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Abstract

Douala, situated between latitude 4.00 - 4.15 and longitude 9.65 - 9.95, is the
economic capital of Cameroon in the Littoral Region and it hosts more than
80% of the industries in the Country. Increased urbanization and agricultural
activities have a potential for trace metal contamination as such, the trace
metal evaluation of groundwater in Douala begs our attention. This study in-
vestigated the trace metal content of groundwater sources; determined esti-
mates of the health hazard and pollution risk indices; assessed the health ha-
zard and level of risk to trace metal pollution in Douala. Measurement of 153
hand-dug wells for physicochemical parameters and chemical analysis of 10
representative groundwater samples was carried out to determine their trace
metal content using Inductively Coupled Plasma Mass Spectroscopy ICP-MS.
R-mode statistical analysis; Hierarchical Cluster Analysis (HCA) and Pear-
son’s correlation analysis (PCA) of the trace metals to the physico-chemical
parameters were done. Four pollution hazards were estimated; the average
daily dose ADD, carcinogenic risks CR, non-carcinogenic risk hazard quo-
tient HQ and hazard index HI. Six pollution risks indices were determined:
the Degree of contamination DC, Enrichment factor EF, Ecological risk factor
Er, Ecological risk index RI, Pollution load index PLI, and geo-accumulation
index Igeo. The trace elements detected in groundwater in Douala and their
relative abundance in decreasing order are: Si > Al > Sb > Sr > Ba > Mn > Li >
Zn > As>Bi>Cr>Fe>Se>Ag>Mo >Ni>Pb>Sn>Ti>TI>V. HCA
distinguishes trace metals into two clusters: Clusterl; Li, Zn, Sr, Sb, AL, TL, V,
Ti, Sn, Pb, Mo, Ni, Ag, Cd, Co, Cu, U, Y, Ba, Mn, Cr, Se, Bi, As, Fe and Clus-
ter2 Si. The values of groundwater pollution hazard indices ranged; ADD (0 -
60 mg/kg/day), CR (0 - 13), HQ (1.0E05 - 1.1E05) and HI (1.05E04 - 1.2E04).
The values of the pollution risk indices are DC (-1.93 - 1.91), EF (0.0 - 1.2),
Er (-5 - 0), RI (-17.58 - —17.64), PLI (-0.13 - 0.13) and Igeo (0 - 1.16). The
Health risk assessment qualified groundwater in Douala as unsafe and intol-
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erable for human consumption but without carcinogenic effects. Pollution in-
dices placed groundwater in Douala in the low degree background contami-
nation with minimal enrichment, low potential ecological risk and geogeni-
cally unpolluted to moderately polluted. Very strong correlations were ob-
served among some of the trace element pairs, suggesting common sources,
mutual dependence and identical behaviour from provenance and during
transport. The severity of trace element toxicity is governed by several factors,
such as dose, nutrition, age, and life style. Therefore, these low trends might
not guarantee human health due to an increasing level of environmental pol-
lution that might be imposed by increasing human activity on Douala City
and environs which might contaminate the groundwater; this demand for moni-
toring of groundwater sources for drinking purposes.

Subject Areas

Environmental Sciences, Geology, Hydrology

Keywords

Trace-Elements-Evaluation, Health-Risks-Assessment, Pollution-Indices,
Douala-Cameroon

1. Introduction

Douala situated between latitude 4.00 - 4.15 and longitude 9.65 - 9.95, is the
economic capital of Cameroon in the Littoral Region and it hosts more than 80%
of the industries in the Country. Douala is the headquarters of the Wouri Divi-
sion of the Littoral Region of Cameroon. It has a surface area of about 12805
km?. It is situated at elevation 19 meters above sea level. It is divided into dis-
tricts: Akwa, Akwa-nord, Bepanda, Deido, Valle Besengue, Cite Sic, Ndongbong,
Yabassi camp, Newbell, Babylon, Ngangue, Nyalla, as seen in Figure 1 [1]. This
city handles most of the country’s major exports, such as palm oil, cocoa, coffee,
timber, metals, and fruits. According to [2], Douala hosts the largest urban pop-
ulation in the country with a population density of 350 persons per km? Inade-
quate supply of pipe-borne water with only 65.000 persons connected to the wa-
ter supply out of 3 million inhabitants forces the population to depend on
groundwater. In Douala, groundwater is the major source of water supply for a
large part of the population. Trace elements are one of the most serious conta-
minant groups of elements. The ecosystem has been contaminated by high con-
centration of heavy metals released into the biosphere by human activity. The
term “trace elements” refers to chemical elements present in a natural material at
concentrations less than 10 parts per million. Trace elements occur in low con-
centrations, in mass fractions of ppm or less, in soil, organisms and water [3].
Trace elements like Chromium, cobalt, copper, iron, manganese, magnesium,

molybdenum, selenium, zinc, and other elements occur as constituents of living
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Figure 1. Sampled points of packaged groundwater in Douala (insert Cameroon and
Africa).

