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Abstract. The paper presents and discusses medical waste issues
(including the hazardous ones 15%) and their proper management in Iraq.
Hence, improper handling of infectious medical waste endangers human
health and the environment. Incineration is considered one of the effective
ways to dispose of medical waste, especially in the time of Coronavirus
(COVID-19) can eliminate all pathogens, reduce waste weight by more
than 60-75% by weight and reduce volume accordingly. But that goes with
<+ a large quantities of heavy metals and reactive, toxic materials produced,
which are throws in municipal in the landfill area. That causes pollution of
the soil, groundwater and air as a result of its light flying ash. The only
disposal method available in Iraq is incineration in purpose-built
incinerators. This paper examined three incineration processes for three
hospitals in Bagdad; Medical City Complex, Al-Amal National Hospital
and Al Shifa coronavirus Hospital, and we worked on burning waste and
analyzing ash. The results were that most of the waste after incineration
had high heavy mineral concentrations and a small amount of other
materials.

1. Introduction

Medical waste can define as any solid wastes generated in the diagnosis, treatment or
immunization of human beings or animals, research about it, or the production or testing of
biological [1]. Because of increasing quantities and inadequate management system,
medical waste management and selection of appropriate management systems are also
important global problems worldwide. Incineration and disposal of the resultant, such as
ash, could be determined as a proper application for managing medical waste. However, it
is possible to obtain a 70% mass and 90% volume reduction in medical waste using the
incineration process [2]. Considerable amounts of solid residuals, such as bottom and fly
ashes containing heavy metals, are produced during this process [3, 4]. Furthermore,
medical waste defined as any solid waste generated in the diagnosis, treatment or
immunization of human beings or animals in related research, biological production or
testing. The hazards to human health and the environment posed by medical waste justify a
high level of concern with its management. Medical waste classified according to its
source, typology and risk factors associated with handling, storage and ultimate disposal.
Treatment by incineration and disposal of the resultant ash by landfilling is the most widely
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used treatment process for managing medical waste. A properly operated incinerator
reduces the waste volume by about 90%, decreasing final residues to a relatively small
amount.

Suppose correct practices of main tenancy and operation used during the incineration
process. In that case, ashes can be innocuous, being possible to landfill them [5, 6].
According to the World Health Organization (WHO), 80 wt % of the waste generated at
health units present similar properties with the corresponding of municipal solid wastes.
The remaining 20% has been classified as hazardous, appearing properties such as
infectivity, toxicity, carcinogenicity, radioactivity, thus requiring special treatment [7, 8].
This typically contains many kinds of potentially infectious and toxic materials [9]. Medical
waste that is not properly handled and disposed of represents a high risk of infection or
injury to healthcare personnel and lesser risk to the general public through the spread of
micro-organisms from healthcare facilities into the environment [10]. Medical waste is
mainly composed of 26.69% organic garbage, 25.10% paper, 35.29% medical plastic waste,
8.13% glass, 0.44% metal, 1.19% textile fibre, and 3.17% wood timber [11], which has
characteristics of high energy-dense and high volatiles since it contains a high proportion of
organic matters [12], and found that the evolved volatile products from medical waste
pyrolysis included 2-butanone, benzaldehyde, formic acid, acetic acid, hydrocarbon, carbon
dioxide, carbon monoxide, and water [8, 11].

Baghdad, Iraq capital, the yearly amount of medical waste-collecting form 294 health
institutions is approximately 1902 tons. Medical wastes collected separately from health
institutions transported with special vehicles to medical waste site incineration located in
said or outside the hospital. The capacity of the incineration is different depending on the
number of beds. Some have a one or two-stage combustion system consisting or a rotary
kiln or a secondary combustion chamber; at a temperature between 400 and 1000°C, the
ash transferred to landfill sites. Volume and mass reductions of incineration facility are
95% and 75%, respectively [3].

2. Waste characteristics suitable for burning

According to the specifications of the World Health Organization (WHO):

e The waste treated by burning must have a calorific value of no less than 14650 kJ / kg;
e The proportion of combustible materials is more than 60%;

e The percentage of non-combustible materials is less than 5%;

e The moisture content is less than 30%.

As for the waste not suitable for burning, it represented by the following:

Compressed gas containers;

Imaging waste (silver salts) and radiography;

Plastic waste as a PVC material;

Large quantities of active chemical waste;

Closed ampoules or ampoules containing heavy elements;

Waste containing large amounts of mercury and cadmium, such as a broken
thermometer and used batteries.

