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Estrogeny
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Contaminant Candidate List (CCL) and Regulatory
Determination
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regulations,
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Regulatory Determination 2 The list includes, among others:
* vesticid estron
Regulatory Determination 1 pestieides,
& ¢ disinfection byproducts, eq u i I i n
Types of Drinking Water ® chemicals used in commerce, . .
Contaminants e waterborne pathogens, eqU|Ien|n
® pharmaceuticals, and I
® biological toxins. eStrlo

' mestranol




,Watch list“ EU WFD

PROVADECI ROZHODNUT{ KOMISE (EU) 2015/495
ze dne 20. bfezna 2015,

kterym se stanovi seznam sledovanych litek pro monitorovani v rdimci celé Unie v oblasti vodni

politiky podle smérnice Evropského parlamentu a Rady 2008/105/ES
(ozndmeno pod cislem C(2015) 1756)

(Text s vyznamem pro EHP)

http://eur-lex.europa.eu/legal-content/CS/TXT/PDF/?uri=CELEX:32015D0495&from=EN



Seznam sledovanych litek pro monitorovani v ramei celé Unie stanoveny v &lanku 8b smérnice

~\

2008/105ES

. s Maximalné pilpustna
Nézev lacky/skupiny létek CsloCAS() | Cilopuq | Mmakamm {E'j“ﬁ}'gfka mez detekce metody

(ng[l)

(
17-alfa-ethinylestradiol (EE2) 57-63-6 200-342-2 velkoobjemové SPE 0,035
_ LC-MS-MS
17-beta-estradiol (E2), estron (E1) 50-28-2, 200-023-8 | SPE — LCMS-MS 0,4

nebo LC-MS-MS

53-16-7
diklofenak 15307-86-5 | 239-348-5 SPE — LC-MS-MS 10
2,6-di-terc-butyl-4-methylfenol 128-37-0 204-881-4 SPE — GC-M5 3 160
2-ethylhexyl-4-methoxycinnamat 5466-77-3 226-775-7 SPE — LC-MS-MS 6 000
nebo GC-MS
makrolidovi antibiotika (%) SPE — LC-MS-MS 20
methiokarb 2032-65-7 217-991-2 SPE — LC-MS-MS 10
nebo GC-MS
neonikotinoidy (7) SPE — LC-MS-MS 9
oxadiazon 19666-30-9 243-215-7 LLE[SPE — GC-MS 88
triallat 2303-17-5 218-962-7 LLE[SPE — GC-MS 670




SPE (solid phase extraction)

Vyhoda — zakoncentrovani analytu az 20000x, separace ,necistot”
Nevyhoda — separace , necistot”, pro in vitro test nutno redit (200x)
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Estrogeny

* Interaguiji s dalsimi latkami pfitomnymi v roztoku
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Janosek, J. Bittner, M., et. al. (2007). AhR-mediated and antiestrogenic activity of humic substances,
Chemosphere



Reverzni osmoza

Reverse Osmosis
Applied Pressure Pure Water

J s J

Membrane




Cile vyzkumu

Matematicky popsat prubéh zakoncentrovani solutu v
pitné vode (soli i estrogent)

Zhodnotit vhodnost systému RO pro koncentraci
estrogenu rozpusténych v pitné vodé



Systém RO s deskovou membranou

1. CF042D Sterlitech Crossflow cell
2. DOW FILMTEC deskovda membrana BW30 LE
3. Tlak v systému —7 bar

Cross-flow cela CF042D - specifikace

[
| Aktivni plocha membrany 42 cm?
Ultrasound 3 g

rowmerer . TINEE= ) [TV 27,5 bar

Spira;l':wound
RO module

Rozmeéry Hloubka 2,28 mm

v
VeV .

Stérbiny Sitka 39 mm

Membrana pro reverzni osmozu - BW30LE

Polyamid
15,5 bar
45 °C
2-11
99 %




Materidlova rovnovaha v RO systému s uzavrenou smyckou

QpCy = QrCy — Q) C5
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Model rozpusténi-difuze

* Tok solventu (voda) membranou

Q,
], = A, (AP — Amr) = ?"'{pr

e Tok solutu membranou

Js = BsAC = Bg(Cr — C,)



Spojeni materialové bilance a modelu rozpusténi-difuze

ao f Cf
dCf ’a1 (ﬂsz) + ﬂ - ﬂq_Cf] ’Cf - ﬂq_cjf]
dt ~ a,Crt
g — ﬂlt -+ ﬂszt — a; — ;;4{}
SA,, AP A,
ﬂl Cw aq_ —_ BSCW
a, SAyY as = Vpo
Cw
_ L AwbP
=T,

Slater, C. S. et al. (1985) ‘Modeling of small scale reverse osmosis systems’, Desalination, 52(3), pp. 267-284



Validace modelu — zakoncentrovani roztoku NacCl

* Simulace provedena v MatLab simulink 2012 (Match Works, Inc.)
e \stupni parametry:

