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Purpose of the research

Contemporary advances in technology, including chemical technology, have brought-
substantial improvement in the quality of life, but also new challenges regarding the
treatment of wastewater, contaminated with various products and intermediates such
as dyes, pharmaceuticals, cosmetics, pesticides, disinfectants, personal hygiene
products, etc. Concentration of these substances in wastewater can vary from a few
nanograms to miligrams per liter and thus cause serious environmental issues.
Organic substances can be toxic to living organisms, change DNA, affect fertility, etc.
In order to remove them from wastewater, advanced oxidation methods are
commonly used, including the photo-Fenton reaction, ozone as well as photo- and

photocatalytic oxidation processes.

Recent years have seen a growing interest in the oxidation processes employing
peroxydisulfate (PDS) and peroxymonosulfate (PMS). These substances are among
the most potent oxidants used to remove organic contaminants from wastewater and
sewage. PDS and PMS are relatively stable chemical compunds, suitable for
storage. They can be activated by alkalies, UV radiation, heat and transition metals
to produce highly active sulfate radicals. Once activated, they become strong

oxidizing agents.

In my opinion, the neutralization of organic compounds is a well-selected topic

suitable for a doctoral thesis.



Scope of the thesis

The thesis contains a list of abbreviations, an introduction and a theoretical part
referring to selected primary sources and comprising subchapters 3.1, 3.2, 3.3 and
3.4. Subchapter 3.1 describes the chemical and physical properties of persulfates.
Subchapter 3.2 explains the mechanisms od their activation, including homogeneous
and heterogeneous activation with the help of catalysts, activation with alkalies,
electro-activation and other possible activation methods. Subchapter 3.3, titled
‘Determination methods”, examines the analytical determination of PDS and PMS
concentrations in water solutions. Subchapter 3.4 investigates the mechanisms of

PDS- and PMS-based decontamination such as direct and radical oxidation.

Oxidation of organic contaminants does not neutralize them completely. Moreover, it
yields certain oxidation products that can harm the environment. Therefore, the
evaluation of toxicity of oxidized wastewater is a very important part of the research.
This issue is discussed in subsection 3.4.3. This part of the work is exceptionally well
written with its pragmatic and straightforward character, accompanied by tables,

figures and rich bibliography.

Chapter 4 presents the factual results of removing organic contaminants from

aqueous solutions.

During the doctoral research, 8 papers co-authored by Stanistaw Wactawek were
published in world recognized journals such as Environmental Science and Pollution
Research (IF=2.760), Desalination and Water Treatment (IF=1.272), Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy (IF=2.653), Chemical
Engineering Journal (IF=5.310), Environmental Technology (IF=1.760), Chemical
Papers (IF=1.326), Water Environment Research (IF=0.659), Ecological Chemistry
and Engineering S (IF=0.552). The full bibliographic information is available in the
manuscript. As mentioned in the manuscript, another three articles are currently
under preparation or review. All the publications are related to the leading topic,

namely the use of persulfates for degradation of organic pollutants.

The manuscript examines the following four references in closer detail:

1. Wactawek, S., Anto$, V., Hrabak, P., Cernik, M., and Elliott, D. (2016).
Remediation of hexachlorocyclohexanes by electrochemically activated persulfates.
Environ. Sci. Pollut. Res. 23, 765-773.



2. Wactawek, S., Anto$, V., Hrabak, P., and Cernik, M. (2016). Remediation of
hexachlorocyclohexanes by cobalt-mediated activation of peroxymonosulfate.
Desalination and Water Treatment 57:54, 26274-26279.

3. Wactawek, S., Gribel, K., and Cernik, M. (2015). Simple spectrophotometric
determination of monopersulfate. Spectrochim. Acta A Mol. Biomol. Spectrosc. 149,
928-933.

4. Wactawek, S., Grilbel, K., Dennis, P., Vinod, V. T. P., and Cernik, M. (2016). A
novel approach for simultaneous improvement of dewaterability, post-digestion liquor
properties and toluene removal from anaerobically digested sludge. Chem. Eng. J
291, 192-198.

Publications No 1,2 and 4 demonstrate and interpret the experiments confirming the
capability of activated PDS and PMS to oxidize organic compounds. Publication No 3

is about spectrophotometric determination of monopersulfate.

Final conclusions

Stanistaw Wactawek's doctoral thesis meets high scientific standards while taking a
novel approach to the oxidation of organic compounds with the help of
peroxydisulfate and peroxymonosulfate, which have proven effective with regard to
the neutralization of HCH isomers. The spectroscopic method developed for
determining peroxymonosulfate concentrations, used successfully in the
experiments, is the author's additional achievement. The research is very promising
and as such can be continued.

