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A B S T R A C T   

Evaluation the quality of water resources it helps to promoting a new strategies for water resources management. 
This paper aimed to evaluate the potential health hazards from the present of nine heavy metals in the water 
resources of Red Sea State, Sudan. The samples were analyzed at Sudanese Standard and Metrology Organization 
laboratories, Red Sea branch which is certified to ISO\ IEC: 17025: 2005. The study’s results were as follows, 
firstly, the heavy metal evaluation index showed there is fourteen sites in a high pollution range with mean value 
47.6. Secondly, the target hazard quotient index of non-carcinogenic showed a critical pollutant values higher 
than 1 for lead, Chromium, and Cadmium for adults exposure, while the Hazard Index indicated a values higher 
than the acceptable limit. Thirdly, Chronic daily intake index showed average carcinogenic risk 0.00489 for 
children, and 0.00305 for adults, and the highest and lowest values of lead was found in sites (11, and 13) 
respectively, in contrast, the target carcinogenic risk for Cr, Cd, and Pb were estimated, and all the sites were 
considered as unacceptable. In addition, the spatial distribution of risks assessment pointed out that, most parts 
of study area have a critical pollution values, and a potential hazard on population health. In conclusion the 
assessment results showed that, exposure of the heavy metals risks through the intake water pathway may pose a 
threat to population well-being, and the most vulnerable groups to these risks are the children so they need 
special care. Consequently, strict administrative measures should be taken to protect and sustainable the drinking 
water sources.   

1. Introduction 

Environmental contaminants are a major problem worldwide 
including metalloids and metals which enter to the water resources from 
a variety of sources, naturally; such as the water leaching through the 
soil, chemical weathering of rocks and soils (unusual geochemical 
enrichment)., decomposing vegetation and animal matter, falling of the 
wet and dry atmospheric particular matters, or the human activities 
(anthropogenic inputs) which are continuously enter heavy metals to 
the hydrous environment (Rahman et al., 2013; Dijkstra et al., 2004), 
and not easily degradable in the environment (Akbarzadeh et al., 2015). 

Heavy metals have a comparatively high density and toxicity at low 

concentrations may pose a critical threat to human health, so recently it 
has becomes a global concern, so many studies have focused on 
assessment the degree of pollution of water resources (Su, 2015; Cengiz 
et al., 2017; Esen et al., 2021). In fact, toxic metals are accumulated in 
the food chain and environment for a long duration, also in organs of the 
human body (Fakhri et al., 2021a; Liu et al., 2021). Zhuang et al. (2009) 
reported that, reported that, food intake pathway is the main route of 
exposure to heavy metals for most of peoples. Here, we review some of 
the negative effects of these metals on the health; Chromium, and Nickel 
may cause lung disorders (escalate the risk of lung cancer) (Forti et al., 
2011), Chromium can cause dermatitis allergic, deficiency of Copper in 
the human body poses the nutritional anaemia, while intake a large 
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amounts may effect on liver and can cause kidney damage (Tuzen, 2009; 
Organization, 2011; Agency, 1994), Cadmium is considered as toxic to 
the cardiovascular system, kidneys, and bones (at a high concentration it 
can cause nephritic arterial hypertension) (Fang et al., 2014; Vetri-
murugan et al., 2017), while excessive intake of Zink causes negative 
effects on the immune system and cholesterol metabolism, and also may 
effect on retard of children growth (Goldhaber, 2003). On the other 
hand, Iron is considered as an essential element to carrying oxygen from 
lungs to the tissues (Agency, 1994), and it can accumulated causing 
heart failure, diabetes mellitus, osteoporosis, and cirrhosis, liver cancer 
(Rodríguez and Mandalunis, 2018). Furthermore, Lead can leads to 
Lateness physical and mental growth in infants, and renal problems and 
hypertension for adults (Sivaperumal et al., 2007; Agency, 2014). 
Manganese is known to be neurotoxic (Psychological and nervous dis-
orders) while their deficiency may resulting skeletal and reproductive 
distortions (Gandhi et al., 2018; Moreno et al., 2009). Lastly, a small 
amounts of soluble Barium may causes breathing difficulty, heartbeat 
changes, stomach agitation, muscle feebleness, and negative effect on 
nerves (Risks, 2012). 

The safe permissible levels of the residual heavy metals in the water 
(maximum and minimum limits) were issued internationally by world 
health organization (World health, 2017), and nationally by Sudanese 
Standard Organization (Sds, 2007). Pollution indices are a useful tools 
for environmental administrators and policy makers (Rezaei et al., 
2018). Nowadays, many studies have applied and developed several 
methods as indicators of metals pollution to monitoring the water 
quality regularly (Prasad and BOSE, 2001; Nasrabadi, 2015, Balak-
rishnan and RAMU, 2016), such as hydro-chemical evaluation to 
investigate pollution sources in the groundwater (Logeshkumaran et al., 
2015; Ahmed et al., 2015), and also many authors have been proposed 
the heavy metal pollution index (HPI) and the contamination index (Cd), 
the heavy metal evaluation index (HEI) and the modified heavy metal 
pollution index (m- HPI) (Boateng et al., 2015; Chaturvedi et al., 2018; 
Herojeet et al., 2015; Nasrabadi, 2015), as well as, the HEI index which 
is used to give a comprehensive indication of the water quality (Edet and 
OFFIONG, 2002), these approaches were used in various locations 
worldwide (Stolpe et al., 2013; Zhang et al., 2016). In the other side, to 
demonstrate the health risk of consumption polluted water, it is not 
enough sufficient that comparing the concentration of heavy metals 
with the permissible limits, because the amount of water that a person 
consumed is not taken into full consideration (the external environ-
mental factor that entered to the body), several studies have been con-
ducted health risk assessment via daily dietary intake (Marti-cid et al., 
2009; Ahmed et al., 2015), (Sakizadeh et al., 2016, Rezaei and HAS-
SANI, 2018), where humans are exposed to metals via three main 
pathways that include direct conducting inhalation, oral and nasal 
inhalation, and dermal absorption (Ahmed et al., 2015; Islam et al., 
2015). However, the most important pathway is the oral ingestion, to 
estimate the occurrence of carcinogenic and non-carcinogenic hazards 
can used the pollution index and daily exposure (Wu et al., 2009; De 
miguel et al., 2007; Agency, 2004; Fakhri et al., 2021b; Kan et al., 2021). 

