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Pharmaceuticals in the environment

* Pharmaceutical pollution has been observed in the last few decades - since
the end of the 20th century

Zneiéiéténl' zivotniho prostredi farmaky je pozorovano v nékolika poslednich dekadach — od konce 20.
stoleti

* Residues of pharmaceuticals are found in practically all components of the
environment - in water, soil, sludge, sediments and through them also in
plants and organisms

Rezidua farmak se nachazeji prakticky ve vsech slozkach Zivotniho prostfedi — ve vodach, pudach, kalech,
sedimentech a jejich prostrednictvim pak i v rostlinach a organismech

* Residues of pharmaceuticals have been recorded on all continents
Rezidua farmak byla zaznamenana na vsech kontinentech



Characteristics of pharmaceuticals :::EVOOH

* Pharmaceuticals are not a homogeneous group of compounds — as a group
they are defined by their pharmacological or immunological aktivity

Farmaka nejsou homogenni skupinou sloucenin — jako skupina jsou definovany tim, zZe jsou farmakologicky nebo
imunologicky aktivni

* Unlike e.%. PAHs or PCBs, they do not have similar physical, chemical,
structural or biological properties

Na rozdil od napft. PAUs nebo PCBs nemaji podobné fyzikalni, chemické, strukturni a biologické vlastnosti

* These are mostly polar substances with a (very) complex chemical structure

Vétsinou se jedna o poldarni latky s (velmi) sloZitou chemickou strukturou

* Some of them can be toxic, mutagenic or endocrine disrupting - in general,
continuous input of even very low concentrations and limited degradability
leads to accumulation in the environment - they are referred to as so-called
pseudo-resistant

Nékteré z nich mohou byt toxické, mutagenni nebo endokrinné disruptivni — obecng kontinudlni prisun byt velmi
nizkych koncentraci a limitovana degradabilita vede ke kumulaci v prostredi — oznacuiji se jako tzv. pseudoresistentni



Input of pharamaceuticals in the environment

* Pharmaceuticals enter the environment mainly through municipal
wastewater — their source is the general population (refers to human
pharmaceuticals)

Farmaka vstypuiji do prostredi prevazné prostrednictvim komundlnich odpadnich vod — jejich zdrojem je bézna
poputace (tyka ULGQRIoste farmak) - ¥ P Je] jem j

* Healthcare facilities and industrial plants contribute little to
pharmaceutical pollution od environment

Zdravotnicka zafizeni a pramyslové podniky se na znecisténi farmaky podileji jen minimalné

* Conventional municipal wastewater treatment plants were not designed to
remove this type of pollution - pharmaceuticals are degraded in WWTPs
with varying efficiencies

Konvencni komungdlni Cistirny odpadnich vod nebyly navrhovany pro odstranovani tohoto typu znecisténi — farmaka
Jsou vr&%\/ dpegradaovéna S rrt%n\(/jl% (a@mnostml iy yp yp

* Together with the original pharmaceutical substance, its metabolites also
enter the waste water, they may have different properties and effects than
the original substance, may be converted back to the original substance

Do odpadnich vod kromé pavodni farmaceuticke latky vstupuji i jeji metabolity, mohou mit jiné vlastnosti a ucinky nez
puvodni [atka, muze dochazet zpét k preméné na puvodni latku



Analytical methods {::EVOOH

* Recently, there has been great development in the field of pharmaceutical
analysis — the range of analyzed substances (including their metabolites)
increases and analytical methods are being improved (accuracy is improved
and the limit of detection is reduced)

V oblasti analytiky farmak v poslednich letech dochazi k velkému rozvoji — rozsifuje se spektrum analyzovanych latek (i
jejich metabolitt) a zlepsuji se analytické metody (zlepSuje se presnost a snizuje mez detekce)

e Chromatographic methods (HPLC) and mass spectrometry are mainly used,
or their combination

Prevazuji chromatografické metody (HPLC) a hmotnostni spektrometrie, popf. jejich kombinace

* The concentration in the analyzed samples is very low - on the order of ng/I
to ug/|

Koncentrace v analyzovanych vzorcich je velmi nizka — radové ng/l az pg/I

* |t is also necessary to pay attention to the sampling as part of the analysis -
appropriately selected sample type, sampling location, sampling time, etc.

Je nutné vénovat pozornost i odbéru vzorku jako soucasti analyzy — vhodné zvoleny typ vzorku, odbérové misto, doba
odbéru apod.



