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Abstract: Ebrie lagoon is one of the largest in the West Africa lagoon system and contributes to the social and economic
well-being of the habitants. Whereas, the sectors IV and V of Ebrié lagoon are increasingly threatened by potential toxic
elements (PTEs) pollution due to urban growth, and industrial and agricultural activities, but few studies have focused on the
contamination of sediments by PTEs and the human health risks. In the present study, surface sediments from sectors IV and V
of Ebri¢ lagoon were sampled for the geochemical, human risk and ecological risks assessment of four potential toxic elements
(PTEs) (As, Cd, Hg and Pb). Results indicate that particle of grain size of > 63 pm (sand) were the most abundant in the
surface sediments with relative high TOC content. However, particle size did not affect metals distribution in sediments. PTE
mean concentrations did not exceed the UCC values. The geoaccumulation index and enrichiment factor values indicate that
no Cd and Pb contamination has occured on the whole, but sediments have been polluted by As and Hg and suggest that Cd
and Pb were influenced by from natural weathering processes, whereas As and Hg derived from anthropogenic inputs. The
concentrations of Hg higher than PEC, which suggest that it may pose adverse effects to organisms. The results of this study
indicated that As, Hg and Pb increase health risks via sediment ingestion for both chidren and adults. With regard to
concentrations and level of risk, Hg is the most toxic metal that requires special attention including monitoring of pollution
level, wastewater treatment for better environmental management in sectors IV and V of Ebrié lagoon.
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1. Introduction

Sediment quality is an indicator of water pollution that
manifests pollution variations. Sediment provides a
biogeochemical cycling and the foundation of the food web
[1]. Sediment have been used as an important tool to assess

the health status of aquatic ecosystems [2], and are an
integral component for functionang of ecological integrity.
Sediment act as a sink of organic as well as inorganic
pollutant (heavy metals) and provide a history of
anthropogenic pollutant input [3] and environmental changes
[4]. Potential toxic elements (PTE) enter the aquatic
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ecosystems through point sources such as industrial,
municipal and domestic waste water effluents as well as
diffuse sources which include surface runoff, erosion, and
atmospheric deposition.

Sediment pollution with PTEs is a worldwide problem [5,
6] and is considered to be serious threat to the aquatic
ecosystem because of theit toxicity, ubiquitous and
persistence nature, non-biodegradability and ability to bio-
accumulate in food chain [7]. Sediments serve as the largest
pool of metals in aquatic environment. More than 90% of the
heavy metal load in the aquatic systems has been found to be
associated with susparticulate matter and sediments [8-10].
PTEs in suspended particulates settle down and pool up in
sediments [6], while the dissolved metals adsorb into fine
particles which may carry them to bottom sediments [11].
Distribution of PTE sis influenced by mineralogy and
chemical composition of suspended material, anthropogenic
influences, deposition, sorption, enrichment in organism [12,
13], and various physico-chemical characteristic [11].

Sediments has widley been studied for anthropogenic
impacts on the aquatic environment [14]. Various studies
have reported sediment quality assessments, distribution and
contamination of PTEs and quantification of pollution load in

sediments of different lagoons such as, Fosu lagoon, Ghana
[15]; Epe and Badagry lagoons, Nigeria [16]; Mingoa River,
Cameroon [17], Sidi Moussa lagoon, Morocco [18]. Ebrié
lagoon is one of the largest lagoon in West Africa. It drains a
megacity of Cote d’Ivoire, namely Abidjan. With the
economic boomin its surrounding area, numerous studies
focusing on the urban part of Ebrié lagoon have indicated
that increased PTEs have been observed and the aquatic
ecosytem connect with has become one of the most degraded
[19-22]. So data were only available for this area. The sectors
IV and V located around Dabou and Jacqueville cities in
rural part of the Ebrie lagoon become the canal of domestic
waste water discharge, industrial cultivation which involves
heavier using of chemical fertilizer and significant tourist
influx. Morever, recurrent massive mortality of fish occurred
in this part of the Ebrie lagoon. Whereas, informations on the
transport or fate of such contaminants and their potential
adverse environmantal impacts from this area was lacking,
which could limit our understanding on these mortalies. In
this paper, the spatial distribution of four PTEs (arsenic (As),
cadmium (Cd), mercury (Hg), and lead (Pb)) in the surface
sediments from sectors IV and V of Ebrié¢ lagoon, the
potential ecological and human health risks are presented.
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Figure 1. Study area and sampling site localisation.
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2. Material and Methods

2.1. Study Area Description

The Ebrie lagoon is located in the Abidjan city, one of the
most densely populated and higly deveopped areas in Cote
d’Ivoire (Figure 1). Its water storage capacity is about 2.5 km’
and mean annual outflow is 100 m’/s [23]. The area is
subequatorial humid climate with prevaling of rainy season. Its
annual temperature 29°C, and the annual average precipitation
varied between 1100 — 1400 mm, higly concentrated during
raini season (May to june) [19]. In this region, the types of
land-use mainly include arable land forest land, grass-land,
residential and industrial land, and water area. The major soil
type are subtropical yellow brown soil, middle subtropical red
soil, strand plain salt soil, alluvial plain and paddy soil.

