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Abstract

This study examines the role of toxic metals—Ilead (Pb), nickel (Ni), chromium (Cr), cobalt (Co), and cadmium (Cd)—
as potential contributors to respiratory dysfunction in asthma patients of Basra city in Iraq. Additionally, the
physiological roles of zinc (Zn), magnesium (Mg), iron (Fe), copper (Cu), and selenium (Se) are explored in the
context of asthma and overall respiratory health. Study sample comprises of fifty asthmatic patients (30 females and
20 males), aged 20—60 years. They were matched with twenty healthy individuals as control ranging in age from 20
to 60 years (10 females and 10 males). Concentrations of heavy metals and essential elements were analyzed using
the inductively coupled plasma (ICP) technique. The analysis revealed that the concentrations of lead (Pb), nickel
(Ni), cobalt (Co), cadmium (Cd) and chromium (Cr), in the blood samples of patients with asthma were significantly
higher (p < 0.01) than in the control group. The concentrations of all measured metals showed a relative correlation
with one another and with the severity of asthma. Levels of the essential elements, zinc, magnesium and selenium
showed a significant reduction (P< 0.01) in asthma patients, while copper iron and showed a significant elevation.
These findings may reflect a potential role of nutrient imbalances in the pathophysiology or severity of asthma. As a
conclusion, regular monitoring and managing metal exposure and public health assessment are crucial to mitigate
environmental risk factors for asthmatic populations in Basra city.
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Introduction

Asthma is a chronic heterogeneous disease of the lower airways. It represents common disorder
affecting both children and adult across the world. Millions of people suffer from asthma annually
causing a heavy healthy and economic burden globally (Bousquet and Khaltaev 2007).
Environmental exposures, including pollutants and metals, are increasingly recognized as
significant factors that modulate asthma severity. Impact mechanisms of heavy metals can be
summarized in three categories (Sveum et al., 2012):

1. Oxidative stress: Heavy metals generate free radicals, exacerbating inflammation in

airways.
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2. Immune modulation: Metals may alter cytokine production and immune cell activity,
increasing allergic response.
3. Epigenetic changes: Long-term exposure may modify gene expression relevant to asthma.

Basra has undergone significant environmental transformations, particularly concerning heavy
metal contamination as a result of human activities including oil extraction, processing, and
transportation (Al-Rubaye & Al-Yassen, 2023; Albadr & Albadr, 2024). Heavy metals are known
environmental pollutants with potential to aggravate respiratory conditions. Exposure to these
metals has been increased by industrial and anthropogenic activities and modern industrialization.
Emerging evidence suggests a link between heavy metal exposure and asthma severity, particularly
in urban and industrial settings. The heavy metals enter the body from different ways including
drinking water, air, food, or occasionally dermal exposure. Following absorption, heavy metals are
retained, and they accumulate in the human body. Chen et al. (2019) stated that bioaccumulation
of toxic metals leads to a diversity of toxic effects on a variety of body tissues and organs. The
prevalence of asthma has been increasing in recent years. This increase is closely related with
inhaling airborne metallic particulates or ingesting metals through food and drinking water as
pointed out by Landrigan et al. (1998) and Esra et al. (2019).

Major trace elements such as zinc and copper are part of the structure of antioxidant enzymes like
super oxide dismutase. These enzymes act as antioxidant defense and are able to regulate the host
immune system, and alter viral genome. As stated by Bhaskar et al. (2019), changes in Zinc and
copper level decrease the efficiency of this antioxidant system and this leads to hyper-reactivity
and inflammation in the respiratory tract. Poor antioxidants diets may leave the person vulnerable
to reactive oxygen species. Major trace elements have immunomodulator effects and thus have an
important effect on the course of respiratory tract infections (Riedl and Nel, 2008; Esra et al.,
2019). Essential trace metals such as copper and zinc act as co-factor for a number of enzymes and
if they are in natural level they prevent effects of antioxidant materials and inflammation (Bilan et
al., 2014). According to Shazia et al. (2012) and Bhaskar et al. (2019), deficiency of trace elements
may be associated with production of free radicals with subsequent tissue damage and infectious
diseases are often concomitantly.

