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The plasmachemical destruction of persistent toxic agent 1,1-di(4-chlorophenol)-2,2,2-threechlorethane (DDT) in
water solutions is researched in this work. The destruction of agricultural pesticide containing DDT was carried out in
water solution at atmospheric pressure with usage of plasma treatment on the basis of secondary discharges with a
"liquid" electrode, and of combination of a plasma method with reagent method. The comparative analysis of results of
the physical-chemical analysis and biological test of toxicity of solutions is carried out and the optimum regimes for

destruction and detoxication of DDT in water are determined.

PACS:52.80.-s,Mg,Wq;52.77Bn,Fv

1. INTRODUCTION

At present the huge amount of anthropogenous
contaminants are accumulated in the world. The most
dangerous contaminants on international standards are
dioxins, polychlorbiphenyls and pesticides [1]. The basic
migration of these contaminants to bio objects occurs
through waste and ground waters. Therefore the major
attention is given now to development of new advanced
oxidative technologies (AOT) of water purification to
which the different plasma technologies belong.

The usually plasma technologies of water purification
create on the basis of self-maintained electric discharges
which ones generate non-equilibrium plasma: corona
discharge, barrier discharge, combination of corona and
barrier discharge, diaphragm discharg, gliding arc.

The numerous investigations of plasma treatment of
water with an organic pollutants have shown effective
degradation of an initial pollutant. However physical-
chemical analysis has shown an appearance of high-
molecular substances in water after plasma treatment.

Interest to investigation of toxicity of output products
of plasma chemical processes also is bound with
necessity of the solution of a problem of feed-backs for
ecological plasmachemical technologies such as water
purification and destruction of a toxic waste. The real
opportunities (physical and economical) of modern
methods of the physical-chemical analysis of multi-
component solutions of high-molecular compounds do
not allow to hope for their usage for a primary signal of
feed-backs. But today some biological tests of toxicity are
rapid and cheap [2].

2. METHODS

The choice of the schema of plasmachemical
treatment of water was bound with necessity of realisation
of the following requirements:

*  Operation at atmospheric pressure;

* Big contact area of plasma with liquid;

* Permanency and uniformity of plasma parameters
near an interaction range of plasma with liquid;

e Flexibility of control of plasma chemical action on
liquid.

The first requirement ensures a simplicity and low
cost price of technology. The second requirement ensures
a high productivity of treatment. The third and fourth
requirements should ensure minimisation of spectrum of
waste products. The confrontation of these requirements
and physical properties of such classic electric discharges
as Dbarrier, corona and spark show their feeble
compatibility. As the plasma of these discharges is non-
stationary or heterogeneous.

Besides the peculiarity of this gas-discharged systems
on the basis of self-maintained discharges is a relative
coherence between various plasma parameters.
Independent control by energy, concentration and
composition of charged particles is impossible in an
interaction range of plasma with the liquid, as practically
one external factor (electric field) determines an existence
of plasma.

Therefore treatment of water with pesticide containing
DDT was conducted in plasmachemical reactors on the
basis of secondary discharge with a "liquid" electrode.
The key peculiarity of such secondary discharges is an
independent control of plasma parameters in an
interaction range "plasma - liquid" and stream of charged
particles through an interaction range.

The flowing plasma chemical reactor for treatment of
solution (Fig. 1) consisted from the glass cylinder (1), a
diameter of 120 cm, which was closed by the cover (3). A
free jet of atmospheric air ran from the nozzle (4) across
two opposite electrodes (5) and formed a bright crescent-
shaped electric arc. We used the rod graphite electrodes
with diameter d = 5 mm. A nominal gap between the
electrodes from which we started usually was & = 1 mm.
The air nozzle (4) was axisymmetric, with inner diameter
O = 1 mm, made from stainless steel. It was maintained
vertically in a plain of the electrodes (5) at the length L =
5 mm and was centered strictly between the electrodes.
The exhaust gases came out of a reactor through two
holes (6) with diameter 6 mm in the cover (3). The
current of secondary discharge rans through a plasma (7)
of arc discharge, a transition layer (8) and a liquid. The
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distance between electrodes of arc discharge (5) and an
electrode of secondary discharge (2) was h; =1 cm.

