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INTRODUCTION 

One of the biggest issues harming our planet is chemi-

cal pollution. It is a cyclical process that impacts all 

forms of the environment (air, water, and soil), as well 

as living things that are both pollutant emitters and re-

cipients. Due to their design to remove organic debris 

and nutrients at concentrations higher than mg L-1, one 

of the main issues is that wastewater treatment plants 

(WWTPs) are unable to remove many EPs (Pérez-
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Lemus et al., 2020). Wastewater treatment plants pro-

duce significant sewage sludge (Li et al., 2018). Cur-

rently, the five main methods of disposing of sewage 

sludge are landfill, land application, drying-incineration, 

composting, and recycling as building materials (Guo et 

al., 2020). A viable technique for getting rid of sewage 

sludge is land application (Verlicchi and Zambello, 

2015). However, pathogens, inorganic (such heavy 

metals) and organic hazardous contaminants in sewage 

sludge restrict its use as a soil amendment (Fijalkowski 

et al., 2017; Dubey et al., 2021). The presence of phar-

maceuticals and personal care products (PPCPs) in 

sewage sludge has also drawn increasing attention 

(Ezzariai et al., 2018; Guo et al., 2020). Both untreated 

and treated sludge (such as digested, dewatered, con-

ditioned, and dried sludge) included a variety of PPCP 

chemicals, with concentrations ranging from 10-1 to 105 

ng g-1 (for example, 152 pharmaceuticals and 17 per-

sonal care products) . For instance, the main sludge 

included triclosan (133 ng g-1) (Verlicchi and Zambello, 

2015). Thus, it is imperative to provide methods for con-

trolling and lowering PPCP levels. Sludge applied to the 

land can increase the levels of these pollutants in the 

soil, runoff, and groundwater (Kim et al., 2017). As a 

result, sewage sludge must have reduced amounts of 

dangerous contaminants. Composting is a practical 

method for  removing organic contaminants in sewage 

sludge (Ezzariai et al., 2018; Guo et al., 2020). 

The first-line drug for treating type 2 diabetes is metfor-

min (MET) (Tee et al., 2022). According to the most 

recent data from the International Diabetes Federation, 

536.6 million persons aged 20 to 79 had diabetes in 

2021, making up approximately 10.5% of the total pop-

ulation in this age group (IDF Diabetes Atlas, 10th edi-

tion, 2021). According to the IDF, there will be danger-

ously more people with diabetes by the years 2030 and 

2045, reaching 642.7 million and 783.2 million, respec-

tively. MET does not undergo human metabolization 

like many pharmaceutical medications do; instead, it 

moves through the body unaltered. So, 70 percent of it 

is eliminated in urine and the remaining 30 percent in 

faeces after consumption. MET has been identified as a 

major contaminant contributing to significant mass 

loads in WWTPs (Briones and Sarmah, 2019; 

Bhowmick et al., 2022). During sewage treatment, MET 

concentrations are significantly reduced, mainly due to 

microbial degradation. Despite the high removal effi-

ciency of sewage treatment plants (STPs), MET is still 

released in significant amounts into the aquatic environ-

ment (Bhowmick et al., 2022).  Since it is not naturally 

degraded, MET is easily reintroduced to humans as 

they move up the food chain (Meffe et al., 2021). Barros 

et al. (2022) showed that MET behaves as an endo-

crine disruptor at environmentally relevant quantities. 

MET is a mobile compound with a low affinity to soils 

(Mrozik & Stefanska, 2014). Once introduced into wa-

tercourses, MET remained tenacious and non-

biodegradable with a higher eco-toxicity index due to its 

exceptionally low KOW (Octanol/water partition coeffi-

cient) value (-1.83) and strong aqueous mobility (Li and 

Tabassum, 2021; Bhowmick et al., 2022). This indi-

cates that this drug may potentially threaten ground 

and surface water (Haiba et al., 2017). 

Triclosan (TRI) is a phenyl ether (5-chloro-2-(2,4-

dichlorophenoxy) phenol) with anti-microbial and anti-

fungal properties (Montaseri and Forbes, 2016). The 

use of triclosan-containing personal care items like 

cleaning materials, toothpaste, deodorants, antibacteri-

al soap, skin lotion, and disinfectants may be the cause 

of the presence of triclosan in Indian sewage water 

(Motia et al., 2019; Kumar et al., 2021; Wang et al., 

2021). The content of TRI in personal care products 

should be below 0.3% of product mass as directed by 

the US Food and Drug Agency (USFDA) and the Euro-

pean Community Cosmetic Directive (Dhillon et al., 

2015). TRI has been found in a wide range of habitats, 

including surface water, river sediment, and biosolids 

(Wang and Liang, 2021). TRI would stay in the environ-

ment after entering through WWTP effluent and sew-

age sludge due to its hydrophobicity, durability, and 

biological accumulation capacity, with a KOW value of 

4.6. TRI may have hazardous biochemical effects on 

species and affect the environment by interfering with 

the biochemical cycle, ecosystem structure and organ-

ism function at higher concentrations (e.g., 1.4 g L-1). 

