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Abstract Pharmaceutical concentration data for Indian sur-
face waters are currently scarce. Sewage often enters Indian
rivers without prior treatment, and so previously reported
environmental concentrations from regions with routinely
implemented sewage treatment cannot simply be used to
predict concentrations in Indian surface water. Improved
knowledge of pharmaceutical concentrations in Indian waters
would enable determination of potential risks posed to aquatic
wildlife and human health in this region. The concentrations
of five common non-steroidal anti-inflammatory drugs
(NSAIDs; diclofenac, ketoprofen, naproxen, ibuprofen, and
acetylsalicylic acid) were determined in surface waters from
27 locations of the Kaveri, Vellar, and Tamiraparani Rivers in
southern India. The samples were extracted by solid-phase
extraction and analyzed by GC-MS. The measured concen-
trations of four of the five drugs in this reconnaissance were
relatively similar to those reported elsewhere (ND-200 ng/l);
however, acetylsalicylic acid, the most readily degradable of
the investigated drugs, was found at all sites and at consider-
ably higher concentrations (up to 660 ng/l) than reported in
European surface waters. This is the first report on the
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occurrence of NSAIDs in Indian rivers. The finding of elevat-
ed concentrations of acetylsalicylic acid is most likely a result
of direct discharges of untreated sewage. Therefore, readily
degradable pharmaceuticals may present larger concern in
regions without consistent sewage treatment. Based on
measured environmental concentrations, the risks of direct
toxicity to aquatic wildlife and of humans consuming the water
are discussed.
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Introduction

Increased rates of population growth and urbanization are
associated with increased use of pharmaceuticals and subse-
quently an increased load in the receiving aquatic environment
due to wastewater discharges. Some pharmaceuticals are al-
most completely removed during sewage treatment, whereas
others are hardly removed at all (Santos et al. 2007, 2009; Lin
et al. 2009; Gros et al. 2010; Suarez et al. 2010; Behera et al.
2011). Usually, individual pharmaceutical compounds in trea-
ted sewage effluents are found at concentrations of less than
1 ug/l. In contrast, concentrations approaching several milli-
grams per liter have been measured in effluents from treatment
plants receiving waste from pharmaceutical manufacturing
facilities (Larsson et al. 2007) and in surface water contami-
nated by industrial effluents (Fick et al. 2009). Physical and
biological processes occurring in aquatic environments may
attenuate the degradation of many pharmaceutical compounds.
Trace concentrations of active pharmaceutical ingredients and
their metabolites have been detected in surface water, ground
water, and drinking water (Moldovan 2006; Togola and Bud-
zinski 2007; Peng et al. 2008; Yoon et al. 2010; Zhao et al.
2010; Fram and Belitz 2011). Studies on pharmaceuticals from
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Indian aquatic environments are, however, still scarce (Larsson
et al. 2007; Fick et al. 2009; Diwan et al. 2009; Ramaswamy
et al. 2011; Kristiansson et al. 2011).

Pharmaceuticals often exert their effects at relatively low
concentrations and through relatively specific modes of ac-
tion. Partly because many human drug targets are conserved
across species, pharmaceuticals can also affect non-target
organisms, provided they are exposed to sufficiently high
concentrations (Gunnarsson et al. 2008). Perhaps the clearest
example is the severely reduced vulture population on the
Indian subcontinent, a consequence of exposure to diclofenac
via the ingestion of contaminated carcasses (Oaks et al. 2004).
Ethinylestradiol is likely an important contributor to the fem-
inization of fish downstream from sewage treatment works
(Desbrow et al. 1998; Larsson et al. 1999; Thorpe et al. 2003;
Kidd et al. 2007).

Analgesics and anti-inflammatory drugs are widely used in
India and comprise the two largest groups of over-the-counter
drugs in urban areas (Kamala and Dinesh Kumar 2006). These
drugs are generally used to treat inflammation and mild to
moderate pain and fever. Because of their high use worldwide
and at least partial resistance to removal during sewage treat-
ment, these chemicals are frequently found in the aquatic
environment (Brown et al. 2007; Zhang et al. 2008; Fick
et al. 2010; Sanchez-Prado et al. 2010). Diclofenac is particu-
larly difficult to remove during sewage treatment (Gros et al.
2010; Suarez et al. 2010); this drug affects hepatic gene ex-
pression (Mehinto et al. 2010; Cuklev et al. 2011) and is
reported to cause histological changes in several organs of fish
at concentrations of approximately 1 pg/l (Schwaiger et al.
2004; Triebskorn et al. 2004), although a recent study did not
report any histological changes at these concentrations (Mem-
mert et al. 2013). Acetylsalicylic acid (2-acetoxybenzoic acid)
is frequently used as an analgesic and antipyretic agent in India
and elsewhere. In addition, low-dose acetylsalicylic acid is
employed as an anti-thrombotic agent. Normally, acetylsali-
cylic acid is very efficiently removed during sewage treatment
and easily degraded into salicylic acid (Ternes et al. 2001; Sim
et al. 2010).

