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FOREWORD

Growing world population and food demand have dictated the introduction
of intensive agricultural practices involving the use of an increasing range
of pesticide chemicals. Unfortunately, as a result of pesticide application,
substantial residues may remain in food and the agricultural environment. To
ensure safety-in-use of these chemicals is a dynamic challenge. The
utilization of chemicals has a positive and often dramatic impact on
agricultural production, but every effort must be made to ensure that their
application is safe and to prevent any adverse effects on the environment.

The use of persistent pesticides, such as DDT and lindane, in temperate
zones has been widely curtailed on the basis of long persistence in the
environment and problems arising from accumulation of their residues in
wildlife. Under tropical conditions, however, a few studies have shown that
DDT and lindane dissipated at rates which would preclude local accumulation of
residues in the environment.

In 1982, the Joint FAO/IAEA Division, recognizing the need for
coordinated research on the fate of persistent pesticides in the tropics and
further recognizing that such internationally coordinated research efforts
have not been undertaken, established the five-year Coordinated Research
Programme on "The fate of persistent pesticides in the tropics, using isotope
techniques". In initiating this research programme, the Joint FAO/IAEA
Division recognized that major knowledge gaps exist in the subject area, that
if filled would greatly aid developing nations in the efforts to regulate the
use of economically viable pesticides to maximize food production. The
programme was targetted specifically to address these needs through research
on behaviour of important pesticides in tropical environments.

Nuclear techniques have provided unique and powerful research tools in
this research and the contributed studies have clearly demonstrated their
potential value. The present report is the documentation of the contribution
and accomplishments of this programme.
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STUDIES ON DEGRADATION AND DISSIPATION OF
DDT IN A SANDY LOAM SOIL UNDER LABORATORY
AND FIELD CONDITIONS

A. HUSSAIN*, H. TIRMAZI**, Zaheer-Ud-Din BABAR*
* Nuclear Institute for Agriculture

and Biology
** Government College for Women

Faisalabad, Pakistan

Abstract

14The degradation and dissipation of C-p,p'-DDT in sandy loam soil were
investigated under laboratory and field conditions. CO and organic
volatiles were simultaneously determined under laboratory conditions, using a
system where organic volatiles are absorbed by polyurethane plug while

14allowing CO to pass through to be absorbed in alkali solution. The
14results showed a flush of C mineralization and volatilization of organics

14during the first 10 days; loss of C as C0? was 4 times as high as
organic volatiles.

Under field conditions, DDT showed a much faster dissipation rate as
compared to laboratory conditions. There was no overall difference in the
dissipation rates of irrigated and non-irrigated treatments. Under laboratory
conditions, DDT showed a half-life of 809 days whereas under field conditions
it was 120 and 112 days in irrigated and non-irrigated treatments,
respectively. The main degradation products of p,p'-DDT in soil were found to
be p,p'-DDE and p,p'-DDD. Boui
total residues after one year.

14be p,p'-DDE and p,p'-DDD. Bound C-residues accounted for 15-17% of the

1. INTRODUCTION
The use of organochlorine pesticides constitutes an important component

of the efforts to control agricultural pests and vectors of disease in most
areas of the developing world. The insecticides DDT (1,l-bis-[p,chlorophenyl]
2,2,2-trichloroethane) and lindane (y-hexachlorocyclohexane) are cheap,
relatively safe to use and readily available. High persistence and propensity
for bioaccumulation have greatly curtailed their use in developed countries
located primarily in temperate zones.



A lot of information is available in the literature concerning the
persistence of organochlorine pesticides in the environment of temperate
zones. However, information on the degradation and dissipation of these
pesticides under tropical and sub-tropical conditions is scanty. A few
studies have indicated that DDT and lindane do not seem to persist in soil
under certain tropical and sub-tropical conditions (1-6). Since DDT has been
considered an environmental contaminant in many developed countries, it was
important to study the degradation and dissipation of DDT in Pakistan
environment. The use of radiotracer techniques can be highly advantageous in
these studies. The objective of the present study was to obtain information
on the degradation and dis:
and laboratory conditions.

14on the degradation and dissipation rates of C-p,p'-DDT in soil under field

2. MATERIALS AND METHODS

142.1 Chemicals. C-p,p'-DDT, l,l-brs-(p-chlorophenyl)-2,2,2-trichloro-
ethane uniformly labelled in phenyl rings (sp.act. 85 mCi/mmol) was
obtained from Amersham International, England. Radiochemical assay by
TLC showed the chemical to be 99% pure. The purity of the cold p,p'-DDT
was 99.5%. All other chemicals used were of analytical grade and
solvents were reagent grade freshly distilled before use.

2.2 Soil. The soil was collected from the NIAB field for laboratory studies
and was stored at room temperature in moist conditions prior to use. The
properties of the soil were pH 7.7; saturation percentage 34.8; organic
carbon 0.77%; nitrogen 0.07%; clay 14%; silt 20%; sand 66%; texture sandy
loam.

2.3 Simultaneous Measurement of Volatility and Mineralization under
Laboratory Conditions. The apparatus of Kearney and Kontson (7) was used
to simultaneously measure volatility and mineralization. Sandy loam soil
(200 g, duplicate) was placed in Erlenmeyer flasks and 0.19 mg cold

14p,p'-DDT + 0.002 mg (0.5 jjCi) of C-p.p'-DDT were added to each
flask. The ambient system was continuously purged with C0„-free air
and at 10 day intervals the polyurethane plugs and CO -trapping
solutions were removed. The plugs were Soxhlet extracted for 2 hr with
benzene-acetone (1:1) and the extracts were reduced in volume. Aliquots
of the extracts and CO trapping solutions were assayed by standard
liquid scintillation counting.
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2.4 Experimental Set-up for the Study of Persistence of DPT. The field
experiments started on 1 June 1986 and were conducted in 8 x 6 m field
plots under irrigated and non-irrigated conditions using PVC cylinders.
The PVC cylinders (17.5 cm long, 2.5 mm thick, 10.4 cm i.d.) were driven
into the soil with 2.5 cm left protruding above the soil surface and left
undisturbed for 2 weeks prior to applying the insecticide. The chemical
was applied at the rate of 2.2 kg a.i./ha. For this purpose, 1.9 mg of

14cold DDT + 0.02 mg (5 pCi) of C-DDT were added to the cylinder in
acetone solution.

The upper 5 cm of soil from each cylinder were removed and thoroughly
mixed. From this, three samples (4 g each) were used for moisture
determination by the AOAC method. Three air-dried samples (50 g each)
were extracted with methanol by Soxhlet apparatus. Aliquots of each
extract were analysed for radioactivity. The soil having total
(extractable + bound) and bound (methanol extracted soil) residues were
air-dried and three sub-samples (80-100 mg each) were combusted to
14CO . The same procedure for the determination of moisture,
extractable, bound and total residues was followed for the laboratory
experiment.

14In order to examine the leaching capacity of C-DDT under field
conditions, the soil column was divided into three layers, each of 5 cm
depth and total radioactivity determined.

For the laboratory experiment, 0.19 mg of cold DDT + 0.002 mg (0.5 v>Ci)
14of C-DDT were added to each flask, in acetone solution, containing

200 g of soil. These flasks were kept in an incubator at 30°C and
distilled water was added to the soil twice a week to maintain the
moisture content at 60% water holding capacity.

Both field and laboratory experiments were done in duplicate and were
designed to have 20 samplings over a period of one year. Initially the
samples were taken weekly for 1 1/2 months, biweekly for the next 3
months, monthly for the next 6 months and the last sample was taken after
50 days. The samples in duplicate were harvested randomly. The maximum
and minimum air temperature, relative humidity, sunshine hours and
rainfall during the course of field experiments were monitored
periodically.

