Applied Water Science (2022) 12: 224
https://doi.org/10.1007/513201-022-01746-9

ORIGINAL ARTICLE q

Check for
updates

Multivariate and health risks analysis of heavy metals in natural water
sources around Enugu dumpsite, southeastern Nigeria

Daniel Chukwuemeka Ozoko' - Ifeoma Linda Onyekwelu? - Okechukwu Pius Aghamelu®

Received: 21 April 2022 / Accepted: 17 July 2022 / Published online: 9 August 2022
© The Author(s) 2022

Abstract

The concentrations of heavy metals and health risks associated with the consumption of domestic water sources around a
dumpsite in Enugu (southeastern Nigeria) were assessed by atomic absorption spectrophotometry and multivariate analysis.
The results showed the dumpsite leachate mean pH value of 4.1, Mn* of 11.4 ug/l, Fe** 4.1 pg/l, Cd* 0.3, As™ 6.03 ug/l,
Pb* 2.47 ug/l, Nit 14.13 pg/l, and Cr** 1.48. The groundwater and surface water samples had mean heavy metal values
as follows: Mn* 5.23 and 0.75 pg/l, Fe** 1.49 and 0.15 pg/l, Cd* 0.08 and 0.10 pg/l, As* 1.90 and 0.15 pg/l, Pb* 1.01 and
0.35 pug/l, Ni* 0.37 and 0.05 pg/l, and Cr** 0.03 and 0.05 ug/l, respectively. Comparison with maximum permissible limits
indicated that the mean heavy metal concentrations of the tested samples were lower than the limits for drinking water, except
for Mn*, As™, and Pb+, which were marginal above recommended limits. Principal component analysis results showed
two principal components with the first principal component having high loadings of Mn,, Fe**, As*, Pb*, Ni*, and Cr**,
which are statistically correlated. Probable sources of these contaminants include automobile parts and tools, batteries and
electrical appliances and electronics heaped at the dumpsite. Analysis of variance results indicates a significant difference
in datasets between and within each and both water sources. Human health risk assessment indices indicated that the water
sources are moderate to highly polluted and could pose both non-carcinogenic and carcinogenic threats when consumed
untreated, with children being more exposed than adults.
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Introduction

The growth in human population in most countries' rural and
urban areas has resulted in an equal increase in waste created
daily from domestic, industrial, and commercial operations.
Unlike in most developed countries, where proper waste
management mechanisms such as controlled incineration
and well-designed landfills that meet safety standards are
in place, wastes in most developing countries are mostly
disposed of indiscriminately by dumping them around resi-
dential areas, markets, farms, roadsides, and open dumps or
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dumpsites (Abd El-Salam and Abu-Zuid 2015; Coker et al.
2016). The lack of proper supply of sanitary landfills, which
is considered a fundamental obligation of the government,
is one of the main reasons for these options being used in
underdeveloped nations (Mor et al. 2006; Onyekwelu 2016;
Mgbenu and Egbueri 2019).

A liquid component known as leachate, which is mostly
generated by the breakdown of chemical compounds in plas-
tics, electronics, foodstuffs, vehicle parts, plastics, and bat-
teries dumped in dumpsites, is a major source of concern.
Chemical, physical, and biological pollutants are frequently
present in leachate. Among the chemical contaminants in
dumpsites are heavy metals (Hoffmann et al. 1991; Afolayan
et al. 2012). Heavy metals such as Mn, Fe, Cd, As, Pb, Ni,
and Cr, which are metalloids, transition metals, basic met-
als, lanthanides, and actinides with specific gravity > 5.0, are
known to be toxic and harmful to the environment, including
surface and groundwater sources, and could be carcinogenic
when ingested by human beings (Nriagu 1989; Nwigwe
2008; Nagaiyoti et al. 2010; Omaka et al. 2017). Because
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heavy metals in water sources have a high potential to cause
health problems, monitoring water quality and its influenc-
ing variables is essential for water resource management
and sustainability across the world (Onyekuru et al. 2010;
Okogbue et al. 2012; Pawari and Gawande 2015).

Despite the fact that residents of developing countries rely
heavily on natural water sources due to a lack of adequate or
better alternatives provided by local authorities, research has
revealed that only about 4.9% (Annapooorna and Janardhana
2015) of surface water worldwide is fresh and suitable for
human consumption and other purposes (Nweke et al. 2013;
Itumoh et al. 2015; Aghamelu et al. 2022). Researched and
published works abound on the quality and impacts of heavy
metals (which usually migrate through infiltration and run-
off into the hydrological cycle) on natural water sources by
dumpsite leachates and the possible health risks they pose in
different parts of the world (for example Beaven and Walker
1997; Hoffman et al. 1991; Esakku et al. 2003; Khan et al.
2013; Pawaj and Gawande 2015) and in parts of Nigeria (for
example; Afolayan et al. 2012; Coker et al. 2016; Onyek-
welu and Aghamelu 2019). To the authors' knowledge, no
published article or available documented work had consid-
ered the possibility that human health challenges reported
daily in the Enugu Metropolis of southeastern Nigeria (see
Fig. 1) are linked to heavy metals from a dumpsite, which
was established at the Ugwuaji area of Enugu metropolis
more than four decades ago (Onyekwelu 2016).