organisms, and are necessary for their growth, development, and health. Though
the shortage of some trace elements in the body may result in stunted growth or
even death, their presence in higher amounts is also harmful. Trace elements are
essential as micronutrients for life processes in plants and microorganisms,
while others have no known physiological activity, but they are proved to be
harmful beyond a certain limit and can cause serious health threats when over
accumulated over time [4]. Many authors have focused their research on surface
and groundwater biological quality, hydrogeochemistry, groundwater hydraulics
in Cameroon [5] [1] [6]; however, studies on trace elements in Douala are
sparse. This study is aimed at evaluating the groundwater trace element concen-
trations in Douala.

Climate

The climate of Douala indicates a hyper humid climate modified by the relief
of Mt. Cameroon with a long rainy season from March to November and a short
dry season from December to February marked, especially on the coast by sig-
nificant precipitation. The average daily temperatures had been collected each
month for 30 years by the Douala City Council (1984 to 2014) and the average
monthly temperature varies from 24.8°C in July and August to 27.7°C in Febru-
ary with an annual average of 26.4°C. January and February are identified as the
hottest months of the year [6].
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Soils and Vegetation

The soils of Douala are generally sandy with a low water holding capacity.
However, other types of ferralitic soils formed on the diversity of the present be-
drock (basalt and gneiss) sometimes with clay content are observed. These soils
are better suited to agriculture because of their chemical properties. The warm
and humid climate of the city of Douala is conducive for the luxuriant develop-
ment of dense forest, mangroves and some vegetable crops that regress the ad-
vancement of urban development.

Geologic setting of study area

The Douala Basin also called the Douala/Kribi-Campo Basin [7] is a diver-
gent, marginal rift basin and one of the two Atlantic coastal basins of Cameroon,
the other being the Rio del Rey Basin. These form part of a series of sedimentary
fills lining the West African coast. Regionally, the Douala Basin is located at the
northern end of the South Atlantic rift [8] and [9] included this basin as the
eastern extension and part of a series of West African coastal basins. The basin
therefore, is generally linked to both the South and Equatorial Atlantic and forms
part of the Gulf of Guinea which extends from Angola to Senegal, representing
the scar left on the African continent by the separation of South America [10].
The Douala Basin is made up of two sub-basins, the Douala Sub-Basin to the
north and Kribi-Campo Sub-Basin to the south [7]. Generally, the Douala Basin
is composed of non-marine and marine sediments that range from Berre-
mian-Aptian till Resent, making up the on- and offshore portions of the basin.
The two sub-basins present quite remarkable difference in their lithostratigraphic
sequences.

The Douala Basin developed during the Cretaceous break-up of Gondwana
and the separation of Africa from South America. The initial rifting phase may
have started during very Early Cretaceous time (Berriasian-Hauterivian) but the
principal rifting episode in these areas occurred from late Berremian-Aptian
time. The initial formation of oceanic crust as the continents separated is be-
lieved to have commenced during the late Aptian-late Albian interval. It would
appear that the rifting was asymmetrical, as many of the syn-rift features that
would normally be expected are not apparent at depth in this area, but they are
abundant in the corresponding South American segment. Several additional
tectonic events occurred during the passive “drift” phase of the continental mar-
gin evolution at 84 Ma (Santonian), 65 Ma (K/T boundary) and 37 Ma (late Eo-
cene). These events, resulting in uplift, deformation and erosion at the basin
margins, are generally attributed to changes in plate motion and intraplate stress
fields due to convergent and collision events between Africa and Europe. The
Santonian uplift and possibly the late Eocene events also appear to have resulted
in significant mass wasting of the continental margin by gravity sliding, contri-
buting towards reservoir formation. The final uplift event relates to the growth
of the Cameroon Volcanic Line (CVL) and effectively lasts from 37 Ma through

