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ABSTRACT

The residues of active pharmaceutical ingredients present risk to the environment and can cause
health problems. In this study, the toxicities of flurbiprofen, naproxen Na, propranolol HCl, and
carbamazepine, all of which belong to the most frequently used analgesic, beta-blocker, and anti-
epileptic drugs, were investigated. Toxicity tests were conducted using a watercress (Lepidium
sativum), a freshwater invertebrate (Daphnia magna), and a luminescent bacterium (Aliivibrio fisch-
eri). The various biological test methods used in this study were compared in terms of the sen-
sitivity of these species to the drugs tested. When the three toxicity-test results were analyzed,
different sensitivities were determined in the synthetic pharmaceutical wastewater samples that
had different characteristics. In general, D. magna was the most sensitive among the test organ-
isms, A. fischeri was the second most sensitive, and L. sativum was the least sensitive. The results
showed that all four micropollutants were capable of causing toxicity in luminescent bacteria, a
freshwater invertebrate and in watercress with a 50% effective concentration of ~1.9 to 50 mg/L. In

particular, “flurbiprofen” had a more toxic effect than the substances in all the toxicity tests.
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1. Introduction

In the late 1990s, pharmaceuticals and personal care
products (PPCPs), which are widely used in daily life and
include several chemical classes, were identified as present-
ing a potential risk to wildlife [1]. Pharmaceuticals are used
primarily to prevent or treat human and animal diseases;
whereas, personal care products are used to improve the
quality of daily life and include products such as mois-
turizers, lipsticks, shampoos, hair colors, deodorants, and
toothpastes. The chemical and pharmaceutical industries
make valuable contributions to our health and high stan-
dards of living; however, PPCP use is often associated with
environmental pollution [2]. The concern about PPCPs
contaminating the environment was part of the agenda of
governments after the studies were published that showed
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the endocrine-disrupting effects on fish from exposure to
estrogenic substances [3,4]. These studies were import-
ant factors that helped to trigger concerns on the envi-
ronmental risks of PPCPs, which include antimicrobials,
anti-inflammatories, contraceptives, antidepressants, and
anti-epileptic drugs [5]. The growing consumption and
production of PPCPs have resulted in their being more
frequent components of wastewater and the environment
[6]. The main route by which PPCPs are introduced into
the environment is the disposal of treated and untreated
domestic or hospital wastewater. The second environmen-
tal route is by leaching, which is connected to growth-
enhancer drugs administered to animals for breeding
[7,8]. The preoccupation has involved especially, although
not exclusively, the aquatic biota, because waterbodies are
the final destination of many of these substances [9].
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The concentration of PPCPs in aqueous environments
usually ranges from levels of ng/L to ug/L [10]. These
products are designed to exert specific positive physio-
logical effects on humans and livestock; however, they can
adversely affect aquatic organisms. Active pharmaceutical
ingredients (APIs) are detected throughout the environ-
ment in water, soil, sediment, and sludge as well as in the
drinking water in some countries [11]. The main concern
with these microcontaminants is related to their persistence
in the environment, from a combination of inherent char-
acteristics, which include toxicity in human and animal
health. In addition, many residual pharmaceuticals are
resistant to conventional water and wastewater treatments,
which means that they are only partially removed [12,13].
Many pharmaceuticals are designed to be persistent and
lipophilic to enable them to retain their chemical struc-
ture in the intended organisms long enough to be thera-
peutic; consequently, after they are excreted in urine and
feces, these chemicals can persist in the environment and
enter the food chain through bioaccumulation and biomag-
nification [14]. Ubiquitous occurrence of pharmaceuticals
such as nonsteroidal anti-inflammatory drugs (NSAIDs),
lipid regulators, beta-blockers, and psychiatric drugs has
been reported in rivers, lakes, and reservoirs throughout
the world [15,16]. Flurbiprofen is a member of the phenyl
alkanoic acid derivative family of NSAIDs. This drug is
indicated primarily as a preoperative antibiotic in both an
ophthalmic solution and orally for arthritis or dental pain.
Its effects are analogous to those of ibuprofen. The propi-
onic acid derivative naproxen Na (sodium salt) is an NSAID
used to treat pain, inflammatory diseases such as rheuma-
toid arthritis, and fever. Propranolol is a nonselective beta-
blocker widely prescribed to treat high blood pressure and
a number of heart dysrhythmias. Carbamazepine is one of
the most widely used anticonvulsants given to treat tonic—
clonic seizures. It selectively depresses responses from the
central nervous system, without causing harm or respira-
tory failure [17]. Carbamazepine is fairly stable in water;
therefore, it is found at concentrations ranging from 1 to
3,000 ng/L in rivers receiving wastewater treatment efflu-
ents [18]. Propranolol is also quite stable in water and can
be found at 10-60 ng/L in surface water [19]. Ibuprofen is
commonly found in environmental matrices, such as sur-
face waters and sediments, in concentration units ranging
from pg/L to ug/L and pg/g to ug/g, respectively [20,21].