Fig.1 Map of showing the loca-
tion of Enugu metropolis
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This research is one of the first of its kind undertaken by
the authors, with the primary goal of determining the heavy
metals-related health hazards to the general public, particu-
larly among those who consume and utilize natural water
sources inside the dumpsite's impact zone in the Enugu city.
To achieve the goal, heavy metal concentrations in water
resources were assessed using standard laboratory testing
procedures and data analysis using integrated multivariate
analytical and health indexical tools designed for evaluat-
ing the interrelationship, possible source apportionment of
heavy metals, and associated human health risks. Although
previous studies, such as US-EPA (1997, 1999), Lim et al.
(2008), Li et al. (2016), and Zang et al. (2018), had suc-
cessfully deployed health indexical tools in other parts of
the world and Nigeria (Ukah et al. 2019) to achieve simi-
lar objectives, they are being used for the first time in the
Enugu area for a dumpsite related research. The findings of
this study could serve as a benchmark for authorities in the
area and elsewhere in terms of understanding the potential
health risks posed to children and adults who drink water
from a dumpsite influence zone, as well as developing a
proper waste management strategy to avoid current and
future health threats.
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Study area description
Location and accessibility

The Enugu metropolis is located between longitudes 7° 28’
36" E and 7° 37" 43" E and latitudes 6° 2" 46" N and 6° 22’
10" N in the southeastern geopolitical zone of Nigeria, as
shown in Fig. 2. The metropolis is surrounded by the Nkanu
West, Nkanu East, and Udi local area councils. Accessibility
through the location is enhanced by a good network of roads
such as the Akpugo—Agbani, the Enugu—Port Harcourt, and
the Enugu—Aninri Highways. The access roads include the
Enugu-Port Harcourt Expressway, Akpugo—Agbani, and
Enugu—Aniri Roads. There is also an international airport at
the Emene area to aid international travels. The hinterlands
are accessed through unpaved roads and footpaths.

Geology

The Enugu metropolis is geologically underlain by two
formations, the Coniacian Agbani Formation and Campa-
nian Enugu Shale (Fig. 3). The Agbani Formation dips in
the west-northwest direction at 3°-12° and comprises pre-
dominantly medium to coarse-grained sandstones that are
moderately consolidated, with lenticular shales and beds of
grits and pebbles observed in some locations during field
studies. The Enugu Shale conformably overlies the Agbani
Formation and comprises dark grey shales with an alternat-
ing sequence of thin sandstone and sandy shale layers. It
dips in the west-southwest direction at an amount ranging
between 4 and 8°. The Enugu Shale covers over 70% of the
area and spans the western and central portions.

Hydrology and climate

The metropolis area is drained by a network of ephemeral
streams (see Fig. 2), rivers and springs recharged mainly by
rainfall. The perennial nature of surface waters in the area
is attributed to base flow from the upper unconfined aquifer
system and intense evaporation along its tributaries. Two
climatic seasons are prevalent in the area, a rainy (or wet)
season that starts around April and ends around Novem-
ber, and a dry season that lasts from December to March
(Aghamelu et al. 2013). The two seasons are predominantly
controlled by the southwest trade winds from the Atlantics
and the northeastern wind which blows across the Sahara
(Mgbenu and Egbueri 2019). The dry season is character-
ized a relative dryness and moderately high temperature.
Temperature values reaches up to 32 °C with an average
relative humidity at times drops to 20 °C (Egboka 1993).
The vegetation is that of a rainforest with a predominance
of shrubs and trees in the farmlands (see Fig. 4).

Hydrogeology

Two distinct aquifer systems have been identified in the
area. They are the confined and unconfined aquifers (Aleke
et al. 2016). While the unconfined aquifers sit on the Agbani
Sandstone members as well as the weathered parts of the
Enugu Shale, the confined aquifers occur in the Enugu
Shale. The groundwater flow system of the area is defined
by the structural and stratigraphic framework of the area,
trending mainly in the northeast to southwest direction, as
shown in Fig. 5. The infiltration pattern is in the radial form
due to the topographic outline of the site (Onyekwelu and
Aghamelu 2019). The groundwater flow direction is shown
in Fig. 6.

Description of the dumpsite

The dumpsite is a situated within the Ugwuaji Nike settle-
ment of Enugu metropolis. It is at about 1.6

km off the Enugu—Port Harcourt expressway and west of
the Enugu-Udi escarpment (Fig. 5). The Ugwuaji dumpsite
serves as the final ground for waste disposal in the Enugu
metropolis housing a variety of wastes ranging from domes-
tic to industrial to agricultural wastes as shown in Fig. 7.
The dumpsite slopes downward in all directions away from
its centre and has a thickness that ranges from 3 to 8 m. It
is worthy to note at this point that the dumpsite which was
originally designed as a landfill produces about 200 L of
leachates per day, according to Onyekwelu and Aghamelu
(2019) which leach freely into the surface waters and infil-
trates the underlying groundwater system contaminating
them in the process because the bottom of the dumpsite is
not lined for leachate containment. Previous studies by Obasi
et al. (2013) and Onwe et al. (2016) had listed the factors
that influence the infiltration of water in some geological
formations in the southeastern part of Nigeria to include
grain size, porosity, and viscosity of the water type. Figure 8
shows the pH values distributions in the study area.

Materials and methods
Sampling

A total of 12 samples were collected, three from leachate
generated at the dumpsite, seven from hand-dug wells,
and two samples from surface water bodies within a 300
— 1000 m radius of the dumpsite. The coordinates of sample
points were taken with a Garmin (GPSMAP model 78S)
portable Geographical positioning system (GPS) device. The
hand-dug wells are all located between 20 — 1,000 m radius
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Fig.3 Geological map of the study area

of the dumpsite that was considered as the ‘influence zone’
with high potentials of being contaminated by the dumpsite.
The sample locations and GPS readings are presented in
Table 1, and the locations are shown in Fig. 2.

As a precaution, the polyethene sample bottles used
in collecting the water samples were flushed with a

phosphate-free detergent, rinsed with de-ionized water and
rinsed again with the sampled water before collection. A
few drops of concentrated HCI acid were added to preserve
the samples for the analyses and stored in ice-crested cool-
ers while being transported, following standard procedures
recommended by the American Public Health Association
(APHA 2005) to the laboratory for chemical analysis. To
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Fig.6 Groundwater flow direc-

ensure the validity of results, analysis was completed within
a period of 48 h of sample collection.

