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Abstract: In this study, statistical multivariable technics were applied to an eleven years' complex data base, in order to
extract important information about the water quality in a polluted bay in the city of Cartagena, called Barbacoas. This bay
receives hundreds of tons of sediments coming from Canal del Dique, a part of the Magdalena river in Colombia. Kruskal
Wallis test and principal components analysis were used to find similarities, dissimilarities and Compliance with Colombian
law among the different monitoring points. It was found that phosphorus, salinity and solids are out of the range set by the
Colombian law. Principal components analysis showed that eight variables explain 64% and 69 % of the variability of data for
dryand rainy season.

Key words: Barbacoas bay, Canal del dique, Principal components analysis, Kruskal-wallis.

Resumen: En este estudio, fueron aplicadas técnicas de estadistica multivariada a una base de datos de 11 afios, para
extraer informacién importante sobre la calidad del agua en una bahia contaminada de la ciudad de Cartagena, llamada
barbacoas. Esta bahia recibe cientos de toneladas de sedimentos provenientes del canal del dique, que es una rama del rio
magdalena en Colombia. El test de kruskal wallis y el andlisis de componentes principales se usaron para encontrar
similitudes, diferencias y cumplimiento de la ley colombiana entre los diferentes puntos de muestreo. Se encontrd que el
fosforo, la salinidad y los sélidos estan por fuera del rango de aceptacién establecido por la ley colombiana. El anélisis de
componentes principales mostro que ocho variables explican el 64% y 69%de la variabilidad de los datos para las épocas
secasydelluvias respectivamente.

Palabras clave: bahia de Barbacoas, Canal del dique, andlisis de componentes principales, Kruskal-wallis.
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1. INTRODUCTION

Since 1958 Barbacoas bay is receiving hundreds of
tons of sediments coming from two mouths of the
Canal del Dique called Matunilla and Lequerica. The
Canal del Digue is a man-made canal that
communicates the coast with the inner part of
Colombia. Because of the mix of marine water and
fresh water the bay has become an estuary. The aim of
opening these mouths in The Canal was to decrease
the amount of sediments arriving to Cartagena bay,
one of the most important harbor in Colombia
(Giraldoetal., 2009).

Near Barbacoas bay is located the Rosario islands
natural park which is a protected area due to its
ecosystemic functions, essential ecological processes,
it also acts as a coral barrier that mitigates the impact
of coastal erosion, is the habitat of fishes and
invertebrates of commercial value and besides has
beautiful and attractive landscapes based on the
beauty of coral reef that encourages ecotourism. The
water discharge flow through the Canal del Dique has
been calculated in about 397m3 s-1, of which
approximately 35% is discharged into Barbacoas Bay
through Matunilla and Lequerica canals, and 17.5% is
discharged through an outlet canal further south of
this bay, whichiis called Correa.

Near the discharges of the river there are several
shrimp industries and communities directly
associated with sediments loading at the mouths of
the river. Due to this location, near to the Rosario
Islands, the discharge into Barbacoas Bay and that
through Correa outlet canal are of particular
concern.(Restrepo, Park, Aquino, & Latrubesse,
2016)(Moreno-Madrifian et al., 2015)(Pinilla,
Gutiérrez, & Ulloa, 2007).

The simplest evaluation of water quality might be
done using basic statistics (mean, SD, etc.) and some
graphical aids. However, the problem increases with
the number of data because information may be

II ———— Revista Cientifica

missed; then the use of multivariate techniques and
data reduction are almost mandatory to achieve
satisfactory results. The use of Principal components
analysis (PCA) and others techniques to water quality
assessment has increased in the last years, mainly due
to the need to obtain appreciable information from
data for decision making.(Alberto et al., 2001)(Chow
etal., 2016). The aim of this study is to analyze physico-
chemical and microbiological parameters of water
quality from Barbacoas bay to evaluate information
about the similarities, dissimilarities and compliance
with Colombian law among the different monitoring
stations and to know the impact of the pollution
sources on the water quality parameters.

2. MATERIALS AND METHODS

2.1. Study area

Barbacoas bay is located in the Colombian Caribbean
at75°31'Wand 75°43 W longitude and latitude 10°07"
Nand 10°15'N. The bay hasan area of 120 km?and itis
influenced by the discharges of Canal del Dique, which
is a part of Magdalena river in Colombia. The three
sampling points (Matunilla, Lequerica and Baru) were
designed by the Corporacion autonoma del canal del
dique, whichisthelocal environmental authority.

