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Abstract
The Lake Togo-Lagoon of Aného complex is located in the area of the phosphorite mining which produces different types 
of waste that are dumped directly into the surrounding environment without treatment. In addition, the contributions of its 
tributaries after leaching agricultural and urban soils need to be considered. This increases the risk of contamination of the 
hydrosystem, especially the sediments in trace elements. The objective of this study is to evaluate the level of trace elements 
contamination and their spatial and seasonal variation in the sediments of the Lake Togo-Lagoon of Aného complex. The 
sediment physicochemical parameters were determined in line with French standards. The trace elements were determined 
using an Atomic Absorption Spectrometer coupled to a hydride and cold vapour generator. The spatial and seasonal varia-
tion was assessed using Ordinary Kriging Interpolation method. The average content of trace elements in sediments in mg/
kg was as follow: Cd: 0.75, Pb: 13.26, Cr: 50.63, Ni: 36.05, Cu: 10.90, Hg: 0.04, As: 3.88, Zn: 47.38 and Mn: 766.74 in the 
dry season. In rainy season, the average concentration was: Cd: 0.46, Pb: 9.50, Cr: 27.43, Ni: 21.36, Cu: 9.61, Hg: 0.05, As: 
5.23, Zn: 39.21 and Mn: 910.08. These concentrations showed a strong spatial variation. Significant seasonal variations were 
obtained for conductivity, organic matter as well as for Cd, Pb, Cr, Ni, Hg and As. The sediments were found to be weakly 
to moderately contaminated and enriched by trace elements with a higher contamination for Cd. The sediments may have 
low to moderate adverse effects on aquatic living organisms. This trace element contamination is of anthropogenic origin 
through the phosphorite mining and the agricultural and urban effluents. Therefore, this lagoon ecosystem warrants regular 
monitoring for better understanding to inform protection of the resource.
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Introduction

Aquatic ecosystems have received significant amounts of 
anthropogenic contaminants, such as trace elements, from 
industrial, mining exploitation, agricultural, and urban 

wastes during recent decades (Caeiro et al. 2005; Hounkpè 
et al. 2017; Jamshidi-Zanjani and Saeedi 2013). In aquatic 
ecosystems, sediments are recognized and studied as res-
ervoirs or traps for many chemical pollutants, especially 
for trace elements (Bastami et al. 2012; Boucheseiche et al. 
2002; Yao et al. 2009). More than 90% of the trace ele-
ments in these ecosystems are associated with suspended 
particulate matters and sediments (Amin et al. 2009; Saeedi 
et al. 2012; Zhang and Shan 2008). Any modification of 
the physicochemical conditions of the environment can lead 
to remobilization of trace elements associated with sedi-
ments (Förstner and Wittmann 1981; François et al. 2002; 
Soro et al. 2009). Consequently, trace elements contami-
nation of sediments constitutes a hazard for the biocenosis 
of lagoon ecosystems and human health because of the 
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phenomenon of bioaccumulation in the food chain. Thus, 
the management of the quality of aquatic environments and 
in particular their sediments has become a priority for many 
countries. It is a problem that preoccupies regions concerned 
about maintaining the health of their coastal aquatic eco-
systems (Hounkpè et al. 2017; Yao et al. 2009). In aquatic 
ecosystems, sediments are widely used as indicators for 
assessing the level of trace elements contamination (Islam 
et al. 2015b; Soro et al. 2009; Yao et al. 2009).

In Togo, the Lake Togo-Lagoon of Aného complex is 
located in the Maritime Region which supports 42% of the 
national population (DGSCN 2010). The phosphorite mining 
takes place in this region with the discharge of various kinds 
of mining waste into coastal waters. However, these phos-
phorites contain high contents of trace elements (Gnandi 
et al. 2009; Gnandi and Tobschall 2002; Tchangbedji et al. 
2003). In addition, this hydrosystem receives inputs from 
runoff waters, Haho and Zio rivers after leaching mining, 
urban and agricultural soils where agrochemicals are used in 
an uncontrolled manner. It is clear that this ecosystem is not 
immune to the problems of trace elements pollution and its 
consequences. Thus, it is essential to monitor regularly the 
state of quality of this ecosystem for its sustainable manage-
ment. This study aims to evaluate the level of trace elements 
contamination of sediments of the Lake Togo-Lagoon of 
Aného hydrosystem and their spatial and seasonal variation. 
This will provide a good knowledge of this lagoon ecosys-
tem for better management planning of the resource.

Materials and methods

Study area

The Lake Togo-Lagoon of Aného complex is the largest part 
of a lagoon system in south-eastern Togo, located between 
the latitudes 6° 14′ 38″ and 6° 17′ 37″ North and the lon-
gitudes 1° 23′ 33″ and 1° 37′ 38″ East. With a total surface 
area of 64  km2, it comprises the Lake Togo (46  km2), the 
Lagoon of Togoville (13 km length) which is parallel to the 
coast with a width that varies between 150 and 900 m, the 
Lake Zowla (6.55  km2) in the northeast, and the Lagoon of 
Aného in the southeast. The entire hydrosystem interacts 
with the ocean at Aného and with the Mono River in the 
East, via the Gbaga channel which runs parallel to the coast. 
Phosphorite mining takes place in this watershed with the 
discharge of liquid and solid waste without prior treatment. 
The lagoon system is mainly fed by the rivers Zio (176 km, 
9.9  m3/s) and Haho (140 km, 5.8  m3/s) (Millet 1986). The 
climate of the Lake Togo watershed is the subequatorial or 
Guinean type with two rainy seasons alternating with two 
dry seasons. The dominant economic activities around the 
lagoon system are agriculture, livestock farming and fishing 

with the illegal and abusive practice of “Acadja” which is a 
fishing practice using branches as a trap for fish. The study 
area and the sampling points were presented on Fig. 1.

The coastal basin of Togo is part of a large sedimentary 
basin of the Gulf of Guinea which extends from the south-
east of Ghana to Cameroon. The sedimentary succession of 
this basin, about 600 m thick, rests in discordance on a Pan-
African metamorphic substratum of age of 600 ± 50 Ma. The 
sedimentary sequence contains deposits of Maastrichtian, 
Paleocene, Lower to Middle Eocene, Upper Oligocene and 
Quaternary age (Da Costa et al. 2013, 2006; Johnson and Da 
Costa 2008; Jonhson et al. 2000). The Maastrichtian deposits 
consist of sandy and marly facies with the presence of sand-
stones, limestones and laminated argillites with kaolinite, 
attapulgite and glauconite. The Paleocene deposits consist 
mainly of a succession of sands, limestones and argillites 
with palygorskite. The Eocene deposits are characterized by 
phosphorites, laminated argillites and marls. The Upper Oli-
gocene deposits are represented by glauconitic limestones 
and clayed sands. The Quaternary deposits occurring at the 
top of the sedimentary sequence are constituted by conglom-
erates, sands, sandy argillites and kaolinitic argillites.

The phosphorite deposited during Eocene is actually 
exploited at Hahotoe-Kpogamé in the coastal basin. Min-
eralogical studies of raw phosphorite indicate that apart 
from apatite, it also contains quartz, calcite, goethite, clay 
and organic matter (Slansky 1980). Chemical analysis of 
the phosphorite shows that, it is a Carbonate-rich fluorapa-
tite (Gnandi and Tobschall 1999a) called commonly, fran-
colite. It contains a large amount of trace elements through 
substitution phenomenon  (Gnandi 1998; Kunkel 1990). 
Indeed, several studies have shown that the phosphorites 
of Hahotoe-Kpogamé contain high levels of trace ele-
ments (Gnandi 1998; Gnandi et al. 2009; Gnandi and Tob-
schall 2002; Kunkel 1990; Tchangbedji et al. 2003) with 
average concentrations in mg/kg as follow: Cd: 44, Cr: 356, 
Cu, 158, Ni: 109, Zn: 465, Pb: 67, Sr: 1429, Zr: 46 and V: 
173. It contains major elements whose average concentra-
tions vary from 0.02% for MnO to 33.86% for CaO (Gnandi 
1998; Gnandi and Tobschall 2002). The soils around the 
phosphorite extraction zone have high concentrations of 
trace elements (in mg/kg) which are: Cd: 44, Cr: 13, Cu, 
106, Ni: 138, Zn: 211, Pb: 72, Sr: 825, Zr: 234 and V: 
279 (Gnandi and Tobschall 2002). Aduayi-Akue and Gnandi 
(2014) reported trace element concentrations in mg/kg in the 
soils of the villages surrounding the phosphorite pant zone 
which varied as follow: Cd: 21.93–42.53, Pb: 2.93–16.05, 
Ni: 21.08–69.46, Cu: 26.58–40.25.