Pharmaceutical compounds can bioaccumulate and can
then affect aquatic organisms by altering their physiological
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Fig. 1. Chemical structures of compounds used in this study.
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and reproductive functions [22]. The main focus of ecotox-
icological research lies on the identification of substances
that pose a high risk to the environment; however, testing
facilities are limited and cannot assess the tremendous num-
ber of known micropollutants and also try to determine
those of the future. Ecotoxicological tests can be a useful
tool to determine a method by which toxic compounds can
be removed during wastewater treatment [23]. Bioassays
are sensitive, quick, and reliable; however, advantages,
rapid tests could result in a weaker answer from the tested
organisms. Their use is preferred for the substances that
are soluble in water and that reacts quickly and provides
a quick response. The toxic effects are measured in specific
organisms in terms of, for example, immobility or mortality
(Daphnia magna), decreased luminescence (Aliivibrio fischeri),
growth inhibition (Lepidium sativum), or reproduction inhi-
bition, which depends on the time of exposure and the con-
centration or dilution of the substance tested. L. sativum is
an economically viable plant used in toxicity tests. The great
popularity of Daphtoxkit F™ (using D. magna as the tested
organism) and Microtox® (using A. fischeri) is connected to
their unquestionable advantages [24]. Tests on these three
species are useful because they represent different trophic
levels. Toxicity testing has steadily increased in recent years,
a useful bioassay in environmental risk assessment.

The aims of the present study were (1) to evaluate the
toxic effect of flurbiprofen, naproxen Na, propranolol HCI,
and carbamazepine on specific organisms and (2) to compare
the results in terms of the sensitivities to these substances
of three widely used test organisms such as L. sativum,
D. magna, and A. fischeri.

2. Materials and methods
2.1. Reagents

Flurbiprofen (CAS No. 5104-49-4), naproxen Na (CAS
No. 22204-53-1), propranolol HCI (CAS No. 525-66-6), and
carbamazepine (CAS No. 298-46-4) (Fig. 1) were prepared
using the drugs in tablet form. Separate solutions were
prepared for each drug active ingredient in equal concen-
trations. That is, separate solutions have been prepared in
equal concentrations by calculating for each tablet contain-
ing flurbiprofen (one pill includes 100 mg flurbiprofen),
naproxen Na (one pill includes 550 mg naproxen Na), pro-
pranolol HCI (one pill includes 40 mg propranolol HCI), and
carbamazepine (one pill includes 200 mg carbamazepine)
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APIs. Other excipients in the active pharmaceutical ingre-
dients are given in Table 1. The synthetic pharmaceutical
solutions of 1,000 mg/L were prepared in deionized water
and stored at 4°C-8°C. Ultrapure Millipore water was
used when necessary. Those with low solubility in water
were prepared with hydroalcoholic (<1% ethanol) solu-
tion. Since ethanol concentration is not more than 1%, it is
stated that it is not toxic in international procedures for test
organisms (ISO 11348/1-2-3.2007). The pH was measured
using the Jenway 3010 pH-meter; electrical conductivity
(EC) was read using a Hach portable conductivity and TDS

Table 1
Alist of excipients of each formulation

meter (Loveland, CO, USA). Dissolved oxygen was mea-
sured using a portable dissolved oxygen meter (Hach).
The physicochemical properties of APIs are provided in
Table 2. The compounds were typed as the representatives
of different classes of drugs such as anti-inflammatory,
analgesic, beta-blocker, and anti-epileptic.