It has been hypothesized recently that essential elements may play important roles in asthma
genesis since they take part in oxidative stress reactions as cofactors of antioxidant enzymes
(Malapati et al., 2020). Asthma may create disturbances in the homeostasis of trace minerals.
Disturbances in plasma trace minerals’ homeostasis can influence the states of oxidative stress,
inflammation and immune responses. Abnormalities in the homeostasis of one mineral affect the
distribution patterns of other minerals, which is one possible reason for conflicting results. In
addition, possible correlations between these minerals with oxidative stress, inflammation,
immune system response and lung function in asthmatic patients (Mahdi et al., 2021).
Understanding the differential effects of harmful metals and essential trace elements is critical for
improving asthma management and prevention strategies (Luo et al., 2020).
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The present study aims to assess the levels of some heavy metals and trace elements concentrations
in sera of patients with allergic asthma attending Center for Allergy and Asthma in Basra, Iraq. It
aims to investigate the relationship between metal exposure and asthma severity in a cohort of
people residing in southern Iraq, specifically in Basra, which experiences elevated levels of trace
metals. Understanding the health impacts of trace metals on asthmatic children is crucial for
comprehending the health consequences of persistent military conflicts in low and middle-income
countries, as well as for formulating more effective health protection and mitigation strategies for
these communities. It aims also to compare metal concentrations between asthmatic and non-
asthmatic control groups to investigate correlations between heavy metal exposure and asthma
severity. The second goal was to show whether these associations would be used in the follow-up
and treatment of asthma. It is important to identify the additional risk factors of asthma because of
the developing more effective treatment strategies can be effective in asthma control.

Materials and Methods
Study Sample

Study sample comprises of fifty asthmatic patients (30 females and 20 males), aged 20-60 years.
They were randomly selected from the Consultation Center for Allergy and Asthma in Basra
Governorate during the year 2024. They were registered at the center as asthmatic patients. They
were matched with twenty healthy individuals as control ranging in age from 20 to 60 years (10
females and 10 males).

Analytical Procedure

Blood samples were taken from all study subjects (patients and control) and collected into 5.5-mL
acid-washed tubes using a 21-gauge needle in an effort to minimize hemolysis. Tubes were
centrifuged at 3400 g for 10 minutes within 3 hours of collection. Serum was then removed, placed
into 1.5 mL acid-washed tubes, and frozen at —20 °C until analysis. Frozen samples were thawed
at room temperature, and a 100 pL aliquot of each sample was treated with 1.5 ml of a mixed acid
solution overnight at room temperature. Samples were then diluted to a final volume of 10 mL
with deionized water, filtered through a 0.45 mm cellulose acetate filter, and analyzed by
inductively coupled plasma (ICP) to determine the concentrations of heavy metals and essential
elements as recommended by Stojsavljevi¢ et al. (2018). As for data analysis, statistical
comparisons and correlations were carried out.

Results
Serum Heavy metals Levels
Asthma Patients Group

Data of Table (1) showed details of the serum concentrations of some heavy metals of Asthma
patients from Basra city. Wide variations in the lead levels were seen as it varied between 5.3
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png/dL to 14.7 pg/dL. Narrow variations, however, was seen in nickel concentrations which ranged
from 0.61 pg/dL to 1.98 ug/dL and cobalt which varied between 1.01 pg/dL 2.94 pg/dL The
highest value of cadmium of Asthma patients was 2.97 ng/dL and the lowest 1.03 pg/dL. As foe
chromium, values of serum concentrations ranged between 1.51 ug/dL — 3.98 ng/dL.

Table 1: Blood Levels of Heavy Metals in Asthmatic Patients (n=50)