Endocrine disruption, antibiotic resistance, the produc-

tion of carcinogenic products, and allergies are just a 

few of the health issues linked to TRI (Xin et al. 2021). 

The data about the presence of MET and TRI in sew-

age sludge is scarce in India. The LC-MS approach, 

which can perform both positive and negative ionisa-

tion, has the best sensitivity of any spectroscopic or 

chromatographic technology and enables thorough, 

high-throughput analysis. Moreover, the capacity of 

LCMS to identify and analyse a wider spectrum of com-

pounds has allowed for the development of extraction 

processes that are quicker and less time-consuming 

(Pérez-Lemus et al., 2022). This study aimed to deter-

mine the amount of MET and TRI residues in sewage 

sludge using a suitable extraction method and LC-MS. 

MATERIALS AND METHODS 

Chemicals and materials  

Metformin hydrochloride and triclosan (Isotopically la-

belled external standards), formic acid (purity ≥ 98%), 

as well as LC-MS grade methanol and acetonitrile, 

were purchased from Sigma-Aldrich (Bangalore, India) 

with a purity of ≥ 99 %. Methanol was used as a solvent 

to prepare a combined standard stock solution (100 mg 

L-1) and then stored at -10°C. The calibration before 

each analysis was done using freshly prepared working 
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standard solutions. Milli-Q water (18.1 MΩ•cm at 25 °C) 

which has a total organic carbon (TOC) level of ≤ 0.005 

mg L-1) was utilised as a mobile phase for LC-MS anal-

ysis and also used for the experiments. 

 

Sample collection   

The sewage sludge samples were collected from a mu-

nicipal wastewater treatment plant in Ukkadam with a 

treatment capacity of 70 million litres per day and Tamil 

Nadu Agricultural University, a treatment capacity of 

200 m3 per day, Coimbatore, Tamil Nadu. The grab 

samples (Once a month from April 2021 to March 

2022) of sewage sludge were collected from the sam-

pling locations (TSTP - 11°00’27.6”N, 76°56’04.1”E and 

USTP - 10°59’01.6”N, 76°58’22.7”E) respectively and 

homogenized before analysis. 

 

Sewage sludge extraction method 

The sewage sludge extraction method followed was 

slightly modified by Haiba et al. (2018). The sewage 

sludge samples (5g) were precisely weighted into 50 

mL polypropylene centrifuge tube. 20 mL of extraction 

solvent (1% v/v formic acid in ethanol) was added to a 

sample tube and vortex mixed (Chiltren Scientific MT 

17 vortex mixer) for 1 min. The sample tube was tightly 

capped and placed horizontally on a shaker (200 rpm) 

for 15 min. The tube was turned into a vertical position 

and shaken manually to ensure that the solid content 

was in contact with the extraction solvent. It was contin-

ued by sonicating for about 20 min. Then, the samples 

were centrifuged (high-speed chilled centrifuge - REMI) 

at 6000 rpm for 10 min. The extracts were removed 

from the tube using a pipette. These steps were repeat-

ed five times with each sample. Extracts were com-

bined in 100 mL polypropylene bottles, mixed and 

weighted. From each extract 15 mL was taken into 50 

mL polypropylene centrifuge tube for further treatment. 

Prior to LC-MS analysis, sample extracts were diluted: 

to 100 µL extract, 1400 µL of milliQ water were added 

in 1.5 mL Eppendorf tube. Automatic pipette was used 

for dosing, but all the solutions were weighted. The 

solutions were vortex-mixed and filtered through a sy-

ringe filter. First five drops of the filtrate were discarded 

and the remaining (1 mL) was collected into au-

tosampler vial (1.8 mL glass vial). 

 

Calibration and quality control samples  

Calibration and quality control samples were prepared 

by diluting stock solutions of analytes. Stock solutions 

were prepared by dissolving an appropriate amount of 

analytes in methanol. MET (100 mg L-1) and TRI (100 

mg L-1) were prepared in methanol as a combined 

stock standard solution. Subsequently, it was serially 

diluted to produce the working standard solutions of 

0.01, 0.02, 0.03, 0.04 and 0.05 mg L-1 in methanol for 

the calibration of the LC-MS. Similarly to the prepara-

tion of sample solutions, all solutions were prepared by 

weight, vortex-mixed and filtered through syringe filters. 

The concentration of calibration and quality control so-

lutions were chosen according to the linear range for 

each analyte. 