2.2. Toxicity tests

The selected test protocols are provided in Table 3.
L. sativum, a terrestrial plant, was chosen to represent the

Active pharmaceutical
ingredients

Contents of pharmaceuticals

Flurbiprofen

Lactose, microcrystalline cellulose, croscarmellose sodium, hydroxypropyl cellulose, colloidal silicon

dioxide, magnesium stearate, hydroxypropyl methyl cellulose, titanium dioxide (E171)

Naproxen Na

Avicel PH-102, povidone, talc, magnesium stearate, distilled water, hydroxypropyl methyl cellulose

E-15, Carbowax 4000, Opaspray K-1-4210 A (SDA 3-A ethyl alcohol, FD&C blue indigo carmine
aluminum lacquer, titanium dioxide, hydroxypropyl cellulose), methylene chloride, methyl alcohol,

carnauba wax

Propranolol HCI Mannitol, alginic acid, gelatin, magnesium stearate, stearic acid
Carbamazepine Aerosil 200 (silica aerogel, colloidal anhydride), Aquacoat ECD, solid (solid residue of aqueous poly-
meric dispersion of ethyl cellulose), Avicel PH-102 (cellulose), Eudragit ED solid (copolymer based
polyacrylic/methacrylic esters), magnesium stearate, sodium CMC XL, talc, cellulose-HP-M 603
(hydroxypropyl methylcellulose), Kremopor RH 40 (glyceryl polyoxyethylene glycol stearate), red
iron oxide, yellow iron oxide, titanium dioxide
Table 2

Physicochemical properties of active pharmaceutical ingredients

Active pharmaceutical pH Temperature (°C) Electrical conductivity Dissolved oxygen
ingredients (uS/cm) (mg/L)
Flurbiprofen 7.7 24 510 8.6
Naproxen Na 7.6 24 510 8.4
Propranolol HCI 7.5 24 516 9.0
Carbamazepine 7.7 24 514 8.8

Table 3

Properties of selected test protocols
Test Trophiclevel — Type of Type of Test duration Test criterion Test principles

organisms/plants  test
Aquatic
Microtox® Decomposer  Bacteria Acute 5and 15min  Inhibition of Luminescence
(Alitvibrio fischeri) luminescence
Daphtoxkit F™ Primary Crustaceans Acute 24 and 48 h Immobility/mortality ~ Count of dead/live
(Daphnia magna) consumer crustacean
Terrestrial

Plant test Producer Garden cress Acute 72h Root length Root length

(Lepidium sativum)
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trophic level of producers; A. fischeri, a luminescent bac-
terium, was chosen to represent the decomposers; and
D. magna, a crustacean, was chosen to represent the pri-
mary consumers. According to these methods, the 50%
effective concentration (EC, ) was calculated for the differ-
ent test samples. The four samples were evaluated as toxic
units (TUs). Ready-made Persoone toxicity test kits were
supplied from Belgium and were used in this study [25].

2.2.1. Lepidium sativum toxicity test

The test using L. sativum was conducted according
to Devare and Bahadir [26,27]. L. sativum toxicity test was
conducted using 3 controls and 10 different concentrations
of synthetic pharmaceutical solution. Petri dishes were
placed onto two pieces of filter paper and 5 mL deionized
water was added in the control petri dishes. Each of the 25
L. sativum seeds were distributed equally to each petri dish
and the lids were closed.

Prepared pharmaceutical sample were placed into the
petri dishes of diluted concentrations. Three petri dishes
were used for each of the different concentrations. In the
same way, experimental procedure was repeated. The
covered petri dishes were left in a dark room and incu-
bated at 25°C for 72 h. At the end of the test period for
each petri dish with seeds of L. sativum the best growth
was 20 roots, and the hypocotyl and root lengths were
measured. At the end of test period, the mean root length
was measured in the control petri dishes, and the percent-
age of height inhibition was compared with the values
and EC, [28].