to present day on the northwest margin of the basin.
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The basal formation in the Douala Sub-Basin is the Mundeck Formation
[11]-[16] is Berremian-Aptian to Albian in age and unconformably overlies the
Precambrian basement complex. It comprises basal conglomerates, conglome-
ritic sandstones, siltstones, claystones and shales that were deposited in a conti-
nental fluvio-lacustrine setting. The Logbajeck Formation, also known as the
Mungo River Formation, is directly overlying the Mundeck Formation. It ranges
in age from Cenomanian to early Campanian [17] and lithofacies include; sand-
stone, siltstone, limestone, marlstone and shale. Directly above the Logbajeck
Formation lies the late Campanian-Maastrician Logbaba Formation made up of
shale, sand and sandstone and in places, limestone, sandstone and shale alter-
nate. The first Tertiary formation is the Paleocene-Eocene N’kapa Formation
which is predominantly calcareous to slightly silty claystone that is locally in-
ter-bedded with sanstone and glauconitic claystone. The Souelaba Formation
overlies the N’kapa Formation and has been dated Oligocene-Miocene. It com-
prises claystone with inter-bedded sanstones and sands, locally calcareous, argil-
laceous and glauconitic. The next is the Matanda Formation whose age is dated
Late Pliocene-Pleistocene. Its lithology is made up of gravels, sands with in-
ter-bedded claystones and clays and sometimes calcareous. The basin is capped
by the Pleistocene-Holocene Wouri Formation which directly overlies the Ma-
tanda Formation. It is exposed to sands, sandstones, claystones with local devel-
opment of tuffs and lavas [18]. The main rock types in Douala City include;
sandstones, limestone, shale, and alluvium [6] as in Figure 2
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Figure 2. Geology of Douala and environs [1].
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2. Materials and Methods
2.1. Materials

Materials, Equipment and their uses for this study are listed in Table 1.

2.2. Groundwater Samples Collection, Preparation

153 hand-dug wells including some rivers were located around the city of
Douala. At each of the sites, a GPS was used to get readings of the coordinates of
the locations. 10 groundwater samples were collected from 10 pre-selected wells.

Prior to sampling, the bottles were rinsed with the water to be sampled so as
to avoid contamination. The well water was withdrawn with a small bucket on
which a rope was tied on to reach water in the well.

The groundwater samples collected in 50 ml were acidified and sent to Activa-
tion laboratory Canada for the determination of the concentrations of trace ele-

ments using ICP-OES analysis.

2.3. Hazard Identification

Involved identification of the chemical of concern and documenting its toxic effects
on humans after contact and the characterization of potential contaminants and
their relative mobility [19] as in Table 2.

Table 1. Field Equipment, Software, their specifications and functions used in the study.

Equipment/Soft wares

Specifications

Functions

Bike

GPS

EC Meter

pH Meter

Measuring Tape
Digital Thermometer
Total Dissolved Solid
Water sampler
Syringe

Nitric acid

Filter

Sample bottles

Tape & bold marker
Water Level Indicator
IBM SPSS Statistics
Global Mapper
Golden Surfer

Aqua

QGIS

Commercial Bikes
GARMIN MAP 60 Csx
Hanna HI 98304/98303
Hanna Hi 98127/98107
Measuring Tape
Extech39240 (-50/200°C)
Hanna HI 96301
Gallenkampf 500 ml

50, 100 ml Polystyrene
98% Pure Nitric Acid
Cellulose Filter 0.2 um
(HDPE) 50 ml
Permanent Tape/marker
Solinst Model 102 M
Version 25.0

Version 11

Version 12

Version 15

Version 2.1.8

To transport to wells

To measure coordinates and elevation
To measure Electrical Conductivity
To measure pH of water.
Measurement of well diameter and depth.
To measure water temperature

To measure Total dissolved solids

To collect water sample from well
Acidification and filtration of sample
Preservation by acidifying to pH < 2
Filtration of sample

Transmission of sample to laboratory
Sealing and labeling of sample bottles
Static water levels of wells

Statistical analysis for PCA

GIS Geolocation of wells

GIS plotting spatial distribution

To analyze water chemistry

For georeferncing and production of map
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Table 2. Trace element and their effects [18].

