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Abstract: The research included estimating the residues of the antibiotics tetracycline and
ciprofloxacin in the wastewater of some hospitals. Samples were taken, one sample from each
hospital, and these antibiotics were extracted using solid phase extraction methods and then
determined using high-performance liquid chromatography technology, with a fluorescence
detector, Em = 420, Ex = 310, a C18 column, 25 c¢cm, 4.6 mm, and a mobile phase, Methanol:
Dw70:30, for tetracycline, and for ciprofloxacin, a C18 column, 25 cm, 4.6 mm. and 3.5um with a
wavelength of 278nm and a mobile phase of phosphoric acid, acetonitrile and methanol in ratios of
40:40:20, respectively.lt was noted that there are significant concentrations of the studied
antibiotics, with tetracycline concentrations ranging from 201.1 - 142.5 ppm and ciprofloxacin
concentrations from 156.98 - 78.99 ppm. Therefore, it is necessary to monitor these concentrations
leaking into the water as long as they affect the environment and human and animal health.

Introduction

Tetracycline (TCN) is considered one of the most important antibiotics given to treat many
infections caused by different types of infectious bacteria. It is an odorless yellow crystalline
powder with the partial formula C22H24N208 Its chemical composition is expressed as follows:

Figure (1) Chemical structure of tetracycline

Tetracycline is used to treat infections of the respiratory system, middle ear, sinuses, and urinary
tract, in addition to its use in treating skin infections . Tetracyclines, a large family of antibiotics,
were discovered by Benjamin Duggar in 1948 as natural products, and were first described in 1948.
(1) Benjamin Dugar, working under Yellapragada Subaru at Lederle Laboratories, discovered the
first tetracycline antibiotic, chlortetracycline, in 1945. (2) The structure of aureomycin was
elucidated in 1952 and published in 1954 by the Pfizer-Woodward group after the discovery of the
structure. , researchers at Pfizer began by chemically modifying Aureomycin by treating it with
hydrogen in the presence of a carbon catalyst. This chemical reaction replaced the chlorine charge
with hydrogen, creating a compound called tetracycline by hydrogenolysis (3). Tetracyclines
offered higher potency, better solubility, and were more convenient than other antibiotics in their
class. The new compound was one of the first commercially successful antibiotics to be used to
develop sancycline, minocycline, and glycylcyclines. And then tetracyclines have a broad spectrum
of antibiotic action. Originally, they possessed some level of bactericidal activity against almost all
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medically relevant bacterial genera, both Gram-positive and Gram-negative, with a few exceptions,
such as Pseudomonas aeruginosa and Protease spp. Which displays internal resistance. However,
the inherent resistance acquired has spread in many pathogenic organisms and has greatly eroded
the broad diversity of this group of antibiotics. Resistance has become common among
Staphylococcus aureus. Tetracyclines are particularly useful in the management of infections by
certain intracellular bacterial pathogens such as Chlamydia, Mycoplasma, and Rickettsia. It is also
valuable in plochaetal infections such as syphilis and Lyme disease. Some rare or exotic infections,
including anthrax, plague, and graminoidea, are also susceptible to tracycline. Tetracycline tablets
were used in a plague outbreak in India in 1994 (4) Tetracycline is one of a group of antibiotics that
can be used together to treat peptic ulcers caused by bacterial infections. The mechanism of action
for the antibacterial effect of tetracycline is based on disrupting protein translation in bacteria, thus
damaging the ability of microbes to grow and repair (5) (6).

Ciprofloxacin (CIP) is a widely used antibiotic that belongs to the fluoroquinolone family and is
widely used in human and veterinary medicine (7). Its molecular formula is (C17HI8FN303),
partial weight 331.346 g/mole, boiling point 581.8°C, and its chemical composition is shown in the
following figure (8)

