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OSNOVNI PARAMETRI KVALITETA VODE ZA REKREACIJU

* pH (6,5-8,5)
« Mutnoca
 Salinitet

* Temperatura

« Sadrzaj rastvorenog kiseonika
(80%)

« Sadrzaj organskih materija

« OrganoleptiCke karakteristike —
indikatori pojave zagadenja

Zagadujuce
materije

Prirodne zone za
rekreaciju

Bazenske vode

Prirodni izvori
zagadenja

Antropogeni
izvori (otpadne
vode)

Sirova voda za

punjenje bazena

Uticaj korisnika

Dezinfekcija
vode




PRIRODNE | HEMIJSKE

SUPSTANCE U PRIRODNIM » Prioritetne supstance i supstance na listi prac¢enja
Z/ONAMA ZA REKREACIJU (2013/39/EV)

« Emergentne supstance — CECs

Organski mikropolutanti:

Humins
ke

Interna (autohtona) o

[ Domacinstva J[ Bolnice J [ Industrija ]
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Sistem odvodenja komunalnih otpadnih voda J
WWTP ]:>[ Zemljiste ]

- Farmaceutici i sastojci
proizvoda za licnu negu (PPCP)

Prirodne
organske
materije

kiseline

Ugljeni
hidrati

AlZliy

- MikroplﬁaétikaA

- Cijanotoksini

- Endokrini disruptori
- PEAS - Industrijske hemikalije




HEMIJSKE SUPSTANCE u prirodnim

zonama za rekreaciju

poljoprivredi

« Mikro- i nanoplastika

 Farmaceutska sredstva

« antibiotici, analgetici i antiinflamatorni
lekovi, B-blokatori i regulatori masnoce

« Sredstva za licnu higijenu

« Hemikalije koje se primenjuju u industriji |

 Pesticidi, PAHSs, plastifikatori, PCB,
polihlorovani dibenzo-p-dioksini/furani,
perfluorovana jedinjenja (PFAS)

Watch list of substances for Union-wide monitoring as set out in
Article 8b of Directive 2008/105/EC (DECISION (EU) 2020/1161)

Metaflumizon
Amoksicilin
Ciprofloksacin
Trimetoprim

Venlafaksin and O-
desmetilvenlafaksin

Dimoksistrobin

Famoksadon

Klotrimazol
Flukonazol
Mikonazol
Imazalil
Ipkonazol
Metkonazol
Penkonazol
Prohloraz
Tebukonazol
Tetrakonazol

NORMAN List of Emerging Substances

Algal toxins

Biocide tranformation products

Biocides

Bio-terrorism / Sabotage agenis

Disinfection by-products (drinking water)

Disinfection by-products (drinking water) / biocides
Disinfection by-products (drinking water) / Flame retardants
Drugs of abuse

Flame retardants

Food additives

Gasoline additives

Industrial chemicals

Industrial chemicals / Biocides

Industrial chemicals / Flame retardants

Lubricants / Flame retardants

Moth repellent / Antimicrobial agent

Other

Perfluoroalkylated substances and their transformation products
Personal care products

Personal care products

Personal care products / Biocides
Personal care products / Food additives
Pharmaceuticals

Plant protection products

Plant protection products / Biocides
Plant protection products/Biocides
Plasticisers

Plasticisers / Flame retardants
Surfactants

Trace metals and their compounds




Substance/group

CAS Number Use PNEC Matrix
Name
Azoxystrobin 131860-33-8 Fungicide used as | 0.2 pg/l{!) Water
PPP and biocide
Clindamycin 18323-44-9 Human medicine 0.044 pg/l(?) Water
Antibiotic
(lincosamides)
Diflufenican 83164-33-4 Herbicide used as | 0.01 pg/l(%) Water
PPP
Fipronil 120068-37-3 Insecticide 0.00077 pg/l(*) Water
Biocidal and
veterinary uses
Metformin and its | 657-24-9 and | Pharmaceutical 156 pg/l(") Water
transformation 141-83-3 Type 2 diabetes | 100)
product
treatment
guanylurea
Ofloxacin 82419-36-1 Human medicine 0.026 pg/l(®) Water
Antibiotic
(fluoroquinolones)
Sunscreen agents | 70356-09-1 UV filters 3 pg/l(*) Water
(avobenzone)
6197-30-4 0.266 pg/l()
(octocrylene)
131-57-7 0.67 pg/l()
(oxybenzone)
Cefalexin 15686-71-2 Human medicine 0.08 pg/I(®) Water
Antibiotic
(cephalosparins)
Free cyanide 57-12-5 (CN-); 74~ | Industrial and | 0.26 pa/l(”) Water
90-8 (HCN) biocide

Kandidati za 4. “Watch list” (JRC Technical Report, 2022)

List of the most suitable WL candidate substances, fulfilling the selection
criteria, modified following comments from MS and Stakeholder groups
(after the WG Chemicals meetings held on 10th February and 4th May
2022, and the SCG meeting on 17th May 2022). In bold, the seven
substances finally identified for inclusion in the 4th Watch List. The table
shows for candidate substances the group/class, CAS number, use,
PNEC value and matrix (environmental compartment). PPP: Plant
Protection Product.