Laboratory analysis

The laboratory analyses of the water samples were carried
out in Simuch Analytical Laboratory, Nsukka, following the
APHA (2005) standard methods. The heavy metals tested
include Fe**, Mn™, Pb™, and Ar,

Cd*, Cr’* and Ni*. They were analysed using the Buck
Model 210/211 GF graphite furnace and 220 Atomic
Absorption Spectrometer. pH was measured in situ using a
handheld digital pH metre (HACH HQ11D model).

Statistical analyses

Statistical analyses carried out were descriptive statistics,
principal component analysis, a single-factor analysis of var-
iance (ANOVA), agglomerative hierarchical cluster analysis
(AHCA), and Pearson correlation analysis. These were done
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Table 1 Summary of sample locations, sample types, and coordinate readings

Location Sample no Georefernce number Elev? Dist® H¢ Sample type
Latitude (N) Longititude (E)

Dumpsite 1 6°2618.2" 7°32'37.6' 195 0 Leachate

Dumpsite 2 6°2617.3" 7°33'02.2" 193 Leachate

Dumpsite 3 6°2612.3" 7°33'20.2" 194 Leachate

Goshen estate 4 6°26 21.5" 7°3228.8" 184 200 0.9 Groundwater (HDW)

Ebenezer ang. church 5 6°26'50.9" 7°33'08.8" 196 20 2.5 Groundwater (HDW)

Nyo river 6 6°289.57" 7°33 42.4' 181 1000 Surface water

Umunaji ngene 7 6°24'48.3" 7°32'01.0" 194 950 25 Groundwater (HDW)

Obeagu 8 6°24'19.6' 7°32'59.2" 194 970 3.8 Groundwater (HDW)

Ike ekweremadu 9 6°24'22.3" 7°31'27.0" 201 900 49 Groundwater (HDW)

Asata River 10 6°27 43.1" 7°32°06.1" 185 300 Surface water

Vission comp 11 6°25 264" 7°31'54.6' 199 500 1.8 Groundwater (HDW)

Thinkers corner 12 6°27 18.7 7°32 224" 175 1000 22 Groundwater (HDW)

2elevation in metre above sea level

bdistance from dumpsite in metre

‘hydraulic head

HDW-Hand dug well

following guidelines outlined by Olobaniyi and Owoyemi "

(2006), Jenn et al. (2007), and Engelmann et al. (2018). The ~ Cl = Z Cq 3

computer software used for the data analyses and graphical i=1

display of results included the ArcGIS 9 (version 9.3), and

Corel Draw (version 11), and XLSTAT (version 2022.1.2). Cﬁ% -1 4)

Surfer 16 (2019 edition). Cui

Human health risk analysis
Environmental and exposure assessment

In measuring the heavy metal content in the area, the heavy
metal evaluation index (HEI), heavy metal pollution index
(HPI), and contamination index (CI) assessment techniques
were used. The following equations can be used to compute
these indices (Wagh et al. 2018; Ukah et al. 2019):

n

HEI = A
- “~ H mac M

where HEI=Heavy metal evaluation index, H, = monitored
value; H,;, = maximum admissible concentration (MAC)
of the ith parameter.

HMC
AL

HPI =

/n (@)

where HPI=Heavy metal pollution index, HMC =heavy
metal concentration in water sample; AL = allowable limit;
and n=number of analysed heavy metals.

where CI=Contamination index, C; =contamination factor
for the ith parameter; C,;=analytical value for the ith com-
ponent; and Cy; =upper permissible concentration of the ith
parameter (N denotes the normative value).

Non-carcinogenic health risk assessment

The hazard quotients (HQ) and hazard indices (HI) are both
considered and calculated for each water sample when evalu-
ating for non-carcinogenic health risks. After computing the
CDI as indicated in Eq. 5, the HQ is evaluated as seen in
Eq. 6 (both equations given by US-EPA 1997):

C,, XIRWxEF xED

DI = 5
¢ BWxAT ©)

where CDI is the chronic daily intake and is referred to as
the exposure dose (mg/kg/day); C,, is the contaminant con-
centration in water (mg/L); IRW signifies the water ingestion
rate (IRW is equal to 1 L for children and 2L for adults); EF
denotes the exposure frequency (EF is equivalent to 365 days
per year); ED is the exposure duration (adult ED =70 years
while children ED =6 years); BW is the body weight (equiv-
alent to 70 kg and 15 kg for adult and children, respectively);
whereas AT signifies the average exposure time (equivalent
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to 25,550 days and 2,190 days for adult and children, respec-
tively), according to Ukah et al. (2019).
CDI
HQ = —
Q RID (6)
The hazard index (HI) is the last stage of the non-carci-
nogenic risk assessment. It is the summation of the hazard
quotient values and given by Lie al. (2016) and Zhang et al.
(2018) as follows:

HI = ZHQ @)

where RfD denotes the reference dose of a specific element
(mg/kg/day). The RfD values for the heavy metals consid-
ered are; 0.046 (Mn), 0.7 (Fe), 0.001 (Cd), 1.5 (Cr), 0.0003
(As), 0.0035 (Pb), and 0.02 (Ni), according to Barzegar et al.
(2018), and Ukah et al. (2019).

Carcinogenic health risk assessment

Rahman et al. (2018) had used probability of cancer risk
(PCR) to assess the tendency of an individual to develop
cancer throughout a lifetime by exposure to potential car-
cinogens in drinking water. Equation 8 (US-EPA 1999; Lim
et al. 2008) was used in determining the PCR of each car-
cinogenic metal.

PCR = CDI x SF (8)

where SF is the slope factor (mg/kg/day).

