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ABSTRACT

Concentration of pharmaceutical especially antibiotics in different ecosystems of environment
is incredibly challenging. To enable quick, sensitive, and targeted determination at trace levels,
designing of appropriate analytical methods is becoming important. Different techniques like
liquid chromatography-tandem mass spectrometry (LC-MS/MS) and gas chromatography-mass
spectrometry (GC-MS) have been used widely. One of the environment friendly technique,
Liquid-liquid extraction (LLE) was used for the extraction of some commonly used antibiotics in
different samples of river Yumana, because of its cheap and easy extraction procedure. To achieve
the goal of extraction, variety of operational parameters were optimised, that are responsible for
increasing the chromatographic resolution, sensitivity, and accuracy. LC-MS and LLE methodologies
can be used as an essential tool for researchers for their efforts to quantitatively analyse antibiotics
and other related emerging contaminants in the selected environmental samples.

Keywords: Antibiotic residues, Analytical techniques, Extraction,
Liquid chromatography-tandem mass spectrometry (LC-MS/MS).

INTRODUCTION

Preventing the spread of harmful microbes
or to kill them, several natural and artificial
pharmaceuticals are used which are typically
referred as “Antibiotics™. Drugs especially antibiotics
are enormously in use in different sectors of the
environment such as fish farming and agricultural
industries. Recently the excessive intake of drugs

has increased the discharge rate into the sewage
networks, where they may find their ways to
surface waters?. High antibiotic concentrations are
found in treated sewage that are currently causing
concern around the globe, owing to their extensive
usage in immense quantities and potential to
cause bacterial resistance®. As per the report of
central pollution control board the river Yamuna is
significantly polluted and 40% of direct discharge
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from surface runoff, drains carrying effluents from
industries, and blighted areas along the edges of
river are the major cause of pollution*. According
to several researches, human usage is the primary
sector that increases the discharge of drugs and
their metabolites into the aquatic ecosystems. A
further concern is raised by the fact that certain
drugs that persist in the aquatic ecosystem,
repeatedly appear in soil, sediments, surface water
and even biota. Pharmaceuticals are not removed
completely by wastewater treatment plants, which
allows them to enter aquatic environment®. After
being excreted from the body, dumped into landfills
and water bodies, majority of these chemicals
have unpredictable biochemical interactions when
combined, and even at very low concentrations
remain bioactive, starts accumulating in the food
chain with detrimental effects on health of living
organisms’. As the consumption rate increases they
are becoming more and more noticeable®. However,
quantification and identification of pharmaceutical
residues like antibiotics in different environmental
matrices is becoming very challenging. Low analyte

concentrations and complicated matrix effects
provide a great challenge®. To conduct an accurate
analysis, pretreatment stages are frequently
necessary, during which the analyte must be
separated from confounding matrix components and
then concentrated for specific target drug analysis™®.

Criteria for the selection of antibiotics

The drugs were chosen from the exhaustive
literature review based on various prioritisation
factors. Approximately 12 pertinent criteria have been
selected based on logical and scientific justifications.
Priority has been given to the chosen drugs since
they are high priority pharmaceuticals and are used
more frequently and regularly in the environment.
Among many drug prioritizations methods, rate
of consumption and/or discharge are some of the
basic criteria that have been used for selection of
drugs'"'2. Bioaccumulation potential which acts as a
fundamental risk factor for aquatic life, is also included
as an important criteria for the selection of these
drugs'®. The cretria considered and the condition to
fullfill these cretria are explained in the Table 1.

Table 1: Conditions for fulfillment of the Cretrias

S.No Selection criteria

Condition for the fulfilment of the criterion

1 Intake of drugs in multi-specialty hospitals
2 Regulation

3 Metabolism

4 Excretion factor (% of drugs excreted)

5 Toxicity/eco-toxicity

6 Presence in different aquatic ecosystems

7 Physical and chemical properties

8 Bio-concentration factor

9 Value of octanol water partition coefficient (Log Kow/ Log P)

10  Value of water-organic partitioning coefficient in soil (Log Koc)

11 Resistant to treatment

12 Persistent

Drugs that are consumed very often and in greater amounts.
Drugs recognised under international law

Formation of active metabolites

An extra risk exists when the excretion factor is more

than 10%.

Support from the literature for the toxicity of drug residues.
The reported drug residues in aquatic ecosystems are
considered.

