Farmaceutika a latky
z kosmetickych produktu
Jjako polutanty ve vodnich
ekosystéemech

PPCPs — Pharmaceuticals and
Personal Care Products
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U latky pouzivané pro osobni zdravi nebo kosmetické ucely a latky
pouzivané v zemédeélstvi pro zlepSeni rlstu a zdravi hospodarskych zvirat

Ytisice ruznych chemickych latek

Y mnoho z nich ma vysokou biologickou aktivitu

& neexistuji limity pro PPCPs ve vodnim prostredi

& regulované polutanty predstavuji jen velmi malou frakci z velkého mnozstvi
chemickych stresoru, kterym jsou vodni organismy bézné a kontinualné
vystaveny
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»humanni a veterinarni léCiva

»>diagnostické latky (napf. kontrastni latky pro vySetreni)

»potravinové doplriky (napf. vitaminy)

»chemikalie z pfipravkl osobni spotfeby jako voniavky (napf. musky)

»>latky do opalovacich krému (napf. 4-methylbenzyliden kafr,
oktokrylen)

»>“inertni” ingredience pouzivané ve vyrobé PPCPs (napf. parabeny)



Hlavni skupiny PPCPs a jejich pouziti

Compound group/class

Compound

Pharmaceuticals
Veterinary & human
antibiotics
Analgesics & anti-
inflammatory
drugs

Psychiatric drugs
Lipid regulators

B-Blockers

X-ray contrasts
Steroids & hormones

Personal care products
Fragrances

Sun-screen agents
Insect repellents

Antiseptics

Trimethoprim, erytromycine, lincomycin,
sulfamethaxole, chloramphenicol, amoxycillin
Ibuprofen, diclofenac, fenoprofen,

acetaminophen, naproxen, acetylsalicylic acid,

fluoxetine, ketoprofen, indometacine,
paracetamol

Diazepam, carbamazepine, primidone,
salbutamol

Clofibric acid, bezafibrate, fenofibric acid,
etofibrate, gemhbrozil

Metoprolol, propranolol, timolol, sotalol,
atenolol

lopromide, 10opamidol, diatrizoate
Estradiol, estrone, estriol, diethylstilbestrol
(DES)

Nitro, polycyclic and macrocyclic musks:
phthalates

Benzophenone, methylbenzylidene camphor
N.N-diethyltoluamide

Triclosan, chlorophene




PPCPs - farmaka

* humanni farmaka — diagnostika, oSetfeni (IéCba/zmirnéni),
prevence onemocnéni, zmena struktury/funkce lidského téla

 veterinarni farmaka — ochrana zdravi zvirat, Iécba, ovlivhéni
reprodukénich procesu a produkce (napf. rustové dopliky)

* biologicky aktivni
» Casto velmi hydrofilni
« casto nesnadno rozlozitelne
=> latky environmentalné zajimavé, potencialné nebezpecné

« Casto opticky aktivni (optické izomery: terapeuticky ucinek vs.
nezadouci efekty)




Charakteristika lécCiv

v CR v roce 2007 registrovano 51 232 variant l1ékd a Iééebnych pripravki
(asi 1200 aktivnich latek)

pomoci analytickych technik umime spolehlivé detekovat a kvantifikovat
okolo 200 latek

v UK v roce 2000 registrovano vice nez 3 000 aktivnich latek

kromé aktivnich latek Iéky obsahuji i pomocné latky, plniva, pigmenty,
vosky, tmelici latky

kromé léCiv se ve zdravotnictvi pouzivaji napf. i diagnostické latky,
dezinfekce

biodegradabilita (fotodegradabilita, oxidace vzdusnym O,, ...... ) silné zavisi
na typu latky

??7? interakce latek v toxickych koktejlech
??? dlouhodobé toxické uc€inky nizkych koncentraci



Rocéni spotireba nékterych skupin predepisovanych léc€iv

v riznych zemich

Compounds Germany Germmany Germany Austria Denmark Australia England Italy Switzerland
19992 20002 20012 1997° 1997¢ 1998¢ 2000® 2001f 2004¢

Analgesics, antipyretics and anti-inflammatory

Acetylsalicylic acid 902.27 (1) 862.60 (1) 83626 (1) 78.45(1) 021 (D 204 (9) 43.80(3)

Salicylic acid 89.70 (12) 76.98 (17) 71.67(17) 9.57(11) 5.30(6)

Paracetamol 65442 (2) 641.86 (2) 621.65 (2) 35.08(2) 0.24(6) 2959(1) 3909 (1) 95.20(1)

Naproxen 4.63(16) 287 35.07(12) 1.70 (12)

Tbuprofen 25985 () 300.09 (5) 34489 (5) 6.7 (13) 0.03 (19) 142 (13) 1622 (3) 1.9(15) 2500 (%)

Diclofenac 81.79 (16) 82.20 (14) 85.80(14) 6.14 (15) 26.12 (16) 450(7)
B-Blocker

Atenolol 2898 (13) 22074 3.2009)

Metoprolol 67.66 (18) 79.15 (16) 9297(11) 244200 3.20(10)
Antilipidemic

Gemfibrazol 20010) 0.399 (18)

Bezafibrate 447(17) 7.60 (8) 0.757 (15)
Neuroactive

Carbamazepine 86.92 (13) 87.71 (13) 87.60 (12) 6.33(14) 9.97(18) 4035 (8) 440(8)

Diazepam 0.21 (8) 0.051 (21)
Antiacidic

Ranitidine 8541(1%) 89.29 (12) 85.81(13) 33.7(3) 36.32 (10) 26.67(3) 1.60 (13)

Cimetidine 35.65 (11) 0.063 (20)
Diuretics

Furosemide 3.74(1) 6.40 (19) 1.00(14)
Sympatomimetika

Terbutalin 046 (3) 0.0099 (23)

Salbutamol 0179 0.035 (22)
Various

Metformin 368.01 (4) 43346 (4) 51691 (3) 26.38(3) 909 (2) 2058 (2) 51.40(Q2)

Estradiol 0.12 (13)

Iopronude 64.93 (19) 63.26 (19) 64.06 (19) 6.90 (3)

For every country a top 20 sold-list is taken into account. Data i bracket represent the position in the ranking list within a country. Data are in t/year.



