
Contemporary Engineering Sciences, Vol. 11, 2018, no. 32, 1571 - 1578 

HIKARI Ltd,  www.m-hikari.com  

https://doi.org/10.12988/ces.2018.8273 

 

 

Physico-Chemical Characterization of Superficial  

 

Water and Sediments from Cartagena Bay 
 

 

Samir Meramo-Hurtado1,2, David Patiño-Ruiz1,2, Karen Cogollo-Herrera1, 

Adriana Herrera1 and Ángel González-Delgado1 

 
1 Chemical Engineering Program, Nanomaterials and Computer Aided Process 

Engineering Research Group NIPAC, Colombia 

 
2 Engineering Ph.D. Program, University of Cartagena, Campus Piedra de 

Bolívar, Calle 30 # 48-152, Cartagena, Colombia 

 
   Copyright © 2018 Samir Meramo-Hurtado et al. This article is distributed under the Creative 

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited. 

 

Abstract 

The city of Cartagena (Colombia) reports a high maritime transport activity, due to 

its industrial zone and the location of one of the country's main export ports. This 

can cause the presence of environmental contaminants, such as the polycyclic 

aromatic hydrocarbons (PAHs).  Colombian regulation (Res. 0631 of 2015) 

establishes a limit of 0.01 ppm for these contaminants.  In this study, sediments and 

surface water were collected from six monitoring stations at the Bay of Cartagena. 

Physico-Chemical parameters, such as total organic carbon, organic matter, pH and 

PAHs were analyzed from these samples.  Although previous studies have reported 

the presence of PAHs in this bay, it was not possible to determine traces of these 

contaminants from the samples collected in this study.  However, it was observed a 

pH values from 7.2 to 8.3, and a maximum organic material of 89.60 mg/L for 

station E5. A careful analysis of these results allowed us to understand the reasons 

for not having found PAHs even in water samples, meaning that some properties 

such as the content of organic carbons, pH and particle size are affecting the 

stability of PAHs in the marine system, causing their migration to soils in the coastal 

or even in deeper points than the superficial sediments in the water columns. 
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1 Introduction 
 

Human activity has increased exponentially since the industrial revolution, which  
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has accentuated the environmental problems nowadays. Industry and transportation 

are impacting strongly ecosystems and human health due to the direct 

contamination of coastal marine by a large number of organic compounds 

considered as toxics and hazardous pollutants, where polycyclic aromatic 

hydrocarbons (PAHs) have been the most frequently detected [4]. PAHs come from 

different ways, such as the incomplete combustion of fuels of maritime 

transportation vehicles, byproducts associated with gas production, petroleum 

refining and plastics, among others [7]. PHAs remediation has become a great 

challenge due to the distribution along the marine environment is complex, they can 

be found dissolved in water or adsorbed onto sediments depending on the number 

of aromatic rings in their molecular structure [5]. Low solubility of PAHs in water 

allows a greater concentration of them on particles considering a possible 

precipitation and accumulation in marine sediments affecting the chemistry and 

stability of these organic compounds and even inorganics in the system [11].  

In this paper, we report the analysis of physicochemical parameters determined 

from water and sediment samples collected at the Bay of Cartagena, Colombia.  

Cartagena. The city of Cartagena, located in the Caribbean region of Colombia, has 

bodies of water that surround its continental platform, being the bay one of the main 

important. Additionally, the city has a high port traffic which it could have 

indications of water contamination problems related to organic matter, polycyclic 

aromatic hydrocarbons (PAHs), among others [12,13]. 

 

2 Methods 

 
2.1. Study area  

The Bay of Cartagena is located in the central part of the Colombian Caribbean, 

between latitude 10∘ 26′ −  10∘ 16′ N and longitude 75∘ 30′ − 75∘36′ 𝑊. This 

body of water has an approximately area of 82 𝑘𝑚2 and an average depth of 16 𝑚. 

It is the main component of the marine system of Cartagena and its origin is 

attributed to the formation of natural coral barriers that extended parallel to the coast 

and consolidated towards the end of the Upper Quaternary period [2, 12]. The Canal 

del Dique, converted into a component of the Magdalena River fluvial system, 

generated the greatest morphological changes in the bay enclosure by introducing 

additional sedimentological elements, which very quickly weakened the coral life 

inside the system. The Magdalena River flow grows in rainy season, carrying with 

it a lot of amount river water to the bay by The Canal del Dique. It causes a large 

sediment load and a greater amount of water in the bay than it did not have before. 

Over time the overload of particles in suspension, product of the fluvial drag, caused 

the death of the coral formations of the interior of the bay; influence of freshwater 

of continental origin, a new element within the context, forced the bay to begin 

behaving like a typical estuary where mixing water conditions prevail [9].  

 

2.2. Location of monitoring stations 

For this study, six (6) monitoring stations were selected, from which four (4) were 

distributed in the surface area of the bay, another in the Canal del Dique and the  
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last one in the mouth of the Canal to the bay, as observed in Figure 1. Table 1 shows 

the coordinates of the sampling stations. 