The Red Sea is an important state in Sudan, because it has a long 
coast overlooking to the Red Sea. It also has seaports for merchant and 
passenger ships. Beside that, it is a tourism city where the tourism is 
active and many visitors come from inside and outside of Sudan. How-
ever, the rapid population growing, and industries were increased the 
pollution opportunities. Therefore, we evaluated the quality of water 
resources, and its suitability for human and agricultural uses. In this 
study the sampling criteria was based on the locations of the most 
important water resource, and pollution distribution. The study aimed 
to: 1) Determine the spatial pattern and concentrations of the nine heavy 
metals then compare with references toxicological values our pervious 
study (Ismael et al., 2021), 2) assess the overall pollution level by using 
pollution indices, 3) evaluate the potential adverse effect of metals on 
human health through using the approaches of the carcinogenic and 
non-carcinogenic health risk indices. The findings will rich the 

knowledge, help to monitor and manage the water resources in a sus-
tainable manner, furthermore promote greater protection of the 
ecosystem. 

2. Material and methods 

2.1. Research area and samples collection 

The study was conducted in the Red Sea State, and covered four 
localities (Port Sudan, Suakin, Gonob and Oleeb, and Halayeb). The 
geographic location of these area are located north-eastern of Sudan, 
between longitudes (18–23) north, and (35–37) east, with area of 
212,800 km2. It is bordered to the east (Kassala State, Eritrean border 
(Elsheikh et al., 2009), and the Red Sea coast which is 780 km long, to 
the north of the Arab Republic of Egypt, and to the west by the River Nile 
State, The environment of these area characterized as dry coastal area 
zone which has a low and highly variable rate rainfall both amounts and 
geographical distribution (little winter rain). The total population is 
about 1,396,000 persons (estimated 2010) (Ismael et al., 2021) (Fig. 1). 
Twenty locations were chosen to study, samples were taken during 
February 2018. Microbiological, Chemical and Physical analyses were 
conducted of water samples as in our previous study. Samples were 
randomly collected in a sterile glass bottles covered with plastic caps. A 
total volume of 500 ml. 

2.2. Heavy metals analysis 

Several analytical methods can be used to detect heavy metals. In our 
study, we used inductively coupled plasma atomic emission spectrom-
etry. The main advantages of ICP, have low detection limits (LOD), also 
their capability to detect a wide range of elements at one time with a 
short analysis time for analysis. (Costa et al., 1998; Yayintas et al., 
2007), model: ICP.E ICPE-9800 Series. SHAMADZO, JABAN). We 
analyzed all the samples with a certified reference materials (CRM) as 
inner standard in every batch. A multi-element standard solution was 
used to make standard curve. To make sure results validity, the device is 
set to use (IQCs) internal quality controls with all test samples. 

2.3. Human health risk assessment 

The environmental risk assessment is defined as the process of esti-
mating the probability of a risk from exposure to a substance over a 
stated period and the extent of potential harm to human health 
(Wongsasuluk et al., 2014). To calculate the potential risks there are two 
main factors that have been evaluated as reference values, the first one, 
slope factor value (SF) for the risk of carcinogenic substances, and the 
second one, reference dose value (RfD) which is for characterizing the 
risk of non-carcinogenic substances (Lim et al., 2008). The human 
hazard received from the oral exposure pathway was considered for the 
assessment by using Hazard quotient index (Agency, 1989b). and the 
chronic daily intake (CDI) of pollutants via oral pathway (Wu et al., 
2009). 

2.3.1. Non-carcinogenic human health hazard risk estimation 
We used the target hazard quotient (THQ) model to assess and 

quantified the potential non-carcinogenic health hazards of each metal 
via water intake based on the calculation of ADD estimates and defined 
toxicity. To estimate the exposure to THQ, the reference dose (RfD) must 
know for each element, which are defined as the safe dose that an in-
dividual can be exposed to in day throughout his/her life without 
suffering any harmful health effect. The THQ value was estimated ac-
cording to the following equation (1), and (2) (Wongsasuluk et al., 2014; 
Agency, 1989b). 

THQ=
LADD
Rf D

(1) 
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where, ADD is the average daily dose (mg/kg/day), and the RfD is the 
reference dose for metals by the oral (mg/kg/day) (Table 1). 

ADD=
Cw × IR × EF × ED

BW × AT
(2)  

where, Cw is the average concentration of metals (mg/l), IR is the 
ingestion rate (l/day), EF is the exposure frequency (days/year), EP is 
the exposure period (years), BW is the body weight (kg), and AT is the 
averaging time (days).The THQ was calculated using: EF = 365 days/ 
year, ED = 30 years, AT = (EF X ED) 10,950 days, BW = 15 kg (children) 
(Kawser Ahmed et al., 2016; Liu et al., 1996), 60.7 Kg (African adult) 
(Walpole et al., 2012), and IR = (2 L day-1 and 3.45 L day-1 for children 
and adults, respectively) (Boateng et al., 2015). If the THQ surpasses 1, 
there might be an alarm for non-carcinogenic effects. 