Sampling and laboratory analysis

Sampling was carried out according to the standards ISO 
5667-12 and NF EN ISO 5667-15, at the end of the dry 
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season (March 2016) and at the end of the rainy season 
(October 2016). A total of 30 sediment samples were col-
lected per season in clean and sterile polypropylene bags. 
A reference site (6° 26′ 56.97″ N; 1° 04′ 44.46″ E) was 
sampled far from the phosphorite mines in the Zio River to 
highlight the level of trace elements contamination of sedi-
ments from the hydrosystem. Samples were transported to 
the laboratory in a cooler and stored at 4 °C in the dark until 
treatment (El-Sayed et al. 2015; Yao et al. 2009).

The sediments were dried at room temperature. After 
this, the sediments clumps were disaggregated before being 
sieved to 2 mm. The organic matter (OM) was determined by 
the loss on ignition in a furnace at 550 °C for 4 h after a 24 h 
stay in an oven at 105 °C. The OM was calculated according 
to the following equation:

where M1 and M2 are, respectively, the masses before and 
after calcination (Agah et al. 2016; Dean 1974; Mathieu and 

(1)OM =

(

M
1
−M

2

)

M
1

× 100

Pieltain 2003). Grain size analyses were carried out using 
mechanical sieving methods according to the standard NF 
EN 933-1. The conductivity, pH and salinity of sediments 
were measured using the methods described by Mathieu 
and Pieltain (2003). Indeed, the 2 mm fraction of the dry 
sediment was collected in a beaker to which distilled water 
was added in the proportions of “2:5”. This mixture was 
stirred for 1 min on a magnetic stirrer and left to stand for 
2 h. Then, the supernatant was used for the measurement of 
pH, electrical conductivity and salinity using a pH-meter 
CRISON PH 25 and a multimeter Knick Portamess. After 
grinding and sieving, 2 g of the fraction less than 63 μm was 
digested using aqua regia method (1  HNO3:3 HCl) accord-
ing to the standard NF ISO 11466, at room temperature for 
the determination of mercury and at 110 °C for other trace 
elements (Bastami et al. 2015a; Monroy et al. 2014). The 
elements Cd, Pb, Cr, Cu, Ni, Zn and Mn were analyzed using 
atomic absorption spectrometers (AAS), Varian AA 240 FS 
type at “Vasile Alecsandri” University of Bacau (Roma-
nia) and Thermo Electron S Series type at the University 
of Lomé (Togo). Concerning Hg and As, they were only 

Fig.1  Map of the study area showing sampling points
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analyzed at the University of Lomé using a hydride and cold 
vapour generator, Thermo Scientific VP 100 type coupled 
to the AAS Thermo Electron S Series according to French 
standards (NF T90-112, NF EN ISO 5961, NF EN 1233, NF 
EN 1483, NF EN ISO 11969). The reagents used for this 
purpose are from Sigma-Aldrich and Merck.

Calculation of contamination indexes and factors

The mean probable effect level quotient (mPEL-Q) was used 
to determine the level of toxicity to aquatic life of the com-
bination of trace elements studied in sediments (Fairey et al. 
2001; Jamshidi-Zanjani and Saeedi 2013; Long 2006) using 
the following equation:

where n and Ci are, respectively, the number of elements and 
the concentration of the element “i”. PEL represents Prob-
able Effect Level (CCME 2001; MacDonald et al. 1996). 
Their interpretation was made according to the following 
scale: PEL-Q ≤ 0.1: low potential for adverse biological 
effect (10% risk); 0.1 < PEL-Q ≤ 1.5: low-medium potential 
for adverse biological effect (25% risk); 1.5 < Q-PEL ≤ 2.3: 
medium–high potential for adverse biological effect (50% 
of risk) and PEL-Q > 2.3 reveals the highest potential for 
adverse biological effect (76% of risk) (Long and MacDon-
ald 1998; Long et al. 2000).

The enrichment factors (EF) were calculated according to 
the following equation (Agah et al. 2016; Jamshidi-Zanjani 
and Saeedi 2013; Wang et al. 2014):

where (Cx/Cn)sa and (Cx/Cn)ref = ratios of the contents of 
studied element “x” and the normalization element “n”, 
respectively, in the studied and reference samples. The 
normalization element used in this study is the Fe. The 
EF values are interpreted as follows: FE < 1 (no enrich-
ment), 1 ≤ EF < 3 (low enrichment); 3 ≤ EF < 5 (Moderate 
enrichment); 5 ≤ EF < 10 (Moderate to high enrichment); 
10 ≤ EF < 25 (high enrichment); 25 ≤ EF < 50 (very high 
enrichment); EF ≥ 50 (extremely high enrichment).

The contamination factor (CF) was calculated according 
to the relation (4) (Hakanson 1980; Islam et al. 205a):

(2)mPEL - Q =

∑i

i=1
PEL - Q

i

n
with PEL - Q

i
=

C
i
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(3)EF =

(

Cx∕Cn
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)
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(4)CF =
C
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C
r

where Csa: concentration of the element in the study sample 
and Cr: concentration of the same element in the reference 
sample. They were interpreted according to the following 
scale: CF < 1 (low contamination factor); 1 ≤ CF < 3 (Mod-
erate contamination factor); 3 ≤ CF < 6 (high contamination 
factor); CF ≥ 6 (Very high contamination factor).

The pollution load index (PLI) allows to evaluate the overall 
contamination status of the sediments based on the combi-
nation of all the trace elements contamination factors. It is 
expressed according to the Eq. (5) developed by Tomlinson 
et al. (1980) and, widely used (Ali et al. 2016; Li et al. 2013; 
Rabee et al. 2011).

where “n” is the number of elements studied and CF is the 
contamination factor of Hakanson (1980). Thus, if PLI = 0, 
there is no pollution; if PLI < 1, it is a reference situation and 
when PLI > 1 there is a progressive deterioration of environ-
mental quality.

Quality control and accuracy

The quality of the analytical methods has been verified by 
internal control. A blank sample was prepared simultaneously 
with the same experimental procedure (reagents and experi-
mental conditions). The blank allowed zeroing the device 
and was regularly measured. This permits determination of 
the possible contamination and to eliminate the quantization 
errors. Also, standard solutions of each element were analyzed 
at regular intervals to verify the accuracy of the results and 
the internal fidelity of the method. In addition, to check the 
repeatability of the results, double samples were incorporated 
among the samples to be analyzed.

Statistical analysis and cartography

Spatial distribution maps were generated by ArcGIS 10.2.2 
software using the Ordinary Kriging Interpolation method. It 
is a geostatistical analysis method that estimates the values 
of unsampled points to produce prediction maps. Ordinary 
Kriging Interpolation provides a better prediction and has 
the elements of precision measurement (Nshimiyimana et al. 
2016; Wang et al. 2014; Wani et al. 2013). To determine the 
interrelationships between the different studied parameters 
and to deduce their possible origins, a principal component 
analysis (PCA) and a Pearson correlation analysis were per-
formed (Ayah et al. 2015; Solitoke et al. 2018). Student’s t test 
was used to compare inter-season concentrations. The STA-
TISTICA 6.1 software was used for the statistical analysis.

(5)PLI = n
√

CF
1
× CF

2
× CF

3
×⋯ × CFn
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Results

Physicochemical parameters of sediments

The results of the physicochemical parameters of the sedi-
ments are presented in Table 1. The average values of the 
pH of the sediments were around the neutrality both in the 
dry season (7.34 ± 0.27) and rainy season (7.27 ± 0.32). 
These values varied from 6.55 to 7.78 and from 6.5 to 7.9 
in the dry and rainy seasons, respectively. The electrical 
conductivities (EC) ranged from 0.81 to 12.31 mS/cm with 
an average of 4.55 ± 3.22 mS/cm in the dry season and 
from 0.15 to 8.89 mS/cm with an average of 1.31 ± 1.79 
mS/cm in the rainy season. The average salinity values 
were 3.02 ± 2.03 g/l in the dry season and 0.96 ± 1.1 g/l 
in the rainy season. They varied, respectively, from 0.8 to 
7.3 g/l and from 0.1 to 4.2 g/l. It appears that the values of 
conductivity and salinity show a gradient of concentration 
increasing from upstream to downstream with the highest 
values recorded in the lagoon of Aného.