Consumption of pharmaceuticals

* The pharmaceutical industry and market is one of the economically
Important sectors

Vyroba a trh s |éky patri mezi ekonomicky vyznamna odvétvi

* Tens of thousands of pharmaceutical products are registered in the EU
(,commonly" used pharmaceuticals are in the order of thousands)

Jen v EU jsou registrovany desetitisice Iékovych produktl (,bézné” uzivanych l1éku jsou radoveé tisice)

* Reduce of the consumption at the source (= population) is not possible

Omezeni spotreby u zdroje (= populace) neni realné

* The supply to the environment will continue, rather it is possible to expect
an increase in the consumption (ageing population)

PFfisun do Zivotniho prostredi bude pokracovat, spiSe je mozné pocitat s narlistem spotieby (starnouci populace)

* |t is necessary to search for methods to prevent the primary input of
pharmaceuticals into the environment, i.e. to remove them from
wastewater and sewage sludge

Je nutné hledat zpUsoby, jak zabranit primarnimu vnosu farmak do prostiedi, tj. odstranit je z odpadnich vod a Cistirenskych kalt



EU and CZ Legislation {::EVOOH

* In the EU: Framework Directive 2000/60/EC (WFD — Water Framework
Directive) + subsequent regulations and Directive 2008/105/EC of the
European Parliament and of the Council on environmental quality
standards in the field of water policy, dynamic Watchlist (already specific
compounds)

V EU: Ramcova smernlce 2000/60 ES S — Water Framework Directive) + navazuijici p edpisy a Smérnice
Evrops ého parlamentu a Rady 2008/105 ES o normach environmentalni kvality v oblasti vodni politiky,
dynamicky Watchlist (uz konkrétni farma

* In the Czech Republic: Government Regulation No. 401/2015 Coll. on the
indicators and values of permissible surface water and wastewater
pollution, details of the permit to discharge wastewater into surface water
and sewage systems, and sensitive areas - list of priority and priority
dangerous substances, pharmaceuticals are not there yet

* V CR: nafizeni vlady &. 401/2015 Sbh. o ukazatelich a hodnotéach pfipustného znetiténi povrchovych vod a

odpadnich vod, nalezitostech povoleni k vypousténi odpadnich vod do vod povrchovych a do kanalizacia o
citlivych oblastech - seznam prioritnich a prioritnich nebezpecnych latek, farmaka zde zatim chybi



Analysis of drug consumption in the CR {::EVOOH

* In the Czech Republic, State Institute for Drug Control (SUKL) monitors
distribution and sale of pharmaceuticals: The Institute among others
supervises the activities of sellers and inspects the handling of human
pharmaceutical products in individual places, sellers must keep
records and report them to SUKL.

V CR je dohledem nad distribuci a prodejem lé¢iv povéfen SUKL:

Ustav mj. vykondvd dozor nad ¢innosti prodejcii a provddi v jednotllvych provozovndch kontroly zachdzeni
s humdnnimi vyhrazenymi lé&ivymi pfipravky, prodejci musi vést evidenci a reportovat SUKLu.

» Data on the distribution/consumption of pharmaceuticals is therefore
relatively precise — that covers over-the-counter drugs as well as
prescription drugs

Data o vydeji/spotrebé IéCiv jsou tudiZz pomérné presnd — tykd se volné prodejnych Iéki i Iékiu na predpis



eclv v CR

Analyza spotreby
* The data is accessible at

Data jsou volné pristupna na

* These are data on the supply of pharmaceutical products to pharmacies
and other healthcare facilities. Data on distributed pharmaceutical
products from operators is available with a delay

Jedna se o udaje o dodavkach Iécivych pripravka do Iékdren a jinych zdravotnickych zafizeni. Data o vydanych
|éCivych pripravcich od provozovatell jsou k dispozici s uréitym zpozdénim.

* The available data for the last 3 years (2018, 2019, 2020) were evaluated,
the data is reported quarterly, we compiled overviews for each year and an
overall overview for the period 2018-2019.

