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Abstract: This study was designed to assess the health impacts related to noninvasive carbon
monoxide saturation (SPCO %) in the blood of respondents. For this purpose, 150 respondents from
the labour community of Hattar Industrial Estate (testing site) and 100 respondents from Sultan Pur
(control site) were selected. To achieve this objective, a Rad-57 Pulse CO-Oximeter was used for
noninvasive carboxyhemoglobin measurement. Carbon monoxide saturation (SPCO%) in the blood
of respondents from Hattar Industrial Estate, Haripur, Pakistan has been compared with the WHO’s
standard concentration of SPCO% (5%). High saturation of carbon monoxide (carboxyhemoglobin
SPCO) in the blood of respondents and disease association have been interpreted in graphs formed
on the basis of statistical analysis in terms of frequencies, using statistical software (SPSS), based
on demographic entries as well as exposure time of the employees in the processing, food and steel
industries. The highest SPCO% measured was 17% in the steel industry and the lowest measured level
was 4.2%. Frequencies and percentages of respiratory inflammation, dermatosis, asthma, breathing
issues and eye inflammation among respondents were 29%, 35%, 16.7%, 23.5% and 9%, respectively.
Prevalence of disease in three different groups of respondents (from three testing sites) was also
analyzed on the basis of exposure time (hrs.) to carbon monoxide emissions. Prevalence of disease
among the exposed and non-exposed groups was analyzed and showed comparatively lower disease
prevalence in the group of respondents who were not exposed to high carbon monoxide emissions.
The data of the current study was also subjected to statistical modelling to find the health risk of air
pollutants (carbon monoxide) on population health by calculating attributable risk (AR) or attributable
proportion (AP). Results indicated that attributable risk of carbon monoxide exposure for respiratory
diseases, dermatosis and eye inflammation were 61.12%, 65.77% and 24.95% respectively. Findings
of statistical modelling indicated that dermatosis and respiratory diseases were more prevalent in
laborers of industrial units than those at control site.

Keywords: carbon monoxide; industries; health risk; oxyhemoglobin; respiratory diseases

1. Introduction

Air pollution from the influence of anthropogenic factors in the modern world is
becoming a global environmental problem, the consequences of which clearly negatively
affect the health of people and the environment. These problems are also relevant today
for the industrial city of Haripur, Hattar, where the mining, metallurgical and chemical
industries are developing intensively [1]. Air pollution, mainly carbon monoxide, ozone
and particulate matter emitted from industrial smoke may cause pulmonary diseases in
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humans, as reported in Pakistan [2]. Carbon monoxide (CO) is a toxic, colorless gas that
results from the incomplete combustion of coal and other petroleum-derived materials on
a large scale in the industrial sector. Among anthropogenic sources of carbon monoxide
emissions, air pollution from car emissions is a major source of carbon monoxide pollution
present in the atmosphere. Inhalation of this gas is considered to be potentially toxic
to the body, resulting in a hemoglobin variant with reduced oxygen transport capacity,
carboxyhaemoglobin (COHb). As the endogenous concentration of COHb in a healthy
adult varies from 0.1% to 1.0%, higher values can lead to respiratory problems, impairment
in visual perception, headache and nausea [3]. Carbon monoxide (CO) exposure occurs in-
and outdoors, in occupational or accidental (e.g., fire) settings, or through smoking [4]. In
some fire accidents, victims may inhale smoke that may contain toxic gases such as carbon
monoxide (CO). Laborers exposed for a longer time were adversely affected by carbon
monoxide as it reversibly combines with hemoglobin, leading to hypoxemia and carbon
monoxide poisoning [5].

Exposure to carbon monoxide raises levels of circulating carboxyhemoglobin (SPCO)
in the blood [6]. Exposure to carbon monoxide for a long duration may lead to exacerbation
of asthma, chronic bronchitis (also called chronic obstructive pulmonary disease) and
increased susceptibility to respiratory diseases [7]. The most common symptoms of CO
poisoning are headache, dizziness, weakness, nausea, vomiting, chest pain and confusion.
People who are sleeping or who have been drinking alcohol can die from CO poisoning
before ever having symptoms [8].