Total organic matter (OM) ranged from 0.76 to 20.6% 
with an average of 7.98 ± 6.83% in the dry season and from 
0.5 to 17.91% with an average of 5.26 ± 4 95% in the rainy 
season. In contrast to pH and OM, significant differences 
were found between seasonal mean values of conductivity 
(t = 4.82, p = 0.0023) and salinity (t = 4.88, p = 0.0016). A 
homogeneous variation of the pH values was noted dur-
ing both seasons contrary to the conductivity, salinity and 
organic matter which had a heterogeneous variation.

The particle size compositions of the sediments studied 
are depicted in Fig. 2. The sediments of the selected sites are 
generally sandy muds. However, there are sediments that are 
mostly muddy or sandy. Muddy sediments tend to occupy 
the central parts and southern coast of the hydrosystem. The 
highest proportions of fine particles (< 63 μm) are 90% at the 
site S10 and 84% at the site S16 during the dry season and 
the rainy season, respectively, while the sandy sediments are 
often located at the banks of Lake Togo and in the lagoons 
of Togoville and Aného with proportions reaching 88% at 
the site S3 during the dry season and at the S4 site during 
the rainy season.

Table 1  Seasonal variation of 
physicochemical parameters of 
sediments

SD Standard deviation, CV Coefficient of variation, DS Dry season, RS Rainy season, EC Electrical Con-
ductivity, Sa Salinity, OM Organic matter

N = 30 by season pH-water EC (mS/cm) Sa (g/l) OM (%)

DS RS DS RS DS RS DS RS

Minimum 6.55 6.50 0.81 0.15 0.8 0.1 0.76 0.5
Maximum 7.78 7.90 12.31 8.89 7.3 4.2 20.6 17.91
Average 7.34 7.27 4.55 1.31 3.02 0.96 7.98 5.26
SD 0.27 0.32 3.22 1.79 2.03 1.1 6.83 4.95
CV 3.67 4.34 70.82 137.42 67.26 114.88 85.61 94.07
t test (t; p) 0.98; 0.3999 4.82; 0.0023 4.88; 0.0016 1.77; 0.0875

Fig. 2  Grain size distribution of the sediments in the dry season (a) and rainy season (b)
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The lowest proportions of silts and clays (< 63 μm) were 
located in the Lake Togo and in the Lagoon of Aného. 
Coarse particles (> 200 μm) were very poorly represented 
and mainly constituted by bivalve and gastropods shells. 
Their percentages vary from 0 to 12% in dry season and 
from 0 to 9% in the rainy season.

Concentration of trace elements in sediments

Spatial and seasonal variation in sediment trace element 
contents

The statistical values of seasonal concentrations of trace ele-
ments in sediments are depicted in Table 2.

The average Cd content in the dry season (0.75 ± 0.56 mg/
kg) is significantly higher (t = 2.20; p = 0.0316) than that of 
the rainy season (0.46 ± 0.48 mg/kg). They varied, respec-
tively, from 0.17 to 2.24 mg/kg and from 0.10 to 2.16 mg/
kg (Table 2; Fig. 3). The spatial distribution of Cd contents 
(Fig. 4a, d) shows that they tend to increase from upstream 
to downstream during both seasons with the highest con-
centrations recorded in the lagoons of Togoville and Aného, 
respectively, in the dry season and in the rainy season. The 
larger area of the hydrosystem presented Cd contents rang-
ing from 0.46 to 2.24 mg/kg in the dry season and from 0.18 
to 2.16 mg/kg in the rainy season.

Concerning the Pb contents, they ranged from 2.83 to 
28.48 mg/kg with an average of 13.26 ± 6.81 mg/kg in the 
dry season and from 1.31 to 23.99 mg/kg with an average 
of 9.50 ± 5.92 mg/kg in the rainy season (Table 2; Fig. 3). 
Seasonal averages of Pb contents were significantly differ-
ent (t = 2.28; p = 0.0263). Figure 4b, e which shows that 
the highest Pb contents were located in southeastern Lake 
Togo during the dry season and in the lagoon of Aného 
during the rainy season. The larger area in the hydrosys-
tem was covered by the Pb contents comprised between 
10.55 and 28.48 mg/kg and between 7.33 and 23.99 mg/
kg, respectively, in dry and rainy seasons.

Chromium (Cr) contents ranged from 8.26 to 
165.28 mg/kg in the dry season and from 7.58 to 62.45 mg/
kg in the rainy season. The mean content in the dry sea-
son (50.63 ± 39.32 mg/kg) is significantly higher (t = 3; 
p = 0.004) than that of the rainy season (27.43 ± 15.67 mg/
kg) (Table 2; Fig. 3). The spatial distribution of Cr con-
tents (Fig. 4c, f) shows that in the dry season, the highest 
concentrations were recorded in the south-western part of 
Lake Togo, while in the rainy season, they were located 
in the Southeast of the Lake Togo and in the northern part 
of the lagoon of Aného. Most recorded contents in the 
hydrosystem oscillated between 25.88 and 165.28 mg/kg 
in the dry season and between 19.05 and 62.45 mg/kg in 
the rainy season.

Table 2  Statistical values of 
seasonal trace elements contents 
of sediments

Ref (Avg. n = 4) Reference site (average values of 4 samples), SD Standard deviation, CV Coefficient of 
variation

Statistical parameters Traces elements (mg/kg)

Cd Pb Cr Ni Cu Hg As Zn Mn

Dry season (n = 30)
 Minimum 0.17 2.83 8.26 5.31 2.52 0.02 1.20 11.42 109.82
 Maximum 2.24 28.48 165.28 100.11 24.60 0.06 7.02 124.25 2335.92
 Average 0.75 13.26 50.63 36.05 10.90 0.04 3.88 47.38 766.74
 Median 0.56 12.16 35.18 31.30 9.03 0.04 4.35 43.88 599.85
 SD 0.56 6.81 39.32 24.91 6.76 0.01 1.66 29.74 600.01
 CV (%) 74.43 51.35 77.66 69.10 62.06 34.57 42.89 62.78 78.25
 Skewness 1.64 0.46 1.05 0.77 0.57 0.49 − 0.09 0.76 1.20
 Kurtosis 1.96 − 0.65 0.94 − 0.15 − 0.89 − 0.62 − 1.12 0.17 0.90

Rainy season (n = 30)
 Minimum 0.10 1.31 7.58 4.40 2.54 0.04 2.27 8.58 106.15
 Maximum 2.16 23.99 62.45 47.88 32.04 0.07 11.91 72.43 3426.05
 Average 0.46 9.50 27.43 21.36 9.61 0.05 5.23 39.21 910.08
 Median 0.22 9.26 23.49 14.36 8.59 0.05 4.71 44.91 358.05
 SD 0.48 5.92 15.67 14.35 6.24 0.01 2.57 17.98 945.75
 CV (%) 106.49 62.29 57.13 67.19 64.89 17.32 49.18 45.86 103.92
 Skewness 2.04 0.56 0.67 0.55 1.74 0.70 0.94 − 0.50 1.11
 Kurtosis 4.52 0.06 − 0.60 − 1.28 4.50 0.24 0.29 − 0.78 0.20

t test (p) 0.0316 0.0263 0.0040 0.0070 0.4466 0.0001 0.0190 0.2028 0.4861
Ref (Avg n = 4) 0.12 4.87 15.59 12.36 5.90 0.03 2.38 28.79 396.92
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The average Ni content in the dry season 
(36.05 ± 24.91 mg/kg) was significantly higher (t = 2.8; 
p = 0.007) than that of the rainy season (21.36 ± 14.35 mg/
kg). These values ranged between 5.31 and 100.11 mg/kg 
in the dry season and between 4.40 and 47.88 mg/kg in 
the rainy season (Table 2; Fig. 3). The larger area of the 
hydrosystem was covered by trace elements contents rang-
ing from 26.37 to 100.11 mg/kg in the dry season and from 
14.47 to 47.88 mg/kg in the rainy season. The highest con-
centrations were, respectively, obtained in the Southwest and 
Northwest of the Lake Togo (Fig. 5a, d).