A good PCR value is < 1 x 10~®which suggests that about
1 in 1,000,000 people will get cancer as a result of being
exposed to a carcinogen, according to Lim et al. (2008)
and Adamu et al. (2015). Risks in the range of 1 X 107 to
1x 104, on the other hand, have been considered to be tol-
erable by US-EPA (1999), Yang et al. (2012) and Rahman

et al. (2018). Cd, Cr, As, Pb and Ni amounts in water were
used to calculate the PCR for this investigation. For Cd, Cr,
As, Pb, and Ni, SF values of 0.38, 0.05, 1.5, 0.0085, and
0.91 were employed, respectively (Naveedullah et al. 2014;
Taiwo et al. 2020; Ukah et al. 2019).

Result and discussion
pH

The pH value results are presented in Table 2. The results
show that leachate samples were very acidic with pH that
ranged from 3.8 to 4.3, while samples from groundwater and
surface water samples were moderately acidic with pH that
varied from 4.6 to 6.2. The low values of pH in the tested
water samples within the dumpsite area may be a reflec-
tion of an acid-producing stage of the decomposing wastes.
The low pH values in all tested leachate samples may indi-
cate that the leachate was undergoing methanogenic or an
anaerobic phase. As earlier observed by Fatta et al. (1999),
the first stage of leachate formation is characterized by low
pH values. The contour plot of pH shows that pH increases
in groundwater sources in the eastern and southern direc-
tions, suggesting that the direction of surface water flow and
neutralization reaction might have influenced the pH results.

Heavy metal concentration

Mn*

The results of the heavy metal analysis are summarized in
Table 2, and their concentrations are compared.

in Fig. 9. The table shows that Mn™ ranges from 3.8 to
4.3 pg/l for leachate samples, 0.6 to 9.8 pg/1 for groundwater

Table 2 Results of heavy metal

Sample location
analyses of tested water sources

Sample no

Heavy metal (ug/l)

pH Mnt Ft cdt Ast Pb* Ni* Ccrt

Dumpsite

Dumpsite

Dumpsite

Goshen Estate
Ebenezer Ang. Church
Nyo River

Umunaji Ngene
Obeagu

O 00 N N AW N =

Ike Ekweremadu

—_
(=]

Asata River

—
—_

Vission Comp

—_
[\

Thinkers Corner

43 118 4.0 0.3 73 24 13.8 1.8
38 103 4.0 0(d) 5.1 24 14.2 2.5
41 122 43 0.6 5.7 2.6 14.4 0.15
52 9.8 4.0 0.2 5.0 23 0.8 bd
6.2 9.8 4.0 0(d) 5.1 24 1.1 0.1

54 04 bd 0.1 0(bd) 0.6 0(bd) bd
48 06 bd 0.1 0.8 0.6 0(bd) bd
58 15 bd 0.1 0.5 1.1 0(bd) bd
49 18 02 0.1 0(bd) 0.3 0(bd) 0.1

46 1.1 03 0.1 0.3 0.1 0.1 0.1
48 26 06 0(bd) 06 0(bd) 0.1 bd
46 22 06 O0(d) O0(d) 0®d 02 bd

bd below detection
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samples, and 0.4 to 1.1 pg/l for surface water samples. The
Mn* enrichment in leachates and water sample from Eben-
ezer Anglican Church, with Mn™ higher than the drinking
water limit of 5 pg/l (0.005 mg/l) given by WHO (2011)
(see Table 3), may be attributed to automobile parts and
tools from the dumpsite. Other possible sources of Mn™*
would include agricultural activities such as extensive use
of fungicides and fertilizers. As shown in Fig. 10a, the con-
centration of Mn*, similar to pH, increases in groundwater
sources in the eastern and southern directions. This supports
the inference that the direction of surface water flow had
water quality.

Fe3 +

Fe*, as shown in Table 2, ranges from 4.0 to 4.3 ug/l for
leachate samples, O (below detection) to 4.0 pg/l for ground-
water samples, and 0 to 0.3 pg/l for surface water samples.
Fe is one of the most abundant metals in the earth's crust
and normally exists in form of oxides. In addition to the high
availability of Fe in the earth's crust, Fe oxides are important
constituents of plastics and paints which probably led to its
concentration within the study area. Although Fe is essential

for human health, its high concentration would impair the
potability of drinking water (WHO 2003). Excess Fe content
in water resources could result in "inky" flavour, "red hot"
disease, promotion of microbial growth, bitter and astringent
taste, scaling in pipes, cloth and plumbing fixtures discol-
ouration (Ukah et al. 2019). High Fe>* content may cause
the formation of iron bacteria leading to an increase in slimy
coatings on water distribution systems. The highest amount
of Fe* was recorded in leachates, while the lowest was
recorded in groundwater samples, which mostly have their
Fe* below the detection limit. Fe®* increases farther away
from the dumpsite, towards the eastern part of the study
area, as shown in Fig. 10b. All the tested samples had their
mean Fe** below the WHO (2011) maximum permissible
limit of 5 pg/1 (0.005 mg/1) for drinking purposes. However,
relatively high values in the leachate samples are a typical
evidence of dumping of iron and steel scrap wastes at the
dumpsite (see Fig. 7).

cd*

Table 2 indicates that among the tested samples, the highest
concentration (12.2 ug/l) of Cd* was observed in sample
no. 3 (leachate at the dumpsite), while the surface water
samples had their Cd* concentrations below the detection
limit. The Cd* of the groundwater samples ranged between
zero (below detection) and 0.2 ug/l. Cd* in leachates and
groundwater samples are significantly higher than the WHO
(2011) maximum permissible limit for drinking water. The
high Cd* concentrations in leachate and samples bodies may
attribute to batteries and appliances dumped at the site. The
recommended limit of Cd is 3 pg/l (or 0.003 mg/1), and the
levels for drinking water should be less than 1 pg/l (WHO
1993, 2003). The results indicated that Cd* in all the tested
samples were all below the permissible limit of 5 ug/l (or
0.005 mg/1) recommended by WHO (2011) for drinking
purposes. The relative enrichment in leachates was due to
closeness to the contaminants source or sources.