The Canal transports a great number of solids,
coliforms and nutrients coming from village and towns
along the way of the river. In the zone, there are also
big shrimp companies and agricultural activities where
the use of fertilizers and other chemicals isa common
practice that may cause deterioration in the bay's
water quality and consequently in coral habitat(Acosta
& Baldiris, 2015).
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Fig. 1. Location of water quality sampling stations.

2.2.Sample collection

The sampling stations in Barbacoa bay are depicted in
Fig. 1. Two of the three points are near to Canal del
Dique discharges (Matunilla and Lequerica), the other
one (Baru) is near to a natural park that is visited by
hundreds of tourists every day. The samples were
taken twice a year according to the season (dry-rainy),
APHA protocols were followed in order to have
accurated results. (Chow et al., 2016)(Bhuiyan, Rakib,
Dampare, Ganyaglo, & Suzuki, 2011).

2.3. Analytical methods

The selected water quality parameters were dissolved
oxygen (DO), Total coliform (TC), pH, water
temperature (T), 5-day biochemical oxygen demand
(BOD5), nitrate (NO3-), total phosphorus (P), total
solids (TS), Salinity(Sal) and ammonium(NH4+).

The temperature, pH, Salinity and DO concentrations
were measured on-site by athermometer, pH, saltand
DO meter (using HACH sension 5465011 portable),
respectively. The BOD5 was determined by Winkler
method and TS were determined gravimetrically at
105-110 °C. NO3- and P were analyzed by cadmium
reduction and ascorbic acid method (using Varian Cary
100 UV -vis spectrophotometer), respectively. The
membrane filter technique was used to determine the
number of colony forming units per 100 mL (cfu/100
mL) of total coliforms in sampling water(American
Public Health Association, American Water Works
Association, & Water Environment Federation, 1999).
Table 1 has a summary of the standard methods used
inthis investigation.

Table 1. Summary of used standard methods.

Parameter Abbreviations Standard Method
pH pH SM 4500-H+
Nitrate NOs- SM 4500- NO3- E
Phosphorus P SM 4500-PB & E
Temperature T SM 2550 B
Salinity Sal SM —-2520-B
Total solids TS SM 2540D
Dissolved oxygen DO SM 4500-0 G
Biochemical oxygen demand BODs SM 4500-0 G
Total coliforms TC SM 9222B
Ammonium NHz* SM 4500-NH3-C
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2.4, Datatreatment

The similarities between sampling stations were
studied using Kruskal-Wallis test, due to the non-
normality of the collected data and the presence of
outliers in the data base. Kruskal-Wallis is a non-
parametric measure of the correlation between
variables, that uses the median and not the mean to
compare two or more samples(Pati, Dash, Mukherjee,
Dash, & Pokhrel, 2014)(Wilbers, Becker, Nga,
Sebesvari, & Renaud, 2014). Principal component
analysis was used to find new variables represented
by a linear combination of variables having
correlations via the variance-covariance matrix of
several multivariate variables; it explains most of the
total variations with some important principal
components(Fan, Cui, Zhao, Zhang, & Zhang,
2010)(Al-Mutairi, Abahussain, & El-Battay, 2014). All
mathematical and statistical calculations were
implemented using Statgraphics 16.1.11 and
Microsoft Office Excel 2015.

3. RESULTS AND DISCUSSION

The data obtained for this research during the period
2001-2014 was compared with the established
targets for BOD5, OD, phosphorus, total coliforms,
etc. in Colombian regulations. allowed values are in
table 2.

Table 2. Allowed values for water quality parameters.

Parameter Allowed value

P(mgL?) < 0.003

T(°C) 27-30

Sal 33-36
TS(mgL?) <90
DO(mglL?) >4
BODs(mgL?) <3

TC(NMP) < 5000
NOs (mgL™?) <5

pH 6.5—8.5
NH4*(mgL) <1
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The behavior of BDOs for the sampling stations is
depicted in Fig 2., it can be seen a great number of
outliers which demonstrate the non-normality of the
data. Kruskal-Wallis test showed no statistical
difference in the stations for this parameter (Statistical
=1,89 p-value=0,39).

Lequerica, Matunillaand Baru showed outliers beyond
the values allowed by the law, in this way none of the
stations set with the law for BDOs.(Ministry of
Environment Housing and Territorial Development,
2015).
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Fig.2.BDO5 Box-plot.

