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ABSTRACT

One of the most commonly health problems are Respiratory tract infections, almost (5-10) % of
death cases reported in Centers for Disease Control and Prevention in the community and this
increased over the years regardless of the country. As a substitute source of electricity many
developing countries use electrical generators, but gases and materials rising from them will be
inhaled from surrounding people especially for who work on them. This study aimed to detect
and identify bacteria isolated from persons sputum suspected with Respiratory tract infections
and collect blood to perform hematological, biochemical study and detection of some heavy metal
for both workers and non-workers in electrical generators. Sputum samples were collected from
electrical generators workers by 184 samples and from non-workers in electric generators by 50
samples, both were suspected had respiratory tract infection from the symptoms. All samples
were cultured on blood agar and MacConkey and bacterial identification by utilizing a Vitek 2
system was done. Blood samples were also collected in order to perform biochemical,
Hematological study and detection the level of some heavy metals in blood. Out of 184 samples,
27 samples (14.67 %) produced a significant growth of microbes, the predominant bacteria were
Klebsiella spp. Statically, there were significant difference between workers and non-workers in
Electrical generators at (p<0.05) for: Hematological parameters (WBC, Basophil and
Eosinophil), all the liver enzymes, the Four heavy metals (Lead, Cadmium, Zinc and Copper).
This study showed that Electrical generators had caused changes in blood parameters (WBC,
Basophil and Eosinophil), all the liver enzymes and the Four heavy metals (Lead, Cadmium, Zinc
and Copper). This effect most more studied and evaluated in generators workers.

KEYWORDS: Respiratory tract infection; Blood parameters; Electrical generators; Heavy
metals.
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INTRODUCTION

Lower Respiratory Tract infections (LRTIs) are the
most common infections in humans. It caused the
death of about 2.74 million worldwide each year

bronchitis, and pneumonia, which represent 4.4%
of all hospital admissions and are connected with
high morbidity, mortality, and excessive health
care costs [2].

[1]. The commonest LRTIs include acute  The microbial etiology of LRTIs and their
bronchitis, acute trachea bronchitis, chronic ~ susceptibility profile to antibiotics varies in
different geographic regions [3]. LRTIs could be
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caused by Gram-positive bacteria such as
Staphylococcus aureus and Enterococcus spp., and
Gram-negative bacteria such as Pseudomonas spp.,
Acinetobacter spp., Klebsiella pneumoniae, and
Haemophilus influenzae [4].

Electric generators were used widely in all places
in Iraq due to shortage of electricity provided to
people, they scattered between houses randomly.
Diesel generators in turn produce some chemical
pollutants to environment in gases and compounds
emitted from them, leading to air pollution and
harmful effects on the workers’ health in generators
in first degree, all the surrounding people, plant and
animals [5]. The aim of this study was to detect and
identify bacteria isolated from sputum of workers
and non-workers in electrical generators suspected
with LRTIs. In addition, to collect blood samples
of both of them to perform hematological,
biochemical study and detection of some heavy
metals’ levels.

MATERIALS AND METHODOLOGIES

Ethical Approval

Prior to initiate the study visit, each participant
obtained informed constant and all participant were
known about the study follows up before enrolling
the study.

Samples Collection

184 Sputum samples from workers in electric
generators in Baghdad -Iraq (e.g., Palestine Street,
Sader city, Ur, Baghdad Al-Jadeeda, Al-Binouk,
Al-Ubaidy, Al-Shaab, Al-Qahira, Al-Shuala, Al-
Alam, Al-Amin, Suleikh and Al-Thaliba), and 50
Sputum samples from non-workers in electrical
generators were collected from men of all ages in
the period from November 2021 until May 2022
who suspected had lower respiratory tract infection
from their symptoms and visit hospitals and
diagnosed by doctors.

Samples were collected in sterile containers and
transported immediately to the laboratory at
Mustansiriyah University- College of biology-
Biology Dep. for further processing. Sputum
specimens were subjected for Gram-staining and
examined under light microscope. In microscopic
examination, sputum smear containing <10
squamous epithelial cells and 25> leucocytes (or
pus cells) for each low power field confirmed the
reliability of the specimen, indicating that it was
not contaminated with saliva [6].
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All samples were cultured immediately on blood
agar, MacConkey and Chocolate Agar were
incubated at 37 oC for 24 hr. After incubation, each
plate was examined, and bacterial identification
was performed by utilizing a Vitek 2 (bioMerieux,
France), according to the manufacturer’s
instructions.