The properties that improve the aquatic ecosystem's ability
to adsorb drug residues from water and sediment.

Drugs with Bioconcentration factor value of <100- are not.
expected to bio-accumulate Drugs with Bioconcentration
factor value of >100 but <1,000 - has the potential to bio-
accumulate. The drugs with Bioconcentration factor value
of >1,000- has the significant bio-accumulation potential
The below are the listed criteria’s for determining the
potential of adsorption for drugs Low potential for adsorption
when Log Kow <2.5 Moderate potential for adsorption when
Log 4.0< Log Kow> 2.5 High potential for adsorption when
Log Kow > 4.0

For sediment effect assessment, a log Koc >3 is taken as a
trigger value and the sediment compartment contains
persistent drugs with such values.

Consideration of drugs that are resistant to the conventional
treatment technologies

Persistent drugs in aquatic environment have higher
bio-concentration values.
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Development of analytical Techniques

Availability of testing methods that are more
reliable and sensitive is crucial for regular monitoring
and is required to prevent antibiotic residues from
entering into the aquatic environment'. Moreover,
the simultaneous study of numerous groups
of compounds with diverse physicochemical
characteristics sometimes calls for the careful
selection of experimental conditions. To enable quick,
sensitive, and targeted determination at trace levels
in environmental samples, designing of appropriate
analytical methods is becoming essentially important.
There are numerous analytical procedures that are
expressed in the literature for the detection and
estimation of varying concentration of emerging
contaminants in surface water, wastewaters, soil,
and other biota'®.

Different techniques based on
liquid chromatography (LC-MS/MS) and Gas
Chromatography (GC-MS) for the evaluation of
antibiotics have been reported'®. However, due
to greater selectivity and compatibility with the
antibiotics having higher polarity and low volatility,
LC-MS/MS has more often used than GC-MS'"'8,
Optimising several operational parameters that could
enhance the resolution power of chromatography,
its sensitivity, and accuracy for the analysis of
selected drugs are crucial to achieve this goal,
and to guarantee their correct detection and
quantification at different concentrations. The
established analytical methodologies will be an
essential tool for researchers to use in their efforts
to quantitatively analyse antibiotics and other
related emerging contaminants in the selected
environmental samples™.

Various types of extraction techniques

The initial process that helps in separation
of desired product of interest from the raw ingredients
is “Extraction.” There are different traditional and
modern processes of extraction. The traditional
method of extraction involves the extraction using
reflux, percolation, and maceration processes, that
frequently employ the use of large quantity of organic
solvents and takes long duration to complete the
process. Modern method of extraction, such as solid
phase extraction and liquid-liquid extraction etc.,
are the recent and more environmentally friendly
techniques, extensively used to extract natural and
targeted products'202'. These techniques have

advantages over older ones, including consumption
of less organic solvent, quicker extraction duration,
and greater selectivity. In present times, numerous
sample extractions methods are in use for the
extraction of biological samples. Liquid-liquid
extraction (LLE), solid-phase extraction (SPE),
solid-phase microextraction (SPME), stir-bar sorptive
extraction (SBSE),pressurised liquid extraction etc.,
are examples of the extraction techniques that are
most widely used nowadays?. To extract desired
compound of interest, the solvent must be carefully
chosen. Considerations like selectivity, solubility,
cost, and safety should be made before the solvent
selection. According to the similarity and dissimilarity
rule, polar solvents having values near to those of
the solute will perform better function. Polar value
of solvents close to the polar value of solute are
likely to show better results and vice versa?. Ethyl
and methyl alcohols are the most used extraction
solvents. Diffusion and solubility both rise with the
rise in temperature. However, when the temperature
is very high the loss of solvent lead to the extraction
of undesired contaminants and the destruction of
thermolabile components’.

Liquid-liquid extraction

Most established and popular methods for
preparing materials for qualitative and quantitative
analysis is liquid-liquid extraction or previously known
as solvent extraction. Sample components are divided
between two immiscible liquid phases. The procedure
is carried out in a separatory funnel in its most
traditional form by agitating the mixture to disseminate
drops of one liquid in the other, reducing agitation to
allow for drop crystallization, then separating the bulk
liquid phases from one another?.