The Cu contents ranged from 2.52 to 24.60 mg/kg with 
an average of 10.90 ± 6.76 mg/kg in the dry season and from 
2.54 to 32.04 mg/kg with an average of 9.61 ± 6.24 mg/kg 
in the rainy season (Table 2; Fig. 3). These levels did not 
show a significant difference (t = 0.77; p > 0.05) in means. 
Figure 5b, e shows that the highest Cu contents were located 
in southeastern Lake Togo and in the Lagoon of Aného both 
in the dry and rainy seasons. The larger area of the lagoon 
system was covered by concentrations ranging from 7.80 to 

24.60 mg/kg in the dry season and from 6.09 to 32.04 mg/
kg in the rainy season.

Mercury (Hg) concentrations were the lowest and ranged 
from 0.02 mg/kg in the dry season to 0.07 mg/kg in the rainy 
season. The average dry season content (0.04 ± 0.01 mg/
kg) is significantly lower (t = − 5.09; p = 0.0001) than 
that obtained during the rainy season (0.07 ± 0.01 mg/kg) 
(Table 2; Fig. 3). The spatial distribution of Hg (Fig. 5c, 
f) shows that in the dry season, the highest contents were 
located in the South-East of the Lake Togo and in the lagoon 
of Aného. During the rainy season, they were recorded in 
the north-west and south-east of the Lake Togo and in the 
lagoon of Aného. It was the concentrations between 0.028 
and 0.064  mg/kg in the dry season and between 0.048 
and 0.071 mg/kg which occupied the larger area of the 
hydrosystem.

The mean As content in the dry season (3.88 ± 1.66 mg/
kg) was significantly lower (t = − 2.41; p = 0.019) than that 
of the rainy season (5.23 ± 2.57 mg/kg). These contents var-
ied, respectively, from 1.20 to 7.02 mg/kg and from 2.27 to 

Fig. 3  Box-plots of trace element concentrations in sediments (Stars 
correspond to the maximum and minimum. The Square figures in the 
box-plots are the average values. The horizontal lines in the top, mid-

dle and bottom of the box-plots correspond to 75% percentile, median 
and 25% percentile, respectively. DS Dry season, RS Rainy season)
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11.91 mg/kg (Table 2; Fig. 3). The spatial variation of As 
contents (Fig. 6a, d) shows that the highest contents were 
located in the lagoons of Togoville and Aného, both in the 
dry and rainy seasons. In the rainy season, an increase in 
concentrations from upstream to downstream was observed. 
The larger area of the hydrosystem was covered by As con-
tents ranging from 3.63 to 7.02 mg/kg in the dry season and 
from 3.82 to 11.91 mg/kg in the rainy season.

For Zn contents, they ranged from 11.42 to 124.25 mg/
kg with an average of 47.38 ± 29.74  mg/kg in the dry 
season and from 8.58 to 72.43 mg/kg with an average of 
39.21 ± 17.98 mg/kg in the rainy season (Table 2; Fig. 3). 
These mean contents did not differ significantly (t = 1.29; 
p > 0.05). The highest levels were recorded in the Northwest 
and South of the Lake Togo during the dry season and in the 
lagoon of Aného during the rainy season where an increas-
ing gradient of concentrations from upstream to downstream 
was noted. The larger area of the hydrosystem was occu-
pied by Zn concentrations comprised between 31.35 and 
124.25 mg/kg and between 8.58 and 43.86 mg/kg, respec-
tively, in the dry and rainy season (Fig. 6b, e).

The Mn was the most abundant element. Its mean content 
in the dry season (766.74 ± 600.01 mg/kg) was not signifi-
cantly different (t = − 0.7; p > 0.05) from that of the rainy 
season (910.08 ± 945.75 mg/kg). These contents varied, 
respectively, from 109.82 to 2335.92 mg/kg and from 106.15 
to 3426.05 mg/kg (Table 2; Fig. 3). The spatial distribu-
tion of Mn (Fig. 6c, f) shows that the highest concentrations 
occupied the Lake Togo in its South-Western and South-
Eastern parts, both in the dry and rainy seasons. The lowest 
concentrations were only located in the Lagoon of Aného 
during both seasons.

Heterogeneous variations in Cd, Pb, Cr, Ni, Cu and Mn 
contents in both seasons and Zn contents in the dry season 
were noted with coefficients of variation (CV) ranging from 
51.35% for Pb in the dry season and to 106.49% for Cd in the 
rainy season. As for the Hg and As contents during the two 
seasons and the Zn contents during the rainy season, their 
variations are fairly homogeneous with CV ranging from 
17.32% for the Hg to 49.18 for the Zn in the rainy season. 
All trace elements except As in the dry season and Zn in 
the rainy season showed positive asymmetry with positive 

Fig. 4  Spatial distribution maps of Cd, Pb and Cr contents in the dry season (a–c) and rainy season (d–f). DS Dry season, RS Rainy season
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skewness ranging from 0.46 in the dry season for Pb to 2.04 
in the rainy season for Cd (Table 2; Fig. 3). It appears that, 
most of the sites were in the zone of the lowest trace ele-
ment concentrations. This asymmetry is more pronounced 
for Cd, Pb and Mn in the dry season and for Cd, Cu and 
Mn in the rainy season with skewness greater than 1. This 
can be confirmed by lower values of medians compared to 
averages (Table 2; Fig. 3). The decreasing order of seasonal 
abundance of trace elements in these sediments is as fol-
lows: Mn > Cr > Zn > Ni > Pb > Cu > As > Cd > Hg in the dry 
season and Mn > Zn > Cr > Ni > Cu > Pb > As > Cd > Hg in 
the rainy season.

Comparison of trace element contents with quality 
standards

Trace element concentrations were compared to the USA 
and Canadian sediment quality guidelines (Fig. 7). These 
standards are presented in two categories based on their 
toxic effects. They are the threshold effect level (TEL) and 
the probable effect level (PEL) for Canada and effect range 

low (ERL) and effect range medium (ERM) for the USA 
(Table 3). During the dry season, the Cd, Cr, Ni and As 
contents of the studied sediments were greater than the TEL 
in the respective proportions of 43.33, 46.67, 66.67 and 10%. 
Concentrations above the ERL are those of Cd (13.33%), Cr 
(26.67%) and Ni (56.67%). In the rainy season, concentra-
tions greater than TEL were recorded for trace elements Cd 
(30%), Cr (20%), Ni (43.33%) and As (26.67%). Only one 
sample had concentration of Zn which is superior to the 
TEL during both seasons, representing 1.67% of the sam-
ples. However, contents above the ERL were observed for 
Cd (10%) and Ni (43.33%). Pb, Cu and Hg contents in both 
seasons and Zn contents in the rainy season were all below 
the TEL. In addition, contents of Pb, Cu, Hg and Zn in both 
seasons and of As in the dry season were all lower than ERL. 
It is noted that all the trace element contents were lower than 
the PEL except for the Ni in the dry season and rainy season 
for 43.33 and 23.33% of the sites, respectively, and Cr in 
the dry season for 6, 67% of the sites. However, only the Ni, 
presented concentrations that are higher than the ERM for 
30% of the samples in the dry season.

Fig. 5  Spatial distribution maps of Ni, Cu and Hg contents in the dry season (a–c) and rainy season (d–f). DS Dry season, RS Rainy season
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The mean probable effect level quotients (mPEL-Q) 
were determined to evaluate the overall quality of the 
studied sediments in terms of polymetallic pollution 
which is a threat to aquatic life. Figure 8 shows that in the 
dry season, mPEL-Q values ranged from 0.09 to 0.55 with 
an average of 0.28 ± 0.13 while in the rainy season, they 
ranged from 0.09 to 0.38 with an average of 0.20 ± 0.08. 
In addition, it is noted that 96.67% of sediment samples 
studied during both seasons were considered to have low 
to moderate potential for adverse biological effects for 
living organisms (0.1 < mPEL-Q ≤ 1.5).

Multivariate analysis of trace element 
concentrations

The multivariate analysis was conducted through Princi-
pal Component Analysis (PCA) applied on a data matrix 
of 13 variables and 30 samples per season.