Blood sampling and Parameters detection:

Ten milliliters of blood from both workers and non-
workers at electrical generators were drawn from
each individual through a wvein puncture with
disposable syringes. Two milliliters were collected
in an EDTA tube (in order to perform
hematological assays item (2) mentioned below
and eight milliliters in a gel tube, allowed to clot
for (15-20) minutes at room temperature before
being centrifuged for 10 minutes at 4000 rpm. The
serum was used to perform biochemical assays
item (1).

1. Biochemical assay

All biochemical tests of serum samples from both
workers and non-workers at electrical generators
were analyzed by clinical chemistry analyzer BS-
230 Kits (Mindray,China) according to their
instructions, and were measured by using
colorimetric spectrophotometer . Liver Enzymes
levels (Total Serum Bilirubin (TSB), Alanine
aminotransferase (ALT), Aspartate
Aminotransferase (AST) and Alkaline phosphatase
(ALP) and kidney enzymes level (Blood urea,
Serum Creatinine, Serum Total Protein and Serum
Albumin) were estimated by technique according
to company instructions of Kits.

2. Hematological assays

Two ml of blood from both workers and non-
workers in electric generators dispensed in EDTA
anticoagulated labeled tubes for Complete blood
count (CBC) which was done by AUTO
Hematology  analyzer BC-5000 device
(Mindray,China). EDTA blood sample (10 ul) was
placed in the aspirator of the instrument, the results
were provided within 1 minute on device screen.
The results involved total number of white blood
cell (WBC), Neutrophils, Basophils, Eosinophils,
Lymphocytes, Monocytes, Packed Cell Volume
(PCV) and Haemoglobin (Hb).

Detection of Heavy Metals

Atomic absorption spectrophotometer (Model
AA646, Shimadzu Corporation, Kyoto, Japan) was
used to evaluate the levels of heavy metals Copper
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(Cu), Zinc (Zn), Cadmium (Cd) and Lead (Pb)
concentrations in serum samples of the workers and
non-workers in Electric generators according to

[7].

Statistical Analysis

The correlation was performed to test whether
group variance was significant or not. Data were
expressed as meanz Standard Deviation (SD) and
statistical significances (two tailed tests) were
carried out using SPSS program version 26.

RESULTS AND DISCUSSION

From November 2021 until May 2022, A total of
184 Sputum samples from men workers in
electrical generators were processed according to
the standard microbiological methods. Information
of workers include mean duration of work (9.2+1.1
years) and age (39.7+1.86 years).

The LRTIs were confirmed by microscopic
examination, with more than 25 leukocytes per
field and with the presence of microorganisms. Out
of 184 Sputum samples of workers in electrical
generators, 27 samples (14.67 %) resulted a
significant growth of microorganisms on culture
media, which included 25 isolates (92.59%) of
Gram-negative bacteria and 2 isolates (7.41%) of
Gram-positive bacteria. The predominant bacteria
was Klebsiella spp. followed by other genus as
shown at Table 1.

Table 1. Bacteria isolated from workers in generators.

A Gram

Bacterial isolate Reaction | No. (%)
Klebsiella pneumoniae - 11 (40.74)
Klebsiella oxytoca - 2 (7.40)
Burkholderia cepacia - 3(11.11)
Enterobacter cloacae - 2 (7.40)
Enterobacter aerogenes - 13.7)
Serratia marcescens - 13.7)
Serratia ficaria - 13.7)
Stenotrophomonas malltophilia - 13.7)
Proteus mirabilis - 13.7)
Escherichia coli - 13.7)
Pseudomonas aeruginosa - 13.7)
Staphylococcus aureu + 13.7)
Enterococcus faecalis + 13.7)
Total of Significant Bacterial growth 27 (14.67)
Total of non-Significant Bacterial growth 157(85.322)

The LRTIs in non-workers in electrical generators
was confirmed by visiting hospitals and diagnosing
by doctors in order to collect 27 bacterial isolates
out from 50 sputum samples to use them as control
for comparison as shown at Table 2.