2.3.2. Hazard index 
The hazard index (HI) is assessments of a mixture of chemicals, 

accordingly, it was estimated for non-carcinogenic hazard as the sum-
mation of the target hazard quotient index by using Eq. (3), it is appli-
cable for one or for several metals as combined (Agency, 2011). 

HIi =
∑

HQi (3) 

HI categories, value < 1 it is safe, and HI > 1 may present a risk. 

2.3.3. Chronic daily intake 
In the present study, we used average daily dose CDI index to indi-

cate the frequency and duration of human exposure in the environment, 
CDI values were calculated for each location by using modified equation 
of (Wu et al., 2009; Boateng et al., 2015), and (De miguel et al., 2007) as 
Eq. (4); 

CDI =Ci ×

(
DI
BW

)

(4)  

where, Ci the concentration of heavy metal in the water (mg/L), DI 
average daily intake, (2 L day-1 and 3.45 L day-1 for children and adults, 
respectively) (Boateng et al., 2015). BW represents the average body 
weight 15 kg (children)(Kawser Ahmed et al., 2016), and 60.7 Kg (Af-
rican adult) (Walpole et al., 2012). 

2.3.4. Carcinogenic risk 
Target risks (TR) index reflects the carcinogen hazards of the heavy 

metals, through drinking pathway (Agency, 1989b). The potential can-
cer hazard over human lifetime was estimated according to Eq. (5): 

TR=
EF × ED × FIR × CF × CM × CPSo

WAS × TAc
(5) 

While, CPSo is the carcinogenic potency slope oral (mg/kg bw- 
day− 1) it is knowing for Ni, Cd and Pb (Table 1), whereas, (EF, BW, and 
IR) were defined, and their values mentioned previously in (3 - 1), ATc 
was calculated by multiplying ED by EF (365 days/year for 70 years as 
used by (Kawser Ahmed et al., 2016; Agency, 1989a; Agency, 2011), ED 
= 70 years (lifetime), AT = (EF X ED) 25,200 days. If the calculated 
value is High − dose Exposure Risk, can take the next formula in 
equation (6) was considered simplified for metals (Sharma et al., 2019). 

CR= 1 − exp(− CDI × SF) (6) 

The permissible acceptable Risk limits range of 1 × 10− 6 to 1 × 10− 4 

(Agency, 1992), at ≤1 × 10− 6 level, that means approximately one 
person per 1,000,000 in cancer risk zone as a result of exposure to the 
metals through the drinking pathway, which requires reconsideration of 
this develop (Table 2) (Lim et al., 2008; Yang et al., 2012). 

2.4. Heavy metals pollution index assessment 

The Heavy metal pollution index (HPI) is an influential rating 
approach, it has been used to assess the water quality as proposed by 
(Prasad and BOSE, 2001). The critical pollution value of drinking water 

Fig. 1. Location of the study area in the Red Sea State, Sudan. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web 
version of this article.) 
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is a higher than 100, while the acceptable value less than 100 (Cengiz 
et al., 2017, Balakrishnan and RAMU, 2016). Based on measured 
arithmetical mean method, HPI indicates the total quality of waters, 
focusing on heavy metal for the relevant parameter, the unit weightage 
(Wi) is a value inversely proportional to the recommended standard (Si) 
(Mohan et al., 1996). HPI was calculated using Eq (7), and (8): 

HPI =

∑n

i=1
WiQi

∑n

i=1
Wi

(7)  

where, (Wi) weightage of the ith parameter was taken as the inverse of 
standard permissible limits, (n) number of metals, (Si) standard value of 
the ith metals. While Qi is the sub-index of each parameter is defined by: 

Qi =
∑n

i=1

[Mi( − )Ii]

(Si − Ii)
× 100 (8)  

where (Mi) is the measured value of metals, (Ii) and (Si) are the ideal and 
the standard value of ith metals, respectively (Table 3). The sign (− ) 
indicating the numerical difference of the two values, ignoring the 
algebraic sign. The HPI index for the present study was estimated for 
nine metals. 

2.5. Degree of contamination assessment 

The degree of contamination was estimated by using the Contami-
nation index (Cd) approach developed by (Backman et al., 1998). Cd 
value was calculated for the proportional contamination for different 
metals individually and as representative summation of all contami-
nants (Backman et al., 1998). Contamination index was calculated via 
the following Eq. (9), and (10): 

Cd =
∑n

i=1
Cfi (9)  

where 

Cfi =
CAi

CNi
− 1 (10) 

Cfi = contamination factor, CAi = analytical value for metals, CNi =
upper permissible concentration of metals. (N denotes the ‘normative 
value’). Contamination index calculates the relative contamination of 
different metals separately, the low, medium and high contamination 
levels are referred to Cd values of less than 1, between 1 and 3 and 
greater than 3, respectively. 

2.6. Heavy metal evaluation index (HEI) 

The HEI approach was used to give an overall view of water quality, 
especially concern metals (Edet and OFFIONG, 2002). Computed using 
the following eq. (11): 

HEI =
∑n

i=1

Hc

Hmac
(11)  

where Hc is the concentration value of the metal, and Hmac is the 
maximum permissible concentration of the metal. 

2.7. Statistical and spatial distribution analysis 

Pearson correlation coefficients are considered. Microsoft Office 
Excel software used to calculate (Mean, standard deviation, Maximum, 
Minimum). Heavy metal pollution index (HPI), Heavy metals evaluation 

Table 1 
Calculation of carcinogenic and non-carcinogenic effects of metals due to long 
term exposure and its oral reference doses (Section 2.3.1).  