2.2. Sample Collection

A total of 102 sediment samples were collected from
sector IV and V of Ebrie lagoon system (Figure 1). At each
sitation, the samples was collected from the top (0 — 5 cm)
using a stainless steel core sampler, and stored in polythene
zip bag. At each sampling site, three subsamples were
collected and mixed throrougly into one composite sample.
Following the collection, samples were kept in a refrigerator
and transported to the laboratory immedialtely.

2.3. Chemical Analysis and Quality Control

In lab, the samples were dried, passed through a 100-mesh
sieve, powdered and digested, successively. Details of
disgestion processes for sediments can be found in the
previous study [13]. The content of potential toxic elements
(PTE) were measured at the Laboratoire national d’ Appui au
Developpement Rural (LANADA), which certificated ISO
9001. For the 102 sediments samples six metals (As, Cd, Hg,
Pb, Fe and Al) were determinated using atomic absorption
spectroscopy (AAS). To ensure the quality of analysis,
several quality assurance and control methods were adopted
including standard operating procedures, analysis of reagent
blanks, recovery of spiked samples, calibration with
standards and analysis of replicatess. The standard reference
material was used to chek the analysis precision after every
ten sample. In the study, the precision and bias of the analysis
were generally below 10% and the recovery of samples

spiked with standard ranged from 96% to 119%.
2.4. Physicochemical Characterization

Total organic carbon (TOC) was determined by loss on
ignition of 1.0 g of dried sediment in an oven at 550°C for 4
hours [24, 25]. 5 g of the air-dried sediment were weighted
and 25 ml of distilled water added and agitated for 5 min and
the solution left undisturbed for 1 hour. The pH was
determined using a digital pH meter (HI, 99100) by inserting
the electrode in each of the sample solution after calibration
of the pH meter. The granulometric composition of the
sediment samples was determined by wet sieving using
standards sieves, for grain sizes down to 63 pm on electronic
counter (Coulter Counter, Mod. TA II, England).

2.5. Statistical Analysis

Descriptive analysis, one way analysis of variance
(ANOVA) and correlation were performed. The ANOVA on
ranks was performed when the equal variance test failed. The
difference was considered statistically significant at p < 0.05.
Statistical analysis were performed with Sigmaplot 12.1
software.

2.6. PTE Pollution Level Assessment Indexes and Source
Apportionment

The geo-accumulation index (Igeo) and enrichment factor
(EF) were used to assess the geochemical characteristic of
PTE in the Ebrie lagoon sediments in the following equation

Igeo = log,(C;/1.5B;) )
EF = (Ci/cref)sample/(Ci/cref)background (2)

Where C; is the concentration of the given metal (ug g™);
B; is the geochemical value of the corresponding element (ug
g'l); C.r is the concentration of the reference element in
upper continental crust (UCC) (ug g'), while 1.5 is the
background matrix correction factor due to lithogenic effects.
In this study, Fe was used as the reference element for
geochemical normalization to calculate the EF value since it
is one the largest component of earth’s crust and it’s
positively cotrelated with studied elements. The pollution
levels are given in supplemental material (Table 1).

Table 1. Geoaccumulation index (Igeo) and enrichment factor (EF) pollution level.

Geoaccumulation index

Enrichment factor

Igeo values class Pollution level EF values class enrichment level
0> 0 Unpolluted EF<1 0 No contamination
0-1 1 Unpolluted to moderately polluted 1<EF<3 1 Minor contamination
1-2 2 Moderately polluted 3<EF<5 2 Moderate contamination
2-3 3 Moderately to heavily polluted S<EF<10 3 Moderate to strongly contamination
3-4 4 Heavily polluted 10 <EF <25 4 Strongly contaminated
4-5 5 Heavily to extremely polluted 25 <EF <50 5 Strongly to extremly contaaminated
>5 6 Extremely polluted EF > 50 6 Extremely contaminated
For human health risk assessment, the method recommended by the US EPA was employed in the study
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[26]. Here, the ingestion route exposure was considered, and
the average daily intake (ADI) doses of metals was evaluated
used Eqgs. (3). To characterize the non-carcinogenic risk,
hazard quotient (HQ) was calculated by adding the ratios that
divided the ADI by the corresponding reference exposure
dose (RfD, pug g'1 day™) (Eq. (4)), and the total hazard index
(THI) posed by multiple metals was determined by summing
the HQ of each polluant (Eq. (5)). Similarly, the ADI was
multiplied by corresponding slope factor (SF, per ug g day™)
to produce a carcinogenic risk (CR) (Eq. 6) and the total
carcinogenic risk (TCR) was the sum of the CR of each
pollutant (Eq. (7)).

IRjng XEFXED

ADI = C x —2— 3)
_ ADljpg

HQ = [ )

THI = SI., HQ; 5)

CR = ADliyy X SFipg (6)

TCR = Y™, CR; @)

Where IR;,, represent the ingestion rate mg day™, EF is the
exposure frequency (day/year), ED is the exposure duration
(year), BW is the body weight of the exposed individual (kg),
AT is the time period over which the dose averaged (day) and
n is the number of metals (Table 2).

Table 2. Parameters used in health risk assessment.

