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I. INTRODUCTION AND OBJECTIVES

In Hungary, 95 % of the raw water used in drinking water supply comes
from groundwater aquifers, which are widely used due to the country's
most favorable deep geological conditions. Thus, we take the
accessibility of good quality drinking water for granted, as well as the
fact that it is always available in sufficient quantities. Unfortunately,
water pollution is a growing problem in many parts of the world, making
it increasingly important and urgent to tackle it at the global and local
level. There is a clear need for technological processes to reduce water
supply and water quality problems, to prevent damage from so-called
secondary sources of pollution in drinking water networks, and to purify
water in an environment friendly way.

Depending on the quality of water and its intended use, there are different
technologies for purifying deep water. A crucial and widespread
technological step in these processes is the breakpoint chlorination,
which is used to remove ammonia to comply with current legislation.
One of the major environmental concerns of this treatment is the
formation of various organic halogen compounds from organic
constituents of raw waters. These disinfection by-products (DBPs) may
not only be associated with taste and odor issues but may also have
carcinogenic, teratogenic, or mutagenic properties.

The main objective of this PhD study is to explore how the Fe(11)/Fe(l11)-
S(IV)-air system can be utilized to reduce the chemical oxygen demand
(COD) of raw waters used in the drinking water supply systems. In other
words, how efficiently this oxidative pretreatment of raw waters can be
used to remove organic contaminants which are the precursors of
antagonistic halogenated species.
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The principal concept of our approach is based on the fact that the
catalytic auto-oxidation of sulfite ion in aqueous media produces reactive
radicals that act as strong oxidants and eliminate the contaminants from
the water.

Our further objective was to identify the optimum conditions for
oxidative removal of COD. For this purpose, first it was systematically
studied how the variation of the reactant concentrations and other
experimental parameters affect the COD removal efficiency, and finally
the Response Surface Methodology (RSM) was applied.

We also wanted to explore the impact of oxidative pretreatment on the
formation of so-called trihalomethane derivatives (THMs) and
adsorbable organic halogens (AOX) during the subsequent breakpoint
chlorination.

Finally, our aim was to carry out microscopic biological and
bacteriological studies to investigate the role of the oxidative teatment in
the removal of microorganisms that may be present in raw water.

Essentially, our expectation was that the results would provide a firm
basis for developing novel water treatment technologies to improve water
quality and to prevent secondary water quality problems in the water
production and distribution systems.
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1. EXPERIMENTAL METHODS

The relevant properties of the raw waters included in this study are listed
in Table 1.

Table 1. The relevant properties of the different raw waters

(L/mC)
g/{’;tlfalllvla) 508 | 139 | 758 | 161 | 3.09 | 221 | 4.46
‘gﬁitufall\v;f‘) 691 | 1.19 | 1066 | 149.4 | 1.90 | 19.7 | 7.77
(Bvi\;‘;ﬁelrf)sms 788 | 103 | 87.0 | 430 | 251 | 24 | 233
f\;’\}gﬁaﬁl) 270 | 158 | 1511 | 226 | 219 | 311 | 247
Kiralyhegyes 7.02 1.11 97.5 221 7.70 185 7.16
:(V';;‘Iaﬁ% 702 | 071 | 1380 | 780 | <05 | 138 | -
1(\331(:;; iy | 216 | 186 | 1201 | 378 | 348 | 263 | 345
I(\\I/?/%lyﬁv.) 320 | 020 | 7740 | 161.0 | 251 | 148 | 17
?\?vﬁ?jm.) 616 | - | 840 | 380 | 53 | - i
(Pv?/C;?jw.) 918 | 131 | 980 | 290 | <05 | 251 | -

In a typical experiment, 250 mL raw water was added to a gas washing
bottle equipped with a fritted disc. The steady gas flow was established
by utilizing a Gilmont correlated laboratory shielded flowmeter (Thermo
Scientific). Subsequently, Na>SO3, Fe2(SO4)3, and FeSO4 were added to
the solution which led to the formation of a brownish precipitate.
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After a sufficient contact time, samples were withdrawn from the reaction
mixture, filtered with a 25 mm 0.45 um Nylon Membrane syringe filter
(VWR Syringe Filter), and analyzed for COD. The COD of the samples
was determined by the standard KMnO4 method. The main part of this
study was made by using water from Kirdlyhegyes, Hungary
(EOVYy: 770635.8 m, EOVx: 104066.9 m) which is characterized by
relatively high COD (7.02 mg/L).

We have systematically studied how the efficiency of COD removal
depends on the following parameters: total Fe concentration (Cre),
relative concentration of Fe(ll) (Fe(11)%), sodium sulfite concentration
(csqvy), air introduction time, reaction time (tair) and air flow rate (Vair).

It was verified by ion chromatography that the total amount of S(1V) in
the treated samples was consumed. For the measurements, a Thermo
Scientific Dionex ICS-5000+ ion chromatography system was used
(guard column: Dionex lonPac™ AG19 RFICTM Guard 4x50 mm,
analytical column: Dionex lonPac™ AS19 RFIC™ Analytical
4x250 mm, detection: 250 nm, eluent: 20 mM NaOH, measurement time:
15 min, 25 uL loop-type injection).