11



2.5 Determination of Radioactivity. Total and bound radioactivity was
14counted after combustion to CO in a Tri-Carb Oxidizer 306

(Packard). Radioactivity extracted by methanol and of organic volatiles
was determined by a liquid scintillation counter (Nuclear Enterprise

14LSC 1, Scaler-Ratemeter SR 5). For CO determination, 1 ml of
alkali was mixed with 0.5 ml distilled water and 14 ml Dimilume and
subjected to scintillation counting. The external standardization
technique was used to correct for quenching.

2.6 Gas Chromatography of Extractable Residues. A few extracts from the
field and laboratory experiments, containing extractable residues, were
cleaned up by adsorption chromatography using an alumina neutral column
and analysed by gas chromatography. A Hewlett Packard gas Chromatograph
with 63-Ni ECD was used for analysis. The Chromatographie conditions
were: column fused silica SPB 1 (30 x 0.25 mm i.d., 0.35 u film
thickness), carrier gas, argon 95: methane 5, flow in the column
1.5 ml/min, make-up gas 30 ml/min, oven temperature programming from
150°C (6 min) to 250°C at 2°C/min and held at 250°C for 25 min. The
detector and injector temperatures were 300°C and 150°C, respectively.
Identification was achieved by comparing the GC retention times with
those of authentic standards.

3. RESULTS AND DISCUSSION

143.1 Simultaneous Measurement of Volatility and Mineralization of C-DDT
14under Laboratory Conditions. The amount of C recovered from

14Polyurethane plugs, CO in the NaOH traps and the total amount of
14C lost by these two mechanisms are given in Table I. The loss due to
14CO was nearly 4 times more as compared to volatile products. The

14loss as CO was more in the first 10 days as compared to the second
and third 10 days sampling periods. The amount lost as volatile products
during the first 10 days sampling time was 2.1% and there was not much
loss from second to third 10 days period. The ratio of pesticide
volatilization to pesticide metabolized will depend on a number of
factors, including air exchange rate, method of application, soil
properties, moisture and others (7).

12



TABLE I. ORGANIC VOLATILES AND METABOLIC LOSS OF I4C-DDT
FROM SANDY LOAM SOIL

14C as % of applied

Days CO2 Organic volatiles Total

10

20

30

7.

9.

10.

7

5

4

2.

2.

2.

1

5

9

9.

12.

13.

8

0

3

3.2 DPT Persistence in Soil under Laboratory and Field Conditions

Laboratory Studies: Table II shows that there is a steady but slow
14decrease in the amount of extractable residues of C-DDT over an

incubation period of one year. After 105 days, the remaining extractable
14C-residues amounted to 73.5% of the initial residues on zero day,

TABLE II. EXTRACTABLE, BOUND AND TOTAL RESIDUES OF 14C-DDT
IN SOIL UNDER LABORATORY CONDITIONS

Days

0
7
14
21
30
37
45
60
75
90
105
120
135
165
195
225
255
285
315
365

Extractable
residues (%)

96.2
93. 0
89. 1
84. 7
82.3
79. 5
78. 7
77. 4
75.5
74. 7
73,5
70. 1
68.2
67. 9
66.7
65. 9
64.2
64. 1
63.8
63. 0

Bound
residues(%)

0.99
1.90
1.98
2. 14
2. 65
3. 45
4. 04
4.21
4. 43
4.47
4.82
5. 02
5.20
5.26
5. 32
5. 40
5.43
5. 60
5.85
6.34

Total
residues(%>

100.0
94. 6
90.2
87.9
84. 1
82. 4
82.2
81.3
80.6
80. 0
79, 6
75.6
74. 7
74. 0
73. 9
73. 7
73.5
73. 2
73. 0
72. 8

(%>=Percentage calculated on the basis of total
residues present on zero day.
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14while soil-bound C residues amounted to 4.8%. After one year,
14extractable residues decreased to 63% while bound C-residues

increased to 6.34%. This low binding of DDT to soil could be related to
its stability (8).

Field Studies: The field experiment was conducted from 1 June 1986 to
30 May 1987. The rainfall, air temperature, relative humidity and
sunshine hours during the experimental period are given in Figure 1. The
soil moisture varied from 4.56% to 10.30%.

100
BO

60

40

20

0

MAX 293 hr«

r-

MA>_

4-

04mrn

RAINFALL (mm)

O R MIN O 5mm H
t,] n-, _, r-, m H 11 n

~

J
1986

J
1987

M

FIG 1 Rainfall, air temperature, relative humidity and sunshine hours
during the experimental period
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14Data for the dissipation of C-residues are given in Table III. After

75 days, the extractable residues amounted to 47.1% for irrigated and

47.3% for non-irrigated samples. The soil-bound residues were 3.1% and

3.95% for irrigated and non-irrigated samples, respectively. At the end

TABLE III. EXTRACTABLE, BOUND AND TOTAL RESIDUES OF I4C-DDT
IN SOIL UNDER FIELD CONDITIONS

Irrigated :
Days

0
7
14
21
30
37
45
60
75
90
105
120
135
165
195
225
255
285
315
365

Extractable

97.
93.
84.
81.
76.
64.
58.
55.
47.
43.
42.
41.
39.
31.
29.
27.
26.
25.
25.
25.

1
3
7
5
8
2
2
1
1
6
1
3
9
0
1
8
2
3
2
0

Bound

0.
1.
1.
2.
2.
2.
2.
3.
3.
3.
3.
3.
4.
4.
4.
4.
4.
4.
4.
4.

94
33
37
05
22
48
79
01
10
70
76
91
07
13
21
29
34
39
43
47

Total:

100
91.
85.
80.
78.
65,
57.
52.
49.
46.
44.
42.
40.
35.
33.
34.
32.
30.
30.
28.

2
5
3
6
7
7
0
0
1
5
1
7
0
1
8
5
4
2
7

non-irrigated
Extractable

94.
87.
68.
63.
61.
56.
53.
49.
47.
44.
40.
35.
34.
33.
32.
28.
27.
26.
24.
22.

2
7
2
4
1
9
7
2
3
0
2
1
8
6
8
7
9
8
2
9

Bound

1.
2.
2.
2.
3.
3.
3.
3.
3.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.

10
18
75
98
10
54
69
80
95
00
10
25
37
43
50
57
64
68
71
80

Total

100
91. 6
67.7
66. 1
64. 0
60. 9
58. 5
53. 9
51.5
49. 3
45.9
41. 9
41. 0
40. 1
37.3
33. 8
32.6
31. 7
26. 9
25. 3

(%>=Percentage calculated on the basis of total
residues present on zero day.

of the experiment, extractable residues decreased to 25.0% and 22.9% and

bound residues increased to only 4 . 4 7 % and 4.80% for irrigated and

non-irrigated samples, respectively. There was not much difference in
14the distribution of

14
C in the total, extractable and bound

C-residues of both the irrigated and non-irrigated samples.

The decline data of DDT when subjected to regression analysis showed a

significant correlation (Table IV) . The decay constant and the half-life
14were computed from the concentration of the total C-residues

recovered. For the laboratory experiment DDT has a half-life of 809 days

while for the field experiment under irrigated and non-irrigated

conditions the overall half-life was 120 and 112 days, respectively.