Parameters Adults Children Reference
Ingestion rate (IR) 100 mg 200 mg [27, 28]
Reference body weight 60 25 [29, 30]
Exposure duration (ED) 365d 365d

Exposure frequency (EF) 56.8a 56.8 a [31]
Average time (AT) 20732 d 20732 d

Note: d is the abbreviation for day, a is the abbreviation for age and 20732 d
=365x56.8 a.

The slope factors for carcinogenic contaminants and reference
doses for non-carcinogenic PTE elements were extracted from
Integrated Risk Information System [32] as given in Table 3.
Whereas, due to the lack of slope factors are not available for
Hg, only As, Cd and Pb carcinogen risk were estimated.

Table 3. Potentially toxic elements reference dose and slope factor values
(mg kg day™).

Table 4. Values of pH, TOC and granulometric composition of Ebrie lagoon
sediments.

. TOC Granulometric composition (%)
Stations pH (%) Limon+clay Sand
Abraco 7.12  0.73  7.53 81.5
Ahua 739  0.64 13.4 74.8
Gbougbo 7.28 1.77 8.2 84.7
Koko 746 026 287 51.2
Mopoyem 6.97 3.65 5.07 79.8
Bapo 7.42 173 42 78.9
Layo 6.98 104  5.87 84
Ndjem 739 032 333 83
Papoga 7.11 17.8 10.1 79
Songon 7.28 5.85 6.53 81
Taboth 730 27.8 847 73.2
Mean 725 786 921 77.3
Standard Deviation  0.16 8.88 6.72 8.94

As Cd Hg Pb Refernces
RfD 0.0003 0.001 0.0003 0.00035 [32]
SF 1.5 15 0.0085 [33]

3. Result and Discussion
3.1. Physochemical Characterization of the Sediments

Table 4 presents the values of pH, TOC and granulometric
composition of sediments collected in sector IV and V of
Ebrié Lagoon.

The pH varied from 6.97 between 6.97 and 7.46 (Table 4) that
is considered in the same order in the relation of those generally
found in the sediments from lagoon in Céte d’Ivoire, which vary
between 6.9 and 8.3 [34, 35]. The neutral pH or very low acidity
sediment in the areas of greatest anthropic influence may be
explained by the dissolution of carbonates minerals [36], which
consume H' ions and generates aqueous carbonate species,
increasing sediment pH [37].

The TOC contents varied from 0.26 to 27.8% with an
average of 7.86%. In overall, the organic matter levels were
medium in sediments which could be explained by the
contribution of industrial and food crops cultivation and
vegetation around the study area. Regardless of the sector,
the sediment granulometry was classified as sandy loam
(51.2-84.7%). The predominance of sandy texture could be
associated to the impact of tributaries and other lateral
sediment sources on Ebrie lagoon bed sediment such as
Agneby. Although, positive correlation coefficients were
observed between sediment sand content and PTE
concentrations, correlation was not significant (p < 0.05)
(Table 5).

3.2. PTE Contamination Level Assessment in Ebrié Lagoon
Sediments

The descriptive statistic of the PTE in the sediments of the
Ebri¢ Lagoon system are summarized in Table 5. It can be
seen the maximium, minimum, mean and median values for
As, Cd, Hg, Pb and Fe and their corresponding background
from Upper Continental Crust (UCC).

PTE concentrations in Ebrie lagoon sediments investigated
in this study are shown in Table 5. A wide range of PTE
concentration (As: 1.51 —9.79 pg.g™; Cd: 0.01 — 0.12 pg.g™’;
Hg: 0.86 — 1.46 pg.g'; Pb: 1.32 - 13.5 pg.g”; Fe: 21541 —
32197 pg.g") was found in the sediment samples collected
from two sectors. Compared with the PTE background
concentrations in UCC [39], arsenic and Hg concentrations
were 2 to 20 times higher than UCC values, while Cd, Pb and
Fe concentrations were of 1-3 order lower than they
corresponding values in upper continental crust. This results
indicating anthropogenic impacts on As and Hg sediments
from in Ebrie lagoon system.
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Table 5. Descriptive statistics of PTE concentrations in the Ebrie lagoon sediments (ug g”), the upper continental crust and the value of consensus-based
sediment quality guidelines (SQGs).

As Cd Hg Pb Fe

Maximum 9.79 0.12 1.46 13.5 32197
Minimum 1.51 0.01 0.80 1.32 21541
Mean 5.27 0.06 1.12 5.59 25924
Median 2.83 0.03 0.18 3.60 3005
Standard deviation 4.88 0.06 1.09 4.20 24968
Coefficients of variation (CV) 53.5 56.7 15.5 64.4 11.5
Upper continental crust (UCC) 2.00 0.102 0.06 17.0 30890
TEC* 9.8 0.99 0.18 35.8 -
PEC* 33.0 5.00 1.10 125 -

* Threshold effect concentration; Probable Effect Concentration [38].

When compared with the published data in other water  less than those reported in other africain country, while As
environment in the worldwide (Table 6), the concentrations were higher than the ones in other african
concentrations for PTE in the sediment of Ebrie lagoon  countries. Neverthless, As, Cd and Pb concentrations were
system were within the middle level. Indeed, the less than those reported in Berre lagoon (France) and
concentrations of Cd, Hg and Pb found in this study were = Homa lagoon (Turkey).

