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Abstract: Contamination of drinking water by metals remains a global threat to living organisms.
Therefore, the current study describes variations of metal occurrence, water quality and human
health risk assessment between the dry and wet seasons of a rural village located in the Eastern
Cape Province, South Africa. The concentrations of major and trace metals were determined in
drinking water samples using inductively coupled plasma-optical emission spectrometry (ICP-OES).
The physicochemical parameters, water quality index (WQI), total water hardness (TWH) and health
risk assessment (hazard quotient: HQ and chronic daily intake: CDI) were evaluated seasonally. The
TWH results showed that the water was very hard with water hardness values ranging between 415
and 442. The water also contained several metals and metalloids such as Al (2.18–3.36 mg L−1), As
(0.17–0. 53 mg L−1), Cd (0.0068–0.0134 mg L−1), Cr (0.2481–0.2601 mg L−1), Mn (0.387–1.582 mg L−1),
Pb (0.064–0.0802 mg L−1), Sb (0.0496–0.1391 mg L−1) and Se (0.075–0.148 mg L−1) that exceeded
the SANS and WHO permissible limits in drinking water. The health risk assessment revealed that
the water may cause noncarcinogenic and carcinogenic health effects due to the presence of As, Cr,
Sb, Tl and V in water samples, while the water quality index revealed that the water was of very
poor quality.

Keywords: heavy metals; trace metals; groundwater; health risk assessment; total water hardness;
water quality index

1. Introduction

The quality of drinking water is one of the most important factors affecting human
health [1]. However, it has been reported that several communities in African and Asian
countries lack access to safe drinking water which often leads to various waterborne
diseases for the populations [2]. For example, South Africa is a semiarid country that
has limited water supplies and therefore access to potable water remains a challenge
especially for those South Africans living in rural areas [3]. Examples of factors affecting
drinking water quality include rapid urbanization and industrialization which generally
results in the degradation of chemical, biological and physical properties of water [4,5].
Moreover, the quality of water sources, water distribution systems, containers used for
water storage and water treatment plants before distribution are other factors affecting
drinking water quality. Additionally, the most reported factor in rural areas is the type
of source water, which include boreholes, rivers, wells and lakes [1]. Furthermore, these
groundwater and surface water sources of drinking water are prone to hydrology, rock-
water interactions and agricultural runoffs which often introduce inorganic (major and
trace metals) pollutants [6,7].
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Major and trace metals present in drinking water has been attributed to various sources
such as natural, urbanisation, industrialization, agricultural runoffs and traffic emissions,
just to name a few [1,4,8,9]. Prolonged exposure and accumulation of major and trace
metals may bring about various negative health effects which include cancer, skin lesions,
peripheral gastrointestinal bleeding and shortness of breath [8]. For instance, ref. [10]
reported that antimony exposure via water ingestion resulted in respiratory irritation and
pneumoconiosis while cadmium brought about chronic renal failure and an increased risk
of stillbirths for pregnant women. Additionally, manganese and iron are reported to affect
muscle and neurological functions in the human body [5]. Renal dysfunction, cirrhosis,
damage to DNA, allergies and cancer are some of the negative health effects that are
reported due to uranium, vanadium, mercury and nickel exposure via water ingestion [10].

Due to the several issues and health risks associated with major and trace metals
present in drinking water supplies, several South African researchers have investigated the
concentration levels of these pollutants in drinking water. For example, ref. [11] evaluated
the heavy metals present in the Nzhelele River of the Limpopo Province during the dry and
wet seasons. The researchers discovered that the river water had elevated concentration
levels of Cu, Fe, Mn, Pb and Zn during the dry season. Therefore, it was concluded that
the water from the Nzhelele River was not safe for domestic use [11]. Genthe et al. [12]
investigated the major and trace metal content of water and vegetables along a river
catchment area that spreads across South Africa and Mozambique. Concerns started rising
when several crocodiles mysteriously died in Olifants River near the border of the two
countries. The findings of these researchers showed that As, Sb, Cd, Cr, Hg, Mo, Ni
and Se exceeded the World Health Organization (WHO) acceptable limits in the South
African water samples. Furthermore, the health risk assessment conducted indicated that
as levels in the South African water samples posed a great cancer risk. Another study was
conducted in the North West Province where [13] investigated the concentration levels of
toxic metals in water, peat and sediment samples collected from the Wonderfonteinspruit
River. The results from this study revealed that the levels of toxic metals in the river
water samples were within the South African water quality guidelines for domestic and
irrigation purposes.