Tabulka I
Léciva s nejvétsim objemem distribuce v poctu baleni

v roce 2007
Léciva latka Baleni
[mil]
1.  paracetamol 15.38
2.  elektrolyty parenteralni 10.94
3.  ibuprofen 10.49
A lvwrealina apratuvlaalinviava fantil-Aasaonlansia & A7
T .l\] 2% 1111d dv I.J I.Dﬂl.l.\-)' A va \(lllthﬂELllﬂllblG. ! =T J
antitrombotika)
5.  paracetamol, kombinace mimo psycholeptik 4,69
6.  kyselina acetylsalicylova (analgetika. 4,08
antipyretika)
ambroxol 3.66
8.  Xylometazolin 3.58
atorvastatin 3.54
10. metoprolol 3.54

10 preparatii s nejvétsim distribuénim objemem v CR
Roc¢né v CR prodano pres 73 t paracetamolu nebo 140 t ibuprofenu



Spotreba nékterych farmak a jejich vylucovani

Némecko . Estimated prescription amounts in
Pharmacokinetical excretion rate in %* 1995 1 1ons per veart
Unchanged drug Glucuronides}
Bezafibraled 50 2 n
Clofibric scid (clofibrate, I
etofibrate, etophyllinclofibrate) 0 > 9 |
Fenofibric acid (fenofibrate) 4 44 4 i3
Gemfibrozil® - 50 Es
Declotenac|| 1§ <| 78
[buprofen I-% 4 H):i
Indometacime 10-20 80 f
Metoprolol 3-10 - 30
Propranclol < - 3
Carbamazepine** -2 ¢ 1

+: small percentage, + + +

: MaApr percentage,

World uUs UK Denmark
Consumption of  E, 1700° 0.7°
pharmaceuticals  EE, 528¢ 882 294 1.9°
Endogenous 54504 kg  2575kg 531 kg 45 kg

excretion of 52




PPCPs — pripravky denni spotreby

« vétSinou nemaji zadnou biochemickou aktivitu (kromeé potravinovych
doplrika)

* na rozdil od farmak mohou byt uvolfiovany do ovzdusi (napf. mosSusové
latky)

* vetSina latek pouzivana jako aktivni slozky nebo konzervacni latky
v kosmetice, toaletnich potfebach nebo vunich

» mohou slouzZit jako prevence onemocnéni (napf. latky v opalovacich
krémech)

PCPs vyrobené v Némecku (1993)

Product category Tons produced
Bath additives 162,200
E& Shampoas, hair tonic 103900
=R Skin care products 75,900
i;] g@& ﬁmi Hair sprays, setting lotions, hair dyes 71,000
&y . & Cral hygiene products 62,300
J "' Eij Soaps 62,600
1 iy Sun screens 7900
L B '
al A} Perfumes, aftershaves 6.600

Total 550,100




Zdroje PPCPs v prostredi

& emise z vyroby, pfepravy, skladovani (minimalni)
G lidska aktivita (koupani, holeni, plavani aj.)
& exkrece po aplikaci I1€Civ u lidi a zvifat (vyluGovani moci a vykaly)
& pouzivani veterinarnich 1égiv

(pfedevsim antibiotika a steroidy)

L zemeédélstvi

U rezidua z nemochic

% nezakonné drogy

& zvySené uzivani se starnutim populace

% problém — naduzivani légiv

U nespravna likvidace 1éciv (bezprostredni
odstranéni nadbytecnych lékl z domacnosti)

» 1y €ervené jsou na nemoc, ty modré potlacuji
vedlejSi ucinky téch cervenych a ty zelené
potlacuji vedlejsi u€inky téch modrych*




Osud v ZP

PPCPs na zaklade odolnosti v zivotnim prostredi :

 latky lehce odbouratelné (napr. kyselina acetylsalicylova)
+ |atky stalé a hydrofilni (bezafibrat)

 latky stalé a lipofilni (ofloxacin)

posledni skupiny - muze dojit k za¢lenéni do potravnich
retézcu

prislusnost latek do skupin - dle souhrnu jejich fyzikalne-
chemickych vlastnosti, nejvice pak rozpustnost, Kow, pK a
KH (Henryho konstanta).

chemické, biochemické, fotochemickeé a termické
reakce latky — vznik meziprodukti a metabolitt
vedoucich k sekundarnimu znecisteni



ooz Orijgins and Fate of PPCPs' in the Environment

'Pharmaceuticals and Personal Care Products | U.S.Environmental Protection Agency
f. 'v;% Office of Research and Development
z 8 National Exposure Research Laboratory
%, " “"¢ | Environmental Sciences Division
N raote Environmental Chemistry Branch
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Legend

- Usage by individuals (1a) and pets (1b):

B &

Metabolic excretion (unmetabolized
parent drug. parent-drug conjugates, and
bioactive metabolites): sweat and vomitus.
Excretion exacerbated by disease and slow-dissolving
medications

* Disposal of unused/outdated medication to sewage systems
* Underground leakage from sewage system infrastructure

- Disposal to landfills via domestic refuse,
*» Disposal of euthanized/medicated animal carcasses serving as food for scavengers (1c)

medical wastes, and other hazardous wastes

- Leaching from defective (poorly engineered) landfills and cemeteries
» Release of treated/untreated hospital wastes to domestic sewage systems

(weighted toward acutely toxic drugs and diagnostic agents. as opposed to long-term

> ) . o * EF * Release to open waters from aquaculture (medicated feed and resulting excreta)
medications); also disposal by pharmacies, physicians, humanitarian drug surplus

= Future potential for release from molecular pharming (production of therapeutics in crops)

* Release to private septic/leach fields (3a)

* Treated effluent from domestic sewage treatment plants discharged to surface waters, re-injected
into aquifers (recharge). recycled/reused (irmgation or domestic uses) (3b)

* Overflow of untreated sewage from storm events and system failures directly to surface waters (3b)

@ * Release of drugs that serve double duty as pest control agents:

examnlag: A _aminanuwidine sxnarimantal multinls colasrneais denie —» 1nead as avicida:
€Xamp:cs. S-aminopy . €XpE P SCiSI0515 GIug BSE0 a5 aviCise,

warfarin anticoagulant — rat poison: azacholesterol. antilipidemics —* avian/rodent repro-
ductive imnhibitors; certain antibiotics = used for orchard pathogens: acetaminophen,
analgesic —*brown tree snake control: caffeine, stimulant = coqui frog control

