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Abstract 

Selected organoehlorine pesticides, namely lindane, PCNB, p,p'-DDT and p,p'-methoxy- 
chlor, and some related compounds (p,p'-DDE and p,p'-DMDE) were heated in the presence of 
powdered KOH, Na2CO3, CaO and CaCO3 in order to cheek whether degradation of the com- 
pounds is feasible in moderate conditions and temperatures. Thermal analyses, as well as inves- 
tigations concerning the search for the reaction products revealed that processes occurring at 
atmospherle pressure are either simple volatilization of organic molecules, observed upon heat- 
ing of mixtures containing lindane, PCNB, p,p'-DDE and p,p'-DMDE, or volatilization accom- 
panied with decomposition towards HCI and p,p'-DDE and p,p'-DMDE, noted when heating 
mixtures ofp,p'-DDT and p,p'-methoxychlor with alkaline substances, respectively. Comple- 
mentary theoretical calculations enabled insight into the mechanism of HC1 elimination from 
p,p'-DDT and p,p'-methoxyehlor. 

Keywords: decomposition in the presence of alkalies, organochlorine pesticides, theory of 
HCI elimination, thermal analyses 

Introduction 

Organochlorine pesticides have been widely used in the last few decades 
[ 1-3]. Gradual cumulation of the compounds in the environment (natural wa- 
ters and soil), and also plant, animal and human tissues [4-10], due to their 
relatively high stability and specific physicochemical properties, as well as their 
toxic (also carcinogenic) features [11-17] resulted in their having been with- 
drawn from use in many countries. However, considerable amounts of some of 
the compounds are still stored in warehouses, therefore, the problem of their 
utilization becomes very important. 

Most of the investigations carried out in the past concerned thermal degra- 
dation [18-27] and incineration or mineralization [9, 28-32] of the compounds. 
Only sporadically have efforts been undertaken to use these derivatives for other 
purposes [33, 34]. 
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Various aspects regarding thermal properties, reactivity and thermochemis- 
try as well as behaviour upon UV-irradiation of several organochlorine pesti- 
cides, have been the subject of our previous papers [35, 36]. The present work 
is devoted to thermoanalytieal and thermochemical studies the aim of which is 
to check whether degradation or incineration of the compounds may take place 
in the presence of active additives, at moderate temperatures and atmospheric 
pressure. Several earlier investigations seemed to indicate that organochlorine 
pesticides may decompose in such conditions [19-23, 25, 27]. 

Materials and methods 

3,-BHC, p,p'-DDT and p,p'-methoxychlor, all from P.O.Ch. (Poland), were 
of analytical grade (GC analytical standards) and were used as received. PCNB 
of pure grade, from Aldrich, was subjected to vacuum sublimation before use. 
p ,p ' -DDE and p,p'-DMDE were synthesized by the methods described in the 
literature [37, 38]. KOH powder, purchased from Merck, was used as received. 
Na2CO3, CaO and CaCO3, all from P.O.Ch. (Poland), were dried at 373 K and 
subsequently ground in agate mortar. 

The dynamic thermal analyses were carried out on an OD-103 derivatograph 
(MOM) with o~-A1203 as a reference in a dynamic atmosphere of nitrogen. The 
sample holder was a typical platinum crucible [39]. The samples analyzed 
weighted from 130 to 200 mg and were mixtures of an organic substance and an 
additive with a weight ratio of 1:9. Other operating conditions were: the heating 
rate, approx. 5 deg.min -1, and the sensitivity of TG was 50 rag. 

In order to check whether organochlorine compounds undergo degradation 
upon heating, the complementary experiments were carried out in a manner de- 
scribed previously [40]. Thus, the heating of samples was performed in a quartz 
reactor with a cold finger inside it. The reactor, with a mixture of organic and 
alkaline substances at the bottom, was plunged into a bath with Wood's alloy 
kept at chosen constant temperature, such as to assure volatilization of an or- 
ganic material. The process was realized in a continuous stream of an inert gas. 
The gaseous phase was checked for the presence of C12 and HCI. The remainder 
at the bottom was then subjected to benzene extraction. The extract, as well as 
the deposit condensing on the cold finger were analyzed by IR and NMR spec- 
troscopy and employing the GC method. The instruments used and the condi- 
tions of measurements have been indicated earlier [35]. 