Correlation matrix

The Pearson correlation matrices between variables in the 
dry season (A) and rainy season (B) are presented in Table 4 
with the significant correlations marked in bold. During the 
dry season, correlations were obtained between Cd and 
As, Mn. Lead (Pb) presented a correlation with Cd and As. 
Chromium (Cr), is correlated with Ni, Cu, Zn and Mn. Cor-
relations were observed between Ni and each of the follow-
ing elements Cu, Zn, Mn. For Cu, it was correlated with Hg, 
Zn, and Mn. Good correlations were also found between As 
and Zn and between Zn and Mn. The pH is negatively cor-
related with Cu, Zn and Mn. Conductivity (EC) is positively 
correlated with Cd and negatively with Ni and Mn. Only Cd 
is correlated with salinity. Organic matter (OM) is correlated 
with Cr, Ni, Cu, Hg and Mn. Clay and silt (C/S) were posi-
tively correlated with Cr, Ni, Cu, and Mn.

In the rainy season, Cd is positively correlated with Pb, 
As, and Zn. For Pb, it is correlated with Cr, Cu, As and Zn. 

Fig. 6  Spatial distribution maps of As, Zn and Mn contents in the dry season (a–c) and rainy season (d–f). DS Dry season, RS Rainy season
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Fig. 7  Concentration of trace elements in sediments compared to quality standards

Table 3  Quality 
standards (CCME 2001; Long 
et al. 1995; MacDonald et al. 
2000)

TEL Threshold Effect Level, PEL Probable Effect Level, ERL: Effect Range Low, ERM Effect Range 
Medium

Guidelines Trace elements (mg/kg)

Cd Pb Cr Ni Cu Hg As Zn

ERL (USA) 1.2 46.7 81 20.9 34 0.15 8.2 150
ERM (USA) 9.6 218 370 51.6 270 0.71 70 410
TEL (Canada) 0.6 35 37.3 18 35.7 0.17 5.9 123
PEL (Canada) 3.5 91.3 90 36 197 0.49 17 315

Fig. 8  Mean PEL quotients of 
sediment (mPEL-Q)
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Positive correlations were obtained between Cr and Ni, Cu, 
Zn, Mn. The Ni was positively correlated with Cu, Zn and 
Mn. Also, correlations were also obtained between Cu and 
Zn (positive), between Hg and Mn (negative) and between 
As and Zn (positive). Clays and silts are positively correlated 
with the elements Cr, Ni, Mn and OM. The pH is positively 

correlated with As. Concerning conductivity, it is positively 
correlated with Cd, Pb, Cu, As, and Zn. The salinity is posi-
tively correlated with Cd, Pb, As and Zn. Organic matter 
shows a positive correlation with Cr, Ni, Cu, Zn and Mn then 
a negative correlation with Zn.

Table 5  Eigenvalues, 
percentage of variance 
explained and coefficient of 
correlation between factorial 
axes and variables in the dry 
seasons and rainy season

Bold indicate the highest and significant correlation coefficients between factorial axes and variables

Variables Dry season Rainy season

F1 F2 F3 F4 F1 F2 F3 F4

Ni − 0.89 − 0.10 0.10 0.26 Cr − 0.88 0.29 0.06 0.14
OM − 0.88 0.10 − 0.23 − 0.06 Cu − 0.78 − 0.13 0.27 − 0.31
C/S − 0.87 − 0.04 − 0.09 0.01 Zn − 0.75 − 0.30 0.28 0.00
Mn − 0.85 − 0.11 0.19 0.01 Pb − 0.73 − 0.38 0.02 − 0.12
Cr − 0.76 − 0.03 0.32 0.34 Ni − 0.73 0.57 0.04 0.15
Cu − 0.70 0.50 − 0.02 − 0.21 OM − 0.72 0.55 − 0.05 − 0.09
Zn − 0.52 0.50 0.23 0.12 C/S − 0.50 0.48 − 0.23 0.43
Sa 0.31 0.79 0.37 0.01 Sa − 0.26 − 0.81 − 0.05 0.07
As − 0.19 0.66 − 0.37 0.49 EC − 0.42 − 0.79 0.18 − 0.23
Cd 0.41 0.65 − 0.23 0.29 Cd − 0.40 − 0.71 − 0.09 0.14
EC 0.56 0.62 0.36 − 0.03 Mn − 0.60 0.64 − 0.14 0.03
Pb − 0.15 0.38 − 0.74 − 0.13 As − 0.49 − 0.56 − 0.29 0.18
pH 0.34 − 0.40 − 0.50 0.45 pH − 0.12 − 0.47 − 0.76 0.02
Hg − 0.28 0.27 − 0.31 − 0.66 Hg 0.19 − 0.42 0.42 0.70
Eigenvalues 5.22 2.77 1.62 1.23 4.83 4.09 1.10 0.95
% total variance 37.29 19.77 11.59 8.77 34.50 29.20 7.87 6.81
% cumulative variance 37.29 57.06 68.35 77.42 34.50 63.70 71.57 78.38

Fig. 9  Projection of cases (sites) in the F1 × F2 factorial plan in the dry season (DS) and rainy season (RS)
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Eigenvalues and projection of variables and cases 
(sites) in the factorial plan F1 × F2

The Eigenvalues and the percentages of variances explained 
as well as the correlation coefficients between the variables 
and the factorial axes are presented in Table 5. According 
to this table, the four factors observed in the dry season 
explain 77.42% of the total information with F1: 37.29; F2: 
19.77%; F3: 11.59% and F4: 8.77%. In the rainy season, the 
four factors observed explain 78.38% of the total variance 
with F1: 34.50%; F2: 29.20%; F3: 7.87%; and F4: 6.81%. 
The factorial plan F1 × F2 explains 57.06 and 63.70% of 
the total information, respectively, in the dry season and 
rainy season. Thus, the process of trace elements distribution 
in sediments can be illustrate explained by the information 
contained in these factorial axes.The values in bold indicate 
the highest and significant correlation coefficients between 
factorial axes and variables

The projection of the variables in the F1 × F2 factorial 
plan (Fig. 8) shows that in the dry season (Fig. 9a), the F1 
axis (37.29%) is determined in its negative part by Cr, Ni, 

Cu, Zn, Mn, OM and C/S. This indicates an organic mat-
ter (OM) enrichment gradient associated with Cr, Ni, Cu, 
Zn, Mn contamination. The F2 axis (19.77%) is positively 
defined by Cd, As, EC and Sa representing a gradient of 
salinity and contamination by Cd and As. Table 5 indicates 
that the F3 axis (11.59%) is negatively determined by Pb 
and pH while the only contributor of the F4 axis (8.77%) 
is Hg. Also, the conductivity (EC) is positively correlated 
well with the F1 factorial axis. During the rainy season 
(Fig. 9b), the F1 axis (34.50%) presents a trace element 
contamination gradient and is defined in its negative part 
by the trace elements Pb, Cr, Cu, Ni, Zn, OM and C/S. The 
main contributors of the F2 factorial axis (29.20%) are Mn 
in its positive part and the variables Cd, As, EC and Sa 
in its negative part. This axis describes a gradient of Mn 
contamination in opposition to the gradient of salinity, 
mineralization and contamination of sediments by Cd and 
As. Table 5 indicates that the F3 axis (7.87%) is negatively 
defined by the pH while the Hg is the only contributor of 
the F4 axis (6.81%). In addition, the Mn is also negatively 
correlated with the axis F1 while the Ni and the OM are 
also correlated with the positive part of the axis F2.