For total coliforms fig 3. Shows that there is a
significant difference between Lequerica and
Matunilla with Baru values for this variable (Statistical
= 29,51 p-value = 3,89E-7), these differences are
notorious in rainy season due to the rise of the
discharges of microorganism in the two canals of the
canal del Dique.

According to table 2. Lequerica and Matunilla do not
set with law levels for this variable. the high values
found in lequerica and matunilla represent a threat to
human and animal health.

P

Lequerica -

Matunilla

L " L
0 4 ] 12 1% 20
HNMP/#00 mL

Fig. 3. Total coliform Box-plot.
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Total solids in Lequerica y Matunilla has no significant
difference between then, but Baru had a different
behavior with the others sampling points. It showed
outliers that may be a threat for the economic activity
inthis zone related to tourism. Also, the coral reef may
be influenced by this parameter, because excess of
solids may lead to disease in the corals. Lequerica and
Matunilla do not set with the law for total solids. This
Value must be less than 90 mg/L (black line in fig.4)
according to Colombian law and the values are near to
1500 mg/Lin Lequerica and Matunilla.
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Fig. 4. Total solids Box-plot.

Fig. 5 shows the variation of salinity in the sampling
points, as showed in figure Baru station had bigger
values for this measured variable, it also had a
significant difference with the two others points.
Kruskal wallis test presented a Statistical equal to
18,24 and a p-value of 0,0001 which probed the
difference between the stations. This is result of the
mix between marine water and fresh water coming
from the Magdalenariver. Low salinity represents also
athreat for coral reef health.(Fabricius, 2005).
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Fig. 5. Salinity Box-plot.
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Nitrates range was [0,012-0,833] mg/L for Baru
station, Lequerica was [0,012-3,384] and Matunilla
was [0,012-15,1], which means that only Matunilla
had points out of the allowed range for this variable, as
shown in fig. 6. Nitrate is the final product of
nitrification process; it is harmful for humans and
harmless for fishes and others aquatic
organisms.(Cardenas Calvachi & Sanchez Ortiz, 2013).
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Fig. 6. Nitrates Box-plot.

According to fig. 7 there is not a statistical difference
among the three sampling points for phosphorus
behavior with a 95% of confidence. It may be seen that
Lequerica and Matunilla have more variance in this
values than Baru. This is probably cause for excess of
fertilizer used by the agricultural activities and waste
water effluents. None of the points set with regulatory
values for phosphorus(Fabricius, 2005).

s —

(13

PEgl)
-3
g
S
|
]
PR I B I A

62

|
I
%

Bam Lequencs

Fig. 7. Total Phosphorus Box-plot.

All three stations showed no statistical differences in
ammonium concentrations, Matunilla had a wider
range, that could be result of rainy season or waste
water from the different anthropogenic activities
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around the bay, the three stations had good results for
this parameter.

It has been demonstrated that nutrient enrichment
(ammonium, phosphorus and nitrates) has a negative
effect on coral reproduction and its calcification,
decreasing the growth rate of the reef. This may bring
to algal overgrowth of the reef, with a phase shift
coral/macroalgae. Nutrient enrichment is also
correlated with a major incidence in coral
diseases(Gavio, Palmer-Cantillo, & Mancera, 2010).
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Fig. 8. Ammonium Box-plot.

3.1. Principal component analysis

With a large number of variables under study, it is
difficult to study and interpret the dispersion matrix in
an appropriate way. To interpret the data in a more
meaningful way it is necessary to reduce the number
of variables to a smaller number, without the need to
omit information; This objective is achieved by
applying the principal component analysis
method.(Taoufik, Khouni, & Ghrabi, 2017).

To identify the number of principal components, the
scree plot was used for the data in dry and rainy
season. Fig. 9. shows an evident change in the slope in
the fourth component, so that three components are
conserved, which have eigenvalues greater than unity
and explain the 68.81% of the variance of the
information contained in theinitial database.
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Fig.9.Scree plot of eigenvalue in rainy season.

In this study the number of data is more than 250,
according to this the accepted loadings are those
higher than 0,40 (Hair, Black, Babin, & Anderson,
2010). Loading of the three conserved components
are presented in table 3. PC1 explains 31,92% of the
variance and is strong positive influenced by variables
TS and pH with a negative contribution, this factors
mainly represent the influx of sediments to the bay
and pH may be caused by the inflow of industrial
wastewater. PC2 explains 17,56% of the variance
associated with NO3-, T and TC, this factor is an
anthropogenic factor and may be related to
wastewater and over fertilization. PC3 explain 15,3%
and variables NH4+, NO3-, DO have significant
loadings, this factor is possible linked to fertilizers used
in shrimp factories near the bay, the negative loading
for OD relates the inverse relation between OD and
nitrates.(Chow etal., 2016)

Table 3. Loadings of variables on three principal
components during rainy season.

