094° 16061=49%  17489:3.72 1000 0054 P=Q05
(Mlin-hlax) (120.00- (3502- 4852- A21.00- (154.00-

22.00) 205.00) 205 .00) 195.000 205 .00)
Electrical 30408=15.73 26830=19.77 27061=1%33 27884=10.16 23885=014 - 0438 P=005
comductivity{ps'em)  (G6.40- (@6 40- (7721- (Z08.00- (227.00-
(Min-hax) 38300 38700 38800 M40 38300
DO{mzL) 375017 3.88=0.18 3.85=0.16 4.01=0.16 3.85=0.16 - 0878 P=005
(Mlin-hlax) (1.10-4.40) (1.06-4.52) (1.55-4.85) (1.86-4.30) (1.33-4.30)
BOD{mgL) 1.14=0.05 L18=0.05 1.21=0.07 1.14=0.06 L160.03 - 0835 P=005
(Min-hlax) 0.82-1.33) 0.57-1.67) 0.56-1.86) 0.54-1.56) 0.52-147)
T8 (ms=L) 764143 T44e] 62 733172 764135 806121 - 0645 P=005
(Mlin-hlax) (5.00-10.00) (5.00-10.007 (5.00-10.00%  (5.00-10.00) (5.00-10.007%
TurbiditfIN. T.1T) 6.30=0.30 5.836=0.29 6.23=0.38 5.86=024 66020 .28 - 0365 P=005
(Min-hlax) #.33-850 (3.28-7.71) (3.79-8.30) (3.28-7.18) (3.28-5.1%)
Chloride{mszT) 67 484 34 57842541 56.15+4 84 57.73£204 61.55£3 41 250 0348 P=Q05
(Min-hlax) 21308765 (14395215 (10135021 @043628) @550-02.18)
Bicarbonate(mg/ L)  6.41=0.38" 6.01=0.20¢ 6.6650.38" £.39:0.24" 7.14=0.18* - 0018 P<Q05
(Min-hlax) £.41-845 4.87-7.50 (4.35-5435) 445819 (3.33-7.83)
Salinity(ms/T) 122244759 102 568 46 10991538 99 85459 10737417 - 0116 P=005
(Min-hlax) 5.05- 2591- (63.03- (68.03- (86.50-

17581) 166.15) 162 43) 145200 166.15)
Sulphat={mz/TL) 4852035 4.03=0.35 4.07=0.34 4.41=027 4.48=0.17 250 0250 P=005
(Mlin-hlax) (2.15-8.1%9) (1.23-6.63) (1.25-6.79) 2.10-598) 3.4-6.62)
Phosphata{ms /L) 0.05£0.01" 0.04=0.04" 0.051+0.01" 0.06£0.02" 0.08=0.01* - 0017 P<=005
(Min-hlax) ©.0010.180 (0.01-0.13) {0.01-0.18) (.001-0.190  (0.010-0.180)

Key:x £S.E — Mean + Standard error, P>0.05 - Indicated no significant difference and P<0.05 - indicated significant difference

Table 1b: Summary results of physicochemical properties of the sampled five stations, in Falcorp Mangrove, within the period; February
2013- July 2014

Parameatarunits Station 1 Station 2 Station 3 Station 4 Station 5 WHO  P- 3 iznificant-
standamd walve — Lawel
(2011)

T E TR E T2 E T E T E

Mitrate(mgz/L}) 0.54=0.05 048007 0622005 0542006 0.62+0.05 30 0445  P=005

(Mlin-Max) (0.18-0.97) (0.110.88) (019096 (019057 (0.13-096

Hardness ("dH) 0.61=0.54 5.2220354 8.3620.67  7.85:0.36 865032 200 0.156 P=005

(Min-Max) (F00-15.000  (300-12.000 (3.00-153.000 (5.00-10.00) (5.00-12.00)

Caleivm{ms/L}) 268015 223021 2352022 227013 2310108 - 0348 P=005

(Mlin-Max (1.08-3.53) (105363 (111422) (132313 (1.69-313

Magnesivm{ms/L) 1.37=0.11 1.16£0.13 1.11+0.13 1.07=0.13 125009 - 0436 P=005

(hlin-Max) (0.4-1.98) (0.15-1.88) (033-2.22) (0.1%-1.83) (0.27-183)