Element Reference 
dose (RfD) in 
mg/kg/day 

References Slope 
factors 
(SPo) 
mg/kg/ 
day 

References 

Cd 0.0005 (Boateng et al., 
2015, (EPA, 2019)) 

0.38 (Bortey-sam 
et al., 2015;  
Bodrud-doza 
et al., 2019) 

Cr (VI) 0.003 (Sharma et al., 2019; 
Agency, 2015) 

0.5 (Sharma et al., 
2019; Agency, 
2015) 

Cu 0.040 (Boateng et al., 
2015; Harmanescu 
et al., 2011; Agency, 
2015)   

Fe 0.700 (Harmanescu et al., 
2011; Agency, 
2000)   

Mn 
(Non- 
diet) 

0.024 (System, 2020, ( 
EPA, 2019))   

Ni 0.02 (Harmanescu et al., 
2011; Kim et al., 
2011)   

Pb 0.0036 (Harmanescu et al., 
2011; Vetrimurugan 
et al., 2017;  
Chanpiwat et al., 
2014) 

0.0085 System (2020) 

Zn 0.300 (Boateng et al., 
2015; Harmanescu 
et al., 2011; Agency, 
2015)   

Ba 0.2 (System, 2020;  
Agency, 1993, Giri 
and SINGH, 2015)   

Note: Fe; Iron, Zn; Zink, Pb; Lead, Ni; Nickel, Mn; Manganese, Cu; Copper, Cr; 
Chromium, Cd; Cadmium, Ba; Barium. 

Table 2 
Target risk classification categories (Section 2.3.4) (Lim et al., 2008; Yang et al., 
2012).  

Risk level Calculated cases of cancer occurrence Cancer risk 

1 < 10− 6 Very low 
2 10− 6 - 10− 5 Low 
3 10− 5 - 10− 4 Medium 
4 10− 4 - 10− 3 High 
5 > 10− 3 Very high  

Table 3 
Calculation value of HPI for Red Sea State, Sudan (Section 2.4).  

Element Si ( 
Organization, 
2017) 

Ii Wi References 

Copper 1.5 0.05 0.667 (Vetrimurugan et al., 2017;  
Sajil Kumar et al., 2012;  
Mohan et al., 1996) 

Lead 0.007 0.01 142.86 Sajil Kumar et al. (2012) 
Nickel 0.05 – 20 – 
Barium 

(Ba) 
0.5 – 2 – 

Chromium 0.33 0.01 3.03 Sajil Kumar et al. (2012) 
Cadmium 0.002 – 500 Sajil Kumar et al. (2012) 
Manganese 0.27 0.1 3.704 (Cengiz et al., 2017;  

Vetrimurugan et al., 2017,  
Prasad and BOSE, 2001) 

Zinc 3 0.05 0.33 Sajil Kumar et al. (2012) 
Iron 0.3 0.1 3.33 (Prasad and BOSE, 2001) 

Note: Si (highest permissible value), Ii (desirable maximum value), and Wi (unit 
weightage). 
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index (HEI), and target hazard quotient (THQ) were assessed for the 
study. Several spatial analysis techniques have been utilized to charac-
terize the spatial variation of heavy metals in surface and ground water 
resources in different parts of the world such as ordinary kriging, inverse 
distance weighting and Bayesian kriging (Jia et al., 2018; Liang et al., 
2018). The spatial analysis of groundwater quality will help 
decision-makers to detect hotspot areas that need to be managed ordi-
nary kriging to consider, thus, in our study we applied the kriging 
method to point out the spatial variation of the groundwater pollution 
index. 

3. Results and discussion 

3.1. Metals concentration in water resources 

The concentration of metals were determined as part per million (See 
Table 4), moreover the mean, Std. deviation, minimum, and maximum 
values were computed (See Table 5). As below metals were sorted 
gradually according to the concentration and location from the highest; 
Pb, Fe, Ni, Ba, Cr, Cu, Mn, and Cd, (0.643, site 20), (0.264, site 11), 
(0.15, site 15), (0.0880, site 20), (0.0584, site 4), (0.0507, sit 20), 
(0.0386, site 15), (0.0271, site 15), (0.0247, site 20), respectively. In 
India (Brraich and JANGU, 2015) they have been reported a high con-
centration of metals to be (0.53, 0.26, 0.01, 0.12, 0.01, 0.69, and 0.02 
ppm) for (Pb, Cu, Cd, Cr, Ni, Zn, and Mn) respectively, while in China 
Zhang et al. (2021) was found Fe, Ni, Zn had relatively a high concen-
tration at mean values 1.16 μg/L, 2.10 μg/L, and 3.72 μg/L respectively. 

3.2. Human health risk assessment 

3.2.1. Target hazard quotient (THQ) approach for non-carcinogenic risk 
The odds of incidence of non-carcinogenic health risks during con-

sumption of the water resources of Red Sea State by using (THQ) index 
for each individual metal (nine metals) and each sample location were 
calculated. As outlined in Tables (6, and 8) respectively.THQ results of 
children exposure showed that, Pb, Cr, and Cd had values (10.49, 
2.9213, 1.0320) respectively, while for adults exposure to Pb was 
4.4716, and Cd was 1.2453. In contrast, the acceptable guideline value is 
1 (Agency, 2011). In view of this, children are exposed to non-cancerous 
health risks higher than. Sharma et al. (2019) They mentioned THQ 
values extended 1 for both children, and adults. Spatial distribution of 
THQ pointed out the hotspot areas that need to be manage (Fig. 2 d). The 

majority of the study areas had an unacceptable values, which might be 
relevant to non-carcinogenic effects, only a one location has acceptable 
value for adults, which was found in north-eastern parts. 

