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Abstract
This study seeks to find out the risk of heavy metal pollution in domestic water on human health. The size of samples was 
50 domestic water, 50 urine, and 50 blood samples taken from subjects chosen of the different four districts during 2017. 
Trace metal analysis was done using atomic absorption spectrophotometer. The results showed alarming levels of heavy 
metal contamination that exceed national and international thresholds in several observed sites. Therefore, stricter standards 
may be needed in order to reduce overall population exposure.
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Introduction

Water contamination has multiple influences on the regional 
and countrywide health. Diseases related to contamination 
of drinking water constitute a major burden on human health 
(WHO 2017), and the evaluation of the quality of drinking 
water is one of the high priorities to avoid any health prob-
lems. The World Health Organization (2017) has provided 
guidelines for drinking water quality that may compromise 
the safety of drinking water. Major water pollutants are 
shown in Fig. 1 (Kumar Reddy and Lee 2012). Globally, 
heavy metals have been a serious threat to human health and 
ecosystem integrity (Ogbomida et al. 2018). Groundwater, 
in general, is not vulnerable to surface contamination since 
the contaminants are either decayed or diluted in unsaturated 
zone before reaching the water table, while surface water is 
susceptible to contamination (Sharma et al. 2017). Excess 
levels of heavy metals can damage human health and eco-
systems (Ehya and Marbouti 2016). This study seeks to find 
out the risk of heavy metal pollution in domestic water on 
human health.

Subjects and methods

Participants

The preliminary research study was conducted during 2017. 
In total, 50 subjects were selected who approved to partici-
pate in the study between 29 and 63 years old and classified 
into two groups:

Group 1 included 40 subjects (27 males and 13 females) 
drinking the water of ground origin with a mean age of 
41.73 ± 4.02 as a main group.
Group 2 included ten subjects (five males and five 
females) drinking the water of surface origin with a mean 
age of 40.87 ± 5.59 as a control group.

Sampling

Water, urine, and blood samples were collected from the 
total subjects of four districts after having informed consent 
as mentioned in Table 1. Collection, stabilization, transpor-
tation, and storage of samples were done according to the 
standard methods (APHA 2012). Samples were carefully 
handled to avoid contamination.
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Methods

Four heavy metals, lead (Pb), iron (Fe), manganese (Mn), 
and cadmium (Cd), were analyzed in domestic water and 
urine samples using graphite furnace AAS. All reagents 
and devices were checked beforehand for any kind of 
contamination with these trace elements. Blood samples 
(10 ml) were subjected to laboratory assessment of liver 
functions, kidney functions, and complete blood count on 
auto-analyzer and Coulter counter, Beckman Instrument 
Inc., USA. The results were compared with the permis-
sible limits of EMH (2007) and WHO (2017) standards 
for drinking water and kit references.

Statistical analysis was done for all samples by SPSS 
program.

Results and discussion

This paper reviews quite a few heavy metal contamina-
tion-related studies in several cities from Dakahlia region. 
These heavy metals have been selected for their impor-
tance to the health and availability of laboratory testing 
capability. Tables 2 and 3 show high values of iron, man-
ganese, lead, and cadmium than the permissible limits of 
WHO (2017), EMH (2007), and Iyengar (1985). The mean 
concentration of iron in some water samples was signifi-
cantly high; this came in accordance with the previous 
studies done by Niu et al. (2006) and in agreement with 
that explained by Lasheen et al. (2008). There is a signifi-
cant positive correlation between hemoglobin, creatinine, 
and aspartate transaminase with iron levels of group 1 

Fig. 1   Sources of water contamination (Kumar Reddy and Lee 2012)

Table 1   Districts and number of 
samples

SD, standard deviation

No. District name Group No. of water sam-
ples and origin

No. of urine 
samples

No. of blood 
samples

Mean age ± SD

A Aga Group 1 20—Ground 20 20 41.73 ± 4.02
B Mit Ghamr 20—Ground 20 20
C Mansoura Group 2 5—Surface 5 5 40.87 ± 5.59
D Talkha 5—Surface 5 5
Total 50 50 50



Applied Water Science (2020) 10:1	

1 3

Page 3 of 4  1

subjects. This agrees with the study done by Jadhav et al. 
(2007). Patients suffering from liver cirrhosis related to 
contaminant domestic water mainly with iron. If drink-
ing water obtained from a well water source, it may be 
wise to have the water checked for manganese to ensure 
the level is below the current guideline level established 
by the ATSDR (2012). The household plumbing fixture 
made up of lead may contribute lead in the drinking water. 
These agree with Jennings et al. (1996), who reported that 
exposure to lead is cumulative over time and high con-
centration of lead in the body can cause permanent dam-
age to the central nervous system and kidney. The cad-
mium concentration in the groundwater samples of the 
area found higher than the permissible limit. This came 
in consistency with previously reported studies done by 
Jarup et al. (2000) and Chen et al. (2006), who reported 
that chronic cadmium exposure can induce renal tubular 
damage. Serum creatinine, aspartate transaminase, and 
hemoglobin were significantly high in blood samples; this 
gives positive indication with that of cadmium in water 
and urine of group 1 subjects compared to group 2, as 
mentioned in Table 4.

Positive correlation exists between cadmium, manga-
nese, lead, and iron for both water and urine samples in 
the study area. It means there is a source of pollution that 
increases these heavy elements’ concentration in water. 
The presence of Pb, Cd, Mn, and Fe in the study area could 
attribute to the anthropogenic origin. In this paper, the 
drinking water health risk assessment of heavy elements 
in this region is preliminary.

Conclusion

An immediate and sustainable collective action to control 
the pollution level is highly recommended, as this issue 
poses a severe public health threat. The results of this 
study may be limited due to small sample size; however, 
it can be considered as a starting point for a larger study 
later.

Table 2   High levels of heavy metals in water samples

No./district Sample no. Cd Pb Fe Mn

WHO (2017) 0.003 0.01 0.3 0.4
EMH (2007) 0.003 0.01 0.3 0.4
Group 1
A—Aga

4 0.008
B—Mit Ghamr

1 0.35 0.43
2 0.017
4 0.015

Group 2
C—Mansoura

2 0.004 0.016
5 0.005

D—Talkha
3 0.004
5 0.014

Table 3   High levels of heavy metals in urine samples

No./district Sample no Cd pb Fe Mn

Iyengar GV, 1985 
median reference

0.8 11 129 0.6

Group 1
A—Aga

4 0.81
B—Mit Ghamr

1 149 0.67
2 15
4 13

Group 2
C—Mansoura

2 0.85 11.5
5 0.87

D—Talkha
3 0.83
5 11.3

Table 4   Blood sample values 
expressed as mean ± SD

Bil, bilirubin, AST, aspartate transaminase; ALT, alanine transaminase; Hb, hemoglobin; RBC, red blood 
corpuscles; WBC, white blood corpuscles; CBC, complete blood count

Group Parameters

Liver function Kidney function CBC

Bil (mg/dl) AST (IU/l) ALT (IU/l) Creatinine (mg/dl) Hb (gm/dl) RBC WBC

Group 1 1.30 ± 0.29 52.05 ± 7.09 22.12 ± 4.05 1.3 ± 0.18 14.83 ± 0.59 6.7 × 106 9 × 103
Group 2 0.43 ± 0.03 23.89 ± 3.67 20.09 ± 4.01 0.56 ± 0.12 13.55 ± 0.77 5.5 × 106 7 × 103
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