» Transfer of sewage solids ("biosolids") to land (e.g., soil amendment/fertilization)

» "Straight-piping” from homes (untreated sewage discharged directly to surface waters)

* Release from agriculture: spray drift from tree crops (e.g., antibiotics)

» Dung from medicated domestic animals (e.g.. feed) - CAFOs (confined animal feeding operations)

Ultimate environmental transport/fate:
= most PPCPs eventually transported from terrestrial domain to aqueous domain
* phototransformation (both direct and indirect reactions via UV light)
* physicochemical alteration, degradation, and ultimate mineralization
* volatilization (mainly certain anesthetics, fragrances)
* some uptake by plants
» respirable particulates containing sorbed drugs (e.g.. medicated-feed dusts)

« Direct release to open waters via washing/bathing/swimming

« Discharge of regulated/controlled industrial manufactuning waste streams
* Disposal/release from clandestine drug labs and illicit drug usage

Chnstian G. Daughton. U.S. EPA-Las Vegas March 2006 hitp-//epa govinerlesdl/chemistry/pharma‘images/drawing pdf
(onginal February 2001) from: hup://epa gov/nerlesdl/chemistry/pharma/



Farmaka pro Farmaka pro

humanni medicinu veterinarni medicinu
Exkrece (odpadni Exkrece (odpadni Komunalni odpad Exkrece
vody z nemocnic) vody z domacnosti) (nevyuzité léky)

Cistirna odpadnich Popelnice v/  Hnuj, kompost
vod

.
.*

/ / Upraveny kal

Zpracovani kalt

“““ Skladka Y
""""" Puda

Vyroba farmak

Upraveno podle: T.Heberer, Toxicology Letters 131, 5 — 17 (2002)



Expozi¢ni cesty
veterinarnich a humannich
farmak v prostredi

Exposure

Medical
compounds

F2

Human medi-
cal compounds

b

<

Veterinary medi-
cal compounds

2/ F4

Direct disposal
of surplus drugs
1o sewage

Excretion of
substances with
unnc and feces

Fish
farms

Growth promoters for produc-
tion of hvestock and coccidio-
statics for poultry production

Therapeutic
treatment of
livestock on ficlds

ment plant

*FQ

Ground

Fields Water

Sludge disper- Treated
sed on fields sewage water
NFI5 t 10
of¥
Aquatic Manure disper-
environment sed on fields
Effects Fll Fla]  F17
Effects on Effects on

aguatic organisms

microorganisms

Fl2

A

Fl4

Effects on
beneticials

F12




Vyskyt PPCPs v prostredi

& PPCPs oznacovany jako ,emerging pollutants®

& patfi mezi vyznamné slouceniny znecistujici nékteré slozky Zivotniho
prostredi

U dostavaji se zejména do vodniho ekosystému

U detekovany v povrchovych i spodnich vodach, odpadnich vodach,
na skladkach, v pudach a sedimentech

Nejvice sledované skupiny léCiv:

« humanni — analgetika a protizanétlivé latky, antibiotika, oralni
kontraceptiva, cytostatika, antiepileptika, betablokatory, hypolipidemika,
RTG-kontrastni média, hormony a rtizné slouceniny a metabolity

« veterinarni — antibiotika, antiektoparazitika, desinficiencia



Rozsifeni v ZP

« aktivni substance (lIéky/metabolity) nalezeny ve vSech slozkach prostredi
(1ng/kg - 1Tmg/kqg)

« vyskyt vdaném misté pfimo umeérny spotrebé

Povrchové vody

« nejvice kontaminovana slozka ZP

- dolni toky a delty - velké aglomerace, velké mnozstvi COV, velky priitok vody

Podzemni vody

- plvod nalezenych latek - lokalni zdroje zneéisténi (skladky, COV, kanalizace
apod.)

Pudy a sedimenty

- aplikace stabilizovanych ¢istirenskych kall
« sorpce na ¢astice pudy - degradace

« prusaky do spodnich vod

Situace v CR

*  minimum informaci

* horni toky fek



Relativni zastoupeni latek detegovanych v ZP (183 élanku z let 1996-2009)

Veterinary products Oral antidiabetics

30, 3%  Antipsychotics
. . 1%
B2-Sympathomimetics Non-steroidal anti-
3% / inflamm atory drugs
X-ray contrast media | 16%
3% |

Antiacids\

3% ||
Antineoplasics |
4% | o
Antihypertensives | Aﬂtl‘lbsl;tlcs
4% o
Antidepressants \
4%
Ansioliﬁcs_/
4% |

Blood lipid lowering agents
12%

Beta-blockersJ | J
8%

Antiepileptics Sex hormones
80/0 90/0

Santos L.H.M.L.M et al., Journal of Hazardous Materials 175, 45-95 (2010)



Skupiny PPCPs detekované v povrchovych vodach, odpadnich vodach

a Cistirnach odpadnich vod

Use Name

Frequently Detected PPCP in Surface Waters and Wastewater

Household and industrial chemical benzophenone
carbaryl

Stimulant

Prescription drug
Non-prescription drug

Plant and animal steroid and OWC
Nonionic detergent metabolite
Veterinary and human antibiotic
Insect repellant

Antimicrobial disinfectant

Fire retardant

Frequently Detected PPCP in STP
Analgesics/non-steroidal antiinflamatories (NSAIDS)

Antimicrobials
Antiepileptics
Antihypertensives (betablockers, beta-adrenergic receptor inhibitors)

Antieoplastics

Antiseptics
Contraceptives

2-sympathomimetics (bronchodilators)

Lipid regulators (anti-lipidemics; cholesterol-reducing agents and
theirbioactive metabolites)

Musks (synthetic)

X- ray contrast agents

2 6-dimethylnapthalene
isophorone
5-methyl-1H-benzotriazole
tributylphosphate

caffeine

carbamazapine

cotinine

cholesterol

4-nonylphenol
sulfamethoxazole
N-N-diethyltoluamide (DEET)
triclosan

tri(2-chloroethyl) phosphate

acetaminophen (analgesic)
diclofenac

ibuprofen

ketoprofen

naproxen

sulfonamide, fluoroquinolones
carbamazepine

bisoprolol

metoprolol
cyclophosphamide
ifosfamide

triclosan

estradiol

17 ethinyl estradiol
albuterol

clofibrate (active metabolite: clofibric acid)

gemfibrozil

nitromusks

polycyclic musks
avobenzene

octyl methoxycinnamate
diatrizoate




Vyskyt farmak a pohlavnich hormonu v environmentalnich vzorcich

Matrix (Location) Compounds Concentration
ng'L or ng/g)