Ironfmz /L) 0.01=0.00" 0.01=0.00¢ 0.01£0.00°  0.00=0.00¢+ 0010000 - 0044 PoQp5*

(Mlin-Max) 00010024 (000002 (000003 (000001 (0.00-0.03)

Zinefme /L) 0.18=0.03 0. 142002 0.14=002 0142002 0.13=0.01 - 0247  P=005

(hlin-Max) (0.04-0.42) (002030 (0030280 001042 (©0.06-030

Copper{m=/L) 0.01=0.00+ 0.01£000° 0.0020.00¢ 0000000 001000 - 0.054 P=005

(Min-Max) 000002 (000002 (000001 00002 (0.00-0.01)

Caimivm{mgT) 0.00=0.00 0.00=0 .00 0.00=0.00 0u00=0.00 000000 - 0604 P=005

(Mlin-Max) (0.00-0.000) (000000 (0000000 (0.000.000  (0.00-0.00)

Lead{mz/L}) 0.00=0.00 0.00=0.00 0.00=0.00  0.00=0.00 000000 - 0085 P=005

(hlin-Max) (0. 00-0.00) (0.001-0.001) (000-0.003  (0.000.000 (0.00-0.00)

KEY: ¥ +S.E — Mean + Standard error, P>0.05 - Indicated no significant difference and P<0.05 - indicated significant difference
Seasonal variation (wet season and dry season) of the Hardness, Calcium, Magnesium, Iron, Zinc and

various physicochemical parameters of the water Copper were compared between dry season and wet
samples is shown in Table 2. The pH, EC, Sulphate, season respectively. The analysis results showed that
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there was very highly significant difference (P<0.001)
across the study stations. Followed by TDS, DO,
Chloride, Salinity and phosphate showed highly
significant difference (P<0.01), TSS, Turbidity, Bi-
carbonate and Cadmium showed significant difference
(P<0.05), while the results obtained for Temperature,
BOD:s, Nitrate, and Lead were also compared across
the study area and revealed that there was no
significant difference (P>0.05). The mean hydrogen
ion concentration (pH) was slightly acidic throughout
the study period in all the stations. There was no
significant difference (p>0.5) in the pH content of the
water samples between stations. The fluctuations in
pH values in the different seasons of the year could be
ascribed to factors like removal of CO, by
photosynthesis through bicarbonate degradation,
dilution of river with fresh water, reduction in salinity
and temperature, and decomposition of organic matter.
The role of pH in water quality assessment is of
immense importance to the health status of any aquatic
system (Wang et al., 2007). Water temperature was
relatively high throughout the sampling period varying

360

from 29.92+0.14 to 30.02+0.11°C. The temperature
was characterised by relatively stable regime
throughout the sampling period and there was no
significant difference (p > 0.05) between the seasons.
Water temperature was lower in the dry season than in
the rainy season. A possible principal reason for this
trend is that these regions are usually close to the
equator and usually are characterised by a fairly stable
and constant temperature regimes with variations as
you transcend further away from the equatorial region.
The results obtained for water temperature was
consistent with the study of Dirisu and Olomukoro
(2015). Conductivity values in the mangrove water
were higher in the rainy season than dry season and the
difference between the seasons was highly significant
(»>0.0001). The high values of conductivity recorded
during the early periods of the rainy season could be
due to the influx of eroded sediment as a result of the
flooding of the swamp bank.

Table 2: Summary of the seasonal variations in the physicochemical data of surface water sampled from the respective stations in Falcorp
Mangrove, within the period; February 2013- July 2014

