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Metal pollution, ecological and health risks
status of the open waters from the lagoon
area Il of Ebrié system (Cote d'lvoire)

ABSTRACT

The assessments of the seasonal metal pollution, as well as its ecological and health risks,
of the open waters from the lagoon area Il of Ebrié system were the subject of this study. For
this purpose, the seasonal of As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn contents of these
waters determined over the period from June 2020 to May 2021 were used. The water
quality guidelines SEQ-Eau (version 2) and NQE DCE-UE 2018/240 were used to assess
the seasonal ecological quality of these waters. As for the seasonal biota health risks, they
have been assessed with the water quality guidelines of NYSDEC, US-EPA and SAVEX.
Those concerning to Human health risks, they were with WQSSW of Port Gamble S'Klallam
tribe. The results obtained show that a very important ecological degradation of these waters
in all its water seasons, so over all the study period. This has been due to As, Cd, Hg, Ni and
Pb. The likely biota health risks are also significant in all its water seasons, so over all the
study period, due to As, Hg, Ni and Pb. As for the likely Human health risks, they are also
important in all its water seasons, so over all the study period. They are due to As, Hg and Ni
in this study period.

Keywords: Cote d'lvoire, Ebrié system, metal pollution, open waters pollution, water quality
guidelines.

1. INTRODUCTION

Because to the accessibility to their resources, surface waters have always been favorable
centers for the establishment of Human and its activities. However, the implementation,
modernization and development of anthropogenic activities, as well as the rapid
demographic growth in their watershed, are the subject of many socio-ecological
controversies, due to their pollution. This situation leads in many cases to their important
ecological degradation, with the consequences of the loss and/or decline of their biodiversity
and the existence of serious health risks on their biota, thus on Humans [1, 2]. Indeed, in the
Sub-saharan Africa, surface waters in general, and coastal surface waters in particular, are
the receptacle for anthropogenic discharges of all kinds without and/or partial treatment. This
situation has been illustrated by many recent works, including those of Akindele et al. [3],
Mvovo et al. [4] and N’Souvi et al. [5].

One of the specific forms of chemical pollution of coastal aquatic ecosystems is metal
pollution. Unlike petroleum-derived hydrocarbons and macro solid wastes, the pollution of
which is visible to the naked eye [6,7], that linked to trace metals is done surreptitiously [8].
Studies related to the metal pollution of sediment and its ecological and health risks are
widely documented and updated in comparison with those of the open waters from surface
waters, which are poor documented. So, the assessments of metal pollution of these waters
and its consequences always remain a major axis of scientific research. To achieve this
purpose, several WQGs are commonly used, including: SEQ-Eau (version 2) [9], NQE DCE-
UE 2018/240 [10], NYSDEC [11,12], US-EPA [13-18], WQSSW of Port Gamble S'Klallam




tribe [19] and SAVEX [20]. Sub-Saharan Africa in general, and Céte d'lvoire in particular,
don't have specific WQGs for the assessment of the open waters quality from surface
waters. The existing ones are mainly intended for residual and/or industrial discharges. This
fact is compensated by the simultaneous use of several WQGs, such as those mentioned
above, for a better estimation of the metal pollution and consequences of the open waters
from surface waters.

Located at the extreme East of Ebrié system, the lagoon area Il is subject to strong
anthropogenic pressures, highlighted by Bamba et al. [21] with its high nutrient pollution.
Few studies relating to its metal pollution have been conducted on its metal pollution.
Nevertheless, those available are concern to the studies of Keumean et al. [22], which
showed very little pollution of its sediments at the beginning of the last decade. Also, the
studies of Mahi et al. [23], that noticed a relatively high presence of As, Cd, Cr, Cu, Hg, Mn,
Ni, Pb and Zn in its open waters. No information relating to the status of pollution and
ecological and health risks linked to the metal pollution of its open waters is available. Given
the important socio-economic, ecotourism and ecological roles of this lagoon area in Cote
d'lvoire, it is necessary to unequivocally assess the status of the quality of its open waters
related to metal pollution. Our main objective is to assess the metal pollution level of its open
waters and its likely consequences. In addition, the secondary objectives are the
assessment of the seasonal ecological quality by using some physic and chemical other
than trace metals in one hand, and the level of the seasonal metal pollution and its likely
consequences of these waters by using some trace metals, in other.

