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A B S T R A C T   

The removal of organic pollutants presents a major challenge for drinking water treatment plants. The chemical 
oxygen demand (COD) is essentially the measure of oxidizable organic matter in source waters. In this study, we 
report that COD can efficiently be decreased by adding Fe(II)/Fe(III) and sulfite ion to the source water while 
purging it with air. In this process, oxygen is activated to oxidize the main constituents of COD, i.e. organic 
substrates, via the generation of reactive inorganic oxysulfur radical ions. In the end, the total amount of sulfur 
(IV) is converted to the non-toxic sulfate ion. It has been explored how the COD removal efficiency depends on 
the concentration of S(IV), the total concentration of iron species, the concentration ratio of Fe(II) and Fe(III), the 
purging rate and the contact time by using source water from a specific location (Királyhegyes, Hungary). The 
process has been optimized by applying the Response Surface Methodology (RSM). Under optimum conditions, 
the predicted and experimentally found COD removal efficiencies are in excellent agreement: 85.4% and 87.5%, 
respectively. The robustness of the process was tested by varying the optimum values of the parameters by ±
20%. It was demonstrated that the method is universally applicable because a remarkable decrease was achieved 
in COD, 62.0–88.5%, with source waters of various compositions acquired from 9 wells at other locations using 
the same conditions as in the case of Királyhegyes.   

1. Introduction 

Groundwater is the most prestigious resource of drinking water in 
many parts of the world and its quality is a primary concern with respect 
to producing potable water (Jha et al., 2020). Organic compounds are 
the main common contributors to contamination in groundwater which 
can be of either natural or anthropogenic origin. Raw waters used for 
preparing potable water exhibit a wide range of chemical and physical 
properties. They can be rich in a variety of natural organic matter (NOM) 
such as humic substances (mostly fulvic acids), non-humic materials (e. 
g. proteins, carbohydrates, hydrocarbons) and contaminants from in
dustrial activities (Schmoll et al., 2006). The presence of organic sub
stances in raw water is associated with a number of challenges in 
drinking water treatment technologies. The high organic matter content 
has a negative impact on water quality due to color, taste, odor and 
toxicity problems, and also requires high doses of coagulation and 

disinfection agents (Matilainen and Sillanpaa, 2010). In addition, these 
compounds should be considered as the precursors in the formation of 
harmful disinfectant by-products (DBPs), such as adsorbable organic 
halides (AOXs) and trihalomethanes (THMs) (Baken et al., 2018; 
Franklin et al., 2021; Mazhar et al., 2020; Postigo et al., 2021; Xu et al., 
2021). Finally, the high organic matter content may adversely affect the 
biological stability of drinking water, promote fouling in the distribution 
system and contribute to an increased level of heavy metal concentra
tion via complex formation reactions (Huang et al., 2020; Latchmore 
et al., 2020; Pan et al., 2021). 

In general, water quality is characterized by indicative ‘sum’ pa
rameters like chemical oxygen demand (COD), biological oxygen de
mand (BOD), total organic carbon (TOC) etc. which are interrelated (Sun 
et al., 2020). COD is an empiric, easily accessible laboratory assay which 
measures mainly the amount of oxidizable organic matter (both biode
gradable and non-biodegradable) because inorganic oxygen consuming 
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components are typically present at low concentration levels in source 
waters. Accordingly, the progress of the removal of organic pollutants 
can conveniently be monitored during water treatment by measuring 
COD. Water quality regulations set strict thresholds for certain con
taminants of organic origin such as pesticides, trichloro- and 
tetrachloro-ethene and AOX (Council of the European Union, 2020; 
World Health Organization, 2018). The precursors of these contami
nants are the main constituent of COD. Therefore, COD is an important 
quality indicator of ground and surface waters. For example, the United 
Nations Economic Commission for Europe (UN-ECE) classifies surface 
freshwater as class I, II, III, IV and V with COD values < 3, 3–10, 10–20, 
20–30 and >30 mg O2/L, respectively (United Nations Economic Com
mission for Europe (UN-ECE), 1993). In many national regulations the 
allowed upper limit for COD is set to 5 mg O2/L or less in drinking water. 