Parameter/units Dry season Wet season P-value Significance Level
A:SE MiSE
pH 6.8269+0.049 7.086+0.039 0.000 P<0.001***
Temp (°C) 29.717+0.136 30.021+0.108 0.083 P>0.05
TDS (mg/L) 151.420+6.734 171.870+6.734  0.004 P<0.01**
COND (us/cm) 243.260+10.807  307.320+7.229  0.000 P<0.001***
DO (mg/L) 3.588+0.166 4.048+0.041 0.002 P<0.01**
BOD;s (mg/L) 1.211+0.038 1.139+0.027 0.118 P>0.05
TSS (mg/L) 7.214+0.279 7.882+0.173 0.034 P<0.05*
Turbidity (N.T.U) 5.845+0.256 6.378+0.146 0.055 P<0.05*
Chloride (mg/L) 52.850+3.077 64.403+0.164 0.002 P<0.01**
Bi-carbonate (mg/L) 6.763+0.183 6.763+0.183 0.021 P<0.05*
Salinity (mg/L) 98.967+4.476 114.380+3.529  0.008 P<0.01**
Sulphate (mg/L) 3.802+0.210 4.761+0.173 0.001 P<0.001***
Phosphate (mg/L) 0.080+0.009 0.048+0.007 0.006 P<0.01%*
Nitrate (mg/L) 0.563+0.039 0.564+0.034 0.991 P>0.05
Hardness (°dH) 7.439+0.314 9.250+0.279 0.000 P<0.001***
Calcium (mg/L) 2.019+0.109 2.587+0.091 0.000 P<0.001***
Magnesium (mg/L) 0.927+0.085 1.359+0.061 0.000 P<0.001***
Iron (mg/L) 0.012+0.001 0.006+0.001 0.000 P<0.001***
Zinc (mg/L) 0.209+0.017 0.108+0.009 0.000 P<0.001***
Copper (mg/L) 0.008+0.001 0.004+0.001 0.001 P<0.001***
Cadmium (mg/L) 0.001+0.000 0.001+0.000 0.027 P<0.05*
Lead (mg/L) 0.001+0.000 0.001+0.000 0.074 P>0.05

Note: P<0.001 - indicated very highly significant difference, P<0.01 - indicated highly significant difference, P>0.05 - Indicated no
significant difference and P<0.05 - indicated significant difference

Table 3: The summary of the water quality index (WQI) of Falcorp Mangrove swamp

Stations ~ Mean 3D

1 1068y 416
2 9.66 359
3 944 146
4 8.64 0351
3 10,12 379

Min  Max Benchmark
45 4%

B3l 1393

36 1626  100.00
824 1011

B43 2338

NB: All valves were considered suitable (fit), < than the benchmark 100; the interpretations of Ramakrishniah et al. (2009)
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Fig. 1: Spatial and monthly variations of the WQI in Falcorp mangrove swamp

This event usually leads to increase in the
physicochemical properties of water. This was
particularly noticed in from early April through
September as a result of the heavy precipitation that
occurred. This incidence (heavy rainfall) resulted to
silting of the swamp with the consequent over flooding
of the bank. Tropical aquatic ecosystem should have
dissolved oxygen concentration of at least 5 mgl! in
order to support biotic diversity (Radojevic and
Bashkin, 1999; Wakawa et al., 2008). The mean
dissolved oxygen values in this study were higher
(4.05 mg/L) during the wet season when compared
with the mean value (3.59 mg/L) obtained during the
dry season. The DO values obtained in this study were
lower compared to the values proposed by Radojevic
and Bashkin, (1999) and Wakawa et al., (2008). This
might raise serious concern for the health status of this
aquatic ecosystem. Season-wise observation of
dissolved oxygen showed a direct trend with
temperature and salinity in this season. Temperature
and salinity are known to impact dissolved oxygen
dissolution in aquatic ecosystem.

The total dissolved solids (TDS) and total suspended
solids (TSS) values obtained in this study were less
than WHO critical limits of 2000 mg/L and 1700 mg/L
respectively for drinking water. In the rainy season,
the TSS value was slightly higher consequent to
floating materials like fine silt carried by rainwater.

The Biochemical oxygen demand (BODs) maximal
value; 1.18 mg/L in both seasons was relatively low in
comparison with the WHO prescribed limit of 7.0
mg/L. Low oxygen in water can negatively impact the
lives of obligate aerobic aquatic organisms such as
fish, crab and other invertebrates. This could be

attributed to entrance of high organic materials from
the anthropogenic activities within that stretch of the
swamp. This is also similar with the findings of
Anyanwu, (2012).

The exchangeable cations (Ca?>" and Mg?*) in this
study generally showed a marked similarity in the
pattern of fluctuation. The slight increment in the
concentration of the exchangeable cations of the
surface water was as a result of dry season evaporation
factor. All the five stations showed nearly the similar
value of total hardness throughout the period of
sampling. Maximum value of total hardness was
observed in the wet season. There was no significant
difference (p>0.05) across the sampling stations.
However it was way below the standard value for total
hardness which is 300 °dH.