Patient ID Lead (Pb) | Nickel (Ni) | Cobalt (Co) Cadmium Chromium (Cr)
pg/dL pg/L pg/L (Cd) ng/LL pg/L
P1 8.75 1.96 1.06 2.82 3.11
P2 14.51 1.69 2.27 1.48 1.71
P3 12.32 1.92 1.63 1.29 1.9
P4 10.99 1.85 2.02 1.98 3.75
P5 6.56 1.44 2.82 2.97 3.02
P6 6.56 1.89 1.5 1.48 1.52
P7 5.58 0.72 1.82 2.34 1.75
P8 13.66 0.87 2.51 2.52 3.16
P9 11.01 0.66 1.46 1.48 1.51
P10 12.08 1.06 1.15 2.46 1.9
P11 5.21 1.14 1.58 1.74 2.87
P12 14.7 0.98 1.32 2.26 3.23
P13 13.32 1.76 2.86 2.27 3.13
P14 7.12 1.1 2.62 2.07 2.06
P15 6.82 0.99 2.27 1.18 3.28
P16 6.83 1.36 2.74 2.67 2.09
P17 8.04 0.8 2.61 1.64 2.31
P18 10.25 1.72 1.37 1.37 3.37
P19 9.32 0.7 2.79 1.08 3.12
P20 7.91 1.98 2.08 2.18 3.62
P21 11.12 1.68 2.61 2.36 3.14
P22 6.39 0.88 2.79 1.03 2.92
P23 7.92 0.61 1.64 2.02 1.73
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The P24 8.66 1.74 1.22 1.45 242
P25 9.56 1.59 1.46 2.29 2.16
P26 12.85 1.62 1.85 1.35 2.11
P27 7 1.68 2.64 2.38 3.93
P28 10.14 0.7 2.72 1.77 2.48
P29 10.92 1.1 1.01 2.87 3.73
P30 5.46 0.76 2.02 1.28 3.08
P31 11.08 1.81 1.83 1.68 3.49
P32 6.71 1.47 1.44 1.23 2.76
P33 5.65 1.06 1.24 2.85 2.94
P34 14.49 0.69 1.68 2.75 2.73
P35 14.66 1.04 2.89 1.52 1.99
P36 13.08 1.06 1.65 2.32 3.31
P37 8.05 1.62 2.04 2.63 2.2
P38 5.98 1.49 241 2.11 1.56
P39 11.84 1.84 1.73 2.06 3.11
P40 9.4 1.26 2.94 1.48 1.94
P41 6.22 0.77 2.92 1.19 3.85
P42 9.95 1.6 1.5 2.79 3.88
P43 5.34 1.67 1.99 2.8 3.79
P44 14.09 1.39 1.6 2.27 243
P45 7.59 1.68 1.57 1.68 1.54
P46 11.63 1.29 1.07 1.7 3.82
P47 8.12 1.33 2.22 245 2.57
P48 10.2 1.2 2.01 2.79 3.92
P49 10.47 0.64 1.1 2.77 391
P50 6.85 0.75 1.56 2.56 3.63

detailed variations of the serum concentrations of each heavy metal in Asthma patients are shown
in figures 1,2,3,4 and 5 for Pb, Ni, Co, Cd and Cr respectively. For Pb concentrations > 10 pg/dL
occurred in half of the patients (25 patients). For Ni about 34 patients have a concentration > 1.0
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pg/dL. Cobalt showed values > 2 nug/dL in 24 patients; others (26 patients) have lower values than
2 pg/dL. The same can be said for Cd in which 28 patients recorded > 2 pg/dL. Chromium
concentrations showed 39 patients of more than 2.0 pg/dL and 11 patients of less than 2.0 pg/dL.

Distribution of Lead (Pb) [ng/dL] Levels in Asthma Patients
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Figure (1): Distribution of Lead (Pb) [ug/dL] Levels in Asthma Patients

Distribution of Nickel (Ni) [pg/L] Levels in Asthma Patients
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Figure (2): Distribution of Nickel (N1) [ng/L] Levels in Asthma Patients
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Distribution of Cobalt (Co) [ng/L] Levels in Asthma Patients
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Figure (3): Distribution of Cobalt (Co) [ng/L] Levels in Asthma Patients

Distribution of Cadmium (Cd) [ng/L] Levels in Asthma Patients
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Figure (4): Distribution of Cadmium (Cd) [pg/L] Levels in Asthma Patients

Distribution of Chromium (Cr) [png/L] Levels in Asthma Patients
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Figure (5): Distribution of Chromium (Cr) [pg/L] Levels in Asthma Patients
Control Group

Detailed serum concentrations of the same heavy metals for the control group are shown in Table
2. It is obvious that all levels in the control group are lower than those recorded for Asthma
patients. Lead ranged between 0.70 — 4.6 pg/dL, Nickel between 0.05 — 0.45 pg/dL, Cobalt
between 0.03 — 0.98 pg/dL, Cadmium between 0.15 — 0.95.
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Table 2: Blood levels of heavy metals in healthy individuals (control group, n=20)