People who are addicted to smoking are exposed to considerable CO concentrations,
leading to a COHb of about 3–8% [9]. Carbon monoxide combines with hemoglobin to
form carboxyhemoglobin at any or all of the oxygen-binding sites of hemoglobin, and also
acts to increase the stability of the bond between hemoglobin and oxygen, reducing the
ability of the hemoglobin molecule to release oxygen bound to other oxygen-binding sites.
Consequently, carbon monoxide will bind hemoglobin preferentially over oxygen when
both are present in the lungs. Even small amounts of carbon monoxide can dramatically
reduce the ability of hemoglobin to transport oxygen [10]. Tissue damage results from
local hypoxia. Organs with a high oxygen requirement, such as the heart and the brain, are
especially sensitive to this effect [11].

There are about 50,000 Emergency Department visits for carbon monoxide poisoning
per year in the United States. The Rad-57 pulse CO-oximeter is a new device that allows
for a rapid noninvasive determination of the percentage of carboxyheamoglobin (COHb)
in blood. The Rad-57 employs eight wavelengths of light. Standard pulse oximeters are
composed of two wavelengths and can only measure arterial oxyhemoglobin saturation
(%SaO2). This pulse CO-oximeter allows for instantaneous detection of %SaO2, COHb and
the percentage of metheamoglobin (MetHb) in blood [12]. The U.S. National Ambient Air
Quality Standards for carbon monoxide in outdoor air are 9 ppm (40,000 micrograms per
meter cubed) for 8 h and 35 ppm for 1 h [13]. The Health and Safety Executive recommended
that CO above 30 ppm can produce high COHb levels and affect occupational health [14].

The most common sources of CO are industrial boilers, lack of proper ventilation,
generators and incomplete combustion using catalytic convertors in motor vehicles. Equip-
ment failure is the primary contributing factor to most CO incidents [15]. The precise
number of individuals who have suffered from CO intoxication is not known. The health
effects associated with exposure to CO range from more subtle cardiovascular and neurobe-
havioral effects at low concentrations to unconsciousness and death after acute or chronic
exposure at higher concentrations of CO. The symptoms, signs and prognosis of acute CO
poisoning correlate poorly with the level of carboxyhemoglobin (COHb) measured at the
time of hospital admission; however, because CO poisoning is a frequently overlooked
diagnosis, the importance of measuring COHb in suspicious settings cannot be overstated.
The early symptoms (headache, dizziness, weakness, nausea, confusion, disorientation and
visual disturbances) also have to be emphasized, especially if they recur with a regular
periodicity or in the same environment. Complications occur frequently in CO poisoning.
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Immediate death is most likely cardiac in origin because myocardial tissues are the most
sensitive to the hypoxic effects of CO. Pulmonary edema may occur. Carbon monoxide
poisoning during pregnancy results in high risk for the mother by increasing the short-term
complication rate and for the fetus by causing fetal death, developmental disorders and
chronic cerebral lesions. Efforts in prevention and in public and medical education should
be encouraged [16].

Hattar Industrial Estate, KPK has provided employment to at least 0.2 million peoples
with poor lifestyles with low grade education, Due to high exposure to air emissions
and use of unprotected measures and lack of awareness regarding carbon monoxide and
air emissions poisoning caused by incomplete industrial combustion processes, laborer’s
health is at stake, they suffered acute disease affects the working efficiency as a result
industries bear high medical costs per month spent of on labor community. Exposure of
labor to the high carbon monoxide concentration emitted from industrial units of Hattar
industrial estate may be one major cause of notable symptoms such as breath shortness,
respiratory tract congestion, asthma and unconsciousness, which were noticed during
initial visits to Hattar industrial units and were confirmed through medical history.

Many cases of carbon monoxide poisoning have been reported in the current study
area, but no effective efforts have ever been carried out so far to mitigate the ratio of
such incidences. It is perhaps possible by educating industries about simple protection
techniques like the use of ecological indicators, baghouses and fabric filters [17]. Awareness
sessions among industrial management of the area about regular medical checkups along
with regular noninvasive measurements of carbon monoxide saturation in hemoglobin
(SPCO) for laborers that are exposed to carbon monoxide emissions from different indus-
trial processes for many hours per day. As such, this research was planned to evaluate
baseline carboxyhemoglobin concentrations (SPCO) of respondents working in the food,
processing (vegetable, ghee) and steel industries. Another important aspect covered in this
study was evaluation of population risk factors (AP = AR) to show the possible association
between high carbon monoxide saturation in hemoglobin (SPCO) and disease prevalence
among the labor community of the study area. This study could help in the policy imple-
mentation for carbon monoxide-related health risk and pollution control by setting local
standards for indoor air quality, applying a job rotation strategy, periodical medical checks,
good ventilation and conducting further studies concerning the long-term effect of a high
concentration of CO on occupational health [18]. Besides this, there is further needed to
address a zero emissions rate with the industrial sector because the target of zero emissions
may set a new standard for industry and industrial policy. Industrial policy in the twenty-
first century must aim to achieve zero emissions in the energy- and emission-intensive
industries. Sectors such as steel, cement and chemicals have so far largely been sheltered
from the effects of climate policy, but a major shift is needed from contemporary industrial
policy that mainly protects industry to policy strategies that transform the industry [19].