Element Toxicity effects

Zn Zinc suppresses copper and iron intake causing peripheral neuropathy.
Co Active in vitamin B12 and in chemical reactions. Excess causes hearth failures.
Cu Excess leads to acute gastrointestinal problems
Cr Excess may result in renal failures. Excess of Cr+6 is carcinogenic.
Mo Manganese toxicity result in neurological disorder (manganism)
with symptoms of tremors
Cd Cadmium compounds are known human carcinogens.
\Y% Vanadium causes albumin in urine
Ni Nickel is carcinogenic and causes neurological deficits
As Arsenic causes cancer of the skin, lungs, liver and bladder.
Sb Antimony causes gastrointestinal problems, kidney damage or liver damage
Al Aluminum causes neurotoxicity.
Pb Lead is a carcinogen affecting every organ and system in the body
Ni Nickel is carcinogenic and causes neurological deficits
As Arsenic causes cancer of the skin, lungs, liver and bladder.
Sb Antimony causes gastrointestinal problems, kidney damage or liver damage

2.4. Exposure Assessment

This is the process of measuring or estimating the intensity, frequency and dura-
tion of human exposures to an environmental agent [19]. The main exposure
pathway taken into consideration in this study was intake of the metals through
water consumption. The daily environmental exposures to metals were assessed
for carcinogenic and non-carcinogenic elements [20].
_C-IR-ED-EF

ADD=———
BW AT -360

(1
where;

ADDs are Exposure duration (mg/kg-day)-The Average Daily Dose (ADD) of
the contaminant through water pathway indicates the quantity of chemical sub-
stance ingested per kilogram of body weight per day.

C: Concentration of contaminant in the environmental media (e.g, pg/L,
mg/L).

IR: Ingestion rate per unit time (e.g. mg/day or L/day).

EF: Exposure frequency (day/year).

ED: Exposure duration (years).

BW: Body weight of receptor (kg).

AT: Averaging time = life expectancy (years) 365 is conversion factor from
years to days.

For non-carcinogenic effects, AT = ED in days; carcinogenic effect, AT = 70
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years or 25,550 days.

2.5. Dose—Response Assessment

This is the quantitative relationship that indicates the contaminants degree of
toxicity to exposed species. It also involves the identification of the toxicity crite-
ria used to evaluate human health risk associated with the chemical of concern
in the study area. The amount of chemical that can affect human health is esti-

mated. The Reference Dose (RfD) is used for non-carcinogen risk.

2.6. Risk Characterization

This is the final phase of the risk assessment process. In this phase, cumulative
exposure and dose-response assessments are integrated to yield probabilities of
effects occurring in human beings under specific exposure conditions and time
scales. Also incorporated is information from hazard identification, exposure
assessment, toxicity assessment and risk estimation to evaluate the potential risk

to residents.

2.7. Carcinogenic Risk Assessment

Carcinogenic risks were determined by calculating the potential of an individual
to develop cancer as a result of cumulative exposure to each potential carcinogen
over a lifetime. Carcinogenic properties were identified by a weight-of-evidence
classification of the trace element concentration [21]. The estimated daily dose
and the cancer slope factor are multiplied together to find the lifetime cancer
risk posed by the chemical. Cancer slope factors are estimates of carcinogenic
potency and were used to relate estimated daily dose of the trace metal over a
lifetime exposure to the lifetime probability of excess tumors Equation (2) [22]
[23].

CR =ADD-SF (2)

where; CR is the excess probability of developing cancer over a lifetime as a re-
sult of exposure to a contaminator carcinogenic risk. It is unit less

SE is the slope factor of the contaminant [mg/kg/d] ™.

2.8. Non Carcinogenic Risk Assessment

Non-carcinogenic hazards are characterized by the hazard quotient (HQ). HQ is
a unitless number that is expressed as the probability of an individual suffering
an adverse effect. To estimate non carcinogenic risk, the hazard quotient (HQ)

was calculated using Equation (3) [24].

ADD
HQ =R (3)

where; RfD is the reference dose mg/kg/d. It represents a toxicity index of a daily
exposure to the population in comparison to a safe level of exposure orally over
a lifetime [25]
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2.9. Hazard Index

It is the toxic risks due to all the potentially hazardous substances present in the
same media simultaneously [26]. Since more than one toxicant is evaluated, the
interactions of all the toxicants were considered and assumed to be cumulative.
Thus, the HI was calculated by summing the entire hazard quotient (HQ) for all
toxicants, Equation (4) [22] [27].

HI=>" HQ, (4)

2.10. Pollution Risk Evaluation Indices

Generally, pollution indices are estimated for a specific use of the water under

consideration. The trace metal degree of contamination (DC), Contamination

factor (CF), enrichment factor (EF), ecological risk index (Er), potential ecolog-
ical risk index (RI), pollution load index (PLI) and geo-accumulation index

(Igeo) were used to evaluate the pollution potential of Bafoussam as in Table 3.

Determination of Indices for contamination level assessment

The determination of indices for trace metal assessment includes the human
health risk assessment indices and the pollution indices.

