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Abstract- Cartagena Bay is localized in the northwestern region of the Colombian Caribbean coast, in the city of
Cartagena. The industrial zone located in the western part of the bay, is not only between the most important ones in the
country but also the source of numerous contaminants for the ecosystem, with few researches made regarding its water
toxicity. This research used the microalgae Thalassiosira weissflogii as a biological model to evaluate the toxicological
profile of Cartagena Bay. Ten water samples were taken across the bay and analyzed for phenols, hydrocarbons and
heavy metals such as mercury, lead, and chrome. The T. weissflogii was exposed to different concentrations of the same
water samples measuring cell density, growing rate and chlorophyll-A production as endpoints for the toxicity evaluation.
The samples close to the industrial zone and to the connection with the Magdalena River were the most toxic ones,
exhibiting cell density inhibition of 90%, reduction in the growth rate of 40 % and a diminution in the chlorophyll-a
production up to an 87%. Additionally, these effects were correlated to the presence of lead in the water concluding that
the microalgae T. weissflogii is a sensible and appropriate organism to evaluate the toxicity of estuaries.
Keywords – Estuary water; Microalgae; Heavy Metal; Toxicological Assessment.

I. INTRODUCTION
Cartagena Bay is geolocated in 10°16’25” N 75°30’35” O, with a surface of 82 km2 and a depth of 16 m. Due to
its proximity to the Mamonal industrial zone the bay has been receptor of treated and untreated industrial wastewater
as well as being the receptor of domestic wastewater for many years, before the construction of the submarine
emissary. Additionally, it is known that the bay receives water from the Magdalena river through the artificial arm
known as Dique Channel, coming with high contaminant and sediment load from the river course [1]. The
wastewater dumping in the bay has been estimated to be around the 126388 m3/d, with considerable loads of
hydrocarbons, pesticides, organic residues, phenols, ammonium and heavy metals such as mercury, cadmium,
chrome, copper, nickel and lead [2], [3] being the coast close to the industrial zone, the most affected part, as a result
of all the industrial activities held in the area, such as oil refining, agrochemicals, food processing, leather
manufacturing and cement industry [4]. Some of these contaminants due to their properties can persist in the waters
and thus affect the ecosystem, being the case of oysters from the Cartagena Bay which have been found to hold
concentrations of cadmium in them [5].
Physical-chemical methods that analyze the presence of diverse contaminants and biological methods that
determine the effects of contaminants on a subject can be used in order to evaluate the quality of surface water
bodies such as Cartagena Bay. Biological essays are becoming more common due to their inexpensiveness and
versatility, besides they provide data about environmental quality and effects of contaminants in living organism that
let identify affected area as a result of human intervention [6], [7]. Many organisms can be used as environmental
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bio-markers, as happens with nematodes [8] [9], plants [10][11], microalgae [12][13], among others. Microalgae are
important organisms in aquatic ecosystems, reason why they are being used for environmental processes such as
contaminants removal from wastewaters [14]-[16] or ecotoxicological essays [17]-[18]. The microalgae
Thalassiosira weissflogii, is known for having both chlorophyll A and C pigments, and for accumulation of
carotenoids [19]. It has been used in diverse researches as a biological model, such as the toxicological evaluation of
the industrial and marine complex of Suape in Pernambuco, Brazil where it was found to be an appropriate model
for the toxicological essays[20], in other studies it has also been used as biomarker, for herbicides glyphosate,
cadmium, mixtures of herbicides and metals, and non-protein amino acids [21]-[25].
Estuary waters such as bays are transition zones where critical phytochemical and/or biological processes [26].
The bay of Cartagena lacks studies regarding its water quality, making it a necessity after the importance of the
estuary in the economic development of Colombia. Besides studies covering entire estuaries are rare and normally
not updated. There is limited understanding of such water bodies, as well as to how the biochemical cycle of the
ecosystem is currently being affected by industrial contamination [27]. On another hand, few studies on T.
weissflogii have investigated its behavior on direct exposure to estuary water of industrial zones, making it relevant
to understand the behavior of its main endpoints, and how these results can affect and translate to other
environments. In this work the microalgae T. weissflogii was used as a bio-marker to evaluate the toxicity of the
Cartagena Bay water, by studying cell density, chlorophyll content, specific growth rate and LC50-72h, and
transforming the acquired data to indicators that show the quality of Cartagena Bay water, identify the critical point
along the estuary and the sensitivity of end-points against its direct exposure to waters in proximity of industrial
zones.
II. MATERIALS AND METHODLOGY
2.1 Sampling –
Ten water samples were taken in Cartagena Bay, near the Mamonal industrial zone, 200 m away from the industrial
wastewater discharge. The map with all the sampling points is shown in figure 1. The samples were taken in bottles
with a capacity of 1 gal each (previously sterilized) at a depth of 2 m. physicochemical parameters as pH, dissolved
oxygen, conductivity and salinity were measured in situ. Sterilized, ultrafiltered and dechlorinated sea water was used
as the solution basis and as the negative control for the toxicity essays.