2. Materials and Methods
2.1. The Study Area

The study was carried out in Hattar Industrial Estate located in Haripur Basin. Hattar
Industrial Estate (Figure 1) is one of the largest industrial estates of the Province of Khyber
Pakhtunkhwa (KPK), Pakistan. The total area of the estate is 1063 acres. As there are more
than 250 industries of various kinds, including the textile, chemical, marble, heavy electrical
engineering, ghee and cooking oil and food and beverage industries.

2.2. Sampling Sites

Sampling areas included food, steel and processing (vegetable oil and ghee) industries
of Hattar industrial estate, Haripur Pakistan. Hattar Industrial Estate is one of the largest
industrial estates of the Province of Khyber Pakhtunkhwa (KPK). The total area of the
Estate is 1063 acres.
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Figure 1. Sampling points at industrial units (Hattar).

2.3. Control Sites

Control sampling was done at Sultan Pur, Havelian. It is a non-industrial area.

2.4. Carbon Monoxide Saturation in the Hemoglobin (SpCO) of Respondents

Symptoms of carbon monoxide (CO) poisoning are non-specific. Diagnosis requires
suspicion of exposure, confirmed by measuring ambient CO levels or carboxyhemoglobin.
The Masimo Rad-57 Pulse CO-Oximeter measures the saturation of carbon monoxide in
hemoglobin (SpCO). It uses light waves (usually shone through the fingertips) to measure
carbon monoxide saturation noninvasively, as shown in Figure 2.

In this study, the Masimo Rad-57 Pulse CO-Oximeter was used for continuous and
noninvasive measurement of carbon monoxide (SPCO) levels in the arterial blood of
150 respondents from Hattar Industrial Estate, Hattar, Pakistan. The Rad-57 is a noninva-
sive device that delivers readings in seconds. A sensor clips over the patient’s finger, as
withmany standard pulse oximetry units. Proper sensor placement is especially important
to ensure accurate measurements [20].
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Figure 2. Masimo Rad-57 Pulse CO-Oximeter.

This FDA- (The Food and Drug Administration) approved pulse oximeter (Rad-57)
can provide a continuous and noninvasive measurement of the carbon monoxide levels in
arterial blood [21]. The interpretation of carboxyhemoglobin levels (SPCO%) devised by
the FDA is shown in Table 1 [22].

Table 1. Interpretation of carboxyhemoglobin (SPCO%) (FDA, 2017).

SpCO% Interpretation (Carboxyheamoglobin)

0–5% Normal in non-smokers

5–10% Normal in smokers For non-smokers, treat with
high-flow O2 if available

10–15% (In any patient) treat with high-flow O2 if available
>15% High-flow O2 × 30 min, then reassess