In order to meet drinking water quality requirements, as well as, to 
prevent the formation of antagonistic products, the concentration of the 
organic components needs to be decreased in the first stage of water 
treatment technologies. Filtration, coagulation and oxidation methods 
have been used to achieve this goal (Gitis and Hankins, 2018; Kohler 
et al., 2016; Matilainen and Sillanpaa, 2010; Mtavangu et al., 2017; 
Noredinvand et al., 2016). Relatively high removal rate was realized by 
using strong oxidants such as MnO4

− , O3, H2O2/O3 (Alsheyab and 
Muñoz, 2007). 

In recent years, there has been growing interest in the oxidation of 
various substrates by oxysulfur radical ions. These oxidants are partic
ularly versatile because of the low environmental impact and toxicity of 
sulfate ion formed from them. Beside peroxomonosulfate and perox
odisulfate ions, sulfur(IV) has extensively been used as a precursor for 
generating such radicals (Li et al., 2020; Stankov et al., 2021; Zhou et al., 
2018). Depending on the pH, S(IV) may predominantly exists as SO3

2−

(alkaline pH), HSO3
− (neutral – acidic pH), and H2O•SO2 (acidic pH) in 

aqueous solution. These forms are involved in acid – base equilibria and 
exhibit different activities in redox reactions. As a consequence, the 
kinetics of these processes feature distinct pH-dependency. While S(IV) 
is considered as a reducing agent, in the presence of appropriate cata
lysts and dissolved oxygen it can be the source of strongly oxidizing 
species such as SO3

•− , SO4
•− and SO5

•− (Brandt et al., 1994; Chen et al., 
2021; Guerra-Rodríguez et al., 2021; Kraft and van Eldik, 1989; Lente 
and Fábián, 2002; Nie and Xiao, 2020). The Fe(II)/Fe(III) catalyzed 
autoxidation of S(IV) has extensively been studied before. Thorough 
studies on the kinetics and mechanism of this reaction revealed that the 
reactive intermediates formed in this system may be suitable for the 
oxidation of organic compounds (Lente and Fábián, 2002). Most recent 
studies have confirmed that the amount of contaminants in simulated or 
real waste water can significantly be reduced by administering simul
taneously iron in various oxidation states, S(IV) and air (Dong et al., 
2020; Wang et al., 2020; Wu et al., 2021; Xiao and Yu, 2021; Xie et al., 

2019). So far, the combination of these reagents has not been used in 
drinking water technologies for removing COD. In this paper we provide 
a detailed account on reducing oxygen demand to well below the 
regulation limit in source water by the Fe(II)/Fe(III) – S(IV) – air system. 

This study has been carried out on the basis of the following general 
considerations. The Fe(III)/Fe(II) catalyzed autoxidation of S(IV) is a 
complex, radical type chain reaction. The most relevant reaction steps of 
this process are listed in Table S1, and the outline of the mechanism is 
shown in Scheme 1(Brandt et al., 1994; Lente and Fábián, 2002). 

First, S(IV) is oxidized by Fe(III) to the sulfite radical ion (SO3
•− ) in a 

rate determining step. This intermediate quickly reacts with dissolved 
oxygen to produce the peroxomonosulfate radical ion (SO5

•− ) which is 
an extremely powerful oxidant. In fact, this step is responsible for the 
activation of the otherwise inert O2. In subsequent steps, SO5

•− reox
idizes Fe(II) to Fe(III), oxidizes S(IV) to SO3

•− and involved in other 
reactions to generate SO4

2− and SO4
•− . The sulfate radical ion also 

contributes to the oxidation of S(IV) and Fe(II). Provided that S(IV) is in 
excess, the redox cycling of iron between the two oxidation states and 
the overall catalytic process are sustained as long as O2 is present in the 
system. Once it is used up, Fe(III) is fully reduced to Fe(II) by S(IV) and 
the reaction terminates. The model also predicts that S(IV) is fully 
consumed and Fe(III) is not fully converted into Fe(II) when O2 is 
continuously replenished by purging the reaction mixture with oxygen 
or air. 