This study aimed to determine the occurrence and concentration levels of major and
trace metals in the drinking water supply of a rural village in the Eastern Cape Province,
South Africa. Furthermore, a human health risk assessment was performed to evaluate the
toxicity risks associated with consumption of the drinking water. It is worth to indicate
that water was collected during dry and wet season.

2. Materials and Methods
2.1. Reagents

All the reagents and chemicals used were of analytical grade unless otherwise stated
and ultrapure water (Direct-Q® 3UV-R purifier system, Millipore, Merck, Darmstadt, Ger-
many) was used throughout the study. Ultrapure nitric acid (HNO3) (65%) was purchased
from Sigma-Aldrich (St. Louis, MO, USA). Multielemental standard solutions with a con-
centration of 10 mg L−1 (De Bruyn spectroscopic solutions, Midrand, South Africa) were
used for the quantification of the metal analytes. All glassware used was precleaned with
metal ion free soap and rinsed with ultrapure water.

2.2. Sampling Site Description

The study area is Romanslaagte village located in the Hewu region of Whittlesea,
Eastern Cape Province, South Africa. Whittlesea (32◦10′33′ ′ S 26◦49′28′ ′ E) is a semirural
town situated about 37 km south of Queenstown and consists of a few townships and
villages, with Romanslaagte being one of them. Romanslaagte consists of rolling and
undulating hilly to very steep areas within the valley and consists mainly of sandstone
of the Beaufort series intruded by dolerite. The area is also surrounded by thin dykes in
which larger intrusions occur. The altitude of the area varies from 1280.2 m to 1463.0 m [14].
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The study area has a climate which varies from arid to very cold high veld climate and
generally falls into two climatic zones. The mean annual precipitation is between 301 mL
and 600 mL [14]. The source of water for the villagers is generally groundwater, which
is pumped from a windmill on the mountain to the taps spread across the village. The
people of Romanslaagte have often complained of the water having a salty taste to it, which
sometimes leads to diarrhoea for some people.

2.3. Sample Collection and Analysis

Water samples were collected using 1 L precleaned polyethylene bottles from two
different water supplies (windmill and tap). Prior to sampling, the bottles were washed
with water mixed with metal-ion-free soap and then rinsed several times with deionized
water. Sample collection was carried out during the dry and wet seasons (2019–2020). It
should be noted that there was no access to the windmill during the sampling time of the
wet season and therefore there is no windmill sample data for the wet season. Upon the
arrival of the samples in the laboratory, the pH, total dissolved solids (TDS) and electrical
conductivity (EC) were measured. The samples were then treated with 0.5 mL of HNO3
and kept in the refrigerator until analysis. The HNO3 treatment was done to limit microbial
growth within the samples. For accurate quantitative determination of the major and
trace metals in water samples, multielemental standards were used to prepare calibration
standards for elemental analysis. The water samples were filtered through 0.22 µm filters
and then analysed in triplicates with ICP-OES. For quality assurance (QA) and quality
check (QC), drinking water CRMs (NIST 1643) and procedure blank were analysed after
each 10 samples.

2.4. Instrumentation

The pH of the water samples was measured using an OHAUS starter 2100 pH meter
(Pine Brook, NJ, USA), while the total dissolved solids and electrical conductivity were
determined with an OHAUS ST20-B pen meter and OHAUS ST20C-C conductivity pen
meter (Pine Brook, NJ, USA), respectively. The major and trace metal concentrations of the
samples were analysed using an inductively coupled plasma-optical emission spectrometer
(ICP-OES) (iCAP 6500 DUO, Thermo Scientific, Horsham, UK) equipped with a charge
injection device (CID) detector. A concentric nebulizer and cyclonic spray chamber were
used to introduce the samples into the instrument. The operating conditions of the ICP-OES
are represented in Table 1.

Table 1. Operating conditions of ICP-OES.

ICP-OES Conditions

RF generator power W 1150
RF generator frequency MHz 40

Coolant gas flowrate L min−1 12
Carrier gas flow rate L min−1 0.7

Auxiliary gas L min−1 1.0
Max integration times s 15

Pump rate rpm 50
Viewing configuration Axial (trace metals), Radial (major metals)

Replicate 3
Flush time s 30

2.5. Total Water Hardness

Water hardness is defined as the measurement of the capability of water to react with
soap and as a result, hard water requires more soap to form a lather [15,16]. The hardness
of water is caused by various metallic ions principally calcium and magnesium ions.
Additionally, aluminium, barium, iron, manganese, strontium and zinc ions also contribute
to water hardness [15]. Total water hardness is however expressed as the concentration
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of calcium and magnesium ions in water as equivalent to calcium carbonate (CaCO3).
Equation (1) [16] was used to calculate the total water hardness.