The results from the systematic experiments were used as input to the
response surface methodology (RSM) optimization procedure using the
Design Expert® 11.0 (USA) RSM package. The robustness of the
parameters was verified in control experiments by varying the predicted
optimum reactant concentrations and reaction times by + 20 %.

The standard MSZ 1SO 7150-1:1992 was used for the determination of
ammonium ion in water. A color forming reagent (solution containing
sodium salicylate, trisodium citrate and sodium nitroso-pentacyano-
ferrate(111)) and sodium dichloroisocyanurate solutions were added to the
sample. The concentration of the ammonium ion was determined by
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UV/VIS spectrophotometry based on the absorbance at the absorption
maximum (655 nm) of the blue compound formed.

The raw waters were always dosed with the amount of hypochlorous acid
required for breakpoint chlorination (HOCI : NHs" mass ratio: 8.7 : 1),
corresponding to a 100% sodium hypochlorite dose. After the addition of
hypochlorous acid, the sample was stirred for one and a half hours. The
process was stopped by adding sodium thiosulphate solution (3,5 g/L)
and the concentration of ammonium ion in the treated water was
measured.

The determinations of trihalomethane derivatives and AOX . was carried
out in the accredited Central Laboratory of Debrecen Waterworks Ltd.
The trihalomethane derivatives were measured according to
MSZ 1484-5:1998, using a Thermo TRACE GC Ultra GC-ECD analyser
equipped with an electron capture detector (ECD) and a
RTX-624 30 mx0,32 mmx1,8 um (Restek) and a ZB-SemiVolatiles
30 mx0,25 mmx0,25 um (Zebron, Phenomenex) capillary column. The
AOX content was analyzed according to ISO 9562:2004 standard using
an ECS 1200 AOX, EOX, POX analyser (Thermo Fisher Scientific).

The bacteriological and microscopic biological tests were carried out
according to European and Hungarian standards, both on water samples
taken under sterile conditions and on water samples treated by oxidation.
The Coliform count and the Escherichia coli count were determined
according to MSZ EN ISO 9308-1:2015 and MSZ EN 1ISO
9308-1:2014/A1:2017, while the colony count of bacteria growing at
37°C and 22°C was determined according to MSZ EN ISO 6222:2000.
Microscopic  biological tests were determined according to
ISO 448-36:1985. Samples were transported to the Central Laboratory of
Debrecen Waterworks Ltd., stored at 4-8°C and processed within
24 hours.
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1. NEW SCIENTIFIC RESULTS

3.1. We have demonstrated that the oxidative method based on the
Fe(11)/Fe(111)-S(1V) air system is suitable for reducing the chemical
oxygen demand (COD) of raw water.

3.1.1. In the raw waters used in this study, the organic substrates react
with the strongly oxidizing radicals formed in the Fe(I1)/Fe(l11) catalysed
autooxidation of S(IV) according to the scheme shown in Figure 1.

/—\ SUBSTRATE

Fe(II)
Fe(II)
SO,~
0, S0, S0~ PRODUCTS
HSO,"
S(IV)
\

Figure 1. The oxidation of a substrate by utilizing the Fe(I1)/Fe(l11)-S(1V)-air
system.

3.1.2. The efficiency of COD removal (CODR%) by the Fe(Il)/Fe(lll) —
S(IV) — air system greatly depends on the total concentration of Fe (Cre),
the relative concentration of Fe(ll) (Fe(ll)%), the concentration of
sodium sulfite (Csv)), the bubbling or reaction time (tair) and the flow rate
of air (Vair).
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3.1.3. The effectiveness of COD removal reaches a limiting value by
increasing the duration of bubbling air, but 100 % removal efficiency has
never been achieved. The results confirm that some of the components
contributing to COD cannot be fully oxidized by this oxidative method.

3.1.4. The efficiency of COD removal first increases and then sharply
decreases as the flow rate is increased. This is the consequence of the
interplay of the following effects. First, the reaction mixture becomes
increasingly supersaturated with oxygen, and changes in the oxygen
concentration fundamentally affect the rates of the competing reactions
in favor of the oxidation of the substrate. On the other hand, air expels
S(IV) from the reaction mixture at high flow rates. Regardless of the
actual value of the other parameters, the optimum flow rate was around
200 mL/min, therefore this parameter was not changed in the subsequent
experiments.

3.1.5. The efficiency of COD removal increases with increasing S(IV)
concentration. A particular feature of the system is that no measurable
decrease in COD is observed until the S(IV) concentration reaches a
threshold value, which depends on the concentration of Fe(ll) added
(Fe(1)% = 100 %) (Figure 2). Based on this observation, S(IV) should
be used in relatively high concentrations. However, S(IV) is fully
converted to sulfate ion, the concentration of which must not exceed
2.5 mM in the finished water according to the regulations in force (Joint
Decree 6/2009 (IV. 14.) of the Ministry of Agriculture, Forestry,
Environment and Water Management). This limit was observed in this
work.
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Figure 2. The removal efficiency of COD as a function of csqv).
Cre = 4,0 MM, Fe(I1)% = 100 %, ticvegs = 60 Perc, Vievegs = 200 ml/perc.