The projection of sites in the factorial plan F1 × F2 
(Fig. 10) shows that three types of sediments can be dis-
tinguished during both seasons. Indeed, during the dry 
season, the first type (G1) is constituted by sites S1, S2, 
S7–S10, S13–S17, S19 and S20 which were all located in 
Lake Togo. Their sediments are characterized by a greater 
enrichment of organic matter and a higher contamination 
by Cr, Ni, Cu, Zn and Mn. The second type (G2) is com-
posed of sites S21–S24, S26–S30 whose sediments are 
less enriched in organic matter. They are more contami-
nated by Cd and As with higher salinities and electrical 
conductivities. The third type (G3) comprises the sites 
S3–S6, S11 and S25 whose sediments have low salini-
ties and conductivities and are poorly enriched in organic 

Fig. 10  Projection of variables in the F1 × F2 factorial plan in the dry season (DS) and rainy season (RS)

Table 6  Enrichment Factors (EF) for trace elements in sediments

EF Dry season (n = 30) Rainy season (n = 30)

Min–Max Average ± SD Min–Max Average ± SD

Cd 1.62–18.35 5.42 ± 4.05 0.71–15.60 3.60 ± 3.72
Pb 0.67–5.21 2.36 ± 1.20 0.24–5.22 1.89 ± 1.21
Cr 0.41–12.14 3.03 ± 2.69 0.44–3.86 1.73 ± 1.06
Ni 0.37–7.55 2.69 ± 2.06 0.28–3.87 1.73 ± 1.26
Cu 0.33–3.60 1.66 ± 1.07 0.37–5.76 1.61 ± 1.14
Hg 0.63–2.22 1.12 ± 0.40 1.31–2.51 1.71 ± 0.34
As 0.42–2.63 1.44 ± 0.65 0.76–5.35 2.17 ± 1.21
Zn 0.32–4.09 1.47 ± 0.98 0.31–2.67 1.31 ± 0.64
Mn 0.25–5.78 1.78 ± 1.52 0.19–9.59 2.38 ± 2.69
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matter. In addition, they are marked by low contents of 
trace elements.

In the rainy season, the first type (G1) is composed of 
sites S2, S7, S9, S10, S13, S15, S16, S19 whose sediments 
are highly enriched in organic matter associated with a 
greater contamination by elements Cr, Ni and Mn. The 
second type (G2) of sediment comprises S20–S23, S25, 
S28–S30. They are less enriched in organic matter. They 
have high salinities and conductivities with a higher con-
tamination by elements Cd, Pb, Cu, As and Zn. The third 
type of sediment (G3), composed of sites S1, S3–S6, S8, 
S11, S12, S14, S17, S18, S24, S26, S27, is the poorest in 
organic matter with low values of salinity and conductiv-
ity. In addition, it has the lowest contents of trace elements 
studied.

Assessment of trace elements contamination level 
of sediments

Enrichment factor (EF)

Table 6 indicates that the highest enrichment factor (EF) 
values ranged from 2.22 for Hg to 18.35 for Cd in the dry 
season and from 2.51 for Hg to 15.60 for Cd in the rainy 
season. The lowest values ranged from 0.25 for Mn to 1.62 

for Cd and from 0.19 for Mn to 1.31 for Hg, respectively, 
in the dry season and rainy season. Sites with moderate to 
high enrichment (5 ≤ EF < 10) were observed for the Cd 
(23.33%), Pb and Mn (3.33% each element), Cr (16.67%), Ni 
(13.37%) in the dry season and for the Cd and Mn (16.67%), 
Pb, Cu and As (3.33% each element), in the rainy season. In 
addition, high enrichments (10 ≤ EF < 25) were recorded for 
Cd and Cr in the dry season, respectively, in 10 and 3.33% 
of the sites studied and for Cd in the rainy season for 10% 
of the sites.

The average EF values show that in the dry season, sedi-
ments of the Lake Togo-Lagoon of Aného hydrosystem 
showed moderate to high enrichment only for Cd with an 
average EF of 5.42 and a moderate enrichment for Cr with 
an average EF of 3.03. The other elements (Pb, Ni, Cu, Hg, 
As, Zn and Mn) had mean EF between 1 and 3, indicating 
their low enrichment in sediments. During the rainy sea-
son, only Cd exhibits moderate sediment enrichment with 
an average EF of 3.60. The average EF of the other trace 
elements (Pb, Cr, Ni, Cu, Hg, As, Zn and Mn) was between 
1 and 3 and indicates their low enrichment in the sediments 
of the hydrosystem. However, all trace elements showed EF 
slightly above 1.5 with the exception of Hg, As and Zn in 
the dry season and Zn in the rainy season. The order of trace 
elements enrichment in the sediments for each season is as 

Table 7  Contamination 
Factors (CF) and PLI values 
of sediments from the 
Hydrosystem

Contamination factors (CF) PLI

Cd Pb Cr Ni Cu Hg As Zn Mn

Dry season (n = 30)
 Minimum 1.42 0.58 0.53 0.43 0.43 0.60 0.51 0.40 0.28 0.79
 Maximum 18.74 5.84 10.60 8.10 4.17 2.25 2.95 4.32 5.89 3.20
 Average 6.31 2.72 3.25 2.92 1.85 1.29 1.63 1.65 1.93 2.04
 SD 4.69 1.40 2.52 2.01 1.15 0.44 0.70 1.03 1.51 0.73

Rainy season (n = 30)
 Minimum 0.85 0.27 0.49 0.36 0.43 1.24 0.96 0.30 0.27 0.77
 Maximum 18.09 4.92 4.01 3.87 5.43 2.49 5.01 2.52 8.63 2.90
 Average 3.81 1.95 1.76 1.73 1.63 1.79 2.20 1.36 2.29 1.70
 SD 4.06 1.21 1.01 1.16 1.06 0.31 1.08 0.62 2.38 0.69

Fig. 11  Spatial distribution map of sediment PLI in the dry season (a) and in rainy season (b)
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follows: Cd > Cr > Ni > Pb > Mn > Cu > Zn > As > Hg in the 
dry season and Cd > Mn > As > Pb > Ni > Cr > Hg > Cu > Zn 
in the rainy season. Cd is therefore the most enriched ele-
ment in these sediments.

Contamination factor and PLI

The statistical values for contamination factors (CF) and pol-
lution load indices (PLI) are reported in Table 7. The lowest 
CF values range from 0.28 for Mn to 1.42 for Cd in the dry 
season and from 0.27 for Pb and Mn to 1.24 for Hg in the 
rainy season. The highest values vary from 2.25 for Hg to 
18.74 for Cd in the dry season and from 2.49 for Hg to 18.09 
for Cd in the rainy season.

During the dry season, the average CF values show that 
only Cd had a very high contamination factor (CF ≥ 6) in 
the sediments of the hydrosystem Lake Togo-Lagoon of 
Aného with an average CF of 6.31. In addition, a high 
contamination factor (3 ≤ CF < 6) was obtained for Cr 
with an average CF of 3.25. The average CF of the other 
trace elements (Pb, Ni, Cu, Hg, As, Zn and Mn) was 
between 1 and 3, indicating moderate contamination. In 
the rainy season, only Cd had a high contamination fac-
tor (3 ≤ FC < 6) while all the other elements were classi-
fied as moderate contamination factors (1 ≤ CF < 3). The 
decreasing order of sediment contamination for each sea-
son is as follow: Cd > Cr > Ni > Pb > Mn > Cu > Zn > As 
> Hg in the dry season and Cd > Mn > As > Pb > Hg > Cr 
> Ni > Cu > Zn in the rainy season. These sediments were 
therefore more contaminated by Cd during both seasons.

To evaluate the levels of contamination caused by the 
combination of all the trace elements studied, the pollu-
tion load indices (PLI) were calculated. Table 7 shows 
that in the dry season, PLI values ranged from 0.79 to 
3.20 with an average of 2.04 ± 0.73 and from 0.77 to 2.90 
with an average of 1.70 ± 0.69 in the rainy season. A 
gradual deterioration of the sediments quality (PLI > 1), 
considered as moderate contamination, was noted for 90% 
and 70% of sites, respectively, in the dry and rainy sea-
sons. Almost all of the hydrosystem was occupied by PLI 
values > 1 with the highest values observed in the south-
west and south-eastern areas of the Lake Togo during the 
dry season (Fig. 11a) and in the Lagoons of Togoville and 
Aného during the rainy season (Fig. 11b).

Discussion

The pH values recorded in sediments are generally neu-
tral, contrary to those obtained in the Bou Regreg estu-
ary in Morocco (7.77 < pH < 8.04), which are slightly 
basic (Nadem et al. 2015). The pH may be related to the 
nature of the rocks or soils crossed by the runoff in the 

watershed. In addition, the decomposition of aquatic 
plants releases organic acids into the water and causes a 
decrease in pH (Razaie-Boroon et al. 2011). It is one of 
the most important factors in aquatic ecosystems concern-
ing chemical behavior and distribution process of chemical 
elements (Chapman and Kimstach 1996). The conductiv-
ity values are much higher than those usually observed in 
freshwater sediments (100–1000 μS/cm). These high values 
of conductivities are associated with high salinity and can 
be explained by a marine influence with intrusion of salt 
water loaded with effluents from the phosphorite treatment 
plant during the dry season and low tide period (Kambiré 
et al. 2014; Millet 1986; Nadem et al. 2015). This can be 
confirmed by increasing conductivity and salinity values 
from upstream to downstream. The decrease in sediment 
conductivity and salinity values in rainy season is due to the 
dilution effect during floods followed by the massive influx 
of continental fresh water and non-salty sediments (Kam-
biré et al. 2014; Yao et al. 2009). Indeed, the soils crossed 
by Zio and Haho rivers, which are the main contributors of 
the hydrosystem sediments, are mainly modal ferralitic and 
tropical ferruginous (Lamouroux 1969).