PPCPu bazenskim vodama

PPCP Konc. (ng/l) PPCP Konc. (ng/l)

Benzofenon-1 <0.1-1.2 Spanija Nd-96 Kina
Nd-4.0 Kina Ibuprofen 16.1-197 Italija
Benzofenon-3 <0.1-15.17 Spanija 16-83 Australija
Nd-134 Kina <1.39-171.25  Spanija
1.86-1178.9 Poljska Ketoprofen 12.6-127 Italija
Benzofenon-8 <0.3-21.6 Spanija <0.55-360.05  Spanija
49.9-226.9 Poljska Kafein ~500 UsS
4-hidroksibenzofenon Nd-81.5 Kina 20-1540 Australija
Propil paraben Nd-266 Kina :
lzopropil paraben Nd-440 Kina Mgt N
Butil paraben Nd-49.2 Kina <0.69-13.64 Ii’oljska
Metil paraben 0.16-872 Kina Karbamazepin <0.01-1.42 Spanija
Etil paraben Nd-110 K?na 3 67-51.44 Poljska
p-hidroksibenzoeva Nd-1122 Kina )
kiselina 0.1-54 |1:a|lja"
1H-benzotriazol 0.94-520 Kina Atenolol <0.01-0.62 Spanija
<0.2-18.8 Spanija : = 0.03-0.2 S
5-hloro-1H-benzotriazol Nd-400 Kina Hidrohlorotiazid <0.61-903 Spanija
5-metil-1H-benzotriazol Nd-50 Kina 0.3 Italija
L R, Sulfametoksazol <0.13-6.42 Spanija




Prekursori dezinfekcionih nusproizvoda u bazenskim vodama

Reguli-
Organski Neorga- Lo sani i
DBPs nski DBPs Dﬁtz;rr?;e emerge-
prekursori prekursori ntni
DBPS
Hlor
Ozon
- POM (karakteristike sirove vode), Bromid 8\2/°n/ hlor
- Uticaj kupaca: Jodid
- Cestice sa koze,
- pljuvacka,
- znoj, urin (N-DBPSs),
- odredeni mikropolutanti — PPCP




Emergentne supstance kao v' Prema NORMAN-u su polutanti koji trenutno nisu

prekursori DBPs obuhvadeni rutinskim monitoring programima na
evropskom nivou, a koji su potencijalni kandidati za
e UV filteri buduée regulative u oblasti voda, u zavisnosti od
- benzofenon-3 (HAA) njihove ekotoksi¢nosti, odnosno ponasanja u Zivotnoj
* benzofenon-4 (HAA) sredini
* 3-(4-metilbenziliden)kamfor (HAA) v" NOMRAN lista broji preko hiljadu CEC, ukljuujuci
« 2,4-dihidroksibenzofenon (HAA) njihove metabolita i transformacione proizvode.
» Dioksibenzon (HAA) e
« Avobenzon (preko 60 DBPSs) @nalizacia /7 N ruent
» 2-etilheksil-4-metoksicinamat (HAA) ‘| ‘ ‘.

Oktokrilen
 |IR3535

 Kafein
 Bisfenol A (hloramin: THM, HAA, HAN)

Direktan unos i IR
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HAA, HAN,
THM, HK,
HAL

THM, HAA,

HAN

TCM,
DCAcAm,
DCAN,
TCM

TCM, CH,
DCAN,
TCNM

TCM,
DCAcAm,
TCAcAm,
DCAN

Farmaceutici kao prekursori DBPs

Hloramfenikol

OH OH
I
O 0]
Ibuprofen CHs
OH
CHs
O
HsC

Paracetamol

Karbamazepin —

UV/hlor

UV/hlor

hloramin

UV/hlor

MCNM,
DCNM,
TCNM

TCM, CH,
1,1,1-TCP,
1,1-DCP,
DCAA,
TCAA

TCM,
DCAN,
DCAcAm,
TCAcAmM

TCM,

DCAA,
TCAA,
DCAN,
TCNM

HAL-haloacetamidi; HAN-halonitrometani; TCM-hloroform; DCAcAm-

dihloracetamid; TCAcAm-trihloracetamid



DBPs u bazenskim vodama —
razliCite strategije dezinfekcije

B Halosircetne skiseline (HAA) [ Haloamidi (HAM) I Haloaldehidi (HAL)
[ Trihalometani (THM) [ Haloketoni (HK) [ Haloacetonitrili (HAN)
I Halonitrometani (HNM) Il Jodovani THM (I-THM) [l Jodovane HAA (I-HAA)