Vyhodnocena byla dostupnd data za posledni 3 roky (2018, 2019, 2020), data vykazovana ctvrtletné, sestavili
jsme prehledy za jednotlivé roky a celkovy prehled za obdobi 2018-2019


https://www.sukl.cz/
https://www.sukl.cz/

Kéd ATC7

AO1A

AO01AA01

AO01AA51

AO01ABO3

AO01AD

AO01ADO2

AO01ADO2

AO01AD11

AO01AD11

A02AD

A02ADO1

A02AD04

A02BA03

A02BAO03

A02BCO1

A02BCO1

A02BC02

A02BC02

Primery data

Nazev ATC7

STOMATOLOGICKE PRIPRAVKY

FLUORID SODNY

FLUORID SODNY, KOMBINACE

CHLORHEXIDIN

JINA LECIVA PRO LOKALNI LECBU V DUTINE USTN{
BENZYDAMIN

BENZYDAMIN

ROZNA JINA LECIVA PRO LOKALNI LECBU V DUTINE USTNI
RUZNA JINA LECIVA PRO LOKALNI LECBU V DUTINE USTN{
KOMBINACE A KOMPLEXY SLOUCENIN HLIN{KU, VAPNIKU A HORCIKU
KOMBINACE BEZNYCH SOLI

HYDROTALCIT

FAMOTIDIN

FAMOTIDIN

OMEPRAZOL

OMEPRAZOL

PANTOPRAZOL

PANTOPRAZOL

Cesta podani

Dentdlni podani

Peroralni podani

Dentalni podani

Dentalni podani

Oralni podani

Oralni podani

Orofaryngealni podani

Dentalni podéni

Oralni podani

Peroralni podani

Peroralni podani

Peroralni podani

Intravendézni podani

Peroralni podani

Intravendzni podani

Peroralni podani

Intravendzni podani

Peroralni podani

Pocet baleni

116

2843

25 864

9138

13311

139 839

11544

112

85332

17 828

142 985

18 316

6 840

25397

41951

584 993

124 221

318876

Finance bez OP a DDD celkem

284 300

152 300

51747

766 596

1076 098 17 100
2034916 898 553
5330257 208 162
39398 667 41665 776
14 310581 231403
31390487 21308 820

DDD/1000/obyv/

0,2917

0,1563

0,0531

0,7865

0,0175

0,9219

0,2136

42,7492

0,2374

21,8629

CEVOOH

» ATC classification (anatomical-therapeutic-
chemical classification of pharmaceuticals) -
international classification system used by
the World Health Organization (WHO)

ATC klasifikace (anatomicko-terapeuticko-chemicka
klasifikace IéCiv) - mezinarodni systém tridéni [éCiv pouZivany
Svétovou zdravotnickou organizaci (WHO)

e Active substances are assigned to different
groups according to the organ system on
which they act, as well as to their
therapeutic, pharmacological and chemical

properties
Ucinné latky jsou rozdéleny do rdznych skupin podle
orgdnovych systému, na néz plsobi, a dale jejich
terapeutickych, farmakologickych a chemickych vlastnosti

Definovana denni davka

1 DDD predstavuje
predpokladanou priimérnou
udrZovaci davku léciva na jeden
den, podavanou k |é¢bé v hlavni
indikaci pro dospélého ¢lovéka

Defined daily dose
The assumed average
maintenance dose per
day for a drug used for
its main indication in
adults



ATC classification

* The ATC code - a unigue seven-digit combination of letters and

numbers - defines five levels (international)

ATC kéd — unikatni sedmimistna kombinace pismen a Cislic — definuje pét urovni (mezinarodni)

*e.g.:

A

A10

A108B

A10BA

A10BAO2

ALIMENTARY TRACT AND METABOLISM
Travici Ustroji a metabolismus

DRUGS USED IN DIABETES
Antidiabetika

BLOOD GLUCOSE LOWERING DRUGS, EXCL. INSULINS
Antidiabetika, kromé inzulint

Biguanides
Biguanidy

Metformin



Pharmaceuticals consumption in the CR :::EVOOH

according to DDD

* In total, approximately 2,000
substances are reported
annually

v

Celkové vykazovano cca 2000 polozek ro¢né

* Over 10 million DDD per year -
approx. 100 substances

Vice nez 10 mil. DDD za rok — cca 100 latek

* Interannual differences (2018-
2020) are not significant

Meziro¢ni rozdily (2018-2020) nejsou
vyznamné

* 90% is administered orally

90% je podavano peroralné

2018-2020
Kéd ATC7

A11CCO5
C10AA05
C10AA07
BO1ACO06
CO9AA05
A02BCO1
CO9AA04
HO3AA01
CO8CAO1
CO3CA01
C09CAQ7
MO1AEO1
A10BAO2
A02BC02
C07AB02
CO9BA04
NO5CF02
C09BB04
C09BX01