2. MATERIAL AND METHODS

2.1 Characteristics of the study area

The lagoon area Il of Ebrié system is located between 3°400000 and 3°500000 West, in the
Northern latitude between 5°200000 and 5°21176471. It extends over 17.143 km with an
average width of 5.714 km. Its water surface is around 87 km?. It is one of the six lagoon
areas of this lagoon system established by Durand and Guiral [24] taking into account its
hydrology (Figure 1).
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Figure 1. the study area.

As mentioned by Mahi et al. [23], the hydrology of this lagoon area is dominated by
continental inputs from Comoé and Mé rivers on the one hand, and the marine waters inputs
from Atlantic Ocean, on the other. The water inputs from Comoé river, which is the most
important river of Coéte d'lvoire, are constant throughout the year in the study area, with a
maximum influence during the period from August to December when it is observed its only
annual flood [25]. As for Mé river, its influence on the study area is only significant during its
two annual floods: the first from June to July (the most important) and the second from
October to November (coinciding with the small rainfall on land and the flooding of Comoé
River) [26]. However, given the greatest watershed of Comoé river (78,000 km?) [25] relative
to that of Mé river (4,300 km?) [26], the influence of Comoé river is very predominant in the
study area compare to that of Mé river. The marine waters from Atlantic Ocean enter in this
lagoon area by Vridi canal, located in the area harbor of Abidjan district. Nevertheless, they
are less important than those carried out by this ocean in lagoon area Il, but which remain
very important in relation to the lagoon area | and from Ill to IV [24]. The marine influence is
important during the great terrestrial dry season (from December to April). The water
seasons of this lagoon are as follows: Hot season (HS), from December to April; rainy
season (RS) from May to July and flood season (FS).



The vegetation on its watershed is dominated by agro-industrial plantations (oil palm,
coconut, pineapple, rubber, etc.) [27]. This reflects the strong anthropogenic pressures of
agricultural origin exerted on this aquatic ecosystem. This fact is accentuated by strong
urbanization, punctuated by the development of human activities of all kinds. So, it is the
receptacle of anthropogenic discharges of all kinds, without prior treatment due to the non-
existence of a real sanitation system. It is also the receptacle for pollutants of all kinds during
spring tides from Abidjan district, where the open waters from the lagoon area Il and Atlantic
Ocean are extremely polluted by trace metals [28-30]. Added to this is the pollutants carried
by Comoé river, which according to Pottier et al. [31] is responsible for two thirds of the
metal pollution of Ebrié system. This situation is amplified by mining activities, especially by
illegal gold panning [32].

2.2 Implementation of this study

2.2.1 Assessment of the seasonal ecological quality and health risks due to metal
Pollution

2.2.1.1 Assessment of the seasonal ecological quality by using some physical and
chemical parameters other than trace metals

The assessment of the seasonal ecological quality of these open waters was doing taking

account the seasonal mean values of their pH, salinity, conductivity, transparency and,

dissolved oxygen and TOC contents. For this purpose, SEQ-Eau (version 2) [9] was used.

2.2.1.2 Assessment of metal pollution level and its likely ecological and health risks
The assessment of the seasonal ecological quality of these open waters due to metal
pollution, was doing considering the seasonal mean values of their contents in ten trace
metals, which are: As, Cd, Cr, Cu, Fe, Hg, Mn , Ni, Pb and Zn. For this purpose, SEQ-Eau
(version 2) [9], NQE DCE-UE 2018/240 [10], NYSDEC [11-12], US-EPA [13-18], WQSSW of
Port Gamble S'Klallam tribe [19] and SAVEX [20] were used.

2.2.2 Source of the data used

All the seasonal and annual means values of physic and chemical parameters used in this
study were obtained by Mahi et al. [23] over the period from June 2020 to May 2021 in the
open waters from the lagoon area Il of Ebrié system.

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Ecological quality on the basis of some physical and chemical parameters other
than trace metals

The results (Table 1) show this lagoon area is still useful for biological activity and its uses

for sports and leisure over the entire study period. This would be particularly in RS and FS,

with the exception of their transparency, temperature and dissolved oxygen content which

contrast in HS, and particularly for the temperature over all the study period.




Table 1: Ecological qualities of the open waters from the study area according to the
SEQ-Eau (version 2) [9] by using some physical and chemical parameters
other than trace metals.

