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Abstract

Health waste is defined as infectious or hazardous medical or biological waste that,
due to its properties, leads to or contributes significantly to an increase in mortality or
serious diseases that are permanent or disabled. They also pose a potential risk to
human health or the environment when improperly treated, stored, transported,
disposed of or managed. Therefore, the research dealt with important chemical
analyzes of liquid medical waste for a public health center and a specialized dental
center over a period of six months of the year to fully identify how to treat this waste
and the efficiency of treatment units. The results showed that the concentrations of
chemical analyzes for the health center are higher than the concentrations recorded for
the dental center. The acidity function and the phosphate ion are somewhat acceptable
during the specified months. Sulfate and electrical conductivity were high in the sixth
month of the year. A significant increase in the concentrations of biological
requirement on oxygen (BOD), which represents the amount of oxygen needed by
microorganisms to break down organic matter, as well as a significant increase in the
chemical requirement for oxygen (COD), which represents the concentration of
organic matter indirectly. This indicates the presence of high bacterial contamination
that needs to be treated and followed

Keywords: Acidity Function, BOD, COD, Phosphate ion, Sulfation.

m
~
S
<
Q.
>
U
©
c
=
=
o
=
ici)
gv}
c
| .
S
o
=
o
0
[,
=

Introduction

One of the important environmental issues is the medical waste of hospitals due to the
environmental and health hazards that threaten individuals, society in general and
hospital workers in particular, due to the rapidly spreading diseases and epidemics it
contains[1]. Medical waste has taken the following definition as all solid, liquid or
gaseous waste resulting from various medical care institutions, medical laboratories,
medical research centers, factories and warehouses of human and veterinary medicines,
veterinary clinics and home nursing institutions[2].Medical waste (hazardous), which
is that part of medical waste that can cause health risks, and is classified into infectious
waste, which is waste that contains infectious pathogens (bacteria, viruses, parasites,
and fungi)[3], and includes media and materials used for infectious disease analyzes in
laboratories, waste from patients isolated in the infectious diseases unit, dialysis unit

) “ A waste from devices, filters, gloves, covers, shoes, single-use bibs, contaminated cotton
((') - - - -
e z % and gauze garbage, swabs, and other waste contaminated with patient secretions..
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Anatomical waste that has to do with the patient's body or its components of tissues[4],
amputated parts or embryos, as well as sharp waste and represent tools that may cause
cutting or tingling in the human body such as syringes, needles, glass ampoules and
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& scalpels used in surgeries and pieces of broken glass[5]. There are also chemical wastes

and include solid, liquid or gaseous waste resulting from personal, therapeutic or
7)) experimental work, cleaning, disinfection or management, and is characterized by
- being toxic, causing corrosion of surfaces and tools, fast Flammable and fast
9 reaction[6].. Finally, pharmaceutical waste, which are raw materials, medicines and