3.2.2. Hazard index (HI) approach for risk of a mixture of chemicals 
HI is a combined index which is impacts of all metals under 

consideration, and it gives exaggerated estimate for non-cancer health 
hazards due to it can expresses the total toxic effects, but in the same 
time the dissimilar exposure pathways may be not added. Humans are 
often unprotected to more than one pollutant, and may suffering from 
the combine or interactive effects (Li et al., 2013). All locations had HI 
values higher than the permissible limit (1), where it was (14.9321) for 
children and (6.3265) for adults (Table 6), same results as HI values 
more than 1 were reported by (Sharma et al. (2019); Kan et al., 2021), 
contrary to that, Vetrimurugan et al. (2017) they didn’t found 
non-carcinogenic risk in Cauvery river basin, India. These finding 
indicted that, children are exposed to greater potential risk. Conse-
quently, the continuous consumption of these water resources create a 
major concern. Increased HI values of more than 6 its due to the present 
of lead, cadmium and chromium, which are rising up the potential risks 
to high level. Furthermore, the effect of any metal on the other is 
dependent on the competitive absorption of metal ions in the specific 
tissues of different organisms and they are of natural importance, 
therefore THQ and HI are considered not a direct measurements of risks 
because they do not determine any dose–response relationship (Kawser 
Ahmed et al., 2016). 

3.2.3. Chronic daily intake (CDI) approach for the frequency and duration 
of exposure 

The carcinogenic risk of metals was estimated as present in (Table 6), 

Table 4 
Heavy metals concentration (ppm) of water resources samples (Section 3.1).  

Sample sites Fe Zn Pb Ni Mn Cu Cr Cd Ba 

1 0.02 0.0819 0.318 0.0445 0.0066 0.036 0.0257 0.0104 0.0151 
2 0.07 0.121 0.306 0.0447 0.0066 0.0298 0.0252 0.0109 0.0251 
3 0.03 0.0963 0.461 0.0672 0.0075 0.0336 0.0396 0.0177 0.0422 
4 0.12 0.0391 0.402 0.0585 0.0058 0.0258 0.0354 0.0152 0.0584 
5 0.07 0.0961 0.414 0.0609 0.0064 0.0268 0.0364 0.0157 0.0543 
6 0.01 0.0195 0.242 0.0313 0.0042 0.0186 0.02 0.009 0.0517 
7 0.02 0.0587 0.244 0.0307 0.0036 0.017 0.0195 0.0083 0.054 
8 0.001 0.104 0.284 0.0365 0.0043 0.0187 0.0232 0.0097 0.0345 
9 0.03 0.0617 0.275 0.0345 0.0031 0.0159 0.022 0.009 0.039 
10 0.05 0.0642 0.429 0.0596 0.0064 0.0272 0.0358 0.0157 0.0484 
11 0.13 0.264 0.46 0.0635 0.0068 0.0284 0.0372 0.017 0.0575 
12 0.03 0.0525 0.0873 0.0063 0.0026 0.0093 0.0062 0.0041 0.0007 
13 0.02 0.0094 ND ND ND 0.0035 0.0019 0.0035 ND 
14 0.001 0.099 0.25 0.031 0.005 0.0171 0.0193 0.0093 0.045 
15 0.15 0.104 0.563 0.0845 0.0271 0.0386 0.0496 0.0212 0.0179 
16 0.01 0.0258 0.0442 ND 0.0009 0.0038 0.003 0.0037 ND 
17 0.12 0.0251 0.044 ND 0.0008 0.0033 0.0034 0.0042 ND 
18 0.1 0.0209 0.0635 0.0014 ND ND 0.0044 0.0042 ND 
19 0.02 0.0082 0.0695 0.0032 ND ND 0.0059 0.0056 ND 
20 0.01 0.0548 0.643 0.088 0.0058 0.0356 0.0507 0.0247 0.0235 

Note: ND (not detected samples) the concentrations value below the detection limits, Fe; Iron, Zn; Zink, Pb; Lead, Ni; Nickel, Mn; Manganese, Cu; Copper, Cr; 
Chromium, Cd; Cadmium, Ba; Barium. 

Table 5 
Statistical parameters for the heavy metal’s elements (Section 3.1).  

Elements Minimum Maximum Mean Std. deviation 

Cr 0.0019 0.0507 0.0232 0.0156 
Cd 0.0035 0.0247 0.0110 0.0062 
Ba 0.0000 0.0584 0.0284 0.0227 
Zn 0.0082 0.2640 0.0703 0.0576 
Pb 0.0000 0.6430 0.2800 0.1858 
Ni 0.0000 0.0880 0.0373 0.0287 
Mn 0.0000 0.0271 0.0052 0.0058 
Cu 0.0000 0.0386 0.0195 0.0127 
Fe 0.001 0.1500 0.0506 0.0481  
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with an average value 0.00489 for children, and 0.00305 to adults, 
whereas for metals, lead showed the highest values (0.01732, and 
0.01339) respectively. In general, all the sampling points exceeded the 
acceptable limit 1.0 × 10− 6 based on the chronic daily intake (one case 
for every 10, 00, 000 persons) (Agency, 2015), As outlined in the results, 
cancer risks will increase in this region if the exposure to these pollutant 
substances persists for a long time (Boateng et al., 2015, Iqbal and 
SHAH, 2013). Children in higher risks comparison to adults, with 
average rate of causing a carcinogenic risk are 4.89, and 3.05 per 1000 
persons for children, and adults respectively, which is consistent with 
Sharma et al. (2019) findings. 

