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Abstract: Multiple anthropogenic agents have turned Lake Maracaibo into a hypereutrophic environment. Heavy 
metals resulting from the steel and oil industry augment pollution in the lake. There is a lack of research on the 
ecotoxicological effect of heavy metals in protozoa. To evaluate the ecotoxicological effect of Cr3+, Cr6+, Cd2+, Pb2+ and 
Ni2+ on free-living ciliated protozoa and to identify suitable ciliated protozoa candidates for bioindicators of water 
quality; we estimated the lethal concentration for 50% of the protozoa population (LC50) in samples from two stations 
(S1: narrow of Maracaibo and S2: South of the lake) using ecotoxicological tests in the Sedgewick–Rafter chamber and 
Probit analysis. The general toxicity patterns obtained for S1 protozoa (Euplotes sp. and Oxytricha sp.) were Cr3+ > Cd2+ 

> Pb2+ > Cr6+ > Ni2+; and those corresponding to S2 (Coleps sp. and Chilodonella sp.) were Cr6+ > Cr3+ > Cd2+ > Pb2+ > 
Ni2+. We found statistically significant difference (p < 0.05) in the LC50 of protozoa exposed to Cr3+, Cr6+, Ni2+ and Pb2+ 

when comparing the two sampling stations. The differences observed in toxicity patterns are probably the result of 
various kinds of protozoa adaptation, possibly induced by various sources, levels and incidents of exposure to heavy 
metals contamination of the protozoa studied and to the physicochemical conditions prevailing in the two selected 
stations. The levels of tolerance observed in the present study, allow us to infer that S2 ciliates are the most susceptible 
to the contaminants studied and can be used as possible microbiological indicators that provide early warning in 
studies of contamination by heavy metals in Lake Maracaibo.  

Keywords: contamination, ecotoxicological tests, lethal concentration LC50, microbiological indicators of early 
warning, toxicity 

INTRODUCTION 

Widespread presence, persistence and toxicity of heavy metals in 
environmental systems is a cause for concern. The accumulation 
of heavy metals in different environmental compartments, such as 
urban soil, sediments, road dust and bodies of water should be 
considered chemical time bombs waiting to be detonated by 
environmental triggers [KUMAR et al. 2017]. The heavy metal 
contamination of water is a threat to living organisms because 
most of these metals are toxic to humans and aquatic life [SALL 

et al. 2020]. 

Free-living ciliated protozoa are biotic components of an 
ecosystem. They are eukaryotic microorganisms distributed in 
diverse habitats around the world. Around 30% of these species 
are endemic in their environments [LYNN 2008]. Endemism is 
influenced by their remarkable tolerance and adaptability to 
different intervals of physicochemical conditions in the environ-
ment [DOPHEIDE et al. 2009]. Free-living ciliated protozoa are 
abundant and widely distributed not only in aquatic environ-
ments but in different geographic and climatic habitats. They 
maintain the balance of the ecosystem and play a crucial role in 
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the regulation of microbial food webs, as predators of bacteria, 
small protists and even microscopic animals [ABRAHAM et al. 
2019]. Ciliates in aquatic ecosystems greatly contribute to organic 
matter decomposition and energy transfer to higher trophic 
levels. Free-living ciliated protozoa are considered good biological 
indicators of chemical pollution as they are relatively sensitive to 
heavy metal contamination [VILLAS-BOAS et al. 2020a; WEISSE 

2017] and environmental changes. They are more sensitive to 
toxicity than bacteria [METCALF, EDDY 2003]; thus, they have been 
identified as effective bioindicators of water quality and environ-
mental contamination [KIM et al. 2012]. 

Ciliates can be used as simple models to study metal toxicity 
in complexes of organisms and biological mechanisms involved in 
detoxification. Eukaryotic microorganisms use two main pro-
cesses to resist heavy metals, i.e. bioabsorption and bioaccumula-
tion [MARTÍN-GONZÁLEZ et al. 2006; MORTUZA et al. 2009]. 
Intracellular detoxification of heavy metals involves the participa-
tion of a group of low molecular weight proteins called 
metallothioneins (MTs). Metallothioneins participate in storage, 
transport and metal binding mechanisms [CHATTERJEE et al. 2020]. 
Metallothioneins are induced by oxidative stress inducers [DÍAZ 

et al. 2006]. Some enzymatically biosynthesized molecules are also 
involved in the detoxification of cellular metals, such as 
glutathione and phytochelatins. All of them contain numerous 
free -SH groups (from cysteine residues) in their molecules 
because they constitute reactive groups for heavy metal chelation 
[GUTIÉRREZ et al. 2008]. Ciliated protozoa also respond to heavy 
metal toxicity through different biochemical mechanisms, such as 
immobilization, exclusion, chelation, and compartmentalization 
of metal ions [CLEMENS 2001]. 

Ciliates have many characteristics that make them suitable 
for the evaluation of environmental toxicity. Therefore, they can 
potentially contribute to the establishing of more accurate 
guidelines and risk management programs. The also represent 
a robust system that can be used to study how environmental 
contaminants impact normal cell biological functions [VILAS-BOAS 

et al. 2020b]. 
This study aims to evaluate the ecotoxicological effect of 

heavy metals (Cr3+, Cr6+, Cd2+, Pb2+ and Ni2+) on free-living 
protozoa from two sampling stations in Lake Maracaibo, to 
estimate the lethal concentration for 50% of the test population 
(LC50), which constitutes the first report for the genera Oxytricha 
sp., Coleps sp. and Chilodonella sp., isolated from this body of 
water. 

MATERIALS AND METHODS 

STUDY AREA AND SAMPLING STATIONS 

The Lake Maracaibo system (Sp. Lago de Maracaibo), the 
Northwest of Venezuela, covers the states of Zulia, Falcón, 
Trujillo, Lara and Mérida, as well as the Republic of Colombia 
(70°30’ and 73°24’ W longitude and 8°22’ and 11°51’ N latitude). 
The hydrographic basin of the system has an extension of 
89,756 km2 [ÁVILA et al. 2010], with 13,820 km2 corresponding to 
Lake Maracaibo itself [GUTIÉRREZ-PEÑA et al. 2018], with 
a maximum depth of 47 m, and 1,090 km2 in the strait and bay 
[ÁVILA et al. 2010]. The Lake’s Maracaibo basin is one of the 
largest petroleum centres in the world [GUTIÉRREZ-PEÑA et al. 

2018]. Various sources of heavy metals, including pesticides, 
domestic and industrial discharge and oil industry, contaminate 
the basin of the lake [RODRÍGUEZ (ed.) 2000]. This environmental 
problem has generated an ecological imbalance of the biotic and 
abiotic components in the largest estuary in America. 

Two sampling stations were chosen based on their 
accessibility and diversity of anthropogenic activities in their 
areas of influence (Fig. 1).  

• Station 1 (S1): Lake sidewalk in the city of Maracaibo, located 
at 10°39’29.69” N latitude and 71°35’22.02” W longitude. Main 
sources of contamination with heavy metal in this station ori-
ginate from indiscriminate discharge of domestic and industrial 
sewage, as well as oil spills from oil exploitation on the western 
shore of the lake. 

• Station 2 (S2): Puerto Concha, located south of the lake at 9° 
5’31.90” N latitude and 71°42’23.81” W longitude, is an agri-
cultural area that constantly receives oil spills derived from oil 
pipeline sabotage in the Catatumbo River, Colombia. 

SAMPLING AND ANALYSIS OF SAMPLES 

Water, sediment, and free-living protozoa were collected in four 
sampling sessions from the two stations, during February 2013, 
2014, and April and June 2015. Sampling frequency depended on 
the growth dynamics of microorganisms in the laboratory and the 
evolution of toxicity bioassays. Water samples were collected near 
the shore using a manual method. Samples were stored in 
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Fig. 1. Location of the sampling stations in the Lake Maracaibo system, 
Zulia state, Venezuela; source: own elaboration 

Fernando Luis Castro Echavez, Julio César Marín Leal 103 



polyethylene containers. Some samples of approximately 600 cm3 

each, were used to test for heavy metals, while others were stored 
in 5 dm3 containers for future use in ciliated protozoa initial 
cultures and maintenance. Ciliated protozoa were obtained from 
surface zooplankton using a 55 µm conical mesh and stored in 
sterile glass containers. The samples were transferred to the 
laboratory in a styrofoam cellar with ice. Superficial sediment 
samples (0–0.6 m) were collected in triplicate using an Ekman 
dredger (approximately 250 g per sample), placed in black plastic 
bags with hermetic closure. Water samples used for the 
determination of metals, were acidified to pH < 2 with 
concentrated nitric acid (69%) (Merck). In general, 1.5 cm3 

