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Abstract

The contamination of aquatic environments can be caused by several types of pollutants, notably heavy metals. Heavy metals
present in ecosystems have become a significant environmental risk. Thus, sediments, which are the major sinks of these
contaminants, may represent a significant environmental concern to human well-being, aquatic plants, and various benthic
organisms. The objective of this study was to assess sediment quality in order to examine the potential ecological and health
risks associated with heavy metal concentrations in sediments. Sediment samples streams and the river of the Koko watershed
were collected and analyzed for the presence of Pb, As, Zn, Cu, Ni and Cr using atomic absorption spectrophotometry (AAS).
The heavy metal concentrations obtained from the analysis revealed that highest average concentrations for Pb, Zn, Cu, Ni, and
Cr were recorded during the dry season, with 35.60, 101.26, 23.36, 26.80, and 80.12 mg kg-1, respectively, whereas As reached
its highest average concentration during the rainy season (1.51 mg kg). The results generally indicate that the accumulation of
trace metals varies according to both the sampling site and the season. Comparison of our data with Upper Continental Crust
(UCC) values indicates that the studied sediments are contaminated with Pb, As, Zn, Cu, Ni, and Cr in the dry season. This result
is supported by the geo-accumulation index (lgeo), which generally indicates moderate contamination of sediments 1, 2, 3, and
5 by Pb, As, Zn, Cu, Ni, and Cr. The quality of the sediments indicates a potential toxic risk to benthic organisms at sediment 3
(PERI: 393.72) during the rainy season and in the dry season (PERI: 342.34). In the rainy season, the m-ERM-Q indicates a
moderate-to-low probability of ecosystem hazard, although Ni poses a high-risk level in all sediments. But in the dry season, Ni
has a moderate-to-high ecological impact on biota in all sediments.
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1. Introduction

Rapid urbanization, population growth, and expanding ag-
riculture have significantly increased the release of contami-
nants into aquatic environments worldwide [1]. Among these,
trace elements (TMEs) are of particular concern due to their
persistence, toxicity, and potential for bioaccumulation in
aquatic ecosystems [2]. Sediments play a crucial role in the
geochemical cycling of TMEs, acting both as sinks that accu-
mulate contaminants [3] and as potential secondary sources
that may release them under changing environmental condi-
tions [4, 5]. Consequently, assessing TMESs concentrations in
sediments is essential for evaluating ecological risks and po-
tential impacts on aquatic organisms [6] and human health [2].

In C&e d’Ivoire, anthropogenic discharges continue to pose
significant environmental and public health challenges [7, 8].
The Koko Dam, located in Korhogo, is a major source of
drinking water for the local population. Its tributaries flow
through areas of intensive agricultural activity, including veg-
etable and rice cultivation, as well as artisanal activities such
as scrap metal processing and brick production. Runoff and
waste from these activities can introduce TMEs into the
aquatic environment, leading to their accumulation in sedi-
ments [9].

Although previous studies have examined the physico-
chemical characteristics of water in this watershed [10], sedi-
ment contamination by trace metals remains poorly studied.
This study therefore aims to evaluate the contamination of
sediments by Pb, Cr, Cd, As, Hg, Zn, Cu, and Ni in the water-
ways feeding the Koko Dam. The specific objectives are to: (i)
determine metal concentrations in sediments, (ii) compare

these levels with established sediment quality guidelines [11]
and (iii) assess the potential ecological and human health risks
associated with metal contamination [12, 13].

We hypothesize that sediments from the Koko Dam tribu-
taries are significantly contaminated with trace metals due to
surrounding agricultural and artisanal activities. These ele-
vated concentrations are expected to pose ecological risks to
benthic organisms and potential human health risks through
bioaccumulation and exposure. We further anticipate spatial
variability in contamination along the watershed, reflecting
differences in land use intensity, and that certain metals (e.g.,
Pb, Cd, Hg) may exceed international sediment quality guide-
lines [11].

2. Materials and Methods

2.1. Study Area and Sediment Sampling

Two sampling campaigns were conducted in the Koko Ba-
sin at five sites along the study area during two periods: the
rainy season (30 September 2023) and the dry season (20 May
2023), as shown in Figure 1 The coordinates of the sampling
points were recorded using a Garmin GPS of the sampling
points in Figure 1 and Table 1. A total of 10 samples were
collected, including 5 samples in the rainy season and 5 sam-
ples during the dry season. The collected sediments were
placed in pre-labeled plastic bags and stored in a cooler at 4<C
before being transported to the laboratory for analysis.

Sowrcn  ONTOCCT, 2009

~District boundary Ha_hilr| .
Primary raod mmAgricultural area ’
Secondary road = Vegetation ° 1 Km
Sampling i Reservoir 1

Figure 1. Location of the study area ([3], modified by [4]).
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Table 1. Geographical coordinates of the sample collection points.

Tributary an river ~ Sediment X Y

Tributary 1 S1 30P 0209281 1047317
Tributary 2 S2 31P 0208769 1047848
Tributary 3 S3 30P 0209231 1048197
Tributary 4 S4 30 P 0209598 1047910
River S5 30 P 0209432 1047899

2.2. Chemical Treatment of the Fine Fraction

The sediments were dried in an oven at 105<C for 5 hours.
They were then ground in a porcelain mortar, and then sieved
through a 63 pm mesh. The fine fraction (< 63 jum) was re-
tained as it has a higher affinity for trace metals [14]. A0.5 g
aliquot of the sediment was used for the analyses. The diges-
tion of the elements in this fine fraction was performed at high
temperature by a mixture of 4 mL of aqua regia (hydrochloric
acid (37%), nitric acid (65%). Three milliliters of hydrofluoric
acid were added to Teflon vials (numbers <10 are spelled out
in formal writing; capitalization of “Teflon™) to dissolve all
silicates. After a resting period at ambient temperature, the
residue was collected in a boric acid solution (2.7 g in 20 mL
of double-distilled water). Bi-distilled water was then added
to bring the final volume to 50 mL. The mineralized solution,
i.e., the supernatant liquid obtained after decantation, was then
analyzed using an atomic absorption spectrophotometer
(AAS). The trace metals (Pb, As, Zn, Cu, Ni and Cr) were
quantified by Atomic Absorption Spectrophotometry (AAS).
To ensure the accuracy of the analytical results, blanks and a
certified reference sediment (BCR-320) were treated. The
whites correspond to acid attacks and bi-distilled water with-
out sediments. allowing verification of the absence of contam-
ination from the equipment. The certified sediment was sub-
jected to the same treatment as the sediment samples, enabling
evaluation of the precision of the measurements. The metal
concentration was determined using a specific formula (1).

C = ((A—B)/m) *50 (1)
C = Concentration of the metal (mg/kg)
A = brut concentration of the metal (mg/L)
B = brut concentration of the white (mg/L)
m = mass (g) of the sample
50 = final volume after mineralization

2.3. Data Processing

2.3.1. Geoaccumulation Index

The geoaccumulation index (Igeo) can be used to assess the
degree of metal pollution in sediments [15]. It is based on the
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comparison between the concentration of a metal in the ana-
lyzed sediment and the local geochemical background value,
using the following formula (2):
Igeo x = Log2 (Cn/1,5FGx) 2
In this formula, C represents the concentration of a metal in
the sediment, and FG represents the local geochemical back-
ground concentration of that same metal. The factor 1.5 ac-
counts for the natural fluctuations in the concentration of a
given metal in the sediment. The values of Igeo are used to
classify pollution intensity ranging from class 0 (no pollution)
to class 6 (extremely polluted). The assessment of metal con-
tamination based on the Igeo is presented in Table 2.

Table 2. Assessment of metal contamination based on the Igeo [15].