When an oxidizable substrate is added to the system, its oxidation is 
coupled with the catalytic autoxidation process of S(IV), i.e. the sub
strate is oxidized by the reactive radicals via a parallel reaction path 
while S(IV) is simultaneously regenerated. Such oxidation reactions take 
place with the SO5

•− , SO3
•− and SO4

•− radicals. The outcome of the 
overall reaction is determined by the interplay of the various reaction 
steps which is controlled by the experimental parameters, most impor
tantly by the concentrations of the reactants. When this system is used 
for decreasing COD, the oxidation of the substrates needs to be consid
erably faster than the oxidation of S(IV) to S(VI). In order to provide 
sufficient amount of oxidant, oxygen needs to be replenished in the re
action mixture continuously. The activation of O2 stops when the total 
amount of S(IV) is consumed. 

The above discussion describes only the general features of this 
system. In reality, several other processes may occur, such as the acid- 
base reactions of the reactants, the formation of various complexes be
tween S(IV) and the catalyst. Under slightly acidic – neutral conditions, 
the formation of Fe(III) hydroxo precipitates is also evident, which opens 
a possibility for heterogeneous catalytic reactions. Thus, a rather com
plex reactive system prevails, and the examination of the intrinsic 
mechanism of the overall process is unfeasible. Now we pursue a prac
tical approach which considers the general kinetic features but does not 
explore the individual reaction steps. Instead, we meticulously 

Scheme 1. The oxidation of a substrate by the Fe(II)/Fe(III) – S(IV) – air system.  
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investigate how the variation of the concentrations of the reactants af
fects the efficiency of COD removal. Under technological conditions, the 
features of the input source water cannot be changed. Keeping this in 
mind, no attempt was made to alter the composition and, in particular, 
to set the pH of the samples in these studies. In other words, source 
waters were used as received from the wells. We use the Response 
Surface Methodology (RSM) for establishing the optimum conditions 
which make favorable the oxidation of the organic contaminants over 
that of S(IV). 

2. Materials and methods 

2.1. Materials and water samples 

The source waters were obtained from deep-drilled wells at the 
following locations: Apátfalva, Biharkeresztes, Földeák, Királyhegyes, 
Kismarja, Makó, Nagyér and Pocsaj (Hungary). The relevant features of 
these source waters are provided together with some of the results in 
Table 2. Unless otherwise stated, all results were obtained by using 
source water from the well of Királyhegyes, (EOVy: 770635.8 m, EOVx: 
104066.9 m) which is characterized with relatively high COD (7.02 mg/ 
L). The other major characteristics of this raw water are as follows: 1.11 
mg/L ammonia, 97.5 μg/L iron, 22.1 μg/L manganese, 7.70 μg/L 
arsenic, 7.16 L/m3 methane, pH = 8.2 and 18.5 ◦C water temperature. 

Reagents Na2SO3 (Sigma-Aldrich), Fe2(SO4)3 (VWR Chemicals), 
FeSO4 (Reanal), KMnO4 (P.P.H. Polskie Odczynniki Chem.) Na2(COO)2 
(Reanal) were used in analytical grade quality without further purifi
cation. Synthetic air (21% O2, 78% N2 and 1% other) was obtained from 
Linde. 

2.2. Analytical methods 

The COD of the samples was determined by the standard KMnO4 
method (Geerdink et al., 2017). 

The total consumption of sulfur(IV) in the oxidation reaction was 
confirmed by the lack of the corresponding peak in the ion chromato
gram of the samples recorded with a Thermo Scientific Dionex ICS-5000+

ion chromatographic system. 