3.1.6. The optimal total Fe(ll) concentration (in the absence of initially
added Fe(l11)) is highly dependent on the total S(IV) concentration, i.e.
the concentration ratio of these reactants also affects the efficiency of
COD removal. As a first approximation, the observed trend can be
interpreted by considering that a fraction of Fe(Il) need to be oxidized to
Fe(I11) in the initial stage of the reaction to ascertain the catalytic cycle.
Overall, this process also leads to the depletion of S(IV), which impairs
the efficiency of COD removal. It is hypothesized that an optimal
Fe(ll)/Fe(l11) concentration ratio must develop to make the oxidation of
the organic contaminants dominant. At certain concentration ratios, the
depletion of S(IV) is considerably faster than the oxidation of the
substrate and the COD remains unchanged.
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3.1.7. The efficiency of COD removal strongly depends on the ratio of
Fe(ll) to Fe(lll) concentrations when the total concentration of cre and
S(IV) is constant. Increasing the relative concentration of Fe(lll) is
beneficial for a while, but counterproductive when the Fe(ll):Fe(lll)
concentration ratio falls below a value that depends on other parameters.

3.1.8. At high total iron concentrations, catalytic autooxidation of sulfite
ion becomes dominant, while the oxidation of organic components and
the simultaneous regeneration of S(1V) are suppressed. The experiments
clearly demonstrate that the efficiency of COD removal can be optimized
by a suitable choice of reactant concentrations.

3.2. We have determined the optimal conditions for maximum COD
removal efficiency using the response surface method (RSM).

3.2.1. To optimize the efficiency of COD removal, the compositions of
the reaction mixtures used in the experiments were designed based on a
three-level FC-CCD (face centered-central composite design) procedure.
The parameter values were in the following ranges: cre: 1.0-4.5 mM;
Fe(11)%: 0-100 %; csqvy: 0.5-2.5 mM; tair: 30-90 min and, based on the
experimental results detailed above, the air flow rate was kept at
200 ml/min in all cases. In accordance with the previous discussion
(Chapter 3.1.5.) the upper limit of csqv) was set to 2.5 mM. It has been
verified that the four independent factors corresponding to these
parameters (X1, X2, X3, Xa) should be coded at three levels between
-1 and +1. Using the FC-CCD procedure, 21 experiments were
performed. The experimental conditions and the resulting COD removal
efficiencies are summarized in Table 2.



Sulfur(1V) assisted oxidative removal of organic pollutants from source water

Table 2. The experimental conditions in accordance with FC-CCD and the
corresponding reduction efficiency.

Run (WC]T\E/I) Fe(11)% (‘;:](I'\jl)) (rﬁ‘;rn) CODR% (%)
1 1.70 20 09 | 42 87.3
2 2.80 0 15 | 60 0.03
3 450 50 15 | 60 0.03
4 2.80 50 25 | 60 46.6
5 2.80 50 15 | 60 80.8
6 2.80 50 15 | 60 80.7
7 3.80 80 09 | 42 0.03
8 2.80 50 15 | 90 771
9 1.00 50 15 | 60 66.9
10 2.80 50 05 | 60 0.03
11 3.80 80 0.9 78 0.03
12 2.80 50 15 | 60 80.8
13 1.70 80 21 78 79.7
14 1.70 20 0.9 78 87.5
15 3.80 20 2.1 78 66.5
16 1.70 80 21 | 42 78.4
17 2.80 50 15 | 60 80.8
18 2.80 50 15 | 60 80.8
19 3.80 20 21 | 42 60.6
20 2.80 50 15 | 30 425
21 2.80 100 15 | 60 54.8

3.2.2. By randomly inserting five parallel measurements (experiments 5.,
6., 12., 17. and 18.) into the experiment set, it was demonstrated that the
COD removal efficiency is well reproducible (80.69 - 80.83 %).

10
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The response parameter (COD removal efficiency) was fitted with the
cubic approximation model (Equation 1).

Y= bo + biX1+ baXo + baXz + baXs + b1oX1Xo + b13aX1 X3 + b1aX1Xs
+023X2oX3 + D24 XoXa + baaXaXa + b11X1? + 022Xo? + basXa? + bagXe? +
b123X1X2X3 + 0234 X2X3Xa + D12aX1X2Xa + b13aX1X3Xa + D112 X12X2 + b113
X12X3 + D114 X12Xa + 12z X1X2% + b1z X1X52 + D1aa X1Xa? + ooz X22X3 +
D224 X22X4 + D23z XoXs? + boas XoXa? + b3as Xa?Xa + basg X3Xa? + b111X1°
+ D222X23 + b33aXs® + DasaXs® (1)

Statistical analysis of the results showed that the F- and p-values of the
parameters are significant. The coefficients R? (1.0000), the adjusted R?
(R%gj = 1.0000) and the F-value of the model (3.621x10°) confirm that
the use of the cubic model is appropriate in this case.

3.2.3. The dependence of the predicted COD removal efficiency on the
reagent concentrations was demonstrated using 3D response surface
plots. As an example, Figure 3 shows the COD removal efficiency as a
function of cre and csqv). The RSM calculations demonstrate the
complexity of the system.