74

Table 2. Bacteria isolated from non-workers in generators.

S Gram

Bacterial isolate Reaction No. (%)
Klebsiella pneumoniae - 8 (29.63)
Klebsiella oxytoca - 1(3.7)
Acinetobacter baumannii - 8 (29.63)
Pseudomonas aeruginosa - 6 (22.22)
Enterobacter cloacae - 1(3.7)
Serratia marcescens - 1(3.7)
Burkholderia cepacia - 1(3.7)
Proteus mirabilis - 1(3.7)
Total of Significant Bacterial growth 27 (54)
Total of non-Significant Bacterial growth 23 (46)

The major microorganisms causing LRTI in the
current study was Klebsiella spp., this observation
Is quite similar to a researcher [8] who found that
(72.6%) of his isolates were Gram-negative
bacteria, followed by (23.1%) of Gram-positive
bacteria, also they found that the main causing
pathogens were K. pneumoniae (27.4%), E. coli
(17.9%), P. aeruginosa (10.3%), Staphylococcus
aureus (12.0%), and Streptococcus pneumoniae
(9.4%) respectively.

Results of this study was compatible with [9, 6, 10]
who found in their studies on LRT infections that
among pathogenic isolates, the Gram negative
bacteria was higher than Gram Positive bacteria
when it recorded (72.5%) compared with (24.5%)
of Gram-positive bacteria.

Prevalence of LRTI in men may be due to some
associated risk factors for respiratory tract infection
e.g., smoking, alcohol consumption and aging
[10]. Infections of Gram negative bacteria is more
than Gram positive bacteria could be explained by
. low permeability of the outer membrane coupled
with the presence of membrane spanning efflux
pump leading to antibiotics extrusion , acquiring
resistance genes, randomly wused antibiotics
prescribed by unspecialized persons , wrong
continuous use of antibiotics even for viral
infections or slight sickness and some doctors don’t
had the enough knowledge to choose antibiotics,
leading to overuse of antibiotics especially
penicillins and cephalosporins [11].

Hematological tests results showed a significant
difference at p<0.05 for WBC, Basophil and
Eosinophil in workers in Electrical generators
compared with non-workers, besides there were no
significant difference for Neutrophils,
lymphocytes, Monocytes, PCV and Hb as shown at
Table 3.
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Table 3. Comparison between complete blood counts
for workers and non-workers in Electrical generators.

Workers in el
Electrical WOI’kteS in
Parameters | generators Elseiee] P-value
No.=27 generators
No.=27
Mean £ SE
WBC 13.2+0.18 | 8.7+0.49 0.025*
Neutrophils | 70.2£1.92 | 68.1+1.7 0.493ns
Basophils 0.24+0.02 | 0.78+0.12 | 0.031*
Eosinophils | 2.36+0.28 | 3.58+0.41 | 0.044*
Lymphocytes | 21.7+1.86 | 20.2+1.62 | 0.622ns
Monocytes 5.6£0.30 6.5+0.46 0.117ns
PCV 49.841.23 | 45.2+0.77 | 0.352ns
Hb 16.3+0.41 | 14.6+£0.26 | 0.367ns

*p-value is significant at <0.05 (t-tailed) , ns : non-significant

The outcomes of this study were confirmed by an
article of [12] who indicated that there was a
significant elevation at (P>0.01) in the total
leukocyte count of electrical generators workers
compared with control. A significant leukocytosis
appeared in lead exposed workers compared with
non-exposed workers [13].

Electrical generators workers were exposed to
occupational stresses due to excessive noise at
work place, these physical and mental stressors
may cause elevation stress hormones secretion
(e.g., cortisol, corticosterone, adrenaline and
noradrenaline). So, total white blood cells elevated
in workers of mills perhaps due to long-time of
exposure to occupational noise stress [14].
Concerning, differential leukocytes count, the
statistical analysis of [12] showed that no
significant elevation in percentages of neutrophils
and lymphocytes count of electrical generators
workers compared with control, this also found in
this study.

These results could be explained by the inhalation
of gaseous air pollutants which lead to different
levels of toxicity depending of exposure duration
and lead extent, finally leading to inflammation,
[15] declared that the human hematopoietic system
Is so sensitive to environmental pollution because
of rapid cell synthesis with resultant metabolic
demands.