Component 1 Component 2 Component 3

NHa* 0,267 0,009 -0,589
P 0,393 -0,223 0,249
NOs 0,130 0,435 0,399
DO -0,283 0,030 -0,446
pH -0,505 0,062 -0,083
T -0,200 0,500 0,256
TS 0,426 0,197 -0,298
sal -0,282 0,210 0,013
TC 0,199 0,567 0,172
BDOs -0,278 0,314 -0,200
Var% 31,927 17,577 15,303
Cum% 31,927 49,504 64,807

Baldiris Navarro, I., Sanchez Aponte, J., Cabeza, D., & Carlos, A. (2017). Water quality assessment in barbacoas bay- Cartagena using
multivariate statistical methods. Teknos Revista Cientifica, 17(1), 59-67.



II ————— Revista Cientifica

For Dry season the results of the number of
eigenvalues are shown in Fig. 10. This figure shows
that 4 components have eigenvalues greater than
unity and explain 69.6% of the information variance.
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Fig.10. Scree plot of eigenvalue indry season.

Loading of the four conserved components are
presented in table 4. PC; explains 26,28% of the
variance and is strongly influenced by variables TS,
DO, Sal with a negative contribution. PC, explains
19,38% of the variance associated with NO3- BDO5,
pH in a negative way. PCs explain 12,73% and variables
TC and T with a negativity significant loading, this
factor is the input from anthropogenic (rural sewage
and agricultural) and natural sources. PC4 has a
substantial negative contribution from NHgz+ and a
minor contribution from TC, it explains 11,23 % of the
variance in data and could be an anthropogenic
contribution coming from sewage.

Table 4. Loadings of variables on four principal components
during dry season.

Compon Componen Componen Component

entl t2 t3 4

NHa* 0,167 -0,250 -0,123 -0,631
P 0,381 -0,339 0,260 -0,198
NOs 0,115 0,457 0,215 -0,221
DO -0,459 -0,085 0,129 -0,060
pH -0,209 -0,523 -0,186 -0,080
T 0,294 0,146 -0,566 0,378
TS 0,512 0,099 -0,168 -0,021
Sal -0,437 0,152 -0,287 0,042
TC 0,092 -0,074 0,610 0,463
BODs -0,098 0,520 0,118 -0,377
Var% 26,276 19,367 12,729 11,232
Cum% 26,276 45,644 58,372 69,604

T

CONCLUSIONS

Due to the high number of outliers in data for DOBS5,
none of the points set with the recommended values,
for example Lequerica has outlier near to 20 mg/L.
Total coliform range is [1.8-240,000] for Matunilla and
[150-24,000] for Lequerica, these values are a real
threat for any living organism in this area. Salinity
levels are low [0-30] in the bay due to the influx of fresh
water from the river, this is a vital factor to corals
because the need to have a high salinity to stay
healthy. [0,031-0,73] and [0,08-0,52] are the ranges of
phosphorus for Matunilla and Lequerica respectively,
the high values of phosphorus encourage the growth
of macroalgaes over coral. Values of phosphorus and
salinity behavior suggest problems in future health of
coral reefs near this bay, since high values of
phosphorus and low values of salinity contribute to
the deterioration of this species. Also, total coliforms
outliers may become a dangerous factor for flora,
faunaandinhabitants of the region.

In this study, different multivariate statistical
techniques were used to evaluate variations in surface
water quality of Barbacoas Bay. Kruskal wallis Analysis
showed similar water quality characteristics for
Matunilla and Lequerica for almost all the time period.
Based on the information obtained from this study, it is
possible to exclude total phosphorus of the
monitoring procedure because of its loadings in
principal components analysis (<0.4) and this will lead
tolower associated costs.

PCA helped to identify the sources responsible for
water quality variables. The main cause of degradation
to the bay is determined to be the discharge
agricultural wastes, domestic sewage water from
Matunilla and Lequerica canals. This study illustrates
the usefulness of multivariate statistical techniques in
the analysis and interpretation of complex data sets, in
identifying pollutant sources, and in understanding
variations in water quality for effective water
management. These results should be considered for
future planning and management of the bay.
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