11



Sulfur(1V) assisted oxidative removal of organic pollutants from source water
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Figure 3. Response surface for COD removal efficiency as a function of total
Fe and S(IV) concentration. Fe(11)% = 50 %, tair = 60 min, v = 200 mL/min.

As shown in Figure 4, the efficiency of COD removal varies non-
monotonically with increasing cre and csqv). The contour plot shows two
favorable regions (red zones) at relatively low and high reactant
concentrations. In the intermediate region (green zone), the efficiency of
COD removal diminishes, suggesting that the oxidative depletion of
S(IV) becomes dominant over the catalytic oxidation of the substrate. In
agreement with the results in Table 2, no COD removal is expected at all
in certain concentration ranges (blue zones).

12
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Cre (MM)

15

cspv) (mM)

Figure 4. Contour plot of COD removal as a function of total Fe and S(IV)
concentration.
The colors indicate the efficiency of reduction as follows, blue: 0 %, red: high
(85.4 % at the optimum)
Fe(11)% = 20 %, tair = 42 min, Vair = 200 mL/min.

3.2.4. The statistical procedure yields the following estimated optimized
parameter values for the Kiralyhegyes raw water at 0.880 desirability
level: cre = 1.7 mM, Fe(I1)% = 20 %, csav) = 0.9 mM and tair = 42 min.
Under these conditions, the measured and predicted COD removal
efficiencies are 87.5 + 0.02 % and 85.4 %, respectively. This excellent
agreement confirms the validity of the model.

13
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3.2.5. The robustness of the COD removal efficiency was tested by
varying the reactant concentrations by + 20% around the optimal values
at the same reaction time (42 min). The results showed some variation,
but the efficiency of COD removal was never less than 75.4%.

3.3. We have demonstrated that the oxidative method presented here is
generally applicable for the removal of significant levels of COD from
various raw waters used in the drinking water supply.

3.3.1. To prove the general applicability of the Fe(Il)/Fe(1I1)-S(IV) air
oxidation method, the efficiency of COD removal in raw waters from
different locations was investigated using the optimum parameter values
established for the Kiralyhegyes raw water. The removal efficiency
varied from 62.0 = 0.01 % to 88.5 + 0.01 % (Table 3).

Table 3. The COD removal efficiency of the Fe(ll)/Fe(l11)-S(IV) air system in
different raw waters.

Locations COD (mg/l) CODR (%) (Mean+SD)
Apatfalva (Well I11.) 5.21 +0.02 88.5+0.01
Apatfalva (Well IV.) 6.91 +0.01 88.1+£0.02
Biharkeresztes (Well 111.) 7.88 £0.01 62.0 £ 0.01
Foldeak (Well 111.) 2.70 +£0.01 85.5+0.01
Kismarja (Well 11.) 6.52 +0.02 81.8+0.01
Mako (Well I-11-111.) 2.30+0.01 85.4 £0.02
Nagyér (Well 1V.) 3.20 +0.005 87.8+0.01
Pocsaj (Well 111.) 6.80 £0.01 81.0+£0.02
Pocsaj (Well 1V.) 9.18+0.01 82.9+0.02

Cre = 1,7 mM, Fe(11)% = 20 %, Csav) = 0.9 MM tievees = 42 perc,
Vievegs = 200 ml/perc.
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3.4. We have confirmed that the ammonium ion content of the raw
water is not altered by the oxidative pre-treatment with the
Fe(11)/Fe(111)-S(IV)-air system. The breakpoint chlorination proceeds
in the same way in the non-treated and oxidatively pre-treated raw
water.

3.4.1. The breakpoint chlorination, i.e. the complete removal of
ammonium ion, requires the same mass ratio of HOCI : NH4" in the non-
treated and oxidatively pre-treated water which is 8.7 : 1 in all cases. This
ratio corresponds to the 100 % dose of hypochlorite.

3.4.2. After the addition of 100% sodium hypochlorite dose to the
samples, the chlorination reaction is somewhat slower in the oxidized
sample than in the untreated sample. This difference is interpreted by
considering that the oxidative pre-treatment decreases the COD by nearly
87 % in the raw water and, as a consequence, the matrix effect is
significantly altered. However, the breakpoint chlorination is complete
within 90 min. in all cases at room temperature.

3.5. We have demonstrated that the breakpoint chlorination produces
substantially less trihalomethanes (THMs) and adsorbable
halogenated organic compounds (AOXs) after the oxidative pre-
treatment of the raw water with the Fe(11)/Fe(111)-S(IV)-air system.

3.5.1. The concentrations of AOX and THM decreased by
79.05+2.10 % and 79.06 = 15.36 %, respectively, in the raw water from
Kiralyhegyes. After breakpoint chlorination, the THM concentration was
close to the 50 pg/1 regulation limit (Decree 201/2001 (X.25.) in the raw
water, but the concentration of this contaminant dropped to 13 % of the
limit value by oxidative pre-treatment.

15
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3.5.2. The concentration of ammonium ion in raw water from different
sources varies over a relatively wide range (0.22 - 1.58 mg/L), therefore
the concentration of sodium hypochlorite required for breakpoint
chlorination also varies significantly. In addition, there is an up to
2.5-fold difference in the concentration of organic precursors in the
different raw waters. As a consequence, a clear correlation cannot be
established between the composition of the raw waters and the
concentration of THM and AOX formed. Nevertheless, the general trend
is that higher organic matter content leads to the formation of chlorinated
organic components in higher concentrations.

