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Abstract
In this study, five heavy metals (Zn, Fe, Pb, Cu, and Cd) con-
centrations were measured in samples of kerosene (locally 
only) that collected from different of warehouses oils in Iraq. 
The measurements have been done using Atomic Absorption 
Spectrophotometer. Non-cancer risks such as the chronic daily 
inhalation intake (CDIinh), a Hazard Quotient (HQ), and Haz-
ard Index (HI) as well as Cancer Risks (CR) due to inhalation 
of heavy metals in the kerosene samples were calculated. The 
results show that, the average values of concentrations in unit 
ppm (mg/kg) belonging to Zn, Fe, Pb, Cu, and Cd in kerosene 
samples were 8.14±1.74, 0.127±0.025, 0.017±0.007, 0.15±0.064, 
and 0.360±0.022, respectively. While, the average value of Haz-
ard Index (HI) due to all heave metals in the present work was 
0.721± 0.16. Also, the average value of Total Cancer Risk (TCR) 
due to Cd and Pb were 1.12E-03±4.4E-04. When comparing the 
results of inhalation health risk, the present work with World-
wide average, we found that the most samples of kerosene 
samples are safe for using.
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Introduction
The origin of air pollution on the earth can be traced 

from the times when man started using firewood as a 
means of cooking and heating. With the discovery 
and increasing use of coal, air pollution became more 
pronounced especially in urban areas [1]. It was recog-
nized as a problem 700 years ago in London in the form 
of smoke pollution, which prompted King Edward I 
to make the first antipollution law to restrict people 
from using coal for domestic heating in the year 1273 
[2]. Heay metals, Air pollution began to increase in the 
beginning of the twentieth century with the develop-
ment of the transportation systems and large-scale use 
of petrol and diesel. Most types of air pollution are a 
mixture of many harmful substances, including small 
particles in the air, sulphur oxides, carbon monoxide, 
nitrogen oxides, volatile organic compounds (VOCs), 
benzene, Kerosene, and polycyclic aromatic hydrocar-
bons (PAHs). The International Agency for Research 
on Cancer (IARC) classifies types of air pollutants based 
on their link with cancer. For example, gasoline engine 
exhaust is classified as a possible carcinogen. Kerosene, 
diesel engine exhaust and outdoor air pollution are 
classified as known carcinogens [3]. Pollution results 
in increased exposure to zinc. The main symptoms of 
acute poisoning are nausea, vomiting, diarrhea, coma 
and fever. Zinc is considered [4]. Exposure to lead in 
large quantities causes Reproductive failure, encepha-
lopathy, neurophysiological defects, anemia, renal inju-
ry, and hypertension blood and poisoning [5]. Copper 
deficiency leads to anemia and low blood cells leuke-
mia, as well as neurological disease, osteoporosis, and 
a disorder of the connective tissues [6]. Cadmium tox-
icity causes other problems such as cancer, cardiovas-
cular disease and hypertension. Cadmium is classified 
as a human carcinogen. There is a clear interest in re-
cent years in the impact of the concentrations of heavy 
metals on the in human and knowing whether the con-
centration of these elements causes the malignant dis-
eases i.e., the increase and decrease in them cause a lot 
of damage such as toxicity [7]. The absence of heavy 
metals in an organism causes death or severe malfunc-
tion since they are needed in very small amounts for 
life to continue. In fact, all the essential heavy metals 
can be harmful to both humans and animals if they ex-
posure to materials that have heavy metals such as air, 
water, and food or do so for a lengthy period of time 



12 | Cardiometry | Issue 25. December 2022

[8]. Heavy metals enter the environment due to human 
activities, especially industrial activities, and its dispos-
al from waste [7]. One of the sources of heavy metal 
pollution is crude oil. Crude oil spills in the oil field can 
contaminate the surrounding soil. Prolonged exposure 
to toxic doses of heavy metals poses a serious risk to hu-
man health. In oil-exporting countries, one of the ma-
jor sources of heavy metal pollution is oil fields and the 
crude oil extraction and refining industries. Data on 
levels of heavy metal contamination are not available 
on petroleum products used in Iraq. This study tends to 
examine the presence and distribution of some of heavy 
metal such as Pb, Cu, Cd, and Cr in local of Kerosene 
samples that available in Iraqi markets with a view to 
comparatively evaluate the concentration levels of these 
metals so as to see if they meet desirable standards or 
otherwise.