15



TABLE IV. HALF-LIFE OF DDT IN PAKISTANI SOIL

Treatment Corre- Coeffi- Regression Decay Half-
lation cient of equation constant life
<r> determi- -1

nation <K)day (days)
2

<r >

** -3
Laboratory -0.8310 0.6906 Logc=1.9416 0.69x10 808.67

-0.0003t

Field ** -3
a)Irriga- -0.9039 0.3170 Logc=1.8712 3.3x10 119.58

ted -0.00144t
*# -3

b)Non- i r r i - -0.9436 0.8904 Logc=1.8537 3.2x10 112.10
gated -0.00138t

**= Significant at 1% level of probability.

Because of the biphasic nature of dissipation in the field, apparent

half-lives were also calculated for the initial more rapid and the slower

phases. These were 67 and 53 days for the first phase in irrigated and

non-irrigated soils, respectively. The corresponding values for the

second phase were 120 and 73 days. The present data indicate that the

dissipation rates for DDT were significantly rapid under field conditions

as compared to controlled laboratory conditions.

The persistence of DDT in this sub-tropical area appears to be much

shorter than the results obtained under temperate conditions (8-10).

Similar rapid dissipation of organochlorine insecticides has been

reported in Indian, Kenyan, Nigerian, Sudanese and Taiwanese soils (1-6).

14The data on the distribution of C-activity in different layers of

soil are given in Table V. The results clearly showed that most of the

applied chemical remained in the upper 0-5 cm layer even after one year

under both irrigated and non-irrigated conditions. The other two layers
14of soil, 5-10 cm and 10-15 cm, had very little C-activity indicating

14that there is only little movement of C-DDT.

3.3 Extracted Degradation Products. To determine if DDT was degraded in the
14soil, the extractable C-residues from the laboratory and field

samples were qualitatively identified by gas liquid chromatography. The

16



TABLE V. DISTRIBUTION OF 14C AT VARIOUS DEPTHS OF
SOIL TREATED WITH 14C-DDT

______Irrigated_____ ____non-irrigated_______

Days 0-5<cm)5-10<cm)10-15(cm) 0-5(cm)5-10(cm)10-15(cm)

30

120
195

285

365

78.

42.
33.

30.

28.

6

0

09

39

47

0.

0.

1.

2.

2.

29

99

54

37

88

0.

0.

0.

0.

1.

11

35
61

97

18

64.

41.
37.

31.

23.

0

94
25

70

29

0.

0.
0.

1.
1.

23

57
91

24
63

0.

0.
0.

0.
1.

09

36

52

81
09

(%)=Percentage calculated on the basis of total
residues present on zero day.

preliminary results revealed that after a period of one month, the

metabolites identified were p ,p ' -DDE, o.p-DDE and p ,p ' -DDD. However,

analyses of the subsequent samples (3, 6, 9 and 12 months) indicated the

presence of p ,p ' -DDE and o,p-DDE.
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PERSISTENCE OF 14C-DDT IN
TROPICAL SOILS OF KENYA

S.O. WANDIGA, J.M. MGHENYI
Department of Chemistry,
University of Nairobi,
Nairobi, Kenya

Abstract

The persistence of DDT in tropical soils in Kenya was studied by
conducting field experiments at two sites of fairly different climatic
conditions and types of soil. Surface treatment with the radiolabelled
pesticide was done in the dry season just before the onset of the short
rains. The pesticide dissipated more rapidly in both sites than reported for
the temperate regions. The final soil burden of the pesticide was about 28%
after 217 days and 36% after 122 days of the initial concentrations for the
Nairobi and Mombasa sites, respectively. The time for 50% loss of
radioactivity was found to be 78 and 90 days for the Mombasa and Nairobi
experimental sites, respectively.

1. INTRODUCTION
The distribution and persistence of a pesticide within the environment

are a complex function of physical, chemical and biological parameters. The
factors which contribute to the fate of a pesticide in soil, water and air
may be considered as being either inherent or external (1). Under field
conditions, the dissipation of pesticides is often rapid. However, if a
pesticide is resistant to some or all of the forces which have the potential
to attenuate its effects, it may persist for a considerable length of time.

Due to their stability in the environment, organochlorine pesticides
have caused a great concern as to their long term effects. Residues of these
pesticides have been detected in water, soil, air, animals, people, food and
many commodities (2, 3). In the temperate regions, residues of these
pesticides have been found in detectable amounts in soil 50 years after their
application (2). The use of most of these pesticides is now restricted in
the developed countries of Europe and North America (4). However, in many
developing countries these chemicals are still extensively used. This
validates pesticide residue studies in the tropical and sub-tropical regions.
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A few studies have shown that under tropical and sub-tropical
conditions, DDT and lindane dissipate at higher rates than those reported in
temperate regions (5-12). Residues as low as 2% of the total applied DDT
over a four year study have been reported within the tropical regions (7).
In Kenya, DDT is mainly used for the control of disease vectors. This paper
reports the results of a study under field conditions on the persistence of
DDT using a radiotracer technique in Kenya.

2. EXPERIMENTAL METHODS

142.1 Chemicals. Ring-labelled C-DDT (specific activity 237 yCi/mg) was
purchased from Amersham International, England. The radioactive concentration
of the pesticide (supplied as a hexane solution) was 199.8 yCi/ml. Glass
distilled methanol and n-hexane (all general purpose grade solvents) were
used for extraction work.

2.2 Field Sites and Soils. Two experiments were carried out in two
different plots. One plot was situated at Chiromo, Nairobi (altitude 1661 m)
and the other at Diani, Mombasa (sea level). Soil analysis gave the
composition of soil from the Nairobi plot as organic matter 6%, silt 33%,
sand 40% and clay 21%. The pH value was 6.5 in water. The soil from the
Mombasa plot was mainly sandy with a carbon content of 0.81% and a pH value
of 8.5 in water.

Both the Nairobi and Mombasa plots measured 7.0 x 7.0 m.

2.3 Insecticide Application. Hollow stainless steel cylinders of length
30 cm and internal diameter of 7.3 cm were used. The cylinders were driven
into the soil with 2.5 cm left protruding above the soil surface to prevent
water run off during rains and also to facilitate sampling. The spacing
between the cylinders was 1.5 x 1.5 m.

At the Nairobi plot, ten cylinders bearing numbers 1-10 were driven into
14freshly cultivated soil. A week later, ten 24 ml solutions of C-DDT in

n~hexane (analytical reagent) were applied to the soil surface in the
cylinders. The activities of the solutions are given in Table I as the
initial activities in the experimental cylinders. Each cylinder received
about 10 \tCi of the pesticide.
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TABLE I. INITIAL ACTIVITIES FOR NAIROBI AND MOMBASA
EXPERIMENTS

Cylinder
Number

1
2
3
4
5
6
7
8
9
10

i 4Microcuries C-DDT
applied to the soil in experi-
mental cylinders

Nairobi Plot

9.2001
8.6686
8.9794
9.4956
8.8205
10.0992
9.3299
9.2018
9.5214
9.2978

Mombasa Plot

5.5164
4.6747
4.7138
5.4696
7.6829
6.4552
6.1071
5.5141

At the Mombasa plot eight cylinders were driven into the ground the same
day the soil was cultivated. The pesticide was applied shortly afterwards.

14Eight 4 ml solution of C-DDT (5 pCi) were surface applied to the soil
in the cylinders using a pipette (Table I).

2.4 Sampling and Analysis. At various intervals, the cylinders were
carefully dug out so that all the soil within the cylinders was collected.
For the Nairobi plot, the intervals for sample collections were 7, 14, 21,
28, 45, 88, 118, 150, 187 and 217 days. Intervals for the Mombasa plot were
3, 6, 9, 13, 20, 50, 81 and 122 days after treatment. The cylinders were
wrapped in polythene bags and stored in a refrigerator until extraction.

The soil contained in metal cylinders from the Nairobi plot was pushed
out of the cylinders from the bottom and cut into successive 0.5 inch
(1.5 cm) layers. Each soil layer was weighed and then ground separately
using a pestle and mortar. From each sample of ground soil, 40 g were
weighed out in single thickness cellulose extraction thimbles (size
30 x 80 mm) and extracted in Soxhlets for 2 1/2 hours using 80 ml methanol.

