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THE DEGRADATION OF [' 4C] PARATHION IN TWO BRAZILIAN SOILS

M. M. de Andrea1; K. A. Lord2; R. H. Bromilow2; & E. F. Rüegg3

INTRODUCTION

Parathion is much used in Brazilian
agriculture, being a good insecticide with
relatively short persistence and providing an
alternative for some of the uses of the more
persistent organochlorine insecticides (Hsque
and Freed, 1975). As the behaviour of
pesticides used in Brazil has been little studied
in local soil, the present work was undertaken
to investigate the degradation of parathion in
two Brazilian soils, by measuring the amount of
[ethyl-l-14C] parathion which could be
extracted from the soil and also the liberation
of [ I4C] carbon dioxide.

MATERIAL AND METHODS

Pesticide: Samples of technical-grade
parathion were available in the Biological
Institute, São Paulo. The corresponding
[ethyl-1-I4C] parathion was supplied by the
Radiochemical jCe.ntre.v Amersham, England,
who quoted a specific activity of 19 mCi/mmol
and a radiochemical purity of 99% as assessed
by thin layer chromatography on silica gel and
by reverse phase thin layer chromatography.
For the experiments, aliquots of an ethanolic
solution of parathion (labelled diluted with
non-labelled) were evaporated and the
parathion redissolved in distilled water to give
solutions containing approximately Sfig/ml and
5,000 dpm/ml.

Soils: The two soils (1 and 2) used were
collected from the grounds of the Biological
Institute and their characteristics are described
in Table 1. Before use, the soils were air dried
and ground to pass a 2 mm sieve.

Liquid scintillation counting: Counting
was done in a Mark I Nuclear Chicago liquid
spectrometer, with quench correction by the
channels-ratio method using an external stan-
dard.

14 C samples were counted in 10 ml
cocktail consisting of equal parts by volume
of toluene, containing 200 mg/l POPOP and 4.0
g/1 PPO, and of Triton X.

[14C] carbon dioxide in monoethanola-
mine was counted in 10 ml cocktail containing
5.5 g/1 PPO in toluene (2 parts by volume) and
ethyleneglycol monomethylether (1 part), 7
volumes of this solution being mixed with 3
volumes of methanol to make the final cocktail.
Methanol was used to break the two phases
formed by the presence of water in the samples.
For the combustion samples, methanol was not
used.

Samples were counted for at least 20
minutes.
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TABLE 1

SOIL PROPERTIES

Characteristics Soil! Soil 2

Clay

Silt

Fine sand

Coarse sand

% Composition

57 77

12 9

19 10

12 4

Total FeOj

Free FeO3

Organic carbon

Organic matter

Nitrogen

Carbon/Nitrogen ratio

Phosphate

Potassium

Calcium

Magnesium .

Aluminium

Hydrogen

Cation Exchange Capacity

pH

4.30
1.70

2.52

4.33

0.24

10.50

12.15

0.26

2.28

1.20

0.12

2.16

6.02

5.70

8.90
1.90

0.21

0.36

0.07

3.00

me/100 g soil

0.06

0.22
2.09
1.10
0.16
2.08

5.65

6.40

Texture Clay Heavy Clay

Classification HumicGley Yellow Red

Latossol

# Determined by Agronomical Institute, Campinas, S9o Pauto - Soil Division Pedology Section.

* * Determined by School of Agriculture "Luiz de Queiroz", Piracicaba, SSo Paulo - Soil Geology
and Fertilizer Department.



Analytical Procedures

Extraction: Soil samples were taken at
intervals and extracted using 20 ml hexane:
n-propanol (1:1) shaken for 4 hours. The soil
suspension was allowed to settle, the super-
natant solution was decantec and a 1.0 ml
aliquot taken for scintillation counting. The soil
was futher extracted with 15 ml hexane, and a
2.0 ml aliquot taken for counting. Recovery of
[MC] parathion by this method was 97.5% for
soil 1 and 97.7% for soil 2, using two determi-
nations for each soil.