Total hardness = 2.5 (Ca2+) + 4.1 (Mg2+) (1)

where 2.5 and 4.1 represent the ratio of the formula weight of CaCO3 to the atomic weight of
Ca2+ and Mg2+, respectively. The hardness of water can be classified into various categories
as shown in Table 2.

Table 2. Classification of water hardness according to WHO and rand waters.

Total Hardness Classification of Hardness
mg/L

WHO Rand Water WHO Rand Water

<17 0–50 Soft Soft
17–60 50–100 Slightly hard Moderately soft

60–120 100–150 Moderately hard Slightly hard
120–180 150–200 Hard Moderately hard

>180 200–300 Very hard Hard
- >300 - Very hard

2.6. Water Quality Assessment

The values of fifteen parameters (pH, conductivity, TDS, K, Na, Ca, Mg, Al, total
hardness, Zn, Cu, Co, V, Mn, and Cr) and the South African National Standard 241 (SANS
241:2015) for drinking water were used to estimate the water quality index (WQI) values,
except for total hardness, where WHO guidelines were used. The Equations (2)–(5) [17]
were used to calculate relative weights and WQI values.

The relative weight (RWi) was calculated using the following equation:

RWi =
AWi

∑ AWi
(2)

where RWi = relative weight and AWi = assigned weight. The parameters were assigned
weights (AWi) between 1 and 5 according to their importance in water quality and impacts
on public health.

The quality rating scale for each parameter is conveyed with the following equation:

qi =
(

ci
si

)
× 100 (3)

where qi = quality rating for ith parameter, si = permissible standard for ith parameter set
by the WHO and ci = concentration of ith chemical parameter of water sample (mg L−1)

Subindex (SIi) for each parameter is calculated using the following equation:

Sli = RWi × qi (4)

where SIi = subindex of ith parameter and qi = rating based on concentration of ith
parameter

WQI is calculated using the following equation:

WQI = ∑ Sli (5)

The classification of WQI is classified according to five categories, as shown in Table 3.
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Table 3. Classification of WQI values.

WQI Values Classification

<50 Excellent water
50–100 Good water
100–200 Poor water
200–300 Very poor water

>300 Unsuitable for drinking

2.7. Health Risk Assessment

The health risk assessment was determined by calculating the chronic daily intake
and health risk index. The daily exposure via water ingestion was calculated using
Equation (6) [18].

CDI =
CPW× IR× ED× EF

ABW×AET
(6)

where CDI is the average daily dose (mg/kg/day) of nitrates ingested, CPW is the concen-
tration of potentially harmful trace metals (µg/L) in river water, IR is the ingestion rate per
specified time (L/day), ED is the exposure duration (years), EF is the exposure frequency
(days/year), ABW is the average body weight (kg) of a person, and AET is the average
exposure time (years).

Additionally, the hazard quotient (HQ) was used to estimate the noncarcinogenic
health risk of potential harmful metals through water consumption. Moreover, the HQ was
calculated according to Equation (7) [19].

HQ =
CDI
RfD

(7)

where HQ and RfD are the hazard quotient and reference dose of potentially harmful
elements through ingestion. According to USEPA, HQ < 1 reveals implausible adverse
health impact to the exposed humans, whereas HQ ≥ 1 suggests that there is a possibility
that noncarcinogenic impacts might occur [20].

The incremental lifetime cancer risk is expressed as the probability of an individual
developing any type of cancer over a lifetime of 70 years. The carcinogenic risk probability
of As, Cd and Pb in water samples was calculated using incremental lifetime cancer risk
equation (Equation (8)) [21,22].

ILCR = CDI × CSF (8)

where CDI is the chronic daily intake and CSF is the cancer slope factor in kg·day/mg.
The CSF values used were 4.6 × 10−3, 3.8 × 10−1 and 8.5 × 10−3 for As, Cd and Pb,
respectively [21,22]. The acceptable range for an element’s lifetime cancer risk is between
1 × 10−6 and 1.0 × 10−4 as recommended by USEPA [23].