HNO3·dm–3 was sufficient to reach the desired acidity.  
All samples were transported to the Department of Sanitary 

and Environmental Engineering (Sp. Departamento de Ingeniería 
Sanitaria y Ambiental – DISA) of the University of Zulia, in 
plastic coolers with ice. There, samples were tested for 
physicochemical parameters ex situ and protozoan culture 
assembly, as well as storage of samples at 4°C to undergo the 
heavy metals analysis. Water samples were used to measure 
physicochemical parameters in situ: pH, redox potential (ORP), 
dissolved oxygen (DO), percentage of oxygen saturation (% sat. 
O2), temperature, salinity (PSU) and electrical conductivity (EC), 
while other parameters were measured ex situ, including total 
alkalinity, total hardness and heavy metals. Testing was done in 
triplicate using standardized methods [APHA et al. 2012]. We 
analysed total Cr, Cd, Ni and Pb contents in water and sediments 
using atomic absorption spectrometry (Perkin–Elmer model 3100 
equipment) with graphite furnace (Perkin–Elmer model AS60 
equipment) after acid digestion in a Milestone microwave oven 
Ethos model 1. For water sample digestion, we used 50 cm3 of 
water and 5 cm3 of concentrated HNO3 (Riedel-de Haёn, 
Germany). We used 5 g of lyophilized sample (Labconco 
Freezone 6 freeze dryer) and 5 cm3 of HCl-HNO3 mixture (4:1) 
for the digestion of a sediment sample. We validated our method 
for heavy metals analysis using a recovery study on the following 
certified reference standard materials: NIST (National Institute of 
Standards and Technology, Gaithersburg, MD, USA) 1646a 
sediment and trace elements in natural water 1640a from the 
NIST. The recovery percentages were within the accepted range 
(100 ±5%) which indicated accuracy of the method. Precision was 
expressed as a relative standard deviation below 5%, which 
showed an acceptable degree of variability in the replicas 
[RUBINSON, RUBINSON 2000]. 

CULTURE, ISOLATION AND IDENTIFICATION  
OF FREE-LIVING CILIATED PROTOZOA 

Protozoa were isolated from zooplankton present in fresh water 
samples from Lake Maracaibo. Samples of 230 cm3 were placed in 
250-cm3 glass bottles. Air pumps were used (Power Life brand – 
P-500) to aerate bottles and bacterial growth was enhanced by 
adding crushed oatmeal flakes as mentioned in FRIED et al. [2002] 
protocol. Weekly renewal of 50% of the media culture was 
provided using filtered and autoclaved lake water (0.2 µm pore 
size Whatman membrane filters) with subsequent additions of oat 
flakes to maintain the “stock” media standard recipe. 

Serial dilutions with Pasteur pipettes and standard culture 
recipe (“stock”) were used to isolate protozoa, which grew and 
better adapted to lab conditions [RAVVA et al. 2010]. Each 

protozoa specie was massified by culturing in filtered water from 
Lake Maracaibo using the same standard recipe and conditions 
indicated for the initial cultures. Species were identified by 
comparing microscope observations with illustrated taxonomic 
verification keys [JAHN et al. 1980; LYNN 2008; PATTERSON 1996]. 
Motion was controlled with 0.5 mM ethylenediaminetetracetic 
acid (EDTA) [LINDHOLM 1982] and silver staining with protargol 
(0.3% w/v) [SKIBBE 1994] revealed cytological details necessary for 
the final genus level identification [APHA et al. 2012]. 

ECOTOXICOLOGICAL TESTS WITH PROTOZOA 

Acute toxicity studies were performed with heavy metal solutions 
(Cr3+, Cr6+, Pb2+, Ni2+ and Cd2+) prepared from salts for the 
analysis, such as CrCl3·6H2O (Riedel-de Haёn, Germany), 
K2Cr2O7 (Merck, Germany), Pb(NO3)2 (Merck, Germany), 
Ni2SO4 (Merck, Germany) and CdCl2 (Merck, Germany). Two 
pure genera of protozoa per station were exposed to heavy metal 
solutions to determine LC50. Aliquots of 100 µdm3 of culture 
containing an average population of 46 ±12 protozoa using 
900 µdm3 of water from Lake Maracaibo were previously filtered 
and sterilized. 

For the ecotoxicological bioassays, two series were estab-
lished: a control group without the addition of metals, but 
containing water from Lake Maracaibo; and a test group to study 
the effect of metals on the protozoa. Absence of ciliary movement 
was considered a positive test as defined by [MEINELT et al. 2009]. 
Each ion was tested using triplicates of five concentrations 
dissolved in Lake Maracaibo water and subjected to experimental 
conditions described in Table 1. Concentrations of heavy metals 
were adjusted according to the tolerance level displayed by each 
genus studied. Differences in tolerance levels were possibly due to 
the diverse nature of activities carried out on the stations. Control 
and test bioassays were performed in separate Sedgewick–Rafter 
chambers.  

The effect of metals on protozoa was monitored with 
a binocular light microscope (Óptima brand, model XSZ-207) at 

Table 1. Conditions used for acute toxicity tests with ciliated 
protozoa isolated from surface waters of Lake Maracaibo 

Type of test Static, without renewal  
of the test solution 

Duration 1 h (definitive test) 

Test containers Sedgewick–Rafter chamber 

Test volume 1 cm3 

Culture age at inoculum 3–5 days 

Inocula cell density cell·cm–3, variable 

Tested concentrations 5 plus negative control (definitive test) 

Replications by concentration 3 

Measured effect absence of motility 

Periodicity of observations every 10 min 

Test acceptance criterion cell density in the control, at the end 
of the test, must be the same as at the 
beginning  

Source: own elaboration. 
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100 � magnification, every 10 min for 1 h for each of the metal 
concentrations [ESTEBAN, TÉLLEZ 1990]. Protozoa showed higher 
mortality rates at longer exposure times. 

STATISTICAL DATA ANALYSIS 

Descriptive statistics with 95% confidence interval, as well as analysis 
of variance (ANOVA) were calculated with the statistical package of 
IBM SPSS Statistics ver. 22 for Windows. Ecotoxicological indices 
were determined through the PriProbit 1.63 program (Masayuki 
Sakuma 1996–2000). We performed one-way ANOVA to determine 
statistically significant differences in the mean concentrations of 
physicochemical parameters, metals in water and sediments between 
the stations, as well as between the ecotoxicological indices (LC50) 
corresponding to the protozoa of the stations under study; the 
significance level p < 0.05. One-way ANOVA with Dunnett’s T3 
test was used to compare the number of microorganisms from each 
station based on metals tested and to establish differences in the 
level of adaptation to each of the metal ions used in the 
ecotoxicological tests. Prior to ANOVA, we checked the homo-
geneity of variances and the distribution of residuals. 

RESULTS 

PHYSICOCHEMICAL CHARACTERIZATION AND CONTENT  
OF HEAVY METALS IN LAKE MARACAIBO 

Table 2 shows arithmetic means for the concentrations of 
physicochemical parameters. 

Figure 2a shows the average concentrations, with confidence 
levels of 95%, of the metallic content in waters of S1 and S2, 
respectively, while those corresponding to the sediments of the 
said stations are illustrated in Figure 2b. 

ISOLATED FREE-LIVING CILIATED PROTOZOA 

Four representatives of four genera were isolated and identified 
from the group of free-living ciliated protozoa that grew in the 
Lake’s Maracaibo water samples. Euplotes sp. and Oxytricha sp. 
were selected as test species for S1, while Coleps sp. and 
Chilodonella sp. for S2 (Fig. 3). 

ECOTOXICOLOGICAL EFFECT OF HEAVY METALS  
ON FREE-LIVING CILIATED PROTOZOA 

Below are detailed mortality percentages (%) and the LC50 

identified per concentrations of each metal ion used in the 
ecotoxicological tests at different exposure times. 

Chromium (VI). Results of the ecotoxicological tests 
carried out with the ciliated protozoa exposed to Cr6+, expressed 
as percentage of mortality, are illustrated in Figure 4, while the 
LC50 are presented in Table 3. 

Chromium (III). Mortality presented by the ciliated 
protozoa during different times of exposure to Cr3+ are shown 
in Figure 5 and the LC50 in Table 4. 

Cadmium (II). Exposure of the protozoa to different 
concentrations of the Cd2+ ion generated the % mortality shown 
in Figure 6 and the different LC50 (Tab. 5). 

Table 2. Descriptive statistics for the physicochemical parameters measured in situ in surface waters of Lake Maracaibo 

Parameter Station Number  
of samplings 

Arithmetical 
mean 

Standard 
deviation 

Confidence interval  
for the average at 95% 

lower higher 

Temperature (°C) 
S1 4 29.68 1.17 28.93 30.42 

S2 4 30.77 0.75 30.29 31.24 

pH 
S1 4 8.08 0.33 7.87 8.28 

S2 4 8.38 0.17 8.28 8.49 

Oxidation-reduction potential (mV) 
S1 4 –61.74 14.01 –70.64 –52.84 

S2 4 –80.22 3.49 –82.43 –78.00 

Dissolved oxygen (mg·dm–3) 
S1 4 3.82 0.48 3.52 4.12 

S2 4 4.01 0.49 3.70 4.32 

Oxygen saturation (%) 
S1 4 50.29 6.31 46.28 54.30 

S2 4 54.15 7.90 49.13 59.17 

Electrical conductivity (mS·cm–1) 
S1 4 7.64 0.07 7.60 7.69 

S2 4 6.03 0.19 5.91 6.16 

Salinity (PSU) 
S1 4 4.23 0.42 3.96 4.50 

S2 4 3.31 0.14 3.22 3.40 

Total dissolved solids (mg·dm–3) 
S1 4 3 745 35 3 723 3 767 

S2 4 2 901 50 2 869 2 933 

Total alkalinity (mg CaCO3·dm–3) 
S1 4 48 13 39 56 

S2 4 42 6 38 45 

Total hardness (mg CaCO3·dm–3) 
S1 4 786 105 720 853 

S2 4 546 41 520 573  

Source: own study. 
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Nickel(II). The percentage of mortality presented by the 
ciliated protozoa during different times of exposure to Ni2+ and 
those of the control, are shown in Figure 7 and the LC50 in 
Table 6. 

