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Introduction {::EVOOH

 PPCPs are to a certain degree eliminated in conventional WWTPs, but this
elimination is insufficient and incomplete

* We will focus on advanced technologies that are used behind the WWTP
technology line

* Two technologies are the most researched and used to eliminate PPCPs
from water:
* Advanced Oxidation Processes (AOP)
e Adsorption on activated carbon

* PPCPs se v urcité mife eliminuji i v konvenéni COV, ale tato eliminace je nedostate¢nd a
neuplna

* V prezentaci se zamerime na pokrocilé technologie, ktere Ize vyuzit za technologickou
linkou COV

* Nejvice zkoumané a pouZivané k eliminaci PPCPs z vody jsou dva sméry technologii:
* Pokrocilé oxidacni procesy (AOP)
* Adsorpcni procesy



Advanced Oxidation Processes (AOP) ::&VOO“

* Technologies that use free radicals to destroy organic compounds

* The goal is the conversion of organic substances ideally into simple inorganic
compounds (CO,, H,0) or at least into biodegradable compounds

* Course at ordinary temperature and pressure
* Most AOPs are based on the principle of genesis of hydroxyl radicals OH-

* Technologie, které pouzivaji volné radialy k destrukci organickych sloucenin

e Cilem je premeéna organickych latek idealné na jednoduché anorganické slouceniny
(CO,, H,0) nebo alespon na biologicky rozloZitelné slouceniny

* Prubéh za bézné teploty a tlaku

e VVétsina AOP je zalozena na principu geneze (tvorby) hydroxylovych radikalu OH-



Hydroxyl radical O H . g::EVOOH

* Advantages of hydroxyl radicals:
* it is one of the strongest oxidants (high oxidation-reduction potential E°+2.8V)
* it is not selective (suitable for waste waters that are heterogeneous)
e can be easily produced

* A key aspect of AOP efficiency is the concentration ratio between OH- and
the substances to be removed

* VWhody hydroxylovych radikdli:
* patri k nejsilnéjsim oxidantum (vysoky oxidacné-redukcni potencial E°+2,8V)
* neni selektivni (vhodné pro odpadni vody, které jsou heterogenni)
* |ze jej snadno vyrobit

* Klicovym aspektem ucinnosti AOP je koncentracni pomeér mezi OH- a latkami, které
maji byt odstranény



:: EVOOH
The genesis of OH- can be achieved by various methods: ERE

Genezi OH- muzeme docilit riznymi metodami:




* Option to combine methods ::2EVOOH
* Often used O,/UV, H,0,/UV
* The possibility of using catalysts —

TiO,
° Resea rch dealing W|th the Organic compounds (pharmaceuticals, etc.)

possibilities of reducing energy costs Organické litky (Iéciva atd.) N\

- use of renewable energy sources

(solar energy) AOP: O3, H;0,, Catalysts (TiO;, Fe?"), UV

. ) radiation, etc. OH-
* Moznost kombinovat metody I TIUR L L .
* Casto pouzivané 0,/UV, H,0,/UV e \
* MoZnost vyuZiti katalyzatori — TiO, €Oy H20, less-toxic and more bio-
i i o . - - ) degradable compounds

* Vyzkumy zabyvajici se moznostmi snizeni L N D

nakladu za energie - vyuZiti rozlozitelné slougeniny

obnovitelnych zdroju energie (slunecni
energie)



Fenton oxidation

* During the Fenton reaction, Fe?*ions react with each other with hydrogen
peroxide to form hydroxyl radicals

« Can clean a little or a lot of polluted water, the negative is the sludge
formation

* Photo-Fenton oxidation (application of UV radiation to increase OH-
formation) and other modifications

* Pri Fentonové reakci mezi sebou reaguji ionty Fe?* s peroxidem vodiku za vzniku
HO-

 [ze Cistit madlo i hodné znecistené vody, negativem je tvorba kalu

* Foto-Fentonova oxidace (aplikace UV zareni ke zvyseni tvorby OH:) a jiné
modifikace



* Organic matter is oxidized by ozonation with molecular O; and OH-, which is
created by the breakdown of ozone

* Ozone is a toxic and unstable gas (returns to O,), produced on-site in ozonizers
by silent electric discharge from gases that contain oxygen

* The disadvantage is that the production of ozone is energy intensive and ozone
tends to be selective

* Increasing the efficiency of drug removal from water - combination of O; with
H,O, or UV radiation

Organicka latka je ozonizaci oxidovana molekularnim O, a OH- ktery vznika rozpadem ozonu

Ozonation

Ozon je toxicky a nestaly plyn (vraci se do O,), vyroba na misté potreby v ozonizatorech tichym
elektrickym vybojem z plynd, které obsahuji kyslik

Nevyhodou je, ze vyroba ozonu je energeticky narocna a ozon byva selektivni

Zvyseni ucinnosti odstraneni leciv z vody - kombinace O, s H,0, nebo UV zarenim



high acquisition and operating costs

possibility of formation of toxie compounds
in incomplete reactions

scavengers, which can also be substances
from the PPCPs group

choose the type of AOP and set the process
appropriately for the correct course

moiznost vzniku toxickych
slouéenin pfi nedplnych reakcich

lapace radikali, kterymi mohou
byt i litky ze skupiny PPCPs

zvolit typ AOP a proces vhodné
nastavit pro spravny prabéh

CEVOOH



Elimination efficiency of AOP

* Examples of pharmaceuticals
elimination using different
types of AOP

* The efficiency of elimination
depends mainly on the dose
of the agent and the duration
of action

