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Are studied the kinetic of the decomposition of 2, 3, 7, 8-tetrachlorodibenzoparadioxin (TCDD) in water
solution and in damp plant products under the action of ionizing radiation of ®®Co. The values of the radiation-
chemical yield of the decomposition of TCDD in the solutions are (0.3...1.5)-10"°mol./100 eV (for solutions with
concentrations of TCDD 0.2...2 pg/l in open reaction cell) and in the air-bubbled solution 2.4-10° mol./100 eV
(for a solution with a concentration of TCDD 2 pg/l). The absorbed dose of ionizing radiation equal to 25 kGy, in
the presence of molecular oxygen leads to a decrease in the studied quantities of TCDD practically to zero.

Dioxine is polycyclic substances, possessing strong
mutagen, immunodepressantny, cancerogenic,
teratogenny and embriotoksikogenny properties. The
lethal dose of dioxine (on each kg of organism is 10 g)
is one thousand times less than a lethal dose of military
toxic agents. Having got into receptors, dioxine weakens
the vital functions [6, 7]. Hundreds types of dioxine,
with two internal cycles formed by connection of two
benzene rings with one or two C-O-C bonds, and
sometimes only with one linear C-C bond, are known.
They are the accompanying components of plastic,
pesticides, papers, defoliant production. Pollution by
dioxine meet in waste of plants on burning of garbage,
pulp and paper industry and processing of a tree. Dioxine
is capable to accumulate in the biosphere, water,
products. In a gastrointestinal tract dioxine practically
doesn't decay. The contents in children's food, in milk
and water is inadmissible. The Maximum-permissible
Concentration (MPC) in foodstuff makes
0.000001...0.000003 mg/kg. The probability of finding
of dioxine in plants and their roots is great, there is a
danger of emergence in meat and dairy products [1-7].

The purpose of this research is to study the
possibility of decomposition of TCDD in dilute water
solutions, in damp plant products, in extracts of TCDD
from plant products under the influence of ionizing
radiation.

Extraction of TCDD from contaminated maize roots
was carried out according to the scheme: extraction by
chloroform - cleaning chloroform extract - removal of
chloroform by evaporation - alkaline hydrolysis by
solution of KOH in water-alcohol mixture -
concentration of the solution. Water solution of 2 pg/l
TCDD was prepared for comparative analysis (10 ml of
a water solution containing 500 mg/l TCDD was diluted
500 fold with distilled water, 10 ml of the resulting
solution was again diluted 500 fold with distilled water).
The qualitative and quantitative identification of
components in irradiated solutions and analysis of
extracts analyzed products was performed using HPLC,
GC and LC-MS (LCsolution, GC-2010, GCMS-QP
2010 systems from Shimadzu). For HPLC analysis was
used fluorescence detector RF-10AXL and photodiode
array detector SPD-M10AVP, “Supelco” column,
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mobile phase water — acetonitrile [8—11]. The dose rate
from the source of ®Co of radiation-chemical
installation was 0.33 Gy/s [9-11]. The radiolytic
decomposition of TCDD almost has not been studied.
Irradiation of solutions was carried out in an open glass
reaction cell with an open tap. In the reaction solution
with an open cell tap was dissolved 0.0003 M
atmospheric oxygen. The loss of O, in the oxidation of
TCDD replenished by absorption from the air. Bubbling
by air (600 ml/min) was performed directly in the
reaction solution in the irradiated cell. In addition to
HPLC analysis the changes in the infrared spectrum of
the irradiated solution were studied (“Specord-IR”,
Carl-Zeiss). The hydrogen peroxide content in the
solutions was determined by the photo colorimetric
method using color intensity of hydrogen peroxide with
Ti(SOy), [12, 13].

In order to explore the possibility of radiolytic
transformation of TCDD, the irradiation of dilute
aqueous TCDD (2 pg/l) and extract from contaminated
maize roots (0.2 ug/l) by absorbed doses of ionizing
radiation *°Co source, equal to 1, 2.5, 10 and 25 kGy
were performed.

In Fig. 1 shows the concentration decrease of TCDD
depending on the value of the absorbed dose.