Table 3 Comparison of the heavy metal concentration results with drinking water standard

Heavy metal Concentration range (ug/l)

Maximum permissible* Probable sources

(ug/l) (ug/l) WHO (2011)

Leachate Groundwater Surface water
Mn* 11.4 5.23 0.75 5 Automobile parts and tools
Fe*t 4.1 1.49 0.15 5 Automobile parts and tools
cdt 0.3 0.08 0.1 3 Batteries and electrical appliances
As*t 6.03 1.9 0.15 1 Batteries and electrical appliances
Pb* 2.47 1.01 0.35 1 Batteries and electrical appliances
Nit 14.13 0.37 0.05 7 Batteries and electrical appliances
crt 1.48 0.03 0.05 5 Automobile oil and exhaust particles

*Converted to pg/l (1 mg/1=1000 pg/l)
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Ast

The results show that As* ranges between 5.1 and 7.3 ug/l
in leachate samples, 0 and 5.1 in groundwater and 0 and
0.3 ug/lin surface water. As* is highest in a leachate sample
(sample no. 1) at the dumpsite, while no As™ was detected
at Nyo River and in groundwater samples from a hand-
dug wells at Ike Ekweremadu Street and Thinkers Cor-
ner. The rest of the samples such as Asata River, Vision
Company, Umunaji Ngene and Obeagu shallow hand-dug
wells contained minimal As™ concentrations ranging from
0.3 to 0.8 pg/l, and below recommended limit of 1 pg/l (or
0.001 mg/1) in drinking water (WHO 2011). Distance away
from the dumpsite the risk of pollution by As* decreases, as
shown in Fig. 10d.

The occurrence of high As™ concentrations in leachate
samples is relatively associated with the presence of clay and
shale minerals, Fe, Mn oxides and organic matter which can
influence the sorption, solubility and rate of oxidation of As
species (Plant et al. 2000). Electrical appliances disposed of
at the site also play a vital role in the high concentrations of
As*. This suggests that the occurrence of As™ in the area,
although presently lower than the recommended standard for
drinking water, started long after other contaminants have
accumulated.

Pb*

Results in Table 2 indicate that Pb* has mean values of
2.47 pg/l in leachate samples, 1.90 pg/l in groundwater
samples, and 0.35 pg/l in surface water samples. Pb™ is very
poisonous, even at low concentrations. In infants, Pb could
cause severe neuro-development problems and intelligence
quotient (IQ) loss. In adults, it causes nervous system dis-
orders, anxiety, kidney problems, hypertension, failure of
reproductive organs and cancer (Nigerian Industrial Stand-
ard 2007; Brown and Margolis 2012; Ukah et al. 2019). Pb*
concentration is observed to be evenly distributed within
the study area with its highest concentration in a leachate
sample (sample no. 3). However, Ebenezer Anglican Church
and Goshen Estate shallow hand-dug wells near the dump-
site have concentrations of Pb* ranging from 2.3 ug/l — to
2.4 pg/l. Vision Company and Thinkers Corner shallow
hand-dug wells showed an absence of Pb™ (Fig. 10e).

The amount of Pb* in the dumpsite depends on several
factors including pH, and battery standing time of the dump-
site, with soft, acidic water being the most solvent. High
concentrations of Pb suggest that Pb is being leached from
multiple sources such as those from batteries and plumb-
ing systems due to oxygenated water, increased temperature
and low pH (Schock 1989, 1990). Pb contamination can be
very severe in young children when ingested because they
absorb it five times more than adults, especially when other

nutrients such as iron and calcium are not available (Naz-
arpour et al. 2019). Generally, Pb + tend to be more mobile
in the leachates than in shallow hand-dug wells and surface
water bodies, tending to be leached out of the former and to
form residual concentrations in the latter. The WHO (2003,
2011) guideline has recommended 1 pg/1 (or 0.01 mg/l) as
the maximum permissible limit for drinking water. Compari-
son with this recommended limit indicates that the ground-
water with mean Pb* value of 1.01 pg/l is slightly polluted.
Thus, Pb™ is a potential environmental pollutant in the study
area, especially in the areas northeast, east, and southeast of
the dumpsite (see Fig. 10e).

Ni*

Ni* in leachate samples ranges from 13.8 to 14.4 ug/l,
groundwater O to 1.1 pg/l, and surface water 0 to 0.1 pg/l. As
expected, the highest Ni* was recorded in a leachate sample
(sample no. 3), while it was below the detectable limit in
River Nyo and hand-dug wells from Umunaji Ngene, Obe-
agu and Ike Ekweremadu Street, samples nos. 7, 8, 9, and
10, respectively. The maximum permissible limit of Ni* set
by WHO (2011) for drinking water is 7 ug/l (or 0.07 mg/1).
A comparison of the results shows that the mean Ni*t value
(0.37 pg/l) of the groundwater samples is lower than the
recommended maximum limit, indicating a no risk or low
potential for groundwater contamination by Ni*. Probable
sources of Nit* in the dumpsite and the adjoining areas
include batteries, electrical appliances and electronic gadg-
ets. Allergic contact dermatitis is the most prevalent effect
of toxicity of Ni* in the general population (WHO, 2005).
According to Plant and Raiswell (1983), Ni* deficiency
results in decreased plasma cholesterol, increased liver
cholesterol, ultrastructural changes in the liver cells, rough
hair, impaired reproduction and poor growth of offspring.
Contour plot of Ni* concentration in Fig. 10f indicates that
its impact is most within the locality of the dumpsite with a
low tendency of polluting the water bodies, distance apart
from the site.