19.59%

17.18%

8.27%
3%
(o}
50.73%

Ukupna koncentracija 1480 ng/l

Koncentracija emergentnih DBP u bazenskim vodama
u svetu (Qui et al., 2023)

EGMA > UV/hlor > Hlor > Cu-Ag joni/hlor > Os/hlor > TCAA > CIO,

(a) Concentration
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(b) Calculated cytotoxicity
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(c) Calculated genotoxicity
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Parametri pokazatelji bazenske vode ("Sl. glasnik Smernice za sadrzaj THM u
RS", br. 30/2017 i 97/2017) .
bazenskim vodama u svetu

| e L e

Mutnhoda?

Nemacka
. < v
Hlorid — mg/l Svajcarska 30 (bazeni u
Utrosak KMnO, <20 mg/| zatvorenom prostoru)
pH? 6,5-7,8 / Danska 25ili 50
Slodobni rezidualni hlor3 0,1-1,0 mg/| Francuska 100
Trihalometani (ukupni)* <0,1 mg/I Velika Britanija 100
Hlor-dioksid> <0,4 mg/I Finska 100
Stabilizator-cijanuri¢na kiselina® 30-50 mg/I Belgija 100 (TCM)
Bromati’ <0,01 mg/| WHO 100
Wrednost za mutnocu bazenske vode koja potice iz prirodnog izvora podzemne vode moze biti i Poljska 100
veca; ?Ne odnosi se na bazensku vodu koja poseduje medicinske i terapeutske indikacije. _
3lzuzetno se moZe u ograni¢enom vremenskom periodu dozvoliti vrednost slobodnog Kina 200

rezidualnog hlora do 1,2 mg/l pri temperaturi bazenske vode do 32 °C. U slucaju da je
temperatura bazenske vode veca od 32 2C, slobodni rezidualni hlor moze da ima vrednost 2+1
mg/I. 4Ispituje se po indikacijama u zatvorenim bazenima, u slucaju dezinfekcije vode hlornim
preparatima;°Ispituje se ako se za dezinfekciju vode koristi hlordioksid. ®Dozvoljena je primena
u otvorenim bazenima i ispituje se ako se za dezinfekciju koriste preparati na bazi cijanurata.
’Ispituje se ako se za dezinfekciju vode koristi ozon.



Sistem za lzluFi .
ventilaciju 2l
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Transport
voda/vazduh

Emergentne
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Sistem za
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Aromatic¢ni DBPs s DBPs
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Promene u toku vremena

Strategija kontrole DBPs u
bazenskim vodama

 Direktno uklanjanje formiranih DBP
« SpreCavanje formiranja DBP

« Unapredenje zakonskih regulativa iz
ove oblasti
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Formiranje i migracija DBP u bazenima. Procesi za kontrolu sadrzaja DBP.



UMESTO ZAKLJUCKA
SUNSCREEN CHEMICALS AND MARINE LIFE

How sunscreen chemicals enter our environment:

©)6)©)6

A/

The sunscreen you apply may not stay ~— & When we swim or shower, sunscreen may
on your skin. N wash off and enter our waterways.

i et GREEN ALGAE: (| 111+ 11 «s);/.\1- Accumulates in tissues. |[l54415 can induce defects in young.
can harm marine life:

50 growth and photosynthesis. Can induce bleaching, damage
Y %4 DNA, deform young and even kill.

N
Oxybenzone, Octinoxate, /! A x
Octocrylene, Benzophenone-1 T C ’ C 9 ’
Benzophenone-8, OD-PABA, 2N
4-Methylbenzylidene camphor,

3-Benzylidene camphor, > Can dam_age Can .decrease fertility and Can accumulate in tissues and
nano-Titanium dioxide, immune and reproductive reproduction, and cause female be transferred to young.
nano-Zinc oxide systems, and deform young. characteristics in male fish.

How we can protect ourselves and marine life:
Seek shade between 10 am & 2 pm, use Ultraviolet Protection Factor (UPF) sunwear, and choose sunscreens with chemicals that don’t harm marine life.
1

| X

Seek shade: 10am to 2pm Umbrella Sun hat UV Sun glasses Sun shirt Leggings

oceanservice.noaa.gov/sunscreen

(NOAA’s National Ocean Service Sunscreen Infographic)