Control ID Lead (Pb) Nickel Cobalt Cadmium Chromium
pg/dL (Ni) pg/LL | (Co) pg/LL | (Cd) pg/L (Cr) pg/LL
C1 1.472 0.405 0.031 0.439 0.534
C2 1.925 0.405 0.037 0.078 1.137
C3 4.256 0.434 0.823 0.025 0.022
C4 1.585 0.457 0.36 0.963 0.174
C5 0.847 0.256 0.127 0.836 0.069
C6 2.784 0.251 0.522 0.696 0.061
C7 4.681 0.399 0.77 0.409 1.283
C8 3.48 0.325 0.216 0.173 1.055
C9 2.85 0.351 0.623 0.156 0.711
C10 0.486 0.398 0.085 0.25 0.147
Cl1 3.075 0.445 0.052 0.549 0.737
Cl12 4.95 0.169 0.531 0.715 0.71
CI13 0.7 0.188 0.541 0.66 0.26
Cl4 2.592 0.047 0.637 0.28 0.651
CI15 4.387 0.289 0.726 0.955 0.598
Cl16 3.704 0.018 0.976 0.738 0.924
C17 3.485 0.233 0.516 0.554 0.953
C18 3.512 0.271 0.323 0.612 0.068
C19 1.797 0.143 0.795 0.42 0.562
C20 1.468 0.295 0.271 0.248 0.939

Comparisons of Patients and Healthy Groups

Comparison of five heavy metals levels in the sera of fifty asthmatic patients and twenty healthy
control group along with the statistical t-test analysis of differences are shown in Table 3.
Statistically significant differences (P < 0.01) were observed in all heavy metals between asthmatic
patients and the healthy individuals.

Table 3: Comparison and statistical analysis of heavy metals of asthmatic patients and controls

This analysis revealed that the concentrations of lead (Pb), nickel (Ni), cobalt (Co), cadmium (Cd)
and chromium (Cr), in the blood samples of patients with asthma were significantly higher (p <
0.01) than in the control group. Among these, chromium exhibited the most substantial difference,
being approximately 381 % higher in the asthma patients respectively, followed by nickel, cobalt
and cadmium which revealed 348 % and 335 % and 314 % higher values. While the concentrations
of lead also significantly greater (p < 0.01) in the asthma group, but was lower than those of other
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Metal (ng/dL) Mean + S.E Mean = S.E Asthma P-
Controls Patients Change Value
Lead (Pb) 2.70 +£0.98 9.46 +3.45 250 % <0.01
Nickel (Ni) 0.29 +0.03 1.30+0.76 348 % <0.01
Cobalt (Co) 0.45+0.07 1.96 £ 0.53 335 % <0.01
Cadmium (Cd) 0.49+0.03 2.03+£0.65 314 % <0.01
Chromium (Cr) 0.58+0.08 2.79+0.28 381 % <0.01

metals (250 %). Furthermore, the concentrations of all measured metals showed a relative

correlation with one another and with the severity of asthma.

Essential Elements

Asthma Patients Group

Data concerning blood concentrations of five essential elements in the healthy control group are
shown in Table (4). Magnesium was the major element ranging from 1.54 to 1.99 mg/dL followed
by Iron (61-169 pg/dL) and Copper (101-149 ng/dL). Zinc and Selenium being the lowest levels

ranging between 60.8 -89.7 pg/dL and 42 — 96 ng/dL respectively.

Table 4: Blood Concentrations of essential elements in asthmatic patients (n = 50)

Patient ID Zinc (Zn) Magnesium (Mg) Iron (Fe) Copper (Cu) Selenium (Se)

pg/dL mg/dL pg/dL pug/dL pug/L
P1 75.09 1.55 145.49 134.91 71.21
P2 85.69 1.95 121.42 126.8 91.13
P3 79.76 1.75 106.66 115.48 73.11
P4 64.89 1.91 159.7 140.69 73.66
P5 62.12 1.66 72.23 134.24 92.6
P6 79.27 1.95 114.19 108.13 64.21
P7 60.8 1.69 61.25 145.55 48.04
P8 77.57 1.51 111.55 141.13 41.73
P9 88.21 1.95 66.19 147.49 85.31
P10 77.26 1.55 73.07 136.29 77.22
P11 71.65 1.66 72.93 130.67 82.24
P12 79.3 1.98 131.41 120.91 52.78
P13 73.75 1.98 142.06 146.64 48.18
P14 76.37 1.79 124.17 143.3 40.87
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P15 88.24 1.82 165.84 102.26 61.04
P16 71.58 1.72 101.24 101.32 75.4
P17 88.84 1.65 91.43 118.82 63.53
P18 87.16 1.66 155.55 140.53 66.25
P19 65.87 1.84 84.6 149.36 94.25
P20 62.08 1.88 165.95 107.52 60.9
P21 63.02 1.9 61.34 129.71 70.84
P22 60.55 1.89 166.69 119.04 87.02
P23 62.83 1.55 64.75 148.5 63.79
P24 80.49 1.75 158.03 142.11 77.33
P25 62.14 1.53 118.05 141.92 91.74
P26 69.57 1.77 169.23 123.43 96.97
P27 85.35 1.72 68.12 120.74 48.82
P28 60.7 1.94 120.92 113.67 95.6
P29 84.43 1.68 166.62 102.82 69.53
P30 68.46 1.56 117.54 143.24 55.49
P31 63.54 1.57 129.23 140.65 67.55
P32 80.9 1.88 136.53 149.99 98.8
P33 78.87 1.81 110 149.83 69.56
P34 86.32 1.55 129.03 127.77 59.73
P35 82.05 1.54 124.27 138.45 78