In India, wastewaters from hospitals, residential areas, and
industrial activities are often directly released into surface
waters without prior treatment. One can therefore hypothesize
that pharmaceuticals would be present at higher concentra-
tions in Indian surface waters than in the surface waters of
countries with well-developed infrastructure for sewage treat-
ment and disposal. We hypothesize that this phenomenon
would be particularly evident for pharmaceuticals that are
removed efficiently by sewage treatment. However, environ-
mental sampling data to evaluate this hypothesis are largely
unavailable in India. Hence, the present study aimed to deter-
mine the concentrations of five common NSAIDs (diclofenac,
ketoprofen, naproxen, ibuprofen, and acetylsalicylic acid) in
surface water from three Indian river systems. The detected
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concentrations were then compared with known toxicity data
to evaluate the potential risk for toxicity in aquatic organisms
and humans.

Materials and methods
Study area and sample collection

Water samples were collected from the Kaveri, Vellar, and
Tamiraparani rivers (Fig. 1) during July 2010. These rivers
run through residential and commercial areas; therefore, urban
and industrial wastewaters represent a significant input into
these rivers, although these rivers also receive runoff from
agricultural areas. In total, 27 sites were selected. All sampling
sites were outside of the immediate effluent plume from any
local wastewater discharges. The sampling reconnaissance
covered 13 locations, including sites within 346 km along the
Kaveri river, 6 km along the Vellar estuary, and 112 km along
the Tamiraparani river. Grab samples of water (two per site)
were collected in 2-1 pre-cleaned, amber glass bottles that had
been pre-rinsed with sample water three times prior to sample
collection. Then, the samples were transported on ice to the
laboratory and stored at 4 °C until chemical analysis. Further
details of the sampled rivers have been published previously
(Ramaswamy et al. 2011). Briefly, the River Kaveri (Cauvery)
is a major river in India with many tributaries and a basin area
of approximately 72,000 km? that flows through three states in
southern India (Karnataka, Kerala, and Tamil Nadu) before
emptying into the Bay of Bengal. The Vellar River originates
from the Chitteri hills (11°25'N, 79°31'E) in Tamil Nadu state,
flows along the southeastern coast, and forms an estuarine
system with the Bay of Bengal at Parangipettai. The Picha-
varam mangrove forest is located between the Vellar River and
Coleroon tributary estuaries. The Tamiraparani River is one of
the perennial rivers of the southern peninsular India, originat-
ing from the Western Ghats at an altitude of 2,000 m in Tamil
Nadu state and flowing into the Gulf of Mannar, a Marine
Bioreserve of the Bay of Bengal near Tuticorin, after draining
an area of 5,369 km?. These rivers are the lifelines of southern
India, supporting irrigated agriculture for centuries as well as
serving as drinking water sources.

Chemicals and standards

Standards for ibuprofen, naproxen, ketoprofen, diclofenac,
acetylsalicylic acid, and the derivatizing reagent N-methyl-
N-(trimethylsilyl) trifluoroacetamide (MSTFA) were pur-
chased from Sigma-Aldrich (St. Louis, USA). Phenanthrene-
d10, an internal standard, was procured from Cambridge
Isotope Laboratories Inc. (Andover, USA). Acetone, n-hex-
ane, and ethyl acetate of HPLC grade were procured from
Thermo Fisher Scientific India Pvt. Ltd. (Mumbai, India).
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Fig. 1 Sampling sites from the
Kaveri, Vellar, and Tamiraparani
Rivers, India

INDIA

Solid-phase extraction (SPE) cartridges (Oasis HLB 60 mg/3-
ml) were obtained from Waters Corporation (Milford, USA).
Glass vials (2 ml capacity) were purchased from Agilent
Technologies (Boeblingen, Germany). The purified water
was obtained using an ELGA water purification system
(Greifswald, UK). Individual standard preparations were de-
scribed previously (Ramaswamy et al. 2011).