3.2.4. The target risks (TR) approach for carcinogenic risk 
Target risks index has been reported to assess the potential cancer 

risks during exposure to metals by the exposure pathways (Agency, 
1989b). For African people, the average body weight of adults is 60.7 Kg 
and the exposure for 70 years (Walpole et al., 2012). In particularly, all 

the study points exceeded the safe limit of the target risk index (1 ×
10− 4), and the ingestion of these water over a life might be increase the 
probability of causing cancer for the consumers. According to (Harma-
nescu et al., 2011; Agency, 1989b; Kawser Ahmed et al., 2016), the 
recommended TR value between (1 × 10− 6 - 1 × 10− 4) which is the 
acceptable, lower values are considered non-significant to risk, and the 
high values are unacceptable. While, the assessed TR values for Cr, Cd 
and Pb were rather disappointing, and showed a high probability for 
cancer hazard (Table 6), agreed with these context, Nguyen et al. (2009) 
they mentioned that, in Vietnam around 5 out of every 1000 people 
could suffer from cancer, and another study in Nanjing, China found 
carcinogenic values between (2.05– 3.28 × 10− 4) up accepted limits in 
six surface waters resources (Wu et al., 2009). On the other hand, the US 
Environmental Protection Agency and other studies documented that 
there are uncertainty to characterize the potential human hazards 
(Agency, 2004), and the amount of these uncertainty cannot be precisely 
determined in some methodological aspects of the study for several 

Fig. 2. Spatial distribution of the of a) Cd, b) HEI, c) HPI and d) THQ (Cd is the contamination index, HEI is the heavy metal evaluation index (HEI), HPI is the heavy 
metal pollution index and THQ is the target hazard quotient. 
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reasons, such as the difference in exposure ratios by ages, the time 
period of exposure to the risk source, and the difference in pollutant 
concentrations among the seasons. For our study, the criteria used in the 
United States’ Environmental Protection Agency and the World Health 
Organization may have different, which might not be specific to Sudan 
conditions (see Table 8). 

3.3. The heavy metal pollution index (HPI) f approach or assessment of 
water quality 

The HPI index values were divided into three levels according to the 
following classification; (<15) low pollution area (15–30) Medium 
pollution (>30) high pollution risk zone (Prasad and BOSE, 2001). In 
this study, all the index values were fall above the critical limit of 100, 
with highest, and lowest values of (5378.986 on site 29) respectively, 
and an average of (2316.970) (See Table 9). However, some studies in 
agreed with the results (Brraich and JANGU, 2015; Boateng et al., 2015), 
while Rajkumar et al. (2020) noted a range of 10.73–107.50. The spatial 
distribution of HPI showed that, all the study areas had critical pollu-
tion, and the lower values were located at north and central parts (Fig. 2 
c). 

3.4. Contamination index approach for assessment of the contamination 
degree 

The assessment of Cd index were presented in tables (7, and 9) which 
ranged from (− 3.17 to 97.26), with average value of 38.27. The degree 
of waters contamination index is classified depend to the assessment as 
three levels: low degree (Cd < 1), medium degree (Cd 1–3), and high 
contamination degree (Cd > 3) (Backman et al., 1998). Based on these 
classifying index, the spatial distribution of Cd index indicated that, the 
largest part of study areas (85%) were had a high degree values (>3), 
except three sites in the north-eastern, south-eastern, and near to the 
central (Fig. 2 a). Bodrud-doza et al. (2019) they reported 95% sampling 
sites of central west part of Bangladesh at a high degree, while an index 
value of 352.33 was found by Brraich and JANGU (2015). 

3.5. Heavy metal evaluation index (HEI) approach to gives an overall 
quality of the water 

To clarify the overall quality of water, Heavy metal evaluation index 
was computed for nine metals by using HEI approach assessment (See 

Table 7), and for the individual metals and sampling locations (See 
Table 9), the results indicate the level of the water quality falls within 
high zone of pollution, with average value 47.57, and a wide range 
(from 106.23 to 1.83) in sites 20, and 13, respectively. The method does 
not specify any critical limit for human consumption (Rajkumar et al., 
2020). While (Boateng et al., 2015), and (Edet and OFFIONG, 2002) 
proposed a classification criteria to three evaluation level: first, the low 
level (HEI <10), secondly, the medium (HEI = 10–20), and thirdly, a 
high level (HEI >20). Our findings showed that, a three sites had low 
level of risk, three in medium, and fourteen at high pollution zone. 
Additionally, Spatial distribution of HEI shown that vast majority of the 
study area (75%) had a higher index values more than 20, except five 
sites which located in northwestern, and southeastern part (Fig. 2b). The 
results were almost identical with (Brraich and JANGU, 2015). 

3.6. Correlation coefficient matrix 

Spearman’s correlation matrix was used to calculate and establish 
the association between variables (Table 10). For high positive and 
significant correlation, the denotes value was (r ≥ 0.7), and for signifi-
cant and strong positive correlation, the indicate r value obtained was (r 
≥ 0.9). A significant positive correlation had been obtained (r ≥ 0.7) for 
Cr, Cu with other and with Mn, also a significant and strong positive 

Table 6 
Human health risks Indices assessment for the metals (TR, Eq (5) (Agency, 1989)), (THQ, Eq 1, and 2 (Agency, 1989; Wongsasuluk et al., 2014)), (CDI, Eq (4) (Wu et al., 
2009; Boateng et al., 2015, De miguel et al., 2007)), (HI, Eq (3) (Agency, 2011)).     