Lead(II). The arithmetic means of the mortality recorded 
for the four ciliated protozoa of Lake Maracaibo, which were 
exposed to different concentrations of Pb2+, are illustrated in 
Figure 8, while the LC50 are presented in Table 7. 

Fig. 2. Average concentration of heavy metals and standard deviation in the two stations on Lake Maracaibo during sampling periods:  
a) in water,  
b) in superficial sediments; vertical bars indicate the arithmetic mean ±standard deviation for n = 12; source: own study 

Fig. 3. Free-living ciliated protozoa used for ecotoxicological tests; source: own study 

Fig. 4. Percentages of mortality observed for ciliated protozoa from Lake Maracaibo affected by different concentrations of Cr6+; a) Euplotes 
sp., b) Oxytricha sp., c) Chilodonella sp., d) Coleps sp.; source: own study 
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Table 3. Lethal concentrations for 50% of the ciliated protozoan population from Lake Maracaibo that are affected by Cr6+ 

Station Ciliated 
protozoa 

Concentration 
range  

(mg·dm–3) 

Exposure time  
(min) 

LC50 
(mg·dm–3) 

Limits 
(mg·dm–3) NOLC 

(mg·dm–3) 
LL HL 

S1 

Euplotes sp. 200–1000 

10 1 164.2 1 058.9 1 408.3 800 
20 805.6 748.4 884.5 – 
30 712.2 603.0 916.7 – 
40 571.5 497.7 659.6 – 
50 482.7 420.9 546.3 – 
60 417.1 360.9 470.9 – 

Oxytricha sp. 200–1000 

10 915.6 881.5 957.6 600 
20 738.2 706.9 773.0 – 
30 411.4 372.4 446.7 – 
40 310.5 281.2 338.8 – 
50 259.7 247.8 271.8 – 
60 236.0 225.3 247.1 – 

S2 

Chilodonella sp. 5–40 

10 19.3 10.3 13.2 5 
20 13.9 12.8 15.2 – 
30 11.1 10.3 12.1 – 
40 9.9 9.1 10.7 – 
50 8.1 7.5 8.7 – 
60 7.0 6.5 7.5 – 

Coleps sp. 10–50 

10 21.4 17.9 24.8 <10 
20 13.3 10.9 15.4 – 
30 11.2 9.3 12.8 – 
40 8.4 6.6 10.0 – 
50 6.5 4.6 8.1 – 
60 4.5 1.9 6.5 –  

Explanations: LC50 = lethal concentration for 50%, LL = lower limit, HL = higher limit, NOLC = no observed lethal concentration. 
Source: own study. 

Fig. 5. Observed mortality percentages for ciliated protozoans from Lake Maracaibo affected by different concentrations of Cr3+: 
a) Euplotes sp., b) Oxytricha sp., c) Chilodonella sp., d) Coleps sp.; source: own study 
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Table 4. Lethal concentrations for 50% of the ciliated protozoan population of Lake Maracaibo that are affected by Cr3+ 

Station Ciliated protozoa 
Concentration 

range 
(mg·dm–3) 

Exposure time  
(min) 

LC50 
(mg·dm–3) 

Limits 
(mg·dm–3) NOLC 

(mg·dm–3) 
LL HL 

S1 

Euplotes sp. 20–100 

10 61.4 58.3 64.7 20 
20 48.1 45.5 50.8 – 
30 42.6 38.8 46.3 – 
40 40.8 37.3 44.3 – 
50 39.4 36.1 42.7 – 
60 32.7 30.7 34.8 – 

Oxytricha sp. 40–80 

10 73.5 70.2 78.0 40 
20 63.2 59.5 67.5 – 
30 54.6 53.0 56.2 – 
40 49.1 47.6 50.6 – 
50 45.9 44.4 47.2 – 
60 9.2 0.2 20.4 – 

S2 

Chilodonella sp. 5–40 

10 22.9 19.9 26.9 <5 
20 12.7 11.3 14.2 – 
30 9.9 2.6 3.9 – 
40 8.7 7.5 9.9 – 
50 7.9 6.9 8.9 – 
60 7.5 6.8 8.1 – 

Coleps sp. 10–50 

10 31.5 27.3 37.3 <10 
20 19.3 16.6 22.0 – 
30 14.9 12.6 17.1 – 
40 13.3 12.0 14.6 – 
50 11.8 10.7 12.8 – 
60 10.9 10.1 11.7 –  

Explanations: as in Tab. 3. 
Source: own study. 

Fig. 6. Percentages of mortality observed for ciliated protozoans from Lake Maracaibo affected by different concentrations of Cd2+: 
a) Euplotes sp., b) Oxytricha sp., c) Chilodonella sp., d) Coleps sp.; source: own study 
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Table 5. Lethal concentrations for 50% of the ciliated protozoan population of Lake Maracaibo that are affected by Cd2+ 

Station Ciliated protozoa 
Concentration 

range  
(mg·dm–3) 

Exposure time 
(min) 

LC50 
(mg·dm–3) 

Limits (mg·dm–3) NOLC 
(mg·dm–3) LL HL 

S1 

Euplotes sp. 20–60 

10 47.8 45.2 51.1 20 
20 38.3 35.8 40.9 – 
30 33.3 31.2 35.3 – 
40 26.3 23.5 28.8 – 
50 22.7 20.2 24.7 – 
60 18.5 16.2 20.1 – 

Oxytricha sp. 50–250 

10 160.4 150.8 171.4 50 
20 107.6 95.8 120.7 – 
30 70.8 66.0 75.6 – 
40 44.6 39.7 48.6 – 
50 27.6 18.0 34.3 – 
60 9.2 15.8 20.4 – 

S2 

Chilodonella sp. 25–125 

10 64.9 57.7 71.8 <25 
20 39.1 33.0 44.4 – 
30 29.7 24.4 34.3 – 
40 26.0 21.4 30.0 – 
50 23.4 18.9 27.1 – 
60 19.2 14.0 23.2 – 

Coleps sp. 60–100 

10 74.2 71.1 77.0 <60 
20 64.9 61.4 67.7 – 
30 59.7 55.8 62.5 – 
40 57.7 54.0 60.3 – 
50 54.9 49.9 57.9 – 
60 53.3 46.3 56.6 –  

Explanations: as in Tab. 3. 
Source: own study. 

Fig. 7. Percentage of mortality observed for ciliated protozoa from Lake Maracaibo affected by different concentrations of Ni2+: 
a) Euplotes sp., b) Oxytricha sp., c) Chilodonella sp., d) Coleps sp.; source: own study 
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Table 6. Lethal concentrations for 50% of the ciliated protozoan population from Lake Maracaibo that are affected by Ni2+ 

Station Ciliated 
protozoa 

Concentration 
range 

(mg·dm–3) 

Exposure time  
(min) 

LC50 
(mg·dm–3) 

Limits (mg·dm–3) NOLC 
(mg·dm–3) LL HL 

S1 

Euplotes sp. 800–1200 

10 1 116.9 1 073.8 1 180.1 <800 
20 1 008.0 972.8 1 044.7 – 
30 905.2 870.8 933.6 – 
40 849.7 810.0 880.1 – 
50 779.1 729.1 814.2 – 
60 689.2 592.5 742.3 – 

Oxytricha sp. 1000–1800 

10 1 825.0 1 759.5 1 915.4 1000 
20 1 543.5 1 511.4 1 580.1 – 
30 1 320.5 1 296.3 1 345.0 – 
40 1 156.9 1 134.4 1 178.4 – 
50 1 094.1 1 076.1 1 111.5 – 
60 1 059.7 1 047.1 1 072.6 – 

S2 

Chilodonella sp. 125–1000 

10 702.3 612.0 829.7 <125 
20 453.7 392.5 522.5 – 
30 309.2 265.9 352.4 – 
40 250.5 212.7 287.3 – 
50 199.4 177.3 221.7 – 
60 187.1 167.4 207.2 – 

Coleps sp. 200–1000 

10 571.9 513.7 641.2 <200 
20 398.4 253.6 442.2 – 
30 306.2 265.9 342.9 – 
40 248.6 213.5 279.9 – 
50 189.2 154.2 218.9 – 
60 153.1 116.5 182.4 –  

Explanations: as in Tab. 3. 
Source: own study. 