Drinking water

(Germany ) Phenazone drugs <5000

(Germany ) Natural and synthetic estrogens < 1-2.1

(Germany) Clofibric acid <5170

(UK. Synthetic estrogens/progestogens <|-10

Cround water

(Germany) &0 phammaceuticals L& 1100

(Germany) I8 antibiotics <20-470

(Germany ) 13 phammaceuticals n.d.-7300

River water

(Germany ) I8 antibiotics <20-6000

(Germany ) 32 drugs <10-4100

(Germany) Natural and synthetic estrogens <0 1-5.1

(UK. Natural and synthetic estrogens 02-17

(LK) Synthetic estrogens/progestogens 2-17

(Spain ) Estrogens and progestogens 0.2-71.1

(LUSA) Antibictics 14100

(USA) Prescrition drugs 7-260

(LISA) Nonprescrition drugs (U

(USA) Steroids and hormones 52000

(Canada) Steroid s 2-67

Marine/estuarine water

(North Sea) Neutral/acidic phamaceuticals <002-18.6

Solid samples

River sediment (Germany) Natural and synthetic estrogens <12-1.5

River sediment (Spain) Estrogens and progestogens 0.05-22.8

Marine sediment (Washington, USA) Antibacterial drugs <02-1.Tpgle

Fertilized soil (Germany ) Antibictics (TCs and tylosing 0. 01-4 pwie

Activated and digested sludge ( Germany) Natural and synthetic estrogens <249

Activated sludge (Israel) Estrogen 19-64

Biota

Rainbow trout bile (Sweden ) Natural and synthetic estrogens <0 1-2.5pp/e

Rad rock crab meat (Washington, USA) Antibacterial drugs <0.1-3.8pgig

Mussel (Canada) Coprostanol 32252




PPCPs v pitné vodé

TABLE 2. Occwrrence and Concentrations of PPCPs in Raw Drinking Water

mean total literature
MDL detected range mean values
analyte nylL occurrences nyll L HylL o/l

dimethyl phthalate 0.039 513 0.386 0.098—-0.724 0.148
diethyl phthalate 0.49 213 1.20 0.899-1.49 0.184 0.16-0.2
dibutyl phthalate 1.36 413 5.00 1.44-8.34 1.54 0.12-8.8
butyl benzyl phthalate 0.033 213 0.622 0.053-1.19 0.096 295
DEHP 1.76 213 4.3 267-5.94 0.66 7
hydrocinnamic acid 4,95 313 10.12 4.99-203 2.33
banzophenone 0.26 313 0.511 0.36—0.79 0.12 0.13
octyl methoxy cinnamate 0.28 213 3.09 0.56-5.61 0.47
clofibrata 0.055 213 0.58 0.26—0.90 0.09
clofibric acid 0.12 113 0.62 0.05 005-0.17
ibuprofen 0.28 113 5.85 0.45 0.07-0.2
Ibuprofen methyl ester on 113 9.22 0.7
triclosan 0.1256 113 0.724 0.056 0.14
surfynol 0.096 413 0.515 0.326—-0.818 0.158
BHA 0.07 213 3.50 3.49-3.52 0.54 0.1
DEET 0.082 113 0.121 0.010 0.003-0.268

TABLE 3. Occurrence and Concentrations of PPCPs in Finished

Drinking Water e, ) i i . i
w«  °Jina studie - v pitné vodeé detekovan

mean range mean . . . P
analyto oce. wgl  wol  wgl diklofenak, kyselina klofibrova,
dimethyl phthalate 115 0.54 0.04
diethyl phthalate 115 2.47 0.16 pro pyfe nazon
dibutyl phthalate 1156 2.73 0.18
butyl benzyl phthalate 515 0.552 0.056-0.911 0.184
DEHP 215 256 243-268 034
hydrocinnamic acid 315 100 4.97-201 2.0
benzophenone 115 0.26 0.02
octyl methoxy cinnamate 115 045 0.03
clofibrate ND=
clofibric acid ND
ibuprofen 215 093 051-135 0.2
ibuprofen methyl ester 115 4.95 0.33
triclosan 115 0.734 0.049
surfynol 415 0,161 0.12-0.24 0.043
BHA 1116 3.45 0.23
DEET ND

* ND = not detected.




PPCPs v povrchovych vodach

» 139 lokalit ve 30 statech USA (urbanizace, chov hospodarskych zvirat)

» detekovano 82 z 95 stanovovanych kontaminantt (farmaka, hormony a dalSi latky
znecCistujici vodni prostredi)

* nejCastéji detekované latky: koprostanol (fekalni steroid), cholesterol (rostlinny a
zivocCisny steroid), N,N-diethyltoluamid (repelent proti hmyzu), kofein (stimulant),
triclosan (antimikrobialni dezinfekéni prostredek), tri(2-chlorethyl)fosfat
(retardanty hofeni), 4-nonylfenol (metabolit detergentu)
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PPCPs v
povrchovych
vodach

Frekvence detekce
kontaminantl rozdélenych
dle pouziti (A)

a jejich procentualni podil
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100 T T T T T BN
A A ,
- ‘ 5 |
4}_} 80 - 1 “I
g | i
o t - 3 "
L s
2
§ 60 _.
8 22 ’
S l . n
a 40 r -
[= \ 14 5
g 2
g 20 ¢t
w
0
'10 I T T T T T T 1 L
i B
= }
£ 30+ |
: ’
o |
T }
= !
& 20 |
Q
c |
° .
(& ] i
E b
o '0;
’- | I
oL — | B
& ) o = S & & S =) = = & ey =) o
F PSS PSS F S
& o QQ' o c o & g o Q & & & d o
T & & 2 g & & o & & & S ©
& A & ,r,,\c' Q\‘b @ v & ) o~ N Q&r‘b
& ¢ &0 G «® N & S8 w
Q&" B\ ‘\Qqa ‘P&J Q\@—’
& o e
o 9 AR



