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Abstract

This study is based on an environmenta assessment of acetylsalicylic acid and naproxen in waste
and tap water samples of twenty different locations of municipa area of Sukkur city, Sindh,
Pakistan. Both drugs belong to the most frequently used Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs) group. The specified pharmaceutical s were extracted from the wastewater and tap water
samples by Solid Phase Extraction (SPE) method using Waters QOasis hydrophilic lipophilic
balance (HLB) cartridges. Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS)
technique was applied for the detection and quantification of selected drugs. Negative Electron
Spray lonization (ESI) was used along with Multi Reaction Monitoring (MRM) mode.
Pharmaceuticals concentration were found 7.38-827 pg/L and 5.47-328.95 pg/L in waste and tap
water samples, respectively. The results obtained are comparable with the data reported in
literature. Human health risk assessment caused by acetylsalicylic acid and naproxen in aquatic
media was observed by applying Risk Quotient (RQ) approach. The calculated RQ values are low
enough (order of 10° to 10”) to cause a direct risk for consumers, but their presence in water may
pose adanger synergisticaly.

Keywords: Waste water, Tap water, Non-steroidal anti-inflammatory drugs (NSAIDs), Solid phase
extraction (SPE), Liquid chromatography-mass spectroscopy (LC-MS/MS), Risk assessment.

I ntroduction

Water is the vital natural source for health and
survival of living things [1]. The availability
of pure drinking water for human beings on
earth is a great chalenge due to
industrialization, urbanization and ever
increasing population in present time [2]. All
unnecessary materials entering into water
through various unhealthy activities by
mankind causes water pollution [3]. Being a
universal solvent, it is directly related to basic
need for living creatures, but also a major

source to cause diseases. According to World
Health Organization (WHO), 80% diseases are
waterborne. Globaly 3.1% population dies
due to the inappropriate quality of water [4].
Magor sources of water pollution are
industrial waste full of heavy metals, domestic
waste, marine dumping, radioactive waste and
aimospheric  deposition  [5].  Immune
suppression,  reproductive  failure,  skin
diseases, cholera, vomiting, typhoid,
extensively drug resistant (XDR) fever,
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including damage of flora and fauna are some
horrible episodes of polluted water [6].

Water pollution by pharmaceuticaly
active compounds (PhACs) is one of the
modern world health challenging problem
which constitute a health risk to humans,
animals as well as aquatic ecosystems|[7].

Worldwide thousands of tons of
pharmaceuticals are manufactured annually,
which enter into aguatic media [8]. Hence
continuous monitoring of the aguatic
environment is essential for the quality status
of water because water contamination affects
the endocrine system of humans, negative
effects on fish, bacteria, algae, plants and a
particular risk for pregnant women, their
babies as well as children along with aquatic
organisms.. Humans and animal heath care
along with crop production is maintained by
bulk use of pharmaceuticals which may enter
the environment by hospital effluents, sewage
sludge, municipa sewage, landfill leachates,
contaminated liquid manure, septic tanks and
livestock activities etc. [9]. Many purification
techniques are being applied to get pure
drinking water like chlorination, ozonation,
bank filtration and slow sand filtration etc. But
they are not much effective for purification of
organic pollutants, especially pharmaceuticals
due to their complex and non-biodegradable
nature [10]. Work on pollutants have been
mostly focused on low concentration
contaminants like pharmaceuticals and their
metabolites due to the high transformation rate
in the environment and ineffective removal
processes [11] which causes their presence in
drinking water [12]. These drugs taken by
humans and animals due to incomplete
metabolism are excreted as parenta
compounds, synthetic precursors or their
metabolites through urine and feces or
manufacturing [13].