This method makes the most extensive use
of solvent extraction. Steps involved in the extraction
of natural products are as follows: (1) enabling the
solvent's penetration into the solid; (2) allowing the
solvents to dissolve the solute; (3) enabling the solute
to flow out of the solid material; and (4) collecting
the solutes that were extracted. In liquid-liquid
extraction, the quantity and the type of extraction
solvent significantly affects the analyte recoveries?'.
The optimum extraction solvent should be denser
than water, less soluble in water, and capable of
extracting a substantial amount of analytes®. An
extraction process is made easier by the substance
that enhances the permeability and solubility in
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the procedures. The extraction efficiency is greatly
influenced by the characteristics of solvents,
including raw material size, solvent/solute ratio,
temperature, time, etc®?7,

Solid-Phase Extraction (SPE)

With the use of solid phase extraction
technology, multiple compounds and high target
analytes can be obtained. This method have
shown great affinity for target analyte extraction,
preconcentration, and cleanup from complex
aqueous matrixes'. SPE involves the supply of
mobile phase through a cartridge containing a solid
stationary phase to extract the drug that has been
dissolved from the mobile phase. A suitable solvent is
used to condition the cartridge, wetting the stationary
phase surface?. Once the sample is put into the
cartridge (mobile phase), the desired analytes are
kept, and the solvent allows the remaining undesired
matrix chemicals to pass through. Selected drugs are
then rinsed in a solvent that is frequently buffered to
the right pH after the cartridge has been thoroughly
cleaned to remove contaminants®. The solvent is
then prepared for instrumental analysis after being
eluted and adjusted to a certain volume.

Solid-Phase Microextraction (SPME)

For sample preparation, Solid Phase
Microextraction techniques offer straightforward,
solvent-free procedures that have been applied
to the identification of several antibiotics. Solid
phase microextraction (SPME) collects and
preconcentrates target analytes using a coated
fiber. After that, samples are calibrated. Instrumental
analysis is carried out after the thermal desorption
of analytes into the analytical device or into an
organic solvent'®. The advantages of solid phase
microextraction are low sample volumes, simple
and effective processing, and extraction over
SPE. Increased detection limits and matrix effects
are drawbacks?®. SPME takes a lot of time, and
sample carryover is a possibility. Additionally, in this
procedure most of the fibers used are expensive,
delicate and have short lifetime’.

Stir-bar Sorptive Extraction

To reduce waste, current advances in
analytical chemistry emphasize the downsizing
of these procedures and the quantity of harmful
reagents. Due to its ease of use, high extracting
capacity, and environmental friendliness, stir bar

sorptive extraction, has been widely used for
enriching organic contaminants in various types of
matrices®. Currently due to numerous benefits, such
as fast, great sorption capacity, persistent, and great
extraction efficiency, stir bar sorptive extraction has
generated a lot of interest. The application of SBSE
enables the creation of analytical procedures with low
limits of detection, less than ng/l concentrations, for
a variety of nonpolar species (log Kow>3). This has
led to its use in the analysis of numerous materials,
like food, water, and other biological samples®. For
strong polar or hydrophilic solutes extraction by this
technique is still a difficult problem. There are only
three stir bar extraction coatings that are typically
used: polydimethylsiloxane (PDMS), polyethylene
glycol (PEG), and polyacrylate (PA). Given the narrow
selection of stir bar sorptive extraction coatings that
are commercially accessible, much research effort
has been put into creating new coatings to increase
the technique's flexibility and possible uses®'.

Pressurized liquid extraction

An exhaustive method of extraction usually
referred as pressurized liquid extraction (PLE).
The method is thought to be relatively simple,
easy learning, effective, and offers good number
of recoveries within a short time of technique
development®. After introducing sample, the cell
is rotated and combined to inert substance, the
sample is set into position on the carousel in such
way that it may be transferred into the oven chamber.
Inside oven, cell is heated and pressured before
being automatically shut under pressure®. The
oven's temperature and pressure are maintained at
a consistent level once the solvent fills the cell and
is left there for some time. In a vial the solvent is
collected, and the cell is finally purged and flushed
with the nitrogen gas. Typically, the extraction
process takes 15 to 45 min, but sometimes it takes
longer extraction time®.