The anions (ClI- , HCOs’, NO;*, and SO,>) also
followed a similar fluctuation pattern. Although,
concentration was higher in the rainy season, there was
no significant difference (p>0.05) between the stations
but the seasons (p<0.001). The higher concentration
of anions in Falcorp mangrove in the rainy season
could be attributed to the influx of eroded materials
from the surrounding terrestrial areas and dead
decaying vegetation and detritus washed down by
early rain. Increase in water sulphate contents during
the rainy season may be attributed to increase in influx
of sulphate from sulphate fertilizers from farm lands.
This finding contrasted with that of Dirisu and
Olomukoro, (2015) who reported slightly high values
in Agbede wetland, southern Nigeria.

All the heavy metals detected in this study were in
trace concentrations. Metals detected occurred in the
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following order; Zn>Fe>Cu=Cd>Pb. The presence of
heavy metals in the aquatic environment is a major
concern because of their toxicity and threat to plant
and animal life, thus disturbing the natural ecological
balance (Bhattacharya et al., 2008). All the heavy
metals were far lower than the WHO stipulated limits
for surface water. These differences are of importance
because of the dangers associated with heavy metal in
our environment (Bakare-Odunola, 2005; Ibemenuga,
2013). The relatively elevated levels of heavy metals
recorded in this aquatic ecosystem maybe from
anthropogenic and farming activities situated close to
this aquatic body washed down via runoff. This is in
consonance with works of Naveedullah et al., (2013
and 2014).
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Fig. 2. Mean values of the physicochemical parameters influencing
the WQI in Falcorp mangrove swamp
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Fig. 3: Scatter plot for the physicochemical attributes of the water
samples collected from Falcorp mangrove
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Table 3 revealed the summary of Water Quality Index
(WQI) for stations 1-5 of Falcorp mangrove swamp.
From the results, the water quality index at stations 1,
2,3, 4 and 5 ranged from 8.45-24.9, 8.31-23.95, 8.36-
16.26, 8.24-10.11 and 8.43-23.58 respectively. The
mean values of the WQI in stations 1, 2, 3, 4 and 5
were 10.69, 9.66, 9.44, 8.64 and 10.12 respectively.

Figures 1 and 2 showed the spatial and monthly
variations of the WQI across the four stations and the
parameters that influenced the WQI respectively. It
was observed that in all the months (February 2013 -
July 2014), the WQI were very lower than the
benchmark (100). Low TDS and Cl in stations 4 and 5
might have contributed to the low WQI in this
ecosystem.

Water quality index has been utilized in the
designation of water quality which denotes the general
worth of water for any purpose (Etim ez al., 2012). The
WQI in this study revealed that in all the sampling
months (February 2013 - July 2014), there were lower
values compared to the benchmark (100). Low TDS
and Cl in stations 4 and 5 might have contributed to
the low WQI in this ecosystem. TDS had the potential
to increase in the ecosystem if the stations are
perturbed by anthropogenic activities or by natural
process; erosion.

The results indicated that the different surface water
samples analysed from the five stations in Falcorp
mangrove swamp were safe for human consumption
and for other domestic purposes as at the time of this
study. Low WQI values has widely been documented
by several researchers; Shrestha and Kazama (2007);
Ashwani and Anish, (2009); Khwakaram et al.,
(2012).
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Table 4: Eigenvectors and Eigenvalues of the various heavy metal components in the surface water parameters of Falcorp mangrove swamp
sampled from February 2013- July 2014
Parameters PC1 BC2 PC3 PC4 PC3 PC6& BPCT PCE PCS PBPCI0 PCII

