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Abstract

Increased production and consumption of drugs énites the pollution pharmaceuticals.
Recent years have seen a significant increaseeircéimsumption of non-prescription
medicines, among which, are a large group of nersital anti-inflammatory drugs

(NSAIDs). Research conducted in Poland and abrbadred the presence of NSAIDs,
both in treated wastewater in surface waters amokidg waters. One of the most
frequently detected drugs in the environment idofiknac, belongs to NSAID. Its

concentration in surface waters range from 9 to3386/L. Traditional wastewater

treatment plants are not specialized enough in vergathe pharmaceuticals and their
metabolites, and with purified wastewater are ihiced into surface waters. Diclofenac
concentrations in treated wastewater range frord @©22.5 pg/L, the average removal
efficiency is about 40%.
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1. INTRODUCTION

The production and consumption of drugs used iniciresl for the treatment,
diagnostics and prophylaxis of diseases is corlgtantreasing, and as a
consequence of this, the pharmaceutical industiyrésently one of the most
rapidly developing industries worldwide [12]. A @bg increase in the
consumption of the medicines available without a@spription has been
observed, among which, a significant group includesn-steroid anti-
inflammatory drugs (NSAIDs) [17]. According to datieom IMS Heath, the
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most frequently prescribed NSAID is diclofenac, whoconsumption on a
global scale is at the level of 940 Mg annually][28oland occupies second
place in the European Union and third place in tharld as far as the
consumption of analgesics is concerned. Accordingata from the year 2013,
the consumption of analgesics was 115,000000 paskaghich cost PLN
1 200 000 000. statistically, on average, everyePtdkes 26 tablets of
analgesics annually [8].

Awareness of the hazard which the presence of dnutige environment entails
appeared at the end of the 20th century when thaltse of tests of the
monitoring of the condition of rivers, streams amastewater on the territory of
Germany were published. The report showed thaptésence of, among others,
analgesics, anti-inflammatory drugs, psychotropiogd and hormones was
found in the tested samples. Studies conductedhier @ountries of the world
confirmed the German findings. The first Polishdfimgs on this subject were
published in the year 2001 [11,17].

In the directive of the European Parliament anthef Council of August 12th,
2013 (2013/39/EU) on priority substances in thddfief water policy, the
European Commission placed 3 pharmaceutical sutetaon the watchlist:
diclofenac (CAS 15307- 79-6), 17 beta-estradiol)(E2AS 50-28-2) and 17
alpha-ethinyl estradiol (EE2) (CAS 57-63-6). In.&t of the Directive, the
European Commission presents detailed regulatiegarding the identification
of the problem of water and soil pollution with tresidues of pharmaceuticals

[3].

2. SOURCESOF PHARMACEUTICALSIN THE
ENVIRONMENT

The routes of the emission of pharmaceuticals &eir imetabolites into the
environment are diverse. Drugs used in medicinet nes separated from
veterinary drugs.

In the case of pharmaceuticals consumed by hunsarsgnificant load of

medicines is present in municipal wastewater anspital wastewater. Drugs
after consumption are subject to metabolism inattganism, during which their
molecules are changed chemically and structurapjch leads to the

transformation of the slowly excreted, non-polad diophilic molecule of the

drug into the hydrophilic and polar one [19, 26heTbiotransformation of the
drugs takes place mainly in the liver, but alsghi@ blood, lungs and digestive
tract. The drugs are not metabolised 100 percentwhich case both the
metabolized form and the one which is free of driggexcreted from the
organism [19].
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Some of the drugs, those past their expiry datenused drugs, are flushed
down toilets and yet others reach waste landfileterinary pharmaceuticals are
used in veterinary medicine and in livestock haldire.g. as growth promoters.
On top of this, the source of pharmaceuticals majute industrial wastewater
(e.g. from the pharmaceutical industry) and wastewdrom the illegal
production of drugs. The aforementioned sources sofbstances of
pharmaceutical origin and their metabolites countgif direct hazard for surface
waters, underground waters and soil [2]. The sauoég@harmaceuticals and the
routes of their emission into the environment hagen presented in fig. 1.

Fig. 1. Sources and routes of the emission of paeguticals into the environment [2]

1. usage by individuals and pets: metabolic exanefiinmetabolized parent drug, parent-
drug conjugates and bioactive metabolites), sweadtvamitus; excretion exacerbated by
disease and slow-dissolving medications, - dispasdl unused medication to sewage
systems, uinderground leakage from sewage systems.