>30%, or
unconscious or pregnant

Consider immediate transport to closest hyperbaric
treatment facility

Noninvasive methods of body fluid chemical measurement have been expanding.
New technologies are enabling the quantification of different compounds in the blood and
interstitial tissues. One example of this is the pulse oximeter, which has facilitated the mea-
surement of oxyhemoglobin rapidly and reliably without the requirement of blood-draws.
The Masimo Rad-57 Pulse CO-Oximeter expanded the capabilities of pulse-oximetry to
include measurements of carboxyhemoglobin (SPCO) and met hemoglobin (SPMet). This
innovation is helpful in detection of patients with CO poisoning. Previously, clinicians
relied on historical information and patient signs and symptoms pointing to the possibility
of CO exposure or toxicity. Only then would a blood test be ordered to measure carboxyhe-
moglobin levels. Since the presentation of CO poisoning is nonspecific and overlaps with
many other conditions, and since the presence of environmental CO is often unknown, the
detection of this condition was only possible in cases where the presence of CO was obvious
or where the symptoms were severe. We have now confirmed from studies conducted
using the Rad-57, the only US FDA-approved device for noninvasive measurement of
SPCO, that there are a significant number of patients who experience CO exposure but are
non-symptomatic. The Rad-57 provides a clinical justification for screening in the health-
care setting to identify patients with significant CO exposure who would otherwise be
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undetected [23]. In previous studies, the Masimo Rad-57 Pulse CO-Oximeter has been used
for noninvasive measurement of oxygen saturation from different staff grade employees at
different occupational sites, but noninvasive saturation of carbon monoxide in hemoglobin
(SPCO) has not been measured at Hattar Industrial Units, Khyber, Pakhtunkhwa (KPK) of
Pakistan, where air emissions were not measured in Hazara Division including Abbottabad
and Haripur by Environment protection A protection agency (EPA, Islamabad, Pakistan).

2.5. Comparision of Observed and Standard Concentration of Carbon Monoxide

Noninvasive measurement of carbon monoxide saturation (SPCO%) in the blood of
respondents from Hattar Industrial Estate, Haripur, Pakistan has been compared with the
WHO standard concentration of SPCO%, and greater-than-standard concentrations have
been plotted in graphs.

2.6. Statistical Package for the Social Sciences (SPSS)

High saturation of carbon monoxide (carboxyhemoglobin, (SPCO) in the blood of
respondents and disease association has also been interpreted in graphs formed on the
basis of statistical analysis in terms of frequencies using statistical software (SPSS) [24].

2.7. Statistical Modelling Equation for Attributable Risk (AP)

A state-of-the-art review made a contribution to current knowledge about the impact
of air pollution on population health by reflecting on the relevance of attributable risk to
public health and also on the scientific and methodological problems of defining it, with the
aim of contributing to future advances of research in this field [25]. The data of the current
study were also subjected to statistical modelling to find the health risk of air pollutants
(carbon monoxide) on population health by calculating attributable risk (AR) or attributable
proportion (AP).

RR = Risk of exposed group of population/non-exposed group

The health risk of carbon monoxide has been statistically calculated by using a health
risk assessment model equation as shown below. The attributable proportion (AP) can be
calculated by the following equation:

AP = Σ[{RR(c) − 1} × P(c)]/Σ[RR(c) × P(c)] (1)

RR is the relative risk value for a given air pollutant and health outcome, published by the
WHO from epidemiological studies. RR in this equation was greater than 1, showing a
high association of increased pollutant concentration with the disease prevalence among
the labor community where P(c) is the population proportion in category “c” of exposure.

3. Results
3.1. Comparision of Observed and Standard Concentrations of Carbon Monoxide
3.1.1. Food Industry

The results obtained for noninvasive carbon monoxide saturation in the blood of
respondents from the food industry from the Masimo Rad-57 Pulse CO-ximeter indicated
that the maximum observed carbon monoxide concentration (SPCO%) was 14.1% and the
minimum observed concentration was 10–12%, as shown in Figure 3. The minimum ob-
served concentration was higher than the standard concentration of SPCO reading i.e., 5%.
The high ratio indicates that there was less oxygen in the blood and that the patients may
have needed to be treated with high-flow oxygen.
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Figure 3. Carbon monoxide saturation measured in respondents from the food industries of Hattar
Industrial Estate.

3.1.2. Processing Industry

The measured percentage of carbon monoxide (SPCO%) ranged from 8–14 percent
among the respondents from the processing industries of Hattar Industrial Estate, where
the maximum observed carboxyhemoglobin was 14.9 percent and the minimum observed
carboxyhemoglobin was 6–8%, as mentioned in Figure 4.

Figure 4. Carbon monoxide saturation measured in respondents from processing industries of Hattar
Industrial Estate.

3.1.3. Steel Industry

The SPCO percentage’s recorded maximum in the steel industries reached up to 17%,
which is an alarmingly high concentration of carbon monoxide in the blood of respondents,
as indicated in Figure 5.
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Figure 5. Carbon monoxide saturation measured in respondents from the steel industries of Hattar
Industrial Estate.