Chemical extractions

Water samples were processed to extract the target NSAIDs,
including acetylsalicylic acid, according to the method of
Togola and Budzinski (2007) with some modifications.
Briefly, the water samples were filtered using glass fiber
filters, and the pH of the water (500 ml) was adjusted to 2
with 3.5 M HCl using a pH meter (Elico, National Scientific
Suppliers, Chennai, India). Oasis HLB SPE cartridges (60-
mg/3 ml) were conditioned with 3 ml each of 1:1 (v/v) ethyl
acetate/acetone, methanol, and ultrapure water (pH 2). Water
samples were loaded onto the cartridges using a vacuum
manifold and a flow rate of 5 ml/min. Then, the cartridges
were washed with 5 ml of 5 % methanol in water and dried
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under vacuum pressure for 1 h. Subsequently, the analytes
were eluted with 10 ml of 1:1 (v/v) ethyl acetate/acetone, and
the collected extracts were evaporated under a gentle stream
of nitrogen gas. The analytes were reconstituted in 500 pl
ethyl acetate. Finally, 30 pl of MSTFA was added to each
sample and incubated at 65 °C for 35 min for complete
derivatization, which resulted in increased analyte volatility
and improved chromatographic response, i.e., well-resolved
peaks. Water quality parameters were analyzed using the
American Public Health Association standard methods for
the examination of water and wastewater (APHA 1998).

Instrumental analysis

Analyses of NSAIDs, including acetylsalicylic acid, were
performed using a gas chromatograph (GC-2010) interfaced
with a quadrupole mass spectrometer (QP-2010; Shimadzu
Corporation, Japan). Detailed instrumental conditions were
published previously (Shanmugam et al. 2010), and the
monitoring mass ions for each compound are listed in Table-
S1 (Supplementary data).
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Quality assurance/quality control

Ultrapure water (500 ml) and surface water (500 ml) were
spiked with 100 ng/ml of ibuprofen, naproxen, ketoprofen,
diclofenac, and acetylsalicylic acid standards, and extracted
as mentioned in “Chemical extractions” section. The recov-
ery, precision, and limit of detection (LOD) are summarized in
Table S1. The mean recovery percentages of pharmaceuticals,
measured in triplicate, ranged from 80.7+£14.8 to 95.0+8.3
and 70.4+1.8 to 120+3.6 in ultrapure and surface water
matrices, respectively. The precision (%RSD) ranged from
8.7 to 18.3 %. Duplicate analyses of samples were conducted
at random to confirm the accuracy and precision of the sam-
pling data. Phenanthrene-d10 (100 ng/ml) was spiked into
final sample extracts before analysis as control for GC-MS
sensitivity. A blank sample was measured for each batch of
five samples to verify that samples were free from any poten-
tial contamination. The linearity of the instrument measure-
ment was good for all analytes, with correlation coefficients
equal to or greater than 0.988 in the concentration range
measured in this study (0.5-200 ng/ml; Table S1). The LOD
and LOQ values were calculated as the minimum amount of
analyte standard that produced a chromatographic peak with a
signal-to-noise ratio of three and ten times the background
chromatographic noise, respectively, at the lowest spiking
level of the standard in the validation study. LOQ values for
the PPCPs were between 0.16 and 0.31 ng/l.

Ecotoxicological risk assessment

The potential environmental risk posed by the contaminants
in aquatic systems was assessed in two ways. First, standard
toxicity test data for different organisms (see Table 1) from the
literature were used to generate hazard quotients (HQs; Euro-
pean Agency for the Evaluation of Medicinal Products 2006).
Chronic toxicity data were used preferably; however, if chron-
ic toxicity data were unavailable, acute toxicity data were
considered. Predicted no-effect concentrations (PNECs) for
aquatic organisms were derived by dividing either the ECsq by
an assessment factor (AF) of 1,000 or by dividing the NOEC
values by an AF of 10 (European Commission 2003; Ferrari
et al. 2004; Hernando et al. 2006; Gros et al. 2010). The HQs
for aquatic organisms were calculated for each sampling area
and drug, using the highest measured environmental concen-
trations (MECs) and the lowest PNECs. Due to limitations in
the availability of chronic toxicity data, we used a second
approach designed to predict the potential to cause a target-
related effect in fish from human potency data via application
of the critical environmental concentration (CEC; Fick et al.
2010). The CEC is the water concentration of a drug predicted
to achieve blood plasma levels in exposed fish equal to that of
humans taking the medication. This approach assumes a sim-
ilar potency at the same target in humans and in fish and