2.3. Experimental design and optimization 

In a typical experiment, 250 mL raw water was added to a gas 
washing bottle equipped with a fritted disc. Synthetic air was introduced 
via the fritted disk from the bottom and a steady gas flow was estab
lished by utilizing a Gilmont correlated laboratory shielded flowmeter 
(Thermo Scientific). Subsequently, Na2SO3, Fe2(SO4)3 and FeSO4 were 
added to the solution which led to the formation of a brownish precip
itate. After a sufficient contact time, samples were withdrawn from the 
reaction mixture, filtered with a 25 mm 0.45 μm Nylon Membrane sy
ringe filter (VWR Syringe Filter) and analyzed for COD. First, the con
centration dependence of the removal efficiency of COD was 
systematically studied by varying the concentration of one reactant and 
maintaining constant concentrations for the other ones. It was 
confirmed in repeated experiments that the experimental results are 
reproducible within ±0.2%. Finally, the results of these experiments 
were used as input parameters in the optimizing procedure performed 
with Response Surface Methodology (RSM) using RSM packages of 
Design Expert® 11.0 (USA). Once the optimum parameters were 
established, their validity was confirmed in control experiments by 
applying the predicted reactant concentrations and reaction time. All 
experiments were run at room temperature, ~25 ◦C. 

3. Results and discussion 

3.1. The effect of experimental parameters on the COD removal efficiency 

According to preliminary experiments, the efficiency of COD 
removal by the Fe(II)/Fe(III) – S(IV) – air system greatly depends on the 
total concentration of Fe (cFe), the relative concentration of Fe(II) (Fe 
(II)%), the concentration of sodium sulfite (cS(IV)), the bubbling or re
action time (tair) and the flowrate of air (vair). It was also confirmed that 
the pH of the samples did not change during the overall process. The 
removal efficiency is defined as the percentage decrease of COD and 
denoted by CODR%. In the absence of Fe(II)/Fe(III) and S(IV), COD was 
not reduced by purging the samples with air. This clearly confirms that 
the removal of COD is not the consequence of the elimination of volatile 
organic compounds by purging. In another set of control experiments, 
iron(III) was added to the sample without sulfur(IV). The lack of COD 
removal verifies that coagulation induced by Fe(III) is not efficient for 
eliminating the contaminants under such conditions. Representative 
results when CODR% is plotted as a function of one of the previously 
mentioned parameters while keeping others constant are shown in Fig.s 
1–3 and S1-S3. It needs to be emphasized that these figures show overall 
trends which are somewhat altered when different sets of other pa
rameters are used. 

The removal efficiency reaches a constant value by increasing the 
duration of bubbling air, but 100% removal efficiency has never been 
reached (Fig. 1). This observation indicates that some of the components 
contributing to COD cannot be fully oxidized by this method. Further
more, when S(IV) is completely consumed in the overall process the 
oxidation of the substrate is ceased. 

The removal efficiency first increases and eventually sharply drops as 
the air flow is increased. (Fig. S1). In this case two factors need to be 
considered. First, the reaction mixture is getting increasingly over
saturated with oxygen and the alteration of the oxygen concentration 
has a profound effect on the rates of the competing reactions. In addi
tion, air may purge S(IV) from the reaction mixture at high flow rates. 
Regardless of the other parameters, the optimum flow rate was at 
around vair = 200 mL/min, therefore, this parameter was not altered in 
subsequent experiments. 

As expected, CODR% increases by increasing the concentration of S 
(VI). However, it is a unique feature that measurable decrease of COD is 
not observed up to a threshold concentration level of S(IV) which de
pends on the concentration of added Fe(II) (Fig. 2). This observation 
suggests that S(IV) should be used at relatively high concentration level. 

Fig. 1. The removal efficiency of COD as a function of bubbling time. cFe = 4.0 
mM, Fe(II)% = 100%, cS(IV) = 10.0 mM, vair = 200 mL/min. 
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However, S(IV) is fully converted into sulfate ion the concentration of 
which is limited to 2.5 mM by drinking water regulations. Consequently, 
cS(IV) must not exceed 2.5 mM. 

These results corroborate the conclusion that coagulation/adsorp
tion phenomena have negligible contribution to COD removal, if at all. 
When Fe(II) is in excess over S(IV), the massive formation of the 
brownish Fe(III) hydroxo precipitate is observed due to the autoox
idation of Fe(II). However, this process is not associated with measur
able CODR%. 