The soil from cylinders collected from Mombasa was scooped from the top
using a spoon-shaped spatula because of its sandy nature. Scooping was done
to allow soil from successive 0.5 inch (1.5 cm) sections from top to be
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analysed separately. The portions were weighed, mixed thoroughly and 50 g
weighed out for Soxhlet extraction as above.

The extracts were concentrated at 39-41°C at reduced pressure to a
volume of about 25 ml. Since methanol is miscible with water, the

14concentrated extracts also contained some water from the soil. C-DDT was
phase-separated from the methanol/water system to n-hexane by partitioning
with three 25 ml portions of the latter solvent. The resulting n-hexane
extracts were then dried overnight using anhydrous Na SO,, concentrated
under reduced pressure at 39-41°C and transferred to liquid scintillation
vials. To each sample in the vials, 3 ml of toluene-based solution
containing 2,5-diphenyl oxazole (0.01 M) was added and the samples taken for
liquid scintillation analysis. These analyses gave the amount of extractable
pesticide residues.

The amount of pesticide residues bound in the soil was determined by wet
combustion of dry solvent-extracted soil samples. Three l g soil samples
were weighed from each sample, mixed with 10 ml of 0.1 M acidified KMnO
aqueous solution and heated in a bath of boiling water for 1 hour. The
14CO released was trapped using 3.5 ml of 0.1 M NaOH solution which was
then mixed with 3.0 ml of cocktail solution for liquid scintillation counting.

Moisture determination of the soil samples was done by heating 5 g of
raw (unextracted) soil sample portions in a reduced pressure system which
included a drying agent P?0S. Heating was by chlorobenzene vapours and
this went on for 6 hours. Soil samples from the control cylinders were
treated similarly to the experimental samples. For all liquid scintillation
analyses, Packard Tri-Carb 4530 liquid scintillation spectrometer was used.

3. RESULTS AND DISCUSSION
Results of the analyses carried out on soil samples from the Nairobi

plot are given in Table II. Table III shows the results of the corresponding
analyses done on soil samples from the Mombasa plot. For each cylinder,
pesticide residues were detected mainly in the top 2.5 inch (6.5 cm) of the
soil suggesting very little downward leaching by rain, if any. From

14Tables II and III it can be seen that very little C-DDT was bound to
soil. These values are much lower than those obtained by other investigators
(8-12) and the differences may be related to the oxidation procedure.
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TABLE IL RADIOCARBON RECOVERED FROM THE NAIROBI PLOT

Number of
Days after14C-DDT
Application

7
14
21
28
45
88
118
150
187
217

Pesticide
Residues
(Bound +
Extractable)
Recovered
From Soil

83.3
86.5
80.2
11.4
57.2
44.6
31.5
32.5
30.2
28.4

Fraction of
Residues Determined
As Bound

X

0.01
0.11
0.14
0.84
0.32
0.19
0.70
0.48
0.85
0.90

Average
Moisture
Content

t
7.9
8.44
6.7
3.4
4.6
9.2
5.7
4.4
7.6
5.1

TABLE ÜI. RADIOCARBON RECOVERED FROM THE MOMBASA PLOT

Number of
Days after14D-DDT
Application

3
6
9
13
20
50
81
122

Pesticide
Residues
(Bound +
Extractable)
Recovered
Fron Soil

87.1
90.1
79.8
78.7
69.0
56.0
44.9
36.4

Fraction of
Residues Determined
As Bound

X
0.16
0.12
0.21
0.20
0.14
0.50
0.51
0.21

Average
Moisture
Content

%
1.0
3.5
3.7
6.0
5.7
4.4
7.6
7.9
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Graphs of the percentage of pesticide residue in the soil as a function
of number of days after treatment indicated exponential decay for both
Nairobi and Mombasa experimental sites. This contrasts the zero order
kinetics for DDT dissipation obtained in another field experiment (5).
Table IV summarizes the statistical analysis using least square testing. The
data from both experimental sites were found to agree best with second order
kinetics by considering the correlation coefficient values given in

14Table IV. Subsequently, the dissipation half-life values of C-DDT for
both experimental sites were calculated using the constants obtained from the
test assuming second order kinetics. These were found to be 90 and 78 days

TABLE IV. LEAST SQUARE TESTING ON DATA FROM BOTH NAIROBI AND MOMBASA
EXPERIMENTS

Correlation
Coefficient

Rate
Constant
(Percentage x Day

Nairobi
Experiment

Mombasa
Experiment

Nairobi
Experiment

Mombasa
Experiment

First Order
Test

-0.95

-0.97

-5.9946 E - 3

-7.9009 E - 3

Second Order
Test

+0.97

+0.99

1.2415 E - 5

1.3857 E - 5

for Nairobi and Mombasa plots, respectively. Figures 1 and 2 show
computer-plotted graphs of the amount of pesticide residues remaining in the
soil versus elapsed time from the date of application, assuming second order
kinetics for breakdown in both experimental sites.

The observation of a second order rate process is interesting.
Degradation of pesticides is known so far to be described best by a
hyperbolic rate model (13). This model allows for only zero and first order
rate kinetics. The dissipation half-life values found in this study are very
short compared to those found in temperate zones (13, 14) but in good
agreement with values found in the few studies done in the tropics (5, 6).
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14The lower half-life value for the dissipation of C-DDT in Mombasa than
the corresponding value from the Nairobi experiment could be due to
differences in the types of soil, pH (15), ambient and soil temperatures and
possibly other factors.
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PERSISTENCE AND FATE OF 14C-p,p'-DDT
IN AN INDIAN SANDY LOAM SOIL UNDER
FIELD AND LABORATORY CONDITIONS
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University of Delhi,
Delhi, India

Abstract

14Dissipation, binding and degradation of C-p,p'-DDT were
studied for one year in a sandy loam soil of Delhi, India,
after surface treatment during monsoon, winter and summer
seasons under field conditions. DDT dissipated rapidly during
the initial 60 days but in the final six months there was no
appreciable loss of DDT. After one year, the soil contained 33
to 36% of the inital radiocarbon. Only 8% of the initial dose of DDT was
bound to the soil after one year which accounted for 24% of the total
residue. The calculated T values for DDT ranged from 234 to 317 days
although the observed time for 50% loss of DDT varied from only
60 to 120 days. Laboratory studies have shown that both
mineralization and volatilization increased with rise in
temperature. Volatilization appeared to be the major pathway
of DDT loss and it showed a four-fold increase with rise in
temperature from 15 to 45°C. Also, higher temperatures enhanced
degradation as well as binding of DDT. When flooded and
unflooded soils treated with DDT in quartz, glass and dark
tubes were kept under sunlight for 42 days during summer,
enhanced mineralization, volatilization and degradation of DDT
were observed. Flooding the soil decreased mineralization but
increased volatilization which accounted for the bulk of DDT
lost. DDE was the major metabolite in both soil and volatile
organics, although ODD was formed in larger amounts in the
flooded samples. Binding and degradation of DDT were enhanced
by both sunlight and flooding. The data indicate that the
rapid loss of DDT under Indian conditions is due mainly to
higher rates of volatilization influenced by higher soil
temperature and intense solar radiations.

1. INTRODUCTION
Among the organochlorine pesticides, DDT is still

used extensively in many tropical countries, including India.
Although DDT is known to persist for longer periods in temperate
soils [1], its fate in tropical and sub-tropical soils,
where the insecticide is subjected to intense solar radiations,
high soil temperature and different microbial complexes, is not
known precisely. Therefore, the continued use of DDT in these
countries warrants the acquisition of data on the fate of DDT in soil whichcould be easily estimated using radiotracer techniques. With this
objective, field studies were conducted to determine the
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persistence and binding patterns of !4C-labelled DDT under
various climatic conditions. Also, laboratory studies were
carried out to quantitate the role of temperature, moisture and
solar radiations on the dissipation and degradation of soil-
applied DDT.