pharmaceuticals that are expired or non-conforming to specifications or that no longer
have a use for one reason or another, as well as some solid and semi-solid, liquid and
gaseous pharmaceutical industry waste. Large variety and different from disease
microbes[7]. Chemical and pharmaceutical waste used in health institutions is among
the sources of harm to workers and the surrounding environment, some of which are
toxic chemicals and cancer-inducing substances and mutations in the human cell and
wildlife, in addition to the presence of other chemicals that are incendiary and quickly
flammable and explosive[8]. Or by inhalation or swallowing. The process of
discharging chemical residues into the public sewage network (sewage) may lead to
vital environmental damage due to the inability of sewage treatment plants to eliminate
and dispose of these materials compared to the ease of disposal of microbes[9]. As for
pharmaceutical waste, it has destructive effects on natural ecosystems, such as drug
residues from antibiotics and drugs used to treat cancer diseases, which have the ability
to kill existing microorganisms necessary for those systems[10]. As well as the
possibility of mutations and deformations of the surrounding organisms.. The presence
of large quantities of liquid medical waste[11] resulting from hospitals mixed with
heavy metal residues such as mercury, phenolic compounds and its toxic derivatives
and some products of sterilization and disinfection materials contributes to the
destabilization of these systems[12]. Radiomedical effect of the two on the genetic
content of cells. .Dealing with sources of active radioactive[13] substances in the
diagnosis and treatment of certain diseases causes significant damage in the destruction
of human tissues and cells. Less active radioactive waste damage contaminates the outer
surfaces of the tools used, or due to poor storage of these materials[14].Garbage
collectors are exposed to many problems such as injuries and wounds as a result of
exposure to sharp objects such as syringe needles, razors, glass breakages mixed with
patients' secretions or cotton and gauze contaminated with patients' blood, causing
infections and serious diseases such as viral hepatitis[15]. And also infection with skin
diseases such as eczema, blisters, suppurations and infections resulting from
fungi[16].Medical effluents cause many diseases of the respiratory system and lungs
due to inhalation of dust loaded with pathogens or chemical particles causing acute and
chronic catarrh and asthma. Medical waste causes environmental hazards such as
distortion of the landscape and the emission of unpleasant odors, as well as affecting
the biological system in the area where waste[17]. accumulates by bringing in rodents
NEE and insects[18].. The gases emitted from landfills are mainly methane and carbon
%} dioxide.These gases are considered greenhouse gases whose rise plays a role in global
"~ % warming and raising the temperature of the planet in the long term[19].According to

Journal of Analysis and Invent

@) webofjournals.com/index.php/3

Web of Discoveries

17 | Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -



Y

Volume 2, Issue 4, April - 2024 ISSN(E): 2938-3773

many sources and global studies, landfills can cause contamination of drinking water if
not built in appropriate ways[20]. Improper incineration or incineration of inappropriate
materials results in the release of pollutants into the air and ash residues[21]. The
incineration of chlorine-containing substances generates dioxins and furans, which are
cancer-causing substances in humans and have been linked to a wide range of harmful
health diseases[22]. The incineration of heavy metals or materials containing heavy
metals such as lead, mercury and cadmium leads to the spread of toxic metals into the
environment. Therefore, materials containing chlorine or heavy metals should not be
incinerated[23].the aim of this study Assessing the environmental reality of health
centers in the city of Kirkuk as a model for the reality of health institutions operating
in Irag.Highlighting the environmental problems faced by these institutions, whether in
terms of the treatment of liquid waste in terms of the availability or non-availability of
treatment units for such waste.Knowing the efficiency of treatment plants in removing
some heavy metals from waste water in health centers (health center, specialized dental
center)Knowing the percentages of outgoing concentrations in rivers.The extent to
which they conform to the environmental determinants of the offering in rivers[24].
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3- Practical part

3-1- Sample Collection

Samples of (12) liquid medical waste were collected. (6) taken from a public health
center and (6) from a specialized dental center over a period of (6) months of the year
(October, November, December, January, February and March). As well as the
effectiveness of pollutant treatment devices in medical institutions.

3-2- Chemical Analysis

3-2-1 -PH Function

The pH Function was measured by a pH meter. in pH-meter are used stirr, thermometer,
flask, distilled water. First wash the electrode with distilled water and then dry it
completely. A quantity of a known pH solution is placed in a clean, dry Baker (50 ml).
solutions with a pH (4,7,10) are usually used. The electrode of the device is placed in
the solution (avoiding the contact of the electrode with the base of the baker). the
electrical current connected to the device, then move the solution carefully to avoid
breaking the electrode and then note the reading of the device.. Next, a quantity of the
pH sample is taken by a clean and dry baker. The electrode is placed in the solution and
reading of the device is recorded after the indicator stabilizes. Finally,, The electrode is
lifted, washed with distilled water, dried and then placed in adistilled water [25].