OH

O O

Figure (2) Chemical structure of ciprofloxacin

Ciprofloxacin is used as a therapeutic agent in the treatment of many bacterial infections in humans
and animals (9) and is also primarily used in the treatment of urinary tract infections (10). This
medication has side effects, as it can cause health problems such as headache, diarrhea, vomiting,
and nausea (11). Ciprofloxacin has an important role in treatment guidelines issued by major
medical societies for the treatment of serious infections, especially those likely caused by Gram-
negative bacteria, including Pseudomonas Aeruginosa. For example, ciprofloxacin in combination
with metronidazole is one of the regimens. First-line antibiotics recommended by the Infectious
Diseases Society of America for the treatment of community-acquired abdominal infections in
adults (12). It also features prominently in treatment guidelines for acute pelvic nephritis,
complicated or hospital-acquired urinary tract infections, acute or chronic prostatitis(13), certain
types of endocarditis(14) some dermatitis(15) and prosthetic joint infections(16) in... In other cases,
treatment guidelines are more restrictive, in most cases recommending older, narrower medications
as first-line treatment for less severe infections to reduce the development of fluoroquinolone
resistance. For example, the Infectious Diseases Society of America recommends the use of
ciprofloxacin and other fluoroquinolones in urinary tract infections in cases of proven or predicted
resistance to narrower-spectrum drugs such as nitrofurantoin or trimethoprim/sulfamethoxazole.
The European Association of Urology recommends ciprofloxacin as a regimen. An alternative to
treat uncomplicated urinary tract infections, But warns that the "potential" for adverse events must
be considered. Although it has been approved by regulatory authorities for the treatment of
respiratory infections, it is not recommended for respiratory infections by most treatment guidelines
due to its modest activity against the common respiratory pathogen pneumonia because
(Ciprofloxacin) is a lipid profile, it has the ability to cross the blood barrier and cause inflammation
(17). The 2013 FDA label warns of nervous system effects. Ciprofloxacin, like other
fluoroquinolones, is known to provoke seizures or lower the seizure threshold, and may cause other
adverse central nervous system effects. Headache, dizziness, and insomnia have been reported as

146



Journal of Science in Medicine and Life, Volume: 2 Issue: 9 Year: 2024 2992-9202

occurring fairly commonly in post-approval review articles, along with a low incidence of serious
CNS adverse effects such as tremors, psychosis, anxiety, hallucinations, paranoia, and suicide
attempts, especially at higher doses (18). Like other fluoroquinolones, it is also known to cause
potentially irreversible peripheral neuropathy such as weakness, burning pain, tingling, or numbness
(19).

Material and methods

Devices used

Centrifuge DuPont - Germany

Incubator BDH
Hot plate Japan
HPLC SYKAMAN

Analysis methods using HPLC device

After both the sample solution to be separated and the phase solution are prepared and placed in the
place designated for them in the device, and the required separation column is installed according to
the type of separation and the material to be separated in the place designated for it inside the
device, then the mobile phase is passed over the separation column for a period of no less than Half
an hour, then the device injects a small, known amount of the sample solution in microliters, so that
the sample moves to the column and passes through the mobile phase through the separation
column, in which the substance is separated, which then comes out and the result appears in the
form of a chromatogram to the detector, and the result appears in the form of a peak and an
indication for each component of the sample. The area enclosed under the top of the separated
substance is calculated and compared with the area enclosed under the top of a standard substance
with the same concentration. Thus, the concentration of the separated substance can be known. If
the separation is successful, each peak represents a component of the mixture to be separated. All
recorded peaks are called chromatograms. To obtain an excellent result, a high pressure exceeding
100 par must be applied. Through the work that took place, the results were collected in the form of
graphs, chromatograms, peaks, and tables for each sample separately. As well as the standard
material to show some statistical values, detention time, peak area, percentage, height, quantity and
type of unit used.

Samples Collection

Samples were collected from wastewater from several hospitals in Diyala Governorate, namely
(Baquba General Hospital, Al-Batoul Hospital, Al-Muqdadiya General Hospital, Al-Zahraa
Hospital, Jalawla General Hospital), one sample for each hospital on 3/1/2023 for a period of one
month, using clean glass bottles. The container has a capacity of 250 ml and is kept in a cool, dry
place until the medication is evaluated.

Preparation the sample

100mg of each substance was taken separately, then each substance was placed in a 100ml
volumetric vial, and the volume was completed to the mark, where the initial concentration became
100ppm for each of them. Using the dilution law C1V1=C2V2, the concentrations injected into the
device were prepared, where 1ml of the prepared standard solution was taken and the volume was
completed. Up to 10ml in a volumetric vial, and the second concentration became 10ppm and
injected into the HPLC device. 100um of the standard solution was injected with the same volume
of the sample.
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Extraction Procedure of tetracycline

Extraction method: 100 ml of the sample was taken and 10 ml of methanol and Citrate buffer were
added to it in a volumetric ratio of 7:3 v/v. Then the mixture was stirred for five minutes. The
samples were placed in the incubator and at room temperature for five minutes, after which the
separation was done in a quickly refrigerated centrifuge. 3,500 rmp for ten minutes. The extraction
was repeated for the second time using 2 ml of buffer solution. The clear solution was filtered and
an SPE cartridge containing 10 ml of methanol and 4 ml of water was placed in it. The sample was
then washed with 5 ml of water. 3 ml of mixed tetracycline was taken and filtered using a nylon
fitter filter with a pore capacity of 0.45 um, and then 100 um of it was taken from it. It was injected
into an HPLC device. The separation was conducted using an HPLC device at the Ministry of
Science and Technology - Department of Water and Soil, according to the specifications below.