3.2. Comparision of SPCO% among Respondents from the Food, Processing and Steel Industries

The steel industries were more contaminated as compared to the food and processing
industries. Greater-than-standard concentrations are plotted in the graph shown in Figure 6.
An abrupt increase in SPCO% with increasing levels of air emissions particularly emitted
from food, processing and steel industries have been noticed, with a significant value of
R2 = 0.8669, a co-efficient of correlation indicating a strong positive relationship between
two variables (xy) where variable x indicated the level of carbon monoxide emissions from
different chambers of industrial units and variable y indicates the increasing percentage
of perfusion index indirectly related to infusion of CO to blood of workers at different
industrial units of Hattar Industrial Estate, Pakistan.

Figure 6. Carbon monoxide saturation measured in respondents from food, processing and steel
industries of Hattar Industrial Estate.
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3.3. Statistical Package for the Social Sciences (SPSS)

The analysis of disease prevalence among the laborers of the food, processing and
steel industries indicated various diseases such as respiratory diseases, hypertension, bron-
chitis, skin allergies, asthma, dermatosis, eye inflammation and gastrointestinal infection.
The prevalence of disease was calculated by statistical analysis in terms of frequencies
using statistical software (SPPS) based on demographic entries as well as exposure time
of the employees in the processing, food and steel industries. The medical history of
laborers/respondents was taken from the laboratories of Hattar Industries. Those who
were exposed for 8 hrs per day in a high-temperature zone were more prone to respiratory
and skin allergies. Among the respondents, 35% suffered from skin allergies, 25% from
respiratory diseases, 35% from skin diseases, 16.7% from asthma and 9% from eye inflam-
mation; 14% from hypertension and 4% from a gastrointestinal infection. Those who were
exposed to carbon monoxide at a high concentration for 6 hrs. had a prevalence of 20% for
respiratory diseases 30% for skin diseases 7% for eye inflammation, 14% for asthma, 12% for
hypertension, and 3% for gastrointestinal infections. The respondents who were exposed
for 5 hrs. showed the following disease prevalence pattern: 14% had respiratory diseases,
22% had skin diseases, 13% had asthma, 6% had eye inflammation, 10% had hypertension
and 3% had a gastrointestinal infection, as shown in Figure 7. Among 150 testing site
respondents, only 6.7% were smokers, while 93.3 percent were non-smokers. No strong
association was found between smoking and disease prevalence in this study.

Figure 7. Disease prevalence vs. CO exposure times (hrs.) among respondents Hattar industrial
Estate (testing sites), Haripur, Pakistan.

The prevalence of disease among the labor community of testing sites which were
exposed to high carbon monoxide emissions for longer hours, compared with the non-
exposed group of the control site, was statistically analyzed by SPSS. Comparison of the
two groups showed that those who were not exposed to such a high concentration of carbon
monoxide emissions had a low percentage of diseases as compared to the exposed group.
The prevalence of respiratory diseases was 8%, skin problems was 5%, eye inflammation
was 2%, asthma was 2%, hypertension was 14% and gastrointestinal infections was 11%, as
shown in Figure 8.
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Figure 8. Comparison of disease prevalence among the exposed and non-exposed group of respondents.

3.4. Statistical Model Validation of the Perfusion Index (%CO)

The response was validated from the statistical modeling equation by calculating the
attributable risk or attributable proportion (AR = AP) to find out the prevalence of diseases
caused by inhalation of carbon monoxide gas. The attributable risk calculated by the health
risk assessment equation as shown in Table 2 depicted that prevalence of respiratory, skin
and eye diseases, which were 61.12%, 65.77% and 24.95%, respectively.

RR(c) = C − T/10 × (RR − T) + 1 (2)

where RR is the relative risk value for a given air pollutant and health outcome, published
by the WHO from epidemiological studies, and P(c) is the population proportion in category
“c” of exposure.

Table 2. Attributable proportion for disease prevalence due to exposure to carbon monoxide for
industrial units of Hattar, Haripur, Pakistan (AP%).