Table 6. Comparison of PTE concentrations (ug.g”") in Ebrié lagoon with other lagoons in world.

Potential toxic elements

Country area As Cd He b Reference
Cote d’Ivoire Ebri¢ lagoon 1.519.79 (5.27) 0.01—-0.12 (0.06) 0.08 —1.46 (1.12) 1.32-13.5 (5.59) This study
Céte d’Ivoire Ebrié lagoon - (63.9) - (188) [19]
Céte d’Ivoire Ebrié¢ lagoon (1.83) - (141) [20]
Nigeria Lagos lagoon - 0.13 - 8.60 0.04-0.53 410 - 29570 [39]
Ghana Fosu lagoon 1.7-91.7 (28.1) [15]
Ghana Weija reservoir (1.43) 0.27) (2.17) (1.86) [40]
Morocco Nador Lagoon 0.12-3.60 (1.60) - 15.6-326 (135) [18]
France Berre lagoon 4-10(6.41)" 0.2-1.6 (0.69)" 0.15-0.40 (0.32)" 18-82 (41.3)" [41]
Turkey Homa lagoon - 0.06-0.19 0.22-0.48 2.43-17 [42]

(): represents mean concentration, () - Mean concentration calculated.
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Figure 2. Spatial distribution of As, Cd, Hg and Pb in surface sediments from the sectors IV and V of Ebrié Lagoon.



American Journal of Physical Chemistry 2022; 11(1): 14-24 19

3.3. Spatial Distribution

Spatial distribution patterns of As, Cd, Hg and Pb in surface
sediments from sectors IV and V of Ebrie lagoon are showed
in Figure 2. These maps illustrate the distinct zones of lower or
higher concentration in surface sediments from Ebrie lagoon.
Arsenic (As) is a proved human carcinogen and has potential
to damage the ecological communities [43]. The patches of
higher concentrations were founds at Songon, Gbougbo and
Mopoyem in the northern part of the study area.

As Figure 2 shown, the distribution of Cd and Hg was
similar to that of As. Whereas, inverse trend was observed
for Pb, with patches of the highest concentrations appaered at
Bapo, Loyo and Abraco in southern part from sectors IV and
V of the Ebrie lagoon.

The similar spatial distribution patterns of As, Cd and Hg in
the sediments of these sectors of Ebrie lagoon might be closed
of the similar geological enrichment characteristic [44], which
also showed that they might come frome the same input
sources [45]. In overall, the uniform higher and lower PTE
concentrations observed in northern and southern of the study
area could be associated to TOC contents (0.26 — 27.8%). In
fact, multiple authors repoted that organic matter could act as
major sink for PTEs due to strong complexing capacity for
metallic contaminants [46, 47]. The réle of organic matter in
accumulation of trace metals to the sediments was also
emphasized by Wakida et al. (2008) [48]. Except for Hg,
positive correlations were found between PTEs with TOC
contents but those were not significant (p < 0.05) (Table 7).

Table 7. Pearson correlation between heavy metals, limon+clay, and sand in surface sediments from the sectors IV and V of Ebrie lagoon.

As Cd Hg Pb Fe Limon+clay Sand
As 1
Cd 0919 1
Hg -0.045 -0.103 1
Pb -0.108 0.101 0.187 1
Fe 0.625 0.611 -0.186 0.057 1
Limon+caly -0.450 -0.466 -0.340 -0.187 -0.260 1
Sand 0.413 0.460 0.163 0.133 0.162 -0.943 1

In bold significant correlation at the 0.05 level (2-tailled).

3.4. PTE Contamination Level and Source Apportionment

To qualitively assess the degree of anthropogenic influence,
we calculated the geo-accumulation index (Igeo) and the
enrichment factor (EF) for each metal (Table 8). The EF values
for As, Cd, Hg, and Pb were in the range of 0.94 — 5.29, 0.15 —
1.23, 18.4 — 37.3, and 0.07 — 0.93, respectively with medians
of 3.17, 0.72, 23.9, and 0.28, respectively. PTE elements were
considered as natural origin when EF value were below 1.0,
whereas EF values > 1.5 indicate that the metals were orginate

from anthropogenic sources [49]. Here, the median EFs of As
and Hg were greater than 1.5, implying significant enrichment
due to anthropogenic activities. Indeed, 100% samples for Hg
and 72% for As were above strongly enrichment and moderate
enrichment, respectively. This result suggested that As and Hg
was significant pollutant to influence the sediment quality in
the Ebri¢ Lagoon system, which was also confirmed by the
analysis of Igeo index values for As and Hg which placing
these elements into moderately contaminated to strongly
contaminated.

Table 8. Geochemical accumulation (Igeo) and enrichment factor values.

