Nové typy polutantu ve
vodnich ekosystémech




Universe @i Chemicals in {ie Emvirennem

Sources: Industry, Agriculture, Household Maintenance, PPCPs

Anitliropogeri/ic polluiarnts

<€— spectrum of chemical classes, structures anc

SAMPLE
water, air, extract

2740dc02-figure 1

For more discussion, see:
http://epa.gov/nerlesd1/chemistry/pharmal/critical.htm



Compleity off
Envirenmental Chemical Analysis

Anthropogernic politiants

<«— spectrum of chemical classes, structures and

SAMPLE
water, air, extract

Extraction (if using chromatography)

or Sample preparation/clean-up
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Separation (physical or signal)
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C.G. Daughton
TICs = tentatively identified compounds U.S. EPA July 2002
2740dc02-figure 2
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Prevalence/Distribution of Xenobiotic Occurrence

Few distinct chemicals at
higher concentrations

A

Concentration (log)

Many distinct
chemicals at lower
concentrations

CEDMIm

Types of distinct chemicals (log) A9




Kategorie polutantd vyskytujicich se ve vodach

Kyseliny a zasady

Anionty (napf. sulfidy, sulfaty, kyanidy)

Detergenty

Splasky a zemédélska hnojiva

Polycyklické aromatické uhlovodiky a jejich derivaty
Plyny (napf. chlor, amoniak)

Organochlorované latky

Kovy (napf. Cd, Zn, Pb, HQ)

Ziviny (zejména fosfaty a dusiénany)

Oleje a olejove disperzanty

Organické toxické odpady (napr. formaldehyd, fenoly)
Pesticidy

Farmaka, nové typy polutant

Radionuklidy

Patogeny




Zdroje znediSténi vodnich ekosystémi

1. mestské (splaskové)
2. pramyslové (+ odpadni vody ze zemédeélskych zavodQ);

> hnilobné

> toxicke

» s anorganickymi kaly

> s tuky, oleji a ropnymi latkami
> oteplené

> radioaktivni

> s patogennimi mikroby

> kyselé diIni vody



Farmaceutika a latky
z kosmetickych produktu
jako polutanty ve vodnich
ekosystemech

PPCPs — Pharmaceuticals and
Personal Care Products



o Co jsou PPCPs? PBsEs s

G latky pouzivané pro osobni zdravi nebo kosmetické Ucely a latky
pouzivané v zemédélstvi pro zlepSeni rlstu a zdravi hospodarskych zvirat

Ltisice rdznych chemickych latek

“ mnoho z nich ma vysokou biologickou aktivitu

& neexistuiji limity pro PPCPs ve vodnim prostredi

& regulované polutanty predstavuji jen velmi malou frakci z velkého mnozZstvi
chemickych stresoru, kterym jsou vodni organismy bézné a kontinualné
vystaveny

lfl 0\\5”;){)‘ 1. T s o -
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»humanni a veterinarni léCiva
»diagnostické latky (napf. kontrastni latky pro vySetfeni) o
»potravinove doplnky (napf. vitaminy)

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

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

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

OH



Hlavni skupiny PPCPs a jejich pouziti

Ve

Compound group/class

Compound

Pharmaceuticals
Veterinary & human
antibiotics
Analgesics & anti-
inflammatory
drugs

Psychiatric drugs
Lipid regulators
[F-Blockers

X-ray contrasts
Steroids & hormones

Personal care products
Fragrances

Sun-screen agents
Insect repellents

Antiseptics

Trimethoprim, erytromycine, lincomycin,
sulfamethaxole, chloramphenicol, amoxycillin
Ibuproten, diclofenac, fenoprofen,
acetaminophen, naproxen, acetylsalicylic acid,
fluoxetine, ketoprofen, indometacine,
paracetamol

Diazepam, carbamazepine, primidone,
salbutamol

Clofibric acid, bezafibrate, fenofibric acid,
etofibrate, gemiibrozil

Metoprolol, propranolol, timolol, sotalol,
atenolol

lopromide, 1opamidol, diatrizoate

Estradiol, estrone, estriol, diethylstilbestrol
(DES)