Non-steroidal anti-inflammatory drugs
(NSAIDs) are most commonly prescribed or
self-medicated, as pain killers and fever
reducing drugs in humans as well as at the
veterinary side [14]. NSAIDs constitute
human hedth issues like myocardial
infarction, gastrointestinal bleeding, renal
failure and reproduction system of aguatic
organisms [15]. NSAIDs cause different types
of ulcers and their chronic use may produce
intestinal perforations [16]. Metabolites are
by-product derivatives of parent
pharmaceutical compounds formed biotically
or abiotically [17]. Drug metabolism in the
human body involves the conversion of parent
pharmaceuticals into more soluble & more
polar metabolites through a series of complex
reactions for the purpose of physiological
action and easy €imination [18]. Drug
metabolites, also have ability to revert into
their original form of the drug. These bio
transformation products undergo further
reactions to produce more reactive
metabolites. These bio-active metabolites are
dangerous to humans, as they can bind to
proteins and other cdlular parts, to disrupt
cellular function, atoxic effect and an immune
response or none at al. This may aso inhibit
the activity of cytochrome enzymes, affecting
the metabolism of other drugs; consequently
they accumulate inside the body to cause
severe toxic effects [19]. Regular intake of
drugs for long time, even a sub-therapeutic
level cause acute and chronic effects on
human health [20].

Materialsand Methods
Chemicals and Reagents

Ultra-pure standards of acetylsdlicylic
acid and naproxen were purchased from
Sigma-Aldrich (Germany). Organic solvents
(methanol, acetone and ethyl acetate) of
analytical grade (Merck, Germany) were used
to prepare stock solutions and stored at -18°C.
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LC-MS/MS grade formic acid (Thermo Fisher
Scientific. Waltham, MA, USA).

Sampling

The tap and waste water samples were
collected directly in 3L pre washed
polyethylene plastic bottles from twenty
different locations of municipal area of
Sukkur city, Sindh, Pakistan, they were
immediately transferred to the laboratory in a
portable icebox and extracted within 48 h to
avoid further degradation. For wastewater,
scoop-type device was used and then the
samples passed through a 2 mm sieve to
remove dSludge before entering into a
collection unit. All glass wares were
thoroughly cleaned, oven dried at 300°C for
decontamination about 8 h and finaly rinsed
with Millipore Quality (Milli-Q) water before
use. Milli-Q water purification system
(Millipore Corporation, Bedford, MA, USA).
Samples were collected randomly following
the guidelines of Environmental Protection
Agency (EPA) [21] from the locations shown
in Table 1 Globa Positioning System (GPS)
was adopted to locate the position of a place
properly at latitudes and longitudes.

Solid Phase Extraction (SPE) of Raw Water
Samples

Each water sample was filtered
through Whatman'’s filter paper (pore size 1.6
pm). The filtrate was acidified with 3.5 M
HCl to pH 2, in order to obtain maximum
extraction of acidic compounds and stored at
4°C. Solid phase extraction oasis HLB
cartridges (waters, international, USA) were
conditioned successively with 3 mL ethyl
acetate-acetone (50:50 v/v) mixture, 3 mL
methanol and 3 mL ultrapure water (acidified
to pH 2). These solutions have good
interaction with the selected drugs so they are
used to enhance the extraction efficiency [22,
23].

Table 1. List of sampling stations of waste and tap water of
municipal area of Sukkur city.