 

LC-MS methodology 

All analysis was performed on an LC-MS – 8040 

(Shimadzu UFLC – LC-20 AD) coupled with an elec-

trospray ionization source (ESI) which has a triple 

quadrupole mass spectrometer. The LC-MS conditions 

required for the analysis are displayed in Table 1. The 

low-pressure gradient was used to elute the metformin 

and triclosan linearly from 30% B (for 2 minutes) to 98 

percent B in 6 min (2 min hold) and back to 30% B in 

10 min (5 min hold). The total run time of the linear 

gradient was about 15 minutes. Additionally, the condi-

tioning of the column was done for 5 minutes.  MET 

and TRI were estimated using retention time-

dependent scheduled multiple reaction monitoring 

LC conditions 

Instrument 
LCMS – 8040 (Shimadzu 
UFLC – LC-20 AD) 

Autosampler SIL-20AC HT 
Communication Bus Mod-
ule 

CBM – 20 A 

Mode Low pressure gradient 
Column oven CTO-20AC 

Column 

Shimadzu Shim pack GISS 
C18 column with dimen-
sions of 4.6 × 250 mm, 5 
μm. 

Column temperature 40 °C ± 1°C 

Mobile phase 

Milli-Q water 
LCMS grade methanol 
0.5 % formic acid in both 
mobile phases 

Flow rate 0.8000 mL/min 

Injection volume 0.01 Ml 

Post time 5 minutes 

Gradient elution profile 

0–2 minutes: 30 % B; 2–6 
minutes: 30 - 98 % B; 6–8 
minutes: 98 %;8–10 
minutes: 98 - 30 %; 10 – 15 
minutes: 30 % 

Total run time 15 minutes 
MS conditions 

Interface 
Electrospray Ionisation 
(ESI) with triple quadrupole 
mass spectrometer 

Interface current 0.1 uA 

Ionization mode Positive and Negative 

Desolvation Line (DL) tem-
perature 

250 °C 

CID gas pressure 230 kPa 

Drying gas flow rate 15 L min-1 

Nebulizing gas flow 2.5 L min-1 

Heat block temperature 400 °C 

Table 1. LC-MS analysis conditions 
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(MRM) with two distinct mass transitions: one as the 

qualifier ion and the other as the quantifier ion. The 

MRM detection window was 1 min, with a target scan 

time of 0.206 s. According to the SANTE/11945/2015 

recommendations, the ratio of two mass transitions (m/

z ion ratio) was used to confirm both the analytes. Data 

acquisition and system management were performed 

using the lab solution software. The LC-MS parameters 

were optimised for the quantification of both the ana-

lytes and the method was validated after the sample 

preparation methodology. 

RESULTS AND DISCUSSION  

Optimization of the Mass Spectrometer (MS) and 

method application 

First, the standard solutions of metformin and triclosan 

were subjected to a Q1-MS scan in both positive and 

negative ionisation modes, identifying the proper pre-

cursor ions. The identified precursor ions were then 

subjected to the scanning for product ions. Then, by 

fine-tuning the precursor transmission and fragmenta-

tion parameters, the respective transmissions of 

130/60.20 and 289/34.80 were used to measure MET 

and TRI. The other ion transmissions (130/71.10, 

289/35.00) were used for the qualitative confirmation. 

Table 2 and Fig. 1 display the mass spectrometric char-

acteristics and MRM events of MET and TRI, respec-

tively. 

MET and TRI were separated using Milli-Q water and 

methanol (each with 0.5 percent formic acid) as the 

mobile phases. Shimadzu Shim pack GISS C18 col-

umn (4.6 × 250 mm, 5 μm) was used with the MRM 

acquisition parameter. Fig. 2 shows the MRM chroma-

tograms for MET and TRI during the course of 15-

minute gradient elution, respectively, with retention peri-

ods of 3.624 and 11.518 minutes. During the examina-

tion of the sewage sample, the leftover matrix of the 

sample following cleanup could obstruct the process 

and shorten the column's life. In order to ensure com-

plete column cleaning between analyses, the gradient 

profile was changed to pure methanol for five minutes 

after both analytes had eluted from the column. 

The varying pH of the mobile phase has an impact on 

the column stationary phase, column temperature, col-

umn length, particle size, mobile phase solvent(s), buff-

er pH, and ionisation of the target analytes; it could also 

affect resolution. Resolution and column efficiency are 

both influenced by peak symmetry (Marie et al., 2022). 

The less polar TRI was studied in the negative-polarity 

mode, whilst the highly polar MET was evaluated in the 

positive-polarity mode (Kaur et al., 2021). As a result, 

the linear gradient mode was able to achieve appropri-

ate retention and separation for the MET and TRI 

(Kachhawaha et al., 2017). It was buffering greatly en-

hanced the recoveries of MET and TRI. Since the buff-

ering agents improved the partitioning of the target ana-

lytes into the organic phase, this was explicable 

(acetonitrile). It was crucial to modify the pH to get suffi-

cient intensities for all of these chemicals and obtain 

acceptable recoveries for these compounds. The pH of 

the aliquot produced from the extraction was altered to 

pH 7 before evaporation since the recoveries of these 

analytes were improved at pH 7. 