Nitro, polveyelic and macrocyclic musks;
phthalates

Benzophenone, methylbenzylidene camphor
N N-diethyltoluamide

Triclosan, chlorophene




PPCPs - fairrrziiel

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

o veterinarni farmaka — ochrana zdravi zvirat, IéCba, ovlivnéni
reprodukcnich procesu a produkce (napf. rlistové doplriky)

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

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




Roc€ni spotreba nékterych skupin predepisovanych lécCiv
v riznych zemich

Compounds Gemmany Germamy Germany Aunstria Denmark Australia England Italy
19002 20002 20012 1997 1997¢ 19034 20002 2001f

Switzerland
2004z

Analgesics, antipyretics and anti-inflanmmatory
Acetylsalicylic acid Q0227 (1) 862,60 (1) 23626 (1) 78431 0.21 (7 040
Salicylic acid 80.70 (12) 76.98 (17) T1ET(1T) YRy
Paracetamol 654.42(1) 641.86 (2) 62165 (1) 3508 (1) 0.24 (6) 3909 (1)
Naproxen 4.63(16) 350701
Tbuprofen 2508 (3 34489 (5) 6.7 (13) 0.03 (19 162.2(3) 1.5(15)
Diclofenac 817 (14 2580 (14) 6.14 (13) 26.12 (14)
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pB-Blocker
Atenolol JROR (1 2207 ()
Metoprolol 67.66 (18) 79.15 (16) 8297(11) 24400
Antilipidemic
Gemfibrazol 20010)
Bezafibrate 447017 T.60 ()
Meuroactive
Carbamazepine 86.92 (13) 8771013 2760 (12) £.33 (14 Q97 (18) 4035 (8)
Diazepam 0.21(8)
Antiacidic
Fanitidine 8341 (13 020012 2381(13) 33703
Cimetidine

10 26.67 (3)

6.32(
565011

Lid Lad

Diuretics
Furosemide 31744 6.40 (19)

Sympatomimetika
Terbutalm 0.46 (3)
Salbutamol 017 (%

Various
Metfornun 368.01 (4) 433.46 (4) 31691 (3) 26.38(3)
Estradiol 0.12 (13}
Iopromude 64,93 (19 63.26 (19 64.06 (19)
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For every country a top 20 sold-list is taken into account. Data m bracket represent the position in the ranking list within a country. Data are in t/year.



Spotieba nekterych farmak a jejich vylu€ovani

Némecko . _ _ Estmated presceiption amoonis in
Pharmacokinencal excretion rate in % 95N Lons per vt
Unchanged dirag Glucuronides}
Bezatibraled 5l - 13 o i
Clofibric acid iclofibeae, i
etofibrate. etophyllinclofibrate) f > 1)
Fenofibric acid (lfenofbrate) 1 + 4+ 4 i%
Cremfibrozil¥ ] [-
Drclolenc| 13 = T4
[Baproden I-& 14 13
Inclomeiucine [0 ) i f
Meroprolal -0 af
Fropranclol < . .
Carbamanepne® -2 : #il
b small percentage, + + + - mapor perceniage,
World s K Denmark

Consumption of  E, 1700 0.7"

pharmaceuticals  EE, 528° g8° 26 1.5"

Endogenouns 54504 kg 2575 kg 53l kg 45 ke

excretion of E.,
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PPCPs— ofioraviy denni spoifeny

* vétSinou nemaji zadnou biochemickou aktivitu (kromé potravinovych
doplrika)

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

« vétSina latek pouzivana jako aktivni slozky nebo konzervacni latky
v kosmetice, toaletnich potfebach nebo vlunich

* mohou slouzit jako prevence onemocnéni (napr. latky v opalovacich
krémech)

PCPs vyrobené v Némecku (1993)

Froduct category Tons produced

Bath additives 162,300

4 shampacs, hair tonic 103,80
AV Skin care products 75,500
< l{;);jﬁ'\ﬁ Hair sprays, setting lotiors, hair dyes 71,000
& , Cral hiygiene products (3,300
3 B | Soaps 62,600

MG B RN 5N screens 790
] Farfumes, aftershaves B, B0

Total 258,100




Zdroje PPCPs v prostredi

L emise z vyroby, prepravy, skladovani (minimaini)
G lidska aktivita (koupani, holeni, plavani aj.)