Sample Sampling Sampling Stations, GPS
Nos. Area coor dinates
Latitude Longitude
1 Al-Madinacolony  57045" 59 "N 68°50" 50.6"E
2 g‘fg‘;’;’/vaf Nagar  57045" 38 "N 68°50" 13.1"E
3  Bhosaline 27°42" 15.9'N 68°51" 54.9"E
4 Baragecolony  57041" g 1"N 68°51" 04.1"E
5  Bandar road o7o41" 27.8'N 68°52" 05.5"E
6  Shikarpurphatgk  57045" o5 "N 68°50" 49.6" E
7 Shamsabad 241" 33.6'N 68°51" 22.8'E
8  Bhuttaroad 27°41" 34.0'N  68°51" 28.2"E
9  Cand road 27°43" 13.7'N 68°48" 35.1"E
10 Goldsmithbazaar  57041" 3 1N 68°52" 03.7"E
11 Golimer 27°42" 27.4'N 68°50° 58.1"E
12 Gharibabad 27°41" 43.1'N  68°51" 43.0'E
13 Ghantaghar 27°41" 40.2'N  68°51" 51.0'E
14 Highcourtroad  57041" 39 "N 68°51" 01.9"E
15 Hussaini road 27°42" 23.4'N  68°52" 55.1"E
16 Local board 27°41" 51.2'N  68°52" 25.4"E
17 Locuspark 241" 42.9'N 68°51" 17.2"E
18 Makrani muhalla 570417 50 g'N  e8°51" 42.0" E
19 Miani road 27°41" 23.6'N  68°51" 43.5"E
20 Mobilemarkel 5704”49 1"N  e8°51" 49.4"E

Preconditioned, wet cartridges were
loaded with 250 mL of wastewater and 1000
mL of tap water samples under vacuum at a
flow rate of 12 to 15 mL/min, then washed
with methanol-water (40:60 v/v) and dried
under vacuum for 1 h. Then adsorbed analytes
were eluted by 10 mL (50:50 v/v) ethyl
acetate-acetone mixture.

The e€luates were concentrated by
rotary vaporizer and subsequently transferred
to 1.5 mL glass vids. Ultimately the extracts
were evaporated to dryness under a gentle
stream of nitrogen and preserved at -18°C for
further analysis.

LC-MS/MS Quantitation

Quantification was performed by using
Multi Reaction Monitoring (MRM) mode on
6460 Triple Quad, Agilent technologies mass
spectrometer (USA) coupled with reverse
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phase UPLC (1200 series infinitely Better,
Agilent Technologies (USA) with thermostat,
binary pump and auto-sampler at following
instrumental conditions mentioned in Table 2.

Table 2. Conditionsoptimized for LC-M SM S analysis.

UPLC conditions LCMS/M S Conditions

Column XDB-C18 (Agilent Temperature 300°C
technologies, 1.8 um,
2.1 x50 mm)
Mobile H,0O (0.1 % acetic Nebulizer 40 psi
phase acid) (A) +ACN (B) pressure
(N2)
Mode Isocratic mode, ACN  Drying gas 9 L/min
+H,0 (0.1 % acetic  flow (Ny)
acid) (1:1).
Flow rate 0.2 mL/min lon source ESI
Run time 5min Capillary 4500/3500
voltage
Column 40°C Scan range 50-500
thermostat (m/2)
Injection 5uL MRM mode Positive/
volume Negative

Geomorphology of the Sampling Sites

Sukkur formerly Aroar and Bakhar, is
the 14th largest city of Pakistan. It is situated
on the west bank of the Indus River and is
headquarter/capital of Division and District.
Modern Sukkur was built by theBritish
genera Sir Charles Napierin the 1840s. It
covers an area of 5,165 sguare kilometers
while its population is 335,551 people. The
city of Sukkur is located at an atitude of 220
feet (67 m) from sea level, having terrestria
coordinates 68°52' east and 27°42' north. The
main source of drinking water for peoples is
river Indus. The climate of Sukkur is
characterized by very hot and hazy summer

with dry and cool winter (10-50°C, wind
speed at 10 km/h, 19% humidity). Sukkur is a
hub of many small and large scale industries
including pharmaceuticals. It is also a center
of medical activities in upper Sindh. It has a
medical college, a civil hospital and many
governments as well as private medical
centers.

Water Purification Processes Applied

Drinking water in Sukkur was purified
by simple conventional methods in two steps.
First it was co-agulated by alum and secondly
disinfected by chlorine. No any kind of
advance technique was applied, whereas
ground water taken directly without any
treatment [24].

