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Re.: Assessment of the PhD thesis of Barbara K. Wilk, MSc. “Efficiency of Novel 

Electrochemical Oxidation Methods on Boron-Doped Diamond Anodes in Removing 
Macro- and Micropollutants from Industrial Wastewater” 

 

Respected Dean of the Faculty of Civil and Environmental Engineering,  
dear Ass.Prof. PhD DSc. Eng. Żukowska, 

In her Ph.D. thesis “Efficiency of Novel Electrochemical Oxidation Methods on Boron-Doped 
Diamond Anodes in Removing Macro- and Micropollutants from Industrial Wastewater”, 
submitted to the Faculty of Civil and Environmental Engineering of the Gdansk University of 
Technology, Mrs. Wilk has investigated the possibility of using advanced oxidation processes 
for the removal of micro- and macropollutants in different types of wastewater. 

While common methods of waste water treatment are well established, they often fail to 
degrade refractory compounds from industrial and municipal waste waters and therefore 
reduce ecotoxicity of these only partly. The present thesis of Mrs. Wilk studies an alternative 
method of waste water treatment which is normally counted among the so-called “advanced 
oxidation processes”, namely the electrochemical oxidation using boron-doped diamond 
electrodes (anodes). This approach has recently attracted very much attention as it has the 
potential of leading to both high mineralization efficiency for the removal of macropollutants, 
as well as of degrading micropollutants and notably refractory compounds that are otherwise 
hard to degrade by classical (chemical and biological) waste water treatment processes. 

The thesis of Mrs. Wilk is a cumulative thesis, consisting of an introduction to the topic that at 
the same time summarizes the most important findings from the experimental work, to which 
four manuscripts are attached. The first three are manuscripts with Mrs. Wilk as the first 
author, while the fourth manuscript – still thematically closely related to the three previous 
ones and the thesis work – lists Mrs. Wilk as the third author.  

The introduction is short and very to the point: It describes in its about 40 text pages the 
necessity of waste water treatment, notably for the Baltic Sea which is heavily contaminated 
by not only industrial wastewater, but also the wastewater resulting from ship traffic (cruise 
ships and ferries). Awareness of this special situation has arisen only very late. Nowadays, the 
wastewaters of maritime origin are also received by and treated in stationary waste water 
treatment plants (WWTPs). The detailed study of the composition of this WWTP influent and 
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effluent streams, as well as the characterisation of the success is described and discussed in 
detail in the first three manuscripts. 

The first manuscript that forms part of the thesis aims at elucidating the composition of 
selected industrial wastewaters in terms of their macro- and micropollutant composition. 
Macropollutant levels were high, however still in a range that was feasible for biological 
treatment. Micropollutant levels were also remarkably high for bisphenol A (BPA) 
compounds and for the phthalates. Given that both classes of compounds exert endocrine 
disrupting properties, it is of paramount importance to characterize the composition of the 
WWTP influents, and at a later stage also of the effluents to assess their toxicity or endocrine 
disrupting effect. Particularly noteworthy is the investigation of wastewaters of maritime 
origin which are also received by the communal WWTPs. This type of waste water has so far 
not received much attention, but appears to be of high relevance and concern, both due to the 
nature of detected micropollutants and their concentrations, in a highly complex organic 
matrix as the grey and black waste waters from ships are often mixed for easier on-board 
storage before treatment. 

In the second manuscript that is part of the PhD thesis, Mrs. Wilk reports on he degradation of 
organic compounds and ammonium nitrogen by electrochemical oxidation using a boron-
doped diamond electrode (anode). To demonstrate the feasibility of this technique, a sample 
of a poorly biodegradable waste water sample was subjected to electrochemical oxidation in 
the laboratory using a boron-doped diamond anode. Three different makes of anodes were 
investigated, with 500, 10000 and 15000 ppm boron/carbon where it turned out that the 
electrode that has the lowest amount of born doped into the diamond network is the most 
efficient. After an 8 hour-treatment at a current density of 100 mA/cm2, a large part (>70% of 
the initial COD is removed), and consequently also the biodegradability index increases. This 
leads to the conclusion that electrochemical oxidation using appropriate boron-doped 
diamond electrodes is a suitable first step-approach. It allows reducing the COD significantly 
and also to improve biodegradability before the waste water is subjected toa second, 
biological treatment step. If the problem of high energy consumption can be solved, the 
proposed strategy would be highly feasible for the treatment of highly contaminated waste 
waters. 