& nespravna likvidace 1éCiv (bezprostfedni odstranéni nadbytecnych
|ékU z domacnosti)

& exkrece po aplikaci [&Civ u lidi a zvifat (vylu€ovani mocéi a vykaly)
& pouzivani veterinarnich 1éciv (predevsim antibiotika a steroidy)
&, zemédélstvi

G rezidua z nemochic

Y nezakonné drogy




Osud PPCPs v prostredi

- = t - -
Sz Orjgins and Fate of PPCPs in the Environment
‘Pharmaceuticals and Personal Care Products o, | U.S.Environmental Protection Agency
=z 5 | Office of Research and Development
H & | National Exposure Research Laboratory
1‘% ‘\6: Environmental Sciences Division
2 prote Environmental Chemistry Branch

Legend

=

* Usage by individuals (1a) and pets (1b):
Metabolic excretion (unmetabolized
parent drug. parent-drug conjugates, and
bioactive metabelites); sweat and vomitus.
Excretion exacerbated by disease and slow-dissolving
medications

* Dispozal of unused/outdated medication to sewage systems
» Underground leakage from sewage system mfrastructure

» Disposal of enthanized/medicated animal carcasses serving as food for scavengers (1c)
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» Disposal to landfills via domestic refuse,
medical wastes, and other hazardous wastes
* Leaching from defective (poorly engineered) landfills and cemeteries
» Release of treated/untreated hospital wastes to domestic sewage systems

[wei_ghtgd toward acptel}' toxic drugs @d d:iagm}.st.ic agents, as oppe sed to long-term * 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 melecular pharming (production of therapeutics in crops)
* Release to private septic/leach fields (3a) ] o [E - Release of drugs that serve double duty as pest control agents:
» Treated effluent from domestic sewage treatment plants discharged to surface waters, re-injected examples: 4-aminopyridine, experimental multiple sclerosis drug —» used as avicide:
info aquifers (recharge), recycled/reused (irrigation or domemt.‘ uses) ‘;Sb:' warfarin, anticoagulant —* rat poison; azacholesterel, antilipidemics —* avian/rodent repro-
* Overflow of natreated sewage from storm events and system failures directly to surface waters (3k) ductive inhibitors: certain antibiotics = used for orchard pathogens: acetaminophen,

. . . . . analgesic —*brown tree snake control; caffeine, stimulant = cogqui 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) Ultimate environmental transport/fate:
* Release from aglculMe: spray d“fﬁ from tree crops (e.g., antibiotics) ] . ) » most PPCPs eventually transported from terrestrial domain to aqueous domain
* Dung from medicated domestic animals (e.g., feed) - CAFOs (confined animal feeding operations) « phototransformation (both direct and indirect reactions via UV light)

» physicochemical alteration. degradation. and ultimate mineralization
= volatilization (mainly certain anesthetics, fragrances)
= some uptake by plants

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

. D?scharge ofregulared.-'conh'oll_ed industrial manyf?c_turmg waste streams = respirable particulates containing sorbed drugs (e.z.. medicated-feed dusts)
* Disposal/telease from clandestine drug labs and dllicit drug usage
Chnstian & Daughton, T7.5 EPA-Las Vegas March 2006 hitpepa. sov/nerlesd 1/ chemismy pharma imazes drawing pdf

(origmal Febraary 2001} from: hp:/epa govnerlesdl/chemistry/pharma/
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Vyskyt PPCPs v prostredi

& PPCPs oznacovany jako ,emerging pollutants”

& patfi mezi vyznamné slouceniny znedistujici nékteré slozky zZivotniho
prostredi

& dostavaji se zejména do vodniho ekosystému

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

Nejvice sledované skupiny lécCiv:

. yd v " yé ”

. — analgetika a protizanetlive latky, antibiotika, oralni
kontraceptiva, cytostatika, antiepileptika, betablokatory, hypolipidemika,
RTG-kontrastni média, hormony a rizné slouceniny a metabolity

. — antibiotika, antiektoparazitika, desinficiencia



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
their bioactive metabolites)

Musks (synthetic)

X—l'El_'}T 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, fluorogquinolones
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 hormont v environmentalnich vzorcich

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

Dirirking water

(Germany ) Phenazone drugs <5000

(Germmany Matural and synthetic estrogens =i ]-2.1

(Germany ) Clofibric acid <5170

(LK) Synthetic estrogens/progastogens =|-10

Ciround water

(Germmany ) &0 pharmaceutical=s LLE— 1100

(Germany 15 antibintics = 20470

(Germany 12 pharmaceutical= n.d.—7 300

River water

(Germany 15 antibintics = 20500

(Germany 32 drgs < 10— 100

(Germany ) Matural and synthetic estrogens <AL 1-5.1

(LB Matural @nd synthetic estrogens <A02-17

(LK Synthetic estrogens/progastogens 217

(Spain} Estrogens and progestogens 0.2-71.1

(US4 Antibictics [4—100

(LS4 Prescrition drugs T=260

(LS4 Monprescrition drugs O-80

(LS4 Steroids and hormones 52000

(Canadaj Steroids 267

darineestuanine water

(Morth Sea) Meutral/acidic phamacenticals <0156

Solid samples

River sediment (SGermany) Matural and synthetic estrogens <02-1.5

River sediment (5pain Estrogens and progestogens 005225

Marine sadiment (Washington, USA) Antibacterial drugs 0217 pefe

Fertilized soil (Germany) Antibictics (TCs and rylosing 0. 1-4 wgfo

Acctivabed and digested slud ge (Gemmary ) Matural and synthetic estrogens =249

Activated =slud ge (Tsracl) Estrogen 195l

Biota

Rainbow trout bile (Sweden) Matural and synthetic estrogens <0 1-2.5pe'e

Red rock crab meat (Washington, USAG Antibacterial drags <0 1-3.8 pe'e

Mluzsel (Canada) Coprosanol 12252




PPCPs v pitné vodé

TABLE 2. Dccurrence and Concentrations of PPCPs in Raw Drnkisg Water

maan total literature
MDL detected range I ER valuas
analyte il OCCUITeNcos sl il sl mfL
dimeathyl phthalate 0.039 513 0326 0.092-0.724 0.142
diathyl phthalate 0.49 213 1.20 0.299—1.49 0,184 0.16—0.2
dibutyl phthalate 1.36 413 5,00 1.44—-8.234 1.54 012-&8
butyl benzyl phthalate 0.032 213 0622 0.053—-1.19 0.096 2.95
DEHP 1.76 213 4.3 2.67-5.94 (.66 7
hydrocinnamic acid 4,95 213 10.12 4.99-203 2.33
banzophenone 0.26 213 0.511 0.36—0.79 012 0.13
octyl methoxy cinnamate 0.z2e 213 2.09 0.56—-5.51 0.47
clofibrata 0,055 213 .52 0.26—0.90 0.09
clofibric acid 0.12 113 0.63 0,08 O0E—017
ibuprofan 0.28 113 585 0.45 0.07-0.2
Ibuprofan meathyl estar 0.1 113 g.22 0.71
triclosan 0.125 113 0,734 0.056 0.14
surfynol 0,096 413 0815 0.326-0.218 0152
BHA 0.07 213 250 2.49-3.52 0.54 0.1
DEET 0.022 113 0131 0.010 0.002-0.268