First, CODR% increases by increasing cFe when only Fe(II) is added to 
the reaction mixture, then a falloff is observed (Fig. S2). The optimum 
total Fe(II) concentration depends on the total concentration of S(IV), i. 
e. the concentration ratio of these reactants also affects CODR%. The 
noted trends are probably the consequence of Fe(III) formation which 
dominates the initial phase of the reaction. This possibility was tested by 
simultaneous addition of Fe(II) and Fe(III) to the reaction mixture. As 
shown in Fig. 3, CODR% strongly depends on the initial concentration 
ratio of Fe(II) and Fe(III) when the total concentrations of iron and S(IV) 
are kept constant. Increasing the relative concentration of Fe(III) is 

beneficial for a while, but it is counterproductive when the concentra
tion ratio of Fe(II): Fe(III) goes below 7 : 1. It was also confirmed that the 
total iron concentration cannot be increased above a certain limit even 
when the optimum Fe(II): Fe(III) concentration ratio is maintained 
because of a distinct drop in the removal efficiency (Fig. S3). 

All of these observations can be rationalized by considering Scheme 
1. There are two main competing reactive paths in this very complex 
reaction system. One is the oxidation of S(IV) to sulfate ion and the other 
is the oxidation of the substrates and simultaneous regeneration of S(IV). 
The actual outcome of the overall process is determined by the interplay 
of these reactions. The rate of an individual reaction step strongly de
pends upon the reactant concentrations and concentration ratios. 
Apparently, the Fe(II) – Fe(III) redox cycle has a central role in this 
system. When only Fe(II) is added, first Fe(III) needs to be generated at 
sufficient concentration level. This process presumably consumes S(IV) 
and, as a consequence, decreases the efficiency when Fe(II) is used in 
high concentration. For the very same reason, CODR% increases when 
initially Fe(III) is also added. It is also clear that there must be a very 
delicate balance between the concentrations of Fe(II) and Fe(III) because 
increasing the relative concentration of the latter one leads to a definite 
decrease in the efficiency. The results also confirm that the increased 
level of iron promotes the oxidation of S(IV) over the oxidation of the 
substrates. 

3.2. The optimization of the experimental parameters by Response 
Surface Methodology 

The Response Surface Methodology (RSM) utilizes statistical 
methods to predict the optimum values for a set of parameters in a 
complex process.(Bezerra et al., 2008; Elek et al., 2005; Hasan et al., 
2011; Khoshnamvand et al., 2018; Murdani et al., 2018; Xie et al., 
2016). The method can efficiently be used to reduce the number of ex
periments required for finding the desired operational conditions. 

In this study, the plan of runs for optimizing CODR% is in accordance 
with the face centered-central composite design (FC-CCD) by confining 
cFe, Fe(II)%, cS(IV) and tair in the ranges of 1.0–4.5 mM, 0–100%, 0.5–2.5 
mM and 30–90 min, respectively. In the case of cS(IV), it needs to be 
considered that S(IV) is fully converted into sulfate ion during the pro
cess. According to current regulations, the concentration of sulfate ion 
cannot exceed 2.5 mM in drinking water. Therefore, we limited the 
maximum concentration of S(IV) to 2.5 mM. The flow rate of air was 
kept constant at its optimum under most of the conditions (200 mL/ 
min). The four independent factors (X1, X2, X3, X4) corresponding to the 
above parameters were coded at three levels between − 1 and + 1. 

In accordance with FC-CDD, 21 experiments were performed. The 
experimental conditions and the corresponding CODR% are listed in 
Table 1. The removal efficiency varies in the range of 0.03–87.5%. Five 
replicate runs were carried out at the center point to access the error of 
the method in randomized order as required by most of the design 
protocols. The excellent agreement of the CODR% values in runs 5, 6, 12, 
17, 18 (80.69–80.83%) demonstrates that the applied method yields 
highly reproducible result. 

The response parameter (CODR%) was fitted to a cubic approxima
tion model, eq. (1), and evaluated by using the ANOVA analysis (Stahle 
and Wold, 1989).  