2. release of treated/untreated hospital wastedotoestic sewage systems(weighted
toward acutely toxic drugs and diagnosic agentgpgosed to long-term medications),
also disposal by pharmacies, physicians, humaaitatiug surplus

3. release to private septic/leach fields, - tree@i@uent from domestic sewage treatment
plants discharged to surface waters or re-injeciatb aquifers (recharge),

- overflow of untreated sewage from storm events system failures directly to surface
waters.

4. transfer of sewage solids to land (e.g. soilraineent/fertilization), - “straight piping”
from homes (untreated sewage discharged directlgutéace waters), - release from
agriculture: spray drift from tree crops (e.qg. hiatics), - dung from medicated domestic
animals (e.g. feed) — CAFOs (confined animal fegdiperations).
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5. direct release to open waters via wasching/bgtswvimming.

6. discharge of regulated/controlled industrial ofaoturing waste streams,-
disposal/release from clandestine drug labs

7. disposal to landfills via domestic refuse, matligastes, and other hazardous wastes, -
leaching from defective (poorly engineered) larsifil

8. release to open waters from aquaculture (mestidaied and resulting excreta).

9. release to drugs that serve double duty ascpestol agents.

10. ultimate environmental fate: - most PPCPs eyt transported from terrestrial
domain to aqueous domain, - phototransformatioth(doect and indirect reactions via
UV light), - physicochemical alteration, degradati@nd ultimate mineralization,
- volatilization (mainly certain anesthetics, fragces).

3. GENERAL CHARACTERISTICS OF NON-STEROID ANTI-
INFLAMMATORY DRUGS

The non-steroid anti-inflammatory drugs belong toe tmost frequently
prescribed drugs in the world. They include: diettdc, naproxen, ketoprofen,
salicylic acid and paracetamol. Every day they taieen by over 30,000,000
people, of whom 40% are more than 60 years old. drags are used in the
treatment of acute and chronic pain occurring énaburse of arthritis and other
musculoskeletal disorders, as well as post-injuging migraines and,
preventively, in primary and secondary coronargdse [15].

Taking into account the criterion of the drug saletume, Poland is ranked
among the first ten countries in the European UBionThe first data
concerning the pollution of environment with phacmaticals in Poland were
published in the year 2000 by scientists from thkesgn University of
Technology.

The theoretical concentrations of the respectivarmplaceuticals in municipal
sewage were estimated taking into account:

- the data concerning the consumption of pharmadst (according to the
National Medicines Institute in Warsaw),

- metabolism of these substances in the human isrgan

- and quantity of water in the given country.

The calculated concentrations were at a level gérséd pg/L. Comparison of
the calculations with the real state determinedway of sewage monitoring
tests at the wastewater treatment plant in Zabfzewed that the real
concentrations of drugs are lower than the themaktines, but not so much as
to ignore them [11].

It follows from the questionnaire surveys conducbgda group of over 2,500
physicians in Poland in the year 2011 that over 4f1%spondents from almost
as many as 670,000 people used or uses NSAIDshdfustudies, for which
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almost 39,000 patients aged 45-66 were typifiedfioo that the treatment time
was longer than 5 years in the case of about 20%ewh [15]. Fig. 2 presents
the most frequently used non-steroid anti-inflamamatirugs on the basis of the
data from a group of about 39,000 patients.
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Fig. 2. The most frequently used non-steroid arftammatory drugs (according to the
data from a group of about 39,000 patients) [15]

Analysis of the data presented in fig. 2 shows #whe of the patients used
more than one drug, therefore the numbers do rbtupdo 100%.

4. NON-STEROID ANTI-INFLAMMATORY DRUGSIN
MUNICIPAL WASTEWATER

The non-steroid anti-inflammatory drugs in livingganisms are not subject to
degradation, but are only subject to minor tramefiiions. They reach the
environment together with wastewater from the potidm of drugs, municipal
wastewater, leachate from waste landfills or frohe tmanure used for
fertilisation purposes. At the wastewater treatmaants, the drugs and their
metabolites may be subject to biodegradation to, Cand HO,
biotransformation, or may remain in an unchangedfpl]. Table 1 presents
the concentrations of selected NSAIDs in raw waatew and treated
wastewater.
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Table 1. Concentration of non-steroid anti-inflantoma drugs in raw and treated
wastewater [10,17,18]

Concentration in the
Medicament wastewatepng/L Removal, % Literature
raw treated
3.2 0.6 81 22
L . 8.0361 — 0.0472-
Salicylic acid 0.4339 0.0252 94-99 18
0.351-9.172 <0.115 67-99 10
3.0 2.5 17 5
1.0 0.29 71 16
Diclofenac 2.8 1.9 23-30 14
<0.743-
n.d <2 478 n.d 10
9.5-14.7 0.01-0.02 99 23
2.0-3.0 0.6-0.8 53-79 21
Ibuprofen 5.7 0.18 97 14
28.0 3.0 98 16
<0.760-3.204 n.d. n.d. 10
Paracetamol 6.9 0 100 16
Ketoprofen 0.41-0.52 0.008-0.02 98 23
0.25-0.43 0.15-0.24 8-53 21
n.d.-no data