Experimental of Methodology 
In the present study, seven samples of kerosene 

types that produced from the governors of Al-Najaf, 
Basra, Al-Diwaniyah, Karbala, Baghdad, Al-Samawa, 
and Babylon was chosen. Table (1) shows the name 
and location of kerosene samples in the present study. 
Thus, five heavy metals such as Pb, Cu, Cd, and Cr 
in kerosene samples were measured using Atomic Ab-
sorption Spectrophotometer technique.

Table (1)
The name and location of kerosene samples in the present 
study.

No.
Name of 
Ware-
house

Name of 
governor-

ate
Sample 
code Data

Type

1 New Najaf Al-Najaf W1 1/7/2022

Locally

2 Al-Shuai-
ba Basra W2 1/7/2022

3 Al-Diwan-
iyah

Al-Diwan-
iyah W3 1/7/2022

4 new Kar-
bala Karbala W4 1/7/2022

5 Dora Baghdad W5 1/7/2022

6 Samawa Al-Sama-
wa W6 1/7/2022

7 Hilla Babylon W7 1/7/2022

5ml of kerosene sample was digested in a covered 
glass beaker containing a 10 ml H2SO4 / HClO4 acid 
mixture (1: 1). The mixture was transferred to a pre-
cleaned 25 ml flask, and the mixture was placed on a 
hot piece (Heater) until the solution was completely 

crushed and removed from the (Heater) and diluted to 
the marker with double distilled water, and stored for 
analysis. The empty solution was treated and prepared 
in the same manner as the samples [9]. Each sample 
and each empty were prepared in three copies, and the 
ratio of the acid mixture to the amount obtained from 
the kerosene of patients.

SHIMADZU model AA-7000 atomic absorption 
spectrophotometer (AAS) was used to determine 
the concentrations of Zinc (Zn), Iron (Fe) Lead (Pb), 
Copper (Cu), and Cadmium (Cd) concentrations. 
The wavelength in nm for Zn, Fe, Pb, Cu, and Cd was 
213.9, 248.3, 283.3, 324.8, and 228.8, respectively. Its 
width is (0.7,0.2,0.7,0.7 and 0.7) nm, respectively, this 
device is located in the Faculty of Pharmacy, as the 
type of flame used is Air-C2 H2.

The concentrations of heavy elements were de-
termined in the laboratories of the faculty of science, 
university of Kufa, using a device atomic absorption 
spectrophotometer, with given the calibration curve of 
each element Zinc (Zn), Iron (Fe) Lead (Pb), Copper 
(Cu), and Cadmium (Cd) concentrations.

Calculation
In this work,  non-cancer risks such as the chron-

ic daily inhalation intake (CDIinh), a Hazard Quotient 
(HQ), and Hazard Index (HI) as well as Cancer Risks 
(CR) of heavy metals in oil products in Iraq via inhala-
tion route were assessed for adult participants.

The values of non-cancer risks (CDIinh, HQ, and 
HI) and cancer risks (CR)  due to inhalation of heavy 
metals were calculated using as following [10-12]:

 
6. 10
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  (1)
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where, Ci is heavy metals concentration, InhR is the 
inhalation rate, EF is exposure frequency, ED is expo-
sure duration, BW is body weight, AT is average time, 
RfDi is the reference dose, and SFi is the slope factor.

Results and Discussion
The results of the concentrations of Zn, Fe, Pb, Cu, 

and Cd in the samples from kerosene were shown in 
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Tables (2). From Table (2), the lowest concentrations 
of Fe were 1.10 ppm (mg/kg) for the sample W1 (from 
New Najaf warehouse in Al-Najaf), while the highest 
was 14.05 ppm for sample W7 (from Hilla warehouse 
in Babylon), with an average value of was 8.14±1.74 
ppm. The range values of Cu concentrations were 
0.061ppm in sample W3 (from Al-Shuaiba warehouse 
in Basra) to 0.226 ppm in sample W6 (from Samawa 
warehouse in Al-Samawa), with an average value of 
0.127±0.025 ppm. While, the range values of Cd con-
centrations were ND in sample W4 (from new Karba-
la warehouse in Karbala) to 0.059 ppm in sample W5 
(from Dora warehouse in Baghdad), with an average 
value of 0.017±0.007 ppm. But, the lowest concentra-
tions of Pb were ND ppm for the sample W2 (from 
Al-Shuaiba warehouse in Basra), while the highest was 
0.506 ppm for sample W4 (from new Karbala ware-
house in Karbala), with an average 0.15±0.064 ppm. 
Finally, the values of Zn concentrations were ranged 
from 0.284 ppm in sample W2 (from Al-Shuaiba 

warehouse in Basra) to 0.451 ppm in sample W4 (from 
new Karbala warehouse in Karbala), with an average 
value of 0.360±0.022 ppm.

The results of the values of the chronic daily inha-
lation intake (CDIinh) due to five heavy metals in the 
present study (Fe, Cu, Cd, Pb, and Zn) for the samples 
from kerosene were shown in Tables (3). The average 
values of CDIinh for Fe, Cu, Cd, Pb, and Zn (Table 3) were 
8.35E-02±1.7E-02 mg/kg.d, 1.31E-03±2.6E-04 mg/
kg.d, 1.74E-04±7.5E-05 mg/kg.d, 1.54E-03±6.6E-04 
mg/kg.d, and 3.70E-03±2.3E-04 mg/kg.d, respectively.

The results of the values of the Hazard Quotient 
(HQ) and Hazard Index (HI) due to five heavy met-
als in the present study (Fe, Cu, Cd, Pb, and Zn) for 
the samples from kerosene were shown in Tables (4). 
the average values of HQ for Fe, Cu, Cd, Pb, and Zn 
(Table 4) were 0.119±0.02, 0.031±0.006, 0.173±0.07, 
0.385±0.165, and 0.0123 ±0.0006, respectively. The 
Hazard Index (HI) obtained by using the Equation 
(3), the highest value of HI in kerosene samples (Ta-

Table (2)
Results of concentrations of heavy metals in kerosene samples

No. Sample code
Concentrations (ppm)

Fe Cu Cd Pb Zn
1 W1 1.10 0.064 0.022 0.038 0.318
2 W2 2.39 0.073 0.023 ND 0.284
3 W3 6.08 0.061 0.004 0.025 0.448
4 W4 11.22 0.225 ND 0.506 0.451
5 W5 10.25 0.140 0.059 0.038 0.354
6 W6 11.92 0.226 0.001 0.177 0.330
7 W7 14.05 0.105 0.011 0.266 0.340

Minimum 1.10 0.061 ND ND 0.284
Maximum 14.05 0.226 0.059 0.506 0.451
Aveage±Error 8.14±1.74 0.127±0.025 0.017±0.007 0.15±0.064 0.360±0.022

Table (3)
Results of CDIinh from heavy metals in kerosene samples

No. Sample code
CDIinh (mg/kg-day),

Fe Cu Cd Pb Zn
1 W1 1.13E-02 6.60E-04 2.21E-04 3.90E-04 3.26E-03
2 W2 2.45E-02 7.47E-04 2.36E-04 0.00E+00 2.91E-03
3 W3 6.25E-02 6.25E-04 3.70E-05 2.60E-04 4.60E-03
4 W4 1.15E-01 2.31E-03 0.00E+00 5.20E-03 4.63E-03
5 W5 1.05E-01 1.44E-03 6.04E-04 3.90E-04 3.64E-03
6 W6 1.22E-01 2.33E-03 7.19E-06 1.82E-03 3.39E-03
7 W7 1.44E-01 1.08E-03 1.11E-04 2.73E-03 3.49E-03

Aveage±Error 8.35E-02
±1.7E-02

1.31E-03±
2.6E-04

1.74E-04
±7.5E-05

1.54E-03±
6.6E-04

3.70E-03±
2.3E-04
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ble 4) were 0.22 in sample W3 (from Al-Shuaiba ware-
house in Basra) to 1.53 in sample W4 (from new Kar-
bala warehouse in Karbala), with an average value of 
0.721± 0.16. 

The results values of the Cancer Risk (CR) and To-
tal Cancer Risk (TCR) due to Cd and Pb concentra-
tions for samples of kerosene were shown in Table (5). 
The average values of CR due to Cd and Pb for kero-
sene samples 1.06E-03±4.5E-04 and 6.47E-5±2.7E-5, 
respectively. While, the range with average values of 
TCR for kerosene samples were 1.20E-04-3.70E-03 
with 1.12E-03±4.4E-04.

The results of heavy metals in Table (2) for kero-
sene samples show that the values of Fe concentra-
tions in all the studied samples (Figure 1) were higher 
than the recommended value of 0.3 ppm [13]. The 
concentrations of Cu for gasoline samples (Figure 2) 
were lower than standard limits by USEPA 2002 (0.1 
ppm) [13] , except, samples W1, W2, and W3. While, 
Cd concentrations in all samples (Figure 3) were low-
er than standard limits by USEPA 2002 (5 ppm) [13]. 
The concentrations of Pb for kerosene samples (Fig-
ure 4) were less than standard limits by USEPA 2002 

(0.075 ppm) [13] , except, sample W4, W5, and W6. 
But, Zn concentrations in all samples (Figure 5) were 
less than standard limits by USEPA 2002 (5 ppm) [13]. 

The box plot of concentration spread out for Fe, 
Cu, Cd, Pb, and Zn in kerosene samples is given in 
Figure (6). From Figure (6), the values of median for 
Fe, Cu, Cd, Pb, and Zn concentrations (ppm or mg/kg) 
in kerosene samples were 10.25, 0.105, 0.011, 0.038, 
and 0.340, respectively. While, the values of mean for 
Fe, Cu, Cd, Pb, and Zn concentrations (ppm or mg/
kg) in kerosene samples were 8.14, 0.127, 0.017, 0.15, 
and 0.360, respectively. Therefore, the median of the 
Fe was closer to the top bottom of the box, while, other 
heavy metals (Cu, Cd, Pb and Zn) were closer to the 
bottom of the box. This meant that the distribution of 
the data set was skewed.

The relation between the average values of Fe, Cu, 
Cd, Zn, and Pb concentrations in kerosene samples is 
given in Figure (7). The average values of heavy metals 
for kerosene samples were in order as: Fe > Zn > Pb > 
Cu >Cd (Figure 7). 

Table (4)
Results of the hazard quotient and hazard index from heavy metals in kerosene samples

No. Sample code
Hazard Quotient (HQ) Hazard Index 

(HI)Fe Cu Cd Pb Zn
1 W1 0.016 0.016 0.221 0.098 0.011 0.36
2 W2 0.035 0.018 0.236 0.000 0.010 0.30
3 W3 0.089 0.015 0.037 0.065 0.015 0.22
4 W4 0.165 0.055 0.000 1.300 0.015 1.53
5 W5 0.150 0.034 0.604 0.098 0.012 0.90
6 W6 0.175 0.055 0.007 0.455 0.011 0.70
7 W7 0.206 0.026 0.111 0.682 0.012 1.04

Aveage±Error 0.119±0.02 0.031±0.006 0.173±0.07 0.385±0.165 0.0123 ±0.0006 0.721± 0.16

Table (5)
Results of the cancer risk and total cancer risk from heavy metals in kerosene samples

No. Sample code
Cancer Risk (CR) Total Cancer Risk (TCR)

Cd Pb
8 W1 1.35E-03 1.64E-05 1.36E-03
9 W2 1.44E-03 0.00E+00 1.44E-03
10 W3 2.26E-04 1.09E-05 2.37E-04
11 W4 0.00E+00 2.18E-04 2.18E-04
12 W5 3.69E-03 1.64E-05 3.70E-03
13 W6 4.39E-05 7.64E-05 1.20E-04
14 W7 6.77E-04 1.15E-04 7.92E-04

Aveage±Error 1.06E-03±4.5E-04 6.47E-5±2.7E-5 1.12E-03±4.4E-04
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Figure (1). Comparison of the concentrations of Fe in kerosene samples with standard limits by USEPA 2002.

Figure (2). Comparison of the concentrations of Cu in kerosene samples with standard limits by USEPA 2002.

Figure (3). Comparison of the concentrations of Cd in kerosene samples with standard limits by USEPA 2002.
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Figure (4). Comparison of the concentrations of Pb in kerosene samples with standard limits by USEPA 2002.

Figure (5). Comparison of the concentrations of Zn in kerosene samples with standard limits by USEPA 2002.

Figure (6). The box plot of Fe, Cu, Cd, Zn, and Pb concentrations in kerosene samples
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Generally, the human health risk due to Fe, Cu, Cd, 
Pb, and Zn contamination in the samples of the pres-
ent study depends on the Average Daily Dose by Inha-
lation (CDIinh), Hazard Quotient (HQ), Hazard Index 
(HI), and Cancer Risk (CR), and Total Cancer Risk 
(TCR). Therefore, the results of human health risk for 
non-cancer risk and for cancer risk were shown in Ta-
bles (3) and (4).

The results of CDIinh (mg/kg-day) for Fe, Cu, Cd, 
Pb, and Zn in all samples under study were found 
below the U.S. EPA permissible limit 0.7, 0.04, 0.001, 
0.004, and 0.3 mg/kg. d-1, respectively [48]. While, the 
results of HQ revealed in all oil products was found 
below the U.S. EPA permissible limit (1) [14]. But, 
the results of HI in each sample were less than EPA 
permissible limit (1) [14-16] , except two samples in 
kerosene group (W4 and W7). So, chronic exposure 
for non-cancer risk in these samples (W4, and W7) 
was high concentration of five heavy metals poses 
health risk due to these metals. The present results 
show that the Cancer Risk (CR) as well as Total Can-
cer Risk (TCR) due to Cd and Pb in most samples in 
the present study were higher than the recommended 
value of the range 10-6-10-4 according to U.S. EPA [13]. 
Therefore, it can cause some kinds of risk of cancer 
incidence for the long term, and for adults.

Conclusions
From the results of research and compare them 

with the higher limit of heavy metals such as Iron (Fe), 
Copper (Cu), Cadmium (Cd), Lead (Pb), and Zinc 
(Zn) from kerosene samples. The Fe concentrations 
in all samples of the present study were higher than 

the allowed limit (0.3 ppm). The Cu and Pb concentra-
tions in most samples of the present study were higher 
than the allowed limit (0.1 and 0.075 ppm). The Cd 
and Zn concentrations in all samples of the present 
study were higher than the allowed limit (5 ppm). The 
chronic daily inhalation intake (CDIinh) in all samples 
were within the allowed limit according to EPA. The 
values of Hazard Quotient (HQ) as well as Hazard In-
dex (HI) in most samples of kerosene indices account 
were less than the recommended value for the heavy 
metals hazard indices given by worldwide average. 
The values of Cancer Risk (CR) as well as Total Can-
cer Risk (TCR) in all samples of the present study were 
higher than the range of the allowed limit according 
to EPA.
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