Class Value Pollution intensity

0 lgeo <0 unpolluted

1 0<lgeo<1 unpolluted to moderately polluted
2 1<lgeo<2  moderately polluted

3 2<lgeo<3  Moderately to strongly polluted

4 3<lgeo<4  Strongly polluted

5 4<l]geo<5  Strongly to extremely polluted

6 5<Igeo Extremely polluted

2.3.2. Evaluation of Potential Ecological Risk

The Potential Ecological Risk Index (PERI), introduced by
[16], provides a framework for evaluating ecological risk in
aquatic environments. The potential ecological risk factor for
an individual heavy metal (Er) in Table 3 and the comprehen-
sive potential ecological risk index (PERI) in Table 4, were
calculated using the following equations (3) [16]:

ER, =T} x Cf (3)

Where

T} : Toxicity factor of element i [16] The Tri values are 5,
10, 1, 5, 5, and 2 for Pb, As, Zn, Ni, Cu, and Cr, respectively.

C;': contamination factor of element i, defined by (4):

Ci

Ch

G = 4)
Where:
C; is the measured concentration of element i in the sedi-
ment (or soil);
C} is the background concentration (reference value or nat-
ural geochemical value) of element i. The following terminol-
ogy is used to describe the ecological risk factor (Er) [16]:
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Table 3. Risk grades potential ecological risks of heavy metal pollu-
tion.

Values of ER; Level of ecological risk

ER; <40 Low potential ecological risk

40< ER; <80 Moderate potential ecological risk

80 < ER; <160 Considerable potential ecological risk

160 < ER; <320 High potential ecological risk

ER; >320 Very high ecological risk

Analogous to the previous calculation of the potential eco-
logical risk factor (Er) [17] defines the potential ecological
risk index (PERI) as the sum of the individual risk factors, as
shown in equation (5):

PERI = Y™ ,ER; (5)

The following terminology is used to describe the potential
ecological risk index (PERI) [17]:

Table 4. Risk grades potential ecological risk index of heavy metal
pollution.

Values of PERI Level of ecological risk

PERI < 150 Low ecological risk

150 < PERI <300 Moderate ecological risk

300 < PERI <600 Considerable ecological risk

Values of PERI Level of ecological risk

PERI > 600 Very high ecological risk

2.3.3. Mean ERM Quotient (m-ERM-Q) and Mean
PEL Quotient (m-PEL-Q)

To evaluate the potential biological effects of combined
toxicants based on sediment quality guidelines (SQGs), we
calculated these mean quotients are associated with the prob-
ability of toxicity and two factors were calculated using the
following equations [18]:

n Ci
Zi=1GErpr)

n

m — ERM — Qutotient = (6)

n Ci
Zi=1GpEr)

n

()

m — PLE — Quotient =

In this context, Ci represents the concentration of the con-
taminant (TMES) in the sediment, while PELi and ERMi de-
note the respective screening levels based on the sediment
quality guidelines (SQGSs). The variable ‘n’ signifies the num-
ber of contaminants under consideration in the study area. The
evaluation of the potential ecological impact of TMEs has led
to the characterization of four relative priority levels of con-
tamination, as delineated in previous studies in Table 5 [19,
20]. The values of ’EMR (Effects-Range Median) are (Long,
1995): Cu (270 1g/g), Ni (51,6 |o/g), Zn (410 1g/g), Cd (9,6
1o/g) et Pb (218 po/g). The values of PEL (Probable Effect
Level) are (Long, 1995): Cu (270 mg/kg), Ni (36 mg/kg), Zn
(315 mg/kg), Cd (3,53 mg/kg) et Pb (91, 3 mg/kg).

Table 5. Interpretation of m-ERM-Q and PEL-Q scores [18].

Values of m-ERM-Q Probability of toxic biological effects

m-ERM-Q>1.5 high

1.5 >m -ERM-Q>0.51 moderate to high

0.5>m-ERM-Q>0.11 Low to moderate

m-ERM-Q<0.1 Low

2.3.4. Human Health Risk Assessment

Human health risk assessment (HHRA) of sediments is
commonly used to assess both carcinogenic and non-carcino-
genic risks to people exposed to heavy metal. The HHRA
technique was based on the US Environmental Protection
Agency’s guidelines and exposure factors handbook [12, 13].
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Values de m-PEL-Q Probability of toxic biological effects

>2.3 high

2.3>m-PEL-Q>1.51  moderate to high

1.5>m-PEL-Q>0.11 Low to moderate

m-PEL-Q<0.1 Low

The average daily doses (ADD) (mg/kgday) of through inges-
tion (ADDing), inhalation (ADDinh), and dermal contact
(ADDder) for both children and adults were calculated by us-
ing Equations as follows (8), (9), (10):

_ CXSA XAFXFE XABSXEF XEDXCF

ADDaer = BW XAT ®)
C xIngR XEF XED XCF
ADDipg = 50— ©)
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C XInhR XEF XED

ADDinh = ~prw war (10)

Where all the abbreviations are given and explained in Ta-

ble 1. According to Tables 6 and 7, the factors that were used

to estimate the human health risks were chosen according to

the literature [21-24] due to the unavailability of relevant data

for our study area. To determine the non-carcinogenic risk, the

hazard quotient (HQ) and the hazard index (HI) are calculated
(11) and (12):

HI= YHDi=Y (ADD")

RfDi

(11)

Total Life Cancer Risk =

where ADD is the average daily dose (mg/kg/day), k is each
exposure route and SF (mg/kg/day) is the cancer slope factor.
Risks > 1 %10 are viewed as unacceptable, risks < 1 <106
are not considered to pose significant health effects, and risks
ranging between 1 <10 and 1 <10 are generally considered
acceptable, depending on the exposure circumstances [25, 26].

3. Results and Discussion

3.1. Concentration of Heavy Metals in
Sediments

The Figure 2 shows the variation in metal concentration
levels based on climatic seasons and their distribution in the
koko basin. We observe that Pb, Zn, and Cr concentration lev-
els are higher in the dry season than in the rainy season in all
sediments. In contrast, Ni and Cu concentrations are low in
the dry season in sediment S2 (Ni) and in sediment S4 (Cu),
respectively. Finally, As shows high concentrations in sedi-
ments S2, S3, S4, and S5 in the rainy season, except in sedi-
ment S1, its concentration is higher in the dry season. Analysis
of Table 8 indicates the average concentration of as is lower

HI = ¥ HQi = HQingestion + HQpermal (12)

For values of HI or HQ > 1 there is a possibility of non-
carcinogenic risk occurring while for values of HI <1 there is
no risk of exposure to non-carcinogenic substances [22]. As-
sessment of health risks associated with carcinogenic metals
(AS, Cd, Cr, Ni et Pb) involves calculating the Cancer Risk
(CR) and the Total Cancer Risk (CRtotal) (13) and (14).

Life Cancer Risk = ADD, X SF, (13)

LCRingest+ LCRdermal + LCRinhale (14)

than the recommended limit value [11] in the sediments.
Moreover, in both the rainy and dry seasons, the average con-
centration of Cu exceeds the accepted sediment for sediments
(14 mg/kg). As for Pb, Zn, Ni, and Cr, their average concen-
trations in the dry season are nearly twice the recommended
sediment limit values in the sediments [11]. We observed that
trace metal concentrations in sediments are higher in the dry
season than in the rainy season. In the rainy season, sediments
are resuspended, promotes the mobility of trace metals, which
are either in particulate form or dissolved in the water column
[27]. However, in the dry season, low water flow allows these
metallic elements to interact with suspended particulate matter
present in the water and settle to the bottom [28]. Also, these
low concentrations in the rainy season can likely be attributed
to dilution caused by the influx of less contaminated or uncon-
taminated sediments [29]. By contrast, during the dry season,
suspended particles settle, and trace metals are sequestered in
the sediments [30]. The results from this study indicate that
the average concentrations of Ni, Cu, and As are lower than
those reported by [31] at the Nangb&o Hydroelectric Dam.
However, the average concentrations of Pb and Zn are higher
than those reported by [32] at the Koudiet Medouar Dam
(Togo) [31].

Table 6. Recommended standard values for dusts health risk assessment.