High temperatures (often up to 200°C)
and pressures typically up to (200 bar) are used
by Pressurized liquid extraction (PLE) without
exceeding the critical point. Pressurized liquid
extraction (PLE) uses modest quantities of organic
solvents to extract rapidly. It offers recoveries
comparable to those of other methods. The factors
that have a substantial impact on the recoveries of
solvent are temperature, pressure, static extraction
duration, number of rotations, and sample weight4.



118

SIDDIQUI et al., Orient. J. Chem., Vol. 39(1), 114-125 (2023)

dnues|o

"JOYHN} INOYHUM SIUSWIPSS ‘|10 ‘Jajem Joj ajqeoljdde ‘swiy uonesuasuodald Joys
‘alAeue jo uonnijip ‘AnAnosies moj ‘sjuswdinba ‘Aljigereadal ‘Alanisuas ybiy 41s0d moj| ‘uies] 0} Asea ‘aalisneyxs ‘pajesijdwooun

anisuadxa ‘uonoeiIxs Jo Aousiole ay) uo ainssald pue ainjeiadwa) 0} aNp J08ld ‘SUBA|0S 2luBBIO JO JaquiNu Y} Ul 9SBaIOSP pUB HOoYS AJISA SWi} UONOBIIXS uonoeIxa
o) ‘pasisep aq 1ybiw se ybiy se jou s selhjeue oy} SpJemo} Aousiole uonoeIIXg ‘uonewolne Buiseaoul ‘senbjuyosy uonoesixe Ajpusuy Ajjejuswuoiiaug  pinbi| pazinssaid
‘ANjIgixay SS9) 'so10ads Jejoduou 10} BAI108)0 10w
‘a|qe|ieae sbuiieod anisuadxa pue pajwi ‘palinbas sjuswdinba aAisuadxe ‘spunodwoo a|11e|oA 1was pue ‘spunodwod olueblo aje|oA 0} ajgeoljdde
‘san|os o1jiydoipAy Jo Jejod Buosis 1oy aAnoayaul ‘Anoedes uondiospe ayl ‘Aouaionye uonoelixa 1ealb pue ‘ualsisiad ‘Ayoedeo uondios jealb ‘isey uoloeIIXd
1€ asiwIxew o0} palinbal uayo s yoiym ‘suoieziswAiiod ajdiynw Jo sse20id ‘spunodwod 21ueblo 1o} anbiuyosl UOIOBIIXE SSOIUSAIOS UIapowW isil4  8AldIoS Jeqg-iis
'sjuan|os ojueblo jo ‘anbiuyoa) uonesedald sjdwes
Ajignios [enJed ‘Jajem uj ‘SJUSA|OS UOIOBIIXD JO 9910yd pajwi| ‘sdoip UonoBIIX indyBnouyi ybiy pue ‘sjiresian ‘Buissadoid annosye pue sjdwis
JO BWN|OA pajiwl| “1uagJos 8y} Jo Aloeded uonuslal ay) ueyl ssa| aq isnw ‘ainpaoold uoloelIXe 9981} JUBAJOS 0 JUBAjos dluebio Jo asn |lews UOI}0BIIX80.101W
Sl awn|oA ajdwes ay} ‘syuaqlos ay} Aq 1day AjaAireljuenb aq 0} sjedlwayd Jo4 }s00-M0| ‘ainpado.d Ases ‘poyiew uIBpow ‘BAlsneyxa UoN aseyd pljos
uoldWNSUOD JUSA|OS JIOMO] ‘S}OBIIXS
J8yBIy ||1s SI s|elayew Juaglos Jo 1S09 ‘sjuaAjos dlueblo Jo uoidwnsuod Jauealo ‘“Aaiisuas pasealoul ‘AlAoales Jaybiy ‘panowsal si
8y} seonpai sajdwes Jayem Bujpuey Joj abplsed ajqesodsip ‘spunodwod 9ouaJa8lUl 8y} 0s ‘©bpllJed Jo 8sn 8y} saAjoAul }| ‘Indybnoiy
a|iiejoauou pue Jejod Joy uoneiodens Buunp ssoj Jarealb ‘Aljigionpoidas Jood ajdwes ybiy pue ‘Aljigeidepe ‘asn jo asea sy 0} anp uonoeIIXd
[ ‘Apuanbaly uaxe) aie sajdwes Auew uaym ‘JdS BUIO Sy} IO} POAJOAUI LIOHT yoeosdde aaijeusslje anoaye ue se pabiaws sey ‘3dS oseyd-pljos
(99) Aydesborewouys seb pue ‘(97) Aydesborewoiyo
'so|dwes xuyew xa|dwoo pinby| ‘sisaioydososle Arejjided se yons saoinap |eonAleue
‘ss9001d Bulwnsuoo-awiy ‘syuanjos oluebio o1xoy Jo sawnjon abie| Jo asn yum ajqeldepe aseyd oiuebio ay} o Juswainseaw pue
pue jo sisAjeue ayj u; uoisioaid mo| ‘uonjesedas aseyd sy} Ul S8INDIHIP ‘uo1199]|00 ¥oInb ‘uolelusWa|dw JO 8SEa ‘BAI0B)8 1S0D
uoIS|NWd JO UOIEWIO ANAIHISUSS MO| pUE ‘sa|dWes JO UOIJBUIWBIUO0D ‘Aianosias Jaybiy ‘uonesedaid sidwes 1oy senbiuyos) uonoeixa
1 ‘salAjeue JO SSO| ‘JUBA|OS JO JUNOWE 8y} PUB UOljBINp dWI} PaSEaIOU| uowIwI09 }Sow 8y} si uonoelixa pinbi-pinbi pinbij-pinbiq
[SERIVEIETENS suoneywI] abejuenpy pouls