Localities Geoaccumulation index (Igeo) Enrichment factor (EF)
As Cd Hg Pb As Cd Hg Pb

Abraco 0.02 -2.02 3.69 -1.43 1.84 0.45 233 0.67
Ahua -0.99 -3.61 3.71 -1.71 0.94 0.15 243 0.57
Gbougbo 1.43 -0.83 3.84 -3.15 5.25 1.09 27.8 0.22
Koko -0.48 -2.89 3.66 -2.96 1.36 0.26 239 0.24
Mopoyem 1.53 -1.07 3.72 -4.27 4.15 0.68 18.9 0.07
Bapo 1.33 -0.77 4.07 -0.92 4.39 1.02 29.3 0.93
Layo 0.98 -0.59 3.56 -1.52 3.05 1.03 18.3 0.54
Ndjem -0.90 -3.38 4.12 -3.22 1.15 0.21 37.3 0.23
Papoga 0.70 -1.53 3.24 -2.52 3.28 0.70 19.1 0.35
Songon 1.71 -0.40 3.66 -3.11 5.29 1.23 20.4 0.19
Taboth 0.70 -1.33 3.69 -2.60 3.02 0.74 24.0 0.31
Min -0.99 -3.61 3.24 -4.27 0.94 0.15 18.3 0.07
Max 1.71 -0.40 4.12 -0.92 5.29 1.23 37.32 0.93
Mean 0.52 -1.73 3.72 -2.51 3.07 0.68 24.32 0.40
Median 0.70 -1.33 3.69 -2.60 3.17 0.72 23.98 0.28

The consensus-based guidelines (SQGs) are used to evaluate
the adverse effects and aid in the interpretation of chemistry
quality of PTE in the surface sediments of Ebri¢ lagoon. The

SQGs include Threshold effects concentrations (TECs) and
probable effects concentrations (PECs) concentrations for some
substances with potential environmental risk [38]. Generally,
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TECs have been used to identify uncontaminated samples that
pose a limited risk of toxicity; the PECs have been used to
identify those sample in which chemical concentrations were
sufficiently elevated to warrant further evaluation [50].

The concentrations of As, Cd and Pb in the surface
sediments of Ebrié lagoon are far below or close to their
corresponding TEC values. For Hg, the concentrations are

3.5. Human Health Risks Assessment
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regarded as relatively uncontaminated samples that pose a
limited risk of toxicity. Whereas, Hg is the main dangerous
PTE for the Ebri¢ lagoon sediment organisms.
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Figure 3. Average daily intake values of PTEs via sediment ingestion and non-carcinogen risk assessment.
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Figure 4. Carcinogen risk via sediment ingestion assessment.

3.6. Health Risk Assessment

The health risk caused by the ingestion rate of sediment to
adults and children, including ADI, HQ, THI, CR and TCR,
of the measured PTEs in surface sediment samples from
Ebrié¢ lagoon are shown in Figures 3 and 4, respectively.

The trends of ADIs for PTEs in sediment were in the order
of Pb > As > Hg > Cd (Figure 3). The mean average daily
intake values for As, Hg and Pb in sediments exceeded the
US EPA (2011) [27] reference dose. The highest ADI mean
values were recorded for children in the study area. Among
the studies PTEs, As, Hg and Pb caused highest health risks,
while Cd did not have much impact both adults and children.
It can be said with certainty that As and Pb were main
sources of potential non-cancer risks brought about by
ingestion rate of sediment (Figure 3). Therefore, we should
focus on the health risk caused by possibility of incorrectly
ingesting of sediment, which could occur from foods and
other way. According to Figure 3, the mean HQ values of
ingestion of As, Hg and Pb are higher than 1, indicating that
there are healt risk. Therefore, health risk will be conducted
for sediment ingestion for both adults and children. The
means values of the THI values for different population
groups were 38 £ 15 and 185 £ 75 for adults and children
repectively. The mean values of THI were above 1 and
showed that the health risks for both groups were high.

For carcinogenic risk, the mean CR values for
carcinogenic PTEs varied from 8.32 x 107> +5.10 X
107° to 6.40 x 1072 +£3.99 x 1072 and were ranked a
CRys > CRcq > CRp, both for children and adults. In
addition, the CRs posed by As, Cd and Pb in sediment for
children were higher than those adults. For the present
results, it can indeed be concluded that the carcinogenic rsik
of exposure to As, Cd and Pb is not negligible in most
situations, as all calculated CRs fall out the range of
internationally acceptable risk (1.0 X 1076 — 1.0 x 107%).
As shown in Figure 4, it very clear that the CR values for
children were higher than those for adults. In other hands, As
was prominent element among the three carcinogenic, as it
accounted for aproximately 89.2% for the two population
groups. Therefore, the carcinogenic risk associated to As
exposure via ingestion pathway was highest, suggesting that
the carcinogenic risk of As should receive adequate attention
in pollution control by goverment for residential health
concerns in the coming years. In this study, the TCRs of As,
Cd and Hg is below the risk limit (1.00) (Figure 4), and the
three element not posed significant carinogen risk to the
population via ingestion pathway. In overall, these results
could be attributed to the body weight (BW) and PTEs
concentrations in sediments. In fact, previously, some authors
have analyzed the sensitivity of the parameters such as PTEs
concentration, IR, EF, ED aand BW on health risk indexes
[51, 52]. They reported that heavy metals concentration and
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BW were factors affecting children and adults health risk for
23% and 22%, respectively. On contrary to our result, Zhang
et al., (2021) [53] reported that adults health risks through
sediment ingestion were higher than those for children
around Xinjiang coal mine in China.