Figure 1. Sampling points over Cartagena's Bay (Mamonal area)
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2.2. Chemical analysis –
Total hydrocarbons were determined according to the Standard Methods S.M. 5529 F. Phenols follow the ASTM
D1783 protocol, consisting in a distillation, followed by a chloroform extraction and a mass spectrophotometry for
quantification. Heavy metals as mercury, arsenic, chrome and lead were analyzed through spectroscopy of atomic
absorption according to the 3111 methodology described in the Standard Methods.
2.3. Microalgae & Biological essays –
The T. weissflogii strain used was the CCMP 1051 supplied by the Bigelow laboratory of Ocean Sciences from the
National Center for Marine Algae and Microbiota (NCMA) in East Boothbay, Maine (USA). Water samples were
sterilized and then diluted to concentrations of 0 %, 25 %, 50 % and 100 % in 500 mL of filtered and sterilized
seawater, being the concentration of 0 % the negative control. The microalgae were inoculated to a concentration of
1x104 cells/mL in each solution (ASTM, 2007) once they reached the exponential growth phase and the 99% were
healthy and alive. Every culture was done twice and samples of 6 mL were taken each 24 h (starting at the moment
of the inoculation) until 96 h.
2.5. Cell density –
Cell density was determined each 24 h in 20 mL of the inoculated solution using the haemocytometer counting
method with a Neubauer chamber, which has been found to be an excellent method in counting cultures and high
concentrations of small cells due to its affordability as well as its high precision [28][29].
2.6. Cell growth rate –
Measurements of growth rate, µ were conducted for each following the first order rate equation 1 using the number
of cells in cultures before and after exposition. and the duplication time td using equation 2.
Μ = (ln(N2/N1))/(t2-t1) (1)
td = (ln t2)/μ (2)
Where
µ: Growth rate (Number of divisions per day)
N2: Number of cells per culture
N1: Number of initial cells per culture
td: Duplication time
t1: Initial time (days)
t2: Final time (days)
The maximum growth rate was the highest value from each essay.
2.7. Chlorophyll production –
The chlorophyll content was measured every 24 h with a Turner Designs 10-005-R Fluorimeter, by taking 5 mL of
the culture and introducing it in the cell equipment to make the quantification of the chlorophyll content in the
solution expressed in µg/m3 [30].
2.8. Statistical analysis –
The treatments with P values inferior to 0.05 were considered statistically significant. The Dunnett test was used to
determine the differences between the samples and the control.
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III. EXPERIMENT AND RESULT
3.1.

Chemical analysis

The results of the physicochemical parameters from the recollected water samples are shown in Table 1. Salinity,
dissolved oxygen and pH values were found between the required ranges and protocols. The pH varied between 7.98
and 8.58, meaning there was no significant variation. On the other hand, salinity on the other hand was adjusted
whenever it was necessary, and the dissolved oxygen oscillated between 5.25 and 7.7 mg/L.
Table 1. Physicochemical parameters from Cartagena's Bay water samples
Sampling points
PARAMETER
1

2

3

4

5

6

7

8

9

10

pH

8.50

8.46

8.49

8.58

8.58

8.59

8.58

7.98

8.33

8.21

Conductivity (mS/cm)

40.7

40.2

42

36.6

39.7

40

39.5

40.5

43.9

44.9

Salinity (%)

26.7

25.8

27.8

23.5

25.6

25.6

25.3

25.8

28.5

29.3

6.60

7.70

5.98

5.25

7.40

7.49

7.10

6.82

5.79

6.60

< 0.10

< 0.10

< 0.10

< 0.10

< 0.10

< 0.10

< 0.10

< 0.10

< 0.10

< 0.10

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

1.42

1.45

1.30

2.20

4.20

5.00

4.30

2.35

1.89

4.10

0.021

0.03

0.035

0.032

0.052

0.036

0.04

0.037

0.032

0.046

Nitrites (mg/L)