* Priklady eliminace léCiv pomoci
riznych metod AOP
e U&innost eliminace zavisi

predevsim na davce Cinidla a
dobé pusobeni

Compound

Carbamazepine

Ibuprofen

Diclofenac

X-ray contrast media
Natural estrogen (17R8-estradiol)

lohexol

Ampicilin

Type of AOP

ozonation
H,0,/UV
03/H,0;

03/H0:

H,0,/UV

ozonation + ultrasonication
process

ozonation
ozonation

electrochemical oxidation
process

ultrasonication process

Elimination
efficiency
[%]

95
100
12 - 100
97 - 100
100

90 -94

13 -100
99

90
93



Adsorption on activated carbon (AC) {::EVOOH

e Adsorption is the process by which a substance to be removed from
water is brought into contact with activated carbon to diffuse into
the inner sphere of the pores and attach to the surface

 Activated carbon (AC) is a particularly good adsorbent as it has a very
high surface-to-volume ratio due to its porous structure

* AC can adsorb a wide range of organic substances from water,
including PPCPs

* Adsorpce je proces, pri kterem se latka, ktera ma byt z vody odstranéna, uvede do
styku s aktivnim uhlim, aby doslo k difundaci do vnitrni sféry poru a jejimu
prichyceni k povrchu

* Aktivni uhli (AU) je obzvldsté dobry adsorbent, jelikoZ ma velmi vysoky pomér
povrchu ke svému objemu kvuli poroviteé strukture

AU miZe z vody adsorbovat sSiroké spektrum organickych latek véetné PPCPs




* AC can come from a wide range of raw materials, e.g. black or brown coal,
wood, coconut shells or sawdust

* The production of AC consists of two processes - carbonization and activation

 AC made from black coal are most suitable for water treatment applications
(they have a suitable pore composition)

* Pores: micropores (< 1 nm) —the most important; mesopores (1 —25 nm);
macropores (> 25 nm)

AU miZe pochdzet z Siroké skaly surovin, napr. z cerného nebo hnédého uhli, dreva, skordapek
kokosu nebo z pilin

AC production

Vyroba AU se skldda ze dvou procesu - karbonizace a aktivace

AU vyrobend z cerného uhli jsou nejvice vhodnad pro aplikace k upravée vody (maji vhodné
sloZzeni pdru)

VVVVVV



Raw water

.\ Organic
© . compounds .
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Regeneration of the AC §)

Virgin activated carbon granule Exhausted granule

* Reduction of suspended solids concentration before adsorption (e.g. membrane
processes)

* The adsorption capacity of AU decreases over time, after the sorption properties
are exhausted, the activated carbon must be replaced with a new one or
reactivated (regenerated)

* Reactivation is carried out by heating to different temperatures and replenishing
the loss of AC during reactivation with new AC

* The sorption properties of reactivated AC are high and the price is significantly
lower than the purchase of new AC

* Snizeni koncentrace nerozpusténych latek pred adsorpci (napr. membrdnové procesy)

* Schopnost adsorpce u AU postupem casu klesa, po vycerpani sorpcnich vlastnosti je aktivni uhli
nutno vymeénit za nové nebo jej reaktivovat (regenerovat)

* Reaktivace je provddénd zahrivanim na rizné teploty a doplnéni ubytku AU pri reaktivaci
novym AU

* Sorpcni vlastnosti reaktivovaného AU jsou vysoké a cena vyrazné nizsi nez porizeni nového AU




Adsorption efficiency of PPCPs on AC ::zmo”

* Average adsorption efficiency of

selected PPCPs on GAC Adsorption efficiency [%]
Compound

* Annual operation of three columns — — > -
ywth GAU at a real WWTP (6000 EO) e % 76 %0
in the Czech Republic Erythromycin 68 42 59
Clarithromycin 74 48 74
* Three types of granular AC Sulfamethoxazole 85 68 76
. . Trimethoprim 92 91 92
* Type Cis reactivated carbon o 85 86 o1
o v r v Carbamazepine 98 94 98
* Primérnd ucinnost adsorpce Gabapentin 5 57 6
vybranych PPCPs na GAU Venlafaxine 08 88 97
v s v Cital 94 92 94
* Rocni provoz trech kolon s GAU na ,V',;:;r::; - = 99
realné COV (6000 EO) v CR Furosemide 92 82 91
. , Naproxen 86 80 86
¢ Trl typy granulovaneho AU Memantine 73 73 73

* Typ Cje reaktivované uhli



Combination of AOP and adsorption {::EVOOH

* To achieve an even more effective removal of PPCPs or their decomposition
products from water, a combination of two or more processes is suitable

* A combination of AOP processes and adsorption on AC appears promising
* Possible to use AOP process followed by adsorption or reverse order

* The advantage of AOP => AU: capture of decomposition products arising
during oxidation

 Many PPCPs are below the limit of detection after a combination of processes

* Pro dosazeni jeste ucinnejSiho odstranéeni PPCPs Ci produktu jejich rozkladu z vod je
vhodna kombinace dvou Ci vice procesu

* Nadéjné se jevi kombinace AOP procesu a adsorpce na AU

 Mozné pouzit AOP proces nasledovany adsorpci nebo opacné razeni
Vyhodou AOP => AU: zachyt rozkladnych produktu vznikajicich pri oxidaci
Mnoho |éCiv je po kombinaci procesu pod mezi stanovitelnosti



Thank you for your attention!
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