2.2.2. Daphnia magna toxicity test

The D. magna toxicity test was conducted according
to the standard test procedure (OECD, 2004; test #202)
[29,30]. The solution of the synthetic samples prepared
for the experiment was placed in the test containers such
that the concentration volumes were gradually increased.
For each sample at different concentrations, five D. magna
(Cladocera, Crustacea) were placed in the cells in the test
plate. In the bioassays, a control group was formed and five
D. magna were placed in the control group. At the end of
the 24 and 48 h incubation periods, the immobilized and
dead D. magna in each experimental vessel were counted.
Accordingly, the EC_ values were calculated by the graph-
ical interpolation using % inhibition rate.

2.2.3. Aliivibrio fischeri toxicity test

A. fischeri luminescent bacteria were stored in a freezer
until use and then kept in a water bath for 2 min before

Table 4
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the experiment to reach room temperature. A reactiva-
tion solution at 15°C was poured onto the bacteria and
remained for 15 min to first activate the bacteria. Drug sam-
ples at different concentrations were prepared in a series
of dilutions directly in the test vials of the initial concen-
tration with the aid of a diluent for each of the samples.
The prepared bacterial solution was transferred into a
series of cuvettes and the drug solutions used in the tox-
icity tests were transferred to another series of cuvettes.
The light emission intensity (I,) was measured before each
bacterial solution and transferred into the solution con-
taining the drug according to the test procedures (EN ISO
11348-2 (1998)). A. fischeri luminescence was measured
at 15°C and 490 nm. Any decreasing light emissions from
this species of bacteria in the presence of toxic substances
indicated a toxic effect. The results are expressed as EC,,
disappears at 5 (I,) and 15 (I,,) min [31,32].

2.3. Data analysis

An EC, value is affected over a given period of time.
Based on the EC, values obtained from the toxicity tests, TU
values were calculated according to the following formula:

TU = 1 x100 1)
EC50

According to the acute toxicity classification system
reported by Persoone et al. [25], toxicity was determined
as follows: class I (TU = 0), “no acute toxicity”; class II
(0 < TU < 1), “slightly toxic”; class III (1 < TU < 10), “toxic”;
and class IV (11 < TU < 100), “very toxic”.

3. Results and discussion
3.1. Results of the toxicity tests
3.1.1. Lepidium sativum toxicity test results

L. sativum toxicity test results were determined at the
end of 72 h for flurbiprofen, naproxen Na, propranolol HClI,
and carbamazepine. TU values were determined according
to the calculated EC,. EC, calculated for the toxicity test
results are provided in Table 4 and TUs are shown in Fig. 2.

In the samples of flurbiprofen, naproxen Na, propranolol
HC], and carbamazepine; % inhibition of the root lengths was
higher than that of the hypocotyl lengths; therefore, hypo-
cotyl growth was greater than root growth for each sample.
These results indicated that APIs inhibited root growth more
than hypocotyl growth. The TUs of flurbiprofen, naproxen

Concentration at which 50% of the test population of Lepidium sativum (mg/L) is affected (EC,))

Plant characteristic

Active pharmaceutical ingredient

Flurbiprofen Naproxen Na Propranolol HCI Carbamazepine
Root (mg/L) 7241 183.40 132.0 94.39
Hypocotyl (mg/L) 61.24 246.87 247.0 190.17
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Na, propranolol HCl, and carbamazepine for roots were as
follows: TU : 1.38, TU : 1.05; TU

flurbiprofen® carbamazepine® propranolol HCI®

0.75; and TU : 0.54, respectively. TUs for the hypo-

naproxen Na®

cotyls were T : 1.63; TU : 0.52; TU

flurbiprofen® carbamazepine® propranolol

e 040; and TUnaproxen ot 040, respectively. When classified
according to TU values, “flurbiprofen” was “toxic” for both
the root and the hypocotyl; “carbamazepine” was “toxic” for
the root and “slightly toxic” for the hypocotyl; and “propran-
olol HC1” and “naproxen Na” were “slightly toxic” for both

the root and the hypocotyl values.