sanbiuyoa} uoIoRIIXd JUBIBHIP JO SUOHEHWI| pue abejueApy



SIDDIQUI et al., Orient. J. Chem., Vol. 39(1), 114-125 (2023) 119

Chemicals, standards, and reagents

In this study, the high purity standards
of antibiotic compounds, selected for analysis,
were purchased from Sigma-Aldrich chemicals,
Bengaluru (India). The purest possible grade was
used for each standard that was employed in this
study. Except for water and all the solvents used for
liquid-liquid extraction (LLE) and UPLC-MS analysis
were of UPLC quality. The calibration standards
and reagents were prepared using Milli-Q water.
Filtration was done using disposable syringes of
3 mL capacity and pore size of 0.45pum sterilised
syringe filters as described by®<. To extract the
antibiotics, analytical-grade Chloroform was used.
The laboratory's distillation equipment provided the
distilled water needed for the rotary evaporator®.

Extraction method for water samples
Foranalysis of surface water and wastewater
samples of river Yumana, 500 mL of water sample
is processed by adding 200 mL of chloroform and
leaving them in an incubator at room temperature
for 30 minutes. The analysis was done according to
the procedure carried out by'®. Separated through
separation assembly, the upper extractant phase
contains antibiotics and the lower phase is the

wastewater. To extract antibiotics completely, the
process is repeated twice. The next two repetitions
involve the further addition of 50 mL of chloroform
to the lower layer containing antibiotics and are
placed in an incubator for at least thirty minutes. So,
in the end, 300 mL of chloroform was used. In rotary
evaporator, at a temperature of 70°C, the sample was
dried near dryness with further addition of 2.5 mL of
methanol to the solid portion. The sample was then
injected via syringe of 3 mL into the UPLC sampling
vials using 0.45 pm sterilized syringe filters®. Further
analysis was done as per the optimised protocol of
UPLC-MS/MS.

The Fig.1(a) shows the method of
extraction as per the optimised protocol, Fig. 1(b)
shows the concentration of one of the analysed
drugs Ofloxacin in water samples of river Yumana
during pre-monsoon and post-monsoon period
along with the chromatogram shown in Fig. 1(c).
Qualitative analysis of drugs was done by comparing
the molecular mass from the chromatogram. The
further estimation and production were carried out by
quantitative analysis via estimating the concentration
of precursor ion having (m/z=362.3) and (m/z=318.3)
respectively.

161 Ofloxacin (b)

(a) 141
121
101

Fractionation of Water Sample

Con. (ng/ml)

Water Sample (500 mL)

81
61
) 41
21
Partioning by adding Chloroform x (3) 1 . -ﬁ i

Aqueous Phase Q—L’ Organic Phase containing

containing Wasterwater Antibiotics 100

Concentrate (2 mL)
LY.