Parameters  Pb (mg/kg/day) As (mg/kg/day) Zn (mg/kg/day)  Cu (mg/kg/day) Ni (mg/kg/day) Cr (mg/kg/day)

RFDing 0.0035 3.00E-04 0,3
RFDinh 3.50E-02 1.00E-03 -
RFDdermal 5.25E-04 1.00E-05 0,009
CSFing 0.0085 15 -
CSFinh 4.20E-02 1.50E+01 -
CSFdermal - 1.5 -
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Parameters

Ingestion rate
Exposure duration
Exposure frequency

Average body weight
Averaging time (AT)

Conversion factor
Surface area of skin

Skin adherence factor
Dermal absorption factor

Inhalation rate
Particle emission factor

Dermal exposure ratio

Symbol

IngR

ED

EF

BW
ATnon-carcinogenic
ATcarcinogenic

CF

SA children

AFdust

ABS non-carcinogenic
ABS carcinogenic
InhR

PEF

FE

Table 7. Values pf parameters used for non-carcinogenic risk assessment.

ADULT

100 mg

24 years

350 days

70

ED %365 days
70 <365 days

1 x<10-6 kg/mg
5800 cm?

0.07 mg/cm?/day
0.001 mg/cm?
0.03 mg/cm?

20

1.36 %109 m¥/kg
0.61

CHILD

200 mg

6 years

350 days

15 kg

ED %365 days
70 <365 days
1 x<10-6 kg/mg
2800 cm?

0.2 mg/cm?/day
0.001 mg/cm?
0.03 mg/cm?
10 m3/day

1.36 %109 m¥/kg
0.61

3.2. Geo-accumulation Index (lgeo)
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Figure 2. Temporal distributions of heavy metal concentrations in sediments.
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The results of the calculated Igeo in Figure 3 show that Pb,
As, Zn, Cu, Ni, and Cr indicate no pollution during the rainy
season. In the dry season, moderate pollution is indicated in
the sediments S1, S2, S3 and S5. However, we observed no
pollution during the dry season in sediment S4. It is well
known that various anthropogenic activities can alter the dy-
namics of a watercourse and introduce a variety of heavy met-
als into the sediments [33, 34]. Pb contamination may result
from fertilizers and biocides (pesticides, preservatives) used
in agricultural activities carried out around the Koko water-
shed.

Canadian research has shown that various fertilizer formu-
lations can contain up to 3.54 mg/kg Pb and 6.29 mg/kg Cd
[35]. Biocides contain As, Hg, Pb, Cu, Sn, Zn and Mn while
fuels contain Ni, Hg, Cu, Fe, Mn, Pb and Cd [36].

3.3. Evaluation of the Potential Ecological Risk
Index (PERI)

Potential ecological factor results highlight the significant
impact of TMs on the watershed biota in Figures 4 and 5. In

the rainy season, Pb and Ni indicated a considerable potential
with a value of 85.77 and 83.08 respectively in the sediment
S3. Furthermore, As, Zn, Cu and Cr confirmed a moderate po-
tential ecological risk with respectively 46,46 (sediment S4);
44, 13 (sediment S2); 58, 14 (sediment S3); 65, 97 (sediment
S3) and 79, 91 (sediment S3). following the studies area in
rainy season, sediment S3 can be assigned with considerable
ecological risk (PERI: 393.72 During the dry season, Ph, Cu,
Ni, and Cr exhibited moderate potential ecological risk, with
values of 43.81 (sediment S2), 41.96, 69.81, and 53.45 (sedi-
ment S3), respectively.

But Pb, Zn and Cr indicated a moderate potential ecological
risk with respectively 96,41; 80,41 (sediment S3) and 91,7
(sediment S2). A high potential ecological risk manifested by
Zn with 127.06 in sediment S2. Based on the overall assess-
ment in dry season, sediment S2 can be assigned with moder-
ate ecological risk (PERI: 393.72) and sediment S3 showed
considerable ecological risk (PERI: 342.34). The low toxicity
values of certain heavy metals in sampling areas may mask
chronic accumulation that could induce long-term effects on
benthic organisms [37].

Table 8. Concentrations (in mg/kg) of trace metals in the sediments of the KOKO watershed.

Rainy season Dry season
ETM Value UCC
Minimum Maximum Mean Minimum Maximum Mean
Pb 1,09 3,06 1,73 15,07 57,18 35,60 17
As 0,97 2,69 1,60 0,00 7,53 1,51 2
Zn 17,01 44,13 27,27 45,90 150,22 101,76 52
Cu 12,30 19,26 15,59 0,00 38,03 23,36 14
Ni 10,25 21,12 15,90 0,00 43,94 26,80 19
Cr 22,10 39,70 28,70 31,17 104,46 80,12 35
Pb AS In Cu Ni 15
1] r r
l
05 1‘[ ‘ I
4
3 o
-4 0.5
1
-5 1
=S1 =82 S3 84 =S5 4 51 52 83 84 =85 g

Figure 3. Geo-accumulation indices of metals in the sediments of the Koko watershed: A (rainy season) and B (dry season).
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Figure 5. Variation in the potential ecological risk (Er; PERI) in surficial sediment in the dry season.

3.4. Determination of Sediment Quality

The findings of the mean ERM and PEL quotients are de-
picted in the Figures 6 and 7 below. In the rainy season, the
m-ERM-Q indicates a Low probability of ecosystem hazard,
corresponding to a Low-risk level for Pb, As Cu and Cr in all
the sediments. For Zn, the m-ERM-Q similarly indicates a low
probability of ecological risk in sediments S1, S3, and S4.
However, benthic organisms living in sediments S1 and S5 are
exposed to a medium-low toxic risk, corresponding to a high-
risk level for Zn. The m-ERM-Q indicates a moderate—low
probability of ecosystem hazard, corresponding to a high-risk
level for Ni for all sediments. In conclusion, the probability
for these sediments to be toxic to benthic organisms is 40%
(Figure 6).

Values of m-PEL-Q less than 0.1 constitute the first cate-
gory of toxic risk. Heavy metals (Pb, As, Cu), whose values
are in this interval, occur at the level of sediments S1, S2, S3,
S4 and S5. In contrast, Zn values are lower than 0.1 in sedi-
ments 1, 3, 4, and 5. Benthic organisms are not exposed to
toxic risk. In the second category, the values of toxic risk
range between 0.11 and 0.15. The sediments concerned are
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found in the tributaries and the main river for Ni and Cr. Sed-
iments of tributary 2 are also included. The poor quality of the
sediments exposes benthic organisms to a low to moderate
toxic risk. In conclusion, the probability that these sediments
are toxic to benthic organisms is 100% in Figure 6. In the dry
season, the m-ERM-Q indicates a Low probability of ecosys-
tem hazard, corresponding to a Low-risk level for As and Cu
all sediments. For Cr, the m-ERM-Q indicates a medium low
probability of ecosystem hazard in all sediments. However,
the m-ERM-Q indicates a Medium low probability of ecosys-
tem hazard for Pb and Zn respectively in sediments 1, 2, 3 and
4. The Ni emerge as the heavy metals exerting the medium
high substantial ecological impact on the biota in all sediments.
The m-ERM-Q indicates a moderate- high probability of eco-
system hazard, corresponding to a high-risk level for Pb and
Zn for le sediment 5. In conclusion, the probability for the sed-
iments exhibiting a low a moderate to low risk is 80%, com-
pared to 20% for a moderate to high toxic risk for benthic or-
ganisms (Figure 7). The heavy metals As, Cu, and Ni have m-
PEL-Q values lower than 0.1. Values in this range are found
in sediments S2, S3, S4, and S5 for As; S3 and S4 for Cu; and
finally, S2 for Ni. The benthic organisms in these areas are not
exposed to a toxic risk. In the category of toxic risk values
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ranging from 0.11 to 1.5. it includes all sediments contamined
Pb, Zn, and Cr. Similarly, sediments from tributary 1 (As, Cu),
tributary 2, and the river (Cu) are also concerned. These sedi-
ments may be toxic to benthic organisms. In conclusion, the
probability that these sediments are toxic to benthic organisms
is 100% in Figure 7.