Apparently, increase of speed of TCDD
decomposition (approximately by 1.5 times) is observed
by at bubbling of solutions by air. Are given the values
of radiochemical yields of TCDD decomposition in
irradiated water solutions below:

— the absorbed dose of ionizing radiation equal to
1.0 kGy is equivalent 6.24-10% eV/kg;

— during absorption of this dose (3000 s)
concentration of TCDD decreases on 0.5 ug/l (at
irradiation of solution with concentration of TCDD
2 ug/l in open cells) that corresponds to decomposition
9.3-10" molecules of THDD in 1 liter of water solution
(the relative molecular mass of TCDD is equal to
322 g/mol);

— it is possible to receive from the above results the
values of a radiochemical yield of TCDD molecule’s
decomposition at absorption by solutions the energy
100 eV.
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Dependence of concentration decrease of TCDD in
water solutions and in contaminated damp maize roots
on absorbed dose:
e, A —irradiation of the TCDD water solution
(2 g/l in open cell
and at bubbling by air;
x —irradiation of the THDD (0.2g/1) in water
solution (in open reaction cell) and
In damp maize roots

These values are equal, respectively 1.5-10° and
2.4-10°mol./100 eV for solution with concentration of
TCDD 2 ug/l in open cell and at bubbling by air

Estimated by weighting on electronic scales of the
dried-up filter paper, after the filtration of the irradiated
solution, the mass of the formed polymers
approximately corresponds to decrease in concentration
of TCDD.

All free radical products of water’s radiolysis can
take part (e, H, OH, O, H",q, OH) in the course of
decomposition of TCDD.

The mechanism of radiolytic transformation of the
halogenated aromatic substances and radiochemical
yields of the formed products (H,, Cl,, HCI, CgHs,
CeH4Cl,, C¢HsCoHs, CeHsCgH,4Cl, etc. multimers) are in
detail stated in work [14].

Unlike the stated mechanism for the galogenated
aromatic substances, in our experiments is carried out
the radiolysis of oxygen-containing water solutions of
microquantities of organic xenobiotics (TCDD).

Consideration the constants of speeds of the main
elementary reactions and studying of transformation of
TCDD and formation of polymeric products we offered
the following mechanism of radiolytic decomposition of
TCDD in the diluted water solutions. Primary
concentration of free radical products are considered for
assessment of the role of elementary reactions. TCDD
in the scheme is designated for brevity by a formula
Ar,H,CI:

solution,  3-10°mol./1005B  for solution  with
concentration of TCDD 0.2 pg/l in open cell.
ArgH,CI-MA5ArH, + CI". (0)

HZO—MA—)H, .OH, e_aq, H+aqv OH-aCll (O')

H,0 - MA_5 H,O" + €7, (0'a)

Gy =0.6 atom/100 eV or 2-10% M/s,  Geou=2.8..2.9  or 107 M/s,

Gup = 0.45 or 1.5:108 M/s,  Guaon=0.75 or 2.5:10® M/s,

Geyq=28..2.9  or 107 Mfs, Gh+aq=3.3..3.4 or 1.1-107 M/s,

Gonag=05..0.6  or 2:10° MJs, G-mpo=4.3..4.4 or 2.5:10° Ms.
H,0" + Hy0—H30" (H",) + ‘OH (1) k,=1.2:10° M7t [14]
H + ArH,Cl—'Ar,H, + HCI (HArH,Cl) (2)
H + Ar,H,Cl —"ArH, ,Cl+ H, (2a) Ky = 10%..10° M, [14, 15]
‘OH + ArH,Cl — "ArH,.;Cl+ H,0 (3) ks =10°..10° M7t [14, 15]
H+ 0, —» HO 4) k, =210 M"s?, [14]
HO' 2+ Ar,HyCl — "Ar,H,.; Cl+ H,0, (5) ks= 10°%...10%* M’s, [15]

HO’2 + 'AI’XHy—>ArXHy_1+ HzOz(HOzArXHy) (6)

‘OH + "ArH, — HOAr,H, @)
H + Ar,H,., — "ArH, 8)
‘OH + H202 — Hzo + H02 (9)

€5 + H,0,— 'OH + 'OH (10)

ke=10°...10°M's™, [16]
k;=10°..10° M's?, [15, 16]
ke= 10%..10° M%s™, [14, 15]
ke = 4.5:10' M s, [14]
ki = 1.3-10° Mis?,  [14]



2 "ArH, — HALARLH, (11)
"Ar,H, + 0,— H,Ar,0", (12)
H,Ar,0", + "ArH, — H/AL,OOH,Ar,  (13)

Supervision at all experiments only of trace amounts
of hydrogen peroxide is explained by existence of the
competing reactions (2), (2a), (3), (4), (5).