3.5.3. Oxidative pre-treatment of source waters from different geographic
locations led to the decrease of the THM concentrations by
41.2 to 73.3 % (Figure 5) and the AOX concentrations by 61.3 to 84.1 %
(Figure 6). In these pre-treatments the parameters optimized for the raw
water from Kiralyhegyes were used.

16
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Figure 5. The THMs in raw and oxidatively pre-treated source waters from
different locations after breakpoint chlorination.
Blue colour: untreated raw water, yellow colour: oxidatively pretreated raw
water.
Sodium hypochlorite was used in 100 % dose which corresponds to the 8.7
HOCI to NH4" mass ratio.
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Figure 6. The AOX in raw and oxidatively pre-treated source waters from
different locations after breakpoint chlorination.
Orange colour: untreated raw water, green colour: oxidatively pretreated raw
water.
Sodium hypochlorite was used in 100 % dose which corresponds to the 8.7
HOCI to NH4* mass ratio.

3.6. We have shown that the oxidative pre-treatment also plays a
significant role in the removal of microorganisms from the raw waters.

3.6.1. Experiments on the formation biofilm layer confirmed that the
oxidative treatment has a major impact on microorganism, as
microscopic images did (in raw waters of Berekboszérmény and Pocsaj)
after oxidation no longer showed any evidence of living organisms.

18
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3.6.2. Microscopic images of the raw water taken from Well 2. in
Biharkeresztes showed Crenothrix polyspora filamentous iron bacteria
and roundworm (Rotatoria). These microorganisms were removed by the
oxidative treatment.

3.6.3. The Colony count of bacteria growing at 37°C was 50/ml before
oxidative treatment in the Pocsaj raw water taken in sterile samples. It is
more than twice of the 20/ml limit allowed according to the government
regulation. This high bacterial count indicates the formation of a biofilm
layer, which was confirmed by microscopic biological studies. It was
confirmed that the colony count is reduced to 2/ml after the oxidative
treatment, which corresponds to a 96 % removal efficiency.

3.6.4. The Colony count of bacteria growing at 22°C in the untreated raw
water was initially 42/ml, but was completely removed by oxidative
treatment.

3.6.5. The Colony count of bacteria growing at 37°C in untreated raw
water from Berekboszormény is 195/ml, which is more than 9 times the
limit of 20/ml set by the government regulation; while the colony count
of bacteria growing at 22°C is 260/ml, which is more than 2 times the
limit of 100/ml set by the government regulation. These high colony
counts indicate biofilm formation or a localized problem, however,
microscopic biological studies confirm the presence of biofilm.

3.6.6. Due to the oxidative treatment of the Berekbdszormény raw water
with the Fe(I)/Fe(l11)-S(1V)-air system, the colony counts of bacteria
growing at 37°C were completely removed, while the colony counts of
bacteria growing at 22°C were reduced to 2/ml. By reducing the colony
count of bacteria in raw water, the pre-treated raw water becomes
biologically more stable that helps to prevent possible bacterial
contamination in the distribution networks, i.e. to minimise secondary
effects.
19
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V. POSSIBLE UTILIZATION OF THE RESULTS

Chemical oxygen demand (COD) in source waters presents a major
challenge for drinking water treatment plants. The method presented in
the dissertation offers a versatile alternative for decreasing COD
compared to other techniques used before. In our work, we have studied
the Fe(I)/Fe(111)-S(1V)-air oxidative system in detail. This is one of the
most efficient, yet environmental friendly oxidant and disinfectant
system known today.

The main advantage of this process is that only harmless products form
from the applied reagents. Iron is transferred into iron(lll) precipitate
which can be removed in later steps of the water treatment technology,
and the added sulfur(l1V) is completely oxidized to sulfate ion in the
process. Most importantly, the concentrations of the reagents and the
final products are way below the regulatory limit after the treatment. In
this study, the source water was used as received, i.e., no pretreatment is
required to achieve high-efficiency COD removal. The use of
Fe(ID/Fe(11)-S(1V)-air treatment in the early stage of drinking water
production is also expected to reduce the risk of the formation of
antagonistic products in further steps of the overall technology.
Furthermore, it has been shown that this oxidative treatment is suitable
to inactivate various chlorine-resistant polluting microorganisms in the
raw water.