Formula Used AP= ∑[{RR(c)–1}×××P(c)]
∑[RR(c)×××P(c)]

Respiratory Diseases Dermatosis Eye Ittitation

AP = 2.5532/4.177
AP = 61.12%

AP = 3.0864/4.6924
P = 65.77%

AP = 0.22078/0.88478
AP = 24.95%

4. Discussion

The late onset of respiratory diseases in children and adults due to prenatal or perinatal
exposure to air pollutants such as carbon monoxide ozone and sulfur dioxide is emerging
as a critical concern in human health. Pregnancy and fetal development stages are highly
susceptible to environmental exposure and tend to develop a long-term impact in later
life. Epidemiological evidence is provided to show the association of prenatal or perinatal
exposure to air pollutants with various adverse birth outcomes, such as preterm birth,
lower birth weight and lung development defects, which are further, associated with
respiratory diseases and reduced lung function in children and adults. Air pollutants
impact various cellular and molecular targets in early life, which link to the pathogenesis
and altered immune responses related to abnormal respiratory functions and lung diseases
in later life [26].

Carbon monoxide (CO) poisoning is a common cause of death, leading to morbidity
and mortality worldwide. Features of CO poisoning with low carboxyhemoglobin (COHb)



Atmosphere 2022, 13, 406 11 of 15

levels remain to be characterized [27]. Hemoglobin comprises four globin chains, each
containing a heme molecule which reversibly binds to oxygen. The binding of oxygen to
heme alters oxygen affinity by inducing structural changes in the adjacent globin chains.
Oxyhemoglobin is the normal, oxygen-carrying form of hemoglobin in which iron is in the
reduced (ferrous) state. Methemoglobin is a nonfunctional form of hemoglobin in which
ferrous iron is oxidized to ferric iron. Methemoglobin is nonfunctional because it cannot
bind oxygen. In healthy animals, approximately 1% of oxyhemoglobin is converted to
methemoglobin daily [28].

In the current study, results obtained from noninvasive carbon monoxide saturation
measurements using the Masimo Rad-57 Pulse CO-Oximeter to assess the blood of respon-
dents in the steel industry showed maximum SPCO% concentration of 17%. Many pieces
of equipment used in the iron- and steel-making industries, such as coke ovens, sintering
plants, blast furnaces, basic oxygen furnaces and thermal power plants, emit carbon monox-
ide. Many employees also work for longer hours in the raw materials production plant
and were exposed to the highest mean concentration of carbon monoxide. The highest
recorded exposure was found near the blast furnace, which causes a variety of toxic effects
on human health, such as breathing issues, blurred vision, headache, nausea and skin
issues due to less oxygen supply. Results have been presented according to the carbon
monoxide inhalation rate and exposure time during job timings of respondents. At elevated
exposure, carbon monoxide poisoning may lead to loss of consciousness and death. The
results from the testing sites were compared with those from the control sites of Sultan
Pur village, where noninvasive carbon monoxide saturation (SpCO %) was measured by
the Masimo Rad-57 Pulse CO-Oximeter in the blood of 100 respondents. There was an
inverse correlation found between respondents of understudy testing sites, was high in
comparison less SPCO% concentration in the blood of respondents of control sites. This
may be due to comparatively clean ambient air and no industries at the control site. Carbon
monoxide saturation (SPCO%) was 14.9% in the blood of respondents from the processing
(vegetable oil and ghee) industry, which is higher than the standard concentration of SPCO
5%. This high concentration might be due to the incomplete combustion of fuel types
used in various processes at industries and the exposure of laborers for a long time, from
7.00 a.m. to 5.00 p.m., 6 days per week use of gas, oil, coal, wood and plastic tires in the time
of energy crisis and COVID-pandemic. Another study supported this paradigm that carbon
monoxide with COHb% poisoning is significantly associated with high temperatures and
outdoor spaces, without considering any age group. Carbon monoxide saturation (SPCO%)
was 14.1% in the blood of respondents from the food industry, which is also higher than the
standard. This may be due to laborers’ long-time exposure to gas fires, boilers and central
heating systems. Even 12% carbon monoxide saturation is a fatal concentration according
to the CO level chart. CO gas inhalation may lead to unconsciousness and in some; high
exposure may cause the death of individuals.

The Rad-57 Masimo Corporation (Irvine, CA, USA) allows noninvasive and instanta-
neous measurement of carboxyhemoglobin (COHb) and methemoglobin (MetHb) percent-
age level using a finger probe [29].