TABLE 3. Dccurrence and Concentrations of PPCPs in Finished

Drinking Water wa  ®Jina studie - v pitné vodé detekovan

mean range mean . . . P
anaiyte oe. gl pgl el diklofenak, kyselina klofibrova,
dimethyl phthalate 115 054 004
diethyl phthalate 118 2.47 016 pro pyfenazon
dibutyl phthalata 11 272 De
butyl benzyl phthalate BAE 0552 00BE—0911 0.184
DEHP 218 256 243-268 034
hydrocinnamic acid 3NEs 100 497-20.1 2.0
benzophenone 118 0.26 .02
octyl methoxy cinnamata 115 045 0.0z
clofibrate MO
clofibric acid MND
ibuprofen 218 092 051-135 012
ibuprofen methyl ester 118 4.95 0.33
triclosan AB 0.734 0.045
surfynol A 0,161 012-0.24  0.042
EHA 115 3.45 023
DEET MO

" MD = not detected.




PPCPs v povrchovych vodach

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

 detekovano 82 z 95 stanovovanych kontaminantu (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 dezinfek¢ni prostredek), tri(2-chlorethyl)fosfat
(retardanty hofeni), 4-nonylfenol (metabolit detergentu)
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PPCPs v povrchovych vodach

Frekvence detekce
kontaminantUt rozdélenych
dle pouziti (A)

a jejich procentualni podil
na celkové namérené
koncentraci (B).

1|:||:| T T T T T T I _!
4 A i
— . ] .
8 80 - 1 1
5§ | 5 '
F 3
= [ 7
| 2
2 ol -
l‘g L 22
5 NI
g 0r 7
c | 14 5
g r 2
IE-E-I}-

Total Concentration ()
B3
L



PPCPs v povrchovych a odpadnich vodach

« rozsahla studie zaméfena na COV (v USA)

« 78 ze 110 stanovovanych latek nalezeno alespon v jednom vzorku

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

* pt. detekovanych latek: dezinfekCni prostfedky (triclosan), antibiotika
(sulfamethoxazol), mosSusove latky (tonalid), antihistaminika
(difenhydramin), antiepileptika (karbamazepin)

Sampling Locations - 2002

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




PPCPs v povrchovych a odpadnich vodach

Zavery studie:

»>farmaka a dal$i chemikalie z odpadnich vod projdou pfes COV,
mira jejich odstranéni zavisi na Cistirenské technologii

»nedostateCné Cisténi 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 ruznou rychlosti
pro ruzné latky

Frekvence detekce skupin
latek klasifikovanych podle
pouziti
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Uginky PPCPs v zivotnim prostiedi
»PPCPs mohou stejné jako ostatni chemické latky predstavovat riziko pro
zivotni prostredi

»pusobeni farmak prostrednictvim bunéénych receptoru jiz pfi nizkych
koncentracich — nepfriznivé ucinky pfi interakci s necilovymi receptory

>V ekotoxikologii stanovovany predevsim akutni efekty PPCPs

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

»>dveé skupiny farmak, kterym byla vénovana nejvétsSi 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 subsplcatus a Lemna minor

S ] 114
TS 5.8 114
e T3 = 324

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

Compound ToxAlert 100° Microtoy "
EC., TUs EC., TUs
(pg/ml) (pg/ml)
salicylic acid 43.1 23 —~ —~
Ketoproten 1 5.6 6.4 19.3 5.2
Maproxen 21.2 4.7 35.6 2.8
Diclofenac—Na 13.5 7.4 13.7 7.3
[buprofen 1 2.1 8.2 19. 1 5.2
Gemfibrozil | 8.8 53 3l.5 3.2




Uéinky lééiv ve vodnich ekosystémech

Farmaka jsou designovana tak, aby méla urcitou biologickou aktivitu.
Je znamo velmi malo o ucincich léCiv ve vodnim prostredi.