C07ABO7

Nazev ATC7
CHOLEKALCIFEROL
ATORVASTATIN
ROSUVASTATIN

KYSELINA ACETYLSALICYLOVA
RAMIPRIL

OMEPRAZOL

PERINDOPRIL

SODNA SUL LEVOTHYROXINU
AMLODIPIN

FUROSEMID

TELMISARTAN

IBUPROFEN

METFORMIN

PANTOPRAZOL
METOPROLOL
PERINDOPRIL A DIURETIKA
ZOLPIDEM

PERINDOPRIL A AMLODIPIN
PERINDOPRIL, AMLODIPIN A INDAPAMID

BISOPROLOL

Cesta podani

Perordlni podani
Peroralni podani
Perordlni podani
Peroralni podani
Perordlni podani
Peroralni podani
Perordlni podani
Peroralni podani
Perordlni podani
Peroralni podani
Perordlni podani
Peroralni podani
Perorélni podani
Peroralni podani
Perorélni podani
Peroralni podani
Perorélni podani
Peroralni podani

Perorélni podani

Peroralni podani

DDD celkem

843 966 685
733201964
714331016
658 893 744
571796 230
516 347 574
442 883 453
416 548 583
401 339 000
347 626 988
347 396 232
339198 296
332308518
244114 893
229913 418
218993 300
214 523 558
190923 180
182 780 640

176 130 566

DDD/1000/0byv/den

868,8
754,9
735,3
678,5
588,8
531,7
456,0
428,9
413,3
357,9
357,7
349,2
342,2
251,3
236,8
225,5
220,9
196,6
188,1

181,3



Consumption of pharmaceuticals :::EVOOH
in the CR-in mass units

. database was used for the
conversion to mass units

Pro prepocet na hmotnostni jednotky vyuzita databaze

 Some pharmaceuticals are combination of two or more different
substances, then quantification for the individual components must
be done

V nékterych pfipadech se jedna o kombinace dvou a vice riznych farmak, pak je nutné vycislit pro jednotlivé slozky
(metformin)

* In some cases, it is not possible to do calculation to mass units -
there are only a few of them

V nékterych pripadech nelze na hmotnostni jednotky prevést — je jich minimum


https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/

Consumption of pharmaceuticals o s
in the CR- in mass units

METFORMIN
IBUPROFEN
PARACETAMOL
ALOPURINOL

AMOKXICILLIN AND BETA-

LACTAMASE INHIBITOR

METAMIZOLE SODIUM

GABAPENTIN
LEVETIRACETAM
VALPROIC ACID
METOPROLOL
ACETYLCYSTEIN
ACETYLSALICYLIC ACID

DICLOFENAC
VALSARTAN

2018
(t/year)

217
152
75
21

25

16

15
12
13
12
11

2019
(t/year)

226
102
53
17

14

11

12
10
10
11

2020
(t/year)

221
154
95
23

15

15

16
14
13
11

* In comparison with worldwide consumption: of the 16 pharmaceuticals
with the largest consumption (Patel et al. 2019), 15 of them are at the

top in the Czech Republic
V porovndni se svétovou spotiebou: ze 16 farmak s nejvétdimi spotfebamije v CR 15 na
prednich mistech ve spotrebach také

* Globally, metformin and ibuprofen are the most consumed,

the same in the Czech Republic
Celosvétové je nejvétsi spotfeba metforminu a ibuprofenu, toté? v CR

* Some pharmaceuticals, in addition to their individual form, are also
administered in combinations of two or more medicinal substances

Néktera léky jsou kromé samostatné formy podavany i v kombinacich dvou a vice

|éCivych latek

* The consumption of dozens of other pharmaceuticals is hundreds to
thousands of kilograms per year

Nékolik desitek dalSich farmak ma spotreby stovky az tisice kilogramu za rok

* The total weight consumed is not the only criterion for evaluation - some
substances are already active in very low concentrations (hormones)

Celkova spotrebovana hmotnost neni jedinym kritériem pro hodnoceni — nékteré latky

plsobi jiz ve velmi nizkych koncentracich (hormony)



Consumption of pharmaceuticals in the CR :::EVOOH
according to ATC

. Q.NlTI]!NFLAMMATORY AND ANTIRHEUMATIC PRODUCTS, NON-STEROIDS (MO01A) — ibuprofen, naproxen,
ICioTenac

NESTEROIDNI PROTIZANETLIVA A PROTIREVMATICKA LECIVA (M01A) — ibuprofen, naproxen, diklofenak

* ANALGESICS (NO2) — paracetamol, acetylsalicylic acid, tramadol
ANALGETIKA (N02) — paracetamol, kyselina acetylsalicylovd, tramadol