<
0.005

0.012

<
0.005

0.021

0.04

0.06

0.055

0.046

0.021

0.013

Nitrates (mg/L)

0.21

0.29

0.27

0.25

0.41

0.29

0.27

0.32

0.26

0.119

Phosphates (mg/L)

0.05

0.042

0.04

0.031

0.04

0.04

0.032

0.02

0.019

0.25

Phenols (mg/L)

<
0.005

<
0.005

<
0.005

<
0.005

<
0.005

<
0.005

<
0.005

<
0.005

<
0.005

<
0.005

Mercury (µg/L)

0.24

0.3

0.27

0.25

0.42

0.24

0.29

0.32

0.49

0.41

Arsenic (µg/L)

0.27

0.22

0.25

0.24

0.19

0.26

0.25

0.24

0.31

0.39

Chrome (µg/L)

0.71

0.77

0.85

0.72

0.5

0.17

0.21

2.41

1.8

2.13

Lead (µg/L)

0.65

0.74

0.71

0.68

1.98

1.99

1.34

0.9

1.72

2.41

15.7

25.6

23.5

25.2

39.3

31.4

26.3

37.2

23.1

28.9

Dissolved
(mg/L)

Total
(mg/L)

Oxygen

Hydrocarbon

Aromatic Compounds
(mg/L)

DBO5 (mg/L)

Kjeldahl
Nitrogen (mg/L)

Total
solids (mg/L)

Total

suspended
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According to the chemical analysis, hydrocarbons, aromatic components or phenols were not detected in the different
water samples as a result of their hydrophobic nature, which can only coexist in aquatic bodies due to their affinity
with other components in response of extreme deterioration of the ecosystem [31]. Heavy metals in general were
found in all samples, highlighting points 5, 9 and 10 with the highest concentration of mercury; points 5, 6, and 10
with high concentrations of lead and samples from point 8 with the highest concentrations of chrome. These
concentrations are linked to the surroundings of the different points, such as 5 and 6 whose presence of heavy metals
is influenced by its proximity to the main cement manufacturer of the zone, industry known for the liberation of heavy
metals as mercury, cadmium, lead and others [32]. Point 8 is influenced by the wastewaters of the zone oil refinery
and points 9 and 10 by agrochemical industries as well as the Dique Channel known for holding high concentrations
of contaminants [1]. Arsenic concentrations were low in every analyzed sample. Heavy metal values were under the
limit concentrations recommended by the World Health Organization (WHO).
3.2.

Cell density

Fig 2 abc, represent the cell density taken each 24 h since the inoculation until the 96 h, for 25, 50, and 100 %
solutions respectively. All essays reached their maximum density at 72 h of culture. A diminution in the growth
curves occurred after that time meaning that all treatments had a toxicological effect in the microalgae, inhibiting the
formation of new cells and thus decreasing the cell density proportionally to the samples concentrations, being this a
common prove of the toxicological effects of contaminants as heavy metals [33] Additionally, the cultures done in the
control treatment had a bigger population of cells. On the other hand, the exposure to samples from points 1 to 4, had
a higher cell density compared to point 9 and 10 which had the lowest values of cell density, provoking an inhibition
of the variable of 80 % and 97 % at 72 h of culture.