@) webofjournals.com/index.php/3

3-2-2- Electrical conductivity

Examination is used using a Conductivity device. TUCK. C° meter) from this it turns
out that it is a versatile device and is converted as needed for the type of examination.
For example, for the purpose of finding the electrical conductivity of a particular model,
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X q\ the following is done: the indicator of the device is converted to the electrical
?”4 conductivity indicator. The inspection device is calibrated by standard solutions with
L 1‘ ﬁfj known electrical conductivity and is attached to the device and these solutions are read
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with a temperature set. Then the electrode of the device is inserted into the model and
then the reading is recorded directly from the device, which represents the electrical
conductivity of the model in units (us), knowing that the electrode of the device is
washed with distilled water after each inspection[26]
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3-2-3 -Determination of sulfate ion (5047?)

The sulfate is deposited with barium chloride in an acidic medium to form a white
precipitate of barium sulfate, and this precipitate is kept in a suspended form by adding
the conditioned solution, so we have a turbid suspension whose turbidity is measured
by the turbidity device, and the relationship between sulfate concentration and turbidity
is a direct relationship[27]

3-2-4 - Determination of phosphate ion concentration (PO4®)

Add one drop of phenolphthalein dye to 100 ml of the colorless and turbid form, if
discolored, add a strong acid solution until the color disappears. 4 ml of aluminum
molybdate solution and ten drops of tin chloride solution are added with shaking, where
a blue color is formed, depending on the intensity of the phosphate concentration. After
10 minutes and not more than 12 minutes, the absorption is measured using a
spectrophotometer at a wavelength of 690 nm and using distilled water as a plank for
zeroing. The magnitude of light transmittance during the model solution is compared
with the values of a standard graph drawn from the Curve Calibration[28]

3-2-5- Determination of Nitrate ion Concentration NOs

Put a volume of 50 ml of the form (and add 1 ml of hydrochloric acid) to prevent the
interference of the hydroxide ion and carbonate in the model to a concentration of 1000
mg/l in the form of calcium carbonate. Put a volume of 50 ml of distilled water, add 1
ml of hydrochloric acid and use as planck. Absorbance is measured at a wavelength of
220 nm. Absorbance is measured at a wavelength of 275 nm and subtracts from the pre-
removal absorbance any interference of organic matter. The absorption value is
compared with the values of the standard curve in force For this purpose. To make the
standard curve, a set of standard solutions of 0-7 mg/L of nitrate is prepared by taking
volumes of (0.2, 4, 6, 8) ml respectively from the original standard solution. Each
standard solution is treated as a form and then diluted to 50 ml with distilled water. The
absorbance of these standard solutions is measured at a wavelength of 220 nm and the
standard curve between the concentration of these solutions and their absorption values
is drawn Planck is used to read zero (and it is prepared from taking a quantity of distilled
water instead of the standard solution and adding the same quantities of chemicals
added to the model and treated as the model .The concentration is calculated by a device
(spectrophotometer) [29].

@) webofjournals.com/index.php/3
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3-2-6 (Biochemical-Oxygen-Demand) (BOD)

