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Introduction 

 
Electrical discharges generated in liquids have been in 

a worldwide focus from the viewpoint of water treatment 
during the last few decades. Many scientists deal with various 
types of discharge configuration and several kinds of applied 
high voltage. The most frequent electrode geometry used for 
discharge creation is point-to-plane or coaxial1−3 together with 
the application of DC pulsed voltage of about 20 kV. Other 
experiments in liquids have been carried out with capillary4 or 
diaphragm discharge5. Discharge generation using AC6 or RF7 
voltage is also possible as well as a hybrid system with one 
electrode above water surface8. 

High energy transformed from plasma generated by 
various voltage sources (DC, AC, MW, etc.) into the liquid 
initiates both physical and chemical processes important for 
subsequent destruction of organic pollutants. Reactive species 
produced by the discharge in water (hydroxyl and hydrogen 
radicals, hydrogen peroxide or ozone) have a high oxidation 
potential and thus they can rapidly attack other molecules. 
Strong oxidation ability of plasma in water has been widely 
studied on model organic compounds such as phenol9 or or-
ganic dyes2. Influence of electrical discharge on solutions 
containing humic substances has been investigated, too10, 
however, the detail study describing overall effects on humic 
solutions is still missing. 

Presented work extends previous knowledge by the 
influence of input power, electrolyte contents, solution con-
ductivity and pH on humic acids (HA) in the solutions before 
and after plasma treatment using DC diaphragm discharge. 

 
Experimental 

 
Diaphragm discharge studied in this work was generated 

in a batch reactor10 (Fig. 1) using constant high voltage from 
the DC source that gave the input power up to 250 W. Two 
planar electrodes made of stainless steel were separated by the 
dielectric barrier. Both electrode spaces were connected by 
only a small pin-hole (initial diameter of 0.25 mm) in this 
diaphragm. Discharge breakdown appeared just in this orifice 
and plasma channels propagated from this spot towards elec-
trodes. Due to the application of DC voltage, two different 
kinds of plasma streamers appeared on the opposite sides of 
the diaphragm11. On the side with the positive electrode, 
shorter plasma channels fill a spherical volume around the 
orifice. In the other reactor part containing the cathode, longer 

plasma channels propagated from the pin-hole towards the 
negative electrode (see Fig. 2). 

Each part of the reactor contained 2 litres of treated 
solution. Water solutions contained a commercial mixture of 
humic acids (HUMIN S-775, concentration of 35 mg l−1) and 
a definite amount of supported electrolyte providing particular 
solution conductivity (initially of 400 µS cm−1). Three model 
electrolytes were selected for the experiments (NaCl, Na2SO4 
and Na2HPO4 · 2 H2O). Solution pH was primary adjusted by 
the electrolyte kind. As pH significantly changed during all 
experiments, its value was either modified by acid/base add-
ing or it was let without any correction. Analyses of quality 
changes in humic solutions were carried out  
by spectroscopic methods (UV-VIS and fluorescence spec-
troscopy). 

 
Results and discussion 

 
Water solutions of humic acids were treated by the DC 

diaphragm discharge for 40 minutes. Decrease of absorption 
intensity around 300 nm was observed in both electrode 
spaces however, changes were more remarkable in the anode 
space10. 

Influence of three different inorganic electrolytes (NaCl, 
Na2SO4 and Na2HPO4 · 2 H2O) on the HA decomposition by 
the discharge was investigated. Evaluations of the maximal 
absorbance intensity at 288 nm during the treatment of se-
lected solutions are compared in Fig. 3. It is obvious that 
NaCl electrolyte stimulated the degradation process with the 
highest efficiency, probably due to the formation of chlorine 
radicals. Moreover, pH of the solution significantly decreased 

Fig. 1. Scheme of the discharge reactor: 1 – diaphragm with pin-
hole, 2, 3 – electrodes, 4, 5 – cooling boxes 

Fig. 2. Simplified model of plasma streamer propagation on both 
sides of the diaphragm when the DC discharge is generated 
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in the anode space and increased by the cathode12. On the 
other hand, sodium hydrogenphosphate electrolyte almost 
disabled the process. In this case, buffer properties of phos-
phate solution could play an important role. 

For determination of the input power influence on humic 
acid decomposition by the diaphragm discharge treatment 
three experiments were performed in the 4 mM NaCl solution. 
At first the lowest power possible for the discharge ignition 
was adjusted. Such conditions required the energy input of 
30 W to the system. However, it wasn’t recorded any removal 
of humic acid at this setting. It is possible that such energy is 
too weak to produce a sufficient quantity of reactive particles 
that decompose molecules of humic acid. Next higher power 
of 75 W was applied. Results showed a slight improvement of 
degradation. A subsequent power increase up to 195 W re-
sulted in the confirmation of the decreasing amount of humic 
acid (Fig. 4). 