Our results also confirm that after the oxidative pre-treatment, which
removes a significant part of the organic pollutants, the concentration of
harmful by-products formed during the breakpoint chlorination process
is significantly reduced in raw water. Therefore, the application of the
Fe(ID)/Fe(111)-S(1V)-air systemhas the potential to improve water quality
and prevent secondary water quality problems in the water distribution
network.
20



Alexandra Truzsi Propositions of PhD thesis

LIST OF PUBLICATIONS

List of publications related to the dissertation

Foreign language scientific articles in international journals (2)

1. A. Truzsi, B. Kovacs, I. Bodnar, 1. Fabian
Controlling the formation of halogenated byproducts in the
chlorination of source waters by oxidative pre-treatment with
the Fe(11)/Fe(111)-S(1V)-air system
Ecotoxicology and Environmental Safety, 2022, 244, 114036.
DOI: 10.1016/j.ecoenv.2022.114036
[D1, IF.: 7.129, Cit.: 0/0]

2. A.Truzsi, J. Elek, 1. Fabian
Sulfur(lV) assisted oxidative removal of organic pollutants
from source water
Environmental Pollution, 2022, 294, 118625.
DOI: 10.1016/j.envpol.2021.118625
[D1, IF.: 9.988, Cit.: 0/0]

List of other publication

Hungarian scientific articles in Hungarian journals (5)

1. Truzsi A., Szmolka M., Bodnar 1., Varga J.
Oxidacios eljarasok osszehasonlitasa neonikotinoid
novényvédo szerek modelloldatokbol torténd eltavolitasara
Int. J. Eng. Manag. Sci., 2019, 4 (2), 91-98
DOI: 10.21791/1JEMS.2019.2.11.

21


https://doi.org/10.1016/j.envpol.2021.118625

Sulfur(1V) assisted oxidative removal of organic pollutants from source water

2. Truzsi A., Bodnar I., Fiilop Z.
A debreceni szennyviztisztitd telep biogaz termelo
fermentacios folyamatainak nyomon kovetése kémiai
moédszerekkel = Monitoring of Debrecen WWTP biogas
fermentation processes by chemical methods.
Int. J. Eng. Manag. Sci., 2017, 2 (1), 79-83
DOI: 10.21791/IJEMS.2017.1.15.

3. Truzsi, A., Bodnar, 1., Fiilop, Z.
Innovativ szennyviztisztitasi modszer vizsgalata kommunalis
szennyviz kémiai kezelésére = Examination of innovative
wastewater treatment method for chemical treatment of
municipal wastewater.
Int. J. Eng. Manag. Sci. 1 (2), 136-144, 2016. EISSN: 2498-700X.
DOI: http://dx.doi.org/10.21791/1JEMS.2016.2.18.

4. Truzsi, A., Bodnar, 1., Forian, S.
Fizikai, kémiai és hidromorfologiai jellemzOk vizsgalata a
Hortobagy-Berettyd focsatorna mentén.
Debr. Miisz. Kozl 13 (2), 98-103, 2014. ISSN: 1785-0622.

5. Truzsi, A., Bodnar, 1., Lengyel, A.
Felszin  alatti  viztest szénhidrogén  szennyezésének
monitoringja = Hydrocarbon contamination monitoring of a
groundwater waterbody.
Debr. Miisz. Kozl 12 (2), 74-82, 2013. ISSN: 1785-0622.

22



Alexandra Truzsi Propositions of PhD thesis

Hungarian conference proceedings (7)

1. Truzsi A, Bodnar I., Varga J.
Neonikotinoid novényvédo szerek oxidativ lebontasara
iranyulo médszerfejlesztések = Methods Development for
Oxidative Degredation of Neonicotinoid Pesticides.
Miiszaki tudomadny az Eszak-kelet Magyarorszagi Régioban, 2018,
442 p. pp., 358-365., 8 p. ISBN: 9789637064388
http://hdl.handle.net/2437/256443

2. Truzsi A., Bodnar ., Varga J., Bellér G., Fabian I.
Neonikotinoid novényvédé szerek oxidacioja modelloldatokbol

peroxomonoszulfat-ionnal = Oxidation of Neonicotinoid
Insecticides from Model Solutions with Peroxomonosulfate
lon.

Miiszaki tudomany az Eszak-kelet Magyarorszagi Régioban, 2019,
464 p. pp., 404-407., 4 p. ISBN: 9789637064388
http://hdl.handle.net/2437/273106

3. Truzsi A., Bodnar 1., Fiilop Z.
A debreceni szennyviztisztito telep vizsgalata Kkiilonos
tekintettel a fermentacios folyamat megbizhato értékelésére
alkalmazhaté FOS/TAC arany nyomon Kkovetésével
Examination of Debrecen WWTP Focusing on the FOS/TAC
Ratio as a Reliable Assessment Parameter Used for the
Fermentation Process.
Int. J. Eng. Manag. Sci., 2019, 4 (2), 91-98
DOI: 10.21791/1JEMS.2019.2.11.

23



Sulfur(1V) assisted oxidative removal of organic pollutants from source water

4. Truzsi A., Bodnar 1., Varga J.
Oxidativ lebontasra iranyulé modszerfejlesztések biologiailag
nem vagy nehezen bonthaté szerves anyagokkal terhelt felszini
és felszin alatti vizek in situ tisztitasaira = Methods
Development for Oxidative Degredation in Surface and
Groundwater Loaded by Non or Hardly Biodegradable
Organic Pollutants.
Miiszaki tudomany az Eszak-kelet Magyarorszagi Régioban, 2017,
630 p. pp., 571-578., 8 p ISBN: 9789637064388
http://hdl.handle.net/2437/243208

5. Truzsi, A., Bodnar, 1.
Antropogén szennyezdk hatasanak vizsgalata a Hortobagy-
Berettyo focsatorna novényi tapanyagtartalmara.
Miiszaki tudomany az Eszak-kelet Magyarorszagi Régioban, 2015.
konferencia eldadésai : Debrecen, 2015. jinius 11..