Results and Discussion
Purity Assessment of Standard Drugs by
UPLC

Purity assessment of standard drugs
was performed by taking their UPLC profile at
following conditions. Accurately weighed 1
mg of standards was dissolved in 1 mL
methanol  for  stock  solutions  then
appropriately diluted with mobile phase by
following serial dilutions to achieve the
desired concentration. Good peak shapes were
obtained (Fig. 1-3) at following instrumental
conditions (Table 3) showing high purity.
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Figure 1. UPLC profilefor blank
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Figure3. UPLC profilefor naproxen

Table 3. Conditions optimized for UPLC analysis.

HPLC system UPLC ultimate 3000, Agilent technologies
Wavelength 235 nm, 254 nm, 275 nm

Column Poroshell 120, EC-18, 2.7 um, 3.0, 50 mm
Mobile Phase MeOH + H,0(0.1% formic acid)

Flow Rate 0.5 mL/min

Injection VVolume 5uL
Run Time 14 min

Gradient Mode MeOH (10%-90%) Water (90%-10%)

LC-MS/MS Analysis
Method Validation

The method linearity was established
by constructing calibration curves at different
concentration ns ranges from 0.5-1000 pg/L
for each standard (Fig. 4a-4b).

The slope, regression coefficient and
intercept were obtained from calibration
curves. LOD and LOQ were calculated as the

minimum detectable amount of the analyte
with a signal-to-noise ratio of 3 and 10,
respectively. The obtained results are shown
in Table 4. Acetonitrile was used as a blank
and for each analyte the value of R? was more
than 0.99. One calibration standard and blank
(ACN) were measured repeatedly throughout
the sequence to check the instrumental
background and signal stability.

Acetylsalicylic acid
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Figure4a. Calibration curvefor acetylsalicylic acid
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Naproxen
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Figure 4b. Calibration curve for naproxen

Table4. LOD, LOQ, slope, regression equation and regression
co-efficient.

Linear LOD LOQ
calibration Regression ,  =3xSN =10xS/N

Analyte range equations R (ug/L) (ng/L)

(nolL)
Acetylsal _
iclic 051000 Y‘Efg&'zzf * 0999 028 084
acid '

Y=112.08x—

Naproxen 0.5-1000 96.685 0.9993 0.84 255

Method Precision

It was determined by intra-day and
inter-day repeated analysis and expressed as
relative standard deviation percentage (RSD
%) and accuracy (%) in Table 5. Three
standard mixtures of analytes at concentration
of 125, 250 and 500 pg/L and six successive

Table 6. Parametersoptimized for LC-M SM Sanalysis.

injections in one day and six consecutive days
in triplicate were used, respectively. RSD for
intracday analysis was 0.99-2.1% and 1.3-
2.3%, whereas inter-day analysis was 1.0-1.
3% and 0.9-3.5% for acetylsalicylic acid and
naproxen, respectively.

Table 5. Inter-day and intra-day precision of acetylsalicylic acid
and naproxen .

Concent- Intra-day Inter-day
Drugs r(atlz?)s Found RSD Accuracy Found RSD Accuracy
HIB) o) e)  6)  (hoL) (k) (%)
125 1264 099 1011 1269 13 1015
Acetyl-
salicylic 250 2521 19 1008 2517 20 1007
acid
500 4983 21 997 4986 10 99.7
125 1273 16 1018 1265 1.1 101.2
Naproxen 250 2518 13 100.7 2513 09 100.5

500 496.7 23 993 4951 35 99.0

LC-MS/MS Optimization

For quantitative analysis Agilent mass
hunter software was used to optimize the
parameters like collision energy (CE) and
fragmentor voltage (FV) etc. mentioned in the
Table 6. Multiple Reaction Monitoring
(MRM) mode applied was negative ion mode.
The most abundant fragment was selected for
guantitative analysis (Fig. 6a-8).