Human Health Risk Assessment Indices

A human health risk assessment estimates the nature and probability of ad-
verse health effects in humans who may be exposed to chemicals in contami-
nated environmental media, now or in the future. Human health risk assessment
includes 4 basic steps: EPA begins the process of a human health risk assessment
with planning and research; hazard identification, dose-response assessment,
exposure assessment, risk characterization

Hazard identification

This examines whether a stressor has the potential to cause harm to humans
and /or ecological systems, and if so, under what circumstances.

Exposure assessment

The main exposure pathway taken into consideration in this study was intake
of water through water consumption. The daily environmental exposure to met-
als was assessed for carcinogenic and non-carcinogenic elements. This is the
process of measuring or estimating the intensity, frequency and duration of hu-
man exposures to an environmental agent [24]. The main exposure pathway
taken into consideration in this study was intake of the metals through water
consumption. The daily environmental exposures to metals were assessed for
carcinogenic and non-carcinogenic elements. The procedures used to extrapo-
late from high to low doses are different for assessing carcinogenic effects and
non-carcinogenic effects:

e Carcinogenic effects in general are not considered to have a threshold and
mathematical models are generally used to provide estimates of carcinogenic
risk at very low dose levels.

e Non-carcinogenic effects are considered to have dose thresholds below which

the effect does not occur. The lowest dose with an effect in animal or human
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studies is divided by the safety factors to provide a margin of safety.
The primary health risk assessment classifications schemes are those of the
Environmental Protection Agency [28]. The intake of metals through ingestion

of groundwater was calculated (Equation (1)) [29].

_ CxIRxEDxEF

ADD =
BW x AT x 360

(1)

where;

e ADDs: Exposure duration (mg/kg-day)

e The Average Daily Dose (ADD) is the amount of aqueous contaminant in-
gested per kilogram of body weight per day

e C: Concentration of contaminant in the environmental media (e.g., pg/L,
mg/L)

e [IR: Ingestion rate per unit time (e.g., mg/day or L/day)

e EF: Exposure frequency (day/year)

e ED: Exposure duration (years)

e BW: Body weight of receptor (kg)

e AT: Averaging time = life expectancy (years) 365 is the conversion factor
from years to days:

e For non-carcinogenic effects, AT = ED in days. For carcinogenic effect, AT =
70 years or 25,550 days.

2.11. Pollution Indices

The geo-accumulation index (/) is a quantitative measure of the degree of pol-
lution in sediments. It renders seven degrees of contamination ranging from
unpolluted to very extremely polluted conditions. To describe the level of pollu-

tion in the water, the formula of the ., is as follows:
leo =109, [ C, /(1.5C, )] [17].

where C, is the metal concentration, and B, is the background geochemical value
of a particular substance in the samples. Factor 1.5 is attributed to lessen the
provable difference in the background values that may influence lithogenic ef-

fects. The I, values were categorized into 7 classes as in Table 3.

Table 3. Geo-accumulation index (Zeo) classification of groundwater in Douala.

Class Value Status
Class I Lo < 0 Unpolluted
Class II 0< Jpeo< 1 Unpolluted to moderately polluted
Class III 1< Lgeo<2 Moderately polluted
Class IV 2< Leo<3 Moderately to heavily polluted
Class V 3< Leo<4 heavily polluted
Class VI 4< o< 5 heavily to extremely polluted
Class VII Igeo> 5 Extremely polluted
DOI: 10.4236/0alib.1108267 10 Open Access Library Journal
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3. Results and Discussion
3.1. Chemical Suitability of Groundwater for Drinking

The field measured physicochemical parameters of groundwater in Douala
compared to the WHO guidelines for drinking water were as presented in Table
4. The Groundwater temperatures ranged from 22.9°C - 36.7°C in the wet sea-
son and 24.1°C - 37.8°C in the dry season; this is indicative that the wells are
good for drinking. The pH ranges from 3.77 - 7.7 in the wet season and 3.64 - 7.4
in the dry season; this is indicative that some of the well water in both seasons
are not suitable for drinking. Some EC and TDS values of groundwater were
above WHO permissible limit.

The results of chemical analysis of the major and minor elements of ground-
water in Douala compared to WHO 2017 drinking water guidelines are as shown
in Table 5.

Comparing average major cation and anion concentrations the groundwater
in Douala is potable.

The results of the relevant trace elements in groundwater in Douala compared
to the WHO guidelines and presented in Table 6.