 

 
 

Figure 1. Monitoring point for sampling 

 

 

Table 1. Location of monitoring stations 

 

Camp 

Code 
Latitude Longitude 

E1 10°17'7.40"N 75°31'21.70"O 

E2 10°18'30.90"N 75°31'54.80"O 

E3 10°18'57.90"N 75°30'45.00"O 

E4 10°20'30.50"N 75°30'59.80"O 

E5 10°24'5.00"N 75°31'59.30"O 

E6 10°23'28.10"N 75°33'27.50"O 

 

2.3. Sampling 

Sampling was done on November 1st of 2017, between 08:00 and 13:00 hours, 

samples of water and sediments were carried out in the stations described above. 

For the water samples, some physicochemical parameters were evaluated: 

temperature, pH, Oxide-Reduction Potential, Conductivity, Salinity, Dissolved 

Oxygen, Organic Matter and PAHs. In order to determine the quality of the water, 

a point sample was taken at the surface level of the water column (0.5m). In situ it 

was measured the temperature, pH, conductivity, salinity and dissolved oxygen of 

the samples, then it proceeded to pack and preserve the samples for transfer to the 

laboratory following the methodology proposed by APHA, AWWA and WEF in  
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the Standard Methods for the Examination of water and Wastewater [1].  To 

evaluate the quality of the sediment, samples were taken using a Ponar dredger, in 

stainless steel, in the same six (6) stations where the water samples were taken. 

These were packed in aluminum trays (PAHs), wide-mouth glass jars (several) and 

plastic bags (granulometry); and then preserved by refrigeration for transfer to the 

laboratory. In the sediment was evaluated: pH, Conductivity, Oxide-Reduction 

Potential, Cationic Exchange Capacity (CIC), Granulometry, Total Organic Carbon 

(TOC), Polycyclic Aromatic Hydrocarbons (PAHs).  

 

3 Results and Discussion  
 

3.1. Surface Water Analysis  

Based on the laboratory analysis obtained from the samples taken at the monitoring 

stations, results were recorded for the physicochemical parameters described above. 

In this study, concentrations of PAHs were not found higher than the values allowed 

by the Colombian regulations (Res 0631 of 2015), which establishes a limit of 0.01 

mg/L for PHAs concentration in bodies of water. The Canal del Dique load 

influence could case in the bay a large sedimentation and a discharge of an 

important amount of water in the bay according to the season, for this reason is 

convenient to say that the hydrocarbons presence in water depends on the climate 

[3, 5].  

 Table 2. Results of analysis for Surface Water  

 

Parameters Unit 
Stations 

E1 E2 E3 E4 E5 E6 

Temperature °C 29.6 29.8 31.5 31.6 31.2 30.2 

pH - 7.30 7.19 8.28 8.28 8.02 8.27 

Conductivity mS/cm 0.14 0.14 25.10 40.50 45.90 36.20 

Salinity % 0.0 0.0 15.25 26.20 30.00 23.10 

Dissolved oxygen mgO2/L 5.30 5.41 8.90 9.26 5.52 6.64 

% Sat. Dissolved oxygen % 69.72 71.41 131.6 145.4 87.89 100.2 

Redox Potential mV 291 325 216 197.9 207 2017.9 

Organic Material mg/L 23.62 26.02 72.00 70.08 89.60 64.96 

 

The value of pH measured at all stations was ranging from 7.2 to 8.3, which agree 

very well with the values reported in literature.  According to Karyab and coworkers 

[5], the pH of surface water must be between 6 and 9 to not affect the biological 

and chemical processes of aquatic ecosystems. For stations E3, E4, E5 and E6, 

conductivity of samples were higher than E1 and E2, this fact is related to a two 

main reasons, the first is according to the salinity of water for the presence of ions 

and mineral by proximity to the coastal sand (beach), that explains the high 

conductivity for E5 and E6. The second reason is related to an industrial and sewage 

effluents, this affects the ecosystem of the water for the reason that the accumulation  
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of ions, minerals and pollutants, this is in concordance to the site of E4 and E3 

stations which are near to the industrial zone of Mamonal [7]. Another important 

parameter is organic material, this variable is and indicator of amount of substances 

with organic structures that is present in the water sample. This parameter may be 

related to the presence of hydrocarbons in the site of the sampling station, but this 

fact has to affect the conductivity of water due to resistivity of apolar structures of 

oils and fats that are discharge to the bay. For the E3, E4 and E5 organic matter has 

the maximum values for conductivity but this contrast with the fact that the 

conductivity for these stations is also high, so it can see signs of presence of both 

hydrocarbons and heavy metals for these stations. 

 

3.2. Sediment Analysis  

Physicochemical evaluation of sediments was significantly associated to the 

classification accord to Wentworth scale (See Table 3), which means the particle 

size can directly influence the different variables in all stations. The layers of 

sediment varied from the smallest one comprising silt and clay, to some that 

included gravel and sand with more than 0.5 mm of diameter in the class limit. E1, 

E2 and E6 presented thick size of particles indicating 96.8%, 97.0% and 91.2% of 

sands, respectively. 