crt

Results show that Cr** in the tested samples ranges as fol-
lows: leachate 0.2 to 2.5 pg/l, groundwater and surface water
both 0 to 0.1 pg/l. The highest Cr** of 2.5 ug/l was in a
leachate sample (sample no. 2) while it is below detected in
all groundwater samples except two samples from Ebenezer
Anglican Church (sample no. 5) and Ike Ekweremadu Street
(sample no. 9). The mean Cr** value (0.03 pg/l) in ground-
water is less than the maximum permissible limit of 5 pg/l
(or 0.005 mg/1) for drinking water given by (WHO 2011),
indicating very low contamination by Cr**, especially for
drinking and domestic purposes. A high amount of Cr** in
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drinking water would lead to gastrointestinal tract infection
and in the long-term would have effects on sensitive popu-
lations, causing diseases such as Wilson disease and other
metabolic disorders like Cr homeostasis (WHO 2005). The
presence of Cr’* in the leachate samples may have origi-
nated from the automobile exhaust, diesel tanks and vehi-
cles which are dumped within the vicinity of the dumpsite,
with the environmental impacts felt mostly within less than
a 100 m radius of the dumpsite.

Statistical analysis
Principal component analysis

The principal component analysis result, showing the num-
ber of principal components, the loading of.

variables on each component and the percentage of data
variance in the dataset, is presented in Table 4. As shown in
the table and Fig. 11, two components accounted for §9.1%
of the total variance in the dataset, with their eigenvalue < 1.
In these two principal components, only variables with fac-
tor loading > 0.60 were used in the analysis.

Principal component 1: This component has high loading
factors of Mn*, Fe**, As*, Pb™, Ni*, and Cr**. The loading
factors in this principal component accounted for a total var-
iance of 74.8% of the dataset. The heavy metals are related
activities and substances dumped at the dumpsite. Principal
component 1 can, therefore, be attributed to the dumpsite
activities and substances.

Principal component 2: This principal component
accounts for 14.3% of the total variance. The loading factors
in this principal component include Cd* and Cr**. These two
heavy metals likely originated from automobile and elec-
trical appliances wastes at the dumpsite area (see Fig. 7).
Principal component 2 can also be attributed to dumpsite

100

80

60

40

Eigenvalue

Cumulative variability (%)

20

. m__

FL F2 F3 F4 F5 F6 F7
Principal component

Fig. 11 Scree plot of the tested water sources

activities and substances. Biplots of components, before and
after Varimax rotation, as shown in Fig. 12, strongly suggest
that the heavy metals identified in the water sources origi-
nated from the dumpsite.

Pearson correlation

The Pearson correlation proximity matrix is presented
in Table 5. It shows that a very strong positive relation-
ship exists between Mn™ and Fe** (with correlation coef-
ficient, R”*=0.991), Mn* and As* (R*=0.978), Mn* and
Pb* (R*=0.932), Fe’* and As* (R*=0.968), Fe’* and Pb*
(R*=0.932), and As* and Pb* (R*=0.944). This statis-
tical relationship confirms the earlier observation in the
results of the principal component analysis that Mn*, Fe*,
As+, and Pb™" in the tested samples have a direct positive
relationship.

Table 4 Results of PCA of

Variable Factor loadings Factor loadings after Varimax rota-
tested samples from natural tion
water sources
PC1 PC2 PC3 D1 D2 D3
Mn* 0.975 0.049 -0.177 0.897 0.273 0.325
Fe’* 0.953 0.024 -0.270 0.931 0.193 0.280
cd* 0.574 0.711 0.400 0.289 0.955 0.010
As* 0.975 0.015 —0.163 0.886 0.257 0.356
Pb* 0.938 0.071 -0.228 0.898 0.246 0.265
Ni* 0.884 -0.120 0.434 0.454 0.478 0.741
crit 0.659 —0.688 0.289 0.311 —0.100 0.940
Eigenvalue 5.235 1.002 0.615
Variability (%) 74.78 14.32 8.78 52.14 19.83 2591
Cumulative % 74.78 89.10 97.88 52.14 71.98 97.88

Values in bold correspond to each variable that contribute very strongly to the factors considered (Load-

ing >0.60)
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Fig. 12 Biplots of the components of tested water sources, before (a)
and after Varimax rotation (b)

Analysis of variance

The results of a single-factor ANOVA test are presented in
Table 6. It is shown in the table that the calculated factor
(Fcalc) is consistently higher than the standardized factor
(Fcrit), at a 95% confidence interval. This is an indication
that was a significant differences in datasets between and
within all the tested sample sources. Distance from the
source of the heavy metal contaminants, biological influ-
ence, the origin of the natural water bodies, physical and
chemical processes, topography and hydrologic flow pat-
tern and directions have been suggested by Onyekwelu and
Aghamelu (2019) as being responsible for variation in the
datasets of the organic compounds in natural water sources
from this area.

Agglomerative hierarchical cluster analysis of variance

Table 7 shows the results of the agglomerative hierarchical
cluster analysis, while Figs. 13 and 14 present the obtained
levels bar chart and dendrogram, respectively. As shown in
both the table and figures, three different data clusters are
identified. Cluster 1 consists of sample nos. 1, 2, 3, with
sample no. 1 (from leachate) as its central object, whereas
cluster 2 comprises samples nos. 4 and 5, with sample no.
4 (from groundwater) as its central object, and cluster 3
contains sample nos. 6, 7, 8, 9, 10, 11, and 12, with sam-
ple no. 10 (from a surface water) as its central object. The
heavy metal test results in this study had earlier revealed that
samples from leachates have the higher concentrations of
heavy metals among the tested samples. As the zone of influ-
ence expands, the concentration of heavy metals decreases,
hence, buttressing the fact that leachates from the dumpsite
are directly associated with heavy metal contamination of
domestic water sources in the area.