NG \ This important analysis was carried out at the Department of Environment and Water.
?ﬂ . The percentage of oxygen consumed in biological processes is very important and very
12 ﬁ{ﬁ low values of BOD indicate either that the water is clean, as the bacteria present do not
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consume the organic compounds present, or that the bacteria present are dead or they
die that the value of the requirement or consumption of oxygen in the biological
processes carried out by microorganisms in water, referred to as bioconsumption or
biochemical requirement of oxygen (BOD). Biooxygen consumption is not itself a
pollution factor but an indicator of the amount of oxygen consumed by microorganisms
and bacteria involved in the process of organic disintegration .The first tests to
determine biooxygen consumption are performed to determine oxygen in a stream by
immersing two bottles, the amount of dissolved oxygen is determined in the first bottle
while the other bottle remains in the stream for several days and then the amount of
dissolved oxygen is determined in the second bottle. The difference in the level of
dissolved oxygen determines the consumption of biooxygen, and Po expresses one
concentration of mg of oxygen per liter of sample mg/L. This test has an important
advantage as the water in the bottle is subject to the same environmental factors
affecting the water in the stream, and therefore it is an accurate measure of the amount
of dissolved oxygen use in the stream. It is impossible to compare the results of more
than one stream due to the presence of three important non-constant variables:
temperature, time and light. Temperature has a clear effect on oxygen absorption, due
to which metabolic activity increases significantly at elevated temperatures. The test
time is also important, as the amount of oxygen consumed increases with time .Light is
also an important factor, as natural water contains algae and oxygen that can grow
within the bottle if light is available. The difference in the amount of light will affect
the final concentration of oxygen. The standard biooxygen consumption test requires
that the measurement be carried out in the dark at 20°C for five days. The five-day
consumption of biogen is the oxygen used by microorganisms in a sample of water
during these first five days after sampling. Choosing five days is a compromise between
doing a test for a period not long enough to get results, Or the test work for so long that
anaerobic bacteria and mold in the bottles affect the consumption of biooxygen.
Biooxygen consumption testing is usually performed within special standard bottles.
The test is first carried out by measuring dissolved oxygen or saturating the sample with
dissolved oxygen at the same temperature at which it will be stored, usually stored at
20°C. The dissolved oxygen in the samples is then measured every day for five
days[30].
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3-2-7 (Chemical-Oxygen-Demand) (COD)

It is the measurement of the concentration of organic matter in water and domestic and
industrial waste water. It depends on the oxidation of the organic materials in the sample
with strong oxidizing chemicals such as dachrome ammoniac ferrous sulfate, from
which the concentration of organic matter in the sample is inferred. The method used in
the measurement is (Open Reflex Method) A certain size of the sample and according
to the concentration of organic matter in it are placed in the added heating flask.
Vitreous containing boiling stone and mercury sulfate powder. Place in a glass heating
o flask as much distilled water as the size of the model with the same amount of mercury
sulfate powder .
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Then quietly and with cooling to each of the two decans a part of concentrated sulfuric
acid is added and then the specified amount of potassium dichromate solution is added.
Both flasks are connected in a condenser with cooling water open through it. Complete
the addition of the remaining part of the sulfuric acid through the upper condensate hole
and then block this hole by placing a small glass baker on top of it. Both the sample
solution and the plank are heated for two hours at a boiling point. Stop heating and leave
both the sample solution and the plank bound to the condenser to cool to room
temperature. Complete each to the required volume with distilled water and add three
drops of ferron reagent dye. The excess amount of potassium dichromate in both sample
and planck solutions is allowed with ammoniac ferrous sulfate solution until the color
changes from greenish blue to reddish-brown[31]
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Results and Discussion:
4-1-The results of Chemical Analyzes of medical effluent (liquid) of the health
center:
Table (1) shows the values of chemical analyzes conducted on (6) samples of medical
effluent taken from a public health center and for six months of the year (October,
November, December, January, February, March) The results showed that there is an
increase in concentration (EC COD, BOD, SO4?, PO4?) after comparison with the
reference values and the reason may be due to the lack of good waste treatment, which
led to its rise above the normal limit .We notice an increase in COD values, which is an
indication of the presence of chemicals in high proportions offered by the center due to
the use of detergents and chemicals. We observe a rise in BOD values, which is an
indication of the presence of widespread organic pollution in the field of wastewater,
and the absorbed biooxygen is usually formed due to foamed and dissolved organic
matter, the amount of oxidized organic matter and the action of microorganisms. We
also observe a rise in PO43values in the first months due to temperatures. We note that
the values of SO42 have become high concentrations that exceeded the environmental
determinant and this is due to the use of chemicals, dyes and ointments containing large
amounts of sulfates. The value of electrical conductivity increased because sulfate ions
are high in addition to the presence of iron and copper deposition .
Table (1): shows the values of chemical analyzes conducted on (6) samples of
medical effluent taken from a public health center and for six months of the year
(October, November, December, January, February, March).
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Analysis Months sample
NO5t POs2 | SO42 BOD | COD |EC PH
mg/Il mg/l mg/I mg/l mg/I pm/cm
22 4.8 266 73 115 950 6.0 1 Chemical
22.8 4.2 300 85 119 1000 6.8 2 Analysis of 6
22 4 365 98 125 1248 7.1 3 Samples of
22.5 3.67 | 366 160 188 1650 7.3 4 Medical Effluent
26 25 455 195 205 2430 7.8 5 Taken from the
31 2 475 234 260 2584 8.2 6 Health Center
. 50 3 400 40 Less 2000 6-9.5 6-9.5 Reference values
&,‘:\\* then
\ & z 100
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C_U m Figure 4-1: shows the laboratory results of the pH function of medical effluent over a
c _cz period of six months of the year (for a health center).
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Figure 4-2: shows the EC laboratory results for medical effluents over a period of six
months of the year (for a health center).
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Figure 4:3shows the COD laboratory results for medical effluents over six months of
the year (for a health centre).
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Figure 4-4 shows the laboratory results BOD for medical effluents over six months of
the year (for a health center).
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Figure 4-5: shows the laboratory results SO4%for medical effluents over six months of
the year (for a health center).
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Figure 4-6 : shows the laboratory results PO4 for medical effluents over a period of
six months of the year (for a health center).
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Figure 4-7 shows laboratory results for NOz™ medical effluents over six months of the year (for
a health centre).