Fig. 8. Percentage of mortality observed for ciliated protozoa from Lake Maracaibo affected by different concentrations of Pb2+: 
a) Euplotes sp.; b) Oxytricha sp., c) Chilodonella sp., d) Coleps sp.; source: own study 
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MULTIPLE COMPARISONS OF MEAN LC50 VALUES 
AND ESTABLISHMENT OF GENERAL TOXICITY PATTERNS 

Multiple comparisons of mean LC50 values were made using 
Dunnett’s T3 test. Their results are shown in Table 8, while 
overall LC50–1h values are illustrated in Figure 9. 

Table 7. Lethal concentrations for 50% of the ciliated protozoan population from Lake Maracaibo exposed to Pb2+ 

Station Ciliated 
protozoa 

Concentration 
range (mg·dm–3) 

Exposure time 
(min) 

LC50 
(mg·dm–3) 

Limits 
(mg·dm–3) NOLC 

(mg·dm–3) 
LL HL 

S1 

Euplotes sp. 400–1200 

10 887.0 828.4 958.3 <400 

20 663.4 611.7 714.3 – 

30 534.1 475.7 584.8 – 

40 446.4 381.8 498.8 – 

50 378.5 316.8 427.5 – 

60 349.1 294.8 391.4 – 

Oxytricha sp. 600–1000 

10 745.9 706.6 778.4 <600 

20 612.6 558.4 649.0 – 

30 593.2 546.2 625.6 – 

40 543.5 480.7 583.7 – 

50 516.1 436.2 562.7 – 

60 511.3 424.3 558.8 – 

S2 

Chilodonella sp. 50–150 

10 124.3 114.9 137.4 50 

20 97.7 91.8 104.7 – 

30 80.3 75.9 84.9 – 

40 72.6 68.5 76.7 – 

50 63.2 59.5 66.9 – 

60 58.3 54.8 61.6 – 

Coleps sp. 100–500 

10 328.3 299.1 364.1 <100 

20 239.1 213.9 265.1 – 

30 186.0 165.8 205.1 – 

40 156.2 138.6 172.4 – 

50 136.7 121.3 150.7 – 

60 122.6 108.8 135.0 –  

Explanations as in Tab. 3. 
Source: own study. 

Table 8. Multiple comparisons of mean LC50 values for all 
exposure times with heavy metals by Dunnett’s T3 test in ciliated 
protozoa from Lake Maracaibo 

Metal Station Protozoa Significance 
level 

Cd2+ 
S1 Euplotes sp. Oxytricha sp. 0.6119 

S2 Chilodonella sp. Coleps sp. 0.0468* 

Cr3+ 
S1 Euplotes sp. Oxytricha sp. 1.0000 

S2 Chilodonella sp. Coleps sp. 0.5950 

Cr6+ 
S1 Euplotes sp. Oxytricha sp. 0.7035 

S2 Chilodonella sp. Coleps sp. 1.0000 

Ni2+ 
S1 Euplotes sp. Oxytricha sp. 0.0671 

S2 Chilodonella sp. Coleps sp. 0.9989 

Pb2+ 
S1 Euplotes sp. Oxytricha sp. 0.9954 

S2 Chilodonella sp. Coleps sp. 0.0694  

Explanations: * = significant difference at the 0.05 level. 
Source: own study. 

Fig. 9. General values of lethal concentration 50% (LC50–1h) of heavy 
metals on protozoa from Lake Maracaibo; vertical bars indicate the 
arithmetic mean ±standard deviation for n = 12; equal letters with an 
asterisk for the same metal indicate that there are no significant 
differences between the values (p > 0.05): source: own study 
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DISCUSSION 

PHYSICOCHEMICAL CHARACTERISTICS OF SURFACE WATER 

Significant differences (p > 0.05) in the DO, % sat. O2 and total 
alkalinity obtained in the sampling stations are not observed 
using one-way ANOVA. Significant differences (p < 0.05) were 
obtained for temperature, pH, redox potential (ORP), electrical 
conductivity (EC), salinity, total dissolved solids and total hard-
ness. Results in Table 3 shows these values were comparable to 
previously reported data from Lake Maracaibo [BRACHO et al. 
2016; MARÍN et al. 2017; MARÍN-LEAL et al. 2014; POLO 2012; ROJAS 

2012]. We also found average temperatures oscillating from 31.40 
and 31.55°C, pH close to 8.0, ORP close to 80.0 mV and dissolved 
oxygen concentrations close to 4.0 mg·dm–3, among other 
determined parameters. 

METAL CONTENT IN WATER AND SEDIMENTS 

ANOVA results showed no significate differences (p > 0.05) in the 
concentration for each of heavy metal (Cr, Ni, Pb and Cd) in 
water and sediments per sampling station. Heavy metal presence 
is potentially associated with industrial discharges, accidental oil 
spills and agricultural activities, domestic waste and the burning 
of fossil fuels [OGOYI et al. 2011; RODRÍGUEZ (ed.) 2000], as well as 
the uncontrolled use of agrochemicals and the discharge of 
wastewater sludge [KAPAHI, SACHDEVA 2019], which contributes to 
aquatic ecosystems contamination. In water, the order of 
magnitude was Pb > Ni > Cd > Cr for the average metal content 
in S1, while for S2 this order was Pb > Ni > Cr > Cd (Fig. 2a). 
Meanwhile, the sediments corresponding to the stations under 
study showed little variability for the average metal content; with 
order of magnitude Pb > Ni > Cr > Cd in both stations (Fig. 2b). 

Heavy metal concentrations detected in water from S1 were 
as follows Pb: 27.93 ±11.81; Ni: 21.24 ±5.80; Cd: 97 ±0.03 and Cr: 
9.75 ±2.65 µg·dm–3, while for S2 were: Pb: 22.29 ±7.24; Ni: 19.28 
±7.25; Cr: 11.61 ±8.92 and Cd: 9.97 ±0.03 µg·dm–3. Cr, Pb and Cd 
levels were higher than those reported for lake Maracaibo by 
other researchers. ROJAS [2012] and BRACHO et al. [2016] found 
concentrations lower than 10 µg Cr·dm–3 [BRACHO et al. 2016; 
ROJAS 2012], 7.0 µg Pb·dm–3 [BRACHO et al. 2016] and 0.054 ±0.109 
µg Cd·dm–3. The Ministry of Environment and Natural Resources 
(Decree N° 883) established levels of metals and other toxic 
substances should not be detectable in marine waters or coastal 
environments intended for the breeding and exploitation of 
molluscs consumed raw (type 3) and for waters destined for spas, 
aquatic sports, sport, commercial and subsistence fishing (type 4) 
[Ministerio … 1995]. Our results showed evidence of non- 
compliance with Venezuelan standards. However, both stations 
met water quality criteria established by USEPA [2016] for the 
content of metals in water that allows to protect aquatic life in 
terms of the maximum concentration criterion, except for Cd, as 
well as for the continuous concentration criterion for Cr and Ni. 

The heavy metal content in S1 sediments included: Pb: 35.65 
±11.14; Ni: 23.40 ±6.43; Cr: 18.56 ±4.92 and Cd: 18.03 ±0.29 
mg·kg–1 for dry. S2 levels were as follows: Pb: 43.33 ±10.18; Ni: 
23.79 ±4.54; Cr: 19.34 ±6.30; Cd: 18.02 ±0.53 mg·kg–1 for dry 
weight. Cr and Pb concentrations determined by our study in 
sediments from Lake Maracaibo were comparable with those 
obtained by ÁVILA et al. [2014]. They reported 14.53 mg Cr·kg–1 

and 34.57 mg Pb·kg–1. However, Ni concentrations were lower 
than those reported by ÁVILA et al. [2014], which were 53.06 mg 
Ni·kg–1. BRACHO et al. [2016] reported higher levels of Cd (10.57 
±6,548 mg Cd·kg–1) compared to our data. Both Cr and Ni levels 
in sediments complied with current regulations established by the 
Canadian Council of Ministers of the Environment [CCME 2001] 
for the protection of aquatic life as for level of a probable effect. 
Lead and cadmium results did not comply with the regulations. 

RESISTANCE OF CILIATED PROTOZOA TO HEAVY METALS 

Our data demonstrated that at longer exposure to Cr3+, Cr6+, 
Cd2+, Ni2+ and Pb2+ ions, lower concentrations were required to 
reach LC50 compared to shorter exposure times. These results 
showed that S1 protozoa were more tolerant to Cr6+ than those 
corresponding to S2, which can be attributed to biological 
differences between species, as they are ciliates with contrasting 
morphologies, motility and feeding strategies. MADONI [2000] 
indicated that this behaviour has been also observed for other 
ciliate species. When comparing the LC50 obtained for the 
protozoa exposed to Cr6+ (Fig. 4, Tab. 3) with those obtained by 
the exposure to Cr3+ (Fig. 5 and Tab. 4), it was shown that 
Euplotes sp. and Oxytricha sp. from S1 were more tolerant to Cr6+ 

and more susceptible to Cr3+, whereas for S2, the organisms of 
Chilodonella sp. presented practically the same tolerance to both 
chromium ions, with Coleps sp. the most tolerant to Cr3+ and the 
most susceptible to Cr6+. 