Table 4. Physicochemical field parameters in compliance with [30] drinking water guide-

lines.
Wet Dry
Parameters [30]
Min Max Mean Min Max Mean
T(°C) 22.9 36.7 27.97 24.1 37.8 29.47 0-30
PH 3.77 7.7 5.89 3.64 7.4 5.63 6.5-8.5

EC (uS/cm) 10 1130  434.53 50 1000  407.56 750
TDS (mg/L) 6.7 757.1  291.14 0 670 265.88 500

SWL 0.21 10.2 2 0.3 10.81 2.38

Table 5. Major and minor elements of groundwater in Douala compared to [30] drinking
water guidelines.

Parameter Min Max [30]
TH 25.01 144.29 300

Ca 3.8 23.2 200

Mg 0.7 2.3 150

Na 5.6 54.6 200

K 3.8 23.2 200
HCOs 0 40.03 240
Cl 8.87 26.62 250

SO4 10.01 68.08 250
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Table 6. Basic statistics of concentration of trace elements in groundwater in Douala
(ng/L) compared to the WHO acceptable guidelines (values above guidelines in bold).

Elements Max Min Mean [30]
Ba 0.17 0.02 0.06 0.07
Al 1.9 0.10 0.31 0.2
Mn 0.14 0.01 0.05 0.5
Si 5.1 1.00 2.58 10
Ag 0.01 0.01 0.01 0.1
As 0.03 0.03 0.03 0.01
Bi 0.02 0.02 0.02 0.2
Cr 0.02 0.02 0.02 0.05
Fe 0.05 0.01 0.02 2
Li 0.05 0.05 0.05 0.2
Mo 0.01 0.01 0.01 0.25
Ni 0.01 0.01 0.01 0.7
Pb 0.01 0.01 0.01 0.01
Sb 0.31 0.26 0.28 0.02
Se 0.02 0.02 0.02 0.05
Sn 0.01 0.01 0.01 0.1
Sr 0.20 0.02 0.07 4
Ti 0.01 0.01 0.01 0.1
Tl 0.01 0.01 0.01 0.2
\% 0.01 0.01 0.01 0.2
Zn 0.09 0.03 0.05 2

The values of Ba, Al, As and Sb were above the WHO guidelines as presented
in Table 6. With the rapid industrialization and economic development, trace
elements are being introduced to groundwater via several pathways viz; fertiliza-
tion, irrigation, groundwater inflow and runoffs. The amount of trace elements
in groundwater in Douala is generally low compared to the WHO guidelines but
for Ba, AL, and Sb which are slightly higher. This is similar to the results of [26]

in Ejisu-Juaben Municipality, Ghana.

3.2. Human Health Risk Assessment

This was done to assess the potentially harmful effects of long term human ex-
posures to the low intensity and high frequency of the trace element concentration
in groundwater used as drinking water in Douala so as to discriminate the health
effects that might result from exposure to carcinogenic and non-carcinogenic
chemicals. These health risk indices include ADD, CR, HQ and HI.
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1) For the average daily dose (ADD), values range from 0 - 60 mg/kg/day,
amongst all the investigated trace elements, Mn and Ag have the highest or the
greatest daily intake. All the other trace elements have acceptable to low average
daily dose values as seen in Figure 3.

2) All the carcinogenic risk (CR). All values are >107* and fall under the intol-
erable class; intollerable to human health. This implies that there is a tendency/
potential for the inhabitants in the Douala drinking groundwater over a long pe-
riod to suffer from cancer as in Figure 4.

3) The non-carcinogenic hazard quotient (HQ) values were all found to be >1 us-
ing the USEPA 2012 [31] classification. This is indicative of no non-carcinogenic
adverse effects in the groundwater in Douala as in Figure 5.

4) The carcinogenic hazard index (HI) values were found to be >1 as in Fig-
ure 6, according to USEPA, 2012 [31] classification. This indicates that the trace

element concentrations in the groundwater in Douala is unsafe for human

70 ~
60 -
50 -
2 40 -
9&30*
20 ~
10 A

Ba Mn Ag Cd Cr Cu Mo Pb Se Sr TI V Bi
Trace elements

Figure 3. The average daily dose (ADD) of trace elements in Douala groundwater.
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Figure 4. The carcinogenic risk (CR) of trace elements in Douala groundwater.
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Figure 5. The non-carcinogenic hazard quotient of trace elements in Douala groundwater.
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consumption and may cause adverse effects to the human population with time.
The health risk assessment indices in the study area are below acceptable lim-
its as presented in Table 7.
These results contrast those of [32] in Buea in the Piedmont regions of Mount

Cameroon.