4-2- Results of chemical analyzes of medical effluent(liquid) of the Specialized Dental
Center

Table (2) shows the values of chemical analyzes conducted on (6) samples of medical effluents
taken from a public center and for six months of the year (October, November, December,
January, February, March) The results showed that there is an increase in concentration (EC
COD, BOD, S042, PO4) after comparison with the reference values and the reason may be
due to the lack of good treatment of waste, which led to its rise above the normal limit. We
notice an increase in COD values, which is an indication of the presence of chemicals in high
proportions offered by the center due to the use of detergents and chemicals. We observe a
rise in BOD values, which is an indication of the presence of widespread organic pollution in
the field of wastewater, and the absorbed biooxygen is usually formed due to foamed and
dissolved organic matter, the amount of oxidized organic matter and the action of
microorganisms. We also observe a rise in PO4 values in the first months due to temperatures.
We note that the values of SO42 have become high concentrations that exceeded the
environmental determinant and this is due to the use of chemicals, dyes and ointments
containing large amounts of sulfates. The value of electrical conductivity increased because
sulfate ions are high in addition to the presence of iron and copper deposition.
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"i_ Table 2 :Chemical analysis of 6 medical effluent samples taken from a specialized dental

center.
Analysis Months sample
- NO5t POs2 | SO42 BOD |[COD |EC PH
mg/l mg/l mg/l mg/l mg/l pm/cm
18.5 3.11 250 66 100 866 6.2 1 Chemical
()] 15 3.5 284 68 122 970 6.1 2 Analysis of 6
(- 15 3 301 91 119 1200 6.5 3 Medical Effluent
o 16.3 3.1 388 125 175 1697 7 4 Samples  Taken
Bt 15.1 2.3 390 168 189 2100 7.6 5 from a
26 1.44 | 404 193 233 2430 7.9 6 Specialized
Dental Center
50 3 400 40 Less 2000 6-9.5 6-9.5 Reference values
then
100

10
9
8
7
6
L s
4
3
2
1
0
1 2 3 4 5 6 Reference
values
MONTHS

Figure 4-8 :shows the laboratory results of the pH function of medical effluent over a period
of six months of the year (for a specialized dental center).
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Figure 4-9: shows the EC laboratory results for medical effluents over a period of six months