Findings of Cr3+ being more toxic than Cr6+ were not well 
documented in the scientific literature. However, in studies 
involving microalgae in modified ISO medium,VIGNATI et al. 
[2010] also observed Cr3+ being more toxic than Cr6+. 

Susceptibility to Cr3+ and tolerance to Cr6+ displayed by 
ciliates of S1 (Euplotes sp. and Oxytricha sp.) compared with 
susceptibility to Cr3+ and tolerance to Cr6+ of S2 Coleps sp. could 
be explained by these protozoa being crawler ciliates. Crawler 
ciliated feed on particles or bacteria found in substrates, while 
Coleps sp. is a free swimmer that feeds on bacteria present in the 
water column. 

Recent studies regarding the effects of Cd2+ on ciliated 
protozoa [MERA et al. 2016] describe it as the culprit for 
disturbances that cause cell death when protozoa reach their 
threshold of tolerance. Cell death could be the result of 
respiratory inhibition after decoupling of oxidative phosphoryla-
tion in the mitochondrial respiratory chain [BENLAIFA et al. 2016]. 
Mitochondrial degeneration and/or disintegration of cristae are 
the most important modifications in ciliates, especially those 
treated with higher concentration of non-essential heavy metals, 
such as cadmium [IFTODE et al. 1985]. Protozoa are competent 
producers of reactive oxygen species (ROS) [PINOT et al. 2000], 
such as superoxide radicals, hydrogen peroxides, and hydroxyl 
ions, which are involved in several abnormal processes, including 
lipid peroxidation, protein oxidation, and nucleic acid damage 
and finally inducing cell death by apoptosis [PULIDO, PARRISH 

2003]. Mortality rates from the exposure of protozoa to Cd2+ 

obtained in the present study can be explained based on these 
arguments. They showed a certain degree of tolerance, which 
according to BENLAIFA et al. [2016] was due to their high metabolic 
rate, small cell volume, and a relatively high surface contact with 
their environment. Ciliates can respond very quickly to chemical 
stress. Furthermore, LIAO et al. [2002] indicated that, Cd is 
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normally chelated by cytoplasmic proteins and transported to 
lysosomes at the cellular level where it is stored and finally 
expelled from the cell. 

The LC50–1h results obtained for protozoa exposed to Cd2+ 

in this study (Fig. 6, Tab. 5), were higher than those reported by 
AL-RASHEID and SLEIGH [1994] for Euplotes mutabilis in Lepe 
(Spain), where it was 0.48 mg·dm–3. The differences are possibly 
due to the fact that the protozoan were collected from a beach 
area where sediments contained lower amounts of heavy metals, 
including Cd, compared to our results in Lake Maracaibo. Thus, 
Lepe´s study protozoa were found less resistant to Cd2+ compared 
to the protozoa in our research, which lived in Cd2+ levels that for 
some of them were more decisive in generating tolerance 
mechanisms against the metal. 

Different LC50–1h obtained show that ciliated protozoa from 
S1 were more tolerant to Ni2+ than those of S2 (Fig. 7, Tab. 6). The 
cytotoxicity observed is related to the gradual inhibition of ciliary 
movement in protozoa exposed to Ni2+, which prevents it from 
developing its vital functions [BENEDETTI et al. 2011]. In this 
regard, LARSEN and NILSSON [1983] demonstrated that after one 
hour exposure of the genus Tetrahymena to various concentra-
tions of Ni2+ in protease peptone medium, the endocytosis rate is 
completely suppressed, and no food vacuoles are formed. 
Furthermore, the impact of Ni2+ on general metabolism, reflected 
in ATP production, has been demonstrated [LIBRI 2010]. 

The results of LC50–1h derived from Ni2+ bioassays for the 
protozoa in the present study were superior to the LC50–1h 

obtained for E. mutabilis by Al-RASHEID and SLEIGH [1994] in Lepe 
(Spain), where they were reported to be 3.90 mg·dm–3. 

Some factors that can explain the intrinsic variability of their 
chemical susceptibility among the species include ecological 
origin, morphology, behaviour, and ecological niche of the 
diverse ciliates [VILAS-BOAS et al. 2020a]. Heavy metal resistance 
mechanisms include detoxification, i.e. active export, which is 
based on the existence of ATP-dependent membrane efflux 
pumps that export the metal from the inside to the outside of the 
cell [GUTIÉRREZ et al. 2008]. Numerous membrane transporters of 
inorganic cations have been detected in the genomes of two 
model ciliates, Tetrahymena thermophila and Paramecium 
tetraurelia [EISEN et al. 2006]. 

In the case of Pb2+, the LC50–1h results obtained for the 
protozoa of the present investigation (Fig. 8, Tab. 7) were 
superior to the LC50–1h obtained by AL-RASHEID and SLEIGH [1994] 
for E. mutabilis in another study, where 0.37 mg·dm–3 was 
reported. Tolerance levels to Pb2+ may be related to epigenetic 
mechanisms that ciliated protozoa have developed due to the 
contamination of Lake Maracaibo, as SOMASUNDARAM et al. [2019] 
indicated the mechanisms were to combat heavy metal toxicity. 
Ciliates have developed many defence mechanisms, e.g. increased 
production of several antioxidant enzymes and stress-induced 
genes, namely metallothionein (MT) and heat shock proteins 
(HSPs) for their survival. 

No reports were found in the literature of LC50–1h being 
determined for ciliated protozoa exposed to Cr6+ and Cr3+, which 
allowed for the comparison with the present study. However, 
short test duration periods, such as the one used (1 h), are 
appropriate for microorganisms that have difficulty adapting to 
laboratory conditions. Furthermore, they allow us to infer that 
our values of LC50 are due to the action of the metal on the 

protozoa and not the changes in physicochemical conditions of 
the culture medium. 

Both abiotic and biotic environmental stressors can modify 
gene activities via epigenetic mechanisms, representing a connec-
tion between environmental change and genome response. 
Several epigenetic control events (opening or closing gene 
expression) have been reported in organisms undergoing 
environmental stress [MEYER 2015]. The continuous or regular 
exposure to a specific stressor involves a cell acclimatization to an 
environmental stressor. This adaptive change can reverse to the 
non-acclimatized cellular stage after the stressor is removed or 
disappears from the environment. When the stressor agent 
appears in the environment, a cell recognition mechanism carries 
out a chemical transduction by specific or unspecific receptors, 
indicating presence of that stressor in the cell. From this point, 
a complex signalling network connects the initial receptor with 
the molecular mechanism involved in the cell response against 
that specific stressor [SLAVEYKOVA et al. 2016]. 

COMPARISON OF GENERAL ECOTOXICOLOGICAL INDICES 

Dunnett’s T3 test results indicated there were only statistically 
significant differences (p < 0.05) between Chilodonella sp. and 
Coleps sp. of S2 in their level of response to Cd2+ ion. This shows 
that one of the two genera managed to adapt and respond better 
to the different concentrations of Cd2+ used in ecotoxicological 
tests (Tab. 8), being Coleps sp. the best adapted because it showed 
the highest LC50 for the different exposure times. According to 
MARTINS et al. [2008], in contaminated environments, the 
response of microbial communities to heavy metals depends on 
the concentration, availability, and actions of complex processes 
controlled by factors such as: type of metal, nature of the medium, 
and microbial species. 

Table 8 shows that S1 protozoa display no statistically 
significant differences in their response to the corresponding 
metal exposure (p > 0.05) Cd2+, Cr3+, Cr6+, Ni2+ and Pb2+, while 
S2 shows only differences (p < 0.05) between the LC50 derived 
from exposure to Cd2+, which indicates possibly the same levels 
of adaptation and response to each metal ion for which they do 
not experience significant differences. General toxicity patterns 
obtained were: Cr3+ > Cd2+ >Pb2+ > Cr6+ > Ni2+ and Cr6+ >Cr3+ > 
Cd2+ > Pb2+ > Ni2+, for S1 and S2 protozoa, respectively; However, 
significant differences (p < 0.05) between the sites for LC50 

derived from exposure to Cr3+, Cr6+, Ni2+ and Pb2+ (Fig. 9) are 
due to the dissimilarity in the adaptations experienced by the 
microorganisms as a result of the exposure to various sources of 
heavy metals and prevailing physicochemical conditions at each 
site, as well as complex reactions. These reactions included 
absorption and flocculation that take place in the sediments and 
that could be impacting the water column [DE BAUTISTA et al. 
1999]. 