A previous study reported 307 CO poisoning cases from Shanghai Public Security
Bureau, an official organization that handles the most complicated and life-threatening cases
across Shanghai municipality in China, and regrouped these cases into three categories:
group 1, 10% < COHb% < 30% (n = 58); group 2, 30% ≤ COHb% < 50% (n = 79); group 3,
COHb% ≥ 50% (n = 170). Our results showed that assignment to groups two and three
were mostly observed in younger victims (≤30 years), while assignment to group one was
equally distributed among all age groups (p = 0.03). All the CO poisoning from groups
two and three occurred in enclosed spaces, whereas cases from group one died in outdoor
spaces (p = 0.01). in this case study some individuals, died due to fire, while only 45.57% of
deaths from group two and 30.59% of deaths. From group three were fire-related (p = 0.00).
Accordingly, This group was mostly associated with fire burns, while groups two or three
were largely associated with gas leakage (p = 0.00). A combination with alcohol, but not
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other psychotropic drugs, was associated with significantly higher levels of blood COHb%
in fire-unrelated (p = 0.021) but not fire-related cases (p = 0.23). Five extremely low COHb%-
(<30%) related poisoning deaths were negative for any cardiopulmonary pathology or
psychoactive substances. In conclusion, CO poisoning with low COHb% is significantly
associated with fire circumstances and outdoor spaces and has no age preference [30].

Another study regarding the measurement of carboxyhemoglobin and methemoglobin
using a noninvasive pulse CO-oximeter depicted that RAD-57 provides a reading that is
between −6% and +4% of the true COHb value for 95% of all samples. Rad-57 appears
to be a useful rapid and noninvasive method for initial screening of the patients arriving
to the emergency department with suspected carbon monoxide intoxication. However,
when the readings of SpCO are ≥15% with Rad-57, a second screening with blood drawing
should be performed to ascertain carbon monoxide poisoning [31].

The acute CO poisoning was associated with the temperature in Taiwan, where an
RR-0.0973 value is less than one, indicating less environmental impact [32]. In the current
study, the calculated value of RR was 1.44 for CO poisoning as mentioned in Table 2, which
could have severe effects on the health of respondents of steel industries at Hattar. Another
study was conducted in Kuwait, where 63% of the deceased were males subjected to CO
poisoning, and the disease percentage was 29 percent [33]. Long-term neurocognitive
deficits occur in 15–40% of patients, whereas approximately one-third of moderate to
severely poisoned patients exhibit cardiac dysfunction, including arrhythmia, left ventric-
ular systolic dysfunction and myocardial infarction [34]. Patients with carbon monoxide
poisoning (COP) commonly have long-term morbidities [35]. High-flow oxygen may be
sufficient to treat patients with CO poisoning where hyperbaric oxygen is not available [36].

Findings from statistical modelling in the current study indicated that dermato-
sis and respiratory diseases were more prevalent with a frequency and percentage of
35 and 23.3% and 25 and 16.7%, respectively, and with statistical modelling—attributable
proportions—of 65.77% and 61.12%, respectively, in laborers of the Hattar industrial units
who were exposed for a longer time to high concentrations of carbon monoxide as compared
to the control site. The attributable proportion or health risk factor (AR) is a statistical find-
ing which assures the association of disease with the presence of specific pollutant [37,38].

5. Conclusions

Noninvasive carbon monoxide saturation (SPCO%) in 150 respondents of testing
sites (steel, processing and food industries) was comparatively much higher than that
of the respondents of the control site (Sultan pur) who were not exposed to such high
carbon monoxide concentrations. Carbon monoxide saturation that was higher than the
standard concentration showed that respondents of testing sites were exposed to high
emissions of carbon monoxide on a daily basis for longer time duration. Regarding gender,
60% were male respondents and 40% were female. Respiratory and skin issues were
more prevalent in respondents who were exposed for a longer time duration. In the steel
industry, the maximum SpCO% was 17 percent, which is extremely high and indicated
that individuals with potential disease risk are more vulnerable to current Pandemic due
to high air emissions due to incomplete combustion and low quality fuels. Therefore,
there is a need to mitigate health impacts due to high carbon monoxide concentrations
being generated inside industrial units by modifying appliances and banning on plastic
tire-burning as a source of alternative biofuels and technology based solutions to reduce
the air pollution effects at the time of energy crisis in the study area. The burning of such
materials (as an alternate source of energy), which deteriorates both ambient air quality
and the health of industrial employees, needs to be banned. So, There is need of time to
explore alternate ecofriendly energy sources, and permanent monitoring system to monitor
the ambient air quality on regular basis by the Environmental Protection Agency (EPA) and
community mobilization is necessary to mitigate the alarming levels of air emissions from
industries as well country.
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