rH 000 000 000 o0 002 00e 012 005 007 0.02 0.15
Temp 000 -0.01 G0 001 004 017 004 080 045 028 008
DS 0.39 020 086 025 L0353 001 001 000 000 .00 0.00
EC 0.85 -0.43 -02% 002 <001 001 -001 001 000 0.00 0.00
Do 000 000 -0.01 o0 Q02 001 001 013 013 0.14 0.40
BODS 000 000 000 000 000 002 003 000 003 006 025
Ts3 0.01 -0.02 002 001 067 008 033 402 053 .33 0.03
Turbidity 000 -0.01 eo2 001 05 004 028 02 064 (.33 004
Chloride 021 051 0.10 08z 001 Q00 002 002 001 000 -0u1
Bicarbonate 000 -0.02 e01 002 028 060 07O 017 002 L1000 005
Salinity 027 0.81 04 028 001 003 002 001 001 000 00l
Sulphate 0.01 001 001 000 016 0le 028 L4400 024 0.68 0.29
Phosphate 000 000 000 000 000 001 001 01 000 0.04 0.01
Mitrate 000 000 000 001 003 002 004 006 002 004 025
Hardness 002 001 000 002 02 078 046 003 012 027 007
Caleium 0.01 001 000 000 L02 00e 001 014 008 25 0.50
Magnssivm 000 001 000 000 L0102 007 012 011 £25 0.56
Iron 0,00 0.00 000 o0 000 Q00 000 000 000 0.00 0.00
Zine 000 000 000 o0 001 Q0 001 D02 002 002 -0
Copper 000 000 000 000 000 Q00 000 000 000 0.00 0.00
Caimivm 000 000 000 000 00 000 000 000 000 .00 0.00
Lzad 000 0.00 000 000 00 000 000 000 000 (.00 0.00

0

0
Eigenvalue S5T4576 386,86 31915 4738 310 169 08% 062 042 0.30 0.13
% variance §8.31 595 481 073 00 003 002 001 001 0.00 0.00

Table 4 Continue: Eigenvectors and Eigenvalues of the various heavy metal components in the surface water parameters of Falcorp
mangrove swamp sampled from February 2013- July 2014

Parameters  PC12 PC13 PCI14 PBCI13 PCl6 PBC17T PCIS PCI PC20 PBC21 PCX
H .26 067 000 0.0% 0.65 002 401 001 000 0.00 .00
Temp £.10 008 016 Q00 0.0 001 00 0.00 000 0.00 .00
DS 000 0.01 001 000 0.00 000 00 (.00 000 (.00 (.00
EC 000 0.00 000 000 0.00 000 000 0.00 000 (.00 .00
DO 0.52 0.36 0.56 414 024 003 £01 000 000 0.00 000
BODS 025 0.30 -0.16 083 027 00l 401 000 000 0.00 (.00
Ts8 00l 0.07 002 Qo2 0.03 002 0ol 0.00 000 0.00 .00
Turbidity 000 0 001 £04 005 001 L0100 000 000 0.00 (.00
Chloride 000 0.00 000 000 0.01 000 00 0.00 000 0.00 .00
Bicarbonate 001 007 003 £02 0 011 002 000 0.00 000 (.00 .00
Balinity 000 0.00 000 000 0.00 000 000 0.00 000 0.00 000
Sulphate 413 007 018 007 007 000 £.03 0 0,00 000 0.00 000
Phosphat= 005 001 002 ol 004 007 0.9% 004 000 0.00 (.00
Mitrate 015 0.3 036 0.47 0.50 06 L3 01 000 0.00 .00
Hardness 008 0.06 010 403 002 00l 0ol 0.00 000 0.00 .00
Caleinm 463 0.00 015 024 042 005 003 0.00 000 (.00 .00
Magnszivm  0L38 003 0687 004 004 000 £03 0.00 000 0.00 000
Iron 000 0.00 000 000 0.00 002 004 0.89 044 0.00 001
Zine 005 006 001 Q00 0.06 nee 407 002 002 0.00 000
Copper 000 0.00 000 000 0.00 003 o2 044 059 002 002
Cadmivm 000 0.00 000 000 0.00 000 00 0.01 002 1.00 004
Lead 000 0.00 0.00 000 0.00 0.00 000 0.00 003 0.4 100

Eigenvalue 0.07 0.06 0.0s 0.02 0.02 0.00 0,00 0.00 0.00 0.00 0.00
% variance (.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NB: Bolded values exceeded standards. Loadings of > 0.71 are typically regarded as excellent, and loadings < 0.32 very poor. However, Nair
et al., (2010) stated that the component with the highest Eigenvalue is taken to be the most significant and should be one or greater for proper
considerations during PCA. Factor loadings values of > 0.75, between 0.75-0.5 and 0.5-0.3 are classified as strong, moderate and weak
respectively, based on their absolute values.