3. Results and Discussion
3.1. Physicochemical Parameters

The physicochemical parameters were compared for both sample types and both
seasons of collection. The pH of the tap water was recorded as 7.24 and 7.26 for the dry
and wet seasons, respectively. However, the windmill water samples recorded a slightly
lower pH of 7.18, further indicating that the water of the study area consists of neutral
conditions. The pH of both the tap and windmill water samples indicated that the water
was characterised of weak acidic conditions to weak basic conditions [24]. In Zakir et al. [25],
neutral pH values were associated with high amounts of Ca, Mg and Na ions in water,
which is also the case for the water of the current study. The results also showed limited pH
variations between the two sampling seasons. Furthermore, the pH of all water samples
was found to be within the WHO permissible limits of 6.5 to 8.5 for drinking water [26].
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In the aquatic ecosystem, pH influences the solubility of toxic metals which can have a
negative effect on aquatic living organisms and human health [27]. Ustaoğlu et al. [17]
mentioned that there is a close relationship between TDS and EC and hence [28], reported
that high levels of EC and TDS indicate the presence of dissolved minerals and organic
substances in water. Furthermore, the WHO set the acceptable limit of TDS in drinking
water at 1000 mg L−1. The drinking water of the current study was found to be within the
WHO acceptable limits as the TDS ranged between 230 and 233 mg L−1 while the EC was
recorded as 550 µS/cm for both sampling seasons.

3.2. Major Elements

The mean major metal concentrations were found to be generally in the order of
Ca > Mg > Na > K > Al in both the tap and windmill water samples as seen in Figure 1.
However, it should be noted that Na (48.7 mg L−1) was slightly more concentrated than
Mg (46.9 mg L−1) in the windmill water during the dry season. The water contains
elevated levels of Ca, Mg and Na, with the windmill water sample containing the highest
concentration of Ca at 89.0 mg L−1. Calcium and magnesium are reportedly the principal
sources of water hardness [15]. The presence of Mg and Ca in groundwater from the current
study can be attributed to the hydrogeochemical removal of these elements from carbonate-
rich rocks [27,29]. Rocks rich in carbonates have been reported to include sedimentary
rocks such as limestone [15]. Aluminium, manganese and zinc have also been reported
as sources of water hardness [15] and all are present in the drinking water of the current
study. Aluminium and potassium were the major metals with the lowest concentrations
in drinking water, however, Al levels still exceeded the limit set by WHO in drinking
water [26]. The results obtained from the analysis of major elements have shown that the
salinity of the water samples increases during the dry season and is low during the wet
season. The reason for the difference between the two sampling seasons can be attributed
to evaporation and less dilution of saline ground inputs [11] as there is less rain during the
dry season which consequently results in higher salinity and high concentration of major
elements such as Ca and Al during the dry season.
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3.3. Total Hardness

Water samples of the current study contained the principal ions (Ca, Mg) of water
hardness along with some of the other metallic ions (Al, Mn, Zn) which also contribute to
total water hardness. The hardness values for the investigated water sources were 442 for
tap water during dry season, 415 for windmill water during dry season and 432 for tap
water during the wet season. Therefore, the highest water hardness value in the current
study was recorded in tap water during the dry season. The WHO reported that water
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with a hardness value of over 180 can be classified as very hard (Table 2) [15] and as such,
the water of the current study is very hard. Additionally, this was further confirmed by
the Rand water classification which states that water with a hardness value of over 300 is
classified as very hard as well.

3.4. Potential Harmful Trace Elements

The average concentrations of trace metals in drinking water are presented in Figure 2.
With regards to trace metal concentrations, the most dominant trace metals and metalloids
in the current study include As, Mn, Tl and V with Mn recording its highest concentration
(1582 µg L−1) in tap water during the wet season (Figure 2B). The levels of Mn were lower
during the dry season with the windmill water recording a concentration of 713 µg L−1