There may be other reactions of formed
macroradicals of polymer organic matrix of plant

RH-y—>H+R/

H+ 0, —» HO,

HO, + RyH — H,0, + Ry
Ry + 0, — RO,

ArH,Cl + RO, — products
"AryH, + RO, — products
HyAr,O; + RO, — products

The formed radicals of TCDD under the
influence of ionizing radiation and with the participation
of free radical products of a radiolysis of water and
molecular oxygen besides oxidation are exposed to a
mutual recombination, to a recombination with
macroradicals of organic matrix of plant product and to
recombination via oxygen bridges, forming heavier
(polymeric) products. Toxicity and cancerogenic
properties of formed polymeric products depending on
degree of polymerization are more below toxicity of
TCDD [2, 5, 6, 9-11]. The absorbed dose of ionizing
radiation equal to 25 kGy leads to decrease the studied
concentration of TCDD practically to zero.
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PAJUOJIUTHYECKOE PA3JIOKEHHUE TX/I1 B BOAHBIX PACTBOPAX
N BO BJIA’KHBIX PACTUTEJIBHBIX NIPOAYKTAX

X ®. Mameoos, A.I'. Anuee, H.A. Mameoosa, A.P. Baoanoea

Wzydena kuHeTHKA pas3noxkeHus 2, 3, 7, 8-rerpaxmopandenzonapaanokcunaa (TX//]) B pa30aBIeHHBIX BOIHBIX
PACTBOPAX ¥ BO BJIAKHBIX PACTHTENBHBIX MPOAYKTAX MOJ ACHCTBHEM HOHH3MPYIOIIETO H3IydeHHs Co. SHAueHHs
panMalMoOHHO-XMMHUUYECKOT0  BbiIxoma  pasiokenms  TXJJI B HWccieayeMblx — pacTBOpax — paBHBI
(0,3...1,5)'10'5M0J1./ 100 3B (ms pactBopoB ¢ koHueHTparusivu TXJIJ] 0,2...2 MKI/T B OTKPBITBIX PEAKIIMOHHBIX
sYeKax) 2,410 Mom./100 5B B 6apboTHpyeMOM BO3IyXOM pacTBope (a1 pactBopa ¢ kKoHuentpauueit TXJ/I
2 mxr/n). ITloryomeHHass j03a MOHU3UPYIOLIETO H3Iy4eHHs, paBHas 25 k['p, B NPUCYTCTBHH MOJIEKYJSPHOTO
KHCJIOPO/A TIPUBOJIUT K CHIKEHHIO UccienyeMbIx konnuecTB TX/1/] nmpaktuuecku 10 Hys.

PAJIOJITUYHE PO3KJIAJAHHA TXIJ Y BOJHUX PO3UNHAX
TA Y BOJIOTUX POCJIMHHUX ITIPOAYKTAX

I.®. Mameoos, A.P. Anice, H.A. Mameooea, A.P. baoanosa

BuBuena kiHetmka po3kiamaHas 2, 3, 7, 8-terpaxiopmubensomapamiokcuny (TXJ/I/l) y po3BeneHHX BOTHHUX
pO3YMHAX Ta Yy BOJOTMX POCIMHHHX MPOAYKTAX I €0 iOHI3yI04Oro BHIPOMIHIOBaHHS °“°CO. 3HAYCHHS
pamianiitHO-XiMI9HOTO BUXOAY  pO3KJIaJaHHA TXO y  JOCIiKyBaHHX po3umHax CKJIAJAIOTh
(0,3...1,5)-10°mo0m./100 eB (ist posumui 3 komrentpamisvu TXJJL 0,2..2 MKI/T y BIIKPUTHX peaKIiHHIX
writnEKax) i 2,4-10° Mom/100 eB y 6ap60TOBaHOMY MOBITpSIM pO3YHHI (JUIs pO3dMHY 3 KoHIeHTpamiero TXJIJ]
2 mkr/n). TlornuHyTa 7032 10HI3YIOYOr0 BUIIPOMIHIOBAHHS, 10 JOPiBHIOE 25 KI'p, Y MPHUCYTHOCTI MOJEKYJISIPHOTO
KHCHIO TIPU3BOJIUTH JI0 3HIKEHHS IOCHIIpKYBaHUX KibkocTed TX /[l npakTu4HO 10 HYJIS.