P36 84.1 1.85 159.13 147.24 54.41
P37 68.46 1.54 65 142.48 44.55
P38 65.32 1.91 90.91 112.37 47.73
P39 82.52 1.85 164.55 122.53 47.68
P40 84.21 1.54 157.93 106.46 49.11
P41 89.72 1.54 110.12 147.7 48.33
P42 72.38 1.99 128.21 130.31 78.45
P43 71.16 1.69 90.51 111.43 50.91
P44 83.29 1.69 80.69 133.59 60.74
P45 70.22 1.91 111.01 130.91 93.81
P46 87.92 1.97 98.87 117.91 68.44
P47 85.75 1.99 124.2 105.68 80.05
P48 72.87 1.88 68.55 133.58 50.34
P49 82.53 1.69 167.18 126.02 51.54
P50 82.64 1.54 168.48 138.62 42.45

The detailed variations of the serum concentrations of each essential elements in asthma patients
are shown in figures 6,7,8,9 and 10 for Zn, Mg, Fe, CU and Se respectively. For Zn concentrations
> 70 ng/dL occurred in nearly half of the patients (27 patients). For Mg about 26 patients have a
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concentration > 1.75 mg/dL. Iron showed values > 100 pg/dL in 33 patients; others (17 patients)
have lower values than 100 pg/dL. As for Cu in which 18 patients recorded < 125 pg/dL, while
the majority 32 patients with concentrations more than 125 pg/dL. Concentrations of Selenium

lower than 70 pg/dL were shown in 29 patients compared with 21 individuals with serum
concentrations higher than 70 pg/dL.

Distribution of Zinc (Zn) [ug/dL] Levels in Asthma Patients
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Figure (6): Distribution of Zinc (Zn) [pg/dL] Levels in Asthma Patients

Distribution of Magnesium (Mg) [mg/dL] Levels in Asthma Patients
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Figure (7): Distribution of Magnesium (Mg) [mg/dL] Levels in Asthma Patients
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Distribution of Iron (Fe) [png/dL] Levels in Asthma Patients

Number of Patients

100

120
Iron (Fe) [pg/dL]

Figure (8): Distribution of Iron (Fe) [ng/dL] Levels in Asthma Patients

Distribution of Copper (Cu) [png/dL] Levels in Asthma Patients
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Figure (9): Distribution of Copper (Cu) [ng/dL] Levels in Asthma Patients

Distribution of Selenium (Se) [lug/L] Levels in Asthma Patients
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Figure (10): Distribution of Selenium (Se) [ng/L] Levels in Asthma Patients
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Healthy Control Group

Detailed concentrations of some essential metals in the serum of healthy control individuals are
shown in Table (5). Magnesium was the major constituents among other essential metals
(nutrients) as it ranged between 1.72 — 2.15 mg/dL. It followed by Iron which ranged between 62
-158 pg/dL and Copper which ranged between 75 — 139 pug/dL. The other two metals, Zinc and
Selenium revealed similar concentration in the healthy individuals being 90 and 86 pg/dL
respectively.