Physic and Seasons Water quality and indexes
chemical and on all by Alteration**
Parameters the study Mean s [23] Biological aptitude (simultaneous for aptitude
period biology and uses)
HS 32.373+0.645 Very poor quality water Very poor quality water
Temperature RS 28.884+1.700 Medium quality water Medium quality water
(°C) FS 28.314+0.646 Medium quality water Medium quality water
Annual 29.581+1.703 Very poor quality water Very poor quality water
HS 8.308+0.060
RS 7.179+0.890
‘pH FS 6.816+0.274 Good quality water Good quality water
Annual 7.457+0.812
HS 0.705+0.288 Medium quality water
Transparence RS 0.477+0.336 Very Poor quality water
(m) FS 0.301+0.184 } Poor quality water
Annual 0.496+0.177
Dissolved HS 3.541+0.180 Poor quality water Poor quality water
oxygen RS 5.192+1.480
(mall) FS 4.509+1.062 } Medium quality water Medium quality water
Annual 4.343+£10.127
HS 10.264+0.103
TOC RS 10.640+0.318
(mg/l C) FS 10.499+0.218  Medium quality water Medium quality water

Annual 10.471+0.255

* The value of pH is considered in the conditions of macrophytes proliferation.
** The assessments are carried out by crossing many physic and chemical parameters
grouped in 16 indicators, called alterations.

3.1.2 Metal pollution level and likely health risks in the open waters from the study
area

3.1.2.1 Contamination level of the open waters from the study area relative to
those from some bays of the lagoon area Ill of Ebrié system

In the table 2, the open waters from of the bays of Biétri, Cocody and Koumassi have higher

of these trace metals contents than those of the study area, with the exception of those in Pb

and Ni. This suggests a strong metal pollution, in particular in Cd, Cr, Cu, Fe, Mn and Zn, of

the open waters from these lagoon bays compared to those from the study area.



Table 2: Contamination level by some trace metal of the open waters from some bays
of the lagoon area lll relatively to that of the open waters from the study area.

Open waters from

Open waters from

Cocody bay

Open waters from

Biétri bay

Open waters from

Koumassi

Trace the study area [23] (lagoon area Il of (lagoon area lll of  (lagoon area lll of
metals (ng/l) Ebrié system) [29] Ebri¢ system) [28]  Ebrié system) [28]
(Hafl) (Hafl) (Ha/l)

Cd 1.2 30-47

Cr 14 5-132 <5 <5

Cu 2.4 79-91 7.87 <5

Fe 32 50-172 91.8 288

Mn 6.6 <50 <50

Ni 97 <50 <50

Pb 30 0-96 <10 <10

Zn 11.7 36-376 <50 73.8

3.1.2.2 Ecological quality of the open waters from the study area due to its metal

pollution

The open waters from the study area present a highly degraded ecological state due to As,
Cd, Hg, Ni and Pb in all its water seasons, so over all the study period, according to SEQ-
Eau [9] (Table 3) and NQE DCE-UE 2018/840 [10] (Table 4). However, their ecological state
is good and medium in all its water seasons, so over the study period, taking their seasonal
Cu and Zn contents respectively according to NQE DCE-UE 2108/840 [10]. This is the

opposite with SEQ-Eau [9].

In the whole, these two WQGs provide the alarming ecological state of these open waters

over the all study period.



Table 3: Ecological quality of the open waters from the study area related to some
trace metals according to SEQ-Eau (version 2) [9] over the study period.

*Evaluation grid by alteration of water quality relating to Seasonal and annual Ecological
Trace biological suitability and uses (limit content) mean values of the open quality of the
metals Verygood Good  Medium Poor Very poor waters from the study open waters
quality quality quality quality quality area [23] from the study
(Hg/l) (Hg/l) (Hg/h) (Hg/h) (Ho/l) (ng/l) area
HS 72.2
RS 75.2
As 1 35 70 100 >100 FS 72.0 Poor
Annual 73.0
HS 2.5
RS 1.9
“cd 0.001 0.01 0.1 0.37 >0.37 FS 15 Very poor
Annual 1.9
HS 1.8
RS 1.2
‘cr 0.04 0.4 3.6 50 > 50 FS 1.2 Medium
Annual 14
HS 3.5 Very poor
RS 2.1 Poor
“Cu 0.017 0.17 1.7 2.5 >25 FS 1.7 Medium
Annual 2,4 Poor
HS 9.7
RS 7.3
Hg 0.007 0.07 0.7 1 >1 FS 51 Very poor
Annual 7,1
HS 106.8
RS 88.8
"Ni 0.25 25 20 40 > 40 FS 95.8 Very poor
Annual 97.0
HS 42.6
RS 26.3
“Pb 0,21 2,1 21 50 > 50 FS 24.3 Poor
Annual 30.4
HS 155
RS 10.9
“Zn 0.23 2.3 23 52 > 52 FS 9.5 Medium
Annual 11.7