Soil combustion: At the end of period of
234 days, the remaining l 4 C in the soils after
solvent extraction was determined by complete
oxidation to CO2. The wet combustion
procedure used was essentially that of Smith et
al (1964). The [14C] carbon dioxide from 1.0
or 2.0 g samples of soil was trapped in 2.0 ml
monoethanolamine mixed with 20 ml of
scintillation cocktail. In separate tests recovery
of 14CO2 from [14C] parathion by this method
was 90.1 ±3.3% for soil 1 and 93.8±8.8% for soil
2, using 4 determinations for each soil.

Assay of degradation of parathion in soil:
The degradation of [14C] parathion in soil was
studied in two tests using slightly different
conditions. Portions of 10 g soil placed in wide-
-necked screw-capped jars and 1.0 ml aqueous
parathion solution added together with
sufficient water to achieve 2/3 field capacity.
The soils were kept in the laboratory at
ambient temperature. [ I4C] carbon dioxide
evolved was absorbed in vials with alkali placed
inside the jars and changed at intervals for assay
by scintillation counting.

Test 1: [14C] carbon dioxide was absorb-
ed in 2.0 ml of 1M KOH changed every 10
days, and no more water was added to the jars
during the 72-day period of the test (Fig. 1).
14CO2 was assayed using the Triton X mixture.

Test 2: The [14C] carbon dioxide was
collected in 1.0 ml monoethanolamine changed
weekly-, no more water was added until day
105, when the moisture content was readjusted

to 2/3 field capacity and maintained at this
level up to day 234 by weekly additions of
water. 1 4C0 2 was absorbed in monoethanola-
mine and assayed (Table 2, Fig. 2).

RESULTS AND DISCUSSION

The results reported here do not conflict
with those of other workers (Bartha et al,
1967; Getzin and Rosefield, 1968; Lichtenstein
and Schulz, 1974).

In both experiments less parathion could
be extracted and CO2 was evolved faster from
soil 1 than from soil 2, soil 1 being the richer in
organic matter (Table 1). Approximately 15%
of the radiocarbon added was evolved as CO2

from soil 1 by the end of both tests. However,
in the first test the rate of evolution of CO2

diminished steadily up to 72 days when the test
was ended and l 4 C 0 2 evolution had almost
ceased (Fig. 1). In the second test, 14CO2 was
evolved at about the same speed as in the first
test for about one week only and then ceased
until more water was added to adjust moisture
to 2/3 field capacity. This difference was
probably caused by the rapid drying of the soil
in the second test caused by the water being
absorbed by the ethanolamine, whereas the 1M
KOH used in the first test is unlikely to take up
much water (Fig. 2). As water is lost, microbial
activity diminishes, and increases again on
rewetting (Getzin and Rosefield, 1968). This
indicates that degradation of parathion is
mediated mainly by microorganisms.

In soil 2, poorer in organic, matter, there
was little difference in the liberation of 14CO2

between the two tests, and in the second test
the amount of parathion which could be
extracted was little affected by the moisture
content of the soil. Soil 2 evolved CO2 steadily
but the amount (between 7 and 11%) was less
than that from soil 1 and gave no indication of
ceasing. In soil 2 most l 4 C 0 2 was collected
between 60 and 120 days. Thus the availability
of water did not appear to influence the
evolution of CO2, and in addition, the
behaviour of this soil was not changed by add-
ing water on the 105*^ day to raise the



FIGURE 1
EVOLUTION OF ' "CO2 DURING 72 DAYS FROM TWO SOILS

TREATED WITH ' 4 C - PARATHION*
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FIGURE 2
EVOLUTION OF '4 CO: DURING 234 DAYS FROM TWO SOILS

TREATED WITH ' * C - PARATHION*
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moisture content to 2/3 field capacity (Figure
2). In both tests soil 1 evolved three times more
CO2 within the first 7 days than did soil 2.

However, it is worth to mention that CO2

is not a good measure of degradation of para-
thion which is lost faster than CO2 is formed.

The radiocarbon extracted from soils 1
and 2 treated with f14C] parathion at the final
of the first test was 60.8% for soil 1 and 71.4%
for soil 2. In the second test, it generally de-
creased (Table 2). The large values on day 35
probably result from contamination. The addi-
tion of water to the soils also appears to have
increased the amount of parathion extracted
from the soils (Table 2), mainly in soil 1, where
the amount of 14CO2 also increased with
higher moisture content. This effect is much
smaller in soil 2.