Analyte ESI Molecular weight Q1 Q3 CE Q3* CE* RT (min) 

Metformin + 129.20 130.00 60.20 -16 71.10 -23 3.624 

Triclosan - 289.00 289.00 34.80 35 35.00 16 11.518 

Table 2. Summary of metformin and triclosan mass spectrometric characteristics 

Q1- Precursor ion, Q3- Quantifier product ion, Q3* - Qualifier product ion, CE- Collision Energy, CE* - Collision Energy for Q3*, RT- 

Retention time 

Fig. 1. MRM events for the ionisation of metformin and triclosan 
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The sensitivity of the method was proved by the spiking 

levels of metformin and triclosan in Milli-Q water and 

sewage sludge. The recoveries of the MET and TRI in 

Milli-Q water spiked at 0.01, 0.02 and 0.03 mg L-1 

ranged from 103.77 to 116.10 % and from 112.87 to 

116.30 % (n=7), respectively. In actuality, at the same 

level, the recoveries of TRI and MET in sewage sludge 

ranged from 90.5 to 114.6 % and 85.93 to 94.20 % 

(n=7), respectively. The results show that the technique 

generally operates within an acceptable range of ac-

ceptable recovery (70-120%) and precision 

(RSD<10%). MET and TRI had LODs and LOQs of 

0.005 and 0.010 mg L-1, respectively. These results 

demonstrated that the developed method could be 

used to detect TRI and MET residues. The validation 

results are summarized in Table 3. The matrix effect in 

sewage sludge was also noted (< 10 %). 

 

Quantification of MET and TRI in sewage sludge 

This sewage sludge extraction method and LC-MS 

method have been successfully used over the sewage 

sludge samples for the quantification of MET and TRI. 

The concentrations of MET and TRI in sewage samples 

are shown in Fig. 3 and 4. Metformin was detected in 

sewage sludge of USTP and TSTP in the range of BDL 

to 0.0587 mg L-1 and BDL – 0.0227 mg L-1, respective-

ly. Likewise, the sewage sludge of the USTP and TSTP 

had respective triclosan concentrations of BDL - 0.1851 

mg L-1 and BDL - 0.1296 mg L-1 (with RSDs 10%, n=6). 

This preliminary dataset shows the presence of triclo-

san and metformin in Indian sewage waters. This may 

be due to high polarity and metformin stability, making 

it difficult for the body to break it down (Kachhawaha et 

al., 2021). The quick adsorption of MET and TRI (from 

the liquid phase) to the solid sewage sludge particles 

was likely the cause of all concentration readings. This 

is consistent with the information provided in earlier 

research (Nei et al., 2014).  

Conclusion 

The present study concluded that there was substantial 

proof of the presence of MET and TRI  in sewage 

sludge of USTP and TSTP, Coimbatore, Tamil Nadu. 

Fig. 2. MRM chromatograms for MET and TRI in positive and negative ionisation modes 

  Milli-Q water Sewage sludge 

Analyte 
LOD 

(mg L-1) 

LOQ 

(mg L-1) 

Recovery (%) 

(n=6 and RSD < 10 %) 

Recovery (%) 

(n=6 and RSD < 10 %) 

0.01 mg L-1 0.02 mg L-1 0.03 mg L-1 0.01 mg L-1 0.02 mg L-1 0.03 mg L-1 

Metformin 0.005 0.01 110.80 116.10 103.77 94.20 90.62 85.93 

Triclosan 0.005 0.01 116.30 114.90 112.87 114.60 99.20 90.50 

Table 3. Validated parameters in Milli-Q water and sewage sludge 
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Also, the established sludge extraction and LC-MS 

methods for the quantification of MET and TRI is trust-

worthy and reproducible with desired recovery rates (70

-120%, n=7, RSD < 10%), matrix effect (< 10%), LOD 

(0.005 mg L-1) and LOQ (0.01 mg L-1). Hence, this 

method could be used for routine monitoring as well as 

regulatory purposes. It also demonstrated that these 

concentrations of MET and TRI in sewage sludge might 

move into the food chain after the land application, 

causing ecotoxicity. To further understand the causes 

of accelerating MET and TRI degradation during com-

posting of sewage sludge, more research is required. 

Given the paucity of studies on the presence of MET 

and TRI in Indian sewage water, this work may serve 

as a baseline study and serve as an impetus for further 

MET and TRI research in India. 
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Fig. 3. MET concentration in USTP and TSTP 
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