There was significant difference at (p< 0.05) for all
the liver enzyme (TSB, ALT, AST and ALP) in
workers in Electrical generators compared with
non-workers as shown at Figure 1.

The Complex compounds and many gases which
were released from electrical power generators
caused air pollution and human health hazards [16].
These effects could be noticed when there was
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elevation of liver enzymes, just like found in this
study.
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Figure 1. Activity of liver enzymes in workers and non-
workers in Electrical generators.

The present study was compatible with [12] who
recorded a significant increment at (P>0.01) in
serum aspartate aminotransferase (AST), alkaline
phosphatase (ALP) and alanine aminotransferase
catalase (ALT) for electrical generators workers
compared to control.

The results were compatible also with [17] who
found serum alkaline phosphatase (ALP) and
alanine aminotransferase catalase (ALT) were
higher significantly in workers exposed to heavy
metals at (P<0.01) compared with control group.
The Researchers explained the (ALP) (ALT)
elevation due to exposure to diesel components
which had its toxic effect on the blood, on functions
of liver, immunology and chromosomes with
carcinogenesis risk development [12].

There was no significant difference at (p<0.05) for
all Renal enzymes (including Blood urea, Serum
Creatinine and Serum protein), except Serum
Albumin which recorded a significant difference as
shown at Figure 2.

Researcher [12] also recorded a significant
decrement at (P>0.01) in serum albumin for
electrical generators workers compared with
control, this was also found in the present study.
These results were compatible with [18] who
studied the effect of chemical pollutants on some
biochemical parameter in the workers of electric
generators. Whereas, [19] recorded nonsignificant
decrease in the average of albumin of workers in
large private electrical generators compared with
control.

The Four heavy metals (Lead, Cadimum, Zinc and
Copper) recorded significant difference at (p<0.05)
between workers and non-workers in electrical
generators as shown at Figure 3.
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Figure 2. Activity of renal function in workers and non-
workers in Electrical generators.
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Figure 3. Comparison effect of heavy metals in workers
and non-workers in Electrical generators.

Electrical generators are well-known source of air
pollutants release. Noise produced from so many
different sources (e.g., automobiles, machines,
household devices, industrial, commercial and
residential generators) [20]. Most of the previous
studies focused on noise pollution evaluation.
There were few studies focused on the effect of the
heavy metals produced by generators on their own
workers.

Reference [21] found that the cadmium and copper
values were higher in workers serum in private
electrical generators compared with control,
besides, elevated risk of the oxidative stress, eye
irritation,  respiratory allergies and breath
shortness. In addition, the same researcher
recorded high levels of Zinc in controls compared
with generators workers, just like the current
results, this could be explained by the role of zinc
in the antioxidant defense system especially in
generators workers who are under high oxidative
stress, besides, zinc had its own properties as
antioxidant defense system, it had the ability to
stabilize  macromolecules  against  excess
production of Reactive Oxygen species.
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Generally, many studies had proven that when
heavy metals present under traces were toxic to
humans. firstly, they combine with proteins and did
not cause any poisoning, However, when
concentration increase above the threshold level,
they become a real health problem [22]. These
toxic metals could interact with important cellular
components by forming covalent and ionic
bonding, furthermore, when it became at high
levels, both essential and non-essential metals
cause cell membrane damage, enzyme specificity
alteration, cellular function disruption and DNA
structure damage [23].

For example, lead that could be present in this air
cause hemoglobin synthesis inhibition due to their
effect on erythroblast growth and interference with
hemoglobin production [24]. Other heavy metals
like lead (Pb), cadmium (Cd) and mercury (Hg)
cause pathophysiological issues that produce
radicals like reactive oxygen species (ROS),
hydroxyl radical (HOe¢), hydrogen peroxide (H>
O2), which cause the oxidant-antioxidant balance
disruption leading to oxidative stress [22].

CONCLUSIONS

Electrical generators had its own effects on
environment and humans surrounding them, these
effects on generators workers were confirmed in
this study by elevation of blood parameters, all the
liver enzymes. Elevation of some heavy metals
above the normal values was observed ,which in
turn , needs an expert solutions to deal with these
changes in order not to reach undesired effects on
human .
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