Anlysis by using
UPLC-MS/NMS

0

= Pre-Monsoon

= Post-Monsoon

Site-1 Site-2 Site-3 Site-4 Site-5 Site-6
Sampling Sites

(<)

)

T —————————— Bmem mi
1.00 200 3.00 4.00 500 6.00

Fig. 1(a). Systematic representation of extraction procedure (b) concentration at different sampling locations (c)
chromatogram showing quantification of the ofloxacin antibiotic in surface water
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Extraction method for soil samples

For analysis of antibiotics from the soil,
sampling was done from the agricultural land
irrigated via water from river Yumana. Samples
were taken from top layer (5-10) cm by a grab of
stainless steel, wrapped in aluminum foil and sealed
in the polythene bags before storage. 100 g of soil
is processed by adding 200 mL of chloroform and
leaving them in an incubator at room temperature
for 30 minutes. The analysis was done according to
the procedure performed by'#2%. Sonicated for 2 h by
using ultrasonication, concentrated and fractionated
in the ratio of 1:5. Acidified with 0.1 NHCL upto
pH 5. Portioned by adding chloroform. Wastewater
present in the lower phase (aqueous layer) while the
antibiotics are present in the top phase extractant. To
completely extract antibiotics the process is repeated
thrice. The next two repetitions are performed by
adding 50 mL of chloroform to the extracted phase
(lower phase) that contains antibiotics. Basified with
25% ammonia upto pH-11, again the water sample
is separated through separation assembly, by adding
chloroform. Now this time the upper phase (aqueous
layer) is the wastewater and the lower phase (organic
layer) extractant contains antibiotics. The repetition

o Extraction and Fractionation Prosess of Soil Samples

Sonication Fractionation

Suspended residue in
Weighed Sample (50 g), Soaked in 1:5 ratio of wagter
methanol (500 mL) over night

Sample and solvet
ratio 1:10 (methanol)

Partioning by adding chloroform x (3)

Ultrasonication for 2 hours (50°C)

Acidify (HCL 0.1N up to 5-pH)

of the process occurs twice to extract antibiotics
completely. Further 50 mL of chloroform was
added to the next two reparations and was placed
in an incubator for thirty minutes, at the end, final
volume of chloroform used are 300 mL. In the
rotary evaporator the sample was dried to near
dryness at temperature 70°C and 2.5 mL methanol
(CH,OH) was added to the remaining residue by
using sterilised syringes of 3 mL capacity and 0.45
um syringe filters, the sample was then injected
to UPLC sampling vials®. The samples were
then analysed via UPLC, LCMS/MS as per the
optimised protocol.

The Fig. 2(a) shows the extraction method of
selected antibiotics, Fig. 2(b) shows the concentration
of one of the analysed drug Amoxicillin in soil
samples of river Yumana during pre-monsoon and
post-monsoon period along with the chromatogram
Fig. 2(c). Qualitative analysis of the antibiotic was
done by comparing the molecular mass from the
chromatogram. The further estimation of antibiotic
was calculated via quantitative analysis by estimating
the concentration of precursor ion having (m/z=366.2)
and product ion (m/z=114) respectively.

0.03 Amoxicillin ®

0.025
= B Precmonsoon
§ 0.02  Post-monsoon
£ 0.015
v

0.01

0.005 I I i

; B B K. Be

Site-1 Site-2 Site-3 Site-4 Site-3
Sampling sites

Organic phnse.._JL_quueuus phase T\ 100y Mg ©

Basify with 25%amoela e

Filter (Whatman No. 1)

I Partioning by adding chloroform x (3)

Aqueous phase —IL—- Organic phase o

Concentrate

Concentrate (2 mL) ¥

Analysis (UPLC-MS/MS)

(upto pH-11)

439 i LY

min

" 1.00 2.00 3.00 4.00 5.00 6.00

Fig. 2(a). Systematic representation of extraction procedure (b) concentration at different sampling locations (c)
chromatogram showing quantification of the Amoxicillin antibiotic in soil samples around river Yumana