NO v of the year (for a specialized dental center).
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Figure 4-10:shows the laboratory results of COD for medical effluent over six months of the
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™M year (for the specialized dental center).
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Figure 4-11 : shows the BOD laboratory results for medical effluents over a period of six
months of the year (for a specialized dental center).
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Figure4-12:shows the laboratory results SO4-2 for medical effluents and over a period of six

months of the year (for a specialized dental center).
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Figure 4-13:shows the laboratory results of PO4-3 for medical effluents over a period of six
months of the year (for a specialized dental center).
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Figure 4-14 :shows laboratory results NO3™ for medical effluents over a period of six months
of the year (for a specialized dental center).

5-1-Conclusions

1. It was found that the two studied centers dispose of their effluents in different ways, as they
were discharged to public sewers, septic basins, or nearby rivers and trocars without
treatment due to the failure of their treatment plants for several years.

2. Wrong handling of hazardous chemical waste and liquids resulting from the daily
sterilization and cleaning of various surfaces, floors and equipment that are discharged to
public sewers from analysis laboratories and pathological laboratories, as well as toxic drug
residues and antibiotics for the treatment of tumors and liquid and radioactive waste that is
discharged without treatment.

3. The characteristics of the liquid medical waste of the two centers compared to the city's
wastewater were characterized by a high content of bacteria, germs and viruses causing
many infectious diseases, various and dangerous chemicals, pharmaceutical waste,
quantities of heavy metals, liquid and radioactive waste and other pollutants dangerous to
the environment.

4. The study showed that the values of (NO3z™) in the effluents of the two centers fall within
the normal limit while the values of (BOD, COD, PO43, SO42, EC) were higher than the
environmental determinants.

5.The lack of use of any methods in the treatment of liquid waste of the two centers and
discharge to the aquatic environment without treatment pollutes the environment and
exposes living organisms to environmental and health risks.
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/'\_ 5-2-Recommendations
@ ) 1-The need to develop a national strategy for the treatment of waste in general and medical
waste in particular, with a comprehensive and integrated solution to manage the waste problem

)

~ with the participation of all concerned parties.
2- Establishing an Iragi commercial company to collect, transport, store and treat natural and
%2, medical waste.
S 3-Holding workshops and training courses for medicaland nursing staff on the dangers of
s medical waste and the need to adhere to occupational safety instructions.
cC 4- Repairing idle incinerators or choosing suitable and safe incinerators for the environment
0 and individuals in Iragi hospitals.
E 5- Raising awareness of the dangers of waste and its damage to students in public and private
— schools.
o)
% References
1-Finckh, Saskia, et al. "Mapping chemical footprints of organic micropollutants in European
U_) streams." Environment International 183 (2024): 108371.
g 2-Maddalon, Ambra, et al. "Impact of chemical mixtures from wastewater treatment plant

m
~
a
<
Q.
>
U
©
c
=
=
o
=
4
48]
c
| .
5
o
=
o
Q0
[}
=

effluents on human immune cell activation: An effect-based analysis." Science of The Total
Environment 906 (2024): 167495.

3-Li, Junchen, et al. "Brain-inspired multimodal approach for effluent quality prediction using
wastewater surface images and water quality data." Frontiers of Environmental Science &
Engineering 18.3 (2024): 31.

4-Meher, Rajanandini, et al. "Crepe Bandages Effluent Treatment Using C. Vulgaris and
Nanomaterial." (2024).

5-Mubark, Amal E. "Sequestration of zirconium and hafnium content using magnetic
cellulose/chitosan nanocomposites from waste effluents.” Journal of Water Process
Engineering 58 (2024): 104759.

6-Hansa, A., et al. "Toxicological implications of industrial effluents on plants: a review
focusing on phytoremediation techniques.” International Journal of Environmental Science and
Technology 21.2 (2024): 2209-2224.