Next very important parameter that significantly influ-
enced the discharge creation in liquid itself was the conduc-
tivity of the treated solution. It had been already mentioned in 
some previous works12 that the diaphragm discharge genera-
tion required a specific adjustment of the solution conductiv-
ity in a convenient range (between 100 and 1000 µS cm−1 for 
the NaCl solution). Low conductivity adjusted by low concen-
tration of electrolyte induced relatively high resistance of the 
system and disabled the discharge breakdown. On the other 
hand, too high conductivity values caused such low resistance 
that it was also insufficient for the breakdown appearance. 
The appropriate conductivity value of the dye solution in our 
experiment was adjusted by the addition of a specific amount 
of selected electrolyte (NaCl, Na2SO4 and Na2HPO4 · 2 H2O). 

To observe the effect of initial solution conductivity on 
the humic acid mixture during the diaphragm discharge treat-
ment a series of experiments with Na2SO4 as an supporting 
electrolyte was different conductivity values (300, 500, 800 
and 1200 µS cm−1). Presented results are demonstrated as a 
relative absorption decrease (at 288 nm) during the discharge 
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Fig. 3. Evaluation of HA absorbance intensity at 288 nm during 
the diaphragm discharge treatment in anode space in selected 
electrolyte solutions: NaCl, Na2SO4 and Na2HPO4 · 2 H2O (input 
power: 190 W, initial conductivity: 400 µS cm−1) 
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Fig. 4. Effect of input power value on humic acid decomposition 
by the diaphragm discharge (initial HA concentration: 35 mg l−1, 
electrolyte: 4 mM NaCl, initial conductivity: 500 µS cm−1) 

treatment. It was observed that experiments carried out at 
conductivities from 300 to 800 µS cm−1 led to more or less 
similar results. The final decomposition reached approxi-
mately 20 % after the one hour experiment (i.e. final relative 
absorption stopped on 80 %). The highest decrease was ob-
served at conductivity of 500 µS cm−1, however the difference 
with the other results obtained up to 800 µS cm−1 was almost 
negligible. In experiment carried out at 1200 µS cm−1 the 
discharge burned irregularly and the decomposition process 
disappeared. Therefore the optimal conductivity for the degra-
dation process was assumed to be around 500 µS cm−1. 

Similar results of conductivity influence on the process 
have been already obtained during hydrogen peroxide genera-
tion by the same diaphragm discharge13. 

Previous attempts with humic acid decomposition by 
DC diaphragm discharge have already revealed a remarkably 
higher HA destruction in the anode space of the reactor10. 
Moreover, a significant decrease of pH value in the anode 
space and an increase of pH value in the cathode space were 
detected during the diaphragm discharge treatment 
(a significant effect of electrolysis took place in the reactor if 
constant DC voltage is applied on the electrodes)12. Therefore 
our next investigation was focused on the pH influence on HA 
treatment.  

As the use of various electrolyte kinds provided differ-
ent initial pH value (NaCl and Na2SO4 almost neutral, Na2H-
PO4 base), we had expected its influence on the decomposi-
tion process (the comparison of HA removal in various elec-
trolytes has been already given above in Fig. 3). Conse-
quently, we came up to attempts focused on pH value mainte-
nance at a neutral value by the method of dropping the defi-
nite amount of surfactant (acid or base) to the both parts of the 
discharge reactor during the reaction. 

At first it was detected how pH value changed during 
the decomposition in the dependence on the used electrolyte 
kind. Changes of pH value for sodium sulfate and sodium 
chloride were almost coincident. It decreased from the value 
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of approximately 6.7 to 3.6 in the anode space and increased 
to 9.8 in the cathode space after 20 minutes of the discharge 
treatment. Further, 1 M H2SO4, 1M HCl and 1M NaOH solu-
tions were used as surfactants because of their ion identity 
with the used electrolytes (Na2SO4 and NaCl, respectively). 
Injection step of surfactant was determined on every 2 minute 
so that the main pH value remained more or less constant at 
neutral level during the whole experiment. Solution of the 
third electrolyte Na2HPO4 was not examined by this experi-
mental procedure because its influence on the degradation 
process was strongly negative due to its base initial character. 

Results obtained during the discharge treatment of hu-
mic acid solution with NaCl as a supported electrolyte are 
presented in Fig. 6. Both pH-corrected and pH-uncorrected 
data determined in two electrode spaces of the reactor are 
compared in this figure. As we had expected, observed degra-
dation efficiency of humic acid in the anode space was a little 

bit worse at the pH-corrected conditions, while in the cathode 
space a slight degradation improvement was determined in 
comparison with experiments without pH value correction. 
The same effect of pH correction was also observed in the 
Na2SO4 electrolyte. In the part with the anode (where pH 
spontaneously changed from the neutral value to acidic condi-
tions), maintenance of neutral pH value decreased the degra-
dation process. On the other side of the diaphragm with the 
cathode (where pH spontaneously changed from the neutral 
value to base conditions), neutral pH slightly improved the 
decomposition. Based on these results, it could be assumed 
that the maintenance of neutral pH value during discharge 
treatment was inconvenient because it generally led to lower 
degradation. On the other hand, it was possible to assume that 
the low pH value stimulated the degradation process. 