In the first test the total radiocarbon re-
covered by extraction of the soil and collection
of CO2 was 76.8% for soil 1 and 78.5% for soil
2, leaving 20-25% unaccounted for. In the se-
cond test the sou remaining after extraction
on the 234 in day was combusted when an
additional 42% radiocarbon was recovered for
soil 1 and 52.2% for soil 2 bringing the total
recovery to 95.6% in soil J and 78.7% in soil
2 (Table 2). Thus, almost complete recovery of
radiocarbon was achieved for soil 1 but there
remains 21% to be accounted for in soil 2. The-
se discrepancies may be explained by failure to
trap volatile materials other than CO2. It is
not known whether the pesticide is lost unchan-
ged or as metabolites but other work performed
in this laboratory using similar techniques (He-
Iene et al, in preparation) has shown loss of
unchanged pesticide from soils in the vapour
form.
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RESUMO: DEGRADAÇÃO DO PARATHION
['4 C] EM DOIS SOLOS BRASILEIROS

A perda do paration [14C] de dois solos
brasileiros foi estudada medindo-se o paration
extraído pela mistura hexano/propanol e pela
evolução de ' 4CO2 . A recuperação de paration
decresceu mais rapidamente no solo 1, rico em
matéria orgânica e do qual maior quantidade de
radiocarbono foi liberada sob a forma de
14 CO2 em comparação com o solo 2, pobre em
matéria orgânica. A evolução de CO2 do solo 1
decresceu rapidamente em solo seco mas peque-
na influência do conteúdo de umidade foi
observada no solo 2. O radiocarbono remanes-
cente nos solos foi analisado por combustão de-
pois de 234 dias e o total recuperado no solo 1
foi de 95,6% e 78,7% no solo 2, o suficiente pa-
ra dar uma recuperação quase completa em am-
bos os solos.



TABLE 2 .

PERCENTAGE OF RADIOCARBON RECOVERED FROM SOILS TREATED
WITH [14C] PARATHION

Time
(days)

0
4
7

14
21
28
35
42
49
56
63
70
77
84
91
98

105*
112
119
126
133
140
147
154
t61
168
175
182
189
204
234

Wet combustion
at day 234

Total recovered

Soil 1
Extracted

100.0

116.0

106.0

134.4

69.3

49.7

51.0

29.9

18.8

61.8

38.5

42.0

95.6

14CO2

0.9
2.1
2.5
4.1
4.4
4.4
4.4
4.4
4.4
4.4
4.4
4.4
4.4
4.4
4.5
4.5
4.5

10.2
11.9
13.4
13.9
13.9
13.9
14.2
14.2
14.2
14.2
14.2
14.2
14.2
15.1

Soil 2
Extracted

100.0

107.7

73.0

115.6

50.7

51.3

24.7

9.0

24.9

29.4

13.1

52.2

78.7

1«CO2

0.4
0.7
0.8
1.2
1.3
1.3
1.4
1.4
1.4
1.7
2.1
3.6
4.5
5.2
6.7
7.9
8.5
9.2

10.0
10.4
10.5
10.7
10.8
10.9
10.9
10.9
10.9
11.2
11.2
11.5
13.4

Adjusted soil moisture



SUMMARY

Loss of [14C] parathion from two Brazi-
lian soils was studied by measuring the para-
thion which could be extracted by a mixture of
hexane and propanol and the ' 4CO2 evolved.
Recovery of unchanged parathion decreased
faster in the soil richer in organic matter (soil
1) from which more radiocarbon was evolved

as CO2 than from the soil poorer in organic
matter (soil 2). Evolution of CO2 from soil 1
decreased rapidly when the soil dried out but
little effect of moisture content was observed
in soil 2. Radiocarbon remaining in the soils
was assayed by combustion after 234 days and
the total recovered in soil 1 was 95.6% and

t 78.7% ,'in soil 2, sufficient to give almost com-
plete recovery from both soils.
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