* CARDIOVASCULAR SYSTEM (C) — metoprolol, atorvastatin, furosemid, telmisartan, acetobutolol, losartan,
verapamil, valsartan, irbesartan, atenolol, celiprolol, ramipril, simvastatin, sotalol

KARDIOVASKULARNI SYSTEM (C) — metoprolol, atorvastatin, furosemid, telmisartan, acetobutolol, losartan, verapamil, valsartan, irbesartan, atenolol,
celiprolol, ramipril, simvastatin, sotalol

 ANTIBACTERIALS FOR SYSTEMIC USE (J01) - clarithromycin, clindamycin, azithromycin, doxycyclin, amoxicillin,
cefuroxim, benzylpenicillin

ANTIBAKTERIALNI LECIVA PRO SYSTEMOVOU APLIKACI (J01) — klarithromycin, klindamycin, azithromycin, doxycyklin, amoxicilin, cefuroxim, benzylpenicilin

 DRUGS USED IN DIABETES (A10) - metformin
LECIVA K TERAPII DIABETU (A10) - metformin

 ANTIEPILEPTICS (NO3) — gabapentin, carbamazepine, lamotrigin
ANTIEPILEPTIKA (NO3) — gabapentin, karbamazepin, lamotrigin

 PSYCHOANALEPTICS (NO6) — setraline, venlafaxine, citalopram, mirtazapine
PSYCHOANALEPTIKA (NO6) — setralin, venlafaxin, citalopram, mirtazapin



Consumption of pharmaceuticals

CEVOOH

in the CR and their occurrence in waters

Metformin
Ibuprofen
Diclofenac

Hydrochlorothiazid

Gabapentin
Paracetamol
Carbamazepine
Ketoprofen
Metoprolol
Tramadol
Acetobutolol
Telmisartan
Sulfamethoxazol
Trimetoprim
Clarithromycin
Azithromycin
Bisoprolol
Citalopram
Lamotrigin
Mirtazapine
Atorvastatin

raw sewage
tens of pg/I
ones of pg/I
ones of pg/I
ones of pg/I
ones of pg/I
ones of pg/I
hundreds of ng/I
hundreds of ng/I
hundreds of ng/I
hundreds of ng/I
hundreds of ng/I
hundreds of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I

treated wastwater

hundreds of ng/I
hundreds of ng/I
hundreds of ng/I
hundreds of ng/I
hundreds of ng/I
tens of ng/l
hundreds of ng/I
tens of ng/l
hundreds of ng/I
hundreds of ng/I
tens of ng/l
hundreds of ng/I
tens of ng/l
tens of ng/l
tens of ng/l
tens of ng/l
tens of ng/l
tens of ng/l
tens of ng/l
tens of ng/l
tens of ng/l

surface water (rivers)

hundreds of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
hundreds of ng/I
tens of ng/I
ones of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I
tens of ng/I

e Based on data from research carried out at

WRITGM, p.r.i.
Data z vyzkum( provadénych ve VUV TGM, v.v.i.

* Inraw sewage, the trends copy
consumption to a certain extent, in treated
wastewater there is a partial removal or
conversion of the original substance (for
some of them), and in rivers there is even a
cumulative effect (load from the river
basin)

Ve splaskovych vodach trendy do jisté miry kopiruji

spotrebu, ve vycisténych odpadnich vodach dochazi

k ¢adstecnému odstranéni nebo preméné plvodni

latky, v fekach uz i kumulativni efekt (prichazi

znecisténi z povodi)



. CEVOOH
Conclusion

* Consumption of pharmaceuticals in the Czech Republic corresponds to consumption in the

countries with accessible healthcare systems
Spotfeba farmak v Ceské republice odpovidd spotfebdm v zemich s dostupnou zdravotni pééi

* The consumption of pharmaceuticals can hardly be limited
Spotrebu farmak lze jen stézi omezit

* The quantities consumed are not the only criteria for assessing their threat to the (aquatic)

environment
Spotrebovana mnozstvi nejsou jedinym kritériem pro hodnoceni jejich nebezpecnosti pro (vodni) prostredi

* The main source of pharmaceuticals in the aquatic environment is wastewater
Hlavnim zdrojem farmak ve vodnim prostfedi jsou odpadni vody

* We need to find ways to effectively remove pharmaceuticals from wastewater and apply them
Musime hledat zpusoby, jak farmaka z odpadnich vod ucinné odstranit a aplikovat je