3.5. Human Health Risk Assessment

Different contact routes for heavy metal exposure to indi-
viduals were studied. The results for the Hazard Quotient and
carcinogenic risk for the three exposure pathways (namely: in-
gestion, Dermal and Inhalation) is as shown in Table 9 and
Table 10. the Hazard index and Total life cancer risk (TLCR)
are shown in Table 11 and Table 12.

4%
B,68 4
q- 0% Bl — Medium Low
é :’:: Medium Low 01
Y o 0,8
E [ 85 008
o — Low
Low LT
oo Ao s .1
ooz
o
-51 --s -5'3 S4 =S5 ‘81 S2 S§3 sS4
[-F21
= Medium Low * = Bedium Low
oI
(%1
Ao dll Low . - Low
43 A In Cu NI <]
=51 =§2 <83 G4 =S5 T 83 S4 qq
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3.5.1. Quantification of Non-carcinogenic Effects in
Dry Season

According to Table 9, the HQ for ingestion were below the
reference doses (RFD) as recommended by USEPA. HQ in-
gestion has a range from 1.46 <107 to 4,11x107*; 1,52x1073

t0 4,21x107%; 2,66<107° t0 6,91x1075; 1,56%107* to 2,44 %

107*; 2,75 107 t0 4,96 107*; 3,46 107 to 6,22 1073 for
Pb, As, Zn, Cu, Ni, and Cr ingestion respectively in adults
whereas. That of children ranged from 1,59x 1073 to 4,47
107% 1,65% 1072 to 4,59x 1072; 2,90x 10™* to 7,52 107%;
21,70 107%to 2,65% 1073 2,62x 1073 to 5,40% 1073; 3,77x
107310 6,77><1072for Pb, As, Zn, Cu, Ni, and Cr, respectively
for ingestion. The maximum levels were seen at sediment S2,
for Pb, As, Zn, Ni, and Cr whereas the sediment S5, has the
maximum level for Cu. The average Hazard Quotients (HQ)
for dermal contact in adults ranged as follows from 2,37x107°
t0 4,51 1075 9,24x 1075 to 2,56 1075; 2,16 107% to 5,61x
1075; 1,38>x107%t0 1,83x107%, for Pb, As, Zn, and Cu for adult
Population and 1,30 1075 t0 5,17%1075; 5,24x107° to 2,01%
1074 1,32x107° to 4,71 1075; 6,38% 107° to 2,77x 1075, for
Pb, As, Zn, and Cu for children. The maximum levels were
seen in adults at the sediment S2 for Zn and Cr, and at the river
for Pd and Cu. In contrast, in children, the sediment S1 has the
maximum level for all. The average Hazard Quotients (HQ)
for inhalation in adults ranged as follows from 2,15x107° to
6,04>107°; 6,70=1078t0 3.78x107** and 1,53%107° to 2,74
107% for Pb, As, and Cr respectively for adult and 5,91>107°
to 1,64>x 1078 1,90 1077 to 5,06 1077 and 4,36 107° to
8,31x 1075 for Pb, As, and Cr respectively for children. The
maximum levels of exposure for adults were observed at sed-
iment S2 for Pb and Cr, and at the river for As. In contrast, for
children, the highest levels were recorded at sediment S2 for
Pb and As, and at tributary 1 for Cr. The Hazard Index (HI)
values for the respective heavy metals across the sampled wa-
ters for adults followed the order:

Pb:S2>S5>54>S3>S1

As: 52 >S5>54>53>S1

Zn: S2>S55> 54 >S3>S1

Cu: S5>52 >S4 >S1>S3

Ni: S2>S5>54 >S1>S3

Cr:S2>S85>854>83>S1

For children

Pb:S2>S85>54>S3>S1

As: 52 >S5>54>53>81

Zn: S2>S55> 854 >S51 =S3

Cu: S5>52 >S4 >S1>S3

Ni: S2 >S5 >S54 > S1 > S3

Cr:S2>85>83>54>681

The HI values obtained from this study were less than one
as set by USEPA, [38] for both adult and children. This how-
ever indicates that the region may be relatively free from non-
car-cinogenic risks due to ingestion, inhalation and dermal
contact. However, it was observed that the sediments S2 and
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S5 They may present long-term effects non carcinogenic risks
for population.

3.5.2. Quantification of Non-carcinogenic Effects in
Rainy Reason

According to Table 10, the Hazard Quotients (HQ) for in-
gestion were all below the reference doses (RFD) as recom-
mended by USEPA. HQ ingestion has a range from 2,02x1073
t0 7,67%107%;0t0 1,8x107%; 1,14%x107*t0 7,19%1075; 2,03
107 to 4,81x107*; 6,15% 107 to 1,03%x 1073%; 4,88x% 1072 to
1,64> 1073 for Pb, As, Zn, Cu, Ni, and Cr ingestion respec-
tively in adults whereas. That of children ranged from 12,20
1072 t0 8,36x107% 0 to 1,28x107%; 7,82%x10™* to 2,56 1073;
0105,24x107% 010 9,11%x1073; 5,31x 1072 to 1,78x 10! for
Pb, As, Zn, Cu, Ni, and Cr, respectively for ingestion. The
maximum levels were seen in adults at sediment S1 for As,
sediment S4 for Zn and at the sediment S5 for Pb Cu, Ni and
Cr. In contrast in children, the maximum levels were seen at
sediment S1 for As and Ni, and at the sediment S5 for Pb, Zn,
Cuand Cr.

The average dermal Hazard Quotients (HQ) for adults
ranged from 3,28x1075t0 1,25%107% 0 to 7,17x1075; 5,83%
107610 1,91x107% 0 to 3,62>x107®, for Pb, As, Zn, and Cu for
adultand 1,79%x107*t0 1,38x1073; 0 to 1,56x1073; 3,17x107°
t0 2,01x107% 0 to 5,68>x107* for Pb, As, Zn, and Cu for chil-
dren. The maximum levels were seen in adults at sediment S1
for As and at the sediment S5 for Pb, Zn and Cu. In contrast,
in children, the sediment S1 has the maximum level for all.
The average inhalation Hazard Quotients (HQ) for adults
ranged from 2,97>x 1078 to 1,13x1077; 0 to 5,20x 1077 and
2,15%107° to 7,21 107° for Pb, As, and Cr respectively for
adult Population and 8,10x<107®t0 3,12x1077; 0 t0 2,83%107°
and 5,86> 1075 to 3,69> 1074 for Pb, As, and Cr respectively
for children. The maximum levels were seen in adults sedi-
ment S1 for As and at the sediment S5 for Pb and Cr. In con-
trast, in children, the sediment S1 has the maximum level for
all.

The values of HI followed the following order for the re-
spective heavy metals across the sampled sediments:

for adults

Ph: S5 >S2 >S3>S1 >S4

As: S1

Zn:S5>S52>S3>S1>54

Cu: S5>S2>S1>S3

Ni: S5>S1 >S4 > S3

Cr:S5>S51>S52>S83>54

For children

Ph:S5>S2>S3>S1>54

As: S1

Zn:S5>S52>S3>S1>54

Cu: S5>S2>S1>S3

Ni: S5>S1 >S54 > S3

Cr:S5>S1>S2>S3>54
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Smoother phrasing: “The Hazard Index (HI) values ob-
tained in this study were all below 1, as recommended by
USEPA [32] for both adult and children. This however indi-
cates that the region may be relatively free from non- carcino-
genic risks due to ingestion, inhalation and dermal contact.
However, it was observed that the sediments S2, S1 and S5
may present potential long-term non-carcinogenic effects.

3.5.3. Carcinogenic Risk Exposure Ria Sediments in
Dry Season

The Table 11 shows Carcinogenic risk exposure via the sed-
iments in dry season. LCR ingestion has a range from 7,24x
1075 to 1,69x 1074; 3,04x 1077 to 8,42x 1077; 2,08%x 107° to
3,73%1075; for Ph, As, and Cr ingestion respectively in adults
whereas. That of children ranged from 6,56 107* to 1,84
107%; 3,31x 1076 t0 9,17>x107%; 2,26 107 to 4,06 10~* for
Pb, As, and Cr, respectively for ingestion. The maximum lev-
els were seen in adults at sediment S1 and S5 for Pb. In con-
trast in children, the maximum levels were seen at all sedi-
ments for Pb and Cr. LCR dermal has a range from 7,391071°
to 12,05%107%; 1,26 107°to 2,27>x107° for As and Cr skin
respectively in adults whereas. That of children ranged from
4,19%107°t0 1,61x1078; 7,22%x107° to 1,03 1078 for As and
Cr respectively for skin. All these values are significantly less
than 1 <1076, Average the LCR inhalation ranged from 1,81x
107°t0 5,03%107°; 4,47>x1071? t0 1,24x107%%; 8,43x107% to
1,37x107°and 3,72x107°to 6,69>107° for Pb, As, Ni and Cr
respectively for adult and 4,92> 107° to 1,37x 1078; 1,27x%
1071 t0 3,37x1071; 2,29%x107° to 5,25%107° and 1,06 1078
to 2,03x 1078 for Pb, As, Ni and Cr respectively for children.
All these values are significantly less than 1 <107, In the case
of Cancer Risk (CR), Pb and Cr are metal the most dangerous
concerning the ingestion in Table 11. Carcinogenic risks that
exceed the Total life cancer risk (TLCR) acceptable values
(107*) [38] were found in children exposed to Pb and Cr in all
the sediments. However, in adults, the carcinogenicity risks
exceed this acceptable value (10™*) [38] for Pb in all sedi-
ments S4 and S5. Adults were seen to have XTLCR for Pb
(sediments S1, S2, and S3) and Cr (all sediments) within the

threshold range (107¢ to 1074). This entails that the adults are less
exposed to the risk of cancer associated with exposure to sedi-
ments containing these heavy metals (Pb, Cr). The cancer risk as-

sociated with HMs (As, Ni) in surface sediment samples consid-
ered negligible, with Total life cancer risk (TLCR) values below

the recommended limit As, and Ni for children and adults (ac-
cording to [39]). This finding confirms the absence of any signif-
icant lifetime cancer risk for these elements in Table 11.

3.5.4. Carcinogenic Risk Exposure via the
Sediments in Rainy Season

The Table 12 shows Carcinogenic risk exposure via the sed-
iments in dry season. LCR ingestion has a range from 8,33x
10710 3,16x1073%; 0 to 2,36x1075; 2, 2,93%x 1075 to 39,81 %
1075; for Pb, As, and Cr ingestion respectively in adults
whereas. That of children ranged from 9,07> 1073 to 3,44
1072, 0t0 2,57x107%; 7,67% 107 to 1,07>1072 for Ph, As, and
Cr, respectively for ingestion. The maximum levels were seen
in adults all the sediments for Pb. In contrast in children, the
maximum levels were seen at all the sediments for Pb and Cr.
LCR dermal has a range from 0 to 5,74%107°%; 1,78%107° to
5,97%107° for As and Cr skin respectively in adults whereas.
That of children ranged from 0 to 1,25x 1077; 9,7x 107° to
1,22 107" for As and Cr respectively for skin. All these val-
ues are significantly less than 1 <1076, Average the LCR in-
halation ranged from 2,48x 1078 to 9,40x 1078; 0 to 3,47%
1071 2,15%107° to 3,61%107° and 5,25%107° to 1,76x 1078
for Pb, As, Ni and Cr respectively for adult Population and
6,75%1078t0 2,60=1077; 0t0 1,89%10717; 9,84x107°to 1,60x
1078 and 1,43x 1078 to 9,01> 1078 for Pb, As, Ni and Cr re-
spectively for children. All these values are significantly less
than 1 <107°. Same as in the rainy season, Pb and Cr are metal
the most dangerous concerning the ingestion in Table 12. (Ta-
ble 4). In adults, the total cancer risk (TCR) exceeds this ac-
ceptable value (10~*) [38] for Pb in all sediments. Moreover,
the average total cancer risk (TLCR) values for Cr in adults
range from 107 to 10™*, meaning that residents are very un-
likely to be prone to cancer. Considering the carcinogenic risk
on cumulative effect of the heavy metals assayed, it was ob-
served that children in contact with these sediments, are ex-
posed to carcinogenic risks as the XTLCR was seen to be
above the range of threshold values (107 to 107*) above
which environmental and regulatory agencies consider the
risk unacceptable. The cancer risk associated with heavy met-
als (As, Ni) in sediment samples is negligible in adults and
children. Total lifetime cancer risk (TLCR) values below the
recommended limit confirm the absence of a significant can-
cer risk for these elements in Table 12.

Table 9. Mean values of Hazard Quotient for each exposure route for dry season.

Adults

Sample Pb As

o1 HQing 3,90E-03 1,18E-02
HQder 6,32E-05 7,17E-05

Zn Cu Ni Cr
1,14E-04 3,47E-04 8,37E-04 1,54E-02
9,24E-06 2,61E-05 - -
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Adults

Sample Pb As Zn Cu Ni Cr
HQInh 5,73E-08 5,20E-07 - - - 6,79E-05
HI 3,96E-03 1,19E-02 1,23E-04 3,73E-04 8,37E-04 1,54E-02
HQing 5,88E-03 - 1,99E-04 4,47E-04 - 1,44E-02
HQder 9,54E-05 - 1,61E-05 3,36E-05 - -

52 HQInh 8,65E-08 - - - - 6,33E-05
HI 5,97E-03 - 2,15E-04 4,81E-04 - 1,44E-02
HQing 4,42E-03 - 1,77E-04 2,03E-04 6,15E-04 1,17E-02
HQder 7,17E-05 - 1,43E-05 1,53E-05 - -

5 HQInh 6,50E-08 - - - - 5,18E-05
HI 4,49E-03 - 1,91E-04 2,19E-04 6,15E-04 1,18E-02
HQing 2,02E-03 - 7,19E-05 - 6,63E-04 4,88E-03
HQder 3,28E-05 - 5,83E-06 - - -

> HQInh 2,97E-08 - - - - 2,15E-05
HI 2,06E-03 - 7,77E-05 - 6,63E-04 4,90E-03
HQing 7,67E-03 - 2,35E-04 4,81E-04 1,03E-03 1,64E-02
HQder 1,25E-04 - 1,91E-05 3,62E-05 - -

S5 HQInh 1,13E-07 - - - - 7,21E-05
HI 7,80E-03 - 2,54E-04 5,18E-04 1,03E-03 1,64E-02

Children

Sample Pb As Zn Cu Ni Cr
HQing 4,24E-02 1,28E-01 1,24E-03 3,77E-03 9,11E-03 1,67E-01

1 HQder 1,38E-03 1,56E-03 2,01E-04 5,68E-04 - -
HQInh 3,12E-07 2,83E-06 - - - 3,69E-04
HI 4,38E-02 1,30E-01 1,44E-03 4,34E-03 9,11E-03 1,68E-01
HQing 6,40E-02 - 2,17E-03 4,87E-03 - 1,56E-01
HQder 5,19E-04 - 8,79E-05 1,83E-04 - -

52 HQInh 2,35E-07 - - - - 1,72E-04
HI 6,45E-02 - 2,25E-03 5,05E-03 - 1,56E-01
HQing 4,81E-02 - 1,92E-03 2,22E-03 6,70E-03 1,28E-01
HQder 3,90E-04 - 7,81E-05 8,33E-05 - -

>3 HQInh 1,77E-07 - - - - 1,41E-04
HI 4,85E-02 - 2,00E-03 2,30E-03 6,70E-03 1,28E-01
HQing 2,20E-02 - 7,82E-04 - 7,22E-03 5,31E-02

