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Introduction 
One of major ecological tasks is the creation of a method for remediation of polychlorinated 

organic pollutants contaminated soils and sediments. Incineration used for this purpose can resuk 
in significant air emissions . Bioremediation can become one of the most cost-effective 
technologies, however here is still no data that microorganisms effectively destroying dioxins in 
natural matrixes are found. We suppose that one of the most perspective directions is the 
extraction under subcritical conditions. The solubility of most organic pollutants at 250°C is 
increased by 4-5 orders^"". At temperatures 250-300°C, in some cases hydrothermal 
decomposition of PCDDs/PCDFs was observed'"*. Recently, it was been reported that zerovalent 
iron in subcrhical water can reductive dechlorinated of PCBs'. 

In this work, we investigate an opportunity ofthe reduction of OCDD by zerovalent iron in 
subcritical water with subsequent extraction of PCDDs from soils. 

Methods and Materials 
All the experiments were performed using a homemade apparatus for subcritical extraction 

under the equilibrium pressure (Fig. 1). Three types of matrixes were used throughout: Si02, sod-
podzol soil and black earth. For each experiment, 6 g sample of Si02 and 4 g sample of soils were 
taken. All the matrixes were spiked with 1,11 mg OCDD in acetone and dried up on air; then iron 
powder (10 % of mass weight) was added. All the components were placed in to an extraction 
cartridge; newt the system was filled with water so that the system contained 1-2 ml of air. 
Systems heated to 250-260 "C and kept under this temperature for the required time. Next the 
valve was opened and water was removed (about 10 ml per minute). In the experiment with soils, 
the aqueous and solid (including intemal surface ofthe apparatus) phase was analyzed separately. 
A mixture of "C labeled standards was added before the organic extraction. The extracts were 
cleaned-up in multilayer silica and alumina columns and analyzed by GC-HRMS. Also an 
experiment with iron powder without a matrix was carried out. 

Results and discussion 
Results are given in table 1. The data shows that metallic iron can cause stepwise reductive 

dechlorination of OCDD. The elimination of chlorine can occur both from 2,3,7,8 and from 
1,4,6,9 positions, though the non-toxic congeners dominate in the products ofthe reaction; total 
TEQ is increased. The experiment without a matrix shows a higher performance, but, in this case, 
TEQ was also increased. In cases when OCDD was on a matrix a decrease in the reaction rate was 
observed, which can accounted for mass transfer. Also, we performed an experiment when a 
mixture of OCDD in Si02 and iron was placed between two layers (10 g each) of iron powder, but 
it does not reveal any significant changes. This indicates that dioxins don't migrate in the 
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apparatus and do not a short contact during extraction when dioxins pass thought iron layer under 
this temperature is not enough for dechlorination. The accumulation oflow chlorinated congeners 
can be explained by increasing energy when a PCDD molecule becomes less chlorinated. The 
similar situation were observed in the case of PCBs'. 

A significant part of spiked OCDD and formed less chlorinated congeners was found in the 
water fraction, which indicate a high potential of subcritical water extraction. Differences in 
PCDDs distribution between the water and soil might be caused by various contents of soil-
insoluble organic matter and potential sorbents. The solubility of OCDD in the experiment with 
sod-podzol soil was 5,1 ftg/1, that is 2 million fold over its solubility at ambient conditions'. 

1 - Stainless column, 25 cm long, 21 mm i.d. 
2 - Bottom cap 
3 - Upper cap 
4 - Upper screw box 
5 - Bottom screw box 
6 - Extraction carfridge 
7 - Sample 
8 - Tube for the thermocouple 
9 - Teflon ring 
10 - Bronze ring 
11 - Cooling capillary 
12 - Quartz cotton filter 
13 - Stainless grind 
14 - Aluminum ring 
15 - Thermocouple tube connector 
16- Valve 
17 - Thermocouple 
18- Heater 
19- Water with ice 
20 - Flask 
21 - Solvent (water) 
22 - Holder 

Fig. 1. Apparatus for subcritical extraction. 

Conclusion 
It is found that the zerovalent iron can be applied for stepwise dechlorination of OCDD on 

various matrixes in water under 250°C and equilibrium pressure. 
A significant part of residual OCDD and formed less chlorinated congeners are extracted 

with water in the given conditions. The solubility of OCDD was increased by a factor 2 million 
over its solubility at ambient conditions. 

The dechlorination of OCDD results in the formation of high-toxic 2,3,7,8-TCDD and 
1,2,3,7,8-PeCDD, which is necessary to take into account in developing the methods of exfraction 
by subcritical water, when the matrix contains are rather sfrong reducers. 
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Table 1. Results of the reductive dechlorination of OCDD by zerovalent fron in subcritical water. 

PCDD concenfration, ng 
Time 

Experiment 
condition 

Congener 
2,3,7,8-TCDD 
Others TCDD 
1,2,3,7,8-PeCDD 
Others PeCDD 
1,2,3,4,7,8-HeCDD 
1,2,3,6,7,8-HeCDD 
1,2,3,7,84>- HeCDD 

HeCDD 
1,2,3,4,7,8,9-HpCDD 
1,2,3,4,6,7,9-HpCDD 
OCDD 

30 min 

SiOj 

0.13 
0.63 
0.08 
<dl 
0.15 
0.17 
0.15 
<dl 
4.08 
8.97 
959.8 

90 min 
10% mass weigh iron powder 

SiO^ 

0.44 
2.42 
1.12 
2.82 
1.80 
3.59 
2.99 

30,98 
86.36 
727.J 
893.2 

Si02 

0.64 
75.42 
430 
32.81 
432 
9.44 
10.00 
98.31 
85.58 
84.83 
593.2 

black sand 
aqueous 
phase 
0.46 
0.09 
0.15 
0.73 
0.33 
0.70 
0.66 
11.04 
42.97 
59.99 
286.2 

solid 
phase 
0.18 
0.22 
<dl 
0.72 
0.18 
0.29 
0.42 
4.69 
18.65 
32.90 
314.7 

Total 

0.64 
0.31 
0.22 
0.85 
0.51 
0.99 
1.09 

15.73 
61.62 
92.89 
600.9 

sod-podzol soil 
aqueous 
phase 
0.48 
1.83 
0.79 
9.77 
1.56 
8.53 
7.63 
772.7 
150.4 
198.4 
347.6 

solid 
phase 
1.79 
0.96 
033 
0.21 
0.42 
2.00 
1.00 
13.02 
4.41 
0.57 
92.8 

Total 

2.27 
2.79 
1.12 
9.32 
1.99 
10.53 
8.63 
725.7 
154.8 
799.0 
440.4 

60 min 

fron 
powder 

0.71 
7.09 
0.82 
1.95 
3.90 
030 
0.59 
6.97 
0.10 
0.28 
6.02 
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