Extraction method for vegetable samples
The application of reclaimed water in

conjunction with the use of sludge or manure to
agricultural areas as fertiliser may explain the
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presence of some commonly used antibiotics into the
s0il*83%, The transfer of emerging pollutants (antibiotic)
from the reclaimed water to crops via plant uptake
is a major public issue about agricultural uses of
treated water and biosolids. Human health hazards
might arise from these substances being present in
food*. For analysis of drug residues in freshly grown
vegetable, (Spinacia oleracea) was handpicked from
agricultural field, collected in polybags, and then
transported to laboratory where they are washed
by tap water to remover mud, sand and impurities,
shade dried at room temperature before carried
out for analysis. 5 g of sample was processed by
adding 50 mL of chloroform and leaving them in
a shaking incubator at room temperature for 30
minutes. Sonicated for 2 h by using ultrasonication,
concentrated and fractionated in the ratio of 1:5.
Acidified with 0.1 N HCL upto pH 5 and was portioned
by adding chloroform. Aqueous phase (Lower
layer) contains the waste material while the desired
materials are present in the top extractant layer*'. To
extract antibiotics completely this process is repeated
twice further. Again, the next two repetitions were
accompanied by the addition of 50 mL of chloroform
to the lower phase containing antibiotics. Basified
with 25% ammonia upto pH-11, again separated
through separation assembly, by adding chloroform
50 mL. Now, the upper phase (Aqueous layer) is

b Extraction and Fractionation Prosess of Soil Samples

Fractionation
Suspended residue in
1:5 ratio of wagter

Sonication

Weighed Sample (50 g), Soaked in
methanol (300 mL) over night

Sample and solvet
ratio 1:10 (methanol)

Partioning by adding chloroform x (3)

Ultrasonication for 2 hours (50°C)

|Filter (Whatman No. 1)

I Partioning by adding chloroform x (3)

Aqueous phase .JL_. Organic phase %

Concentrate

Concentrate (2 mL)

Analysis (UPLC-MS/MS)

Acidify (HCL 0.1N up to 5-pH)

Organic phnse.—J L—-Aqueuus phase T\
Basify with 25%amoela
(upto pH-11)

the wastewater and the lower phase (Organic layer)
extractant contains antibiotics'®. The repetition of the
process occurs twice to extract antibiotics completely.
Further 50 mL of chloroform was added to the next two
reparations and was placed in an incubator for thirty
minutes each, at the end, final volume of chloroform
used are 300 mL. In the rotary evaporator the sample
was dried to near dryness at a temperature of 70°C
and 2.5 mL of methanol (CH,OH) was added to the
residue portion, and by using sterilised syringes of
3 mL capacity and 0.45 pm syringe filters, the sample
was then injected to UPLC sampling vials®®“2. The
samples were then analysed via UPLC, LCMS/MS
as per the optimised protocol.

The Fig. 3(a) shows the method of
extraction, Fig. 3(b) shows concentration of one
of the analysed drugs Erythromycin in vegetable
samples irrigated through the water supply of river
Yumana during pre-monsoon and post-monsoon
period along with the chromatogram Fig. 3(c).
Qualitative analysis of the antibiotic was done
by comparing the molecular mass of antibiotic
from the chromatogram. The further estimation of
antibiotic was calculated via quantitative analysis by
estimating the concentration of precursor ion having
(m/z=734.5) and production (m/z=158.1) respectively.
5.4. Sample analysis by using UPLC-MS/MS