@ Springer

estimates the risk that pharmacological interactions will occur
in wildlife but may not predict off-target toxicity. The MEC
values for each drug were compared with estimated CEC
values to generate a margin of safety. The CECs used were
4,560, 48,978, 827,999, 194,711, and 3.4x 10® ng/1 for diclo-
fenac, ketoprofen, naproxen, ibuprofen, and acetylsalicylic
acid, respectively (Fick et al. 2010).

Human health risk assessment

A human health risk assessment was performed using esti-
mated daily intake (assuming consumption of 2 | of water per
day) and estimated lifetime consumption over 70 years as
predictors of total exposure, using the highest concentrations
of drugs found in the river water (/7o; Vulliet and Cren-Olive
2011). The calculated daily intake (DI) was compared with
the daily therapeutic dose (TD; WHO 2013) for an adult to
derive the margin of safety (MOS) for a therapeutic effect.

Results and discussion

Basic physicochemical parameters for the sampled river
waters are given in Table S2 (supplementary data); the ob-
served values were within the permissible limits defined by
the Central Pollution Control Board (CPCB 1993). Overall,
the concentrations of the investigated drugs, except for ace-
tylsalicylic acid, (Fig. 2, Table S3), were in accordance with
previous report from other regions (Togola and Budzinski
2007; Helenkar et al. 2010; Komori et al. 2012; Vystavna
et al. 2012). The elevated concentrations of acetylsalicylic
acid, measured at higher concentrations than other NSAID
concentrations in most of the samples, suggest an ongoing
release of untreated sewage into the sampled rivers. Acetylsa-
licylic acid is a very commonly prescribed drug in India (Paul
and Chauhan 2005), but local consumption data (kilograms
per capita) are not available. It is also a very frequently used
drug in Europe, but concentrations in European surface waters
are generally measured at lower concentrations than in this
study (Moldovan 2006; Baranowska and Kowalski 2011).
Thus, even without detailed consumption data, a reasonable
interpretation is that the considerably higher concentrations
found in Indian rivers are not simply a result of higher usage,
but the lack of efficient sewage treatment is a major cause.
Of note, the two substances that are most difficult to remove
during sewage treatment, diclofenac and ketoprofen, were
consistently found in the Kaveri River at relatively high con-
centrations, whereas the measured concentrations in the Vellar
and Tamiraparani Rivers were considerably lower (Fig. 2;
Table S3). Similar to these drugs, carbamazepine in these rivers
were reported with 100 % detection frequency (mean of
28.3 ng/l) in our previous study (Ramaswamy et al. 2011)
which is also known to be highly recalcitrant. For the two most
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readily degradable drugs studied, particularly including acetyl-
salicylic acid but also ibuprofen, the pattern was quite different,
with measured concentrations in the Tamiraparani River that
were greater than or equal to those found in the Kaveri River.
Higher levels of acetylsalicyclic acid and lower levels of
ibuprofen observed may be attributed to the prescription pat-
tern in India as given by Paul and Chauhan (2005). They
reported that acetylsalicylic acid was prescribed more by
98 % when compared to only 38 % of ibuprofen, by the
physicians.

The detected concentrations of naproxen, which is usually
removed with an efficiency similar to the removal of keto-
profen, were moderate, as the concentrations in the Kaveri
River were on average higher than in the Tamiraparani River
and in the Vellar River estuary. Taken together, these data
suggest that sites investigated in the Tamiraparani River were
more heavily influenced by exposure to untreated sewage
but that the overall sewage load in this river is likely lower
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Vellar Tamiraparani

Rivers

than that in the Kaveri River. The degradation of chemical
contaminants at the sampling sites, the extent of local sewage
treatment, and the distance between the sampling sites and
wastewater discharge points may all have influenced mea-
sured drug concentrations.