Szerk.: Bodzas Sandor, Debreceni Akadémiai Bizottsag Miiszaki
Szakbizottsaga, Debrecen, 543-547, 2015. ISBN: 9789637064326

6. Truzsi, A., Forian, S., Bodnar, 1.

A Hortobagy-Beretty6 focsatorna vizminéségének, kiemelten a
viz ionosszetételének értékelése maucha-féle
csillagdiagrammal = The assesment of ionic composition of
hortobagyberettyé main canal with maucha star diagram.
Miiszaki tudomany az Eszak-kelet Magyarorszagi Régiéban, 2014.
Szerk.: Pokoradi Laszlo, MTA Debreceni Akadémiai Bizottsag,
Debrecen, 413-418, 2014, (Mdszaki flizetek; 14) ISBN:
9789635087525

24



Alexandra Truzsi Propositions of PhD thesis

7. Truzsi, A., Forian, S., Bodnar, 1.
Terepi vizmindségi vizsgalataink a Hortobagy-Berettyo
focsatornan = Our Field Measurements of Water Quality at
The Main Canal of Hortobagy Berettyo.
Fiatal Miiszakiak Tudomadnyos Ulésszaka XIX: Nemzetkozi
Tudomanyos Konferencia. Szerk.: Bitay Eniké, Erdélyi Mazeum-
Egyesiilet, Kolozsvar, 425-428, 2014.

25



Sulfur(1V) assisted oxidative removal of organic pollutants from source water

UNIVERSITY AND NATIONAL LIBRARY

U N IVE RSITY Of UNIVERSITY OF DEBRECEN
D E B R E C E N H-4002 Egyetem tér 1, Debrecen
Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

Registry number: DEENK/409/2022.PL
Subject: PhD Publication List

Candidate: Alexandra Truzsi
Doctoral School: Doctoral School of Chemistry
MTMT ID: 10059255

List of publications related to the dissertation

Foreign language scientific articles in international journals (2)

1. Truzsi, A., Kovacs, B., Bodnar, ., Fabian, I.: Controlling the formation of halogenated byproducts
in the chlorination of source waters by oxidative pre-treatment with the Fe(Il)/Fe(lll)-S(IV)-air
system.

Ecotox. Environ. Safe. 244, 1-7, 2022. ISSN: 0147-6513.
DOI: http://dx.doi.org/10.1016/j.ecoenv.2022.114036
IF:7.129 (2021)

2. Truzsi, A., Elek, J., Fabian, |.: Sulfur(IV) assisted oxidative removal of organic pollutants from
source water.
Environ. Pollut. 294, 1-7, 2022. ISSN: 0269-7491.
DOI: http://dx.doi.org/10.1016/j.envpol.2021.118625
IF: 9.988 (2021)

List of other publications

Hungarian scientific articles in Hungarian journals (5)
3. Truzsi, A., Szmolka, M., Bodnar, |., Varga, J.: Oxidacios eljarasok 6sszehasonlitdsa neonikotinoid

novényveédo szerek modelloldatokbdl torténd eltavolitasara.
Int. J. Eng. Manag. Sci. 4 (2), 91-98, 2019. EISSN: 2498-700X. \:[Tm
DOL: http://dx.doi.org/10.21791/IJEMS.2019.2.11. O K-

< 4
4. Truzsi, A., Bodnar, |, Filop, Z.: A debreceni szennyviztisztito telep biogaz termeﬁfermﬁs ;
folyamatainak nyomon kévetése kémiai modszerekkel = Monitoring of Debré&gn WWETRS) :
biogas fermentation processes by chemical methods. —”/,/ e 7
Int. J. Eng. Manag. Sci. 2 (1), 79-83, 2017. EISSN: 2498-700X. & i:w “&r et ¥
DOI: http://dx.doi.org/10.21791/IJEMS.2017.1.15.

26



Alexandra Truzsi Propositions of PhD thesis

UNIVERSITY AND NATIONAL LIBRARY
U N IVE RSITY Of UNIVERSITY OF DEBRECEN

D E B R E C E N H-4002 Egyetem tér 1, Debrecen
Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

5. Truzsi, A., Bodnar, |, Flilép, Z.: Innovativ szennyviztisztitasi modszer vizsgalata kommunalis
szennyviz kémiai kezelésére = Examination of innovative wastewater treatment method for
chemical treatment of municipal wastewater.

Int. J. Eng. Manag. Sci. 1(2), 136-144, 2016. EISSN: 2498-700X.
DOI: http://dx.doi.org/10.21791/IJEMS.2016.2.18.

6. Truzsi, A., Bodnéar, |., Férian, S.: Fizikai, kémiai és hidromorfoldgiai jellemzék vizsgalata a
Hortobagy-Berettyo fécsatorna mentén.
Debr. Miisz. Kézl. 13 (2), 98-103, 2014. ISSN: 1785-0622.

7. Truzsi, A., Bodnar, |., Lengyel, A.: Felszin alatti viztest szénhidrogén szennyezésének
monitoringja = Hydrocarbon contamination monitoring of a groundwater waterbody.
Debr. Miisz. Kozl. 12 (2), 74-82, 2013. ISSN: 1785-0622.