4. Conclusion

The mean concentrations of As, Cd, Hg and Pb in the
surface sediments of Ebrié lagoon are generally lower than
upper continental crust (UCC) values of pre-industrial
sediments. Combining EF, Igeo values, we suggest that the
Cd and Pb in surface sediments from two sectors IV and V of
Ebrié lagoon are dominantly from natural sources, the As and
Hg are mainly from anthropogenic sources. The
contamination levels of Cd and Pb are close to zero to minor,
while to moderate to strongly contaminated for As and Hg. in
overall, the concentrations for Cd, Hg and Pb wee lower than
those reported in other countries, while the concentration of
As were higher than the ones, except in Berre and Homa
lagoons, respectively in France and Turkey. According to the
consensus-based SQGs, Hg was identified as the most toxic
PTE. This metal may pose high eco-risks to the sediment
organism from Ebrié lagoon. Finally, we assessed ADI, HQ,
THI index through oral ingestion pathway. The ADI average
values for the four studied PTE exceeded the reference dose
establised by US EPA for chidren and adults. Except for Cd,
the HQ index for the three PTEs have significant non-
carcinogenic risks for both children and adults. It should be
noted that CR index for As, Cd, and Hg in two populations
groups exceeded the acceptable range (10° — 10™), but the
TRC index is less than 1. In view of the of this study, we
recommend followings : (1) treating of effluent discharge
into the sector IV and V of Ebrié lagoon, (2) implementing of
monitoring system to controll the contamination level. The
action plan should be competent enough to free the lagoon
from the problems it is facing currently considering its great
importance to the surrounding communities.

Acknowledgements

Authors are grateful for support of the Fond
Interprofessionnel pour la recherché et le conseil agricole
(FIRCA). We also thank all technicians for assistance in
laboratory experiment. Authors would like to thank reviewers
for their constructive comments.

References

[11 Burton AG, Baudor, Beltrami M, Rowland C. Assessing
sediment contamination using six toxicity assays. J Limnol
2001; 60: 263-7.

[2] Birch G, Taylor S, Matthai C. Small-scale spatial and temporal
variance in the concentration of heavy metals in aquatic
sediments: a review and some new concepts. Environ Pollut
2001; 113: 357-72.

(3]

(4]

(3]

(6]

(7]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Santos Bermejo J, Beltran R, Gomez Ariza J. Spatial
variations of heavy metals contamination in sediments
from Odiel River (Southwest Spain). Environ Int 2003; 29:
69-717.

Shomar B, Miiller G, Yahya A. Seasonal variations of
chemical composition of water and bottom sediments in the
wetland of Wadi Gaza, Gaza Strip. Wetl Ecol Manag 2005;
13:419-31.

Fernandes C, Fontainhas-Fernandes A, Cabral D, Salgado
MA. Heavy metals in water, sediment and tissues of Liza
saliens from Esmoriz—Paramos lagoon, Portugal. Environ
Monit Assess 2008; 136: 267-75.

Kucuksezgin F, Uluturhan E, Batki H. Distribution of heavy
metals in water, particulate matter and sediments of Gediz River
(Eastern Aegean). Environ Monit Assess 2008; 141: 213-25.

Ouattara AA, Yao KM, Soro MP, Diaco T, Trokourey A.
Arsenic and Trace Metals in Three West African rivers:
Concentrations, Partitioning, and Distribution in Particle-Size
Fractions. Archives of Environmental Contamination and
Toxicology 2018, 75 (3): 449-463. DOI: 10.1007/s00244-018-
0543-9.

Duman F, Aksoy A, Demirezen D. Seasonal variability of
heavy metals in surface sediment of Lake Sapanca, Turkey.
Environ Monit Assess 2007; 133: 277-83.

Amin B, Ismail A, Arshad A, Yap CK, Kamarudin MS.
Anthropogenic impacts on heavy metal concentrations in the
coastal sediments of Dumai, Indonesia. Environ Monit Assess
2009; 148: 291-305.

Zheng N, Wang Q, Liang Z, Zheng D. 2008. Characterization
of heavy metal concentrations in the sediments of three
freshwater rivers in Huludao City, Northeast China. Environ
Pollut. 154: 135-42.

Singh KP, Malik A, Sinha S, Singh VK, Murthy RC. Estimation
of source of heavy metal contamination in sediments of Gomti
River (India) using principal component analysis. Water Air
Soil Pollut 2005a; 166: 321-41.

Jain, C., Malik, D., Yadav, R., 2007. Metal fractionation study
on bed sediments of the Lake Nainital, Uttaranchal, India,
Environ Monit Assess., 130: 129-139.

Kinimo, K. C., Yao, K. M., Marcotte, S., Kouassi, N. L. B.,
Trokourey, A., 2018. Distribution trends and ecological risks
of arsenic and trace metals in wetland sediments around gold
mining activities in central-southern and southeastern Cote
d'Ivoire. Journal of Geochemical Exploration, 190: 265 — 280.

Sayadi, M., Sayyed M., Kumar, S., 2010. Short-term
accumulation signatures of heavy metals in river bed
sediments in the indusrial area, Tehran, Iran. Environ Monit.
Assess., 162: 465-473.