The protozoa with the best adaptation to contamination 
show the best response levels, and achieve greater tolerance to 
metal ions in ecotoxicological tests [MADONI, ROMEO 2006]. 
Untreated domestic and industrial wastewater discharges that 
impact on S1, and the navigation channel maintenance dredging 
in the lake strait produce dispersion of pollutants from the 
sediment [DE BAUTISTA et al. 1999]. They could explain the greater 
tolerance shown by S1 protozoa compared to S2 (Fig. 9). However, 
under certain concentrations and/or exposure times, heavy metals 
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can affect their survival in diverse ways, because they can 
concentrate on cell membranes and destroy their integrity, 
causing lysis. It is because most metals rapidly affect enzymes 
and inactivate them by binding to sulfhydryl, amino and imino 
groups of the enzyme [ALBERGONI, PICCINNI 1983]. Some 
physiological and ecological processes affected by metals are the 
reduction of food absorption, growth inhibition, and the 
reduction of endocytosis, which influence survival [BENEDETTI 

et al. 2011]. 
Metal tolerant protozoa have been reported in wastewater 

and contaminated environments. Survival in media containing 
relatively high concentrations of metal ions shows that the 
organisms studies have developed strategies to tolerate or detoxify 
organic substances and heavy metals [MADONI, ROMEO 2006]. 
Furthermore, the eukaryotic genome of protozoa is similar to 
metazoan genome. Their reactions to environmental changes can 
thus be related to higher organisms more convincingly than those 
of the prokaryotes [FOISSNER 2004]. 

CONCLUSIONS 

Ecotoxicological indices (LC50) determined for the protozoa 
studied were high. However, the reported values indicate that 
they exhibit various levels of tolerance to heavy metal ions they 
were exposed to in the bioassays. The LC50-1h obtained for 
S1 protozoa were: for Euplotes sp. 417.1, 32.7, 18.5, 689.2 and 
349.1 mg·dm–3 for Cr6+, Cr3+, Pb2+, Ni2+ and Cd2+ ions, 
respectively; while for Oxytricha sp. the LC50-1h obtained were 
236.0, 9.2, 1059.7 and 511.3 mg·dm–3 for the same ions in the 
order indicated. In the case of S2 protozoa, the LC50-1h obtained 
for Chilodonella sp. were 7.0, 7.5, 19.2, 187.1 and 58.3 mg·dm–3 

for Cr6+, Cr3+, Pb2+, Ni2+ and Cd2+ ions, respectively; while 
for Coleps sp. the LC50-1h were 4.5, 10.9, 53.3, 153.1 and 
122.6 mg·dm–3 for the ions used in the specified order, which 
shows the existence of tolerance and/or detoxification mechan-
isms that allow them to maintain homeostasis. Furthermore, only 
S2 members (Coleps sp. and Chilodonella sp.), were the most 
susceptible and could be used as possible early warning 
microbiological indicators in studies of contamination by heavy 
metals in Lake Maracaibo. However, it is necessary to standardise 
test conditions for these organisms to use them in reference 
studies. 

REFERENCES 

ABRAHAM J.S., SRIPOORNA S., MAURYA S., MAKHIJA S., GUPTA R., TOTEJA R. 
2019. Techniques and tools for species identification in ciliates: 
A review. International Journal of Systematic and Evolutionary 
Microbiology. Vol. 69(4) p. 877–894. DOI 10.1099/ij-
sem.0.003176. 

ALBERGONI V., PICCINNI E. 1983. Biological response to trace metals and 
their biochemical effects. In: Trace element speciation in surface 
waters and its ecological implications. NATO Conference Series 
(I Ecology). Eds. Gary, G. Leppard. Springer. Vol. 6. Boston, MA 
p. 159–175. DOI 10.1007/978-1-4684-8234-8_10. 

AL-RASHEID K.A., SLEIGH M.A. 1994. The effects of heavy metals on the 
feeding rate of Euplotes mutabilis (Tuffrau, 1960). European 

Journal of Protistology. Vol. 30(3) p. 270–279. DOI 10.1016/ 
S0932-4739(11)80073-8. 

APHA, AWWA, WEF 2012. Standard methods for the examination of 
water and wastewater. 22nd ed. Washington, D.C. EUA. 
American Public Health Association. ISBN 978-0875530130 
pp. 1496. 

ÁVILA H., QUINTERO E., ANGULO N., CÁRDENAS C., ARAUJO M., 
MORALES N., PRIETO M. 2014. Determinación de metales pesados 
en sedimentos superficiales costeros del Sistema Lago de 
Maracaibo, Venezuela [Determination of heavy metals in coastal 
surface sediments of the Lake Maracaibo System, Venezuela]. 
Multiciencias. Vol. 14(1) p. 16–21. 

ÁVILA H., GUTIÉRREZ E., LEDO H., ARAUJO M., SÁNQUIZ M. 2010. Heavy 
metals distribution in superficial sediments of Maracaibo Lake 
(Venezuela). Revista Técnica de la Facultad de Ingeniería 
Universidad del Zulia. Vol. 33(2) p. 122–129. 

BENEDETTI M., CIAPRINI F., PIVA F., ONORATI F., FATTORINI D., NOTTI A., 
AUSILI A., REGOLI F. 2011. A multidisciplinary weight of evidence 
approach for classifying polluted sediments: Integrating sediment 
chemistry, bioavailability, biomarkers responses and bioassays. 
Environment International. Vol. 38(1) p. 17–28. DOI 10.1016/j. 
envint.2011.08.003. 

BENLAIFA M., REDA M., BERREDJEM H., BENAMARA M., OUALI K., DJEBAR H. 
2016. Stress induced by cadmium: Its effects on growth 
respiratory metabolism, antioxidant enzymes and reactive oxygen 
species (ROS) of Paramecium sp. International Journal of 
Pharmaceutical Sciences Review and Research. Vol. 38(1) 
p. 276–281. 

BRACHO G.J., CUADOR-GIL J.Q., RODRÍGUEZ-FERNÁNDEZ R.M. 2016. 
Calidad del agua y sedimento en el Lago de Maracaibo, estado 
Zulia [Maracaibo lake water and sediment quality, Zulia State]. 
Minería & Geología. Vol. 32(1) p. 1–14. 

CCME 2001. Canadian sediment quality guidelines for the protection 
of aquatic life, summary tables. Canadian Council of Ministers of 
The Environment pp. 5. 

CHATTERJEE S., KUMARI S., RATH S., PRIYADARSHANEE M., DAS S. 2020. 
Diversity, structure and regulation of microbial metallothionein: 
Metal resistance and possible applications in sequestration of 
toxic metals. Metallomics. No. 12 p. 1637–1655. DOI 10.1039/ 
D0MT00140F. 

CLEMENS S. 2001. Molecular mechanisms of plant metal tolerance and 
homeostasis. Planta. Vol. 212(4) p. 475–486. DOI 10.1007/ 
s004250000458. 

CORLISS J. 2002. Biodiversity and biocomplexity of the protists and an 
overview of their significant roles in maintenance of our 
biosphere. Acta Protozoologica. Vol. 41 p. 199–219. 

DE BAUTISTA S., BERNARD M., ROMERO M., TROCONIS M., SEGOVIA S., 
PAREDES J. 1999. Environmental impact of mercury discharges 
in the navigation channel, Lake of Maracaibo. Revista Técnica 
de la Facultad de Ingeniería. Universidad del Zulia. Vol. 22(1) 
p. 42–50. 

Decreto N° 883. 1995. Normas para la clasificación y el control de la 
calidad de los cuerpos de agua y vertidos o efluentes líquidos 
[Decree no. 883. Standards for the classification and quality 
control of bodies of water and liquid discharges or effluents]. 
Ministerio del Ambiente y de los Recursos Naturales. Gaceta 
Oficial de la República de Venezuela, 5021 (Extraordinario) 
pp. 32. 

DÍAZ S., MARTÍN-GONZÁLEZ A., GUTIÉRREZ J.C. 2006. Evaluation of heavy 
metal acute toxicity and bioaccumulation in soil ciliated 
protozoa. Environment International. Vol. 32 (6) p. 711–717.  
DOI 10.1016/j.envint.2006.03.004. 

© 2021. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/) 

114 Ecotoxicological effect of heavy metals in free-living ciliate protozoa of Lake Maracaibo, Venezuela 

https://doi.org/10.1099/ijsem.0.003176
https://doi.org/10.1099/ijsem.0.003176
https://doi.org/10.1007/978-1-4684-8234-8_10
https://doi.org/10.1016/S0932-4739(11)80073-8
https://doi.org/10.1016/S0932-4739(11)80073-8
https://doi.org/10.1016/j.envint.2011.08.003
https://doi.org/10.1016/j.envint.2011.08.003
https://doi.org/10.1039/D0MT00140F
https://doi.org/10.1039/D0MT00140F
https://doi.org/10.1007/s004250000458
https://doi.org/10.1007/s004250000458
https://doi.org/10.1016/j.envint.2006.03.004


DOPHEIDE A., LEAR G., STOTT R., LEWIS G. 2009. Relative diversity and 
community structure of ciliates in stream biofilms according to 
molecular and microscopy methods. Applied and Environmental 
Microbiology. Vol. 75(16) p. 5261–5272. DOI 10.1128/ 
AEM.00412-09. 

EISEN J.A., COYNE R.S., WU M., WU D., THIAGARAJAN M., WORTMAN J.R., 
…, ORIAS E. 2006. Macronuclear genome sequence of the ciliate 
Tetrahymena thermophila, a model eukaryote. PloS Biology. Vol. 
4(9), c286. DOI 10.1371/journal.pbio.0040286. 