Fe Zn Pb Ni Mn Cu Cr Cd Ba Mean Max Min 

Child TR Mean   0.0029    0.0015 0.0006  0.0017    
Max   0.0055    0.0034 0.0013      
Min   0.0004    0.0001 0.0002      

CDI Mean 0.00674 0.0094 0.01732 0.00227 0.000399 0.00137 0.00309 0.001461 0.001937 0.00488 0.0173 0.0004  
Max 0.02 0.0352 0.08573 0.0117 0.003613 0.00514 0.00676 0.003293 0.007787     
Min 0.00013 0.0011 0.000 0.000 0.000 0.000 0.00025 0.000467 0.000     

THQ Mean 0.0096 0.0312 10.4900 0.2966 0.0363 0.0940 1.0320 2.9213 0.0211 1.6591 10.490 0.0096  
Max 0.0286 0.1173 23.8148 0.5867 0.1506 0.1287 2.2533 6.5867 0.0389     
Min 0.0002 0.0036 1.6296 0.0093 0.0044 0.0110 0.0844 0.9333 0.0005     

HI Sum THQ (14.932)    
Adult TR Mean   0.0002    0.0007 0.0002      

Max   0.0003    0.0014 0.0005      
Min   0.0000    0.0001 0.0001  0.0001    

CDI Mean 0.00288 0.0040 0.01339 0.00210 0.00031 0.00133 0.00132 0.00062 0.00150 0.00305 0.0134 0.0003  
Max 0.00853 0.0150 0.03655 0.00500 0.00154 0.00219 0.00288 0.00140 0.00332     
Min 0.00006 0.0004 0.00250 0.00008 0.00005 0.00019 0.00011 0.00020 0.00000     

THQ Mean 0.0041 0.0133 4.4716 0.0877 0.0155 0.0401 0.4399 1.2453 0.0090 0.7029 4.4716 0.0041  
Max 0.0122 0.0500 10.1517 0.2501 0.0642 0.0548 0.9605 2.8077 0.0166     
Min 0.0001 0.0016 0.6947 0.0040 0.0019 0.0047 0.0360 0.3979 0.0002     

HI Sum THQ (6.327)    

Note: Eqs is equations, TR is the target risks, THQ is the target hazard quotient, HI is the hazard index, and CDI is the chronic daily intake. 

Table 7 
Pollution Indices assessment for the individual metals (HEI, Eq (11) (Edet and 
OFFIONG, 2002)), (Cd, Eq 9, and 10 (Backman et al., 1998)).  

Parameter HEI Cd 

Mean Max Min Mean Max Min 

Fe 0.169 0.500 0.003 0.500 − 0.500 − 0.997 
Zn 0.023 0.088 0.003 0.088 − 0.912 − 0.997 
Pb 40.461 91.857 6.286 91.857 90.857 5.286 
Ni 0.890 1.760 0.028 1.760 0.760 − 0.972 
Mn 0.026 0.100 0.003 0.100 − 0.900 − 0.997 
cu 0.014 0.026 0.002 0.026 0.980 − 0.998 
Cr 0.072 0.154 0.006 0.154 − 0.846 − 0.994 
Cd 5.478 12.350 1.750 12.350 11.350 0.750 
Ba 0.181 0.117 0.001 0.117 − 0.883 − 0.999 
Mean 5.26   0.500   
Max 40.461   0.088   
Min 0.014   91.857   

Note: HEI is the Heavy metal evaluation index, and Cd is the contamination 
index. 
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correlation had been obtained (r ≥ 0.9) for Cd, Cr, Ni, Cu with Pb, and 
with each other. These relationships suggested that these metals have a 
common origin. Some metals such as Zn, Pb, Cd, Cr, Fe, and Copper may 
be originated from solid waste include, lead batteries, metals product 
waste and scrap, etc. In the study area, the transmission of pollutants 
such as domestic and industrial waste between water bodies can Con-
tributes to increase the majority concentration of metals pollutants (Sajil 
Kumar et al., 2012, Bodrud-doza et al., 2019). Also, groundwater for 
mountain areas, in most part of the study area, naturally contains metals 
and distributed and released into the aquatic environment as a result of 
the weathering products of the industrial activities sources such as 
mining, granodiorite, and sandstone which are enriched with these 

metals (Mark, 1998). 

4. Conclusion and recommendations 

4.1. Conclusion 

The present study concluded that, consumption of the common water 
resources of Red Sea State, Sudan is a dangerous. As mentioned above in 
the introduction that, each element has a harmful effect on health if it 
present at levels considered polluted. We observed different concen-
tration levels of heavy metals at these area such as, a high concentrations 
of the dissolved heavy metals (Pb, Ni, and Cd), which exceeded the 
maximum permissible standard limits of international and national 
organisation (SSMO/WHO). Regarding to the Pollution index (HPI) has 
reflected the critical level of pollution in all the water resources. Whilst 
the contamination index (Cd) indicated that, most of locations were 
categorized at high contamination level with relative index values above 
(3) (17 sites). The correlation coefficient matrix indicated there are a 
high positive correlation between these metals and each other. The 
potential carcinogenic hazards of human exposure to metals through the 
water pathway were evaluated using (THQ) model which has gave a 
result values greater than 1 all locations, obtained from exposing to lead, 
Chromium, and Cadmium (the most important pollutants causing non- 
carcinogenic troubles), when people exposed to a same polluted 
source that contains a several different metals with a high concentra-
tions, these will lead to a very serious non-carcinogenic health hazard. 
The children are exposed to non-cancerous health risks higher than 
adults when consuming this water. Furthermore, chronic daily intake 
(CDI) values were found above the safe limits. Thus, we can concluded 
that, the major contributors to chronic non-carcinogenic risks, were in 
the order Pb, Zn, Fe, Cr, Ni, Ba, Cd, Cu, and Mn. Afterward, the carci-
nogenic risks of adults and children were evaluated by using Target risks 
approach (TR) for chromium, cadmium, and lead (have declared slope 
factor values), results showed a high values more than the acceptable 
limits, at the same time the accumulation of metals can lead significant 
cancer risk. At the other side, from the heavy metals evaluation index it 
was found that, 70% of the water resources falls within high pollution 
zone with average value 47.57. Finally we used the spatial distributions 
to point out the distribution of indices values on the study area that will 

Table 8 
Human risks Indices values for the individual water sampling locations.  