2. MATERIALS AND METHODS

The soil used in these studies was a sandy loam with 59.3%
sand, 26.1% silt, 14.6% clay, 0.8% organic carbon, of 7.7 pH
and water holding capacity 23%. Uniformly ring labelled
14c-p,p'-DDT (specific activity 3.14 GBq mM"1 ) was obtained from
Amersham International, England.

2,1 Field Experiments

Three field experiments each lasting one year were started
in plots located at the Delhi University Campus, during the
monsoon, winter and summer seasons. The monsoon treatment
started on 23 June, 1984, winter treatment on 29 December, 1984
and the summer treatment on 20 May, 1985. Harvey's [2]
methodology was adopted in these experiments, wherein instead
of stainless steel cylinders, hard PVC cylinders (length 17cm,
i.d. 10.4cm, wall thickness 2.5mm) were driven into the soil,
with 3cm protruding above the soil surface to prevent run off
losses. PVC cylinders were found not to adsorb DDT and more
than 99% of the applied insecticide could be recovered. An
insecticide solution (10ml), containing 14c-labelled (5 uCi)
and unlabelled (equivalent to 1 Kg a.i. ha"1 ) DDT-e.c. was
applied to the soil surface in each cylinder. Three cylinders
were dug out at random soon after the treatment to determine
the initial residues. Subsequently, cylinders in triplicate
were sampled weekly for the first month, fortnightly for the
next two months, monthly for the next three months and
bimonthly for the remaining six months. Soil temperature and
moisture were recorded weekly. The soil in each cylinder was
divided into an upper (7.5cm) and two lower (3 cm each) layers.
The moisture content of soil from each layer was determined by
oven-drying at 110°C for 18 hr. Triplicate samples (50g) were
soxhlet extracted with methanol (150ml) for 4 hr. to analyse for
the extractable residues. The solvent extracted soil was then
combusted using wet combustion techniques [3] to determine the
non-extractable 'bound' residues. Solvent extraction and
combustion analyses showed recoveries of 98.0+1.7 and 83.9+2.6%
respectively. The solvent extracts after clean up were
analysed by GLC (Packard Series 7400) and t.l.c. Liquid
scintillation counting was performed on a Packard Tricarb 460
Scintillation Spectrometer with automatic quench correction.

Kinetic analyses of the data were made using total
residues (extractable+bound), assuming a first-order kinetics,
and the time for 50% loss (TSQ) was calculated from the first-
order rate constants. In addition to the overall values,
partial T59 values for limited periods were derived by dividing
the total duration (365 days) into three periods, initial (0-60
days), intermediate (60-180 days) and final (180-365 days) and
calculating the rate constants separately.
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2.2 Laboratory Experiments

2.2.1 Effect of Temperature
Soil samples (35g) treated with 14C-labelled (0.8 uCi) and

unlabelled (5 ug g ~1) p,p'-DDT in hexane solution were
incubated in closed 100 ml Erlenmeyer flasks at 15, 30 and 45°C
for 28 days. In addition, treated samples were incubated at
30°C under flooded conditions. Each experiment had a minimum
of 3 replicates. The incubation flasks were stoppered with a
glass pressure bulb fitted with an inlet and outlet tube.

The air inside the flasks was replenished after every 48
hr, by sucking fresh air through the flasks for 6 min at 40 ml
min~l with a vacuum pump. The air flow was regulated with a
Brook's rotameter. Volatilized organics from the soils were
trapped in polyurethane foam (PUF) plugs (50 mm x 30 mm/ Ixd)
while l4COo was absorbed in 0.5 M KOH. The plugs were soxhlet
extracted with acetone: hexane (1:1) for 2 hr and the extracts
were analysed by scintillation counting and GLC. PUF was
found to be suitable as it showed 98.2% trapping efficiency,
99.4% retention capability and 99% efficiency in solvent
extraction. KOH samples were assayed for radioactivity by
mixing 0.5ml with 15ml of Sisson's cocktail [4]. At the end of
the experiment the soils were soxhlet extracted with methanol
followed by acetone: hexane mixture, and the extracted samples
were combusted for bound ^-^C residues. Extractable residues
from soil were further analysed by GLC.

2. 2.2 Effect of Solar Radiations

Flooded and unflooded soil samples (25g), treated with 100
ul of a hexane solution containing labelled (1.25 uCi) and
unlabelled (5 ug g~l) p,p'-DDT were exposed to summer sunlight
for 42 days (10 June to 22 July, 1986). Treated soils were
contained in closed dark, glass or quartz tubes (150mm x 25mm,
i x o.d.) with inlet and outlet glass tubes attached through a
double-holed cork. The corks were lined with multiple layers
of PTFE tape to prevent rubber contamination. Of the 18 tubes
used for incubation, 9 contained soil kept at a moisture level
of 75% of field capacity, while the rest contained flooded soil
with a 3 cm water layer. Each set of 9 tubes composed of dark,
glass and quartz tubes in triplicate. Glass tubes wrapped with
black paper were used for the dark incubation.

The volatilized organics were trapped on PUF plugs while
CÛ2 was absorbed in KOH. For this purpose fresh air was passed
through the tubes at 40 ml min~l for 4 min and this was
repeated after every 36 to 48 hr. Analysis of the PUF plugs,
KOH as well as soil samples were carried out as described
earlier for the temperature experiment.
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3. RESULTS

3.1 Field Experiments

The mean soil temperatures during the first 60 days
post-treatment in the monsoon/ winter and summer treatments
were 34+2? 11+3° and 36+2°C, respectively. A total rainfall of
58.1cm was recorded between 3 and 9 weeks after the monsoon
treatment. During the winter treatment, 51.5cm of rainfall
occurred during 4 to 7 months after treatment, while the summer
treatment received 46.4cm of rainfall during the period from 9
to 14 weeks.

Analyses of the soil samples from the two lower layers
showed the presence of less than 4% of the initial DDT
dose, the rest being found in the upper 7.5 cm layer.
Therefore, the results reported here are based on the
radioactivity detected in the upper layer.

The extractable and bound residues of DDT expressedas a
percentage of initial DDT are shown in Figure 1. During the
initial 60 days in the monsoon, winter and summer treatments,
DDT registered losses of 46, 32 and 51%, respectively. The
observed time for 50% dissipation of total DDT residues was 90
days in monsoon, 120 days in winter and 60 days in summer
experiments. Total DDT residues remaining in soil after one
year were 35.1% , 36 .0% and 32.8% of the initial concentration in
the monsoon, winter and summer treatments, respectively.

Table I gives the results of the kinetic analysis.
Insecticide disappearance from soil is often described by an
exponential law though this has been shown to be an inadequate
and inaccurate model for DDT disappearance [5, 6].
However, Chapman et al. [7] observed that comparisons of
partial rate constants over limited time periods is more useful.

During the initial period, the rate of dissipation of DDT
in the three experiments was rapid and linear, as indicated by
the significant r values (P=0.01). Also, the rate constants
were larger in this period. In the summer treatment, the rate
of loss of DDT was almost twice as fast as that in the other
treatments. A slower rate of dissipation followed in the
intermediate period, though a larger rate constant was found in
the winter treatment. The rate constants were smallest in the
final periods in all the experiments, as only about 3% of DDT
dissipated during these six months.