Vi = 1
Cw= 1000
S= 10,0042

AP = 7

T = 0
Av= 4107
Ry= 8,3145
INacl = 2
g = 1
Mnacl = 58,4
Myps = 80
Megeo, = 296,44

BsNaci = 1.7-103
Bsee2 = 1.7-10°®

g/mol
g/mol
g/mol
m/h

m/h

Ctnaclo =

EXPpnaci 1 EXPact 2
2 0,2

19,0 22,5

255 470
3350 414
0,60 0,48

o/l

°C

mL
uwS/cm



Validace modelu — zakoncentrovani roztoku NaCl

2 g/l NaCl Primérna odchylka — 4,7 %
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Validace modelu — zakoncentrovani roztoku NacCl

0,2 g/l NaCl Primérna odchylka — 32,9 %
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Optimalizace modelu pro vérnejsi popis zakoncentrovani |

* Pavodni koeficient koncentrace solutu ¢ se statickym koeficientem osmotického tlaku ¢

1000 - 36007 - PR, Ti

am =0 (6~ 6) = (6~ )

* Koeficient koncentrace solutu ¢ s dynamickym koeficientem osmotického tlaku ¢
1000 - 36007 - oR,Ti
B M
1000 - 36002 - (1 . 10—1.093?3—0.03101 |Gg(Cf}—D.l?492[lﬂg(cf)]2_ﬂ,{)l?BE[lﬂg(cf)F) RTi
_ g
B M

K. Jamal, M. A. Khan, and M. Kamil, “Mathematical modeling of reverse osmosis systems,”
Desalination, vol. 160, no. 1, 2004.

R. I. Urama and B. J. Marifias, “Mechanistic interpretation of solute permeation through a fully aromatic
polyamide reverse osmosis membrane,” J. Memb. Sci., vol. 123, no. 2, 1997



Optimalizace modelu pro vérnéejsi popis zakoncentrovani |l

e Teplotni korekcni faktor (TCF)

)]; T < 25°C

1 1
TCF—EXP[3020(298—273+T

* Rozsireni modelovych konstant a, a a, o TCF

_SA, TCF AP
= C

_ SATCF
==

aq ap

DOW FILMTEC™ (1969) ‘Basics of RO and NF : Principle of Reverse Omosis and Nanofiltration’, pp. 2-3.



Validace optimalizovaného modelu —

zakoncentrovani roztoku NaCl

2 g/l NaCl Primérna odchylka — 0,9 % (x 4,7 %)

6 | — 10000

. Experimental results (g/L) and ,
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0,2 g/I NaCl Primérna odchylka — 1,5 % (x 32,9)
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Validace optimalizovaného modelu —

zakoncentrovani roztoku NaCl




Optimalizace modelu pro zakoncentrovani EE2

* Nutna transpozice zakoncentrovani TDS na zakoncentrovani EE2

bEC E C E
— (b,Crp) + L ][C — ]

B a,Cet
dt a5—alt+a2(fft—a 2 1

3 - aq,Cf

SA,Y.TCF . ALAP . Ay PE
bz - Cw b3 =1 BSECW ' BSECW’




Validace modelu — zakoncentrovani roztoku EE2

* Simulace provedena v MatLab simulink 2012 (Match Works, Inc.)
e \stupni parametry:

Vo = 1 |
c,= 1000 gl
S= 00042 7
AP = 7  Dbar
= 0 kg/(mh)
A,= 4-10% hm
Ry,= 83145 J/(K'mol)

INacl = 2
g2 = 1 EXpee2 1 EXPee2 2 EXPegs 3
Mnacl = 58,4 g/mol Ctegoo = 50 25 10 ng/l
Mtps = 80 g/mol T= 21,0 18,5 235 °C
Mge, = 296,44  g/mol ¢ = 206 540 167 ml
Bsnaci= 1.7-10°  mh Gt = 523 516 522 uS/cm

BS,EE2 = 1.7 10_8 m/h kTDS - 1492 1492 1492




Vysledek — zakoncentrovani roztoku EE2

* Simulace provedena v MatLab simulink 2012 (Match Works, Inc.)
 EE2 stanoveno metodou HPLC-HRMS

® 10 ng/L-Experiment
10 ng/L-Simulace MAPD=18.1%
150 — ® 25 ng/L- Experiment
25 ng/L- Simulace MAPD=7.2 %
a— ® 50 ng/L- Experiment
~~
o
c 50 ng/L- Simulace MAPD=14 %
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Zaver

Pouziti RO pro zakoncentrovani estrogenu se jevi jako
slibna alternativa SPE

Optimalizovany model zakoncentrovani solutu byl
experimentalne overen pomoci NaCl

Optimalizovany model zakoncentrovani solutu rozSireny o
vypocetni blok pro estrogeny byl overen pomoci EE2

Nutno zlepsit analytické stanoveni estrogenu (ng/l)



Dalsi aplikace RO/NF v env. analytice

« Zakoncentrovani sinic a jejich toxinu pomoci NF membrany
Trisep TS40 (Mw cut-off 200-300 Da)

TriSep TS 40 - rychlost vzniku filtratu
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