Diclofenac concentrations ranged from not detectable
(ND) to 103 ng/l in the collected samples, with a maximum
concentration observed at Tiruchirappalli, followed by a site
near another major town, Thanjavur (approximately 0.2 mil-
lion residents; 56.3 ng/l) along the Kaveri River. The mea-
sured diclofenac concentrations were comparable with those
reported in Asia and Europe, despite different degrees of
development in sewage infrastructure. Zhao et al. (2010)
reported diclofenac concentrations of 8.3 to 114 ng/l at sites
along the Pearl River system in China, and Aydin and Talinli
(2013) reported concentrations from BDL (below the detect-
able limit) to 55.7 ng/l from sites in the Buyukcekmece water-
shed in Turkey. Vystavna et al. (2012) observed diclofenac at
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240 ng/l in samples from the Lopan River in Ukraine. Al-
though India and Pakistan banned diclofenac for veterinary
purposes in 2006, increased concentrations of diclofenac (700—
440 ng/l) were reported in rivers near Karachi, Pakistan
(Scheurell et al. 2009), concentrations that are 40 times higher
than the maximum concentration observed in the samples from
Indian rivers in this study. The diclofenac concentrations
reported in rivers from countries with generally well-
developed sewage infrastructure, such as Spain, France, Ger-
many, Canada, Italy, Japan, and Taiwan, were comparable to
each other (ND-172 ng/l; Table 2). However, rivers in Poland
and Hungary (Danube River) demonstrated maximum concen-
trations of 429 and 930 ng/l, respectively. The present level of
diclofenac in accordance with countries of well-developed
sewage infrastructure support our previous report on

carbamazepine which also concluded/suggested that concen-
tration of more persistent compounds would not depend as
much on the levels of sewerage infrastructure.

The concentration of ketoprofen (ND-100 ng/l) was com-
parable to reported concentrations in rivers in countries with
less-developed infrastructure, e.g., ketoprofen was reported at
15 ng/l in the Lopan River, Ukraine (Vystavna et al. 2012),
and as BDL in Slovenian rivers (Kosjek et al. 2005). These
ketoprofen concentrations were comparable to reported con-
centrations from rivers in countries with more advanced sew-
age infrastructure, such as France, Canada, Portugal, Italy,
Japan, and Taiwan, with detected ketoprofen concentrations
of up to 150 ng/l (Table 2). However, observed concentrations
were higher in the Ebro River basin in Spain, with a maximum
concentration of 1,060 ng/l (Silva et al. 2011), and in rivers in

Table 2 NSAIDs concentration (nanograms per liter) in river water from the different countries

River/country Naproxen Diclofenac Ibuprofen Ketoprofen Acetylsalicylic Reference
acid
Asia
Pearl river, China ND-328 8.3-114 ND-113 NP NP Peng et al. (2008), Zhao et al.
(2010)
Mankyung river, South Korea ~ NP NP ND-414 NP NP Kim et al. (2009)
Rivers (Karachi), Pakistan NP 700—4,400 NP NP NP Scheurell et al. (2009)
Malir river, Pakistan 11,400— NP NP NP NP Selke et al. (2010)
32,000
Sindian river, Taiwan 35.2-270 ND-56.5 ND-4,350 ND-45 NP Lin et al. (2010)
Han river, South Korea 5.3-100 NP NP NP NP Yoon et al. (2010)
Marina catchment, Singapore 8-108 NP 2-76 NP NP Xu et al. (2011)
Rivers, Japan ND-240 ND-140 NP ND-63 NP Komori et al. (2012)
Buyukcekmece Watershed, 2.6-12,300 BDL-45.7 BDL-263 NP NP Aydin and Talinli (2013)
Turkey
Rivers, India ND-28 ND-103  ND - 200 ND-100  0.6-660 Present study
Europe
Rivers, Slovenia ND-80 ND-282 NP BDL NP Kosjek et al. (2005)
Somes river, Romania NP NP ND-115 NP ND-37.2 Moldovan (2006)
Rivers, Canada ND-4,500 ND-89 ND-6,400 ND-79 17,000 Brun et al. (2006)
Seine river estuary, France <2.6-275 71-172 <2.0-610 <24-332 NP Togola and Budzinski (2007)
Danube river, Hungary 5.7-62 24-930 3.7-50 <LOQ-77 NP Helenkar et al. (2010)
Rivers, Poland ND-753 ND—429 ND ND-258  ND-0.47 Baranowska and Kowalski (2011)
Mess river, Germany NP 45 2383 NP NP Meyer et al. (2011)
Ebro river basin, Spain ND-109 ND-148  ND-541 ND-1,060 NP Silva et al. (2011)
Duoro river, Portugal NP NP NP 11 NP Sousa et al. (2011)
Fyris river, Sweden 447 286 818 364 NP Daneshvar et al. (2012)
Lopan river, Ukraine 15% 240°? ND 70 ° NP Vystavna et al. (2012)
Tiber river, Italy 200-264 ND-120  95-210 ND-150 NP Patrolecco et al. (2013)
Africa
Nairobi river basin, Kenya NP NP 10,000-30,000 NP NP Koreje et al. (2012)