The half-life (TSQ values) of DDT derived from the overall
rate constants varied from 234 to 317 days (Table I). However,
the overall rate of loss did not follow a strict first-order
kinetics, because there were differences between the observed and
expected points. The double-log plots of the same data of
monsoon and summer treatments improved the goodness of fit
(Table I).
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Table I. Partial and overall rate constants, T50 and
correlation coefficients for the disappearance
of DDT in the three field experiments.

Period Rate constant,
day (+_ s

kxlO3
.a.e.)

T50
(days)

r
Y=lnC
X=t

Y=lnC
X=lnt

Initial 8.912
Intermediate 2.009
Final 0.911
Overall 2.189

Initial 6.149
Intermediate 4.921
Final 0.068
Overall 2.958

Initial 9.972
Intermediate 1.351
Final 1.249
Overall 2.241

Monsoon Treatment
(+1.886)
(±0.546)
(+0.240)b
(+0.375)
Winter Treatment

77.8
344.9
760.7
316.6

(+0.581)
(+0.452)
(+0.080)b
(+0.407)

112.7
140.8

10263.6
234.3

Summer Treatment
( + 2 . 0 0 9 ) 69.5
(+0.106) 513.0
(+0.055) 554.8
(+0.373) 309.2

0.90
0.88
0.94
0.85

0.98
0.98,
0.511
0.90

0.91
0.99
0.99
0.86

0.99

0.91

0.99

b
Standard error of regression slope.
Not significant at P = 0.05.

The bound residues of DDT increased with time in all the
treatments, finally accounting for about 8% of the initial dose
of DDT which constituted nearly 25% of the total residues
present in the soil after one year. The extractable residues
contained about 75% p,p'-DDT, 20% of p,p'-DDE and traces of
p,p'-DDD.

3.2 Laboratory Experiments
3.2.1 Effect of Temperature

Mineralization and volatilization from soils incubated at
various temperatures were analysed weekly. Figure 2a shows
that the evolution of 14cc>2 increased with time and rise
in temperature, buc was very slow. The total CO 2 evolved was
maximum at 45°C and it amounted to 1.4% of the initial DDT
after 28 days (Table II). However, in the flooded soil sample
incubated at 30°C, mineralization accounted for only 0.13%,
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Table II. Overall accountability of DDT after incubation
at various temperatures for 28 days.

Treatment

Unflooded

15°C

30°C

45°C

Flooded

30°C

f C]ram4ln1ng 1n soil

Extractable

95.3

86.9

79.7

77.3

Bound Total f4C]

1.5a 96.8

2. lac 89.0

4.8b 84.5

3.5bc 80. 8

L14c] ["c]
1n water v o l a t i l i z e d

2.6a

8.2b

11. 8c

1.0 12. 6d

14C02
evolved

0.1

1.1
1.4

0.1

Total
L14c]
accounted
for

99.5

98.3

97.7

94.5

LHc]
unaccounted

0.5
1.7

2.3

5.5

Values are per cent of In i t i a l soil deposit.

Figures In each col um, followed by tne same letter da not differ s ign i f ican t ly at P'0.05 (Tukey's ten).

14Volatilization of C organics monitored weekly showed
maximum rate during the first 7 days following treatment.
Subsequently, it declined, which was more pronounced at higher
temperatures (Fig.2b). However, in flooded samples, the
volatilization showed an increase with time registering a total
volatilization of 12.6% in 28 days as compared to only 8.2% in
the unflooded soil at 30°C (Table II).

14Volatilized C organics contained
p,p'-DDT as the major component. However, with increase in
time as well as temperature p,p'-DDE levels rose
steadily with a corresponding decline in DDT levels. Thus after 28
days/ volatilized organics at 15°C contained about 87% DDT and
12% DDE, whereas at 30°C, DDE accounted for about 43%,

7 14 21
Doys otter treatment

- 2 28 -

14 21
Days oiler I r e o l m e n l

Figure 2. Mineralization (a) and volatilization (b) of DDT
from soil incubated at different temperatures.
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which increased to 49% at 45°C. However, in the flooded soil
kept at 30°C, p,p'-DDD accounted for about 13% and DDE amounted
to 38%.

The soil analysed after the incubation period contained
mostly extractable residues (Table II). The bound residues
increased with rise in temperature, and flooding further
increased binding of DDT. The extractable residues from
unflooded soils had 92-96% of DDT and the rest was DDE, while
in the flooded sample DDT accounted for only 37%, the rest
being DDE (48%) and ODD (15%).

3.2.2 Effect of Solar Radiations

The mean of daily maximum and minimum temperatures
recorded during the course of the experiment was 38.54-3.8 and
30.0+3.7°C, respectively. Mineralization of DDT although
minimal, showed an increase with time (Fig.3 a,b). In general,
flooded soils showed reduced levels of mineralization, as
compared to unflooded soils. However, in both cases the
soils in quartz tubes exhibited higher CO„ evolution (Table
III). 2

The rate of volatilization in the unflooded soils
registered maximum levels during the first week after treatment,
and thereafter it declined slowly in the dark, but rapidly in
the quartz and glass tubes (Fig.4a). In the flooded soils
volatilization increased with time for 28 days (Fig.4b). In
both oases, the quartz tubes showed higher rates of
volatilization, and flooding increased it further (Table III).

- 0.72

0.58 -

7 14 21 28
Ooys after treatment

42 0.0

- O . H

14 21 28
Days a f te r t reatment

3S 42 o o

Figure 3. Mineralization of DDT from unflooded (a) and flooded
(b) soils exposed to solar radiations.
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Table III. Overall accountability of DDT after solar
irradiation for 42 days.

Treatment remaining in soil
ExtracUble Bound Total [̂ c]

Total ,.
L14C] 14C02 [14C] [ c]

n water Volatilized Evolved accounted Un-
for accounted

r«c]

Unflooded

Dark
Glass
Quartz

Hooded
Dark
Glass
Quartz

85.1
85.1
77.7

79.6
74.6
S9.9

3. la
3.6a
4.6a

6.84
4.6a

12. 6b

88.2
88.9
82.3

85.4
79.2
72.5

8.4a
8.9a

13. 8b

0.3 6.9a
0.6 8.9b
0.4 17.8c

1.6
2.1
3.1

0.3
0.4
0.5

98.2
99.9
99.2

92.9
89.1
91.2

1.8
0.1
O.B

7.1
10.9
8.8

Values are per cent of Initial soil deposit.
Figures 1n each treatment followed by the Same letter do not differ significantly at P-0.05 (Tukey's test) .

14 21 28
Duyt after Inatmenl

42 21 28
Day« ö f t e r treatment

35 42

Figure 4. Volatilization of DDT from unflooded (a) and flooded
(b) soils exposed to solar radiations.

Initially, the volatilized organics contained predominantly DDTwhich decreased with time with a concomitant increase
in p,p'-DDE in both flooded and unflooded samples (Fig.5). In
addition to DDE, the flooded samples contained ODD which increased
with time. Quartz tubes had 56% of DDE after 42 days, while
the dark tubes contained only 34% DDE in unflooded samples.
All the flooded samples had about 50% DDE, although glass
and quartz tubes contained higher amounts of ODD (ca. 15%) as
compared to the dark (ca. 5%).

35



UNFLOOŒD
io or

0 7 rt 2l 26 55 <2 7 14 2l 26 15 42 7 H 2l 2t }5 42

•—•"• f.t -D01
>——• ». »' - oot
1————» P,p' - CDD

Figure 5. Relative proportions of DOT and its metabolites
in volatilized organics in the solar irradiation
experiment.