The result of the PCA based on the correlation matrix ~ variables under 22 components with Eigenvalues < 1
of the physical and chemical parameters was (PC1-PC6) and >1 (PC7-PC22). These variables
expressed in Table 4. The PCA was performed on the explained 99.79 and 0.04% of the total variance in
data sets containing 22 variables analysed in the water ~ water quality respectively. The contributions were as
samples (Fig. 3). The PCA of the data sets yielded 35 followed - component 1, 2, 3,4, 5,6,7,8,9, 10, 11,
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12,13,14,15,16,17,18, 19, 20, 21 and 22, accounted
for the proportion as follows: 88.31, 5.76, 4.91, 0.73,
0.05, 0.03, 0.02, 0.01, 0.01, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00 and 0.00%
respectively (Table 4). The parameters of importance
in each component were: 1; TDS (0.39) and
conductivity (0.85), 2; Salinity (0.82), 3; TDS (0.86),
4; C1(0.92), 5; Turbidity (0.59), 6; hardness (0.75), 7;
HCO; and hardness (0.70 and 0.46) 8; water
temperature (0.80), 9; water temperature and TSS
(0.45 and 0.53), 10; SO4 (0.68), 11; DO, Ca and Mg
(0.40, 0.50 and 0.56), 12; DO and Mg (0.52 and 0.38),
13; pH, DO and BOD5 (0.67, 0.36 and 0.30), 14; DO
and NO3 (0.54 and 0.36), 15; BODs and NO3 (0.83 and
0.47), 16; pH and NOs (0.65 and 0.50), 17; Zn (0.99),
18; PO4 (0.99), 19; Fe and Cu (0.89 and 0.44), 20; Cu
(0.89), 21; Cd (1.00) and 22; Pb (1.00) (Table 4). In
this study, PC1, PC2, and PC3 contributed the larger
percentage (88.31, 5.76 and 4.91%) respectively of the
loadings of heavy metals in the surface water PCA.
The parameters of importance in each component were
PCl1; TDS (0.39) and conductivity (0.85), PC2;
Salinity (0.82) and PC3; TDS (0.86) respectively out
of the 22 components. The source allotment could be
traced from organic and inorganic pollution by man
activities as the major point source of contamination
(Vega et al., 1998; Simeonov et al., 2003; Liu et al.,
2006; Wang et al., 2007).

The Eigenvalues in this study were < 1 in PC1-PC6
and >1 in PC7-PC22; in all the PCA components.
Eigenvalues of 1.0 or greater are considered
significant (Shrestha and Kazama, 2007). By
implication, the highest eigenvalue was regarded as
been the most significant and should be one or greater
for proper consideration during PCA (Nair et al.,
2010). Factor loadings values of > 0.75, between 0.5-
0.75 and 0.3-0.5 are classified as strong, moderate and
weak respectively, based on their absolute values. The
eigenvalues gotten in this study indicated PC1-PC6 to
have strong absolute values and PC7-PC22 fall
between moderate and weak absolute values. These
also revealed that parameters in PC1-PC6 components
had strong influence in the ecosystem and PC7-PC22
which had similar parameters as the latter, had slight
significant influence in the same ecosystem.

Figure 3 revealed the scatter plot and the relationship
of the physicochemical parameters in Falcorp
mangrove swamp. There were cluster of salinity and
TDS, Cl and Pb, SO4 and Conductivity in components
1 and 2. The relationship of the parameters as shown
in the scatter plot also indicate similar cluster between
the following physicochemical parameters; salinity,
TDS, Cl, Pb, SO4 and Conductivity. However, positive
correlation exist between pH, water temperature, TDS,
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conductivity, TSS, turbidity, Cl, HCOs, salinity, SO4,
hardness, Ca, Mg, and Cd, whilst a negative
relationship exist between DO, BODs, PO4, NO3s, Fe,
Zn, Cu and Pb (Fig. 5). The implication of this,
indicate strong interrelationship between the chemical
constituents and the aquatic environment and their
impacts negatively and positively.

Conclusion: This research documented the selected
physicochemical constituent make up of several study
sites on the Falcorp mangrove swamp biome. The
findings of the observed concentration levels were low
despite the plethora of anthropogenic activities
occurring within the watershed of the estuarine
habitat.
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