PPCPs v povrchovych a odpadnich vodach

« rozsahla studie zaméfena na COV (v USA)

« 78 ze 110 stanovovanych latek nalezeno alespon v jednom vzorku

- podet detekovanych latek ve vzorku: 2 (referenéni lokalita) — 50 (vypust COV)

« pf. detekovanych latek: dezinfekéni prostfedky (triclosan), antibiotika
(sulfamethoxazol), moSusové latky (tonalid), antihistaminika
(difenhydramin), antiepileptika (karbamazepin)

~_‘; 4 .: 3

Sampling Locations - 2002 ;1:"1*?,*
» ':'.l §

10 WWTP Settings
upstream (11)
effluent (37)
1t downstream (32)
2" downstream (24)




PPCPs v povrchovych a odpadnich vodach

Zaveéry studie:

> farmaka a dali chemikalie z odpadnich vod projdou pfes COV,
mira jejich odstraneni zavisi na Cistirenskeé technologii

» nedostatecCné Cisteni zvysuje pritomnost latek v prostredi

> koncentrace nad COV jsou vétsinou nizké — tzn. tyto latky nejsou
bézné rozsirené

> koncentrace pod COV

klesaji se vzdalenosti

— ale s rznou rychlosti
pro ruzné latky

Average Frequency
of Detection (%)

> 8 8 85 83
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COV a povrchové vody

«  komunalni COV maji velmi nizkou uéinnost pfi odstrafiovani nékterych lééivych
latek a jejich metabolitu (nizké koncentrace)

Procesy
« Fotodegradace - hlavni mechanismus degradace léCiv ve vodnim télese

— prFima fotolyza - absorpéni spektrum molekuly, intenzita zareni, zakal

— radikalovy rozpad - vliv hydroxylového (*OH), alkylperoxidového ‘RO,
radikalu a atomarniho kysliku

Sorpce

— absorpce dovniti aktivovaného kalu - interakce hydrofobnich skupin
(alifatickych a aromatickych) s biomembranou bunék

— adsorpce na povrch aktivovaného kalu - pozitivné nabita centra xenobiotik se
zaporné nabitym povrchem biomasy

Biodegradace
— metabolicka preména lé€iv mikroorganismy v aktivovaném kalu



COV - moderni procesy

Chemicka oxidace

— vznik "OH radikalu z H,0, vlivem UV zareni

— o0zonizace vody

Membranové procesy

— nanofiltrace a reverzni osmoza -
xenoestrogeny

— separace léciv z moci pacient

Aktivni uhli
— adsorpce a spaleni - karbamazepin

Fytoremediace
— korenové Cistirny odpadnich vod




Tabulka II
Ucinnost odstranéni vybranych farmak na modelové COV U éi nno st o) d Stra ﬁ OVé n i

v zavislosti na ro¢nim obdobi
riznych farmak v COV

Aktivni latka Mira odstranéni [%o]

zima léto

median rozpéti median rozpéti

Amoxicillin 75 49-100 100 100
Bezafibrat 15 0—-66 87 0-98
Ciprofloxacin 60 45-78 63 53-69
Ibuprofen 38 25-72 93 0-100 COV v Némecku
Hydrochlorothiazid 24 0-77 44 0-51 (pobliz Frankfurtu nad Mohanem)
Ranitidin 39 0-76 84 72—89
Sulfamethoxazol 17 0—84 71 71 F
96 %
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Uéinky PPCPs v zivotnim prostiedi
»PPCPs mohou stejné jako ostatni chemické latky predstavovat riziko pro
zivotni prostredi

»pusobeni farmak prostfednictvim bunécnych receptort jiz pfi nizkych
koncentracich — nepfiznivé uCinky pri interakci s necilovymi receptory

>V ekotoxikologii stanovovany predevsim akutni efekty PPCPs

»vyskyt PPCPs v prostfedi v nizkych koncentracich — mirné efekty —
akumulace mirnych efektll — vyrazné efekty

»>dvé skupiny farmak, kterym byla vénovana nejvétsi pozornost, jsou
antibiotika (mozny vyvoj rezistence) a steroidni hormony (prekryv s ED)

»pro mnozstvi ostatnich skupin farmak a PCPs se vi velmi malo o jejich
potencialu negativniho pusobeni



EC50s vybranych farmak v biotestu s D. magna,
D. subspicatus a Lemna minor

Test substance ECsp (mgl™) j GRS
“Daphnia Desmodesmus  Lenina /j?j [ ;.. 5

Clofibrinic acid 72 115 125 a1

Carbamazepine > 100 74 25.5 B

Ibuprofen—Na 108 315 22

Diclofenac—Na 68 T2 7.5

Naproxen-Na 174 > 320 4.2

Captopnil > 100 168 23

Metformin 64 > 320 110

Propranolol 7.5 58 114

Metoprolol > 100 7.3 > 320

Inhibice bioluminiscence Sesti léky proti zanétiim
v testech ToxAlert 100® a Microtox®

Compound ToxAlert 100" Microtox
EC., TUs EC., TUs
(g ml) (pg/ml)
Salicylic acid 431 23 - -
Ketoprofen 15.6 6.4 19.3 5.2
Maproxen 2]1.2 4.7 A5.6 2.8
Diclofenac—Na 13.5 7.4 13.7 7.3
[buprofen 12.1 82 19.1 5.2
Gemfibrozil 18.8 5.3 31.5 3.2




Uéinky légiv ve vodnich ekosystémech

Farmaka jsou designovana tak, aby meéla urcitou biologickou aktivitu.
Je znamo velmi malo o ucincich |éCiv ve vodnim prostredi.