Tests aimed at the evaluation of the removal ofgdresidues in various
technologies used for running the biological preces wastewater treatment,
showed that these methods were not sufficient.ollows from the data
presented in the table 1 that the effectivenesthefremoval of NSAIDs in
municipal wastewater treatment plants is diversmnewith regards to the same
drug. This may prove that conventional wastewateatiment plants are not
specialised enough in removing the residues ofrpaeeutical substances, and
the process of the removal of the drugs takes pBxéo speak, "additionally”.
The treatment efficiency for each medicinal substams different. High
treatment efficiency was confirmed for salicylic idgc ibuprofen and
paracetamol. On the other hand, in the case obféichc, the efficiency of
removal was at a low level.

The removal of pharmaceuticals from wastewaterastewater treatment plants
takes place mainly as a result of adsorption imary and secondary sludge,
biodegradation in the biological processes in theored degree of wastewater
treatment, or removal via highly efficient processsuch as advanced
oxidization [17, 19, 20].
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The adsorption of pharmaceutical substances in gewklidge depends on the
hydrophobic properties of the drug and the eletdtas impacts with solid

particles and microorganisms. Acidic pharmaceuicdle. salicylic acid,

ibuprofen, ketoprofen or diclofenac present in dorform in a neutral

environment, practically do not undergo the sorptrocess in the sewage
sludge and remain in the liquid phase. For alkalawed hydrophobic

pharmaceuticals, which include, for instance aatibs, the sorption processes
take place to a greater extent [17]. The effectrgsnof the removal of
diclofenac and naproxen in the wastewater treatnmotesses has been
presented in table 2.

Table 2. The effectiveness of the removal of dietafc and naproxen from wastewater in
different treatment processes [20]

The removal efficiency, %
Process -
Diclofenac Naproxen
Adsorption in 21-40 % 50-80%
activated sludge
Biological
degradation/ 0-25% n.d.
biodegradation
Photolysis 25-75% 99-100%
Ozonation / HO, 98% 98%
Adsorption on o
activated carbon n.d 52%

n.d. —no data

While analysing the data included in table 2, tbeatusion may be drawn that
the typical technological system for the treatmehtmunicipal wastewater,
including a primary settling tank, active sludgeuetoer and secondary settling
tank eliminates up to 40% of diclofenac concendratand up to 90% of
naproxen from wastewater. The remaining part ofergrugs is discharged into
flowing waters which act as a receiving body forsteavater. It must also be
remembered that a significant part of the non-gdeamti-inflammatory drugs
reaching the municipal wastewater treatment plegrtsains in sewage sludge.
The use of such sludge in agriculture creates thke of pharmaceutical
substances permeating to the soil or ground w§#&is In order to eliminate
the residues of pharmaceuticals from the wastewétés necessary to apply
other, more advanced treatment methods.
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5. NON-STEROID ANTI-INFLAMMATORY DRUGSIN WATER
ENVIRONMENT

Pharmaceuticals reach the water environment togethieh the treated
municipalwastewaterThe quantity of drugs which is discharged inte Water
environment on a one-off basis is small, howeJee, ¢ontinuity of discharge
may contribute to the accumulation of these sulsstsrand thus, an increase in
their concentration in the water environment. TaBlgresents the NSAID
concentrations in surface waters of Poland andfguro

Table 3. NSAID concentrations in surface waterBafind and Europe [19]

Medicament Concentration, The State Literature
ng/L
Salicylic acid 100 Germany 24
Triclosan 200-2400 Norway 13
Paracetamol 188-2813 Spain 25
25-170 Sweden 1
Diclofenac 9-49 Slovenia 7
17-486 Poland 6
313-3363 Spain 25
Ibuprofen 13-87 Sweden 1
12-76 Poland 6
2234-16886 Spain 25
6-130 Sweden 1
Naproxen 17-80 Slovenia 7
25-87 Poland 6
387-3140 Spain 25
10-163 Sweden 1
Ketoprofen 6-47 Poland 6
43-1567 Spain 25

Analysis of the results listed in the table 3 showieat diclofenac, ibuprofen
and naproxen were present in the highest concentsat

Drugs in water ecosystems may exert a directly tmgampact on water
organisms. There is also an indirect hazard fordngrin view of the fact that
the surface waters are a frequent source of watended for the supply of
humans in potable water. It was proven that theceotmation of 1.8 mg/dhof
acetylsalicylic acid, which belongs to the non-sigranti-inflammatory drugs,
affects the reproduction of a daphnia species @¢aldaphna magnaand
cladocera from th®igesta longispinapecies. Diclofenac, characterised by the
highest toxicity among NSAIDs, is acutely toxic felmytoplankton (E¢€; (96h)

= 14.5 mg/L) and zooplankton (E§(96h) = 22.43 mg/L) and shows chronic
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toxicity as well as pathological changes in thenkigs and bronchi of rainbow
trout (O. mykisk The toxic impact of naproxen amounts to 12.3Ligf green
algae and 690 mgfior the rainbow trout [19].