Initial and final samples of humic solution obtained 
before and after diaphragm discharge treatment were also 
analysed by the fluorescence emission spectrometry, where 
the exciting wavelength was adjusted on 280 nm (Fig. 7 and 
8). It is obvious that the intensity of fluorescence significantly 
decreased during the discharge treatment and this decrease 
was remarkably higher in the anode space than in the cathode 
one. Comparing the results achieved in the pH-corrected NaCl 
solution (Fig. 7) and pH-uncorrected NaCl solution (Fig. 8), it 
is evident that the fluorescence intensity of final samples with 
modified pH reached higher values than in the uncorrected 
solution. However, fluorescence intensity itself represented 
only a hint directed to the confirmation of decomposition 
processes in humic solutions. More exact was the estimation 
of so-called humification index (HIX, see below). 

From the ratio of the emission intensity values obtained 
from the fluorescence spectra at 470 and 400 nm, the humifi-
cation index (HIX) was calculated (Table I). This parameter 
indicated the mutual content of aromatic and aliphatic compo-
nents in the humic mixture. Indices, given in Table I for the 
NaCl solution before and after diaphragm discharge treat-
ment, are compared for pH corrected and uncorrected experi-
ments. Decrease of aromatic part in final samples was deter-
mined in both electrode spaces. Thus a partial decomposition 

Fig. 5. Effect of initial conductivity on humic acid decomposition 
by the diaphragm discharge (initial HA concentration: 35 mg l−1, 
electrolyte: Na2SO4, input power: 170 W) 
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Fig. 6. Effect of pH value correction on HA decomposition by the 
diaphragm discharge (initial HA concentration: 35 mg l−1, input 
power: 200 W, electrolyte: 4 mM NaCl, corrected pH 6.7, initial 
conductivity: 500 µS cm−1) 
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Fig. 7. Fluorescence emission spectra of humic samples before and 
after treatment in the NaCl solution with pH correction 
(excitation wavelength at 280 nm) 
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of humic acids in the mixture leading to the increase of ali-
phatic components could be assumed. Comparing the experi-
ments with the modified and uncorrected pH we can observe 
that the acidic conditions created in the anode space during 
the diaphragm discharge without pH correction significantly 
stimulate the decomposition process (the lowest final humifi-
cation index was achieved). 
 

 
Conclusion 

 
Commercial humic acids dissolved in water solution 

were treated by the DC diaphragm discharge. The changes of 
quality were observed by the absorption spectroscopy and 
fluorescence spectroscopy.  

The NaCl electrolyte stimulated the degradation process 
with the highest efficiency. Moreover, pH of the solution 
significantly decreased in the anode space and increased by 
the cathode. On the other hand, sodium hydrogenphosphate 
electrolyte almost disabled the process. In this case, buffer 
properties of phosphate solution could play an important role. 
Generally, degradation processes became more efficient at 
lower pH values (acidic medium). Optimal conductivity for 
degradation process was estimated to 500 µS cm−1 because 
the highest decomposition was observed near this conductiv-
ity value. 

Fluorescence analysis provided not so misrepresenting 
results than absorption analysis (UV-VIS). Humification indi-
ces calculated from the fluorescence spectra determined the 
decrease of the aromatic content and the increase of aliphatic 

substances in humic mixture during the discharge treatment. 
Detail analyses of final degradation products will be an object 
of our further study. 

 
This work has been supported by the Czech Science Founda-
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Education, Youths and Sports, Research Plan No. 
MSM0021630501. 
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Preliminary results of our research focused on the appli-

cation of constant DC diaphragm discharge in water solutions 
containing humic substances are presented in this paper. It has 
been found out that character of humic acid solution remarka-
bly changes from aromatic to aliphatic, especially in the an-
ode space of the reactor. Presented work extends our knowl-
edge about decomposition of humic substances by the electric 
discharge in the dependence of solution properties and dis-
charge conditions. Parameters such as initial solution conduc-
tivity, electrolyte kind or input power have been investigated. 
Moreover, substantial effect of pH on humic acid decomposi-
tion has been observed. Absorption spectroscopy in UV-VIS 
region together with fluorescence spectroscopy has been used 
for the detection of changes in humic solutions. 
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Fig. 8. Fluorescence emission spectra of humic samples before and 
after treatment in the NaCl solution without pH correction 
(excitation wavelength at 280 nm) 

Samples-
corrected pH HIX Samples-

uncorrected pH HIX 

initial 1.47 initial 1.47 

final – anode 1.28 final – anode 0.55 

final – cathode 1.31 final – cathode 1.27 

Table I 
Humification index (HIX) obtained in the NaCl solution 