NP not performed, ND not detected, BDL below detection limit, LOQ limit of quantification

 Concentration calculated from graph
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Poland (258 ng/l; Baranowska and Kowalski 2011) and Swe-
den (364 ng/l; Daneshvar et al. 2012). It should be stressed
that the relative contribution of sewage discharges to the river
water is often not reported in these studies but is expected to
differ greatly between individual rivers and sampling sites.

The measured naproxen concentrations in this study ranged
from ND to 28 ng/l, which is comparable to concentrations
measured in Slovenian rivers (ND—80 ng/l; Kosjek et al. 2005)
and the Lopan River (15 ng/l) of Ukraine (Vystavna et al.
2012; Table 2). Much higher concentrations were measured in
samples from Turkey in the Buyukeekmece watershed
(12,300 ng/l; Aydin and Talinli 2013) and in the Karachi River
system of Pakistan (32,000 ng/l; Selke et al. 2010). These
higher concentrations suggest that there could be additional
sources of naproxen entering surface waters other than human
usage. Peng et al. (2008) also reported higher naproxen con-
centrations in the Pearl River, China (ND-328 ng/l). In most
countries with well-developed sewage infrastructure, the con-
centrations of naproxen are generally measured at a few
hundred nanograms per liter (Table 2), with the exception at
one sampled site in Canada (ND—4,500 ng/l; Brun et al. 2006).

Ibuprofen concentrations in Indian rivers (ND to 200 ng/l)
were comparable to those found in several regions, including
the Pearl River system of China (ND-113 ng/l; Zhao et al.
2010), the Somes River of Romania (ND-115 ng/l; Moldovan
2006), and the Buyukcekmece watershed of Turkey (BDL-
263). However, ibuprofen was measured at considerably
higher concentrations in the Nairobi River basin in Kenya
(10,000-30,000 ng/l; Koreje et al. 2012). Somewhat higher
concentrations were also found in the surface waters of Asian
countries with relatively well-developed infrastructure, such
as the Sindian River in Taiwan (4,350 ng/l; Lin et al. 2010)
and the Mankyung River in South Korea (414 ng/l; Kim et al.
2009). River samples from Canada, France, Sweden, Ger-
many, and Spain demonstrated concentrations ranging from
541 to 6,400 ng/l, which are higher than the concentrations
observed in the present study (Table 2).

Acetylsalicylic acid was found in all of the water samples,
with the highest concentration found in samples from Thanjavur
(660 ng/l), followed by samples from the Pichavaram mangrove
forest on the Kaveri River (640 ng/l). Higher concentrations were
observed at Pabanasam (540 ng/l) and Tenkasi (520 ng/l), both

sites downstream of Servalar in the Tamiraparani river and
Kutrallam Waterfalls in the Tamiraparani tributary, respectively.
Unlike the other NSAIDs, the concentrations of acetylsalicylic
acid quantified in samples in this study were much higher than in
European rivers, such as the Somes River in Romania (ND—
37.2 ng/l; Moldovan 2006), the Seine River estuary of France
(<1.6-85.8 ng/l; Togola and Budzinski 2007), and rivers in
Poland (ND—-0.4 ng/l; Baranowska and Kowalski 2011). Since
we have only sampled once, higher as well as lower levels of the
investigated drugs may be present at different times.

Hazard quotients for each drug in the three rivers, based
on the highest MEC, were assessed and are summarized in
Table 1. Most reported PNEC values were much higher than
the environmental concentrations observed. The HQ values
for NSAIDs suggest low risk to the aquatic environment.
This analysis suggests that the aquatic organisms from the
three Indian rivers sampled in this study are not expected to
be adversely affected by these drugs individually. In reality,
however, sentinel organisms are exposed to all of these drugs
together as a mixture. Currently, the potential risks posed by
the chemicals as a mixture are unknown.