*The assessments are carried out by crossing many physic and chemical parameters
grouped in 16 indicators, called alterations.
* Data relating to waters having their CaCOj; concentration < 50 mg/I.



Table 4: Ecological quality of the open waters from the study area related to some
trace metals according to NQE DCE-UE 2018/840 [10] over the study period.

Seasonal and mean Ecological quality Ecological
Trace values of the open *NQE-MA of the open “*NQE-MCA®>  quality of the
metals waters from the study (na/l waters from the (na/l) open waters
area [23 study area from the
(ng/l) study area
HS 72.2
RS 75.2
As FS 72.0 0.83 Very poor
Annual 73.0
HS 25
RS 1.9
Cd ES 1.5 0.20 Very poor
Annual 1.9
HS 1.8
RS 1.2
Cr FS 1.2 3.40 Very poor
Annual 14
HS 3.5
RS 2.1
Cu FS 1.7 1.00 Good
Annual 24
HS 9.7
RS 7.3
Hg FS 5.1 0.07 Very poor 0.07 Very poor
Annual 7,1
HS 106.8
RS 88.8
Ni FS 95.8 8.60 Very poor 34.00 Very poor
Annual 97.0
HS 42.6
RS 26.3
Pb FS 24.3 1.30 Very poor 14.00 Very poor
Annual 30.4
HS 15.5
RS 10.9
Zn FS 9.5 7.80 Poor
Annual 11.7

*NQE-MA, water quality standard relating to the annual mean values of surface water other
than inland surface waters.

*NQE-MA, water quality standard relating to the Maximum Content Admissible (CMA) of
surface waters other than inland surface waters.



3.1.2.3 Likely biota health risks in the open waters from this ecosystem due to its
metal pollution

Referring to US-EPA [13-18] and WQSSW of Port Gamble S'Klallam tribe [19], Cr,
Cu, FE and Zn were not likely to have any adverse effects on the biota health of this
aquatic ecosystem over all the study period. However, Hg, Ni and Pb were likely to
have significant harmful effects on its biota during the same period according these
WQGs. This has been specially shown for Pb by NYSDEC [11-12]. Concerning to
As, unlike in Cd, was likely to have significant adverse effects on its biota over the
entire study period, according to US-EPA [17, 18] (Table 5). It has been the opposite
if it refer to WQSSW of Port Gamble S'Klallam tribe [19] (Table 6) for this trace
metal.

In general, all the WQGs used in this case underline that the open waters from this
lagoon ecosystem are likely to have significant adverse effects on its biota linked to
its metal pollution in general, and by As, Hg, Ni and Pb in particular.



Table 5: Likely biota health risks due to some trace metals in the open waters from the
study area obtained over the study period according to NYSDEC [11,12],
US-EPA [13-18] and SAVEX [20].

Threshold content for

Threshold content for acute

Seasonal and mean

Trace chronic effects effects values of the open Likely biota
metals (mgll) (mgll) waters from the study health risks
area [23] (mg/l)
HS 0.0722 Possibility of
0.036 0.069 RS 0.0752 pathogens
As [17, 18] [17, 18] FS 0.0720 with acute
Annual 0.0730 effects
HS 0.0025
0.093 0.043 RS 0.0019 No adverse
Cd [14;17] [14; 17] FS 0.0015 effects
Annual 0.0019
HS 0.0018
Cr 0.05 1.1 RS 0.0012 No adverse
[14; 17] [14; 17] FS 0.0012 effects
Annual 0.0014
HS 0.0035
Cu 0.0037 0.0058 RS 0.0021 No adverse
[17] [17] FS 0.0017 effects
Annual 0.0024
HS 0.0373
1.3 3.4 RS 0.0294 No adverse
Fe [20] [20] FS 0.0291 effects
Annual 0.0316
HS 0.0097 Possibility of
0.0011 0.021 RS 0.0073 pathogens
Hg [17] [17] FS 0.0051 with acute
Annual 0.0071 effects
HS 0.1068 Possibility of
0.083 0.075 RS 0.0888 pathogens
Ni [14, 17] [14; 17] FS 0.0958 with chronic
Annual 0.0970 effects
0.22 HS 0.0426 Possibility of
0.0085 [11, 12] RS 0.0263 pathogens
Pb [16; 17] [16, 17] FS 0.0243 with acute
Annual 0.0304 effects
HS 0.0155
0.086 0,095 RS 0.0109 No adverse
Zn [15; 17] [15;17] FS 0.0095 effects
Annual 0.0117




Table 6: Likely biota health risks due to some trace metals in the open waters from the
study area obtained over the study period obtaining according to WQSSW of
Port Gamble S'Klallam tribe [20].

Seasonal and mean

Acute criteria

Chronic criteria

Trace values of the open (Criteria (Criteria
metals waters from the study Maximum Continuous Likely biota health risk
area [23] Concentration) Concentration)
(na/l) (ng/l) (na/l)
HS 72.2
RS 75.2
As FS 72.0 340 150 No adverse effects
Annual 73.0
HS 25 Likely chronic effects in
RS 1.9 RS, FS and over the
Cd FS 1.5 2.0 0.25 study period; like acute
Annual 1.9 effects in HS.
HS 1.8
RS 1.2 Cr(Vl) 16 Cr(Vvl) 11 No adverse effets
Cr FS 1.2 Cr(lll) 570 Cr(llny 74
Annual 14
HS 3.5
RS 2.1 No adverse effects
Cu FS 1.7 13 9
Annual 24
HS 37.3
RS 29.4 No adverse effects
Fe FS 29.1 1000
Annual 31.6
HS 9.7
RS 7.3
Hg FS 5.1 1.4 0.77 Likely chronic effects
Annual 7.1
HS 106.8
RS 88.8
Ni FS 95.8 470 52 Likely chronic effects
Annual 97.0
HS 42.6
RS 26.3
Pb FS 24.3 65 25 Likely chronic effects
Annual 304
HS 15.5
Zn RS 10.9
FS 9.5 120 120 No adverse effects
Annual 11.7




3.1.2.4 Likely Human health risks of due in the open waters from this ecosystem due
to its metal pollution

Only As and Hg constitute likely serious Human health risks through the use of these water

as drinking water and the ingestion of their halieutic resources, as shown the results in the

table 7.

Table 7: Likely Human health risks due to the presence of some trace metals in the
open waters from the study area obtained over the study period obtaining
according to WQSSW of Port Gamble S'Klallam tribe [20].

Seasonal and mean Water and Organisms

values of the open organisms only Human health risk or no
Trace waters from the (ng/l) (ug/)
metals  study area [23] (ug/l)
HS 72.2 Likely high Human health risks
RS 75.2 by ingestion of aquatic
As FS 72.0 0.005 0.006 organisms and by the use of
Annual 73.0 these waters as a drink
HS 37.3
RS 294 No Human health risks due to
Fe FS 29.1 300 ingestion of aquatic organisms
Annual 31.6 only
HS 9.7 Likely high Human health risks
RS 7.3 by ingestion of aquatic
Hg FS 5.1 0.002 0.002 organisms and by the use of
Annual 7.1 these waters as a drink
HS 106.8 No Human health risks by in
RS 88.8 ingestion of aquatic organisms
Ni FS 95.8 160 210 and by the use of these waters
Annual 97.0 as a drink