Mobile phace:methanol:D.W 70:30 ,Colommn:C18.0ps(25 cm ,4.6 mm)
Detector Florescence =Ex=310 nm, Em=420 nm, Flow rate=1.2 ml/min
Extraction Procedure of

Take 0.1 g of standard Ciprofloxacin and put it in a 250 ml volumetric vial and add an appropriate
amount of solvent using the dilution rule. The solution becomes 400 ppm and then inject the sample
into the analysis device.

The separation was conducted using an HPLC device at the Ministry of Science and Technology -
Department of Water and Soil with the specifications below: SYKAMN model with a 100 ml
injection system and a UV/Vis detector, then set at 278 nm, reversed phase, 25 cm, 4.6 mm, 3.5 um
C18 column, and a mobile phase consisting of a mixture of

0.025M Phosphoric acid to PH; with triethanolamine)
B= acetonitrile , C= methanol 40:40:20 Flow speed

, 1.0 ml/min

Calculation

The concentration of the following drugs, tetracycline and ciprofloxacin, was calculated by using

the following formula: -
Cst X Asam
Csam = ———
Asta

Result and discussion

In this study, HPLC technology was used to detect the antibiotics tetracycline and ciprofloxacin in
wastewater from the previously mentioned hospitals and the results are shown in Tables (1) (2)
below. Figures (3)(4) are chromatograms of the standard substance for tetracycline and
ciprofloxacin, respectively, with a summary table of the peaks and some statistical values of
retention time, peak area, percentage, height, and the quantity and type of unit used.
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Figure (3) Chromatogram of the standard substance tetracycline.
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Figure (4) Chromatogram of the standard substance for ciprofloxacin.

Figures (5) to (9) and (10) to (14) indicate chromatograms showing the percentages of presence of
tetracycline and ciprofloxacin, respectively, with a summary table of the peaks and some statistical
values of retention time, peak area, percentage, and height. The quantity and type of unit used in
samples taken from the wastewater of the aforementioned hospitals
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Figure (5) Chromatogram of the test sample from Al Zahra Hospital for tetracycline
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Figure (6) Chromatogram of the test sample from Al-Muqdadiya Hospital for tetracycline.
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Figure (7) Chromatogram of the test sample from Jalawla Hospital for tetracycline.
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Figure (8) Chromatogram of the test sample from Al-Batoul Hospital for tetracycline.
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Figure (9) Baqubah Hospital test sample chromatogram for tetracycline.
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Figure (10) Chromatogram of the test sample from Al Zahra Hospital for ciprofloxacin.
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Figure (11) Chromatogram of the test sample from Al-Muqdadiya Hospital for ciprofloxacin.
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Figure (12) Chromatogram of the test sample from Jalawla Hospital for ciprofloxacin.
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Figure (13) Chromatogram of the test sample from Al-Batoul Hospital for ciprofloxacin.
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Figure (14) Chromatogram of the test sample from Baquba Hospital for ciprofloxacin.

The results below shown in Table (1) (2) for the concentrations of tetracycline and ciprofloxacin,

respectively:

Table (1) Tetracycline concentrations in ppm for a number of hospitals in the governorate.
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No Name Con (ppm)
1 Al Zahra 1745
2 Al-Muqdadiya 165.0
3 Jalawla 180.6
4 Al-Batoul 1425
5 Baquba 201.1
Table (2) Ciprofloxacin concentrations in ppm for a number of hospitals in the governorate
NO Name Con (ppm)
1 Al Zahra 95.58
2 Al-Muqdadiya 80.22
3 Jalawla 105.64
4 Al-Batoul 78.99
5 Baquba 156.98

Conclusion:

Samples from several hospitals were analyzed to estimate the residues of the antibiotics tetracycline
and ciprofloxacin in wastewater in the governorate using the (solid) phase extraction method, and
then estimated using the high-performance liquid chromatography technique, with a fluorescence
detector Em =420, Ex = 310, a C18 column 25 cm, 4.6 mm, and a mobile phase Methanol: Dw 70.
:30 for tetracycline.

The extraction method used a 25cm, 4.6mm and 3.5mm C18 column, a UV/Vis detector with a
wavelength of 278nm, and a mobile phase of a mixture of phosphoric acid, acetonitrile, and
methanol in ratios of 40:40:20.

It was noted that the concentrations of the studied antibiotics ranged from tetracycline
concentrations to 201.1 - 142.5 ppm and ciprofloxacin concentrations from 156 to 80.22 ppm.
Therefore, it is necessary to monitor these concentrations leaking into the water as long as they
affect the environment and human and animal health. Therefore, the leakage of these antibiotics
through wastewater or through purification or treatment methods by adsorption or photodegradation
must be minimized to get rid of them. Therefore, the person must adhere to the doctor’s instructions
when using treatment when he is afflicted with diseases caused by these antibiotics.
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