Tab|e5. Pearsop cgrre]atiqn Variables Mn* Fet Cdt As*t Pb* Nit crt
coefficient proximity matrix of
the tested water sources Mn* 1

Fe** 0.991 1

Cd* 0.520 0.453 1

As*t 0.978 0.968 0.509 1

Pb* 0.932 0.932 0.501 0.944 1

Nit 0.785 0.730 0.586 0.779 0.715 1

crt 0.551 0.528 0.011 0.590 0.512 0.778 1

Values in bold correspond to very strong direct relationship between two variables (R? >0.90)
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Table 6 ANOVA results of the

Water source Source of variation SS Df MS F F crit
tested natural water sources
Leachate Between groups 331.4611 6 55.2435 77.1673 3.8660
Within groups 5.01125 7 0.7159
Total 3364723 13
Groundwater Between groups 179.7914 17 25.6845 7.8713 2.2074
Within groups 156.6257 48 3.2630
Total 3364171 55
Surface water Between groups 40.6 7 5.8 58.7342 3.5005
Within groups 0.79 0.09875
Total 41.39 15
All sources Between groups 327.5318 7 46.7903 4.821574483  2.115472
Within groups 853.9831 88 9.70435
Total 1181.515 95
Table7 Summary of AHCA Cluster 1 5 3
results of the tested natural
water sources Objects 3 2 7
Sum of weights 3 2 7
Within-class variance 3.979 0.080 1.016
Min distance to centroid 1.402 0.200 0.469
Awv. distance to centroid 1.620 0.200 0.885
Max distance to centroid 1.816 0.200 1.293
Samples in the class 1,2,3 4,5 6,7,8,9,10, 11, 12

Central object

Central object properties
Mn*

FeSt

cd*

Ast

Pb*

Ni*

cr*

1 (leachate) 4 (Groundwater) 10 (Surface water)

11.8 9.8 1.1
4.0 4.0 0.3
0.3 0.2 0.1
73 5.0 0.3
24 2.3 0.1
13.8 0.8 0.1
1.8 0 (bd) 0.1

Human health risk assessment
Environmental and exposure assessment

The results of various health risk assessment indices are pre-
sented in Table 8. Table 9 provides the classification chart
for the various indices utilized (Wagh et al. 2018; Ukah
et al. 2019). The contour plots that show zones of influ-
ence of these health risk factors are presented in Fig. 15.
The HEI values varied from 44.429 to 946.905 with a mean
of 371.490, the HPI values ranged from 10.254 to 166.325
with a mean of 9.329, and the CI values ranged from 9.571
to 678.619 with a mean of 223.323. Based on the classifica-
tion chart (Table 2). The HEI divides water into three cat-
egories: low contamination (<400), medium contamination

@ Springer

(400-800), and high contamination (> 800) based on the
water quality classification table for the indices used.

The HPI classifies water into two categories: safe (<20)
and critical (> 20), whereas the CI categorizes water as low,
medium, or high contamination, based on CI values of 40,
40-80, and > 80, respectively (Wagh et al. 2018; Ukah et al.
2019). Based on the obtained results, the HEI show that
58.33% of the sampled water is of low contamination, 25%
is of medium contamination, and 16.67% is of high quality.
For the HPI, 41.67% are of safe quality, and 58.33% are
of critical quality. However, the CI indicates that 41.67%
are low contamination and 58.33% are high contamination.
Based on this assessment, a greater percentage of the water
samples are moderate to highly polluted. Thus, they have
tendency to pose a threat to human health.
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Fig. 14 Dendrogram of agglomerative hierarchical cluster analysis

Non-carcinogenic health risk assessment

For both adults and children in the area, the median values
from the HQ assessment revealed that heavy metals have an
impact on chronic health change in the order Pb>Ni> Cd
>Mn >Fe> As> Cr. Pb and Ni are the two most important
contaminants for both populations, according to HQ effects;
nevertheless, Mn has the least impact on both populations.
The adult population's HI values ranged from 0.168 to 6.679
with a mean of 2.264, while the children's HI values ranged
from 0.390 to 15.552 with a mean of 5.272, as shown in
Table 8. According to earlier studies by the US-EPA (1999)

and Su et al. (2017), HI values of more than one (HI> 1)
indicate that the non-carcinogenic health risk is beyond
the permissible limit, while HI 1 indicates that it is below
the allowable threshold. As presented in Table 9, the non-
carcinogenic risk is classed as negligible, low risk, medium
risk, and high risk based on HI values (Ukah et al. 2019).
According to the findings, 16.67% of the samples are negli-
gible, 33.33% are a low hazard, 25% are a medium hazard,
and 25% are a high hazard in the adult population. However,
it was discovered that 16.66% of children have a low hazard,
whereas 83.34% have a medium or high hazard. From the
result of the analysis, children in the area are significantly
more exposed to non-carcinogenic chronic health risks than
the adult population.

Carcinogenic health risk assessment

The cancer risk (CR) for adults and children population
for analysed carcinogenic metals Cd, Cr, As, Pb and Ni
in this study was calculated and is presented in Table 10.
An acceptable range for cancer risk is within <1x107% to
1 x 107 (US-EPA 1999; Rahman et al. 2018; Ukah et al.
2019). Based on the obtained results, 66.67% of the total
samples have high Cd and Pb cancer risk for adults and chil-
dren, and 75% and 16.67% have high Cr and Ni cancer risk,
respectively, for both populations. However, 83.33% of all
samples are of negligible risk for adults, while 41.67% are
of high risk for the children population due to As contamina-
tion. The health risks, however, decrease in distance away
from the dumpsite, as shown in Fig. 15.