compared to the tap water’s 387 µg L−1 (Figure 2A). It must be noted that the Mn levels
were only within the WHO allowable limits in the tap water during the dry season. The
results obtained from the study revealed a trend as the concentration of trace metals were
found to be higher during the wet season as compared to the dry season with the exception
of Sb, Se, Tl and Zn. This could be because of various factors within the study area such
as geological weathering. Arsenic on the other hand much like Mn showed higher levels
during the wet season. Furthermore, Cr was not detected in tap water during the dry
season but was detected at 248 µg L−1 in the wet season exceeding the WHO limit of
50 µg L−1. The presence of Cr during the wet season can be attributed to anthropogenic
activities and rainfall leachate into the water source. It must be noted that even with its
varying concentrations between the two seasons, Zn generally stayed within its allowable
limit. Furthermore: As, Cd, Cr, Mn, Pb, Sb and Se collectively exceeded the allowable
limits in drinking water set by the South African National Standards (SANS241-1:2015)
and the WHO [26,30]. The results obtained from the study suggest that the flow rate
from the rainfall, precipitation, and anthropogenic activities (such as agricultural practices)
around the sampling site may have had an influence on the increment of the trace metal
contamination within the water bodies during the wet season. Additionally, since the study
area is a remote rural place, the results suggest that the major contributor of the metals
might be as a result of natural weathering of the rocks along with other geological activities
within the area such as soil erosion during the rainy wet season. Elevated levels of As,
Cd, Cr, Mn and Pb can lead to various health issues such as cancer, high blood pressure,
anaemia and Alzheimer’s [31–33]. Therefore, the people of Romanslaagte may be at risk
of developing such illnesses due to their prolonged exposure to these toxic metals and
metalloids through oral route via ingestion of the water and use of the water for cooking
purposes.

3.5. Water Quality Assessment

The water quality of the current study was evaluated by analysing the physicochemical
properties, water hardness, major and trace element levels, and the water quality index.
The water quality variables and their desirable South African National Standard 241 (SANS
241:2015) as well as weight and relative weights are presented in Table 4. The assignment
of weights to calculate the WQI values for river water parameters was adopted from the
literature [34–38]. WQI assists in indicating if water is good or unsuitable for drinking,
irrigation, and industrial purposes. In the current study, WQI for Tap water-Dry season,
Windmill water-Dry season and Tap water wet season were 149, 182 and 222, respectively.
The WQI results obtained for the dry season were in the range of 100–200 and therefore
the water can be classified as of poor quality. However, the WQI results for the wet season
were in the range of 200–300 thereby classifying the water as very poor further confirming
that the water of Romanslaagte is of poor quality for drinking purposes.
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Table 4. WQI parameters, WHO desirable limit (2011 weights and relative weights) [34–38].

Parameters SANS 241 Limits
(2015), (Si)

Concentration (Ci)
Assigned

Weight (AWi)
Relative

Weight (RWi)

Tap Water-
Dry Season

Windmill-
Dry Season

Tap Water
Wet Season

pH 8.5 7.24 ± 0.05 7.18 ± 0.04 7.26 ± 0.05 4 0.080
Conductivity (µS/cm) 1700 550 ± 20 550 ± 15 550 ± 25 3 0.060
TDS (mg/L) 1200 232 ± 12 233 ± 13 230 ± 14 3 0.060
Potassium (mg/L) 50 3.96 ± 0.09 4.45 ± 0.03 4.74 ± 0.12 2 0.040
Sodium ion (mg/L) 200 40.6 ± 0.9 48.7 ± 0.6 40.7 ± 0.5 2 0.040
Calcium ion (mg/L) 150 87.9 ± 1.1 89.0 ± 2.1 80.4 ± 1.5 2 0.040
Magnesium ion (mg/L) 70 54.2 ± 1.2 46.9 ± 2.3 56.3 ± 1.7 2 0.040
Aluminium (mg/L) 0.3 3.36 ± 0.04 2.19 ± 0.05 2.38 ± 0.03 4 0.080
Total hardness as
CaCO3 (mg/L) 180 * 442 ± 15 415 ± 10 432 ± 15 5 0.10

Zinc (µg/L) 5000 760 ± 3 570 ± 13 150 ± 7 1 0.020
Copper (µg/L) 200 49.0 ± 0.7 ND 120 ± 6 2 0.040
Cobalt (µg/L) 500 20.0 ± 0.2 15.0 ± 0.8 26.0 ± 0.7 5 0.10
Vanadium (µg/L) 200 160 ± 3 390 ± 15 550 ± 12 5 0.10
Manganese (µg/L) 400 390 ± 6 710 ± 10 1580 ± 20 5 0.10
Chromium (µg/L) 50 ND 260 ± 8 250 ± 11 5 0.10

*: WH.