Uginky farmak a jejich metabolitli jsou v podstaté stejné jako Gginky dal$ich
xenobiotik v prostredi napfr:

» UCinky proti bakteriim, houbam, vy§S§im organismum
> inhibice enzymu

» vliv na signalni drahy endogennich latek

» poruseni funkce membran a redoxniho potencialu

» endokrinni disrupce

» teratogennni, karcinogenni a embryotoxicke ucCinky
» ovlivnéni chovani

» nespecifické ucinky — nepolarni narkoza

» dalsi




Uéinky nékterych PPCPs

& antibiotika
*kontaminace vod pouzivanych na piti, zavlazovani, rekreacni ucely
spotencial vyvolat bakterialni rezistenci na ATB
*negativni vliv na dalezité bakterie v ekosystému

U steroidni farmaka — endokrinni disrupce (viz. pfednaska ED)

& blokatory vapnikovych kanall (kardiovaskularni Iéciva) — inhibice aktivity
spermii u nékterych vodnich organismu

& B-blokatory (kardiovaskularni 1é€iva) — inhibice rlistu fas, musli, schopnost
akumulace

U genotoxicka léciva (pouziti pfedevSim v nemocnicich)

& paracetamol (analgetikum a antipyretikum)
» chronické ucinky na vodni organismy uz v koncentracich,
nalézanych v povrchovych vodach

» vyvolava oxidativni stres



Latky snizujici obsah krevnich tuku

« snizeni koncentrace cholesterolu a triglycerida v krvi

Statiny
* inhibice enzymu HMG-CoA - zpétnovazebna kontrola syntézy cholesterolu

» nedostatek informaci o ekotoxicité; pouze aktivni latky simvastatin a atorvastatin

« 96h test na kreveté (Palaemonetes pugio) - simvastatin - LC,, (larva) = 1,18 mg.L-" a
LCs> 10 mg.L", na buchance (Nitocra spinipes) - 96h LC50 = 0.81 mgL-?

« koncentrace statin v neupr. gistirenském kalu 4-117ng.L-", v povrchové vodé 1 ng. L

Fibraty
» aktivace specifického transkripniho faktoru ze skupiny nuklearnich receptorti - PPARs
(peroxisome proliferator activated receptors)

« zastaveni embryonalniho vyvoje necilovych organismu zastavenim déleni bunék (v uM
koncentracich pozorovano u ryb (Danio rerio) a obojzivelnik()

« Danio rerio - expozice klofibratu 0,5 - 1 mg.L-" v larvalnim stadiu - zmény
morfologickych charakteristik, letargie

« karas zlaty (Carasius auratus) - 14 denni expozice gemfibrizilu 1,5 ng. L' - vice nez
50% pokles hladiny testosteronu

« vysoka perzistence metabolitli (kyselina klofibrova) v ZP - tato latka detekovana i v
pitnych vodach a v Severnim ledovém oceanu




Nesteroidni protizanetlivé leky

« slabé kyseliny reversibilné Ci ireversibilné inhibujici cyklooxygenazy COX-1 a COX-2 -
vliv na syntézu prostaglandinu - signalizacni molekuly v zanétlivych procesech
« u ptakd maji prostaglandiny vliv na tvorbu vaje¢né skorapky

Diklofenak

* nejnebezpecnéjSi analgetikum ve vodnim prostfedi, koncentrace v povrchovych
vodach v jednotkach ug/l, nizka u€innost odstranovani, bioakumulace ve tkanich,
ucinky u ryb uz od koncentrace 1 ug/l, poSkozeni funkce Zaber a ledvin, vliv na
krvetvorbu

« akutni toxicita pro vodni organismy pfi 100 ug.L""

« chronicka toxicita - pstruh duhovy (Oncorhynchus mykiss), 28 dni, 1 ug.L™" -
cytologické zmény na jatrech, ledvinach a zabrach, pfi 5 ug.L-! - 1éze na ledvinach a
skrelich, vysoka bioakumulace v jatrech

« 25ug.L" - znatelna redukce rastu fytoplanktonu

Ibuprofen

« zveétSena jatra a zvySena produkce vajicek u ryb (Medaka japonska - Oryzias
latipes), vitelogeneze - ovlivnéni zZivotaschopnosti a produkce VTG u ryb,
reprodukce pfi chronickém pusobeni u ryb

« test na Daphnia magna - redukce populaci kolem koncentraci 80 pg.L-"
« okfehek (Lemna minor) - 7 dni, 1 - 1 000 pg.L", inhibice rlstu



Cytostatika

nizka spotreba (Némecko 200 — 400 kg/ rok) vs. vysoké zdravotni riziko

- karcinogeny, mutageny a teratogeny
* nizka biodegradabilita, vysoké biologické polo€asy
— (ifosfamid, voda, methanogenni podminky — 120 dni)
« baktericidni u€inky (synergismus s antibiotiky)
— vliv na samogistici schopnost vodnich toku
— snizeni G&innosti COV
« vysoké koncentrace v moci pacientl

0
Fch, A~ 0
HN N\ \N n* Cl—»‘\/"«-\NH . Ch_ /Nl'% A j‘} O. NH,
A /T NN N e P O
07 N c— | “o—~ | ~So—— BV 50 N
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Fig. 1. Formula of some widely used cytotoxics: 5-fluorouracil, cyclophosphamid, ifosfamide, cis-platinum and carboplatinum (from
left to right).



Antiepileptika

» latky ovliviujici CNS - sniZeni neuronalni aktivity
— blokada napétové fizenych iontovych kanalt pro Na - karbamazepin
— zvySeni inhibicniho ucinku GABA - benzodiazepiny
— neurodegenerace zpusobena apoptdzou pfi vyvoji mozku

« karbamazepin

karcinogen pro mysi, u savcu neprokazana mutagenni aktivita

LCs, (Danio rerio) = 43 ug.L', EC,, (Daphnia magna) = 92 pg.L"
snizena aktivita bleSivce potoéniho (Gammarus pulex) pfi 1 - 10 ng.L""
zavazné poskozeni jater, ledvin a Zaber u kapra - 20 ug.L™"

vysoké koncentrace v sedimentech

_ ¥
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Antidepresiva

C i pe " f : . i
Qg:}sicr;]e zpétného vychytavani serotoninu ze synaptickée N \/YO

y F

« vliv na reproduké&ni schopnosti a chovani kory3a @@F

« antidepresivum Fluoxetin
— toxicky pro fytoplankton
— nalezen v télech ryb v Texasu (0,1 mg/kg)

— v koncentracich 5 ug.L-' béhem 4 tydn( ovlivnil hladinu
estradiolu a zpUsobil vyvojové abnormality u Medaky
Japonske

* antidepresivum Fluovoxamin

— v koncentraci 0,32 ug.L-! vyvolava treni a pred¢asné
dozravani oocytl u Skeble Dreissena polymorpha




