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ABSTRACT: 

ZT. terresirial ecosystems, organochlorine corapounds are dechlorinated end converted to var
ious transformation products. Mineralization rates and the fonnation of soil-bound residues 
depend on tlie degree of chlorination as well as on other substituents in the molecule. 

INTRODUCTION: 

CrEanochlorine co:7ipounds reach the soil both by intentional jse and by unintentional pro

cesses, such as atnospheric deposition, \'aste disposal or spilli:ig. DUG to che xenobiotic 

C-Cl bond, most of them are persistent in the soil system, and residue decline is primarily 

by physical pTocesses. Conversion reactions mostly concern o-her substituents present in 

che molecule besides the chlorine substituents. These reactions Ccuse changes in the trans-

pert behaviour of chlorinated compounds in soil, as well as in volatilization into the air 

end in plant uplake rates. Kovover, there exist also specific microorganism strains or 

ciher organisms in soil, vhich are able to cleave the foreign C-Cl bond by various reaction 

-echanisras. Similarly, abiotic dechlorination mechanisms exist in soil. 

EXAMPLES OF BIOTIC DECHLORINATION MECHANISMS: 

The following dechlorination mechanisms have been reported to occur in soil cr in microor

ganisms isolated from soil or similar natural media: 

1. Oxidative mechanism: Oxygenolysis of chlorinated aromatic compounds to 1,2-dihydroxy 

aromatics' 

2. Reductive mechanism: Replacement of chlorine by hydrogen atoms (DDT - ODD'; lindane -

tetrachloTocyclobexane*); elimination of chlorine bound to C-C-boncs, resiilting in C^C 

bonds (lindane - benzene') 

3. Hydrolytic mechanism: Replacement of chlorine by hydroxyl groups originating from water 

(2-haloalkanoic acids*, chlorinated aro.-natic compounds', s-triazines') 

^. Dehydrochlorination: Elimination of HCl (DDT - DDE': lindane - pentachlorocyclohex-1-

ene») 

5. Dechlorination after conjugation: Replacement of chlorine by sulphur groups Cpenta-

chloronitrobenzene - 1,4-dithiorDethyl-2,3,5,6-tetrachlorobenzene in earthworms*") 
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.:y.?':.?.iy:i>iTAL PA.RT: 

In ordor to idor.tify co:ivGi:ion prociucls of lindane in soil. Undane-^-C -is ipp-.iej ^n 

v.irio-.;s plants a:id soil (about 12 mg on a 60 • 60 cm area) in a lysijnoter under outdoor 

condi-.ions. At the end of tho (jrouth period, soil was oxtractcd with motr^nol in a soxhlet. 

The extract wa.s separated by various chromatographic methods, and conversion products were 

isolated and identified by gas chromatography/mass spectrometry'. 

In order to identify conversion products of lindane ;n compost, lindane-:-C w^s applied to 

a household and garden waste mixture (2 mg/kg dry weight) treated with a comercial compos

ting inoculum, and incubated in a compost container (0 50 cm, height 91 c=) under outdoor 

conditions for 57 or 777 days, respectively. The compost was extracted ar.d analysed for 

lindane metabolites as above. 

For tr.e determination of mass balance, biorainetaliiation and bound resid-̂ e formation o£ 

various "C-labeled organochlorine compounds in soil/plant systeras, a closed aerated labo

ratory apparatus was used as described in >>,>>. >'C0, was determined af-.sr trapping in a 

scintillation liquid containing an organic base. Soil-bound residues wero determined, after 

soxhlet extraction of the soils with methanol, by combustion followed by liquid scintilla

tion counting of -'CO, for.™d. 

RESULTS MO DISCUSSION: 

It was demonstrated that the chlorinated insecticide Undane-"C undergoes, in soil, vari

ous dehydrogenation, dehydrochlorination, dechlorination, and oxidation steps resulting in 

pentac;-.lorocyclohex-l-ene, chlorinated benzenes, and chlorinated phenols, .-lexachlorobcnzene 

was detected as a lindane metabolite only in trace amounts'. Upon composti.-g household and 

garder. wastes containing !ineane->'C, the parent compound could not be detected any longer 

after 55 days. After 55 or 777 days, respectively, all three isomeric tricl-.lorobenzenes 

were isolated and identified, besides unidentified polar metabolitos >>. 

Biomir.eralization rates and soil-bound residues of various "C-labeled chlorinated com

pounds are shown in the following table. It shows that, in principle, chl-.rinatcd organic 

compo-,̂ -.ds can be mineralized to CO,. Mineralization decreases with increasing chlorine 

content of the molecules; however, other substituents present in the mole-.:les also play a 

role. Soil-bound residues greatly decrease mobility and plant bioavailability of organo

chlorine compounds. These residues also decrease with increasing chlorine tontent of the 

molecule; however, they are influenced also by other molecular substituent;. Aromatic hy

droxy or ajnino groups, for exainple, strongly favour the formation of soil-bound residues 

due to their chemical similarity to natural humic acid precursors in soil. .Model experi

ments have demonstrated the formation of covalent bonds between chlorinated anilines and 

the hu.-ic acid precursor catechol " . 
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Biomineralization and £-,: 1 •: ; jr.î  r-esiducs of "C-labeled Organochlorine Co.vpounds, 

7 Days after .".pplicitiDn to soil (in % of "C applied) 

"C-Chemical 

2,i,6-Trichlorophenol 

Hexachlorocyclopentadiene 

Trichloroethylene 

Fe-tachlorophenol 

Ch:oroalkylene-9 

2,2'-Dichlorobiphenyl 

Aldrin 

A-Chloroaniline 

2 , 5 . A ' -Trichlorobiphenyl 

Atrazine 

1,2,^-Trichlorobenzene 

1. ̂ -Dichlorcber.zene 

Hexachlorobenzene 

Kepone 

Keievan 

Dieldri;n 

2,4,6,2',4'-Pentachlorobiphenyl 

1,2,3,5-Tetrachlorobenzene 

Pentachlorobenzene 

p.p'-DDT 

"CO, 

20.8 

19.« 

9.2 

4.1 

3.4 

2.5 

1.6 

1.1 

0.7 

0.5 

0.5 

C.4 

0.1 

0.1 

0.1 

0.1 

0.1 

<0.1 

<0.1 

<0.1 

Soil-bound " C 

62.3 

51.5 

26.9 

38.4 

7.4 

4.1 

9.5 

70.0 

1.9 

4.0 

3.5 

0.8 

2.0 

1.6 

1.2 

0.7 

<0.1 

2.5 

1.1 

0.4 
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l l :..iy be concluded that in terrestrial ecosystems organochlorine cs.Tipounds are t rar.s .'o.-med 

both by alterations of substituents other than chlorine and by dechlorination processes. 

Mineralization to CO, also occurs. By the interaction with soil h-u.T.ic substances, bc_-.d 

residues may be formed, which considerably decrease mobility in soil and plant availabili

ty. However, their role in the leaching of residues still needs more research. 
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