Quantum chemistry calculations were carried out on a Hewlett-Packard 735 
Apollo workstation. 

Results and discussion 

The result of thermoanalytical examinations p,p'-methoxychlor mixed with 
Na2CO3, CaO and CaCO3 (the systems chosen as examples) are presented in 
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Fig. I, while Table 1 contains information collected from the examination of 
thermoanalytical curves of all the systems studied. 

All TG curves demonstrate the smooth shape typical for one step thermal 
processes. DTA curves, however, together with peaks which accompany the 
mass loss of the samples, also exhibit those resulting from fusion of organic 
components. 
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Fig. 1 Dynamic thermal analyses of 1:9 (weight ratio) mixtures ofp,p '-methoxychlor and: 
A) Na2CO3 (200 mg); B) CaO (150 rag); and C) CaCO3 (200 rag) 

The comparison of temperatures characterizing thermal behaviour of neat 

organochlorine pesticides [35] with those derived in this work for mixtures of 
these compounds with alkaline substances, is given in Table 1. Only insignifi- 
cantly does the presence of additives affect the temperatures of melting of or- 
ganochlorine compounds. On the other hand, the temperatures of ~ and 
DTA peaks and the onset of weight loss (T0.0,) are generally lower for the mix- 
tures than for neat organochlorine substances. In many cases, however, these 
diff6rences are insignificant and contained within the uncertainties of the 
method applied. This preliminary comparison of therrnoanalytical data suggests 
that the presence of alkaline substances may have a minor effect on the thermal 
behaviour of organochlorine pesticides. 
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Table 2 Conditions and results of thermal decompositions in a quartz reactor 

Substance Additive Temperature of Extent of HCI 

reaction/K elimination' 

p,p LDDT KOH 390-400 1.00 

Na2CO3 480 0.20 

CaO 480 0.75 

CaCO3 480 0.00 

p,p "methoxyehlor KOH 390--400 1.00 

Na2CO3 480 0.60 

CaO 480 0.90 

CaCO3 480 0.05 

�9 Ratio of the number of moles of products of dehydrochlorination (p,p'-DDE or p,p'-DMDE) to 
initial number of moles of substances (p,p'-DDT or p,p '-methoxychlor, respectively). 

Further insight into reactivity of organochlorine compounds enables analysis 
of the results of experiments carried out in a quartz reactor, y-BHC, PCNB, 
p,p'-DDE and p,p'-DMDE do not change their chemical constitution in the 
presence of KOH, Na2CO3, CaO and CaCCh, upon heating, p,p'-DDT and 
p,p'-methoxychlor undergo more or less advanced dehydrochlorination in the 
above-mentioned conditions, leading to p,p'-DDE and p,p'-DMDE, respec- 
tively (Table 2). Both organochlorine pesticides remain either completely (p,p'- 
DDT) or almost completely (p,p'-methoxychlor) unchanged when heated in the 
presence of CaCO3. Dehydrochlorination is, in both cases, completed in the 
presence of KOH. With Na2CO3 and CaO as additives, only partial dehydro- 
chlorination takes place, although the process is more advanced in the case of 
p,p'-methoxychlor. Generally, the stronger the alkalies used, the more ad- 
vanced the dehydrochlorination of organochlorine molecules. It should be 
noted, that in the presence of KOH, the strongest alkalies of those used, the de- 
hydrochlorination is completed in temperatures ca. 100 K lower than for other 
additives. 

As elimination of HCI takes place upon heating p,p'-DDT and p,p'- 
methoxychlor in the presence of additives, one would expect it in a stream of 
gas leaving the quartz reactor. Actually, neither HCI nor C12 were detected. This 
means that primarily released HCI reacts instantaneously with alkaline sub- 
stances present in considerable excess in the reaction zone. In consequence, 
HCI is kept in a condensed phase and the elimination process is not reflected on 
the thermogravimetrie curves (Fig. 1) (thermoanalytical investigations on neat 
p,p'-DDT revealed that dehydrochlorination precedes volatilization of p,p'- 
DDE I35]). 