Reference Retention time Precur sor Precur sor M S/M Stransitions Fragmentor Callision Dwell
Compounds (min) Type (m/2) (m/2) Voltage Energy Time
Acetylsalicylic 1.563 [M-H] 179 179--> 137

acid -ve mode 60 2 50
Naproxen 2.264 [M-H] 229 229 ---> 185 80 5 50

-ve mode
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Figure 6a. MRM chromatogram
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Figure 6b. LCM S/M Stransition for acetylsalicylic acid
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Figure 7a. MRM chromatogram for naproxen
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Figure7b. M S/M Stransition for naproxen
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Figure8. MRM chromatograms of acetylsalicylic acid and naproxen

Pharmaceuticals Detection in Waste and Tap
Water

The results indicated that both
pharmaceuticals naproxen and acetylsalicylic
acid were present in waste as well as tap water
samples Table 7-8 and Fg. 9-12. The
concentration of acetylsalicylic acid ranges
between 7.38-190.06 pg/L in waste water
while 5.47-62.27 pg/L in tap water. At only
one site similar detections were found from
not detected 1.3 pg/L for acetylsalicylic acid
in the water of the Umgeni river system in
South Africa [33]. Among 20 samples it was
present in al sites except W4 where it was
below detection limit (BDL). In tap water, it
was detected in al samples where as it was
below detection limit in 6 samples (T3, T4,
T5, T14, T17 and T20).

Naproxen has been found
comparatively in greater concentration ranging
from 26.80-827.61 pg/L and 8.96-328.95 pg/L
in waste and tap water, respectively. Concent-
ration of naproxen in waste water mentioned
in Table 7 is in accordance with findings in
influent and effluent from wastewater
treatment plants (WWTPs) a France from
0.26-23.21 pg/L [26], a WWTPs of South
Africa, from 15-20 pg/L [27] and in municipal
waste effluents of Pachuca, Mexico from 20-
47 pg/L [28]. Same drug was found in an

36 38 4 42 44 46 48 5 52 54 56 58 [} 62 64 66 68
= 4

uisition Time (min)

Umgeni river system of South Africa up to
59.3 pg/L concentration [29]. The observed
concentrations of the target pharmaceuticalsin
this study are in agreement with reported data
in the literature [30-32].

Table 7. Concentration of naproxen in waste and tap water
samples.

Naproxen in wastewater Naproxen in tap water

Sample Concentration Sample Concentration

Number (ng/L) Number (ng/L)
W1 115.46 T1 3121
w2 255.73 T2 13.96
W3 26.80 T3 14.02
W4 479.79 T4 328.95
W5 266.16 T5 126.49
W6 244.10 T6 55.211
W7 377.25 T7 327.49
w8 41.43 T8 27.2
W9 75.09 T9 8.96
W10 54.71 T10 14.02
w1l 601.64 T11 65.31
w12 148.10 T12 26.05
W13 681.09 T13 123.38
w14 537.55 T14 141.89
W15 76.56 T15 25.78
W16 827.61 T16 28.74
w17 114.39 T17 97.96
w18 119.78 T18 99.98
W19 91.42 T19 37.33
W20 254.69 T20 34.28
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Figure 9. MRM chromatograms of naproxen in waste water
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Figure11. MRM chromatograms of acetylsalicylic acid in wastewater samples
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Figure12. MRM chromatogramsfor acetylsalicylic acid in tap water samples

Table 8. Concentration of acetylsalicylic acid in waste and tap water samples.

Acetylsalicylic acid in wastewater

Acetylsalicylic acid in tap water

Sample Number Concentration (ug/L) Sample Number Concentration (ug/L)
w1 99.79 T1 62.27
w2 75.64 T2 56.90
W3 51.24 T3 BDL
w4 BDL T4 BDL
W5 7.38 T5 BDL
W6 52.48 T6 8.55
w7 83.09 T7 30.85
w8 108.16 T8 7.42
W9 190.06 T9 ND
W10 186.89 T10 10.1
W11 8.12 T11 5.47
W12 7.35 T12 6.76
W13 12.02 T13 6.80
W14 23.29 T14 BDL
W15 22.63 T15 9.15
W16 48.01 T16 8.12
W17 24.83 T17 BDL
w18 2512 T18 6.49
W19 52.85 T19 ND
W20 7.81 T20 BDL
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Risk Assessment

Risk assessment can be calculated by
many ways but the most common and reliable
method is to measure, Risk Quotient (RQ)
value by using Minimum Therapeutic Dose
(MTD) of drugs[33].