Sample sites THQ (non-cancer) TR (Cancer) CDI CR 

Adult Child Adult Child Adult Child 

1 6.90 16.20 0.0011 0.0049 0.03173 0.074427 0.0012 
2 6.77 15.88 0.0011 0.0048 0.03634 0.08524 0.0012 
3 10.33 24.23 0.0017 0.0075 0.04519 0.106013 0.0019 
4 9.00 21.10 0.0015 0.0065 0.04321 0.10136 0.0016 
5 9.28 21.76 0.0016 0.0067 0.04437 0.10408 0.0017 
6 5.37 12.59 0.0009 0.0038 0.02309 0.054173 0.0009 
7 5.31 12.46 0.0009 0.0038 0.02591 0.060773 0.0009 
8 6.20 14.54 0.0010 0.0045 0.02932 0.068787 0.0011 
9 5.93 13.92 0.0010 0.0043 0.02786 0.06536 0.0010 
10 9.49 22.26 0.0016 0.0068 0.04185 0.098173 0.0017 
11 10.21 23.96 0.0016 0.0073 0.06050 0.14192 0.0018 
12 2.01 4.72 0.0003 0.0014 0.01131 0.026533 0.0003 
13 0.44 1.04 0.0001 0.0003 0.00218 0.005107 0.0001 
14 5.53 12.96 0.0009 0.0039 0.02709 0.06356 0.0009 
15 12.63 29.64 0.0021 0.0092 0.06001 0.140787 0.0023 
16 1.19 2.79 0.0002 0.0008 0.00519 0.012187 0.0002 
17 1.26 2.95 0.0002 0.0008 0.01141 0.026773 0.0002 
18 1.58 3.71 0.0002 0.0010 0.01105 0.02592 0.0003 
19 1.86 4.36 0.0003 0.0013 0.00639 0.014987 0.0003 
20 14.25 33.43 0.0023 0.0101 0.05321 0.124813 0.0025 
Mean 6.2769 14.7249 0.0010 0.0045 0.02986 0.0700 0.0011 
Maximum 14.2523 33.4343 0.0023 0.0003 0.0605 0.1419 0.0025 
Minimum 0.4422 1.0374 0.0001 0.0101 0.00218 0.0051 0.0001 

Note: TR is the target risks, THQ is the target hazard quotient, CDI is the chronic daily intake, and CR is cancer risks. 

Table 9 
Pollution indices values for the individual water sampling location (HPI Eq 7, 
and 8 (Prasad and BOSE, 2001).  

Sample Cd Deviation HPI Deviation HEI 

1 42.77 4.5 2557.747 240.777 51.77 
2 41.50 3.23 2491.592 174.6228 50.50 
3 67.44 29.17 3836.564 1519.595 76.44 
4 57.87 19.6 3327.802 1010.832 66.87 
5 59.74 21.47 3431.002 1114.032 68.74 
6 30.93 − 7.34 1969.795 − 347.175 39.93 
7 30.90 − 7.37 1957.938 − 359.032 39.90 
8 37.36 − 0.91 2291.909 − 25.0602 46.36 
9 35.76 − 2.51 2202.427 − 114.543 44.76 
10 61.76 23.49 3536.647 1219.678 70.76 
11 67.28 29.01 3803.322 1486.352 76.28 
12 5.80 − 32.47 697.1068 − 1619.86 14.80 
13 − 3.17 − 41.44 200.4396 − 2116.53 1.83 
14 32.20 − 6.07 2037.251 − 279.719 41.20 
15 84.57 46.3 4685.539 2368.569 93.57 
16 1.22 − 37.05 378.3507 − 1938.62 8.22 
17 1.81 − 36.46 395.2623 − 1921.71 8.81 
18 5.55 − 32.72 532.6788 − 1784.29 11.55 
19 6.88 − 31.39 627.0329 − 1689.94 12.88 
20 97.26 58.99 5378.986 3062.017 106.23 
Mean 38.27 0.0015 2316.970 − 0.00022 47.57 
Maximum 97.26 58.99 5378.986 3062.017 106.23 
Minimum − 3.17 − 41.44 200.4396 − 2116.53 1.83 

Note: HEI is the Heavy metal evaluation index, and Cd is the contamination 
index. 
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gives a whole picture of the quality of water resources and the hazards 
points,also will led to a better understanding of readers, and helps for 
future planning. 

4.2. Recommendations 

This study is the first of its kind to be carried out in this region of the 
world. The policy makers and managerial authorities in the region can 
use and apply the findings from this study in a beneficial way to reach 
decisions about the health risks to the local population who usually 
drink from this water resources. Local people should be cultivated about 
the potentially harmful effects of drinking straight from this resources, 
particularly in industrial and mining areas. In order to decrease regu-
larly, the estimated risk, the local administration should know the health 
risks and should provide drinkable water facilities and treating the 
pollutant water. In general, this study explains the urgent need for risk 
awareness about waters contamination by heavy metals, we recom-
mended to do continuous monitoring for this resources and further 
studies. Furthermore, we also recommended to investigate long-term 
effects, and must study the seasonal variability of toxic metals concen-
tration in this state. This investigation conducted a full-scale survey the 
drinking water resources, whether ground or surface water. Finally, 
results demonstrated what was revealed during this present study are 
amazing and calls for immediate attention on the part of the official 
stakeholders to manage, preserve and develop these resources so that 
people can make the optimum use of them in a sustainable development 
way. 
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