0.4 Erythromycin ®)
0.35 # Pre-monsoon
0.3 ® Post-nsonsoon
gU.ZS
=02
g1].1:3
01
o 0 M i MR
0
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Fig. 3(a). Systematic representation of extraction procedure (b) concentration at different sampling locations (c) chromatogram
showing quantification of the Erythromycin antibiotic in vegetable samples irrigated by the surface water of river Yumana
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Using a Waters UPLC H-Class separation
module, the liquid chromatogram separation was
carried out (Milford, MA, USA). Likewise, ACQUITY
UPLC BEH C18 (2.1 mm i.d. x 50mm, particle size
1.7 m) was used. LC columns was evaluated using
0.1 percent formic acid in ultrapure water as eluent
“A,”whereas 0.1% formic acid in ultrapure acetonitrile
used as eluent “B”. The produced mobile phase was
ultrasonically processed through 0.22 m sterilised
cellulose nitrate filter paper after being sonicated
at room temperature for 10 minutes. To improve the
approach, numerous runs were made under various
circumstances. These included variable flowrates,
temperatures, and mobile phase compositions. The
gradient that produced the best separation began
with 90 percent of eluent A, was held for 1 min to 90
percent of eluate A. From 1 to 2 min, it was gradually
changed from 90 to 50 percent of eluate A, and for
another 2 min to 20 percent of eluate A with was held
for another one minute, then changed to 90 percent of
Eluent A in 0.1 min which was then kept at the same
condition at 90 percent eluent A for another 2 minutes.
The injection has a 10 pL volume. Waters UPLC
H-Class with quaternary pump having Photodiode
detector (PAD), ACQUITY UPLC BEH C18 (2.1 mm
i.d.x50mm, particle size 1.7 m) was used. LC column
and auto sampler for auto injection were used to
perform the tandem mass analysis. With the use of
these instruments, the procedure was optimised and
a universal method for identifying all three chosen
antibiotics was created. Seven distinct concentrations,
ranging from 5ng/ml to 200 ng/mL, were made for
each standard stock solution. Each concentration was
passed through the UPLC at least thrice, to evaluate
the consistency, peak regions, and the retention time
of the system. Plotting of the concentration versus
peak area produced calibration curves. Through stock
solutions with larger concentrations of pure antibiotic
standards, the specificity was achieved. The absence
of contaminants was confirmed by the single sharp
peak, which also assisted in calculating the retention
time. Confirmation the peak region and the retention
time was done at least five times. Analyzing actual
and spiked (selected antibiotics) water samples
helped to further confirm the procedure. The standard
deviation of response and slope of the curve were
used to assess the limit of detection (LOD) and limit
of quantitation (LOQ) using the calibration curve i.e.
LOD=1.5 ng/mL.; LOQ=5 ng/mL?.

Mass spectrophotometer

Using liquid chromatography and the
Waters Xevo TQ-S Micro and UPLC H-Class, the
medication concentration was analysed (Tandem
Quadrupole Mass Spectrometer). A positive-mode
electrospray ionisation source (ESI) assists the
UPLC in identifying and quantifying the chemical.
To optimise the dependent parameters, a direct
infusion of a 10 pyL/min of standard solution of all
the analytes was employed. Selection of ionisation
and precursor ion mode was the next step to follow.
The product ions and their corresponding capillary
voltage was 4.5 kV, 150°C temperature of source,
desolvation temperature was 450°C, flow of cone gas
was (50 I/h) and flow of desolvation gas was (850 I/h).
By using the automated quantitative optimization
method, all these factors were determined*:.
Simultaneously, the quantification and confirmation
of analytes transitions were done, the precursor ion
and the product ions selected for the quantification
transition showed the strongest response and
highest sensitivity.

For the sample analysis, the following were
the ideal run circumstances: A precise flow rate of
0.35 mL/min was used to inject 10 pL of the sample
onto the UPLC column. As the column setting was
"not controlled," the temperature was 40°C. Peak
areas of actual samples were compared with the
peaks areas of standard solutions for which the
concentration of antibiotics were measured, as
described in Eq. 1, and by using Eq 2 the response
factor was calculated.*445
Peak area of the Sample

Analyte amount =
yt Response Factor (1 )

@)

e - Standard peak area
Sensitivity factor = ——————
Amount of Response

CONCLUSION

For the estimation of pharmaceutical like
antibiotics in different environmental matrices,
various analytical methods have been recently
developed. Extraction and analysis of multi classes of
compounds simultaneously is a great challenge and
is presented because of broad range of polarities,
solubilities, partition coefficients and various other
characteristic under the acidic and basic conditions.
Developing suitable methodology using liquid
chromatography (LC) mass spectrometry (MS/MS) in
positive ionisation (Pl) mode for the determination of
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selected therapeutic class of drugs was the purposes
of this work. By altering the mobile phase's gradient
and composition and employing various LC columns,
the goals were to ensure that the compounds would
be separated, to maximize the method's sensitivity
by modifying variables such collision energy in
tandem MS, and to enhance Liquid phase extraction
(LPE) recovery. The procedure was then prepared
for the analysis of various environmental sample.

Furthermore, the simultaneous investigation
of three different classes of pharmaceutical
compounds with various physicochemical properties
typically necessitates the choice of experimental
design carefully. It was essential to achieve this goal
by optimising a variety of operational parameters that
are responsible for increasing the chromatographic
resolution, sensitivity, and accuracy of the selected
drugs and to guarantee their correct detection at
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different concentrations. These analytical techniques
will become a crucial method for water corporations
to use in their attempts to remove drug residues
and other similar emerging pollutants in different
ecological samples.
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