Dezinfekcni prostredky

«  kvartérni amonneé soli — kationaktivni baktericidy

— pusobi inhibiéné na rast grampozitivnich a gram-negativnich bakterii, na
plisné, kvasinky a i nékteré prvoky

— Tadi se mezi nejbéznéjSi konzervacni a dezinfekCni prostfedky
— spotreba 777 t Belgie, 21 450 t Francie, 28 892 t UK (1997)

— uroven v nemocni¢nich odpadnich vodach - jednotky mg/I

— Urovefi na vytoku z komunélnich COV — setiny aZ desetiny mg/|
— poskozeni vodnich mikroorganismu v nizkych koncentracich

— benzalkonium chlorid IC5, (aktivovany kal) = 10 mg/I

— inhibi¢ni efekt na denitrifikaCni bakterie uz pfi 1 — 2 mg/I

— vznik rezistentnich kmenu

(I:H3 CH3

2 cr | + Cr

Q—CHZ— li\l (CHz)n—' CHz CH3(C Hg)n—r (C Hz)n CH3
CHs CH3

BACI (n = 11, 13) DDMAC (n=16)

Fig. 3. Formula of two important quaternary ammonia compounds (QAC) used as disinfectants.



AVERMECTINova antiparasitika

. BAVE E’}’. g A.\/- ~KE ':/ 2 3 B:.!: Us
- - 4 d v g 9 £ i e 1 E !
Moxidectin — domaci pouziti »‘ & 1 £, a2

Ivermectin — antiparasitika pro velké chovy, stada
m pouzivano 2x za sezonu pro ovce/kravy
m Likviduje 100% parazita v ovcich
m Dostava se do hnoje - likviduje 80-90% larev much
m \ysoké koncentrace v hnoji
m Perzistentni v ptidé (polocas zivota 30 dni)
m Mduze se splachy dostavat do povrchové vody - vysoce toxicky pro vodni hmyz




Expozice vodnich organismu

& expozice ve vodnim prostredi — jakakoli chemikalie, ktera
se dostane do vodniho prostfedi z odpadnich vod nebo
splachu, muze vést k dlouhodobé trvajici
multigeneracni expozici akvatickych
organismu

G latky, které kontinualné vstupuji do vodniho
prostredi, se v podstate stavaji ,persistentnimi”
polutanty i pokud jsou jejich poloCasy zivota relativhé
kratké — jejich zasoba je kontinualné doplfiovana
=> pseudo-persistentni latky

hitps://www.youtube.com/watch?v=0wBWaVyzr2Q (18 min)




Expozice mnoha xenobiotikiim ve stopovych
mnozstvich pod znamou hladinou ucinku (NOEC)

Potencialni ekotoxikologicka vyznamnost

» Potencialni aditivni u€inky fady latek pusobicich stejnym mechanismem.
Kombinaci koncentraci individualnich latek je prekro€ena hladina pro ucinek.

» Mozné interakce pusobeni, zejména synergismus, kde kombinovany ucinek
prekracuje sumu ucinku individualnich latek.

» Hormese — ucCinky pod domnélou NOEC.

Paradoxni kfivky davka-odpovéd tvaru ,U".
— protektivni u€inek podprahovych koncentraci zptsobeny aktivaci obrannych
mechanismu

» toxickou latkou indukovana ztrata tolerance
* nedostatek znalosti o toxickych ucincich ultra-stopovych koncentraci

» nedostatek znalosti o uc€incich Iékli na necilové receptory (organismy) —
biochemické mechanismy studovany zejména pro terapeuticky ucinek

* rozdilna citlivost organismu



Hodnoceni nebezpecnosti

smeérnice EPMA (European Medicines Agency) z roku 2006

- faze |l - odhad PEC (predicted environmental concentration) v povrchové vodeé

— udaje o zastoupeni latky na trhu, maximalni terapeuticka davka na osobu,
mnozstvi odpadni vody na osobu, fedici faktor apod.

— pokud PEC <10 ng.L"" latka povazovana za malo rizikovou

— pokud K, (rozdélovaci koeficient oktanol - voda) > 4,5 - screening na PBTs

« faze ll - pokud PEC > 10 ng.L""

— test biodegradability - sorpce na aktivovaném kalu, ur€eni Ky,
transformacni test v systému voda - sediment

— ovlivnéni aktivovaného kalu - inhibiéni respirac¢ni test

— test na Daphnia magna a rasovy test - uréeni PNEC (predicted no-effect
concentration)

— pokud PEC/PNEC < 1 - latka malo rizikova, pokud PEC/PNEC > 1 - latka
povazovana za rizikovou



Hodnoceni nebezpecnosti

Latky s prokazanym toxickym ucéinkem v koncentracich pod 10 nq.L""

Compound Effect LOEC Organism
Effects below 10 ng/L
Estradiol Feminisation 4ng/L Pimephales promelas
17-a-Ethinylestradiol EE2 (estrogen) Complete feminisation 4ng/L Rutilus rutilus
10ng/L Marisa cornuarietis
Fecundity, fertility 10ng/L Oryzias latipes
Feminisation S5ng/L Tilapia
4ng/L Rutilus rutilus
Vitellogenin induction 2ng/L Danio rerio
ECs0:3.7 ng/L Salmo trutta
1ng/L Pimephales promelas
Increase in egg production 1ng/L Potamopyrgus antipodarums
Equilenin (estrogen) Vitellogenin induction 42 ng/L Oncorhynchus mykiss
17-Beta-dihydroequilenin (estrogen) Vitellogenin induction 0.6ng/L Oncorhynchus mykiss
Trenbolone acetate (androgen) Sex reversal, all male fish 9.7 ng/L Danio rerio
Levonorgestrel (gestagen, progestin) Reproductive success 0.8 ng/L Pimephales promelas



Hodnoceni nebezpecnosti

Latky s prokazanym toxickym uéinkem v koncentracich nad 10 ng.L"

Compound Effect LOEC Organism

Effects at 10-100 ng/L

17-Methyltestosterone (androgen) Sex reversal 100 ng/L Pimephales promelas
Sex-reversal, but temperature 10ng/L Carassius carassius
dependent
Imposex 100 ng/L Marisa cornuarietis
Spermatogenesis 100 ng/L Marisa cornuarietis