The recorded organic matter contents are higher than 
those obtained in the Lake Togo by Millet (1986), in the Lere 
Lake in Chad by Ekengele et al. (2016) and in Lagos Lagoon 
in Nigeria (Ekaete et al. 2015). These contents are not gener-
ally different from those observed in the Lake Ahémé and 
lagoon of Ouidah in Bénin (Dedjiho et al. 2014; Hounkpè 
et al. 2017). The classification of the state of ecological qual-
ity of sediments in three levels, according to the contents of 
organic matter (OM) was proposed by Marin et al. (2008) 
as follows: high-good (less than 5%), moderate (between 5 
and 10%) and poor-bad (more than 10%). Thus, the sedi-
ments of this hydrosystem are of good quality for 53.33 and 
60% of the sites, respectively, in the dry season and in the 
rainy season. Poor-quality sediments were recorded for 40 
and 16.67% of the sites, respectively, in the dry season and 
in the rainy season. Organic matter and grain size are one 
of the important factors affecting the distribution of trace 
elements in sediments (Aloupi and Angelidis 2001; Bastami 
et al. 2012; Liaghati et al. 2003). In fact, fine grains have 
the largest specific surface and are therefore more amena-
ble to the adsorption of contaminated organic and inorganic 
materials (Horowitz and Elrick 1987; McCave 1984). In 
general, fine-grained sediments containing a large amount 
of organic matter are more contaminated than coarse-grained 
sediments (De Mora and Sheikholeslami 2002). This affinity 
between trace element content, fine grain of sediment, and 
organic matter was confirmed in this study by the results of 
principal component analysis (PCA) (Table 5; Fig. 9) and 
correlation analysis (Table 4), which showed positive rela-
tionships between trace elements (Cr, Ni, Cu, Mn) and fine 
grains (C/S) and between trace elements (Cr, Ni, Cu, Hg, 
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Zn, Mn) and organic matter (OM). Thus, it is noted that, 
in contrary to coarse particles, fine particles are the largest 
carriers of trace elements (Lin et al. 2002). However, the 
co-precipitation phenomenon must not be neglected in the 
process of these trace elements accumulation in sediments. 
Indeed, trace elements in water as dissolved form can co-
precipitate in new minerals, such as hydrated oxides, accord-
ing to the physicochemical conditions (Singer and Stumm 
1970). The sediments of the central part and the southern 
coasts of the Lake Togo-Lagoon of Aného hydrosystem are 
richer in fine particles (clays and silts) and are in agreement 
with the results obtained by Millet (1986).

The results of this study compared to those obtained by 
other authors show that the average Cd content is higher than 
those recorded in Anzali Wet Zone, Aghien Lagoon, Weija 
Reservoir, Lake Togo for previous studies (Table 8). Most 
of the lagoons and lakes listed in Table 8, have higher aver-
age Pb, Cr, Cu and Zn concentrations than those observed 
in the hydrosystem Lake Togo-Lagoon of Aného. The aver-
age concentration of As is much higher than those of the 
lagoons listed in Table 8 except for Owalla Reservoir in 
Ghana. With regard to Hg and Mn, only the average con-
tents, recorded in the lagoon system of Lomé in Togo for 
Hg, Mn, Aghien Lagoon and Weija Reservoir for Hg and 

Table 8  Comparison of the 
results of the present study with 
those obtained by other authors

a Iran (Jamshidi-Zanjani and Saeedi 2013)
b China (Bai et al. 2011)
c Nigeria (Ekaete et al. 2015)
d Aduwo and Adeniyi (2018)
e Côte d’Ivoire (Gouin et al. 2016)
f Soro et al. (2009)
g Wognin et al. (2017)
h Yao et al. (2009)
i Traoré et al. (2014)
j Bénin (Hounkpè et al. 2017)
k Ghana (Doamekpor et al. 2018)
l Ansah et al. (2018)
m Togo (Gnandi 2002)
n Razaie-Boroon et al. (2011)
o Solitoke et al. (2018)
p Gnandi et al. (2011)

Lagoons and Estuaries Trace elements (mg/kg)

Cd Pb Cr Ni Cu Hg As Zn Mn

Wet zone of  Anzalia 0.38 27.61 51.47 81.42 57.13 124.51 1263.9
Lake  Yilongb 0.76 53.19 86.73 35.99 31.4 86.82
Lagos  Lagoonc 13.27 178 9.38 14.94 223.44 365.25
Owalla  Reservoird 2.90 3.05 3.88 7.26 3.19 12.06 8.99 120.46
Lagoon of  Mondoukoue 5.9 50.08 17.54
Ebrié  Lagoonf 136 43.2 218.2 191.1
Ebrié  Lagoong 2.92 108.3 116.49 397.66
Ebrié  Lagoonh 110.08 53.21 209.34
Aghien  Lagooni 0.03 1.41 145.71 0.54 29.25
Lake Ahéméj 1.32 36.61 1.59 171,37
Kpeshie  Lagoonk 31.46 3.84 66.48 62.28 447.64
Sakumo II  Lagoonk 20.27 2.25 29.62 56.74 94.36
Weija  Reservoirl 0.27 1.86 6.03 13.24 25.6 2.7 1.43 15.9 22.93
Lake  Togom 0.57 56 232 142 42 49
Lake  Togon 0.17 3.79 17.04 21.23 5.56 0.41 16.11
Lake Zowla-Aného  lagoono 1 14.14 10.26 10.74 0.02 2.50 43.21
Lagoons of Lomép 0.96 140 0.97 450 1270
Present study 0.61 11.38 39.03 28.71 10.25 0.044 4.56 43.29 838.41
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Wet zone of Anzali for Mn are higher than those obtained 
in the present study (Table 8). These variations in trace ele-
ment concentrations between study areas may be related to 
the petrographic nature of the rocks crossed by runoff, the 
types of anthropogenic activities in the area, and the sam-
ple digestion methods in each study. It should be noted that 
the sediments of this study underwent partial digestion with 
aqua regia method.

The increase in concentrations from upstream to down-
stream during both seasons for Cd (Fig. 4a, d) and for As 
(Fig. 6a, d) is a good illustration of the marine influence in 
the contamination process of the hydrosystem by effluents 
from the Kpémé phosphorite plant. These effluents contain 
finely suspended particles of phosphorites and clays which 
settle as soon as hydrodynamic conditions allow. However, 
it is known that the effluents discharged by the process-
ing plant into the sea at Kpémé are rich in phosphorites 
and still have high concentrations of trace elements, par-
ticularly the Cd (Bawa et al. 2007; Gnandi et al. 2009). In 
addition, dissolved forms of trace elements may precipitate 
during favorable physico-chemical conditions. In addition, 
the passage of the train loaded with raw phosphorites over 
the lagoon of Togoville resulting in phosphorite falls in the 
lagoon for decades and the leaching of mining soils can 
be quoted. Indeed, natural phosphorites can contain up to 
20 mg of As/kg of phosphorite (Rodier et al. 2009) and aver-
age Cd contents of 49 (Tchangbedji et al. 2003) and 71 mg/
kg (Gnandi et al. 2009) were obtained in Hahotoé-Kpogamé 
phosphorites. Gnandi and Tobschall (1999b) showed that 
these phosphorites are highly enriched in Cr, Ni, Cu and 
Zn. However, these elements can also come from the leach-
ing of agricultural soils. Indeed, phosphate, nitrogenous and 
potash fertilizers can contain up to 6.3 mg of Cd/kg of fer-
tilizer (Raven and Leoppert 1997) and 83.3 mg of Zn/kg of 
fertilizer (Mermut et al. 1996). The Mn of these sediments 
originates from the mainland and may derive from the natu-
ral geological processes of rock alteration and particle trans-
port associated with the phenomenon of Fe/Mn hydrated 
oxide precipitation in an aerobic environment  (Singer 
and Stumm 1970). In fact, the waters of the hydrosystem 
were oxygenized with averages of dissolved oxygen rang-
ing from 7.16 to 8.01 mg/l in the same period (Ouro-Sama 
et  al. 2018) and the sediments had a good to moderate 
quality (5.26–7.98%) as far as organic matter contents are 
concerned, preventing a high oxygen consumption by the 
oxidation of organic matter. In addition, Mn is able to sub-
stitute Fe, Ca and Mg in silicate structures and can lead to 
their abundance in ferralitic and ferruginous soils. This may 
explain the high concentration of Mn given that the soils 
traversed by the main contributor rivers of the hydrosys-
tem, are mainly modal ferralitic and ferruginous tropical 
soils with concretions and cuirasses on a granito-gneissic 
and quartzitic base rocks (Lamouroux 1969). However, an 