3.6. Health Risk Assessment
3.6.1. Chronic Daily Intakes (CDI) of Trace Metals

The CDI values of the selected investigated trace metals are presented in Table 5. Based
on the results obtained, the CDIs of trace metals in drinking water for both adults and
children collected during the dry season were found in the order of Cr < Cd < Co < Cu < Pb
< Sb < Se < V < As < Mn < Zn < Tl and Cu < Cd < Co < Sb < Pb < Se < As < Cr < V < Zn <
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Tl < Mn through tap water and windmill water consumptions, respectively. During the wet
season, the CDIs of trace metals were Cd < Co < Sb < Pb< Se< Cu < Zn < Cr < As < V < Tl <
Mn trough tap water intake. It can be seen from Table 4 that the CDIs of the trace metals
differed slightly in tap water during the dry and wet seasons. Furthermore, As, Cr, Tl, Sb
and V CDI values exceeded the corresponding RfD value, while that of other trace elements
were within their RfD limits set by the United States Environmental Protection Agency [39].
An RfD value is the estimated value per day of exposure of a certain metal to the human
body that has no hazardous effect during a lifetime [24]. Therefore, As, Cr, Tl, Sb and V
pose serious health threats to the community of the study area due to their CDI values
exceeding the RfD value. Furthermore, it has been reported in the literature that even trace
amounts of As, Cr, Sb and Tl are threatening to human health [40]. For example, exposure
to As has been reported to cause cancer, neurological issues, skin lesions and abdominal
pains [32,33]. On the other hand; Cr, Sb and Tl are reportedly toxic to human and marine
life [41]. Vanadium exposure reportedly causes stomach cramps, nausea, diarrhoea and
in certain cases lung cancer [42,43]. Wu et al. [44] performed a health risk assessment on
boiled and normal drinking water of rural areas from China and they found that most of
their CDI values were lower than the RfD values of most of their investigated trace metals.

Table 5. Chronic daily intakes (CDIs, (mg/kg day)) of trace metals through drinking water.

Elements Tap Water-Dry Season Windmill-Dry Season Tap Water-Wet Season RFD

Men Women Children Men Women Children Men Women Children

As 8.72 9.44 9.443 5.24 5.67 5.67 16.3 17.7 17.7 0.3
Cd 0.27 0.29 0.293 0.21 0.23 0.23 0.41 0.45 0.45 0.5
Co 0.61 0.66 0.663 0.47 0.51 0.51 0.79 0.85 0.85 20
Cr 0 0 0.000 8.00 8.67 8.67 7.63 8.27 8.27 3
Cu 1.51 1.64 1.637 0 0 0 3.62 3.93 3.93 40
Mn 11.9 12.9 12.9 21.9 23.8 23.8 48.7 52.7 52.7 140
Pb 2.11 2.29 2.29 1.98 2.14 2.14 2.47 2.67 2.67 3.6
Sb 4.28 4.64 4.64 1.82 1.98 1.98 1.53 1.65 1.65 0.4
Se 4.55 4.93 4.93 2.30 2.49 2.49 2.60 2.82 2.82 5
Tl 26.9 29.1 29.1 19.2 20.8 20.8 19.6 21.3 21.3 0.08
V 5.00 5.41 5.41 12.1 13.2 13.2 17.1 18.5 18.5 7

Zn 23.5 25.5 25.5 17.5 18.9 18.9 4.70 5.09 5.09 300

3.6.2. Hazard Quotient (HQ)

The HQ values of investigated trace metals are presented in Table 6. The trend of the
HQ for trace metals was ranked as follows; tap water dry season: Cr < Co < Cu < Zn < Mn
< Cd < Pb < V < Se < Sb < As < Tl; windmill dry season: Cu< Co < Zn < Mn < Cd < Se < Pb
< V< Cr < Sb < As < Tl and tap water wet season: Zn < Co < Cu < Mn < Se < Pb < Cd < V <
Cr < Sb <As < Tl. Mirzabeygi et al. [20] mentioned that an HQ > 1 indicates the possibility
of noncancerous health effects and in the current study, As, Cr, Sb, Tl and V all recorded
HQ that are greater than 1. Therefore, indicating that the people who consume the water
from Romanslaagte village are at risk of developing negative health effects which are not
cancerous. Results of the HQ were in line with [45], who reported that all investigated
metals contained an HQ greater than 1. The elements studied by [45] included Pb, Fe, Cd,
and Cr in rural Nigeria, this then indicates that Cr may pose negative health effects in rural
Nigeria and rural South Africa.