Hungarian conference proceedings (7)
8. Truzsi, A., Bodnar, ., Varga, J., Bellér, G., Fabian, |.: Neonikotinoid ndvényvédd szerek oxidacioja
modelloldatokbdl peroxomonoszulfat-ionnal = Oxidation of Neonicotinoid Insecticides from
Model Solutions with Peroxomonosulfate lon.
In: Miiszaki tudomany az Eszak-kelet Magyarorszagi Régidban 2019. Szerk.: Bodzas
Sandor, Antal Tamas, MTA Debreceni Akadémiai Bizottsag Miiszaki Szakbizottsaga,
Debrecen, 404-407, 2019. ISBN: 9789637064388

9. Truzsi, A., Bodnar, |., Varga, J.: Neonikotinoid ndvényvedd szerek oxidativ lebontasara iranyuld
modszerfejlesztések = Methods Development for Oxidative Degredation of Neonicotinoid
Pesticides.

In: Miiszaki Tudoméany az Eszak-Kelet Magyarorszagi Régidban. Szerk.: Bodzas Sandor,
Antal Tamas, Debreceni Akadémiai Bizottsag Miszaki Szakbizottsaga, Debrecen, 358-365,
2018. ISBN: 9789637064371

10. Truzsi, A., Bodnar, |., Fiilép, Z.: A debreceni szennyviztisztito telep vizsgalata kiilonds tekintettel
a fermentacios folyamat megbizhato értékelésére alkalmazhaté FOS/TAC arany nyomon
kovetésével = Examination of Debrecen WWTP Focusing on the FOS/TAC Ratio as a
Reliable Assessment Parameter Used for the Fermentation Process.

In: A XXII. Fiatal Miiszakiak Tudomanyos Ulésszak eladasai : Proceedings of the XXII-th
International Scientific Conference of Young Engineers. Szerk.: Bitay Enikd, ObudELEg_yeLgm
; Kolozsvar : Erdelyi Muzeum Egyesiilet, Budapest, 391-394, 2017. ISBN: 97896 &kéé’iéa*%

Q

11. Truzsi, A., Bodnar, |., Varga, J.: Oxidativ lebontasra iranyulo médszerfejlesztések’ biologi Z
nem vagy nehezen bonthatd szerves anyagokkal terhelt felszini és felszin a‘a?_jli vizek =1 »)
Situ Tisztitasara Methods Development for Oxidative Degredation in Surfacé ‘,d b f‘"7
Groundwater Loaded by Non or Hardly Biodegradable Organic Pollutants.” , - " \«f>

In: Miszaki Tudomany az Eszak-Kelet Magyarorszagi Régidban 2017 anféi’encia eloadé?gi.
Szerk.: Bodzas Sandor, Debreceni Akadémiai Bizottsag Miiszaki Szakbizottsaga, Debrecen,
571-578, 2017. ISBN: 9789637064357

27



Sulfur(1V) assisted oxidative removal of organic pollutants from source water

UNIVERSITY AND NATIONAL LIBRARY
UN IVERSITY Of " UNIV‘;RSAITV OF DEBRECEN

D E B R E C E N H-4002 Egyetem tér 1, Debrecen
Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

12. Truzsi, A., Bodnar, |.: Antropogén szennyezdék hatasanak vizsgalata a Hortobagy- Berettyo
fécsatorna novényi tapanyagtartalmara.
In: Miiszaki tudomany az Eszak-kelet Magyarorszagi Régioban 2015 : konferencia eléadasai
: Debrecen, 2015. junius 11.. Szerk.: Bodzas Sandor, Debreceni Akadémiai Bizottsag
Miszaki Szakbizottsaga, Debrecen, 543-547, 2015. ISBN: 9789637064326

13. Truzsi, A., Fdrian, S., Bodnar, |.: A Hortobagy-Berettyo fécsatorna vizminéségének, kiemelten a
viz ionosszetételének értékelése maucha-féle csillagdiagrammal = the assesment of ionic
composition of hortobagyberettyé main canal with maucha star diagram.

In: Az Eszak-Kelet Magyarorszagi Régiéban 2014. Szerk.: Pokoradi Laszl6, MTA Debreceni
Akadémiai Bizottsag, Debrecen, 413-418, 2014, (Miszaki fiizetek ; 14) ISBN:
9789635087525

14. Truzsi, A., Forian, S., Bodnar, |.: Terepi vizmindségi vizsgalataink a Hortobagy-Berettyo
féesatornan = Our Field Measurements of Water Quality at The Main Canal of Hortobagy-
Berettyo.

In: Fiatal Miiszakiak Tudomanyos Ulésszaka XIX : Nemzetkozi Tudomanyos Konferencia.
Szerk.: Bitay Enikd, Erdélyi Mizeum-Egyesiilet, Kolozsvar, 425-428, 2014.

Total IF of journals (all publications): 17,117
Total IF of journals (publications related to the dissertation): 17,117

The Candidate's publication data submitted to the iDEa Tudéstér have been validated by DEENK on
the basis of the Journal Citation Report (Impact Factor) database.

31 August, 2022

28