7-Zhang, Shiwen, et al. "The critical role of microplastics in the fate and transformation of
sulfamethoxazole and antibiotic resistance genes within vertical subsurface-flow constructed
wetlands." Journal of Hazardous Materials 465 (2024): 133222.

8-Spilsbury, Francis, et al. "Ecotoxicological mixture risk assessment of 35 pharmaceuticals in
wastewater effluents following post-treatment with ozone and/or granulated activated
carbon.” Science of The Total Environment 906 (2024): 167440.

9-Nguyen, Duc-Viet, et al. "Assessing industrial wastewater effluent toxicity using boosting
algorithms in machine learning: A case study on ecotoxicity prediction and control strategy
development.” Environmental Pollution 341 (2024): 123017.

10-Ziarati, Parisa, et al. "DETOXIFICATION OF LEAD AND CADMIUM IN
PHARMACEUTICAL EFFLUENT BY HOME-MADE FOOD WASTES." Advances in
Biology & Earth Sciences 8.2 (2023).

30| Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -



i, ———

Volume 2, Issue 4, April - 2024 ISSN(E): 2938-3773

11-Hong, Tran Thi Kim, and Nguyen Thanh Giao. "Characteristics of Effluent from Medical
Wastewater Treatment: A Case Study in Vietnamese Mekong Delta.” Journal of Energy
Technology and Environment 5.1 (2023).

12- Soleimani, Hamed, et al. "Ecological risk assessment and heavy metals accumulation in
agriculture soils irrigated with treated wastewater effluent, river water, and well water
combined with chemical fertilizers." Heliyon 9.3 (2023).

13- Wang, Ling, et al. "Global trends in the research and development of
medical/pharmaceutical wastewater treatment over the half-century.” Chemosphere (2023):
138775.

14- Baranyika, Jean Baptiste, et al. "Assessment of the impacts of selected physicochemical
and bacteriological parameters of wastewater (hospital effluents) from the University teaching
hospital of Butare on the surrounding environment.” Journal of Cleaner Production 410 (2023):
1373009.

15- Farré, Maria Jose, et al. "N-Nitrosamines and their precursors in wastewater effluents from
selected industries in Spain.” Journal of Hazardous Materials 451 (2023): 1311509.

16- Ahmed, Harez, et al. "Efficient removal of basic Fuchsin from synthetic medical
wastewater and competitive adsorption in the mixture."” Adsorption Science &
Technology 2023 (2023).

17- Ahmed, Ahmed Khaled Abdella, et al. "Eco-Friendly Enhancement of Secondary Effluent
Characteristics with Air and Oxygen Nanobubbles Generated by Ceramic Membrane
Filters." Environmental Processes 10.1 (2023): 13.

18- Faouzi, Jihan, et al. "Assessment of impacts of industrial effluents on physico-chemical
and microbiological qualities of irrigation water of the Fez Rriver, Morocco." Environmental
Geochemistry and Health 45.6 (2023): 3933-3946.

19- Bakon, Sophia Karen, et al. "Prevalence of Antibiotic-Resistant Pathogenic Bacteria and
Level of Antibiotic Residues in Hospital Effluents in Selangor, Malaysia: Protocol for a Cross-
sectional Study." JMIR Research Protocols 12.1 (2023): €39022.

20- Khan, Nadeem A., et al. "Hospital effluent guidelines and legislation scenario around the
globe: A critical review." Journal of Environmental Chemical Engineering 9.5 (2021): 105874.
21- Ziarati, Parisa, et al. "DETOXIFICATION OF LEAD AND CADMIUM IN
PHARMACEUTICAL EFFLUENT BY HOME-MADE FOOD WASTES." Advances in
Biology & Earth Sciences 8.2 (2023).

22- Kimera, Fahad, et al. "Efficient utilization of aquaculture effluents to maximize plant
growth, yield, and essential oils composition of Origanum majorana cultivation." Annals of
Agricultural Sciences 66.1 (2021): 1-7.