3.3. Pollution Indices

1) Geo-accumulation index (Igeo): The values for the trace elements in the
groundwater in Douala are in the range of 0 - 1 of Class II, indicating unpolluted
to moderately polluted groundwater. The maximum value of 0.15 moderately
polluted groundwater geo-accumulation indexes is at Akwa Nord, New Bell and
Ndogbati as in Figure 7.

2) Degree of contamination (DC) values shows low degree of contamination
in the groundwater in Douala as in Figure 8. The low degree of contamination
by these trace elements could be due to the absence of external discrete sources like
agricultural runoff, other anthropogenic inputs or the occurrence of large volumes
of groundwater flow through the Wouri delta (a discharge zone) on which
Douala City is found which dilutes the effects of pollution.

130000 -
120000 -
= 110000 -
100000 -
90000 . . . . . ‘ .
1 2 3 4 5 6 7 8 9 10
Sample number

Figure 6. The hazard index of trace elements in Douala groundwater.

Table 7. Classification of hazard risk assessment of the water samples.

INDEX  Range Classification Samples %
CR >107 Intolerable 10 100
HQ >1 No carcinogenic adverse effects 10 100
HI >1 Unsafe 10 100
0.2 .
=o—Ndogbati
0.15 4
- =i-Akwa
% 0.1
- =A—=NewBell
0.05 P\

P, U, SA\, 2 =>=ValleBesengue
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Figure 7. The geo-accumulation index of trace elements of groundwater in Douala.
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Figure 8. The degree of contamination of trace elements of groundwater Douala.

1; == Ndogbati
'1 ?(4 == Akwa

« 0.8 n «==fe=NewBell
= 82 A /_\\ == ValleBesengue
0:2 VA '—/.'.f ’,/ \“ == Bonamoussadi

0 1 \p-l-pi-gg-Eawt hm-mm —®Makepe

52%25885&852§£$;>§ - AkwaNord
Trace elements Ngangue

Figure 9. The enrichment factor for trace elements of groundwater in Douala.

3) Enrichment factor (EF) sequence in the sediments was Pb > Sr > Ba > Mn >
Bi > Co > Fe > Li > V (Figure 8). Significant enrichment ranged from 0 - 1.2 in-
dicating that the sources of these elements are not from rock weathering proc-
esses (geogenic). Pb and Sr are the most abundant in all the groundwater in
Douala; this could be attributed to agricultural and industrial wastes. High val-
ues of Sb occurred at Akwa, Akwa Nord, New Bell and Ndogbati; Al at Bepanda
and As Akwa, Makepe Deido as in Figure 9.

4) Pollution Load Index (PLI) values of indicated that 80% of the trace ele-
ments in the groundwater in Douala were <1 therefore considered unpolluted,
and 20% were = 0, which is indicative of perfection, meaning there is no pollu-
tion in the groundwater as in Figure 10. Pollution load index measured the pol-
lution severity and its variation in the groundwater in the various localities in
Douala. This index is a quick tool used to compare the pollution status of dif-
ferent locations in a study area [33].

5) Ecological Risk assessment Er of the trace elements in the groundwater of
Douala is given in Figure 11. All values showed low potential ecological risk, (Er
< 40) indicating low pollution according to [34]. Steps should be taken to mini-
mize contamination.

6) Ecological risk index (RI) of the trace elements in groundwater ranged from
—17.58 to —17.64 as in Figure 12 classifying groundwater in Douala as being of low
ecological risk, [34]. RI varies with time depending on activities in the various

ecological niches in the area.
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Sample number

Figure 10. The pollution load index of trace elements of groundwater in Douala.
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Figure 11. Ecological risk factor of trace elements of groundwater in Douala.
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Figure 12. Ecological risk index of trace elements in Douala.

Table 8. Classification of pollution indices for Groundwater in Douala.

INDEX  Range Classification Samples %
DC <10 Low degree of contamination factor 10 100
EF <1 Background contamination 2 20

1-2 Minimal enrichment 8 80

Er Er <40 Low potential risk 10 100
RI RI< 150 Low ecological risk 10 100
PLI =0 perfection 2 20
<1 No pollution 8 80

Igeo 0-1 Unpolluted to moderately polluted 10 100
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A classification of all the pollution indices for groundwater in Douala is pre-
sented in Table 8.