Table 5: Blood concentrations of essential nutrients in healthy control group (n = 20)

Comparisons between Patients and Control Group

Table (6) presents the results of independent samples T-tests conducted to compare the blood
concentrations of five essential nutrients (Zinc, Magnesium, Iron, Copper, and Selenium) between
asthmatic patients (n = 50) and healthy controls (n = 20). Statistically significant differences (P <
0.01) were observed in the levels of Zinc, Magnesium, Copper, and Selenium, indicating that these
nutrients were either significantly lower or higher in asthmatic patients compared to healthy
individuals. No significant difference was found in Iron levels (P = 0.2492), suggesting that its
concentration may remain within the normal range or vary between individuals.

Three elements, namely Zn, Mg and Se showed higher values in the control than in patients.
Percentage changes varied between -16 % and 10% for Zn and Mg respectively and -22% for Se.
On contrary, Cu and Fe showed higher values in the patients than in control. Percentage changes
varied between -8.5% for Fe and 29% for Cu respectively It can be noted that Asthma patients
have suffered from a significant reduction (P<0.01) in the levels of zinc, magnesium and selenium,
and a significant elevation of copper levels (P<0.01). However, iron showed slight insignificant
elevation (P>0.05). These findings may reflect a potential role of nutrient imbalances in the
pathophysiology or severity of asthma.

Table 6: Statistical analysis and comparison of essential elements levels between asthmatic
patients and healthy people

Mean Asthma Change in
Essential Elements Controls Patients Asthma P-Value
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Zinc (Zn) pg/dlL Zine (Zh)gq Magmesium (Mgyq +Inop (Fe) |-16@dppe < §elenium
NSO Bty L 105+ o BR/AL 55l gugldL | [ {Gubpe/iL | f36) pefl
Ion (F&lug/dl, — 78.45 108 57+ 7.8P1 11785+ 6721 | [+8.9%93| 244¥.02
Coppetd@u) pug/dL 83.93| 100.56 +4.4283 129.82+ 195243 | [t29-3%06 < 0.05.47
Seleniyms (Se) pg/L78.85| 84.82+6.6597 67.26+ 38306 | [22-372.4| <0.0p25
C4 74 .44 1.99 96.02 86.61 100.12
C5 76.03 2.07 73.17 77.12 115.76
C6 93.04 1.92 157.96 80.7 93.41
C7 80.32 1.98 125.3 87.22 943
C8 88.21 2.15 134.7 81.25 76.8
C9 95.17 1.72 146.81 83.06 106.17
C10 104.52 1.85 114.83 89.96 71.22
Cl11 71.97 2.13 69.56 82.14 79.42
Cl12 109.97 2.24 119.08 132.77 85.53
C13 101.4 2.01 124.55 75.62 90.46
Cl4 74.09 2.02 142 106.72 74.54
C15 113.68 1.76 107.48 98.73 66.89
C16 116.04 1.97 74.03 138.77 96.64
C17 73.05 2.02 91.22 77.84 77.32
C18 83.84 1.85 99.94 97.85 94.87
C19 110.31 1.86 131.05 137.86 69.26
C20 107.41 1.93 122.79 130.59 88.87
Discussion

Correlation of Heavy Metals to Asthma in Basra

Data of this research has highlighted substantial correlation between asthma severity and
chromium, cadmium, nickel, cobalt and lead, all of which were identified as significant air
pollutants influencing the severity of the disease in Basra city (Al-Fartusie et al., 2021 and Ariaee
et al., 2016). The presence of trace metals in populations within large cities globally presents a
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significant public health issue, particularly in Basra city, southern Iraq, which experiences
extensive contamination due to oil refineries, external conflicts, and wars.

The findings of the present study showed that serum lead concentration was significantly higher
in Asthma patients in Basra. Lead is known to be is a harmful environmental pollutant which has
high toxic effects to many body organs (Mahdi et al., 2021). Lead has also shown to renal and
respiratory harmful effects. Pb-induced renal toxicity might lead to necrosis as stated by Kianoush
et al. (2012). As for the effects of toxic metals on asthma, studies have shown that elevated blood
lead levels correlate with reduced pulmonary function and increased asthma prevalence,
particularly in children (Lanphear et al., 2005). Nickel in our study also showed elevated serum
concentration in our Asthma sample. The result is contradictory to that of Al-Fartusie et al. (2021)
who showed significantly lower levels of nickel in asthma patients with a reduction of 81%. Nickel
exposure, especially in occupational settings such as Basra, is associated with induced asthma via
immune-mediated mechanisms (Kim et al., 2005; Barcelos et al., 2020).