23- Eskandarinezhad, Sara, et al. "Application of different Nanocatalysts in industrial effluent
treatment: A review." Journal of Composites and Compounds 3.6 (2021): 43-56.

24- Azari, Ali, et al. "Magnetic multi-walled carbon nanotubes-loaded alginate for treatment
of industrial dye manufacturing effluent: adsorption modelling and process optimisation by
central composite face-central design.” International Journal of Environmental Analytical
Chemistry 103.7 (2023): 1509-1529.

25- Omuferen, Loveth Oke, B. Maseko, and J. O. Olowoyo. "Occurrence of antibiotics in
wastewater from hospital and convectional wastewater treatment plants and their impact on the

5
=

r

ysis and Inventions

™M
~
a
<
Q.
>
U
©
c
=
=
o
=
4
48]
c
| .
5
o
=
o
Q0
[}
=

31| Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -



i, ——

Volume 2, Issue 4, April - 2024 ISSN(E): 2938-3773

effluent receiving rivers: current knowledge between 2010 and 2019." Environmental
Monitoring and Assessment 194.4 (2022): 306.

26- Khan, Nadeem A., et al. "Occurrence, sources and conventional treatment techniques for
various antibiotics present in hospital wastewaters: a critical review."” TrAC Trends in
Analytical Chemistry 129 (2020): 115921.

27- Zhang, Dayi, et al. "Potential spreading risks and disinfection challenges of medical
wastewater by the presence of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) viral RNA in septic tanks of Fangcang Hospital." Science of the Total
Environment 741 (2020): 140445.

28- Goswami, Prasun, et al. "Occurrence of pharmaceutically active compounds and potential
ecological risks in wastewater from hospitals and receiving waters in Sri
Lanka." Environmental Toxicology and Chemistry 41.2 (2022): 298-311.

29- Carraro, Elisabetta, et al. "Hospital effluents management: chemical, physical,
microbiological risks and legislation in different countries.” Journal of environmental
management 168 (2016): 185-199.

30- Amouei, Abdoliman, et al. "Characteristics of effluent wastewater in hospitals of Babol
University of Medical Sciences, Babol, Iran." Health Scope 4.2 (2015).

31- Neale, Peta A., et al. "Integrating chemical analysis and bioanalysis to evaluate the
contribution of wastewater effluent on the micropollutant burden in small streams." Science of
the Total Environment 576 (2017): 785-795.

)

r

dadal)

e ¢S S aalad gl (62595 5 Tk 5l A pame dga slgn 5l Ak L Ll A pmall il i s
e Daing ) yhad JC LS Gl A isall o Aol 3 jkadl) Gl 5V s il gl Jama 5ol 8 cLgailiad
dnma e A8k Ll 5l Lgte o lall 5 Lglis f Lgiy i35 of Lgiallan 2o Al ol GVl dsua,
e Ao 5 il aiadd S jegale oaua 58 el Al dpdall Gl Aagall Al Jallail) Canall 5L 13g]
O ) il Aadleal Clan s BeliS (s s il 538 Aallae A e el IS5 Copeill Aiud) (e e 4l
i il ¢l 5 domalad) AN o L el 3 ad Alacadl 5811 e el gaall S all i el Jlladl) ) 3
s, Al e uolidl el 8 iy S A e Alia gl 5 iy S Lal Baaadl) yed¥) VA L Lo 55 A ik
YornaS Y e oa sl Gkl 5815 3 e gLl AhadlBOD 3 (e sY1 S i g3l (

) CansS s el bl 85 5 50 ) cllia SIS 5 4 umall 3 sall aplani] 45800 Lall iLESIILEaliaSCOD (
Axlie g Aallas I zlisg e (5 80 Sslioga s o Ja 1aa 5 8 58l ye 48y ylay &y suaal) o) sall 58 5 Jiay 5211

Journal of Analysis and Inventions

@) webofjournals.com/index.php/3

<

D Web of Discoveries

32| Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -



