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OO0nHoli u3 OCHOBHBIX NPUUUH 01 DECNOKOUCMEA AGNAEMCA WIUPOKO PACHPOCMPAHEHHOE
npucymcmaeue 6 oKpycarouieil cpeoe papmayesmuuecKux npenapanos, KOmopvle mozym 0vimo
8peonsl 01: Hcusvlx cyujecme. Hx uacmo Ha3vlearom HOGbIMU XUMUYECKUMU 3AZPAZHUMENAMU 8
6000emax, NOCKOILKY OHU TUOO 6ce euje He Pecyaupyiomca, 1ubo HAX00AMCA 6 npoyecce pezyiu-
posanusa. Dapmayesmuueckoe 3azpAa3HeHUue OKPYHcaroujell cpeosvl MOI}cen uMems nazyoHvle no-
ceo0cmeus 0 Heu3HeCnOCOOHOCHU IKOCUCIEMbL, 300P06bA Uesl08¢KaA U Kauecmea 600bl. B amom
UCCe006AHUN KOUYECHB0 OCMABUIUXCA (PapmayesmuuecKux coOeOUHEeRuIl 6 800ax OKpyicaro-
wieil cpeovl ObL10 OnpedeneHo ¢ ROMouwbl0 npocmozo 0o3opa. Ilpouzeoocmeo u nompeodnenue
hapmayeemuueckux npenapamoe 03pocau u3-3a OOCMUICEHUIL MEOUUUHBL, YMO NPUBEIO K Ona-
CEeHUAM OMHOCUMENIbHO UX 8030€liCHEUA HA OKPYHCAIOUWYIO CPedy U ROMEHYUAIbHOZO0 8Pedd HCuU-
8bIM CYyUeCmeam u3-3a ux pacmyuiezo npucymcmeus. Muozue cmpanst menepb RPU3HAION, YMO
hapmayeemuueckoe 3azpaznenue 600HOI CPedbl NPeOCHAsiAent yzpo3y 01 OKpyHcarouell cpeobl.
Bnonne 603m0cHO, Um0 HeKOmMOpble IHOOKPUHHbBIE AKMUBHbBIE NPENAPAnbl OKA3bIEAION 8030¢li-
cmeue npu 4pe3euluanno HUKUX KOHUEHmMPAyuax é OKpyHcaroujeli cpeoe, NOCKOIbKy OHU RPOAG-
JAIOM 04€eHDb GbICOKYI0 OUO0N02UUECKYI0 AKMUBHOCMb 0adice npu 003ax Wydenw. Iloozomoeka 06-
pasuoe mpedyem paoa npoyeoyp, 6Ka0OUaAA Guibmpayuio U IKCMPAKyuio (apmayesmuiecKux
gxonozuyeckux 600, ND IT IS asenaemca earicHeluium wiazom 6 anaiuze okpyyicaiouiei cpeosvl.
Ilpeosapumenvnulii KOHYEHMPAM UCNONALIYEMCA 0J15 NPEOOmEpauieHusA Heapdekmuenocmu IKc-
mpaKkyuu, 6bl136aHHOIl 638euieHHbIMU meepovimu uacmuyamnu. Heckonvko ananumuyeckux me-
mo006, MAKUX KAK CMEUWLAHHAsA MACC-CREKMPOMEMPUA U XPOMAmMozpagus, UucCnoab306aiucy 0
uoeHmuukayuu u onpeoenenHus QGapmayesmMuuecKux NPenapamos 6 600ax OKpyxyHcarouiei
cpeowl.
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One of the main causes for concern is the widespread presence of pharmaceuticals in the
environment, which may be harmful to living things. They are often referred to as emerging chem-
ical pollutants in water bodies because they are either still unregulated or undergoing regulation.
Pharmaceutical pollution of the environment may have detrimental effects on ecosystem viability,
human health, and water quality. In this study, the amount of remaining pharmaceutical com-
pounds in environmental waters was determined using a straightforward review. Pharmaceutical
production and consumption have increased due to medical advancements, leading to concerns
about their environmental impact and potential harm to living things due to their increasing pres-
ence. Many nations now acknowledge that pharmaceutical pollution of the aquatic environment
poses a threat to the environment. It is quite possible that some endocrine active drugs have effects
at extremely low environmental concentrations because they exhibit very high biological potencies
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even at Wy/day doses. Sample preparation requires a number of procedures, including the filtration
and extraction of pharmaceutical environmental waters, ND IT IS is a crucial step in environmen-
tal analysis. Pre-concentrate is used to prevent extraction inefficiencies caused by suspended solids.
Several analytical techniques, such as hyphenated mass spectrometry and chromatography, have
been used for the identification and determination of pharmaceuticals in environmental waters.
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INTRODUCTION

Background

Wastewater pollution can have a detrimental
impact on public health and community water sources
[1]. The recent detection of various contaminants in
surface water bodies worldwide, such as phenols [2],
polycyclic aromatic hydrocarbons [3], and pharmaceu-
tical has presented environmentalists with a challenge.
Healthcare effluents, generally produced by all parts of
medical facilities, including hospitals, are a significant
source of new pollutants. Among the contaminants in
concern are heavy metals [4]. Because of advances in
medicine, the production and use of pharmaceuticals
have increased in recent decades [5]. Due to their
growing in a variety of environmental components and
required rise in use, pharmaceutical compounds have
been categorized as emerging environmental pollutants
[6]. The prevalence of pharmaceuticals in the environ-
ment, which may be dangerous to living things, has
caused a great deal of concern [7-9]. Because they are
either still uncontrolled or in the process of being reg-
ulated, they are frequently referred to as emerging
chemical pollutants (ECPs) in water bodies. The pres-
ence of pharmaceuticals in the environment has the
possibility to negatively impact human health, ecosys-
tem viability, and water quality. In addition, acidic
pharmaceuticals' physio-chemical characteristics, may
cause them to pass through stages of water treatment
and filtration, potentially which could harm drinking
water supplies [10]. Numerous pathways allow these
compounds to enter agquatic environments: human and
animal excretions; drug waste from manufacturing and
hospitals; and the removal of outdated or unused med-
ications [11].

In veterinary and human medicine, about
3.000 distinct compounds are employed. In addition to
the high use of over-the-counter medications like anti-
inflammatory and antihistaminics, there are also a lot
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of prescribed drugs, particularly antibiotics and antide-
pressants. As a result, a wide variety of compounds
have been discovered in environmental samples. At
least 80% of pharmaceutical products can enter the
body undisturbed after consumption. They decompose
into metabolites during biotransformation, which may
have greater bioactivity than the medication itself [12].

Since some endocrine active medications have
very high biological potencies even at Wg/day doses,
it is highly likely that they also have effects at very low
environmental concentrations. For instance, at concen-
trations as low as 1 ng/l, the contraceptive 17K-ethi-
nylestradiol negatively affects zebrafish (Danio rerio)
reproduction. The possible environmental contamina-
tion is directly influenced by the pharmacokinetic be-
havior. Sewage and the environment should not gener-
ally contain drugs that are only excreted as metabolites.
Therefore, it makes more sense to keep an eye on the
stable principal metabolites that are excreted for those
compounds. Pharmacokinetic data indicate that un-
changed drug excretion rates in humans can occasion-
ally surpass 50%. Furthermore, it is probable that mi-
croorganisms will cleave excreted metabolites pro-
duced by conjugation with glucuronic acid or other po-
lar compounds back into the original pharmaceuticals,
increasing the relevant environmental concentration.
Drugs and their metabolites can be found in sewage at
detectable concentrations, which is not surprising
given the high rates of usage and excretion [13].

The pharmaceutical classes that have been
studied the most are antibiotics. Antibiotics have been
found in various aquatic environments including drink-
ing water and wastewater. They are considered to be
"pseudopersistent™ pollutants because they keep add-
ing to the ecosystem. Since they are typically not well
absorbed by the body, they are eliminated through
urine and feces, either unaltered or altered. The pres-
ence and persistence of increasing interest because low

21



Joxacum M. C. Ixxamyp

antibiotic levels can encourage the growth of antibi-
otic-resistant bacteria. The increased emergence of
pathogenic bacteria strains that are resistant to antibi-
otics and pose a risk to human health has been associ-
ated. It is possible for humans to acquire resistance
genes or bacteria that are resistant to antibiotics from
animals. Furthermore, bacteria may become resistant
to both veterinary and human antibiotics that have
comparable structural similarities [14].

There are various routes via which antibiotics
are discharged into the aquatic environment. Following
human administration, they are excreted as metabolites
but also, in significant quantities, are removed into the
sewage system through urine and feces in their original
form as parent compounds. Numerous studies have
demonstrated that pharmaceuticals are not completely
removed during wastewater treatment procedures.
Pharmaceuticals are thought to be a significant contrib-
uting factor to the environmental presence of wastewater
treatment plants (WWTPs). Medications and their me-
tabolites have been discovered in WWTP effluents. As
a result, both surface and groundwater can be reached
by them [14].

Sample preparation

The most important stage in environmental
analysis is sample preparation. It is greatly impacted
by matrices as well as the physical and chemical char-
acteristics of the analytes under study. Sample prepa-
ration typically entails adjusting the pH of the solution,
adding a chelator, extracting the sample, handling the
extract, and preparing the sample for chromatographic
analysis afterwards [10].

The pre-concentrate is done to prevent extrac-
tion inefficiencies caused by the presence of suspended
solids. The next step is to extract the medications from
the sample into a small amount of solvent. There are a
few ways to do this, but the most popular one is solid-
phase extraction (SPE). Moreover, lyophilization has
been used as extraction methods [11]. The most popu-
lar strategy is the extraction of analytes from water
samples. Two SPE materials can be combined in series.
Target compound extraction and pre-concentration are
commonly achieved using hydrophilic-lipophilic bal-
anced polymers.

A large body of research has recently been
conducted to evaluate SPE stationary phases. Metha-
nol, acetone, and ethyl acetate are the three elution sol-
vents that are most frequently used. The automation of
SPE processes is an intriguing feature that can enhance
the precision and efficiency of pharmaceutical analy-
sis. Direct injection of untreated samples is made pos-
sible by automated SPE, which can also automatically
perform several steps. These processes require less
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time and solvent, improve reproducibility, lower LODs
(limit of detection), and minimize health risks during
analysis. Sampling with SPME, doing away with the
need for solvents [11].

Analytical methods

The widespread problem of drug pollution led
to the investigation of numerous techniques to identify
the key participants in the environmental samples [15].
More knowledge about the structure of the degradation
process is required to make pharmaceutical products
more stable and determine [16]. Traditional techniques
for purifying water produce hazardous waste and by-
products, which calls for processing that uses a lot of
energy [17]. The ionization mass methods have been
used for analysis, including small pharmaceutical com-
pounds [18]. The analytical methods are a very useful
tool for the medical and health fields. They are a vital
and probably underappreciated component in the crea-
tion of medical equipment, despite being frequently
linked to materials science and medical engineering [19].
Because spectrophotometric methods are straightfor-
ward and reasonably priced, they can help identify en-
vironmental samples [20].

Various analytical techniques are employed to
identify these compounds in complex biological sam-
ples, as well as in human organisms. SPE is widely
used in environmental studies to extract pharmaceuti-
cals from agueous matrices. When coupled with high-
pressure liquid chromatography (HPLC), it offers rapid
and repeatable procedures; however, the methods are
not highly sensitive and are usually limited to one com-
pound or a few that have comparable chemical struc-
tures. Newer, more sensitive spectrometric detectors,
can assist lower the limits of detection. Among the
most widely used methods in recent years is LC in con-
junction with MS/MS, which offers great potential for
identity and quantification determination as well as
high stability and specificity [21]. However, the ap-
plicability of these methods can be limited by interfer-
ing compounds and matrix interferences. Additional
drawbacks include the high cost of this new equipment
and the potentially difficult development processes
[22]. Modern analytical techniques to identify PPCPs
in water systems before using GC-MS or LC-MS or
GC, HPLC, or hyphenated GC. HPLC is still a superior
analytical instrument for the majority of thermally sen-
sitive PPCPs. Furthermore, derivatization procedures
are nearly always necessary before analysis [23].

Literature review

Numerous studies have demonstrated the tox-
icity of pharmaceutical residues in aquatic environ-
ments to ecosystems [24-31]. SPE and GC-MS are two
analytical techniques that Togola and colleagues have
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developed for the purpose of determining pharmaceu-
tical compounds in a range of aqueous samples. In or-
der to guarantee the preservation of the pharmaceutical
substance, conditions were examined and optimized
while accounting for environment. Recoveries for the
majority of pharmaceuticals under observation ranged
from 53 to 99%, with variability throughout the entire
process being under 15% [22]. The current analytical
approach applied to water samples produced good per-
formance by using the traditional addition process. The
suggested technique proved to be an effective replace-
ment for sorption-based micro-extraction in the study
of medium-polar to polar priority pollutants. It demon-
strated that monitoring PPCPs in water matrices re-
quired a small amount of sample and was sensitive, re-
liable, and user-friendly [23].

Pharmaceutical inputs were analyzed using a
LC/MS-MS technique in the Grand River watershed of
Ontario, Canada. From environmental samples, the
method simultaneously extracted 27 antibiotics and
neutral medicines, with detection limits ranging from
20 to 1400 ng/L. This method was used to look at the
pharmacological profiles of tributaries that feed into
the Grand River; only pharmaceuticals prescribed for
human use in metropolitan regions were found. Fur-
thermore, this method was used to identify surface wa-
ters that contained monensin and the human prescrip-
tion drug carbamazepine [32].

Tahiri and co-workers have examined
whether pharmaceutical chemicals were present in
the wastewater from a regional hospital between June
2020 and June 2021 in Vlora, Albania. Using direct
sampling in the waters, we determined the content of
19 preselected pharmaceutical compounds in the dis-
charge water for this investigation. We also looked into
the presence of Medicines found in Ulva Lactuca al-
gae. Liquid chromatography has been used in conjunc-
tion with mass spectrometry to perform chemical anal-
ysis at a quantization limit of 0.1 ng/L. Antibiotics
were discovered to be at the greatest concentration
among the group of 19 pharmacological compounds,
which also included analgesics, psychiatric medica-
tions, and beta-blockers. The range of concentrations
of medicinal compounds in L is 0.2-0.24 mg/L. Ulva
Lactuca algae in the effluent water near to the city
treatment facility provide traces of medicines. All 19
compounds that are taken into consideration in this
work have concentrations that are less than 0.1 ng/L.
Lastly, the principles of the physicochemical parame-
ters of hospital influent waters gathered over an ex-
tended period of time and in different nations were
found to be within the range indicated by many re-
search [33].
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CONCLUSION

This review has shown a number of analytical
methods that can be effectively used to detect the pres-
ence of leftover pharmaceutical compounds in envi-
ronmental waters after sample preparation procedures
are finished. In this area, the accuracy, sensitivity, and
recoveries from previous studies were satisfactory. The
pharmaceuticals in various aqueous matrices were de-
termined using the analytical techniques covered
above. Many environmental samples, including those
from drinking waterways and rivers, as well as highly
contaminated sewage, were examined. As a result, the
employed techniques — HPLC, GC-MS and LC-MS are
suitable for identifying pharmaceuticals in aqueous en-
vironmental samples, even at lower ng/l ranges.

The authors declare the absence of a conflict
of interest warranting disclosure in this article.
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