ESTEBAN G., TÉLLEZ C. 1990. Método de aislamiento, cultivo y bioensayo 
de toxicidad con protozoos ciliados [Method of isolation, culture 
and toxicity bioassay using ciliated protozoa]. Microbiología 
SEM. Vol. 6 p. 100–103. 

FOISSNER W. 2004. Protozoa as bioindicators in running waters. In: 
Fachtagung. Biologische Gewässeruntersuchung und Bewertung; 
Taxonomie und Qualitätssicherung. Symposium zur Feier des 70. 
Geburtstages von Dr. Erik Mauch am 6. Oktober 2004 in 
Augsburg [Conference. Biological investigation and assessment 
of water bodies; Taxonomy and quality assurance. Symposium to 
celebrate the 70th birthday of Dr. Erik Mauch on October 6, 2004 
in Augsburg]. Regierung von Schwaben & Deutsche Gesellschaft 
für Limnologie pp. 5. 

FRIED J., LUDWIG W., PSENNER R., HEINZ K. 2002. Improvement of ciliate 
identification: a new protocol for fluorescence in situ hybridiza-
tion (FISH) in combination with silver stain techniques. 
Systematic and Applied Microbiology. Vol. 25 p. 555–571. DOI 
10.1078/07232020260517706. 

GUTIÉRREZ-PEÑA L.V., PICÓN D., GUTIÉRREZ I.A., PRADA M., CARRERO P.E., 
DELGADO-CAYAMA Y.J., …, VIELMA-GUEVARA J.R. 2018. Heavy 
metals in soft tissue of blue crab (Callinectes sapidus) of Puerto 
Concha, Colon Municipality, Zulia State. Avances en Biomedi-
cina. Vol. 7(1) p. 17–22. 

GUTIÉRREZ J.C., MARTIN-GONZALEZ A., DIAZ S., AMARO F., ORTEGA R., 
GALLEGO A., DE LUCAS M.P. 2008. Ciliates as cellular tools to study 
the eukaryotic cell-heavy metal interactions. In: Heavy metal 
pollution. Ed. S.E. Brown, W.C. Welton. New York, NY. Nova 
Science Publishers p. 1–44. 

IFTODE F., CURGY J.J., FLEURY A., FRYD-VERSAVEL G. 1985. Action of 
a heavy ion, Cd2+, and the antagonistic effect of Ca2+, on two 
ciliates Tetrahymena pyriformis and Euplotes vannus. Acta 
Protozoologica. Vol. 24(3–4) p. 273–279. 

JAHN T.L., BOVEE E.C., JAHN F.F. 1980. How to know the Protozoa. 2. ed. 
Dubuque, Iowa. The Picture Key Nature Series. Wm. C. Brown 
Company Publishers. ISBN 0-697-04759-8 pp. 279. 

KAPAHI M., SACHDEVA S. 2019. Bioremediation options for heavy metal 
pollution. Journal of Health and Pollution. Vol. 9(24), 191203.  
DOI 10.5696/2156-9614-9.24.191203. 

KIM Y.O., SHIN K., JANG P.G., CHOI H.W., NOH J.H., YANG E.J., KIM E., 
JEON D. 2012. Tintinnid species as biological indicators for 
monitoring intrusion of the warm oceanic waters into Korean 
coastal waters. Ocean Science Journal. Vol. 47 p. 161–172. DOI 
10.1007/s12601-012-0016-4 

KUMAR M., GOGOI A., KUMARI D., BORAH R., DAS P., MAZUMDER P., 
TYAGI V.K. 2017. Review of perspective, problems, challenges, 
and future scenario of metal contamination in the urban 
environment. Journal of Hazardous, Toxic, and Radioactive 
Waste. Vol. 21(4) p. 1–16. DOI 10.1061/(asce)hz.2153- 
5515.0000351. 

LARSEN J., NILSSON J.R. 1983. Effects of nickel on the rates of endocytosis, 
motility, and proliferation in Tetrahymena and determinations 
on the cell content of the metal. Protoplasma. Vol. 118(2) 
p. 140–147. DOI 10.1007/BF01293071. 

LIAO V.H., DONG J., FREEDMAN J.H. 2002. Molecular characterization of 
a novel, cadmium-inducible gene from the nematode Caenor-
habditis elegans. A new gene that contributes to the resistance to 
cadmium toxicity. Journal of Biological Chemistry. Vol. 277 
p. 42049–42059. DOI 10.1074/jbc.M206740200. 

LIBRI S. 2010. Biologie et physiologie des Protozoaires dans un milieu 
stressé par un métal lourd, le nickel [Biology and physiology of 
Protozoa in an environment stressed by a heavy metal, nickel]. 
Mémoire d’Ingéniorat d’état en Biologie Animale. Option 
biologie et physiologie animale générale et comparée. Université 
de Tébessa, Algérie pp. 70. 

LINDHOLM T. 1982. EDTA and oxalic acid–two useful agents for 
narcotizing fragile and rapid microzooplankton. Hydrobiologia. 
Vol. 86(3) p. 297–298. DOI 10.1007/BF00006143. 

LYNN D. 2008. The ciliated Protozoa. Characterization, classification 
and guide and literature. 3rd ed. New York. Springer. ISBN 978- 
1402082382 pp. 628. 

MADONI P. 2000. The acute toxicity of nickel to freshwater ciliates. 
Environmental Pollution. Vol. 109(1) p. 53–59. DOI 10.1016/ 
s0269-7491(99)00226-2. 

MADONI P., ROMEO M.G. 2006. Acute toxicity of heavy metals towards 
freshwater ciliated protists. Environmental Pollution. Vol. 141 
p. 1–7. DOI 10.1016/j.envpol.2005.08.025. 

MARÍN J.C., RINCÓN N., DÍAZ-BORREGO L., MORALES E. 2017. Cultivo de 
protozoarios ciliados de vida libre a partir de muestras de agua 
del Lago de Maracaibo [Cultivation of free-living ciliated 
protozoa from water samples of lake Maracaibo]. Impacto 
Científico. Vol. 12(1) p. 157–170. 

MARÍN-LEAL J.C., POLO C., BEHLING E., COLINA G., RINCÓN N., 
CARRASQUERO S. 2014. Distribución espacial de Cd y Pb en 
Polymesoda solida y sedimentos costeros del Lago de Maracaibo 
[Spatial distribution of Cd and Pb in Polymesoda solida and 
coastal sediments from Lake Maracaibo]. Multiciencias. Vol. 14 
(1) p. 7–15. 

MARTÍN-GONZÁLEZ A., DÍAZ S., BORNIQUEL S., GALLEGO A., GUTIÉRREZ J. 
2006. Cytotoxicity and bioaccumulation of heavy metals by 
ciliated protozoa isolated from urban wastewater treatment 
plants. Research in Microbiology. Vol. 157 p. 108–118. DOI 
10.1016/j.resmic.2005.06.005. 

MARTINS P., ALMEIDA N., LEITE S. 2008. Application of a bacterial 
extracellular polymeric substance in heavy metal adsorption in 
a co-contaminated aqueous system. Brazilian Journal of Micro-
biology. Vol. 394 p. 780–786. DOI 10.1590/S1517-8382200 
8000400034. 

MEINELT T., MATZKE S., STÜBER A., PIETROCK M., WIENKE A., MITCHELL A. 
J., STRAUS D.L. 2009. Toxicity of peracetic acid (PAA) to tomonts 
of Ichthyophthirius multifiliis. Diseases of Aquatic Organisms. 
Vol. 86(1) p. 51–56. DOI 10.3354/dao02105. 

MERA R., TORRES E., ABALDE J. 2016. Influence of sulphate on the 
reduction of cadmium toxicity in the microalga Chlamydomonas 
moewusii. Ecotoxicology and Environmental Safety. Vol. 128 
p. 236–245. DOI 10.1016/j.ecoenv.2016.02.030. 

METCALF X., EDDY X. 2003. Wastewater engineering: Treatment and 
reuse. 4th ed. China. McGraw-Hill Publishing Companies, Inc. 
ISBN 978-0070418783 pp. 1878. 

MEYER P. 2015. Epigenetic variation and environmental change. Journal 
of Experimental Botany. Vol. 6(12) p. 3541–3548. DOI 10.1093/ 
jxb/eru502. 

MORTUZA M.G., TAKAHASHI T., UEKI T., KOSAKA T., MICHIBATA H., 
HOSOYA H. 2009. Comparison of hexavalent chromium bioaccu-
mulation in five strains of paramecium, Paramecium bursaria. 
Journal of Cell and Animal Biology. Vol. 3(4) p. 062–066. 