S4 HQder 1,79E-04 - 3,17E-05 - - -
HQInh 8,10E-08 - - - - 5,86E-05

53


http://www.sciencepg.com/journal/ajpc

American Journal of Physical Chemistry http://www.sciencepg.com/journal/ajpc

Children
Sample Pb As Zn Cu Ni Cr
HI 2,22E-02 - 8,14E-04 - 7,22E-03 5,32E-02
HQing 8,36E-02 - 2,56E-03 5,24E-03 1,12E-02 1,78E-01
HQder 6,78E-04 - 1,04E-04 1,97E-04 - -
S5 HQInh 3,07E-07 - - - - 1,96E-04
HI 8,42E-02 - 2,66E-03 5,44E-03 1,12E-02 1,78E-01
Table 10. Mean values of Hazard Quotient for each exposure route for rainy season.
Adults
Sample Pb As Zn Cu Ni Cr
HQing 1,46E-04 1,52E-03 2,66E-05 1,69E-04 2,75E-04 3,46E-03
s1 HQder 2,37E-06 9,24E-06 2,16E-06 1,27E-05 - -
HQInh 2,15E-09 6,70E-08 - - - 1,53E-05
HI 1,49E-04 1,53E-03 2,88E-05 1,81E-04 2,75E-04 3,48E-03
HQing 4,11E-04 4,21E-03 6,91E-05 2,36E-04 4,96E-04 6,22E-03
HQder 6,66E-06 2,56E-05 5,61E-06 1,77E-05 - -
S2
HQInh 6,04E-09 1,86E-07 - - - 2,74E-05
HI 4,17E-04 4,24E-03 7,47E-05 2,53E-04 4,96E-04 6,24E-03
HQing 1,48E-04 1,58E-03 2,98E-05 1,56E-04 2,41E-04 3,95E-03
HQder 2,40E-06 9,62E-06 2,42E-06 1,17E-05 - -
S3
HQInh 2,17E-09 6,98E-08 - - - 1,74E-05
HI 1,50E-04 1,59E-03 3,22E-05 1,67E-04 2,41E-04 3,97E-03
HQing 1,76E-04 1,96E-03 3,61E-05 1,83E-04 3,91E-04 3,63E-03
HQder 2,85E-06 1,19E-05 2,93E-06 1,38E-05 - -
S4
HQInh 2,59E-09 8,63E-08 - - - 1,60E-05
HI 1,79E-04 1,97E-03 3,91E-05 1,97E-04 3,91E-04 3,65E-03
HQing 2,78E-04 3,24E-03 5,18E-05 2,44E-04 4,64E-04 5,21E-03
HQder 4,51E-06 1,97E-05 4,20E-06 1,83E-05 - -
S5 HQInh 4,08E-09 1,43E-07 - - - 2,30E-05
HI 2,82E-04 3,26E-03 5,60E-05 2,62E-04 4,64E-04 5,23E-03
Children
Sample Pb As Zn Cu Ni Cr
1 HQing 1,59E-03 1,65E-02 2,90E-04 1,84E-03 3,00E-03 3,77E-02
HQder 5,17E-05 2,01E-04 4,71E-05 2,77E-04 - -
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Children
Sample Pb As Zn Cu Ni Cr
HQInh 1,17E-08 3,65E-07 - - - 8,31E-05
HI 1,64E-03 1,67E-02 3,37E-04 2,11E-03 3,00E-03 3,78E-02
HQing 4,47E-03 4,59E-02 7,52E-04 2,57E-03 5,40E-03 6,77E-02
HQder 3,63E-05 1,40E-04 3,05E-05 9,65E-05 - -
52 HQInh 1,64E-08 5,06E-07 - - - 7,46E-05
HI 4,51E-03 4,60E-02 7,83E-04 2,66E-03 5,40E-03 6,78E-02
HQing 1,61E-03 1,72E-02 3,24E-04 1,70E-03 2,62E-03 4,30E-02
HQder 1,30E-05 5,24E-05 1,32E-05 6,38E-05 - -
5 HQInh 5,91E-09 1,90E-07 - - - 4,74E-05
HI 1,62E-03 1,73E-02 3,37E-04 1,76E-03 2,62E-03 4,31E-02
HQing 1,91E-03 2,13E-02 3,94E-04 1,99E-03 4,26E-03 3,95E-02
HQder 1,55E-05 6,48E-05 1,60E-05 7,50E-05 - -
> HQInh 7,04E-09 2,35E-07 - - - 4,36E-05
HI 1,93E-03 2,14E-02 4,10E-04 2,07E-03 4,26E-03 3,96E-02
HQing 3,02E-03 3,53E-02 5,64E-04 2,65E-03 5,06E-03 5,67E-02
HQder 2,45E-05 1,07E-04 2,29E-05 9,99E-05 - -
S5 HQInh 1,11E-08 3,89E-07 - - - 6,25E-05
HI 3,05E-03 3,54E-02 5,87E-04 2,75E-03 5,06E-03 5,68E-02
Table 11. Total life cancer risk in dry season.
Adults
Sample Pb As Ni Cr
LCRing 1,60E-03 2,36E-06 - 9,23E-05
s1 LCRdermal - 5,74E-09 - 5,62E-09
LCRinh 4,77E-08 3,47E-11 2,93E-09 1,65E-08
TLCR 1,60E-03 2,36E-06 2,93E-09 9,23E-05
LCRing 2,42E-03 - - 8,61E-05
LCRdermal - - - 5,24E-09
> LCRinh 7,20E-08 - - 1,54E-08
TLCR 2,42E-03 - - 8,62E-05
LCRing 1,82E-03 - - 7,05E-05
LCRdermal - - - 4,29E-09
>3 LCRinh 5,42E-08 - 2,15E-09 1,26E-08
TLCR 1,82E-03 - 2,15E-09 7,05E-05
S4 LCRing 8,33E-04 - - 2,93E-05
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Adults
Sample Pb As Ni Cr
LCRdermal - - - 1,78E-09
LCRinh 2,48E-08 - 2,32E-09 5,25E-09
TLCR 8,33E-04 - 2,32E-09 2,93E-05
LCRing 3,16E-03 - - 9,81E-05
LCRdermal - - - 5,97E-09
S5 LCRinh 9,40E-08 - 3,61E-09 1,76E-08
TLCR 3,16E-03 - 3,61E-09 9,81E-05
Children
Sample Pb As Ni Cr
LCRing 1,75E-02 2,57E-05 - 1,00E-03
s1 LCRdermal - 1,25E-07 - 1,22E-07
LCRinh 2,60E-07 1,89E-10 1,60E-08 9,01E-08
TLCR 1,75E-02 2,58E-05 1,60E-08 1,01E-03
LCRing 2,64E-02 - - 9,38E-04
LCRdermal - - - 2,85E-08
52 LCRinh 1,96E-07 - - 4,21E-08
TLCR 2,64E-02 - - 9,38E-04
LCRing 1,98E-02 - - 7,67E-04
LCRdermal - - - 2,33E-08
5 LCRinh 1,47E-07 - 5,86E-09 3,44E-08
TLCR 1,98E-02 - 5,86E-09 7,67E-04
LCRing 9,07E-03 - - 3,19E-04
LCRdermal - - - 9,70E-09
> LCRinh 6,75E-08 - 6,32E-09 1,43E-08
TLCR 9,07E-03 - 6,32E-09 3,19E-04
LCRing 3,44E-02 - - 1,07E-03
LCRdermal - - - 3,25E-08
S5 LCRinh 2,56E-07 - 9,84E-09 4,79E-08
TLCR 3,44E-02 - 9,84E-09 1,07E-03
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Table 12. Total life cancer risk in rainy season.