Bentum, J. K., Arang, M., Boadu, K. O., Koranteng-addo, E.
J, Owusu antwi, E., 2011. Assessment of heavy metals
pollution of sediments from Fosu Lagoon in Ghana. Bull.
Chem. Soc. Ethiop. 25 (2): 191 — 196.

Olowu, R. A., Ayejuyo, O. O., Adewuyi, G. O., Adejoro I. A., A.
Denloye A. B., Babatunde A. O., Ogundajo A. L., 2000.
Determination of Heavy Metals in Fish Tissues, Water and
Sediment from Epe and Badagry Lagoons, Lagos, Nigeria. E-
Journal of chemistry, 7: 215-221.



[17]

[18]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[29]

American Journal of Physical Chemistry 2022; 11(1): 14-24 23

Ekengele, N. L., Myung, C. J., Ombolo, A., Ngounou N.,
Ekodeck, G., Mbome, L., 2008. Metals pollution in freshly
deposited sediments from River Mingoa, main tributary to the
Municipal lake of Yaounde, Cameroon. Geosciences Journal,
12: 337-347.

Maanan, M., Zourarah, B., Carruesco, C., Aajjane, A., Naud,
J., 2004. The distribution of heavy metals in the Sidi Moussa
lagoon sediments (Atlantic Moroccan Coast). Journal of
African Earth Science, 39: 473-483.

Yao, K. M., Soro, M. B., Trokourey, A., Bokra, Y, 2009.
Assessment of sediments contamination by heavy metals in a
tropical lagoon urban area (Ebri¢ Lagoon, Coéte d’Ivoire).
European journal of scientific Research, 2: 280 — 289.

Kouassi, N. L. B., Yao, K. M., Trokourey, A., Soro, M. B. 2015.
Distribution, Sources, and Possible Adverse Biological Effects
of Trace Metals in Surface Sediments of aTropical Estuary.
Environmental Forensic, 16 (1): 96 — 108.

Coulibaly, S., Coulibaly, M., Atsé, B. C. 2019. Arsenic
contamination of water and sediments in the continental and
maritime areas in the western part of the Ebrie lagoon (Cote
d’Ivoire). International joournal of innovation and applied
studies, 25 (2): 577 — 585.

Toghé A. M. O., Kouamé, K. V., Yao, K. M., Ouattara, A. A.,
Tidou, A. S., Atsé B. C., 2019. Evaluation de la
contamination des eaux de la lagune Ebri¢ (Zones IV et V),
Cote d’Ivoire en arsenic, plomb et cadmium: variations
spatio-temporelles et risques sanitaires. Int. J. Biol. Chem.
Sci. 13: 1162 — 1179.

Durand, J. R., Chantraine, J. M., 1982. L’environnement
climatique des lagunes ivoiriennes. Rev. Hydro. Bio. Trop. 15
(2): 85-113.

Carbonell-Barrachina, A. A., Jugsujinda, A., Burlo, F,
Delaune, R. D., Patrick, W. H., 2000. Arsenic chemistry in
municipal sewage sludge as affected by redox potential and
pH. Water Res. 34, 216-224.

Touch, N., Hibino, T, Takata, H., Yamaji, S., 2017. Loss on
ignition-based indices for evaluating organic matter
characteristics of littoral sediments. Pedosphere 27 (5), 978—
98.

US EPA, 2009. Report to congress on the potential export of
mercury compound from the United States for conversion to
elemental mercury. https://www.epa.gov/foia/epa-foia-annual-
report-2009.

Xu, D., Zhou, P, Zhan, J., Gao, Y., Dou, C., Sun, Q. 2013.
Assessment of trace metal bioavalibility in agrden soils and
health risk assessment via consumption of vegetables in the
vicinity of Tongling mining area, China. Ecotoxicology and
Environmental Safety, 90: 103 — 111.

Du, B., Li, P, feng, X., Qiu, G., Zhou, J., Marice, L. 2016.
Mercury exposure in children of Wanshan mercury mining
area, Guizhou, China. International journal environmental
research and public health, 13: 1 — 16.

US EPA, 1991. Risk Assessment Guidance for Superfund:
Volume 1. Human Health Evaluation Manual (Part B,
Development of Risk-based Preliminary Remediation Goals).
Office of emergency and remedial response. US
Environmental Protection Agency, Washington, DC.
EPA/540/R-92/003.

[30]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

US EPA4, 2002. Risk Assessment Guidance for Superfund:
Volume III- part A, process for conducting probabilistic risk
assessment. Office of Emergency and Remedial Response. US
Environmental Protection Agency, Washington, DC. EPA 540-
R-02-002.

INS Institut national de la  statistique, 2014.
http://www.ins.ci/n/index.php?option=com_content&view=art
icle&id=84:indicateurs-demographiques&catid=48:isd

US EPA IRIS, 2011. http://www.epa.gov/iris/. Accessed 02/09/
2021.

Zeng, X., Wang, Z., Wang, J., Chen, X., Zhuang, J., 2015.
Health risk assessment of metals via diatery intake of wheat
grown in Tianjin sewage irrigation area ecotoxicology, 24:
2115-2124.