3.6.3. Carcinogenic Risk

The carcinogenic risk posed by As, Cd and Pb in the water samples was determined
by calculating the incremental lifetime cancer risk (ILCR). The ILCR values are presented in
Table 7. The ILCR levels of the identified carcinogens were found to be above the acceptable
range of between 1 × 10−6 and 1.0 × 10−4. Furthermore, ILCR levels of As, Cd and Pb
were found to be the highest in women and children compared to men as seen on Table 7.
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This could be attributed to the average body weight of women and children being lower
than that of men [21]. It is also noted that Cd plays a major role in the carcinogenic risk of
the study area as it recorded the highest ILCR levels compared to As and Pb. The results
obtained suggest that As, Cd and Pb might pose serious harmful effects to human being in
the study area, as the consumption or ingestion of the water may lead to the development
of different diseases.

Table 6. Hazard quotient (HQ) values of trace metals through drinking water.

Elements Tap Water-Dry Season Windmill-Dry Season Tap Water Wet Season

Men Women Children Men Women Children Men Women Children

As 29.1 31.5 31.5 17.5 18.9 18.9 54.4 59.0 59.0
Cd 0.54 0.59 0.59 0.42 0.45 0.45 0.82 0.89 0.89
Co 0.03 0.03 0.03 0.02 0.03 0.03 0.04 0.04 0.04
Cr 0.00 0.00 0.00 2.67 2.89 2.89 2.54 2.76 2.76
Cu 0.038 0.041 0.041 0.000 0.000 0.000 0.091 0.098 0.098
Mn 0.085 0.092 0.092 0.16 0.17 0.17 0.35 0.38 0.38
Pb 0.59 0.64 0.64 0.55 0.59 0.59 0.69 0.74 0.74
Sb 10.7 11.6 11.6 4.56 4.94 4.94 3.82 4.13 4.13
Se 0.91 0.99 0.99 0.46 0.50 0.50 0.52 0.56 0.56
Tl 336 364 364 240 260 260 245 266 266
V 0.71 0.77 0.77 1.73 1.88 1.88 2.44 2.64 2.64

Zn 0.078 0.085 0.085 0.058 0.063 0.063 0.016 0.017 0.017

Table 7. Incremental lifetime cancer risk of As, Cd, Pb.

Elements Tap Water-Dry Season Windmill-Dry Season Tap Water Wet Season

Men Women Children Men Women Children Men Women Children

As 4.01 × 10−2 4.34 × 10−2 4.34 × 10−2 2.41 × 10−2 2.61 × 10−2 2.61 × 10−2 7.49 × 10−2 8.14 × 10−2 8.14 × 10−2

Cd 1.02 × 10−1 1.10 × 10−1 1.11 × 10−1 7.98 × 10−2 8.74 × 10−2 8.74 × 10−2 1.56 × 10−1 1.71 × 10−1 1.71 × 10−1

Pb 1.79 × 10−2 1.94 × 10−2 1.94 × 10−2 1.68 × 10−2 1.82 × 10−2 1.82 × 10−2 2.09 × 10−2 2.27 × 10−2 2.27 × 10−2

4. Conclusions

The current study was conducted to assess the concentration levels of major, trace met-
als and metalloids in the drinking water collected from Romanslaagte village, Whittlesea,
Eastern Cape (South Africa). The results generally showed that most of the studied metals
were present in the water at elevated concentrations especially As, Al, Cd, Cr, Mn, Pb, Sb
and Se. These elements were found to have levels exceeding the maximum allowable limits
in drinking water set by SANS and WHO. It was also discovered that the studied water
was classified as very hard due to the total water hardness values ranging between 415 and
442. Other physiochemical properties such as pH and major elements were found to be
within the acceptable permissible limits for drinking and domestic use according to the
WHO guidelines. The health risk assessment demonstrated that As, Cr, Sb, Tl and V had
the possibility of causing noncarcinogenic health effects on community members, whereas
the ILCR measurements for As, Cd and Pb were all above the acceptable limits, which
demonstrates that they pose a huge danger to human health through accumulation and
further causing cancers over time. Furthermore, WQI indicated that the water was of poor
and very poor quality during the dry and wet seasons, respectively, therefore making the
water unsafe for consumption. Additionally, a more in-depth study is required in the study
area, focusing on more metal and speciation analysis, and environmental risk assessments
as this will indicate the impact of these metals present within the water bodies.
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