Conclusions

From the study, it is evident that leachates yielding heavy
metals from the Ugwuaji dumpsite have marginal impact
on the natural water sources in the Enugu metropolis. The
distribution of the heavy in the studied water samples
revealed that both the quality of groundwater and surface
water sources are impacted to different degrees. The results
showed that all the analysed heavy metals including Mn,
Fe3*, Cd, As, Pb, Ni, and Cr were present in both surface
and groundwater within the area, with Mn*, As*, and Pb*
having their concentrations higher than the maximum per-
missible limits for water consumption, given by the World
Health Organization. Probable sources of these heavy met-
als include automobile parts, engine oils and lubricants, as
well as electrical and electronic appliances disposed of at
the dumpsite.

Findings from health assessment indices in this study
indicates negligible risks associated with natural water
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Table 8 Summary results of HI,
HPI, HEI, and CI assessments

Sample no ~ Sample location HEI HPI CI HI (Adult)  HI (Children)
1 Dumpsite 946.905 166.325 542905  5.553 12.931
2 Dumpsite 611.976 131.540 407976  4.653 10.845
3 Dumpsite 882.619 162.802 678.619  6.679 15.552
4 Goshen estate 599.000  128.167 395.000 3.197 7.445
5 Ebenizer ang. church 554.333 124.444 350.333  2.751 6.405
6 Nyo river 101.048 10.254 17.048  0.800 1.863
7 Umunaji ngene 184.905 18.159 100.905  0.814 1.896
8 Obeagu 222.262 25.397 138.262  1.278 2.975
9 Ike Ekweremadu 100.714 16.643 16.714  0.643 1.498
10 Asata river 97.548 13.171 13.548  0.452 1.052
11 Vission comp 112.143 21.262 28.143  0.179 0.418
12 Thinkers corner 44.429 13.786 —-9.571  0.168 0.390
Min 44.429 10.254 -9.571  0.168 0.390
Max 946.905 166.325 678.619  6.679 15.552
Mean 371.490 69.329 223323 2.264 5.272

Table 9 Classification of water based on HI, HPI, HEI, and CI

Parameter Range Quality % of % of
sample sample
(Adult) (Children)
HI <0.1 Negligible 16.67 Nil
>0.1<1 Low hazard 33.33 16.66
>1<4 Medium hazard 25 41.67
>4 High hazard 25 41.67
HEI <400 Low contamination  58.33
400 - 800 Medium contamina- 25
tion
> 800 High contamination 16.67
HPI <20 Safe quality 41.67
>20 Critical quality 58.33
CI <40 Low contamination  41.67
40-80 Medium contamina- Nil
tion
>80 High contamination 58.33

@ Springer

sources from the area when ingested untreated. Diseases
such as cancers, diarrhoea, typhoid, cholera, respiratory
diseases, Wilson's disease, dermatitis and other forms of
metabolic disorders are attendant risks associated with the
intake of such untreated water, with children being at more
risk than adults. Although the water sources are shown to
be contaminated by heavy metals, they might be used after
treatment, especially for other domestic purposes such as
laundry and cleaning. The intensity of the treatment required
would increase towards the dumpsite.

The concerns of heavy metal contamination' transit dura-
tion, flow rate, and migration paths from the dumpsite to
natural water sources should be investigated further. It would
also be necessary to examine the medical records of the
city's residents. When the suggested studies are conducted,
the flow pattern data and attenuation potential model of the



Applied Water Science (2022) 12: 224 Page190f22 224

Northing
Northing

.38
748 749 75 751 752 753 754 755 756 7.57 7.58 7.59 7.6

7748 749 7.5 751 752 7.53 7.54 7.55 7.56 7.57 7.58 7.59

a Easting b Easting
N N
6.48 6.48 lél
Cl HI (Adult)
700 7
650 6.5
600 .
4 550 P
. " = :
= 450 £
= i 4.5
= 1 ? *5 400 £
S . 350 S 4
= ¥ Independence Layout 300 = 35
250 3
3 200 245
150 2
100 15
50 1
0 05
-50 0
.38 ~100 : 0.5
748 749 7.5 751 7.52 753 754 755 756 7.57 758 759 7.6 748 7.49 7.5 751 7.52 753 754 755 7.56 7.57 7.58 7.59 7.6
c Easting d Easting
N
HI (Children)
16
15
14
13
12
20 11
'.E 10
9
2 8
7
6
5
4
3
2
1
0
2 -1
7.48 749 7.5 7.51 7.52 7.53 7.54 7.55 7.56 7.57 7.58 7.59 7.6
Easting
[ —— ]
0 0.02 0.04 0.06
e .Dumpsite 6*Samplelocation XK Settlement
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formation developed, combined with medical information, lack of relevant data or sufficient equipment, as well as the
will aid in identifying the dumpsite leachate contamination's  refusal of some medical authorities in the region to release
real impact zone and the percentage of the metropolis's pop-  vital and confidential medical records, the current study was
ulation at danger. Due to technical constraints such as the  unable to carry out this task.s
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0.002859
0.000
0.000
0.000
0.000

Ebenizer ang. church

3.39E-05
3.39E-05
6.22E—-05
1.7E-05

0.000253
0.000253
0.000253
0.000253
0.000253
0.000

0.000

0.000109
0.000109
0.000109
0.000109
0.000109
0.000

0.000

Nyo river

0.000
0.000
0.000

0.007982
0.004989

0.000

0.003428
0.002142

0.000

Umunaji ngene

Obeagu

3.33E-05

1.43E-05

Ike ekweremadu

3.33E-05

0.000
0.000

0.000605
0.000605
0.001211

5.65E —06

0.000
0.000

0.002993
0.005986

0.000

1.43E-05

0.000
0.000

0.00026
0.00026
0.00052

0.001285
0.002571

0.000

Asata river
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