Adults
Sample Pb As Ni Cr
LCRing 6,02E-05 3,04E-07 - 2,08E-05
s1 LCRdermal - 7,39E-10 - 1,26E-09
LCRinh 1,79E-09 4,47E-12 9,64E-10 3,72E-09
TLCR 6,02E-05 3,04E-07 9,64E-10 2,08E-05
LCRing 1,69E-04 8,42E-07 - 3,73E-05
LCRdermal - 2,05E-09 - 2,27E-09
52 LCRinh 5,03E-09 1,24E-11 1,74E-09 6,69E-09
TLCR 1,69E-04 8,44E-07 1,74E-09 3,73E-05
LCRing 6,08E-05 3,16E-07 - 2,37E-05
LCRdermal - 7,70E-10 - 1,44E-09
5 LCRinh 1,81E-09 4,65E-12 8,43E-10 4,25E-09
TLCR 6,08E-05 3,17E-07 8,43E-10 2,37E-05
LCRing 7,24E-05 3,91E-07 - 2,18E-05
LCRdermal - 9,53E-10 - 1,33E-09
> LCRinh 2,15E-09 5,76E-12 1,37E-09 3,91E-09
TLCR 7,24E-05 3,92E-07 1,37E-09 2,18E-05
LCRing 1,14E-04 6,48E-07 - 3,12E-05
LCRdermal - 1,58E-09 - 1,90E-09
S5 LCRinh 3,40E-09 9,53E-12 1,63E-09 5,60E-09
TLCR 1,14E-04 6,50E-07 1,63E-09 3,12E-05
Children
Sample Pb As Ni Cr
LCRing 6,56E-04 3,31E-06 - 2,26E-04
s1 LCRdermal - 1,61E-08 - 2,75E-08
LCRinh 9,76E-09 2,43E-11 5,25E-09 2,03E-08
TLCR 6,56E-04 3,32E-06 5,25E-09 2,26E-04
LCRing 1,84E-03 9,17E-06 - 4,06E-04
LCRdermal - 1,12E-08 - 1,24E-08
> LCRinh 1,37E-08 3,37E-11 4,73E-09 1,82E-08
TLCR 1,84E-03 9,18E-06 4,73E-09 4,06E-04
LCRing 6,62E-04 3,44E-06 - 2,58E-04
LCRdermal - 4,19E-09 - 7,85E-09
>3 LCRinh 4,92E-09 1,27E-11 2,29E-09 1,16E-08
TLCR 6,62E-04 3,45E-06 2,29E-09 2,58E-04
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Children

Sample Pb
LCRing 7,88E-04
LCRdermal -

S4
LCRinh 5,86E-09
TLCR 7,88E-04
LCRing 1,25E-03
LCRdermal -

S5 .
LCRinh 9,27E-09
TLCR 1,25E-03

4. Conclusions

This study evaluated trace metal contamination in sedi-

ments of the Koko watershed, highlighting seasonal variations.

In the rainy season, Tributary 2 exhibited the highest concentra-
tions of Pb, As, Zn, Cu, Ni, and Cr, primarily due to rainwater
runoff from agricultural and urban discharges. In the dry season,
Pb, Zn, Cu, and Cr concentrations peaked in the same tributary,
with the geoaccumulation index indicating moderate pollution.

Non-carcinogenic risk assessments revealed no immediate
threat to human health, whereas carcinogenic risks were ob-
served in children exposed to Pb and Cr. The findings under-
score the importance of monitoring sediment contamination,
as heavy metals can bioaccumulate in aquatic organisms and
enter the food chain. Contamination indices provide essential
guidance for targeted environmental management and risk
mitigation strategies.

Abbreviations

TMEs Trace Metals Elements

S Sediment

ucc Upper Confidence Limit of the Mean
Concentration

USEPA United States Environmental Protection
Agency

TLCR Total Life Cancer Risk

PERI The Potential Ecological Risk Index

m-ERM-Q  Mean ERM Quotient

m-PEL-Q  Mean PEL Quotient

ADD Average Daily Doses

HI Hazard Quotient (HQ) and the Hazard Index

HM Concentration the Contaminant

LCR Lifetime Cancer Risk
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As Ni Cr

4,26E-06 - 2,37E-04
5,19E-09 - 7,22E-09
1,57E-11 3,73E-09 1,06E-08
4,27E-06 3,73E-09 2,37E-04
7,06E-06 - 3,40E-04
8,59E-09 - 1,03E-08
2,59E-11 4,43E-09 1,53E-08
7,07E-06 4,43E-09 3,40E-04

Author Contributions

Kahou Katel Kizito Toe-Bi: Conceptualization, Data cu-
ration, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Software,
Supervision, Validation, Visualization, Writing — original
draft, Writing — review & editing

Aboubakar Sako: Data curation, Investigation, Supervi-
sion, Validation, Writing — original draft, Writing — review &
editing

Trazie Jean-Gael Irie Bi: Data curation, Investigation, Su-
pervision, Validation, Writing — original draft, Writing — re-
view & editing

Conflicts of Interest

The authors declare no conflicts of interest.

References

Marcela C., Mariana V. C., Carolina N., Gabriel M. M., Isa bel
L., MonicaD. G., Daniela A., Gabriel M. Moulat., Andreu R. (2023).
Effects of intensive agriculture and urbanization on water quality and
pesticide risks in freshwater ecosystems of the Ecuadorian Amazon.
Received 9 March 2023; Re ceived in revised form 17 June 2023;
Accepted 19 June 2023. Journal Chemosphere,
https://doi.org/10.1016/j.chemosphere.2023.139286

(1]

[2] ArifeS. (2025). Toxicity, health risks, environmental effects of trace
metals in the sediments of the Middle Black Sea (Samsun) and bio-
accumulation in Hyallella azteca amphi pods. Scientific Reports |
(2025) 15: 27873 https://doi.org/10.1038/s41598-025-13663-3

[3] Yang, Zhou Z, Bai Y, Cai Y, Chen W (2016) Risk Assess-

ment of Heavy Metal Pollution in Sediments of the Fenghe
River by the Fuzzy Synthetic Evaluation Model and Multi var-
iate Statistical Methods. Pedosphere 26: 326-334.


http://www.sciencepg.com/journal/ajpc

American Journal of Physical Chemistry

http://www.sciencepg.com/journal/ajpc

[4]

5]

(6]

[7]

(8]

4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Jiang, T., Lin, W. W., Cao, Y. J,, Li, K., Xuan, Y. X., Li, R., et
al. (2020). Heavy metal pollution, ecological risk assess -ment,
and source analysis of sediments in Qing Liangshan Reservoir
in the Meijiang River Basin. Environ. Sci. 41(12), 5410-5418.
https://doi.org/10.13227/j.hjkx.202003018

Deng, X. D., Zhang, C., Zhai, F. J., Li, S. M., and Shan, B. Q.
(2023). Heavy metal speciation and ecological risk assess ment
of soil in potential new submerged areas of Baiyangdian Lake.
Acta Sci. Circumstantiae 43(5), 398-408.
https://doi.org/10.13671/j.hjkxxb.2022.0435

Meador, J. P. Rationale and procedures for using the tissue-
residue approach for toxicity assessment and determination of
tissue, water, and sediment quality guidelines for aquatic or-
ganisms. Hum. Ecol. Risk Assess. 12, 1018-1073 (2006).

Yao, K. M., Méongo, S. B., Trokourey, A., & Yobou, B.
(2009). Assessment of sediments contamination by heavy met-
als in a tropical lagoon urban area (Ebri€élagoon, C&e d’Ivoire).
International Journal of Biological and Chemical Sciences, 3,
755-770.

Coulibaly, A. S., Monde, S., Wognin, A. V., & Aka, K. (2010).
Dynamics of trace metal elements in sediments of Abidjan of
Bays (baie Banco of Bay and the port Roadstead). European
Journal of Scientific Research, 46, 204-215.