It must be emphasised that the drug toxicity tesesusually performed for a
specific xenobiotic, whereas the data regardingtéleity of drug mixture are
scarce. One of the tests proved that the mixturdrofs from the group of
NSAIDs which included diclofenac, ibuprofen, napgoxand acetylsalicylic
acid caused toxic effects despite the fact thatctirecentration of each of the
drugs separately did not have a negative impaci @17

6. SUMMARY

The non-steroid anti-inflammatory drugs and otheougs of drugs are a
chemically diverse groups of compounds, which impkdng organisms
causing specific pharmacological effects. Pharnmiieas and their metabolites
reach the wastewater treatment plants together witimicipal wastewater.
Unfortunately, the traditional technological treatrh systems do not eliminate
these polar compounds occurring in hardly traceadfsounts and are
discharged into the surface waters together withttbated wastewater.

Tests performed all over the world and in Polanchaestrated the presence of
non-steroid anti-inflammatory drugs both in theatesl wastewater and in
surface waters. However, the presented resultsotloefiect the reality as the
tests are performed randomly.

The presence of biologically active pharmaceuticalsheir metabolites exerts
an impact on water organisms, triggering adverfeces, i.e. genetic mutations
or development of drug-resistant bacterial cultures

In the directive of the European Parliament andhef Council of August 1%
2013 (2013/39/EU) on priority substances in thddfief water policy, the
European Commission placed 3 pharmaceutical sutetaon the watchlist:
diclofenac, 17 beta-estradiol and 17 alpha-ethestradiol. However in the
detailed legal provisions concerning the identifima of the problem of
pollution of water and soil with residues of phaomaticals, there are no limits
for these substances.

In view of the continuously increasing productiomdaconsumption of
pharmaceuticals and the lack of effective methddthe removal of a broad
spectrum of drugs reaching the ecosystems, itdisjpensable to determine the
critical concentrations of drug substances, whidh wet cause changes in the
functioning of the whole natural environment.
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NIESTEROIDOWE LEKI PRZECIWZAPLANE WSCIEKACH MIESKICH |
WODACH POWIERZCHNIOWYCH

Streszczenie

Wzrost produkcji i spoycia lekow wplywa na zanieczyszczenigrodowiska
farmaceutykami. W ostatnich latach zaobserwowanecymbwany wzrost spgcia
lekéw dosgpnych bez recepty, &nod ktérych znaczngrupe stanowi niesteroidowe leki
przeciwzapalne (NLPZ). Badania prowadzone&wiecie i w Polsce wykazaty obec§io
niesteroidowych lekéw przeciwzapalnych zaréwnécigkach oczyszczonych, w wodach
powierzchniowych oraz w wodach pitnych. Jednym jgzzdciej wykrywanych lekéw w
srodowisku jest diklofenak natecy NLPZ. Jego stenia w wodach powierzchniowych
wynosz od 9 do 3633 ng/din Tradycyjne uktady technologiczne oczyszczania nie
eliminuja zupetnie farmaceutykéw i ich metabolitéw i wrazsegekami oczyszczonymi
s3 one wprowadzane do wdéd powierzchniowychez&tia diklofenaku wsciekach
oczyszczonych wynoszod 0,29 do 2,5 pg/dinasrednia skuteczrid usuwania jest na
poziomie ok 40%. Nalgy zaznacz§, ze dane te nie odzwierciediajstanu
rzeczywistego, gdybadania g prowadzone wyrywkowo.

W 2013 r. Komisja Europejska w dyrektywie Parlameriuropejskiego i Rady
(2013/39/EU) w zakresie substancji priorytetowych d@iedzinie polityki wodnej,
umiescita na lécie obserwacyjnej trzy substancje farmaceutycznérddv ktérych
wymieniany jest diklofenak. @gle jednak nie ustalono limitéw dotygz/ch
wprowadzania substancji farmaceutycznychmbalowiska.

Stowa kluczowe:  zanieczyszczenie farmaceutykami, estaroidowe leki
przeciwzapalnescieki miejskie, wody powierzchniowe
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