3.2 Discussion

The use of SEQ-Eau [9] for classifying the ecological quality of the open waters from the
study area on the basis of its temperatures showed their medium to very poor ability for
overall biological productivity over the study period. However, these temperatures, especially
that in HS, couldn't be so alarming because of the location of the study area in a tropical
zone. In fact, like the whole of Ebrié system, this tropical lagoon zone has a biological
diversity that would be dominated by species with a high tolerance to these temperature
values (eurytherms) [33]. The good quality of these waters due to their pH according to
SEQ-Eau [9] in all its water seasons is essentially due to the simultaneous presence of
meteorites and marine waters in one hand, and the intense biogeochemical activities taking
place there, on other [23]. As for the transparency of these open waters, which aren't



conducive to biological production over all the study period according to SEQ-Eau [9]. This
would explain by the turbid quality of the meteorites inputs and by the anarchic proliferation
of aquatic plants [34, 35]. This situation is the same for the entire Ebrié system, one of its
characteristics [24]. This fact, affecting autotrophic organisms and consequently the
biodiversity of surface waters [35], wouldn't seem to limit biodiversity in this tropical lagoon
system dominated by non-autotrophic organisms [28; 36]. The intense biogeochemical
phenomena would be responsible for the medium oxygenation of these open waters. This
would be shown by their relative important TOC contents. These phenomena would lead to a
medium suitability for biological production of these water in RS and FS on the basis of their
dissolved oxygen and TOC contents, and in HS according to their TOC contents in
accordance with SEQ-Eau [9]. In HS, the degradation of macrophytes, particularly
Eichhornia crassipes, drained by Comoé river in this ecosystem in FS [23] and favored by
the saline rise and the relatively high temperatures in this season [37], would lead to their
relatively high deoxygenation; consequently to their poor quality for the biological activities
according to SEQ-Eau [9] in this season. In general, these physical and chemical
characteristics of these open waters can't alter the biological productivity within them, due to
their specificities as tropical lagoon waters.

Embedded in Abidjan district, the lagoon area Il of Ebrié system is its area most subject to
strong anthropogenic pressures. So, it is the receptacle for pollutants of all kinds from all of
activity sectors such as harbor, industrial, peri-urban agricultural activities, as well as
residual effluents [38, 39]. Added to this are those brought by Mé and Agnéby coastal rivers
and Comoé River which pass through it during their various floods to reach Atlantic Ocean.
By exchanges and/or diffusion of pollutants with the open waters from the lagoon areas Il
and IV, the open waters from the lagoon area Il partially affects their pollution level in
general, and their metal pollution in particular. In addition to this supply of trace metals in the
lagoon area I, there are those drained by Comoé and Mé rivers in this area [23]. The same
is true of those from agro-industrial and mining activities, especially that of illegal gold
panning [32]. So, these anthropogenic pressures on this lagoon area, less significant than
those exerted on lagoon area lll, would be illustrated by the low metal pollution of its open
waters [23] with respect to those of the open waters from Cocody bay [29], Koumassi and
Biétri bays [28], all belonging to lagoon area lIl.

Although being subject to less significant anthropogenic pressures than those exerted on the
lagoon area lll, the fact remains that the lagoon area Il presents a state of relatively very
significant ecological degradation due to its metal pollution in general over the study period.
This would have been mainly by especially by As, Cd, Hg, Ni and Pb in all its water seasons,
so over all the period, as attested simultaneously by SEQ-Eau (version 2) [9] and NQE DCE-
UE 240/2018 [10]. This observation would confirm the origin of the metal pollution of this
lagoon area, mainly of agricultural origin and mining activities, as already mentioned by Mabhi
et al. [23]. This situation would be accompanied by likely serious biota health risks due to
Hg, Ni and Pb, as shown by US-EPA [14; 16, 17] and WQSSW of Port Gamble S'Klallam
tribe [19]. That would especially by Pb according NYSDEC [11, 12]. This situation is also
true for As according to US-EPA [17, 18]. These waters present likely serious Human health
risks as drinking water, but also by the ingestion of its halieutic resources, due to As and Hg
according to WQSSW of Port Gamble S'Klallam tribe [19]. In this case study, the likely
Human health risks would be only by the ingestion of its halieutic resources, because these
waters aren't used for drinking in the study area.

4. CONCLUSION

This study made it possible to highlight the biological suitability of the open waters from the
lagoon area Il of Ebrié system due to some physical and chemical parameters. However,
these waters present an advanced degradation state due to its metal pollution, particularly
by As, Cd, Hg, Ni and Pb. So, it presents likely serious biota health risks due to As, Hg, Ni
and Pb in particular over the study period. This is the case for likely Human health risks,



which are very significant and essentially due to As, Hg and Ni over the study period. This
study deserves to be completed for a complete evaluation of its state of metal pollution, in
particular by studying the metal pollution of its superficial sediments and that of the metal
contamination level of its biota.
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