Y = b0 + b1X1+ b2X2 + b3X3 + b4X4 + b12X1X2 + b13X1X3 + b14X1X4 
+b23X2X3 + b24X2X4 + b34X3X4 + b11X1

2 + b22X2
2 + b33X3

2 + b44X4
2 +

b123X1X2X3 + b234X2X3X4 + b124X1X2X4 + b134X1X3X4 + b112 X1
2X2 +

b113 X1
2X3 + b114 X1

2X4 + b122 X1X2
2 + b133 X1X3

2 + b144 X1X4
2 + b223 

X2
2X3 + b224 X2

2X4 + b233 X2X3
2 + b244 X2X4

2 + b334 X3
2X4 + b344 X3X4

2 

+ b111X1
3 + b222X2

3 + b333X3
3 + b444X4

3                                          (1) 

Statistical analysis of the results provided the F- and P-values for the 
parameters (Table S2). Coefficients R2 (1.0000), adjusted R2 (R2

adj =

1.0000) and the F-value for the model (3.621 105) confirm that the use 

Fig. 2. The removal efficiency of COD as a function of cS(IV). cFe = 4.0 mM, Fe 
(II)% = 100%, tair = 60 min, vair = 200 mL/min. 

Fig. 3. The removal efficiency of COD as a function of the Fe(II) to Fe(III) 
concentration ratio when the total concentrations of iron and S(IV) are kept 
constant. cFe = 2.0 mM, cS(IV) = 2.5 mM, tair = 60 min, vair = 200 mL/min. 
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of the cubic model is adequate in this case. The correlation between 
predicted and experimental CODR% with p < 0.0001 (Fig. S4) also 
confirms the reliability of the model. 

The predictions of the model are illustrated by 3D response surface 
plots. As an example, the predicted CODR% as a function of cFe and cS(IV) 
is shown in Fig. 4. (Fig.s S5 – S9 present additional surface response 
plots.) 

The RSM calculations also demonstrate the complexity of the system. 
As shown in Fig. 5, CODR% does not change monotonously by increasing 
cFe and cS(IV). The contour plot reveals two favorable regions (red zones) 
at relatively small and high reactant concentrations. Most likely, the 
oxidative removal of S(IV) becomes dominant over catalytic oxidation of 
the substrate in the intermediate region (green zone). In agreement with 
the results in Table 1, no COD removal is predicted in certain concen
tration domains (blue zones). 

The statistical procedure predicts the following optimized conditions 
at 0.880 desirability level: cFe = 1.7 mM, Fe(II)% = 20% cS(IV) = 0,9 mM 
and tair = 42 min. To some extent, these results are unexpected because 
the systematic concentration dependent studies predict that Fe(II) needs 
to be used in excess over Fe(III) (cf. Fig. 3). However, those measure
ments were made at relatively high concentration of S(IV). Obviously, a 
systematic multi-dimensional optimization protocol by varying each 
parameter in a broad range while keeping other parameters constant 
could have provided the same result. The use of RSM circumvents this 
problem and provides reliable predictions on the basis of much fewer 
experiments. Under the predicted optimum conditions the measured and 
calculated values for CODR% are 87.5% and 85.4%, respectively. This 

excellent agreement confirms the validity of the model. 
The robustness of the COD removal efficiency was tested by varying 

the concentrations of the reactants by ± 20% around the optimum 
parameter values at the same reaction time (42 min). This variation 
results in some change in CODR% but the removal efficiency remains 
satisfactorily good (Table S3). 

In order to test the applicability of the method presented here, we 
investigated the COD removal efficiency with different source waters 
(obtained from Pocsaj, Biharkeresztes, Kismarja, Földeák, Apátfalva, 
Nagyér and Makó) using the optimum parameter values established for 
the source water from Királyhegyes. Table 2 lists the corresponding 
CODR% which varied between 62.0 and 88.5%. The parameters were 
not optimized for the individual source waters, still remarkable COD 
removal efficiencies were found. This indicates the robustness of the 
method again and proves that it can universally be used for substantial 
COD removal from source waters. In a few cases, the COD of the source 
water was below the allowed limit (5 mg/L) prior treatment. The cor
responding experiments were carried out to demonstrate that a sub
stantial portion of the pollutants can also be oxidized by the S(IV)-Fe(II)/ 
Fe(III)-air system in these waters. This might be of significance when, for 
whatever reason, the operator of a water treatment plant aims to reduce 
COD substantially below the regulated limit. 