Chromium, also revealed higher concentration in the serum of Asthma patients in Basra. In the
study of Al-Fartusie et al. (2021) and Ariaee et al. (2016), no significant differences were found in
chromium levels between patients and healthy groups. The chromium primary route of exposure
for human populations occurs via ingestion of chromium containing food and water (Nickens et
al.,2010). According to Salama et al. (2016) and Fang et al. (2014) the intranasal potassium
dichromate has resulted in the elevation of oxidative stress biomarkers and may cause lung injury.
The study of Costa and Klein (2006) had shown that chromium is a potent respiratory irritant. Its
inhalation exposure can lead to airway inflammation, bronchospasm, and even irreversible damage
to lung tissue (Wang et al., 2011). Cobalt is commonly found in industrial environments such as
Basra. It can cause hypersensitivity pneumonitis and occupational asthma through immune
sensitization (Nemery, (1990; Skoczynska, et al., 1994). Cadmium exposure in Basra also caused
an elevation of its concentration in Asthma patients due to inhalation of industrial fumes of
refineries. Mendez-Arriaga, et al. (2020) have reported serious impact on lung function and
inflammation due to exposure to cadmium. It is linked to emphysema and impaired lung function
and in asthmatic individuals, it may exacerbate oxidative stress as seen by Jarup et al. (1998).

Essential Trace Elements in Asthma patients of Basra

Results of the present study showed clearly that there was a significant decrease in blood
concentration of zinc, magnesium and selenium in asthmatic patients in Basra. On contrary iron
and cobalt levels increased in the patients. The present findings are in agreement with previous
reports by Al-Fartusie and Mohssan (2017) and Ali et al. (2021). Zinc is vital for immune function
and has antioxidant properties (Bilan et al., 2014). Zinc deficiency is associated with increased
susceptibility to respiratory infections and inflammation in asthma as recorded by Prasad (2008).
Hypomagnesemia has been shown in individuals with severe or poorly controlled asthma in Basra.
The present results are comparable with those obtained by Okayama, et al. (1987) and Al-Salhen
et al. (2015). Reduction of blood selenium levels which has been recorded in asthmatic patients in
Basra is in agreement with similar findings previously reported by Hoffmann & Berry (2008) who
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found low selenium levels in asthmatic patients causing impairment of airway antioxidant
defenses.

Iron levels in the present findings have not changed significantly in asthma patients. It showed
slight increase in the patients. The result is comparable to that of Ali et al. (2021) who stated that
Iron is essential for oxygen transport and immune function. While iron deficiency may impair
respiratory muscle function and exacerbate asthma symptoms, iron overload can contribute to
oxidative stress (Ghosh, et al., 2006). Blood copper was the only element which shows significant
increase in the serum of the patient samples. It acts as a cofactor in antioxidant enzymes such as
superoxide dismutase (Al-Salhen et al., 2015). The imbalance in copper levels has been previously
reported to affect oxidative stress pathways and influence asthma severity (Gaetke and Chow,
2003).

According to Al-Fartusie and Mohssan (2017) copper and iron were significantly higher in the
serum of asthma patients compared to healthy controls. The increases were 20% (Cu), 54% (Fe).
These results are comparable to the findings of the present study but with lower increase 8% for
Fe and 29% for Cu. Zinc and magnesium were significantly lower in asthma patients, with
reductions of 24% (Zn), 16% (Mg) (Ariaee et al., 2016).The present study reached similar findings
as the zinc and magnesium were lower in asthma patients with a reduction of 16% for Zn and 10%
for Mg. The increase in copper and decrease in zinc is notable, as a higher Cu/Zn ratio is often
associated with inflammation and oxidative stress (Al-Fartusie et al., 2021). These changes may
reflect the role of trace elements in inflammation, oxidative stress, and immune function in asthma
pathogenesis.

Conclusions

1. Heavy metal contamination may significantly influence the onset and severity of asthma.

2. Exposure to environmental toxic metals such as lead, cadmium, and chromium poses a
significant risk to respiratory health, especially in individuals with asthma through
oxidative stress and immune dysregulation.

3. Adequate levels of essential trace elements (Zn, Mg, Fe, Cu, Se) play protective roles to
support respiratory health by reducing inflammation and oxidative stress and modulating
immune responses.

4. Monitoring and managing metal exposure and essential elements intake may be
beneficial in asthma management.

5. Regular monitoring of metal exposure and public health assessments over time are crucial
to mitigate environmental risk factors for asthmatic populations in Basra city.
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