2.1 The factors that enhance the efficiency of the burning process

The efficiency of the burning process lies in the occurrence of a case of complete
combustion of waste, that is, the conversion of organic materials in the incinerator to
neutral gases such as carbon dioxide gas, water vapour, sulphur oxides and nitrogen, and
the factors that join this case:
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e The characteristics of the burned waste and the feed rate of the incinerator, as the
presence of large quantities of plastic, prevents the completion of the burning process
well, as this material, when exposed to high temperatures, softens and kneads and
surrounds the rest of the waste, preventing it from burning completely, in addition to
that burning the plastic and the presence of the resulting water vapour generates. One
of the main causes of emission of dioxin is hydrochloric acid, which causes erosion of
the liner of the incinerator over time, the burning of plastics, especially polyethylene
vinyl chloride (PVC).

e Moisture content: the higher the moisture content, the more time the burning process
needs.

e Temperatures: the temperatures must be in a manner that ensures the combustion
process's completion. For medical waste, the temperatures at which the combustion
process takes place ranges between (900-1200) °C.

e The presence of a mechanism for turning the waste inside the incinerator (Baffles),
where the burning efficiency increases with the degree of stirring to ensure that it
exposed to oxygen in quantity sufficient to complete the burning.

2.2 Waste incineration products

The waste incineration products, in general, can be divided into two main parts:

o Emission and releases to the external environment or the atmosphere, which include
multiple gases and volatile particles, and these gases, are usually carbon oxides,
sulphur oxides, chlorides and fumes of organic compounds of halogens or
hydrocarbons in addition to dioxins and furans whose concentration increases, with an
increase in the percentage of burnt plastic, especially PVC. The volatile includes fly
ash, which forms a percentage of the total ash content. It contains a percentage of
heavy elements in its standard form or its salts (zinc, cadmium, nickel, lead, mercury,
manganese, etc.);

e Ash left in the incineration chamber (bottom ash), and some materials are not
combustible. The ash left inside the combustion chamber constitutes (75-90%) of the
total ash generated from the burning process. It contains a percentage of the
aforementioned heavy metals, which makes the ash of hazardous waste due to the
effect of its high toxicity on the groundwater if it disposed of by burying it in the soil
without pre-treatment, such as placing it in special containers before burying it and
preparing the site correctly.

2.3 Bottom and fly ashes characterization

There are two types of ashes produced from medical waste burning:

e The fly ash derived from the incinerator waste gases de-dusting system (fabric filter
dust collector);

e The bottom ash produced from the heavier particles of the agglomerated remaining
matter precipitated and accumulated usually in the combustion chamber.

The coarser bottom ash appeared black, opaque and glassy, while the finer fly ash, grey in

colour (figure 1).
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Fig. 1. Incineration ashes, produced during the combustion of medical wastes [2]

Most heavy metals migrate or concentrate in the fly ash and bottom ash depending on
the compounds of heavy metals and their physicochemical properties during incineration.
The migration of heavy metals during incineration is showing in figure 2.
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Fig. 2. Partitioning of Cu, Zn, Cd, and Pb during medical waste incineration [13]
3. The study & experiments

3.1 Area of study

The medical services sector is responsible for providing health care to the citizen through
the services it provides in diagnosis, examination and treatment. This important vital sector
includes health institutions such as government and private hospitals, health centres, health
laboratories, blood banks, etc. In Iraq, the total number of health institutions in Baghdad
city was 294, the total number of government hospitals was reached 49, while the total
numbers of private hospitals were 37 and the total number of other health institutions
reached was 208 as shown in figure 3.

The typical medical waste is sampled from three health institutions in Baghdad city to
compare the results in this study.
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Fig. 3. The health institutions' sites, (government hospital - private hospital — health centre) in
Baghdad [15]

The total and infectious healthcare waste generation rates by the number of hospital
beds for a high-income country, as shown in the table 1.

Table 1: The total and infectious healthcare waste generation rates by
The number of hospital beds [14]

United state Total waste Infectious waste

No. of hospital beds | Kg/bed a day | Kg/patent a day | % of total waste | Kg/day(calculated)
<100 2.59 5.13 13.3 0.34

100-299 4.70 7.16 15.0 0.70

300-499 5.67 8.63 14.9 0.84

>500 5.83 0.69 14.9 0.87

total 4.18 6,93 15.0 0.63

Baghdad produces approximate 1901.8 tons of medical waste per year. The government
hospital produces 1614 ton/ year, the Private hospital produces 103.7 ton/year and the
health centre produces 184.1 ton/year, as shown in figure 2. After the pandemic of COVID-
19 the medical waste has doubled in Baghdad city. For example, in December 2019
medical wastes were 82537 kg, whereas in January 2021 the medical waste reached 174385

ke.
weight (ton/year)
2000
1000
; V4 A
government private health center
hospital hospital

Fig. 4 The total weight of all medical waste (ton/year)
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This study is a comparison between three waste incineration operations in three types of
hospitals in Baghdad and the resulting ash study:
e Medical City Complex.
e  Al-Amal National Hospital.
e Al Shifa Corona Virus Hospital

3.2 The work steps

We weighed the required amount of 30 kg of medical waste, then loaded it in the
incinerator and ran the incinerator for an hour to monitor the combustion temperature. On
the second day (the hospital safety department instruction), we open the chambers to collect
the ash sample.

Fig. 5 Ash samples after incinerating medical waste

3.1. Medical City Complex

A medical city complex is a group of hospitals that contain 2715 beds. The medical waste
production average per hospital is between (0.5-1) kg for each bed per day. The hospitals
complex incinerator has two combustion chambers. Each of them has one diesel burner,
which raises the temperature of the primary chamber to 400°C, and the secondary chamber
raises the temperature to (600-700)°C. The tested waste weight is 30 kg, and after burning,
the remaining ash is 9 kg, whereas the sampled ash weight is only 6.7 grams.
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Fig. 6 The result of the laboratory test of the elements and oxides in Medical City Complex.