Gopal V., Krishnamurthy R. R., Bhuvaneswari M., Deepika R.,
Sabari Nathan C., Bharath M. K., Magesh S. N., Kalai vanan
R., Ayyamperumal R. (2025). Hazardous trace ele mental con-
tamination in urban river sediments: Distribution, source iden-
tification, and Environmental impacts. Journal of Hazardous
Materials 18(2025) 100733.
https://doi.org/10.1016/j.hazadv.2025.100733

Gnamba F. M., Baka D., Brahima S., Brou Y. Y. A,, and Oga.
M. S. (2020). Monitoring from 2016 to 2018 of some physico-
chemical parameters and trace metals elements in the raw water
stations of SODECI in the districts of Savanes and Den guédé
in northern C&e d'lvoire. Africa SCIENCE 17(5): pp 70 — 84.

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

USEPA. Baseline Human Health Risk Assessment Vasquez
Boulevard and 1-70 Superfund Site Demver, Co; U. S. Envi-
ronmental Protection Agency: Washington, DC, USA, 2001.

USEPA. Superfund Public Health Evaluation Manual; U. S.
Environmental Protection Agency: Washington, DC, USA,
1986; pp. 1-86.

Bouih B. H., Nassali H., Leblancs M. and Srhiri A., 2005. Con-
tamination by trace metals of the sediments of the lake
FOUARAT (Morocco). Afr. Sc., 1(1), pp 109-125.

Mdler G., 1979. Heavy Metals in the Sediment of the Rhine-
Changes Seity. Umschau in Wissenschaft und Technik, 79,
778-783.

Hakanson, L. An ecological risk index for aquatic pollution
control: A sedimentological approach. Water Res. 1980, 14,
975-1001.

59

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

(28]

[29]

Aknaf, A.; Akodad, M.; Layachi, M.; Baghour, M.; Oudra, B.;
Vasconcelos, V. The Chemical Characterization and Its Rela-
tionship with Heavy Metals Contamination in Surface Sedi-
ment of Marchica Mediterranean Lagoon (North of Mo rocco).
Environ. Sci. Pollut. Res. 2022, 29, 4159-4169.

Long E. R,, Ingersoll C. G. et Macdonal D. D., 2006. Calcu
lation and use of mean sediment quality guideline quotients: a
critical review. Environmental science and Technology. 40, pp
1726-1736.

Chibuike, G.; Obiora, S. Heavy Metal Polluted Soils: Effect on
Plants and Bioremediation Methods. Appl. Environ. Soil Sci.
2014, 2014, 752708.

El Zokm, G. M.; lbrahim, M. I. A.; Mohamed, L. A.; El-Ma-
money, M. Critical Geochemical Insight into Alexandria Coast
with Special Reference to Diagnostic Ratios (TOC/TN & Sr/ca)
and Heavy Metals Ecotoxicological Hazards. Egypt. J. Aquat.
Res. 2020, 46, 27-33.

USEPA (1989) Risk Assessment Guidance for Superfund
(RAGS): Part A. In: U. S. Environmental Protection Agency.
https://www.epa.gov/risk/risk-assessment-guidance-super-
fund-rags-part Accessed 26 May 2024.

USEPA (2011) Exposure Factors Handbook 2011 Edition (Fi-
nal Report). In: U.S. Environmental Protection Agency.
https://cfpub.epa.gov/ncealrisk/re-
cordisplay.cfm?deid=236252 Accessed 26 May 2024.

JiaZ, Li S, Wang L (2018) Assessment of soil heavy metals for
eco environment and human health in a rapidly urbanization
area of the upper Yangtze Basin. Sci Rep 8: 3256.
https://doi.org/10.1038/s41598-018-21569-6

Mama CN, Nnaji CC, Emenike PC, Chibueze CV (2020) Po-
tential environmental and human health risk of soil and road-
side dust in a rapidly growing urban settlement. Int J Environ
Sci Technol 17: 2385-2400.
https://doi.org/10.1007/s13762-020-02637-9

Fryer M, Collins C, Ferrier H et al (2006) Human exposure mod-
elling for chemical risk assessment: A review of current ap-
proaches and research and policy implications. Environ Sci Policy
9: 261-274. https://doi.org/10.1016/j.envsci.2005.11.011

Hu X, Zhang Y, Ding Z et al (2012) Bioaccessibility and health
risk of arsenic and heavy metals (Cd Co, Cr, Cu, Ni, Pb, Zn and
Mn) in TSP and PM2.5 in Nanjing. China Atmos Environ 57:
146-152. https://doi.org/10.1016/j.atmosenv.2012.04.056

Tuo K. (2021). Metal contamination of the waters and sedi-
ments of the Bandama River in the ram region in central CGe
d'lvoire. Thesis of the University Peleforo GONCOULIBALY
of Korhogo. 48 p.

Benjalin and Tara (2020). Inventory of atmospheric pollutant emis-
sions and greenhouse gases in France. Citepa, June 2020. 1-459.

Hamssa D., Saliha K. N., Dounia K. and Fatima Z. A. M.
(2018). Contents of Trace Metal Elements Cu, Zn, and Pb in
the Sediments of the Béni Haroun Dam (Northeast of Algeria).
European Scientific Journal May 2018 edition Vol. 14, No. 15
ISSN: pp 1857 — 7881.


http://www.sciencepg.com/journal/ajpc

American Journal of Physical Chemistry

http://www.sciencepg.com/journal/ajpc

[30]

[31]

[32]

[33]

[34]

Malle M. (2024). Dynamics of trace metal elements (Cu, Hg,
Pb, and Cd) during flood and low water periods in the Bandama
watershed in C&e d'lvoire. Master's thesis from UniversitéPe-
leforo GON COULIBALY of Korhogo. 71 pages.

Koudjo A., Kamilou O. S., Hodabalo D. S., Gnon T., Sadikou
A., Tchaa E. E. B., Housseni A., Kissao G. (2021). State of
trace element contamination in the sediments of the Nangbé&o
hydroelectric dam lake (Togo), Environment, Engineering &
Development, 85, pp 12-25 https://hal.science/hal-03182947v4

Imane S. H., Zohra A. M. F., Dounia K., Smail M. (2019).
Level of contamination by trace metal elements cadmium, co-
balt, copper and zinc of two cyprinids and sediments of the
Koudiet Medouar dam (Batna, Algeria), Journal of Applied Bi-
osciences 143: 14606 — 14621.

Y. N’guessan, J. Probst, T. Bur & A. Probst, Trace elements in
stream bed sediments from agricultural catchments (Gascogne
region, S-W France): where do they come from? Science of the
Total Environment, 2009, 407: 2939-2952.

Y. Ouyang, P. Nkedikizza, Q. Wu, D. Shinde & C. Huang, As-
sessment of seasonal variations in surface water quality. Water
Ressources, 2006, 40: 3800-3810.

60

[35]

[36]

[37]

(38]

[39]

A. R. Mermut, J. C. Jain, L. Song, R. Kerrich, L. Kozak & S.
Jana, Trace element concentrations of select soils and fertiliz-
ers in Saskatchewan, Canada. Journal of Environmental Qual-
ity, 1996, 25, 845-853.

D. Calamari & H. Naeve, Review of pollution in the African
aquatic environment. Technical document of the CPCA (In
land Fisheries Committee for Africa), 1994, No. 25, Rome,
FAO, 129 p.

Tessier E., Garnier C., Mullot J. U., Lenoble V., Arnaud M.,
Raynaud M. (2011). Study of the spatial and historical distri-
bution of metal contamination in sediments from the Toulon
Bay (France). Environmental Pollution, 159(10), 2733-2740.

United States of Environmental Protection Agency (USEPA).
Integrated. risk information system. Washington, DC: USEPA,
2011. Awvailable at:

http://www.epa.gov/IR1S/Retrieved 02/07/2017

Bat, L.; Oztekin, A.; Arici, E.; Sahin, F. Health risk assess-
ment: Heavy metals in fish from the southern Black Sea. Foods
Raw Mater. 2020, 8, 115-124.


http://www.sciencepg.com/journal/ajpc