DDT residues remaining in soil consisted mainly of
extractable residues (Table III). The bound residues showed an
increase in flooded soils reaching about 12% in the quartz
tubes, as compared to lower levels in unflooded soils. In the
unflooded soils,DDT was the predominant constituent (>92%) and
DDE was the only metabolite detected, irrespective of the light
conditions. The flooded soils in the dark and glass tubes
contained 50-60% DDT, 30-42% DDE and 5-10% of ODD, whereas in
the quartz tubes, ODD alone accounted for 82% of the extractable
residues.

4« DISCUSSION

The data obtained in the present studies indicate that
under Indian conditions DDT dissipates rapidly from the soil.
The rate of loss was highest during the initial 60 days and
this could be attributed mainly to higher volatilization from the soil
surface. Soil temperature during, and immediately after,
insecticide treatment influenced strongly the initial rapid
dissipation, as evident from the low initial loss in winter
treatment. Also, irrespective of the time of treatment,
dissipation rates were slower during the winter months, as
reported elsewhere [8]. In the present experiments,
degradation of DDT was less than 25% of the extractable
residues. Sleicher and Hopcraft [6] demonstrated that in a
tropical Kenyan soil , DDT losses by direct sublimation was at
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least ten times greater than its loss by degradation. The
present data indicate a slow build up of bound residues with
time as reported by Katan et al. [9]. The total soil burden of
DDT after one year consisted mostly of extractable residues
(75%).

Many workers have reported half-lives of DDT ranging from
2.3 to 30 years under temperate climates [10/11]. However/
under Indian sub-tropical conditions, the estimated overall
half-life of DDT for different seasons ranged from 234 to 317
days. Similarly/ shorter half-lives for DDT were reported in
Taiwan, Kenyan and Nigerian soils [12,6,8]. Though the initial
losses of DDT were rapid under Indian conditions their aged
residues tended to persist longer.

In laboratory studies it was found that increases in
temperature enhanced mineralization and volatilization of DDT,
although mineralization was almost negligible. Similarly, Muir
et al. [13] found only 0.18% mineralization of DDT in 40 days.
Also/ temperature has been shown to increase volatility [14].
The volatilized organics contained significant quantities of
DDE which is known to be more volatile. Flooding the soil
further increased the rate of volatilization and the
volatilized organics contained ODD in addition to DDE. It is
known that under anaerobic conditions DDD formation is promoted
[15]. In general, volatilization, and binding of DDT with soil
showed a positive correlation with temperature.

The laboratory studies also revealed that solar radiations
promoted mineralization and volatilization of DDT, as was evident
from the studies using quartz tubes. The data clearly indicated
that volatilization was the primary process of DDT dissipation from
soil, and was influenced by temperature, solar radiations and
moisture. The presence of large quantities of DDE in the glass
and quartz tubes as compared to the dark tubes indicate the
probable role of sunlight in the degradation of DDT. Flooded
soils in quartz tubes showed high levels of DDD in addition to
DDE, which presumably was due to photodegradation. Though DDT
binding was not influenced appreciably by sunlight, flooding
the soil enhanced binding. The present data indicate clearly a
faster dissipation of DDT from soils under Indian conditions,
pred o m i n a n t l y due to increased volatilization,
apparently influenced by higher temperature and intense solar
radiations.
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DISSIPATION AND DEGRADATION OF
14C-DDT IN MALAYSIAN SOILS

H.A. KADIR
Department of Zoology,
University of Malaya,
Kuala Lumpur, Malaysia

Abstract

The rates of dissipation and degradation of the insecticide DDT were
14studied under field conditions in Malaysia, using a C-labelled chemical.

14Over a period of one year, extractable, soil-bound and total C-activity
14were recorded. Half of the C-activity dissipated from soil after

24 weeks. Extractable DDT showed a half-life of only 10 weeks; 90% of the
chemical dissipated after 20 weeks. The formation of DDE as a principal
metabolite increased with time and accounted for approx. 60% of the
extractable residue after 20 weeks. There was also a gradual significant

14increase in the formation of soil- C-bound residues which reached 50% of
the total residue after 52 weeks. The data strongly suggest the near-
complete dissipation of DDT in less than half a year; the major products (50%
of the initially applied chemical) being extractable DDE and bound pesticide
residues.

1. INTRODUCTION
The use of the insecticide DDT [l, l-Bis-(p-chlorophenyl)2,2,2-trichloro-

ethane] for pest control and control of disease vectors has a considerable
impact on food production and public health. In temperate zones, the use of
the chemical has been banned or greatly restricted due to is persistence in
the agricultural environment and hazards to wildlife (1). Some countries
located in the tropics have followed suit and restricted the use of the
chemical. There has been criticism on restricting use without providing
scientific data to support the decision. There is ample evidence to indicate
that the chemical may behave in a different manner in tropical environments
due to higher temperatures, UV, humidity, microbiological complexes, etc.
Scientific information in this area is not available in Malaysia and the aim
of this study is to bridge this gap and to provide data on the behaviour of
DDT in the Malaysian environment. The study was conducted under field
conditions using nuclear techniques.
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2. MATERIALS AND METHODS

142.1 Application of C-DDT to Soil. The FAO/IAEA protocol (2, 3) was used
as a guideline for the study. Forty rigid plastic cylinders measuring
10 cm (d) by 35 cm (1) and 10 mm in thickness were used throughout the
experiment. The cylinders were driven into the soils in the compound of
the University of Malaya, situated in Kuala Lumpur, until about 1.5 cm
were left protruding above the soil.

Solutions containing both labelled and non-labelled DDT were prepared in
acetone. 10 ml of the solution containing 0.06 mg of formulated DDT

14(25% EC) and 5 yCi of p,p'-(ring-) C-DDT (specific activity of
237 pCi/mg) provided by Amersham, England was applied to each cylinder
by mixing into the top 2 cm layer of soil and returning it to the
cylinder after application.

The first three cylinders were removed at 0 time to determine total
recovery and to serve as control. The other cylinders were removed from
the field at intervals of one week for the first month, two weeks for
the next two months and four weeks for the subsequent periods of the
experiment. Three cylinders were removed and analysed for every time
interval. Each cylinder was cut in four sections of 7.5 cm each, and
samples of 50 g from each section were extracted. ,

2.2 Extraction. Soil samples were Soxhlet extracted for 10 cycles with
200 ml methanol (about 2 hrs). Extractable radioactivity was counted by
measuring aliquots of extract in 10 ml scintillation cocktail (0.25 g
POPOP, 4 g PPO in 1 1 toluene). Counting was carried out using Wallack
LKB scintillation spectrometer.

14The non-extractable C-residue remaining in the soil after extraction
was determined by complete combustion using a biological oxidizer. The
14C-carbon dioxide from l g samples of soil was trapped in a
scintillation cocktail consisting of 1 1 of methoxyethylamine mixed with
2 1 of cocktail T "Scintran" (662 ml triton-X 100, 10 g PPO and 0.30 g
POPOP in 1.33 1 toluene).
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2.3 Field Conditions. During the experimentation period, the air
temperature ranged from 23°C to 33°C and the soil temperature between
28°C and 38°C. The total rainfall was 65 cm and the soil had 2.7%
organic matter, 12% sand, 30% silt and 55.3% clay at the beginning of
the experiment.

3. RESULTS AND DICUSSION
Initial results indicated that recovery was more than 97%. The original
radiocarbon declined to 50% after 24 weeks (Table I) with the major
activity confined to the top 15 cm layer. The lower 15-30 cm layer
contained only 11% of the total radiocarbon recovered after 24 weeks.
In the early phases of the experiment, most of the radiocarbon was
methanol extractable. There was a gradual significant formation of
bound residues with time, increasing from 2% at 0 time to 21% after a
year. The dissipation of radiocarbon from soil seems to follow a
biphasic pattern in which 40% dissipated rapidly within 13 weeks
(phase I). Phase II shows an apparent half-life of approx. 2 years.
However, the data in Table II suggest strongly the near-complete
dissipation of DDT in less than 26 weeks leaving behind extractable DDE

14and bound C-residues as •
non-metabolic degradation.