Keuman, K. N., Traoré, A., Ahoussi, K. E., Djadé, Bamba, S.
B., 2020. Influence des activités anthropiques sur la
degradation de la qualité des sédiments de la lagune Ouladine
(sud-Est de la Cote d’Ivoire). European Scientic Journal, 16:
378 —392.

Kouamenan, N. M., Coulibaly, S., Atsé, B. C., Gooré, B. G.,
2019. Seasonal and spatial variation of heavy metals in water
and sediments from mainland areas of Ebrié lagoon (Cote
d’Ivoire, Western Africa). Int. Biol. Chem. Sci. 13 (4): 2374-
2387.

Tallarico, F. H. B., Coimbra, C. R., Costa, C. H. C, 2000. The
serra  leste sediment-hosted Au-(Pd-Pt) mineralization,
Carrajas province. Rev. Bras. Geosciencias 30, 226 — 229.

Lindsay, M. B. J., Moncur, M. C., Bain, J. G., Jambor, J. L.,
Ptacek, C. J., Blowes, D. W. 2015. Geochemical and
mineralogical aspects of sulfide mine tailings. Appl.
Geochem. 57, 157 - 177.

MacDonald, D. D., Ingersoll, C. G., Berger T. A. 2000.
Development and Evaluation of Consensus-Based Sediment
Quality Guidelines for Freshwater Ecosystems. Arch. Environ.
Contam. Toxicol. 39: 20-31.

Wedepohl H. K,. The composition of the continental crust.
Geochimica et Cosmochimica Acta 1995, 59 (7), 1217-1232.

Ansah, E., Nukpezah, D., Horgah, J. N., 2018. Level and
distribution of heavy metals in Weija Reservoir, Accra, Ghana.
West African Journal of applied Ecology, 26-1a: 2018: 74 —
88.

Accornero, A., Gnerre, R., Manfra, L., 2008. Sediment
concentration of trace metals in the Berre Lagoon (France): an
assessment of contamination. Arch. Environ Contam. Toxicol.
(54): 372-385.

Uluturhan, E., Kontas, A., Can, E., 201l. Sediment
concentration of heavy metals in the Homa Lagoon (Eastern
Aegean Sea): Assessment of contamination and ecological
risks. Marine Pollution Bulletin, 62: 1989-1997.

Sadiq, R., Husain, T, Bose, N., Veitch, B., 2003. Distribution
of heavy metals in sediment pore water due to offshore
discharges: an ecological risk assessment. Environ. Model.
Softw. 18, 451-461.

Institute of Geochemistry, Chinese Academy of Sciences
(IGCAS), 2000. Advanced Geochemistry. Science Press,
Beijing (in Chinese).



24

[45]

[46]

[47]

[48]

[49]

Ayénan Marc-Olivier Togbé et al.: Environmental and Human Health Risk Assessment of Potential
Toxic Elements in Sediments from Ebrié Lagoon, Cote d’Ivoire

Hikanson, L., Jasson, M. (Eds.), 1983. Principles of Lake
Sedimentology. Springer-Verlag, Berlin.

Gonzalez, Z. I, Krachler, M., Cheburkin, A. K., Shotyk, W,
2006. Spatial distribution of natural enrichments of arsenic,
selenium, and uranium in a minerotrophic peatland, Gola
diLago, Canton Ticino, Switzerland. Environ. Sci. Technol. 40
(21), 6568-6574.

Khaledian, Y., Pereira, P., Brevik, E. C., Pundyte, N., Paliulis,
D., 2016. The influence of organic carbon and pH on heavy
metals, potassium, and magnesium levels in lithuanian
podzols. Land degradation & development, 1 — 10.

Wakida, F., Lara-Ruiz, Temores-Pena, J., Rodriguez-Ventura,
J., Diaz, C., Garcia-Flores, E., 2008. Heavy metals in
sediments of the Tecate River, Mexico. Environ Geol., 54:
637-642.

Chen, H., Teng, Y, Lu, S., Wang, Y, Wang, J., 2015.
Contamination features and health risk of soil heavy metals in
China. Sci. Total Environ. 512-523, 143—-153.

[50]

[51]

Long, E. R., Jay Field., L., MacDonal, D. D., 1998. Predicting
toxicology in marine sediments with numerical sediment
quality guidelines. Environmental Toxicology and Chemistry
17: 714-727.

Giri, S., Singh, A. K., Mahato, M. K., 2019. Monte Carlo
simulation-based probabilistic health risk assessment of
metals in groundwater via ingestion pathway in the mining
areas of Singhhum copper belt, India. Int. J. Environ. Health
Res. 1, 14.

Guo, G., Zhang, D., Wang, Y, 2019. Probabilistic human
health risk assessment of heavy metal intake via vegetable
consumption around Pb/Zn smelters in Southwest China. Int.
J. Environ. Res. Publ. Health 16, 3267.

Zhang, H., Zhang, F., Song, J., Tan, M. L., Kung, H., Johnson,
V. C. 2021. Pollutant source, ecological and human health
risks assessment of heavy metals in soils from coal mining
areas in Xinjiang, China. Environmental Research.