RQ = Cmx2/MTDx10®> where
Cm=measured concentration in pg/L [34].

RQ value of both drugs (Table 9-10) is
<<1 (order of 10° — 10°) in al samples
indicating No observed adverse effect level
(NOAEL) but it will contribute to combined
water matrix effect, however continuous
intake of these drugs combined with other
drugs may be harmful and longtime use even
in minor quantities may pose a serious risk to
humans health [35].

Table 9. Risk Quotient values of naproxen.

Naproxen in tap water

Sample
code Measured Conc. RQ value Remarks
(pglL)
T1 3121 2 ax10" *NOAEL
T2 13.96 1 1x10" NOAEL
T3 14.02 1 1x10" NOAEL
T4 328.95 2 6x10° NOAEL
T5 126.49 1. 0x10° NOAEL
T6 55.211 4.4x10° NOAEL
T7 327.49 2 6x10° NOAEL
T8 27.2 2 1x10° NOAEL
To 8.96 7 1x10° NOAEL
T10 14.02 110" NOAEL
T11 65.31 5 2%10° NOAEL
T12 26.05 2 ox10” NOAEL
T13 123.38 9.8x10° NOAEL
T14 141.89 1.1x10° NOAEL
T15 25.78 2 0x10" NOAEL
T16 28.74 2 210" NOAEL
T17 97.96 7 8x10" NOAEL
T18 99.98 7 ox10" NOAEL
T19 37.33 2 9x10° NOAEL
T20 34.28 2 710" NOAEL

*Where NOAEL = No observed adverse effect level

Table 10. Risk Quotient values of acetylsalicylic acid.

Acetylsalicylic acid in tap water

Sample

ode Masrleé.ed RQ value Remarks
(nolL)
T1 62.27 4.1x10° NOAEL
T2 56.90 3.7x10° NOAEL
T3 BDL* BDL NOAEL
T4 BDL BDL NOAEL
T5 BDL BDL NOAEL
T6 8.55 2.2x10° NOAEL
T7 30.85 2.0x10° NOAEL
T8 7.42 2.6x10° NOAEL
T9 ND* ND NOAEL
T10 10.91 1.2x10° NOAEL
Tl 5.47 1. 4x10° NOAEL
T12 6.76 4.5x10°® NOAEL
T13 6.80 4.5x10° NOAEL
T14 BDL BDL NOAEL
T15 9.15 2.4x10° NOAEL
T16 8.12 2.7x10° NOAEL
T17 BDL BDL NOAEL
T18 6.49 1. 7x10° NOAEL
T19 ND ND NOAEL
T20 BDL BDL NOAEL

*Where NOAEL = No observed adverse effect level

Conclusion

SPE-LC-MSMS technique has been
successfully applied for the detection and
quantification of naproxen and acetylsalicylic
acid to check ther impacts on the
environment. Both pharmaceuticals were
found in waste and tap water sources of
municipal area of Sukkur city. Naproxen was
found comparatively in higher concentration
range 26.80 to 827.61 pg/L and 8.96 to 328.95
ug/l, while low  concentration  of
Acetylsalicylic acid was observed ranges
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between 7.38 to 190.06 pg/L and 5.47 to
62.27 pg/L in waste and tap water samples
respectively. The results obtained are
comparable with the data reported in
literature. Human health risk was assessed by
Risk Quotient approach. The calculated values
regarding risk factor were substantially low to
cause any harm to the consumer’s health but
may pose adanger synergistically.
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