3.4. Statistical Analysis

1) Pearson’s Correlation Analysis (PCA). The Pearson’s correlation matrix
(Table 9) exhibited very strong positive correlation exists between the following;
Fe and Ba (r = 0.84), Cu and Si (r = 0.80) and TDS and EC (r = 1). Strong posi-
tive correlation existed between Mn and Ba (r = 0.74), Sb and Si (r = 0.70). Good
positive correlation existed between Cu and Fe (r = 0.68), and an average corre-
lation existed between Sb and Cu (r = 0.50). Very strong negative correlation ex-
isted between pH and temperature (r = —0.80) as in Table 9.

2) Hierarchical cluster Analysis

(HCA) was conducted based on the normalized data along with Ward’s lin-
kage method. The R-mode cluster analysis performed on the groundwater analysis
produced a Dendrogram Figure 13 has two clusters based on similarities and
dissimilarities. Clusterl comprised of Si and cluster 2 comprised of two sub
clusters; Sub-clustersl; Sb and Sub-clusters which is divided into two classes:
Classl; Sb and Class2; T1, V, Ti, Sn, Pb, Mo, Ni, Ag, Cd, Co, Cu, U, Y, Ba, Mn,
Cr, Se, Bi, As, Fe Li, Zn, Sr, Al as seen in Figure 13.

The elements in Cluster2 Class2 associate with one another because they are
from the same parent rocks, which could possibly be that they resulted from the

same, melt during crystallization. Sb and Al have different mobility Si also clustered

Table 9. Correlation matrix for the field physicochemical parameters and Trace elements.

Ba Al Mn Si Fe Cu Sb Sr U Zn T(C) pH EC TDS
Ba 1
Al 0.068 1
Mn 0.748 -0.189 1
Si 0.440 -0.149 0.044 1

Fe 0.848 0.000 0.461 0.474 1

Cu 0.487 -0.197 0.072 0.809  0.685 1

Sb 0.485 -0.402 0.181 0.709 0.463 0.507 1

Sr -0.385 -0.315 -0.428 0.207 -0.283 0.359  0.042 1

U -0.193 0473 -0.339 -0.295 -0.032 -0.348 -0.077 -0.128 1

Zn -0.070 -0.188 -0.444 0.224 0.326 0.452 0.066 0.376  0.071
T(C) 0.159 -0.008 0.198 0207 -0.055 0.112 0.424 0.375 0.168

pH -0456 -0.249 -0.372 0.040 -0.242 -0.035 -0.279 -0.081 -0.312

EC -0.036 -0.344 0.089 0.176 -0.021 0.400 0.134 0.324 -0.597

TDS -0.034 -0.344 0.090 0.176 -0.021 0.401 0.131 0.327 -0.602

1

-0.373 1

0.272  -0.808 1

-0.233 0.282 -0.028 1
-0.233 0.279 -0.027 1.00 1

0.8 - 1.00 Very strong correlation; 0.7 Strong correlation.
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Figure 13. Dendrogram of trace elements in Douala groundwater.

together but in different subclasses which indicates that they also emanate from
same parent rock. The presence of Si in Cluster] reveals lithogenic contribution
from environmental processes and thus of a different provenance. This is due to
the marked difference in their thermal stability and chemical activity.

The concentration of trace elements in water could be influenced by natural
and anthropogenic factors. Naturally, trace elements are associated with differ-
ent rock types in varying degrees with Cr, V, Ni, Co, Cu, Fe, commonly associ-
ated with low silica content rocks [34]. The most likely mode of occurrence of
trace elements in groundwater within the study area is geogenic with slightly

elevated concentrations of Sr, Ba, and Li.

4. Conclusions

The trace elements detected in groundwater in Douala and their relative abun-
dance in decreasing order are: Si > Al > Sb > Sr > Ba > Mn > Li > Zn > As > Bi >
Cr>Fe>Se>Ag>Mo>Ni>Pb>Sn>Ti>TI> V.

Health risk assessment qualified groundwater in Douala as unsafe and intol-
erable for human consumption but without carcinogenic effects.

Pollution indices placed groundwater in Douala in the low degree background
contamination with minimal enrichment, low potential ecological risk and geo-
genically unpolluted to moderately polluted

Very strong correlations were observed among some of the trace element pairs,
suggesting common sources, mutual dependence and identical behaviour from
provenance and during transport.

The severity of trace element toxicity is governed by several factors, such as

dose, nutrition, age, and even life style. Therefore, these low trends might not
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guarantee human health risks due to an increasing level of environmental pollu-

tion that might be imposed by increasing human activity in Douala City and en-

virons; groundwater might become contaminated; this demands for monitoring

of groundwater sources for drinking purposes.
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