The third manuscript addresses exactly this question, as it studies in detail the dependence of 
organic compound and ammonia degradation on the electrode material, as well as on the 
operating conditions of the process. It turned out that, with the most suitable electrode 
material (that with the lowest amount of boron doping among the three types investigated), 
was capable of removing ca. )7% of the COD, 99% of the BOD20 and 62% of ammonia. What 
may be even more important is that the electrochemical oxidation process was also highly 
effective in the inactivation of bacterial cells of e.g., faecal bacteria. The toxicity of the 
various types of waste water can thus be reduced significantly.  

The fourth manuscript in this thesis discusses how electrochemical oxidation using boron-
doped diamond electrodes can be used to remove highly refractory perfluorinated organic 
substances, namely the two main perfluorinated compounds PFOA (perfluorooctanoate) and 
PFOS (perfluorooctane sulphonate). It was demonstrated by the authors that the removal of 
PFOA and PFOS could be achieved to a relatively high extent (up to 80%) with the diamond 
electrodes where the degree of boron doping did not play a major role. The process could also 
be used in landfill leachates, although with a slower kinetics and a reduced degradation rate 
after 8 hours. The particular merit of this piece of work is that, in addition to demonstrating 
the feasibility of this approach for the removal of perfluorinated compounds from wastewater 
by advanced oxidation processes, it also elucidates the degradation pathways for both PFOA 
and PFOS based on the fragment ions that are tentatively assigned using (low-resolution) LC-
MS. Although low-resolution MS does not provide the ultimate proof that the assignments of 
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the individual fragments are as described, the consistency and meaningfulness of the entire 
degradation pathway makes it very likely that the proposed assignments for the PFOA/PFOS 
fragments are correct. 

The four manuscripts that constitute the scientific body of this PhD thesis conclusively 
describe a new approach in the treatment of heavily loaded wastewaters of different 
(including maritime) origin. The aspect of characterising waste waters from maritime origin is 
new and interesting as it is of significant environmental importance for the countries of the 
Baltic Sea. The use of boron-doped diamond electrodes is also a very timely approach among 
the new, so called “advanced oxidation processes” and clearly offers advantages over 
electrochemical oxidation processes using other electrode materials. Yet, the success of 
electrochemical oxidation using boron-doped diamond anodes strongly depends on the 
considerate choice of operating conditions which was a strong motivation for part of the work 
carried out and reported in this thesis. A particular highlight and strong point of this thesis is 
that the description of the degradation process is not only undertaken in quantitative terms, 
that is, in a gross descriptive way taking into consideration only degradation kinetics. In the 
particularly important case of the removal of perfluorinated compounds (PFOA and PFOS), 
the authors succeed also in elucidating the degradation pathway of these two model 
compounds. 

The PhD thesis of Barbara Wilk thus clearly advances the field of engineering science and 
presents findings of both theoretical and practical relevance. It provides fundamental 
information for an improved waste water treatment scheme that – after significant 
improvement, notably for the weak point of energy efficiency – may also be used at pilot 
scale soon. 

The manuscripts that form the scientific core of this PhD thesis are sound from the technical 
point of view and original in their approach. The experimental data support the assumptions 
and working hypotheses, and the conclusions drawn on the basis of these experimental data 
are valid. The thesis with its introductory section is clearly formulated and mostly well 
readable (with the only critical comment from my side that the use of abbreviations is 
sometimes excessive). 

In view of the scientific merits of this thesis and the quality of the work presented therein, I 
judge this thesis among the best in its field and recommend that it be funded with the highest 
grade (very good – with distinction). In the eyes of this reviewer, Mrs. Wilk fulfils the 
condition for receiving a distinction by having two of the three manuscripts that she has 
published as first author in a journal of relatively high impact factor (Environmental Science 
and Pollution Research, IF: 3.056 in 2019 and 5.053 in 2021), leading to 100 MNiSW points. 
Furthermore, Mrs. Wilks is co-author of a publication in one of the top-ranked journals in the 
field, Journal of Hazardous Materials (IF 2021: 12.50, leading to 200 MNiSW points). 

It shall also be mentioned that Mrs. Wilks contributed to six further manuscripts, most of 
which appeared in journals with impact factor. 

For the reasons outlined above, I recommend that the PhD thesis of Barbara Wilk, MSc. shall 
be graded “Very Good with Distinction”. 
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