Liquid

Fig. 1. Experimental system for water treatment in
flowing regimes
The power supply (Ps) of the secondary discharge
connected to one of electrodes of arc discharge (5) and to
an electrode (2). The source of alternating current (50

Hz) or of DC was a power supply (P;) of arc discharge.
The secondary discharge is powered by the DC source.
The secondary discharge was with the "liquid" cathode or
with the "liquid" anode depending on polarity of the
electrode (2).

Distinctive peculiarity of the flowing plasma chemical
reactor was a continuous input of the solution by the axial
channel, a diameter of 1.5 mm, of duralumin conic
electrode of the secondary discharge (2), a diameter of 1.5
mm and a taper angle of 60°. The electrode (2) was
submerged in a plasma of the arc discharge.

The stream of air was 80 cm’/s in all investigated
regimes. Exhaust gas bubbled through a column of the
satiated solution of alkali (NaOH), a height of 5 cm,
before emission in an atmosphere.

The toxic agent 1,1-di(4-chlorophenol)-2,2,2-
threechloroethane ((CsH4Cl)CHCCIl;) (DDT) in form as
agricultural chlorine-containing pesticide (superfine clay /
non-ionic surfactant / DDT: 0.65/0.05/0.3) were used as
objects of research. Technical agricultural pesticide
contains 30% DDT at weight. It dissolves in a water
because of presence of the surfactants. The water
emulsion with a pesticide had a DDT concentration
lkg/m’.

UV absorption spectroscopy method was applied for
analysis of the destruction of DDT in water emulsion.
The light source used in this analysis is a deuterium lamp.

The dependence of an absorption coefficient of
solutions at A = 270 nm was applied for a quantitative
assessment of concentration of pesticide in a solution
after plasma treatment. The strong absorption of water
after plasma treatment was watched in the area of wave
lengths smaller 250 nm because of occurrence of
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hydrogen dioxide in it. The standard ion-metrical
procedure was used for a measurement of pH of solutions.

The toxicity of solutions was determined on their
influence on habitability of biological objects. As objects
the microorganisms Daphnia magna were used, as the
study of habitability such organisms underlies the
standard biological tests on the toxicity [3].

This bio-test of the toxicity are based on the
measurements of the life time of such organisms in tested
solutions. Distilled water at room temperature was a
control solution at examination of solutions on toxicity.

3. RESULTS AND DISCUSSIONS

The typical absorption spectrums of solutions after
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Fig.2. Absorption spectrums of water solution
of DDT pesticide

plasma treatment with the "liquid" cathode and anode are
shown in Fig. 2 for currents of auxiliary discharge I, =
400 mA and secondary discharge Is = +200 mA (curve 2)
and -200 mA (3), initial solution (curve 1).

As it is visible from Fig.2 destruction has place. The
output products are chemical steady in time, about which
testify spectra of absorption shown on Fig. 3 (curve 1 -
initial solution of pesticide; 2 - after treatment; 3 - in day
after treatment). However it is impossible to identify
output products on spectra of absorption.

The essential question is the toxicity of output
products. It was checked up with measurement of life
time of population Daphnia magna and has shown, that it
has decreased in 2.5 times in comparison with an initial
solution (Fig. 4).

It was shown earlier [4], after plasma treatment of
distilled water the oxidizing agents, such as hydrogen
peroxide and oxides of nitrogen (H,O,, HNO,, HNOs)
were formed. This fact well illustrates by absorption
spectra of water after plasma treatment (Fig. 5). Possibly
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Fig.4. Dependence of life time of Daphnia
magna population

the presence of these oxidizers decreased the life time of
population Daphnia magna (Fig. 4). More that and
standard ion-metrical procedure has shown a decreasing
of pH from pH = 6.8 in an initial solution of pesticide to
pH = 3.35 in these solutions after plasma treatment. It

solutions alkali for neutralization of oxidizers. Results of
such researches on Fig. 4. From these results it is visible,
that by adding of alkali the toxicity of solutions is
decreased.

4. CONCLUSION

The present study reveals that the destruction of
persistent toxic agricultural pesticide containing DDT in
plasma-liquid system of secondary discharges with a
"liquid" electrode is a reliable and effective process.