If we take into account non-standardized tests and end-
points reported in the literature, NSAIDs may pose larger
risks. For instance, Schwaiger et al. (2004) reported the
LOEC for diclofenac in a species of fish, Oncorhynchus
mykiss, as 5 pg/l, a concentration that induced both renal
lesions and alterations in gills. Even lower concentrations of
diclofenac (1-1.6 pg/l) induced cytological alterations and
differential expression of genes in major tissues, including
the liver, kidney, gills, and plasma of O. mykiss (Triebskorn
et al. 2004; Mehinto et al. 2010; Cuklev et al. 2011). How-
ever, these diclofenac LOECs are higher than the MECs of
diclofenac in samples from the investigated Indian rivers. A
recent study reported perturbations in reproductive function
in fish exposed to ibuprofen at concentrations as low as
1 ng/l (Jietal. 2013). The concentrations of ibuprofen found
in this study (up to 200 ng/l) were below 1 pg/l, but the
margin of safety is still relatively small.

By comparing the maximum concentration detected of
each pharmaceutical to its CEC value (Fick et al. 2010),
margin of safety ratios were derived, as follows: diclofenac,
44; ketoprofen, 489; naproxen, 29,571; ibuprofen, 973; and,

Table 3 Exposure of pharma-

ceuticals to humans through Drug Max DI TD* MOS Lifetime intake ~ Daily dose

drinking (river) water in India (ng/L)  (ng/day)  (ng/day) (TD/DI) I (1g) (I70/TD)
Acetyl salicylic acid ~ 0.660  1.32 3,000,000  2272x10° 33,726 0.0112
Diclofenac 0.103  0.206 100,000 4.85x10° 5,263 0.0526
Ketoprofen 0.100 0.2 150,000 7.5%x10° 5,110 0.0341
Ibuprofen 0200 0.4 1,200,000  3.00x10° 10,220 0.0085
Naproxen 0.028  0.056 500,000 8.93x10° 1,430 0.0029

*Vulliet and Cren-Olive (2011)
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acetylsalicylic acid, 515,151. Again, with the possible ex-
ception of diclofenac, the risk of target-related pharmacolog-
ical interactions, at least in fish, appears minor. The very high
margin of safety for acetylsalicylic acid is a reflection of its
much lower log K,,, (1.2) and diminished bioaccumulation
potential compared with the other NSAIDs.

The estimated daily intake value through human con-
sumption of river water was highest for acetylsalicylic acid
(1.32 pg/day) and lowest for naproxen (0.056 pg/day;
Table 3). The maximum lifetime intake (/;9) of acetylsali-
cylic acid was 33,726 pg, which is equivalent to approxi-
mately 1 % of a single daily intentional dose by an adult. In
case of other NSAIDs, the /57 was as high as about 5 % of a
single daily intentional dose for diclofenac and the lowest
was observed for naproxen (0.2 %). Having said this, life-
time intake is most likely an irrelevant risk measure for
chemicals that are as rapidly eliminated from the human
body as the drugs investigated here. The estimated margin
of safety to reach the therapeutic dose would be between
100,000 and 8 million, clearly indicating an apparent lack of
risk from the investigated drugs via water consumption from
the rivers sampled in this study. Similar human health risk
assessment exercises have been performed for drinking water
sources in France (Vulliet and Cren-Olive 2011) and Germany
(Webb et al. 2003).

Conclusions

We conclude that in India, a country with inconsistent sew-
age control, more readily degradable pharmaceuticals may
be present at elevated concentrations in the environment.
Indeed, in the three sampled rivers in this study, acetylsali-
cylic acid, which is very easily removed in modern sewage
treatment plants, was found at elevated concentrations in all
surface water samples analyzed. Further, the lack of removal
of easily degradable pharmaceuticals or emerging chemicals
may pose environmental risks. As reliable pharmaceutical
usage data are difficult to obtain in India, measured environ-
mental concentrations are critically important for performing
risk assessments. The calculated HQs in this study suggest a
low risk to the aquatic environment from the investigated
NSAIDs. No human health risks from river water consump-
tion were identified for the drugs sampled in this study. To
our knowledge, this is the first report on the occurrence and
risk assessment of anti-inflammatory drugs in surface water
in India.
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