 

Table 3. Sample classifications according to Wentworth scale 

 

Type of grain 

according to size 

Class 

Limit 

(mm) 

Sieve Sieve 
Sieve-

Hydrometer 

Sieve-

Hydrometer 

Sieve-

Hydrometer 
Sieve 

E1 E2 E3 E4 E5 E6 

Gravel - 0.0 0.0 2.0 2.0 26.1 3.6 

 Thick >0.5 1.8 1.0 1.4 1.2 7.6 2.3 

 Medium 
<0.5 - 

>0.25 
5.7 9.7 0.6 0.9 6.4 8.4 

Sands 

Fines 
<0.25 - 

>0.125 
54.6 54.3 1.5 1.4 2.2 55.1 

Very 

Fine 

<0.125 - 

>0.063 
34.7 32.0 0.9 0.9 0.9 25.4 

Σ Sands - 96.8 97.0 4.4 4.4 17.1 91.2 

Silt 

<0.063 - 

>0.0039 

 

3.2 3.0 60.7 56.3 47.0 5.2 

Clays <0.0039  32.9 37.7 9.8   

 

On the other hand, stations between E3-5 showed high percentage of fine particles 

up to 60.7% (E3) and 37.7% (E4) for silts and clays, respectively. The size of these 

particles could affect the composition and distribution of PAHs due to their 

hydrophobicity and low solubility, and the concentration is even stronger in 

presence of thick particles where are normally adsorbed.  
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Table 4. Results of analysis for sediment 

 

The interaction of hydrocarbons with suspended and accumulated particle surfaces 

in sediments is more effective in thicker particles due to the adsorption is less 

affected by tide and runoff, while fine particles are weaker to hold them on it, then 

bigger sizes become to carriers in water sources, which implies the possibility of 

finding higher concentration of hydrocarbons in sampling stations, such as E1, E2 

and E6, with thick size of particles in sediments and also in water [8]. 

The pH measurements of sediments gave similar results, then the conductivity 

increased at higher pH value significantly, especially in E6 to E6 (See Table 4). 

However, the presence of particle sizes greater than 0.5 mm affects negatively the 

conductivity, which is the opposite with a larger amount of fine grains in sediment 

samples. According to this information, the property of the electric field giving by 

the conductivity to sediments and the content of organic carbons (TOC) give a 

buffer behavior to the samples and can even increase the acidification of water and 

its period, this occurs longer when there are presence of silts and clays instead of 

bigger particles such as sand and gravel [10]. The concentration of TOC in 

sediments have a direct effect on the transportation of hydrocarbons due to their 

properties of composition and structure decreasing when the presence of TOC 

increase and vice versa, with an obvious influence of the water conditions as buffers 

on both hydrocarbons and TOC [3, 11]. Regarding to these results, they can be 

found in the surroundings of the stations due to their possible migration to adjacent 

sediments, deeper marine soils and even in flora, taking into account that 

concentration of TOC in sediment samples were significantly low meaning a non-

presence of hydrocarbons in the selected stations.  

 

4 Conclusions  
 

A physical-chemical characterization was done for surface water and sediments 

from samples taken at six points selected from the Bay of Cartagena. The analysis 

for surface water shows a normal state for pH parameter (7.2-8.3), besides high 

values of conductivity were found for stations E3 and E4, related to sewage water 

discharge to the bay from companies near to these stations. On the other hand, high 

organic content was found in water samples. This fact can be correlated to the 

presence of hydrocarbons for E3, E4 and E5 sites, but this contrast with the  

Parameters Unit 
Stations 

E1 E2 E3 E4 E5 E6 

pH - 7.33 7.25 8.66 8.63 8.35 8.23 

Conductivity µS/cm 25.2 23.9 3560 3890 1805 3270 

Redox Potential mV 330 328 146 153 202 220 

Ion Exchange Capacity Cmol+/kg 5.65 3.50 25.6 23.5 11.2 2.7 

Total Organic Carbon % N.D. 0.02 1.00 1.27 0.76 0.05 

Organic Material % N.D. 0.03 1.72 2.18 1.31 0.09 
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conductivity for these stations, so it must be presence of hydrocarbons and may be 

heavy metals for these stations. The Magdalena River influence in the bay causes a 

large sediment load and a greater amount of water in the bay according to time of 

the year, for this reason is convenient to say that the hydrocarbons presence in water 

depends on the climate season of the year and this fact affects the results of the 

analysis. Sediment analysis showed a low concentration of TOC in each analyzed 

station which is directly related to the concentration of hydrocarbons, including 

PAHs that in addition to being constituents of crude oil and some of its fractions, 

can be produced, the temperatures of a combustion engine are high enough to 

convert a fraction of the fuel into PAHs via pyrolysis, which can be found due to 

TOC results, which are not enough for avoiding the hydrocarbons migration to 

surroundings regardless of whether the type and size of grain allow the 

accumulation of them on the surface of the particles.    
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