4. Conclusions 

Chemical oxygen demand (COD) in source waters presents a major 
challenge for drinking water treatment plants. The method presented 
here offers a versatile alternative for decreasing COD compared to other 
techniques used before. The main advantage of this process is that only 
low toxicity products form from the applied reagents: iron(III) and sul
fate ion. Most importantly, the concentrations of the reagents and the 
final products are way below the regulatory limit after the treatment. 
Iron is transferred into precipitate which can be removed in later steps of 
the water treatment technology and the added sulfur(IV) is completely 
oxidized to sulfate ion in the process. In this study, the source waters 
were used as received, i.e. no pretreatment is required to achieve high 
efficiency COD removal. The use of Fe(II)/Fe(III) – S(IV) – 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. 
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Table 1 
The experimental conditions in accordance with FC-CCD and the corresponding 
removal efficiency.  

Run cFe (mM) Fe(II)% (%) cS(IV) (mM) tair (min) CODR% 

1 1.70 20 0.9 42 87.3 
2 2.80 0 1.5 60 0.03 
3 4.50 50 1.5 60 0.03 
4 2.80 50 2.5 60 46.6 
5 2.80 50 1.5 60 80.8 
6 2.80 50 1.5 60 80.7 
7 3.80 80 0.9 42 0.03 
8 2.80 50 1.5 90 77.1 
9 1.00 50 1.5 60 66.9 
10 2.80 50 0.5 60 0.03 
11 3.80 80 0.9 78 0.03 
12 2.80 50 1.5 60 80.8 
13 1.70 80 2.1 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 2.1 42 78.4 
17 2.80 50 1.5 60 80.8 
18 2.80 50 1.5 60 80.8 
19 3.80 20 2.1 42 60.6 
20 2.80 50 1.5 30 42.5 
21 2.80 100 1.5 60 54.8  

Table 2 
The COD removal efficiency of the Fe(II)/Fe(III) – S(IV) – air system in different source waters. Some of the characteristic parameters are also listed.  

Location COD (mg/L) CODR 
% (%) 

pH NH4
+ (mg/L) Fe (μg/L) Mn (μg/L) As (μg/L) CH4 (L/m3) T (◦C) 

Királyhegyes 7.02 87.5 8.2 1.11 97.5 22.1 7.70 7.16 18.5 
Apátfalva (Well III.) 5.08 88.5 8.0 1.39 75.8 16.1 3.09 4.46 22.1 
Apátfalva (Well IV.) 6.91 88.1 8.0 1.19 106.6 149.4 1.90 7.77 19.7 
Biharkeresztes (Well III.) 7.88 62.0 7.9 1.03 87.0 43.0 25.1 23.3 24.0 
Földeák (Well III.) 2.70 85.5 8.0 1.58 151.1 22.6 21.9 2.47 31.1 
Kismarja (Well II.) 7.02 81.8 7.9 0.71 138.0 78.0 <0.5 – 13.8 
Makó (Well. I-II-III.) 2.16 85.4 7.8 1.56 129.1 37.8 34.8 3.45 26.3 
Nagyér (Well IV.) 3.20 87.8 8.0 0.20 774.0 161.0 25.1 1.7 14.8 
Pocsaj (Well III.) 6.16 81.0 8.0 – 84.0 38.0 5.3 – – 
Pocsaj (Well IV.) 9.18 82.9 8.0 1.31 98.0 29.0 <0.5 – 25.1 

cFe = 1.7 mM, Fe(II)% = 20%, cS(IV) = 0.9 mM tair = 42 min, vair = 200 mL/min. 
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