Uginky farmak a jejich metabolitil jsou v podstaté stejné jako udinky dal$ich
xenobiotik v prostredi napf:
» UCinky proti bakteriim, houbam, vy§Sim organismim
> inhibice enzymu
» vliv na signalni drahy endogennich latek
» poruseni funkce membran a redoxniho potencialu
» endokrinni disrupce Lj
> teratogennni, karcinogenni a embryotoxické udinky |
|

1 vl
» nespecifické u€inky — nepolarni narkdza | \
» dalSi

|



Uéinky nékterych PPCPs

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

U steroidni farmaka — endokrinni disrupce (viz. prednaska ED)
& antidepresiva — vliv na reprodukéni schopnosti a chovani korys

& blokatory vapnikovych kanall — inhibice aktivity spermii u nékterych
vodnich organismu

U antiepileptika — neurodegenerace zpUsobena apoptézou pfi vyvoji mozku
& moSusové latky - bioakumulace a perzistence, nékteré velmi toxické

U genotoxicka léciva (pouziti predevsim v nemocnicich)




Uéinky nékterych PPCPs

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

U moSusové latky - bioakumulace a perzistence, nékteré velmi toxické

& ibuprofen — ovlivnéni Zivotaschopnosti a produkce VTG u ryb, reprodukce
pfi chronickém pusobeni u ryb

% paracetamol
«chronické ucinky na vodni organismy uz v koncentracich,
nalézanych v povrchovych vodach
svyvolava oxidativni stres

v v s

koncentrace v povrchovych vodach v jednotkach pg/l, nizka
ucinnost odstranovani, bioakumulace ve tkanich, ucinky u ryb uz od
koncentrace 1 ug/l, poskozeni funkce zZaber a ledvin, vliv na krvetvorbu



PPCPs — endokrinni disrupce

Potential endocrine disrupting

ﬁ pharmaceuticals ﬁ
Steroidal pharmceutical ﬂ, Nonsteroidal
substances pharmaceutical
Personal care products substances
Estrogens -
e 17 B estradiol Disinfectants Agents used on blood and
s estrone c ) blood forming organs
e 17 a ethynylestradiol Conservation agents e acetylsalicylic acid
. entoxyfylline
Progestogens: Fragrances P i
e norenthindrone *  muskxylol Agents for treatment of heart
* progesterone * ““l‘s"‘ "lf?jt“"e and circulatory diseases
_ * geaxoice « clofibric acid
Estrogen antagonists * tonalide
e tamoxifen * celesiolide Dermatological drugs
* hydrocotisone
Androgens and glucocorticoids UV screens v
s testosterone *  benzophenone-3 Antibiotics
» beclometazone * Eomﬁ;aLa;e i s penicillin
« hydrocortisone el i el amoxicylli
camph * cyiin
pnor ' « tetracyclines
Phytoestrogens + octyl-methoxycinnamte

™ Sequiterpenes . OCWI‘d|meth }rl‘pABA

« phytosterols

Veterinary growth hormones
{growth promoters for meat-producing
animals)

+ zeranol

« trenbolone acetate

« melenogestrol acetate

Analgesics

e paracetamol

Anti-inflamatorics

e ibuprofen
- naproxen
« diclofenac

Agent used in treatment of
allergy and asthma

s budenoside

Anti-depresants
s fluoxetine

s citalopram




COV a endokrinni disrupce

- klece s pstruhy umistény v Fece pod vypusti COV a dale po toku
(do vzdalenosti 14 km)

* sledovana hladina vitelogeninu u samcu

. koncentracve VTG vyznamné zvySena jeSte ve vzdalenosti 4,5 km
za vypusti COV

107 4

Mean plasma vitellogenin / ng per ml

21 22 23 24 25 26 27 28 29 FC LC
0.003 03 0.9 1.6 4.5 6.9 8.8 13.2 144

Site No
Distance downstream from effluent / Km

’T r"gDO um



Expozice vodnich organismii

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

G latky, které kontinualné vstupuji do vodniho
prostredi, se v podstaté stavaji ,persistentnimi®
polutanty i pokud jsou jejich poloCasy zivota relativne
kratké — jejich zasoba je kontinualné dopliovana
> latky



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

Potencialni ekotoxikologicka vyznamnost

» Potencialni aditivni uCinky fady latek pusobicich stejnym
mechanismem. Kombinaci koncentraci individualnich
latek je prekroCena hladina pro ucinek.

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

» Hormese — ucCinky pod domnélou NOEC.
Paradoxni krivky davka-odpoved tvaru ,U".
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