© 2021. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/) 

Fernando Luis Castro Echavez, Julio César Marín Leal 115 

https://doi.org/10.1128/AEM.00412-09
https://doi.org/10.1128/AEM.00412-09
https://doi.org/10.1371/journal.pbio.0040286
https://doi.org/10.1078/07232020260517706
https://doi.org/10.1078/07232020260517706
https://doi.org/10.5696/2156-9614-9.24.191203
https://doi.org/10.1007/s12601-012-0016-4
https://doi.org/10.1007/s12601-012-0016-4
https://doi.org/10.1061/(asce)hz.2153-5515.0000351
https://doi.org/10.1061/(asce)hz.2153-5515.0000351
https://doi.org/10.1007/BF01293071
https://doi.org/10.1074/jbc.M206740200
https://doi.org/10.1007/BF00006143
https://doi.org/10.1016/s0269-7491(99)00226-2
https://doi.org/10.1016/s0269-7491(99)00226-2
https://doi.org/10.1016/j.envpol.2005.08.025
https://doi.org/10.1016/j.resmic.2005.06.005
https://doi.org/10.1016/j.resmic.2005.06.005
https://doi.org/10.1590/S1517-83822008000400034
https://doi.org/10.1590/S1517-83822008000400034
https://doi.org/10.3354/dao02105
https://doi.org/10.1016/j.ecoenv.2016.02.030
https://doi.org/10.1093/jxb/eru502
https://doi.org/10.1093/jxb/eru502


OGOYI D.O., MWITA C.J., NGUU E.K., SHIUNDU P.M. 2011. Determination 
of heavy metal content in water, sediment and microalgae from 
Lake Victoria, East Africa. The Open Environmental Engineering 
Journal. Vol. 4 p. 156–161. DOI 10.2174/1874829501104010156. 

PATTERSON D.J. 1996. Free-living freshwater Protozoa: A colour guide. 
New York. John Wiley & Sons Inc. ISBN 978-1874545408 
pp. 223. 

PINOT F., KREPS S.E., BACHELET M., HAINAUT P., BAKONYI M., POLLA B.S. 
2000. Cadmium in the environment: Sources, mechanisms of 
biotoxicity, and biomarkers. Reviews on Environmental Health. 
Vol. 15(3) p. 299–324. DOI 10.1515/reveh.2000.15.3.299. 

POLO C. 2012. Distribución espacial de Cd y Pb en Polymesoda solida 
y sedimentos costeros del Lago de Maracaibo [Spatial distribution 
of Cd and Pb in Polymesoda solida and coastal sediments from 
Lake Maracaibo]. MSc Thesis. Maracaibo, Venezuela. Facultad de 
Ingeniería. Universidad del Zulia pp. 81. 

PULIDO M.D., PARRISH A.R. 2003. Metal-induced apoptosis: mechan-
isms. Mutation Research/Fundamental and Molecular Mechan-
isms of Mutagenesis. Vol. 533(1–2) p. 227–241. DOI 10.1016/j. 
mrfmmm.2003.07.015. 

RAVVA S.V., SARREAL C.Z., MANDRELL R.E. 2010. Identification of 
protozoa in dairy lagoon wastewater that consume Escherichia 
coli O157: H7 preferentially. PLoS One. Vol. 5(12), e15671 pp. 9.  
DOI 10.1371/journal.pone.0015671. 

RODRÍGUEZ G. (ed.) 2000. El sistema del Lago de Maracaibo [The Lake 
Maracaibo system]. 2nd ed. Caracas, Venezuela. Instituto 
Venezolano de Investigaciones Científicas (IVIC) pp. 264. 

ROJAS J. 2012. Polymesoda solida como bioindicador de metales pesados 
en el sistema estuarino del lago de Maracaibo [Polymesoda solida 
as a bioindicator of heavy metals in the estuarine system of Lake 
Maracaibo]. PhD Thesis. Maracaibo, Venezuela. Facultad de 
Ingeniería, Universidad del Zulia pp. 250. 

RUBINSON J.F., RUBINSON K.A. 2000. Química analítica contemporánea 
[Contemporary analytical chemistry]. 1st ed. México DF. Prentice 
Hall. ISBN 978-9701703427 pp. 644. 

SALL M.L., DIAW A.K.D., GNINGUE-SALL D., EFREMOVA AARON S., 
AARON J.-J. 2020. Toxic heavy metals: Impact on the environment 

and human health, and treatment with conducting organic 
polymers, a review. Environmental Science and Pollution 
Research. Vol. 27 p. 29927–29942. DOI 10.1007/s11356-020- 
09354-3. 

SKIBBE O. 1994. An improved quantitative protargol stain for ciliates 
and other planktonic protists. Archiv für Hydrobiologie. Vol. 130 
(3) p. 339–347. DOI 10.1127/archiv-hydrobiol/130/1994/339. 

SLAVEYKOVA V., SONNTAG B., GUTIÉRREZ J.C. 2016. Stress and Protists: No 
life without stress. European Journal of Protistology. Vol. 55 
p. 39–49. DOI 10.1016/j.ejop.2016.06.001. 

SOMASUNDARAM S., ABRAHAM J. S., MAURYA S., TOTEJA R., GUPTA R., 
MAKHIJA S. 2019. Expression and molecular characterization of 
stress-responsive genes (hsp70 and Mn-sod) and evaluation of 
antioxidant enzymes (CAT and GPx) in heavy metal exposed 
freshwater ciliate, Tetmemena sp. Molecular Biology Reports. 
Vol. 46(5) p. 4921–4931. DOI 10.1007/s11033-019-04942-0. 

USEPA 2016. National recommended water quality criteria [online]. 
United States Environmental Protection Agency, Office of Water, 
Office of Science and Technology pp. 23. [Access 15.05.2020]. 
Available at: https://www.epa.gov/wqc/national-recommended- 
water-quality-criteria-aquatic-life-criteria-table 

VIGNATI D.A., DOMINIK J., BEYE M.L., PETTINE M., FERRARI B.J. 2010. 
Chromium (VI) is more toxic than chromium (III) to freshwater 
algae: A paradigm to revise? Ecotoxicology and Environmental 
Safety. Vol. 73(5) p. 743–749. DOI 10.1016/j.ecoenv.2010.01.011. 

VILAS-BOAS J.A., CARDOSO S.J., SENRA M.V.X., RICO A., DIAS R.J.P. 2020a. 
Ciliates as model organisms for the ecotoxicological risk 
assessment of heavy metals: A meta–analysis. Ecotoxicology 
and Environmental Safety. Vol. 199, 110669 pp. 11. DOI 10.1016/ 
j.ecoenv.2020.110669. 

VILAS-BOAS J.A., SENRA M.V.X., DIAS R.J.P. 2020b. Ciliates in 
ecotoxicological studies: A minireview. Acta Limnologica Brasi-
liensia. Vol. 32, e202. DOI 10.1590/s2179-975x6719. 

WEISSE T. 2017. Functional diversity of aquatic ciliates. European 
Journal of Protistology. Vol. 61 p. 331–358. DOI 10.1016/j. 
ejop.2017.04.001. 

© 2021. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/) 

116 Ecotoxicological effect of heavy metals in free-living ciliate protozoa of Lake Maracaibo, Venezuela 

https://doi.org/10.2174/1874829501104010156
https://doi.org/10.1515/reveh.2000.15.3.299
https://doi.org/10.1016/j.mrfmmm.2003.07.015
https://doi.org/10.1016/j.mrfmmm.2003.07.015
https://doi.org/10.1371/journal.pone.0015671
https://doi.org/10.1007/s11356-020-09354-3
https://doi.org/10.1007/s11356-020-09354-3
https://doi.org/10.1127/archiv-hydrobiol/130/1994/339
https://doi.org/10.1016/j.ejop.2016.06.001
https://doi.org/10.1007/s11033-019-04942-0
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table
https://doi.org/10.1016/j.ecoenv.2010.01.011
https://doi.org/10.1016/j.ecoenv.2020.110669
https://doi.org/10.1016/j.ecoenv.2020.110669
https://doi.org/10.1590/s2179-975x6719
https://doi.org/10.1016/j.ejop.2017.04.001
https://doi.org/10.1016/j.ejop.2017.04.001

	INTRODUCTION
	MATERIALS AND METHODS
	STUDY AREA AND SAMPLING STATIONS
	SAMPLING AND ANALYSIS OF SAMPLES
	CULTURE, ISOLATION AND IDENTIFICATION OF FREE-LIVING CILIATED PROTOZOA
	ECOTOXICOLOGICAL TESTS WITH PROTOZOA
	STATISTICAL DATA ANALYSIS

	RESULTS
	PHYSICOCHEMICAL CHARACTERIZATION AND CONTENT OF HEAVY METALS IN LAKE MARACAIBO
	ISOLATED FREE-LIVING CILIATED PROTOZOA
	ECOTOXICOLOGICAL EFFECT OF HEAVY METALS ON FREE-LIVING CILIATED PROTOZOA
	Multiple comparisons of mean LC50 values and�establishment of general toxicity patterns

	DISCUSSION
	PHYSICOCHEMICAL CHARACTERISTICS OF SURFACE WATER
	METAL CONTENT IN WATER AND SEDIMENTS
	RESISTANCE OF CILIATED PROTOZOA TO HEAVY METALS
	COMPARISON OF GENERAL ECOTOXICOLOGICAL INDICES

	CONCLUSIONS
	REFERENCES