Figure 2. Cell density of Thalassiosira weissflogii after exposure to 25 % (a), 50 % (b) and 100 % (c) solutions of
Cartagena’s Bay water
The diminution on the cell density values is mainly related to the water content results from the chemical analysis,
e.g. points 9 and 10, as well as being the points that affected the most the cell density of the microalgae, were also the
points that presented some of the highest concentrations of heavy metals analyzed (mercury, arsenic, chrome and
lead) mainly influenced by the agrochemical industries surrounding the area. Similar studies have found that heavy
metals such as mercury and lead can decrease the cell production in microalgae, up to an 80% of inhibition [34],
besides studies in the same microalgae (T. weissflogii) shows that the exposure to mercury , produces inhibitions in
the division rate of algal cells [35], as a result of the high reactivity of heavy metals, which in their ionic forms can
bond in the algal cell surface, affect the intracellular heavy metal ions and their chemical nature [36] as well as
affecting the chloroplast of microalgae at high concentrations, influencing then the photosynthetic activities and thus
the cell growth of the plant (a proportional variable with the cell density). Lead and arsenic, have as well been found
to affect the cell density of microalgae directly, though the formation of starch and lipid reserves which form when
growth is limited by environmental stresses [37][38], being some of the causes of the inhibition in the current
microalgae.
3.3. Growth kinetics
The values of µmax, and td for each sample and concentrations are shown in Table 2. It can be seen that the growth
rate trends to decrease from point 1 to 10 in every concentration evaluated from the Bay samples. The increase in the
concentration had as well a negative effect on the growth rate of the microalgae showing both its dependence on the
variable and the toxic effects that the bay water had on the microalgae, diminishing maximum specific growth rate
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from the control value of 1.53 d-1 to values of 0.83 d-1 implying an inhibition percentage of almost 50%. Points with
the lowest maximum specific growth rate were 9 and 10, for bay water concentrations of 50 and 100 %, similar to the
results found with the cell density. The µmax values have been found in different researches with different marine
microalgae species to be influenced by the presence of heavy metals, such is the case of Chlorella vulgaris which after
being exposed to them had a diminution on the specific growth rate to values of 0.02 – 0.34 d-1, being lower values to
the normal values reported in the literature [39]. On the other side, a common consequence in microalgae after the
exposition to wastewater is the inhibition of the µmax, Lam et al. (2017) found that with the increment of the
wastewater concentration of exposure, existed an increase in the variable inhibition, up to a 30%, indicating that the
bay water samples used in this research contain high concentrations of contaminants in the latter sampled points,
affecting the ecosystem. A similar situation happened with the exposure of Botryococcus sp. to industrial wastewater
solutions of 25, 50 and 100 %, where the 50% concentration treatments caused a remarkable diminution of the
specific growth rate, which according to the composition analysis is related to the remediating capability of the
microalgae which suffered toxicological effects as a result of the bio removal of heavy metals that were in the
wastewater [40].
Concentration
Points

25%
μmax
(div/day)

Table 2. Bioessays Kinetic parameters
50%
td
(days)

μmax
(div/day)

td
(days)

Control

100%
μmax
(div/day)

td
(days)

1.523

0.455

1

1.422

0.488

1.444

0.480

1.345

0.515

2

1.469

0.472

1.426

0.486

1.347

0.515

3

1.426

0.486

1.352

0.513

1.305

0.531

4

1.437

0.482

1.424

0.487

1.278

0.542

5

1.315

0.527

1.170

0.593

1.112

0.623

6

1.177

0.589

1.195

0.580

1.111

0.624

7

1.408

0.492

1.209

0.573

1.122

0.618

8

1.452

0.477

1.228

0.564

1.159

0.598

9

1.306

0.531

1.084

0.640

0.975

0.711

10

1.196

0.580

0.880

0.788

0.879

0.788

According to the cell density and growth rate results, after 72 h, the response of the cell density is more efficient,
being consequent with Araujo & Souza-Santos [20], who used the T. weissflogii to evaluate this water quality of a
bay in Brazil. The growth pattern of the microalgae is extremely important in the evaluation of water quality. The
toxic substances can either inhibit or stimulate the growth, reason why the growth rate in the exponential phase and
the final population density are adequate parameters to detect toxicity. These criteria are important for the detection of
substances that inhibit or stimulate the growth and to characterize eutrophicated water bodies.
3.4. Chlorophyll production
Chlorophyll production analysis allows the quantification of the phototrophic organism development as well as being
a correlated variable with both cell density and water toxicity [41]. Fig 3 abc, represents the cell density taken each 24
h since the inoculation until the 96 h, for 25, 50, and 100 % solutions, respectively. The maximum chlorophyll
concentration in the essays was found at 72 h. All treatments had significant differences with the control. The Dunnet
test indicates the response value of the control (0 % concentration) had statistically significant differences for each
concentration dissolved and in every sample point. Samples 2 and 8 were the ones with the highest chlorophyll
content in the 25 % treatment, however treatments of 100 % concentration evidenced that points 5, 7, 8, 9 and 10
were the most affected ones, consequent with the results obtained in the cell density results. Concentration increments
of the water samples decreased the chlorophyll production in a direct dependence of the pollutant’s concentration.
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Figure 3. Chlorophyll concentration of Thalassiosira weissflogii after exposure to 25 % (a), 50 % (b) and 100 % (c)
solutions of Cartagena’s Bay water
Chlorophyll content has been widely studied as a marker for heavy metals toxicity essays in microalgae due to its
importance in the photosynthetic process of microalgae as well as its affectation as a result to its exposure [42][43]. In
other research it has been found that plants and unicellular organisms are heavily affected by the presence and
formation of reactive oxygen species (ROS), as is the case of the chloroplasts, whose organization and structure is
affected by the presence of heavy metals in the tomato plant [44]. In the case of microalgae, several studies have been
done regarding the effects of contaminants in their photosynthetic system, being the situation of Chlorella
sorokiniana, which after exposure to cadmium and lead presented a considerable diminution on the photosynthetic
rate, mainly due to a diminution in the total content of chlorophyll [37], in the same way a research done in
Chlorococcum showed that an increment in copper and cadmium concentrations led to a diminution of the
chlorophyll content [45]. For marine microalgae, lead and cadmium cause diminution in the chlorophyll content at
concentrations higher than 1 ppm, after 24 hours of exposure and even leading to the decease of the algae after 72
hours of exposure [46], besides other studies in T. weissflogii, shows that cadmium affects chlorophyll fluorescence
through its decay, causing impacts on algal cells [47]. In our results, the lowest values of chlorophyll were found in
the points closer to the industrial zone of Cartagena, which were as well the ones with the highest values of heavy
metal content according to table 1, implying that a correlation between the low values of chlorophyll content and
heavy metal presence is highly possible.
3.5. Multivariable correlation analysis
The values of the correlation coefficient R and their respective P value are shown in table 4 along with the most
relevant physicochemical parameters and toxicological responses. The strongest association was found between lead
concentration and cell density (R = -0.82; P = 0.010), maximum growth rate (R= -0.30; P= 0.030) and the duplication
time at 72 h (R = 0.75; P = 0.010).
R2/(P)