3.1.2. Daphnia magna toxicity test results

D. magna toxicity test results were determined at
the end of the 24 and 48 h test periods for flurbiprofen,
naproxen Na, propranolol HCl, and carbamazepine. The
EC,, calculated from the toxicity test results are provided in
Table 5 and the TUs are shown in Fig. 3.

For all samples of flurbiprofen, naproxen Na, pro-
pranolol HCl, and carbamazepine, the TU values obtained
after 48 h were higher than those obtained after 24 h. This

indicated that, although the concentrations of APIs remained
constant, TU values increased with an increase in contact
time with the living organisms, which also leads to toxic-
ity. The TUs of flurbiprofen, naproxen Na, propranolol HCI,
and carbamazepine after 24 h were as follows: TU
9.3; TUnaproxen Na* 7.9; TUpropranolol Hel 6.7; and TUcarbamazepine' -9
respectively; those for 48 h were TUﬂmbipmfen: 16.9; TUnaproxen Nt
14.3; TUpmpmnolol e 14.1; and TUcarbamazepme: 10.5, respectively.
According to these values, for the 24-h test results, TU classi-
fications were “toxic” for all APIs; and those for the 48-h test
results were “very toxic”. The acute toxicity of “naproxen Na”
and “propranolol HCI” appeared similar. “Flurbiprofen”

was found to be more toxic to D. magna than other APIs.

flurbiprofen®

3.1.3. Aliivibrio fischeri toxicity test results

A. fischeri toxicity test results were determined at the
end of 5 and 15 min test period for flurbiprofen, naproxen
Na, propranolol HCl, and carbamazepine. The EC,, val-
ues calculated from the test results are provided in
Table 6 and the TUs are shown in Fig. 4.

1.8
1.6 Lepidium sativum
= 1.4
< 1.2
2 1
9 0.8
3 0.6
= 0.4
0.2
0
Flurbiprofen Naproxen Na Propranolol Carbamazepin
HCI
M Root 1.38 0.54 0.75 1.05
B Hypocotyl 1.63 0.4 0.4 0.52

Fig. 2. Lepidium sativum toxicity test in toxic units.

Table 5

Concentration at which 50% of the test population is affected (mg/L) for Daphnia magna toxicity test

Incubation period

Active pharmaceutical ingredient

Flurbiprofen Naproxen Na Propranolol HCI Carbamazepine
24 h (mg/L) 10.74 12.63 14.74 27.21
48 h (mg/L) 5.89 6.94 7.08 9.53
18 Daphnia magna
16
14
= 12
[ 10
2 8
(%)
= 6
3
4
g2
0
Flurbiprofen Naproxen Na Propranolol Carbamazepin
HCI e
m24h 9.3 7.9 6.7 3.6
m48h 16.9 143 14.1 10.5

Fig. 3. Daphnia magna toxicity test in toxic units.
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Table 6
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Concentration at which 50% of the test population of Aliivibrio fischeri is affected

Incubation period

Active pharmaceutical ingredient

Flurbiprofen Naproxen Na Propranolol HC1 Carbamazepine
5 min (mg/L) 3.97 9.61 51.7 62.5
15 min (mg/L) 1.90 8.13 33.9 36.1
60
50
= 40 Aliivibrio fischeri
c
2 30
2
X
|2 20
10 b
0
Flurbiprofen Naproxen Na Propranolol HCI Carbamazepine
W5 min. 25.1 10.4 1.9 1.5
M 15 min. 52.4 12.2 2.9 2.7

Fig. 4. Aliivibrio fischeri toxicity test in toxic units.