Note the element and oxides, yellow-marked are above the standard safe level for use in

sanitary landfills.

Table 1. Concentrations of heavy elements present in the ash resulting from burning MW

Heavy elements PPM Permissible PPM Ministry of Environment in
Iraq
(Pb) Lead 65.8 530
(Fe) Iron 11200 6000 +
(Cu) Copper 1836 190 +
(Zn) Zinc 4404 720 +
(Cd) Cadmium 6.1 12
(Cr) Chromium 141 380
Table 4. Concentration of another elements present in ash resulting from burning MW
Author’s elements PPM Permissible PPM Ministry of Environment in Iraq
(Ca) Calcium 157700 12 +
(Hg) Mercury 245.7 10 +
(Ni) Nickel 43.7 210
(Sb) Antimony 45 15 +
(Se) Selenium 2.1 100
(Ag) Silver 245.7 15 +
(Ti) Thallium 3.3 15
(As) Arsenic 6.9 55

3.2 Al-Amal National Hospital.

This hospital is specialized in cancer disease treatment and it contain 200 beds. Each bed
produces between (0.5-1) kg of waste daily. The hospital incinerator contains two
combustion chambers. The primary chamber has two diesel burners raise the temperature to
400°C, and the secondary combustion chamber has one diesel burner that raises the
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temperature to 600°C. The tested waste weight is 30 kg and the remaining ash after the
burning is 15 kg whereas the sample ash weight is 5.25 grams.
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Fig. 8. The result of the laboratory examination of the elements and oxides in the Al-Amal National

Hospital.

Note the element and oxides, yellow-marked are above the standard safe level for use in

sanitary landfills

Table 5. Concentrations of heavy elements present in the Ash resulting from burning MW

Heavy elements PPM Permissible PPM Ministry of Environment in Iraq
(Pb) Lead 27.1 530
(Fe) Iron 3553 6000
(Cu) Copper 194 190
(Zn) Zinc 4843 720
(Cd) Cadmium 5.9 12
(Cr) Chromium 150 380

Table 6. Concentration of another elements present in ash resulting from burning MW

Author’s elements PPM Permissible PPM Ministry of Environment in Iraq
(Ca) Calcium 137400 12
(Hg) Mercury 2.6 10
(Ni) Nickel 18.8 210
(Sb) Antimony 90.6 15
(Se) Selenium 1.1 100
(Ag) Silver 8.3 15
(Ti) Thallium 2.7 15
(As) Arsenic 6.0 55

3.3 Al Shifa coronavirus Hospital

This hospital is a healing center for the (COVID-19) patients, as it contains 250 beds and
produces (5-6) kg of medical waste per bed /day. The hospital incinerator contains two
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combustion chambers. The primary chamber has a diesel burner that raises the temperature
to 400°C, and the secondary combustion chamber also has a diesel burner that raises the
temperature from 400 °C to 800 °C. The tested material weight is 30 kg, and the remaining
ash weight after burning is 11 kg, whereas the sampled ash materials are 3.5 grams.
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Fig.9. The result of the laboratory examination of the elements and oxides in the Al-Amal National

Hospital.

Note the element and oxides, yellow-marked are above the standard safe level for use in

sanitary landfills.

Table 7. Concentrations of heavy elements present in the ash resulting from burning MW

Heavy elements PPM Permissible PPM Ministry of Environment in Iraq
(Pb) Lead 1244 530
(Fe) Iron 8251 6000
(Cu) Copper 6004 190
(Zn) Zinc 1287 720
(Cd) Cadmium 5 12
(Cr) Chromium 367 380

Table 8. Concentration of another elements present in ash resulting from burning MW

Author’s elements PPM Permissible PPM Ministry of Environment in Iraq
(Ca) Calcium 106200 12
(Hg) Mercury 3.1 10
(Ni) Nickel 28.5 210
(Sb) Antimony 118.6 15
(Se) Selenium 55.3 100
(Ag) Silver 12.8 15
(Ti) Thallium 2.4 15
(As) Arsenic 1.5 55
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4 CONCLUSIONS

We worked on burning medical waste according to its arrival from the hospital, and the
experience was in each hospital and its incinerator separately. To analyses the ash, we
found that the proportions of heavy minerals and amount of another materials is high. One
of the main reasons is that the process of isolating waste before incineration, even if it is
present, is imprecise and efficient. Then the ashes are thrown in the municipality dumps
and not in certain areas for this purpose, which causes them to spread in the air. It causes
serious diseases in the respiratory system. The penetration and oxidation of minerals into
landfill soil is a major risk to the soil. It may also reach the groundwater. For this reason, it
is necessary to define areas designated for burying medical waste that differ from those
used for municipal waste. Or mixing heavy metals with bricks and cement is an excellent
idea for fixing the heavy metals in the cement and are useful in construction operations.
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