Table 3. Correlations between physicochemical parameters and toxic responses
Hg
As
Cr
Pb

Cell Density at 72 h
Chlorophyll content at 72
h

-0.49

-0.53

-0.07

-0.82

(0.150)

(0.110)

(0.840)

(0.010)

-0.57

0.07

-0.49

-0.30

(0.090)

(0.840)

(0.140)

(0.370)

-0.58

-0.45

-0.35

-0.30

(0.080)

(0.200)

(0.300)

(0.030)

0.59

0.46

0.36

0.75

(0.070)

(0.180)

(0.310)

(0.010)

µmax
td at 72 h
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The correlations found between lead and the studied parameters are a sign of the heavy metal toxicity on the
microalgae, implying that the diminution on growth kinetics as well as cell density were mainly caused by the
presence of Pb on the taken samples. Agreeing with this, table 1 shows high concentrations of Pb in the most affected
points of sampling, being those the closest to the petrochemical industries and the Dique Channel. In concordance
with these findings other studies have been reported that Pb alters chlorophyll-a content while also inhibiting growth
and enzyme activity of algal cells in Nitzschia closterium [42], besides on Euglena gracilis increment in
concentrations of lead showed a progressive diminution of the growth kinetics of the algae [49]. Marine microalgae
Porphyridium purpureum and Heterosigma akashiwo, exhibited signs of oxidative stress which led to cell density
diminution as well as growth inhibitions as a result of its exposure to heavy metal rich particle matter (from vehicular
and industrial sources) present in aquatic mediums [12], similar to reports in Scenedesmus obliquus, which suffered
inhibitions in both growth and lipid production after exposure to mixtures of heavy metals (essential and nonessential) [50], and more specifically, the exposure of the same microalgae directly to Pb produced signs of oxidative
stress [51][52].
IV.CONCLUSION
In this article the microalgae Thalassiosira weissflogii was used in order to assess the toxicity of Cartagena’s bay,
which so far has not been studied from the toxicological point of view. Cartagena Bay was found to be affected by the
proximity of industries. Physiochemical analysis showed imbalance on the ecosystem in those critical zones. Spatial
gradients of cell density, specific growth rate and chlorophyll, showed lower values for points near petrochemical and
cement industries and the Dique Channel, showing that main affectation of the water body comes from the
accumulated sediments circulating through the Magdalena River, and thus implying a detrimental effect on the quality
of water within time. This study helped to update the water state of the estuary, as well as helping the understanding
of the ecosystem under stress conditions. Through the research it was found that the used microalgae showed good
sensibility towards the evaluated contaminants in the water sample from Cartagena Bay, and assure its usage
pertinence and convenience for direct use in estuary waters control essays. Cell density was the most remarkable end
point (over the chlorophyll content and the growth kinetics) due to its higher variations from the control treatment.
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