Upon heating of p,p'-DDT and p,p'-methoxychlor with alkaline additives 
chemical processes are most probably initiated by primary elimination of HCI 
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from substrate molecules. To gain an insight as to how such elimination can 
proceed by employing the AM I semi-empirical quantum chemistry method [41] 
(incorporated in the SPARTAN 3.1 programme [42]), we determined structures 
of substrates (p,p'-DDT and p,p'-methoxychlor) and products (p,p'-DDE and 
p,p ' -DMDE, respectively) molecules, as well as transition state structures for 
the dehydrochlorination process. These structures are shown in Fig. 2, while 
information on their thermochemical and physicochemical characteristics - in 
Table 3. Data from this table reveal that kinetic barriers for the dehydrochlori- 
nation of p,p'-DDT and p,p'-methoxychlor, respectively, are (in kJ.mol-1): 
214.8 or 214.9 - on the enthalpy level, and 212.7 or 212.5 - on the free en- 
thalpy level (at 298 K). These barriers are relatively high, if the process is 

p,p'-DDT p,p'-methoxychlor 

TS TS 

-HC, J, -HC, 

p,p'-DDE p,p'-DMDE 

Fig. 2 Theoretically optimized structures ofp,p ' -DDT and p,p'-methoxychlor, transition 
states (TS) for dehydrochlorination and products of this reaction (p,p'-DDE and p,p'- 
DMDE, respectively) 
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carried out in the gaseous phase. Thus, in such a phase one would not expect 
HCI elimination (el) despite the fact that the process is thermodynamically fa- 
voured (~L29ff/~ equals -12.4 and -11.9, and &~.29~ 9 equals -63.3 and -63.8 
(in kJ.mol-1), for p,p'-DDT and p,p'-methoxychlor, respectively). This implies 
that surroundings must have considerable influence on the barrier and thus the 
mechanism of dehydrochlorination of organochlorine pesticides in condensed 
phases. 

Concluding remarks 

Undertaking the studies described in this work we believed that the presence 
of highly active, alkaline substances could initiate degradation of organo- 
chlorine pesticides. In reality, only p,p'-DDT and p,p'-methoxychlor undergo 
simple dehydrochlorination. The results of this work, therefore, undoubtedly 
supply new elements to the understanding of chemistry of organochlorine de- 
rivatives, but do not seem to be promising as regards the discovery of a conve- 
nient method for their destruction or incineration. 
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experimental part and the financing of this work by the National Institute of Hygiene (Warsaw) 
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Z u s a m m m f a s s u n g -  Einzelne Organochlorpestizide, namentlich Lindan, PCNB, p,p'-DDT 
und p,p'-Mcthoxychlor sowie einige vcrwandte Verbindungen (p,p'-DDE und p,p'DMDE) 
wurden in der Gegenwart yon zcrpulvertcm KOH, Na2CO3, CaO und CaCO3 erhitzt, um zu 
prfifen, ob der Abbau der Verbindungen durch eine ,~mderung yon Bedingungcn und Tempera- 
turcn m6glich ist. Thermoanalysc als auch Untersuchungcn bcz~glieh der Suche nach den 
Rcaktionsprodukten zeigten, dab es sich bei den bei atmosph~fischem Druck ablaufenden Vor- 
g~ngen entwcder eine einfache Verdampfung organischer Molekfile handelt, wie sic beim 
Erhitzcn dcr Gcmische mit Gehalt an Lindan, PCNB, p,p'-DDE und p,p'DMDE bcobachtet 
wird, oder aber um eine Verdampfung, begleitct yon Zersctzung zu HCI und p,p'-DDE oder 
p,p'DMDE, wie sic beim Erhitzcn yon Gcmischen aus p,p'-DDT und p,p'-Mcthoxychlor mit 
alkalischen Substanzcn bcobaehtct wird. Zus~tzliche thcorctische Bcrcchnungen erm6glichtcn 
einen Einblick in den Mcchanismus der Abspaltung von HCI aus p,p '-DDT und p,p '-Mcthoxy- 
chlor. 
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