anthropogenic origin cannot be excluded due to the fact that 
the Mn contents remain highest in this hydrosystem with a 
decrease in concentrations from upstream to downstream. 
In fact, agrochemicals (fertilizers and pesticides) and fuels 
contain Mn (Biney et al. 1994) which can reach the lagoons 
as a result of agricultural soil leaching and atmospheric 
deposition. The North-West of Lake Togo is in the same 
direction as the Lomé airport runway and is thus perma-
nently over-flown by planes before landing. This may be a 
possible source of Mn by deposition following fuel com-
bustions (Fang et al. 2010, 2007; Gnandi et al. 2011). It is 
known that Mn is increasingly used as a substitute for Pb 
in octane and other high energy fuels and is thus sprayed 
by atmospheric deposition around airports (Boyes 2010; 
Butcher 2002; Kaiser 2003). The other trace elements (Pb, 
Cr, Ni, Cu, Hg and Zn) generally have a heterogeneous dis-
tribution with no particular orientation. Their concentra-
tions vary according to metal type, sampling point (site) 
and sediment type with the high concentrations distributed 
sporadically. This can be explained by less abundant inputs 
of these elements. This could allow them to engage in dif-
ferent biogeochemical processes depending on the local 
physicochemical conditions that can modify their spatial 
distribution. Indeed, Cu and Hg are known to have a strong 
affinity for organic matter. Copper (Cu) is intimately related 
to aerobic degradation of organic matter (Das and Nolting 
1993; Neculita et al. 2005; Pietrzak and Mcphail 2004). This 
is confirmed by the results of the PCA (Table 5; Fig. 9) and 
correlation analysis (Table 4) for Cu. Copper (Cu) is strongly 
related to the oxidizable fraction of sediments (Lee et al. 
2005; Stead-Dexter and Ward 2004) and more specifically 
to humic substances for which it has a high affinity (Pemp-
kowiak et al. 1999). As for Hg, the fraction bound to organic 
matter and sulphides is solubilized while that bound to 
inorganic oxides and hydroxides is precipitated (Thomas-
sin et al. 2003). Significant strong and positive correlations 
were obtained between the trace elements on the one hand 
and between these trace elements and the physicochemical 
parameters (Table 4) on the other. This implies that they 
originate from the same natural or anthropogenic source, 
are controlled by the same physicochemical processes and 
have the same behavior during transport (Agah et al. 2016; 
Ali et al. 2016; Bastami et al. 2015b; Chen et al. 2012; Yao 
et al. 2009). Thus, the positive and significant correlations 
obtained between Cd, conductivity (EC) and salinity (Sa) 
during both seasons are illustrated by correlation analysis 
(Table 4) and PCA (Table 5; Fig. 9). These results confirm 
that the main source of Cd in the hydrosystem is anthro-
pogenic and comes from phosphorite via the intrusion of 
marine waters laden with effluents from the processing plant 
of Kpémé.

Seasonal variations in trace element contents of 
sediments have also been observed in other tropical 
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lagoons (Doamekpor et al. 2018; Gouin et al. 2016; Hounkpè 
et al. 2017; Wognin et al. 2017). The increase in Cd, Pb, 
Cr, Ni, Cu and Zn concentrations obtained during the dry 
season (low water) could be explained by the low flow of 
water which can favor the accumulation of trace elements 
in the sediments from the phosphorite effluents transported 
by seawater (Ali et al. 2016; Islam et al. 2015a). The low 
contents of Hg, As and Mn observed in the dry season may 
be due to their diffusion in the dissolved phase due to the 
physico-chemical conditions (high salinity, anoxia, high 
temperature) of the environment (Ouro-Sama et al. 2018; 
Van Den Berg 1993). Their high contents recorded during 
the rainy season can be due to a higher input of Mn, Hg 
and As rich particles related to a high erosion and removal 
of material from rocks and agricultural soils. In the rainy 
season, low contents of trace elements (Cd, Pb, Cr, Ni, Cu, 
Zn) may linked to the dilution phenomena that occur through 
less or uncontaminated sediment inputs and to the resuspen-
sion of fine particles which are richer in trace elements (Lin 
et al. 2002; Yao et al. 2009). Since this phenomenon can be 
reversible, the accumulation of trace elements in sediments 
can cause ecotoxicological problems for aquatic life (Soro 
et al. 2009). Indeed, there are risks of the release of trace 
elements to the liquid phase and of their absorption by the 
living organisms when the physicochemical conditions allow 
as a result of the seasonal conditions (Förstner and Wittmann 
1981; François et al. 2002).

According to Canadian sediment quality guidelines, it can 
be concluded that sediments of this studied hydrosystem are 
likely to cause adverse biological effects, related to Cd, Cr, 
Ni and As, on living organisms (CCME 2001; MacDonald 
et al. 1996, 2000). This is confirmed by the mean PEL-Q 
values, which revealed low to moderate risks of adverse bio-
logical effects, related to all trace elements, on at least 25% 
of aquatic life (Long and MacDonald 1998). In addition, 
EF and CF values calculated relative to the reference site 
indicate that the sediments are most contaminated with Cd 
followed by Cr and Ni. The main origin of these elements 
in this lagoon environment is the exploitation of phospho-
rites (Gnandi 2002) while the other trace elements come 
mainly from other sources, such as agricultural activities and 
urban effluents. Indeed, according to Zhang et al. (2007), EF 
values between 0.5 and 1.5 (0.5 ≤ EF ≤ 1.5) suggest that trace 
elements would be derived entirely from the earth’s crust 
materials or natural processes of rock alteration. However, 
when EF values are greater than 1.5 (EF ≥ 1.5), it assumes 
that a significant portion of the trace elements derive from 
human activities. These results are confirmed by the EF val-
ues, which are, for the most part, higher than 1.5 and the 
pollution load indices (PLI), which show a progressive dete-
rioration of the metallic quality of the sediments from the 
hydrosystem Lake Togo-Lagoon of Aného. The Cd, there-
fore, has an influence on the overall state of trace elements 

contamination of the sediments of this hydrosystem. This 
strong contamination by Cd was observed by (Wognin et al. 
2017) in the Ebrié lagoon in Côte d’Ivoire.

Conclusion

This study has shown that the sediments of the hydrosystem 
Lake Togo-Lagoon of Aného are of the saline type with high 
conductivities, especially during periods of low flow under a 
strong marine influence. These sediments are rich in organic 
matter in some locations with rates reaching 20.6% in the 
dry season. The content of trace elements is quite high and 
heterogeneously distributed over the hydrosystem. The most 
abundant element is Mn with average levels reaching 766.74 
in the dry season and 910.08 mg/kg in the rainy season. 
Mercury (Hg) is the least represented element with average 
concentrations of 0.04 mg/kg in the dry season and 0.05 mg/
kg in the rainy season. The trace element concentrations 
showed strong spatial variations. In addition, significant 
seasonal differences were found for the parameters (EC and 
OM) and the trace elements (Cd, Pb, Cr, Ni, Hg and As). 
Sediments of this body of water are weakly to moderately 
contaminated by trace elements that are mainly of anthropo-
genic origin due to agricultural activity in the watershed and 
the phosphorite mining activities. Given the fishing activities 
and ecotourism around this body of water, other studies on 
the effects of contaminants on aquatic life are necessary to 
inform better management of this ecosystem.
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