Clotrimazole (fungicide) Inhibition of algal 17 ng/L Mixed algal population
14a-demethylases

Effects at concentrations >100 ng/L

Flutamide (antiandrogen) Effects on spermatogenesis 10 pg/L Poecilia reticulate
Courtship behaviour, nest building 100 pg/L Gasterosteus aculeatus

Sertraline (selective serotonin Reproduction 9 pg/L Ceriodaphnia dubia

reuptake inhibitor)
Fluoxetine (selective serotonin Alteration of fecundity 56 pg/L Ceriodaphnia dubia
reuptake inhibitor)

Stimulation of reproduction 36 pg/L Ceriodaphnia dubia
Developmental abnormalities 0.1-5 pg/L Oryzias latipes
Increased female estradiol level 0.1 pg/L Oryzias latipes
Longer half life than predicted 0.64 pg/L Oryzias latipes

from mammalian data



Hodnoceni nebezpecnosti

Latky s prokazanym toxickym ucinkem v koncentracich nad 100 nq.L"!

Compound Effect LOEC Organism

Fadrazole (aromatase inhibitor) Reduction in fecundity 2 pg/L Pimephales promelas

Carbamazepine (anti-epileptic) Reproduction 25 pg/L Ceriodaphnia dubia

Clofibric acid Reproduction 10 pg/L Daphnia magna

(anti-hyperlipoproteinemic)

Diazepam (anxiolytic) Regeneration 10 pg/L Hydra vulgaris

Amlodipine (Ca-channel blocker) Regeneration 10 pg/L Hydra vulgaris

Digoxin (digitalis medicine) Regeneration 10pg/L Hydra vulgaris

Propranolol ( B-blocker) Reproduction 0.5 pg/L Oryzias latipes
Elevated estradiol/testosterone 1pg/L Oryzias latipes
levels in males

Levofloxacin (antibacterial agent) Growth inhibition EC(10): 13 pg/L Plant (duckweed)

Lomefloxacin (antibacterial agent) Growth inhibition EC(10): 8 ng/L Plant (duckweed)

Ofloxacin (antibacterial agent) Growth inhibition 5pg/L Cyanobacteria

Sulfamethoxazole (antibacterial agent) Growth inhibition 5,9ng/L Cyanobacteria

EC(10): 11 pg/L Plant (duckweed)

Triclosan (antibacterial agent) Altered development 0.15 pg/L Xenopus laevis




Hodnoceni nebezpecnosti

Odhad vysoce rizikovych latek (i¢innost pod 10 nqg.L-') na zakladé MOA
(mode of action) konceptu

* krok | - uréeni mechanismu ucinku
— z dokumentace o registraci Ié€iva - povinné toxikologické testy

— latky s malo specifickym mechanismem obvykle malo nebezpecéné
— nutna znalost konkrétniho receptoru

* krok Il - uréeni stupné podobnosti mezi lidskym receptorem a prislusnym
receptorem v cilovém organismu

— latky interaguijici s receptory s vysokym stupném homologie a vysokou
ucinnosti nebezpeéné

— dulezita je zejména homologie vazebného mista
« krok lll - uréeni vyznamu receptorem regulovaného biochemického procesu

— déleni a proliferace bunky

— TFizeni vyvoje organismu, hormonalni ¢innosti, rozmnozovani, ovlivnéni imunity a
nervové €innosti

— u rostlin vliv na fotosyntézu



Predicted environmental concentration <10 ngiL.:

|

Mode of action | UNSReCiNC o o be FC

l specific

HC = high concern
Specific interaction with human target (receptor or enzyme); TR s 12
Consideration and use of mammalian toxicologicel data = rizikova latka

1

Homology between humen and | 19, MoiTiskto be HC
fishfinvertebrate receptor or enzyme

high 1 unknown

Receptors/ienzymes requlating:
reproduction, development, cell
proliferation, cell signaling,
nervous/endocrinefimmune
system and key processes in
hormone biosynthesis,

Receptorsfen es requlating:
" metggglismg " _no’ low risk to be HC

photosynthesis
further data needed
high risk to be HC for risk assessment




Latky s vysokym rizikem plsobit v koncentracich pod 10 ng.L-"

Compound Mode of action concept

Ethinylestradiol (EE2) 1. Mode of action: specific binding to estrogen receptor
2. Homology®: 48-93%> high
3. Receptor function: reproduction > regulates important pathways for
fertility and reproduction

Equilenin 1. Mode of action: specific binding to estrogen receptor
2. Homology: 48-93%> high
3. Receptor function: reproduction > regulates important pathways for
fertility and reproduction

Levonorgestrel 1. Mode of action: specific binding to estrogen and progesterone recepts
2. Homology: 48-93%> high
3. Receptor function: reproduction > regulates important pathways for
fertility and reproduction

Tamoxifen 1. Mode of action: specific binding to estrogen receptor
2. Homology: 48-93%> high
3. Receptor function: reproduction > regulates important signalling
pathways for fertility and reproduction

Trenbolone 1. Mode of action: specific binding to androgen receptor
2. Homology: 61-88%> high
3. Receptor function: reproduction > regulates important signalling
pathways for fertility and reproduction



Latky s nizkym rizikem puisobit v koncentracich pod 10 nqg.L"

Propranelol 1. Mode of action: specific binding to adrenoreceptor
2. Homology: 50-73%> high
3. Receptor function: effects on heart rate, cardiac output, blood pressure,
muscle relaxation > regulated pathways minor important

Fluoxetine 1. Mode of action: selective inhibitors of serotonin reuptake
2. Homology: 73-77%> high
3. Receptor function: effects at CNS, effects on behaviour > regulation of
important pathways

Paracetamol 1. Mode of action: specific inhibition of Cox-enzymes
2. Homology: 69-76%> high
3. Receptor function: effects on muscles, neurons, platelets and cell
growth > pathways of minor importance

Diclofenac 1. Mode of action: specific inhibition of Cox-enzymes
2. Homology: 69-76%> high
3. Receptor function: effects on muscles, neurons, platelets and cell
growth > pathways of minor importance

Diazepam 1. Mode of action: specific binding to GABA receptors
2. Homology: 71-90%> high
3. Receptor function: effects on neuronal activity, sedative properties,
muscle relaxant, anticonvulsant > functions may be of importance
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