The % effect values obtained at the end of 15 min for
all samples were higher or closer to those obtained at the
end of 5 min; therefore, although the concentrations of
APIs remained constant, the increased time in contact
with the microorganism also led to increased toxicity.
The TUs of flurbiprofen, naproxen Na, propranolol HC],
and Carbamazepine at 5 min were as follows: TU
25. 1 TUna TOoXen Na 10. 4 TUpropranolol HCl 1. 9 and TU
1.5, respectlvely, the TUs at 15 min were TU,
TUnaproxen Na 12. 2 TUpropranolol HCl 2. 9 and TU carbamazepme 27’
respectively. According to these values, at 5 min, flurbipro-
fen and naproxen Na were classified as “very toxic”; pro-
pranolol HCI and carbamazepine were classified as ”toxic”.
Similarly, according to the results at 15 min, API classifica-
tions were the same as those for 5 min. Flurbiprofen was
found to be more toxic to A. fischeri than the other APIs.

ﬂurbipmfen'
carbamazeime

flurbiprofen” i

3.2. Evaluation of toxicity test results

When the toxicity test results in the study were eval-
uated, we found that the three organisms showed differ-
ent sensitivities to the drugs having different properties.
In this study, the physicochemical properties of APIs were
measured as pH, temperature, EC, and dissolved oxygen
(Table 1). The physicochemical parameters did not influ-
ence growth, immobility, mortality, and luminescence
during the toxicity tests [33]. Although the TUs from the
D. magna and A. fischeri toxicity tests were different, the
API order according to TUs for both the D. magna and
the A. fischeri toxicity tests was the same and ranked as

Uﬂurblprofen > naproxen Na > TUpropranOlol Hal ~ TUcarbamazepme For
the 72-h test on L. sativum, the API order unit ranking
was the same for both the root and the hypocotyl param-
eters, and the TU ranking was TUﬂurblprofen TUCarbarnazepl

> TUpmpramlol a > TUnaproxen v Considering TU rankings
for all toxicity tests for L. sativum, D. magna, and A. fisch-
eri, we observed that API with the highest toxicity was

“flurbiprofen”. When the results of the L. sativum toxicity
test was evaluated according to the TU results; we observed
more root inhibition than hypocotyl inhibition (except for
that in the results of the flurbiprofen test). This phenom-
enon can manifest from the toxic substance’s suppression
of growth hormones and the inhibitory effects in the seed
roots that affect the growth of the plant [33].

Considering the EC,, values, A. fischeri was determined
to be more sensitive to “flurbiprofen” in the toxicity test
than D. magna. In the literature, API both “ibuprofen” and
“flurbiprofen” is a chemical structure-like propionic acid
derivative and belongs to the therapeutic drug group. This
API inhibits the growth of fungi and Gram-negative bacte-
ria, such as A. fischeri, because it has a high antimicrobial
activity potential [34]. Accordingly, the high potential for
“flurbiprofen” to cause bacterial inhibition is the reason for
more sensitive results for A. fischeri than for D. magna in the
toxicity tests.

When the sensitivity to toxicity was compared, it was
determined from the study that the most sensitive tests that
can be used in determining their toxicity are the D. magna
toxicity test, followed by the A. fischeri toxicity test, and
then finally the cost-effective L. sativum toxicity test. The
D. magna toxicity test indicates that it is a useful biomarker
and a sensitive indicator for assessing the ecotoxicity
of drugs in the aquatic environment [35].

For all three toxicity tests, flurbiprofen was determined
to have the highest toxic effect among APIs, as indicated
by the TU rankings. The EC_ value obtained as a result of
the tests of flurbiprofen on D. magna was 5.89 mg/L at the
end of 48 h, and for A. fischeri was 1.90 mg/L at the end
of 15 min. Studies by Santos et al. [36] and Grabarczyk et
al. [37] have reported that the EC,; values of ibuprofen for
D. magna, which is similar in terms of the chemical structure
of flurbiprofen within the range of 1-80 mg/L. Alonso et al.
[38] have found that this component has a higher risk factor
value than other components. In another study, Quinn et
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al. [39] have found that the EC, value was 1.65 mg/L in the
ibuprofen toxicity test using Hydra attenuata. These results
are comparable to those in the literature and are significant.