The plasmachemical treatment on the basis of
secondary discharge with a “liquid” electrode can provide
effective destruction of chlorine-containing pesticide in
water. However growth of destruction of DDT is tracked
by growth of toxicity of solutions from appearance of
oxidizing agents in water after plasma treatment (H.O,,
HNO,, HNO3).

The usage of complex plasma + reagent (NaOH)
treatment can guarantee not only pesticide destruction in
water, but also the small toxicity of output products.

indicates on appearance of acid properties of treated
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Fig.5. Absorption spectrums of distilled
water after plasma treatment

solutions. Therefore was logical to add in the treatment

YHUUYTOXEHUE XJIOP-COAEPKAIINX OPTAHNYECKUX BEIIIECTB B

CUCTEME IUIASMA- KHJIKOCTb
B.A.Yepnusak, B.B.IOxumenko, H.JI.Baouu, B.A.3pasxcesckuii, A.b. Tapacosa, FO.U.Cniocapenxo, FO.B.Boegooa,
F0.A.Haoan, A.K.Tpoxumuyk

B pabGore wnccrnenoBanach IUIA3MOXMMHYECKAs JECTPYKIHA YCTOMYMBOTO TOKCHMYHOTO BemectBa I,l-mu(4-
xnopdenon)-2,2,2-rpuxnopatan (A/JT) B BomHbIx pacTtBopax. JecTpyKIUsl CEIbCKOXO3SHCTBEHHOIO IECTHIUIA
cogepkamero JI/IT mnpoBoamnack B BOAHOM pacTBOpPE INpH aTMOC(HEpHOM MAaBICHUM C WCIIOJIb30BAaHHEM Kak
IUTa3MEHHOW METOAMKHM Ha OCHOBE BTOPUYHBIX PAa3PSAAOB C «OKUIKUMY IIEKTPOIOM, TaK M KOMOWHAIIMY TUIA3MEHHOTO
METOJla C PeareHTHbIM METOMOM. [IpoBelleH CpaBHHUTENIbHBIH aHaIU3 PE3yJbTaToB (M3MKO-XMMHUYECKOI0 aHaiu3a U
OMONIOTHYIECKOTO0 KOHTPOJSI TOKCHYHOCTH PAcTBOPOB M HA €r0 OCHOBE ONPENENICHBI ONTHMAIBHBIE PEXHMBI JUISA
Jnectpykuuu u neroxkcukauuu /T B Boze.

SHEHIKO/’KEHHS OPTAHUYHUX PEYHOBUH, IO MICTATH XJI0P, Y CUCTEMI

MNJIABMA-PIJIUHA
B.A.Yepusak, B.B.IOxumenko, 1.J1.baoiu, B.A.3pasxceecokuii, A.b. Tapacoea, IO.1.Cniocapenko, 10.B.Boegooa,
10.0.9aoban, A.K.Tpoxumuyk

B poboti mociimkyBanack mia3MoxiMiuHa JECTPYKIis CTiiikoi TokcuuHOl peuoBuHH 1,1-mi(4-xmopdenon)-2,2,2-
tpuxioperan (JIJT) y Bomuux po3uunax. JlecTpykuisi CUILCKOTOCHONApChbKOTO mecTtuimay, wmo wmictute JJIT,
MPOBOIMIIACH ¥ BOJHOMY PO3YHMHI NMPH aTMOC(HEPHOMY THCKY 3 BHKOPHCTAHHSAM SK IUIA3MOBOi METOTWKH Ha 0asi
BTOPMHHHX PO3PANIB 3 «piONM» eNeKTPOAOM, TaK 1 KOMOIHAIlil ITa3MOBOTO METOXY 3 PEareHTHHM METOIOM.
[IpoBeneHo NOpiBHSUIBHUN aHaJI3 Pe3yNbTaTiB (Pi3MKO-XIMIYHOTO aHali3y Ta 0i0JOTIYHOTO KOHTPOIIO 32 TOKCHYHICTIO
pO34MHIB Ta Ha Horo 0a3i BU3HAYCHI ONTHMANBHI peXXUMH A MecTpyKii Ta nerokcukarii AT y Bomi.

174