The stated goal of the thesis has been accomplished and | recommend accepting it
without further comments. In recognition of its scope and the number of articles

published in widely acclaimed journals | consider the thesis to be of exceptional

quality.
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Predkladana doktorska disertaéni prace ,VyuZiti persulfatu pro odbourdvani organickych latek” ma
rozsah 101 &slovanych stran. Do textu je zafazeno 5 obrézki a 7 tabulek. Pro vypracovani prace pou-
#il doktorand 222 literarnich pramend. Prace je doplnéna &tyfmi publikacemi v impaktovanych caso-
pisech.

Z obsahového hlediska je prace v principu rozdélena na dvé &asti. V prvni &asti, ktera obsahuje Intro-
duction a Theoretical part uvadi autor &tenéfe do problematiky oxidacniho rozkladu organickych kon-
taminant{l a vymezuje postaveni peroxysiran(i v rdmci oxida¢nich metod dekontaminace. Dale se pak
podrobné zabyva chemickymi a fyzikalnimi vlastnostmi peroxysirand, riiznymi metodami jejich akti-
vace a jejich stanoveni. Nejvétsi pozornost je v této ¢sti disertacni prace vénovana dekontaminac-
nim technologiim s vyuZitim peroxysirant a podrobnym prehledem a rozborem pusobeni na jednotli-
vé typy kontaminantd.

Klitovou &ast predkladané disertaéni prdce predstavuje druhd Cast, ve které jsou prezentovany vlastni
vysledky doktoranda. V pribéhu doktorského studia se doktorand podilel na osmi publikacich
v impaktovanych &asopisech (dal3i tfi jsou v pfipravé & oponentnim fizeni). Z nich byly pro doktor-
skou praci vybrény ¢tyfi publikace. Jedna se publikace v Casopisech Environmental Technology (IF =
1,76), Chemical Papers (IF = 1,326), Water Environment Research (IF = 0,89) a Ecological Chemistry
and Engineering (IF = 0,706), pfi¢emz u tfi z nich je hlavnim autorem.

Dvé z publikaci se zabyvaji remediaci hexachlorocyklohexan( s vyuZitim elektrochemické a kobaltové
aktivace, daldi uvadi jednoduchou metodu spektrofotometrického stanoveni monoperoxysiranu a
posledni se zabyva soub&Znym zlepsenim vlastnosti kall a odstranéni toluenu s vyuZitim peroxysira-

na.



Prace je logicky €lenéna, po formalni strance je zpracovana velmi peclivé a neobsahuje preklepy.
Uvodni a teoreticka &st je zpracovana pfehledné, kompaktné a obsahuje viechny potfebné udaje
k fesené problematice. Publikace, uvedené ve druhé ¢asti doktorské prace, prodly narocnym recenz-
nim Fizenim v respektovanych ¢asopisech, nemam k nim Zadné pfipominky.

Doktorand prokazal, 7e se velmi dobFe orientuje v fesené problematice, mé schopnost hluboko pro-
niknout do podstaty problému a je schopen volit nové pfistupy a cesty k Fedeni aktudlnich environ-
mentdlnich problém{.

Posuzovana doktorskd prace patfi z odborného hlediska k vysoce kvalitnim doktorskym pracim, znac-
né prekracuje obvyklou a poZadovanou Groveri. Formou zpracovdni a prezentovanymi vysledky je
moZné ji oznacit za vzorovou.

K fesené problematice mam nasledujici otazku:

DtleZitou soulasti remediace kontaminovanych materiadl@ (pGd, zvétralinovych pokryv(, kall, pod-
zemni vody atd.) je obnoveni mikrobidlnich spoledenstvi. Jaky je vliv peroxysirani na tato spolecen-

stvi a jak dlouho trva, neZ vliv peroxysiran( odezni?

Zavér

Podle mého nédzoru doktorand jednoznacné prokazal, Ze je schopen samostatné védecké prace a je
schopen dosaZené vysledky pfesvéddivym zplsobem prezentovat odborné vefejnosti ve pickovych
odbornych &asopisech. Pfedkladand disertaéni prace znacné prekracuje poZadavky na tyto prace kla-
dené zakonem. Praci doporuéuji k obhajobé pfed stanovenou komisi a po UspéSném obhdjeni dopo-
rucuji udéleni titulu Ph.D.

V Brné 30. 12. 2016

/Z%MQA

Doc. é\lDr. Josef Zeman, CSc.