In the present study, the “naproxen Na” toxicity tests
on D. magna and A. fischeri ranked second in TU values. The
EC,, values obtained as a result of the studies of naproxen
Na; on Daphnia magna was 6.94 mg/L at the end of 48 h and
for A. fischeri was 8.13 mg/L after 15 min. Quinn et al. [39]
have found that the EC,; value for “naproxen” is 2.62 mg/L
for H. attenuata. Santos et al. [36] and Grabarczyk et al.
[37] in their studies on the ecotoxicity of naproxen and its
derivatives on the rotifer Brachionus calyciflorus, water flea
Ceriodaphnia dubia, crustacean D. magna, luminescent bacte-
ria Vibrio fischeri, and shrimp Thamnocephalus platyurus EC,
values are within the range of 1-100 mg/L. When the results
of the studies in the literature were compared with those of
the present study, we found that they are meaningful and
comparable, and that this active substance is toxic to the test
organisms.

In the present study, the TU for “propranolol HCl”
ranked third for D. magna and A. fischeri. The EC, obtained
as a result of the studies of propranolol HCl; on D. magna
toxicity was 7.08 mg/L at the end of 48 h, and on A. fisch-
eri was 33.9 mg/L after 15 min. Santos et al. [36] have found
that the acute toxicity of propranolol on D. magna is an EC,,
value of 7.7 mg/L after 48 h; however, the highest EC,_ value
obtained in the acute toxicity tests for propranolol was
determined to be 438 mg/L. In the present study, the EC,,
values for the root and the hypocotyl lengths of L. sativum
were 132 and 247 mg/L, respectively. When the highest
value (438 mg/L) detected in the literature and L. sativum
test results were compared, they were found to be consistent
with this value. In another study, Cleuvers [40] has found
an EC_, value of 7.5 mg/L for propranolol in the toxicity test
using D. magna (in the present study EC,, =7.08 mg/L).

In the present study, the TU for “carbamazepine”
tested on D. magna and A. fischeri ranked last for toxic-
ity. The EC,, values obtained as a result of the studies of
carbamazepine; on D. magna was 9.53 mg/L at the end of
48 h and for A. fischeri was 36.1 mg/L after 15 min. Kim et
al. [41] and Tongur and Yildiz [33] using A. fischeri have
found that the EC, value of carbamazepine at the end
of 15 min was 45.8 and 36.1 mg/L, respectively. In other
studies, Santos et al. [36] and Tongur and Yildiz [33] have
found that the EC_; value of carbamazepine on D. magna at
the end of 48 h was 12.7 and 9.53 mg/L, respectively. When
the results obtained from the literature and present study
are compared, those for carbamazepine were similar.

As a result, we determined that APIs have acute toxic
effects on the organisms tested. According to the results of
the toxicity tests on D. magna and A. fischeri for these com-
ponents, the EC,; for living organisms is within the range
of 10-50 mg/L. It is possible that APIs can act as toxic trace
components in the environment. Pharmaceutical residues
can be transported through the food chain and seriously
harm other species.

4. Conclusion

According to the conducted study test results were exam-
ined, we observed that they showed different sensitivities

for the four different APIs having different characteristics.
The reason that the sensitivities differed among the test
organisms was that synthetic wastewater containing APIs
had different chemical compositions. To be able to deter-
mine the sensitivity of the toxicity tests, when the EC, values
were based on the periods specified in the test procedures
(i.e., 72 h for L. sativum, 48 h for D. magna, and 15 min for
A. fischeri), the test with the lowest EC,_ values (i.e., the high-
est sensitivity) for APIs, was that conducted on D. magna.
The results showed that all four micropollutants were capa-
ble of causing toxicity in luminescent bacteria, a freshwater
invertebrate and in watercress with a 50% effective concen-
tration of ~1.9 to 50 mg/L. The observation that APIs used
in the present study have a toxic effect on the water envi-
ronment is an indication that the natural environment is
threatened by the everyday use of these pharmaceuticals.
Our study could provide for assessing the potential risks
that different pharmaceuticals might bring to the ecosys-
tem. Therefore, considering that conventional wastewater
treatment methods are insufficient in the removal of micro-
contaminants such as pharmaceutical active ingredients, it is
important to apply treatment methods including advanced
treatment technologies for better removal efficiencies.
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