14and bound C-residues as the major products of metabolic and
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TABLE I.
Levels of DDT in the soil (% of the applied) at various
intervals following surface application

Depth of soil (cm)
Time after

(week) 0-7.5 7.5-
15

0 E 91.2 3.5
B 2.0 0.0

1 E 78.4 4.4
ß 3.6 1.4

2 E 67.8 5.5
B 5.6 2.0

3 E 65.4 3.3
6 5.5 3.0

4 E 60.7 3.9
B 6.3 3.4

6 E 50.0 4.8
B 9.1 3.3

8 E 46.2 4.9
B 8.6 3.5

10 E 43.6 3.9
B 8.9 4.3

12 E 39.6 4.3
B 10.5 3.4

16 E 35.4 4.6
ß 9.3 3.9

20 E 28.7 4.9
B 11.5 3.5

24 E 23.0 5.6
B 11.5 4.1

28 E 20.6 5.5
B 13.4 4.6

36 E 17.7 4.9
B 13.0 4.7

52 E 13.1 4.5
B 13.5 4.5

E = extractable
B = bound residues
tr= trace «0.01%)

15- 22.5-
22.5

0.0
0.0

0.2
0.8

1. 1
0.6

1.5
1.0

1.8
1.1

1.6
0.9

1.6
1. 1

1.8
1.2

1.2
1. 1

1.4
1.0

1.5
1.2

2 . 4
1.2

2 . 6
1.2

2.8
1.3

3.3
1.9

30

0.0
0.0

0.0
0.0

0.0
0.0

0.04
tr

tr
tr

0.09
tr

0.7
0.08

0.5
0.1

0.6
0.1

0.8
0. 1

1.0
0.4

1. 1
1.0

1.4
1.0

0.9
1. 1

1. 1
1.0

Sub- TOTA
- total

94.7
2.0

96.
81.0
7.8

89.

74.4
8 .2

82.

70.2
9.0

79.

66.4
10.8

77.

56.49
13.3

69.
53.4
13.26

66.
49.8
14.1

63.
45.7
15. 1

60.
42.2
14.3

56.
36.1
16.6

52.
32. 1
17.8

49.
30.1
20.2

50.
26.3
20. 1

46.
20.0
20.9

42.

L

7

8

6

2

2

79

68

9

8

5

7

9

3

4

9

TABLE II.

Residues
dose) at

of DDT in top 7 . 5
various intervals

cm of soil
following

(% of
surface

the applied
application

Weeks after DDT residues (% applied dose)
T— 4- T

application DDT

0 91. 2
1 76 .4
2 67.8
3 65.4
4 59.95
6 48.80
8 44.28

10 39.90
12 32.30
16 25.95
20 11.00

DDE

-
tr
0. 18
0.75
1.20
1.92
3.70
7.30
9.45

17.50

TDE

-
-
_
_
-
-
tr
tr
tr
0.2

-— — - luutti
(extractable)

91.2
76.4
67. 8
65. 4
60 .7
50.0
46 .2
43.6
39.6
35.4
28.7

tr=trace
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BEHAVIOUR OF 14C-DDT IN SUDAN GEZIRA SOIL

A.M. ABDALLA, G.A. EL-ZORGANI
Pesticide Laboratory,
Agricultural Research Corporation,
Wad Medani, Sudan

Abstract

Field cylinders as described in the model experiment for determination
14of C-DDT in Sudan Gezira soil were prepared and samples were collected

14for determination of C-activity at various intervals. About 83-87% of
the applied radioactivity was recovered in the extracts from the top 10 cm
layer of soil. The loss rate of the chemical from soil increased with time
apparently by volatilization and thermal degradation due to high soil
temperature, intensive solar radiation and low soil organic matter. This
resulted in a half-life of approx. 5 weeks. The major part of the chemical
and possible metabolites were detected in the top 10 cm layer. Approximately

148-10% of the applied C was detected in samples collected after 16-20
weeks.

TLC and autoradiography indicated the presence of p,p'-DDT and p,p'-DDE
as the major metabolite. Also traces of TDE were detected in some samples.
These results showed that under Sudanese tropical conditions, DDT dissipates
very rapidly in soils compared to dissipation in temperate regions.

1. INTRODUCTION
The Gezira scheme is a gigantic irrigated agricultural system in Sudan

(two million acres) situated between the Blue and White Nile. Cotton is the
major cash crop cultivated in this area. For over 30 years, this area has
been subjected to large-scale aerial spraying of pesticides for pest control
practices. The insecticide DDT (1,1-bis-[p-chlorophenyl]-2,2,2-trichloro-
ethane) was introduced in Sudan in 1946 and its use has been, since,
increasing rapidly. Over a period of 30 years, about 10 x 10 kg a.i. DDT
were sprayed on the Gezira scheme for the control of agricultural pests and
disease vectors (1).

Many studies dealt with the fate and behaviour of DDT under temperate
conditions (2) and only few studies were conducted in tropical environments.
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The aim of this work was to study the persistence of DDT in the Sudanese
Gezira environment.

2. MATERIALS AND METHODS

22.1 The Soil. Studies were conducted in a selected plot (7 x 4 m ) at the
Agricultural Research Corporation in Wad Medani. The Gezira soil is a
cracking clay of low permeability to water and very low organic matter
content (carbon 0.41%) with a pH about 9.0.

142.2 The Chemical. C-p,p'-DDT, l,l-bis-(p-chlorophenyl)-2,2,2-trichloro-
ethane, uniformly labelled in phenyl rings (sp. act. 40 mCi/mmol) was
obtained from Amersham International, England. A working solution was
prepared by mixing 25% of e.c. of DDT with the radiochemical (0.109 mg
cold + 0.432 iiCi/ml).

2.3 Field Experiments. Eighteen stainless steel cylindrical tubes, 5 cm in
diameter and 30 cm length, were pushed at random into soil with a
distance of one metre from each other; 1 1/2 cm of the cylinder were
left protruding above the soil surface. Five ml of the working solution
were applied to the top 2.5 cm soil, mixed well and returned to the
cylinder. The soil in the treated cylinders was sampled at 0, 1, 2, 3,
4, 6, 8, 12, 16 and 20 weeks after application of the chemical and
stored in a freezer prior to analysis. The first experiment was
initiated on 7th May 1985 and was repeated on 15th May 1986.

2.4 Extraction and Analysis. The soil column inside each cylinder was
divided into five 5 cm sections, air-dried overnight, weighed and mixed
thoroughly. A sub-sample of 20 g x 3 replicates from each section was
Soxhlet extracted with n-hexane for 10 cycles (4 hrs). Radioactivity in
the extracts was determined in a Packard Tri-Carb 300 liquid scintilla-
tion counter. TLC on silica gel and autoradiography were used to
identify DDT and its degradation products.

2.5 Climatic Conditions. The first experiment was conducted from May to
September 1985 and the second from May to October 1986. Total rainfall
was 52-71 mm in May-July, 220 mm in August and 450 mm in September.
Relative humidity ranged from 14-46%. Air and soil temperatures were
recorded at 2 a.m. and 2 p.m.
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Weeks after
Treatment

First experiment
0 (7 May 1985)
1
2
3
4
6
8
12
16

Second experiment
0 (15 May 1986)
1
2
3
4
6
8
12
16
20

Soil
2 a.m.*

22
31
24
30
28
30
22
27
—

28
25
24
24
26
—
29
18
26
--

Temperature
2 p.m.**

40-60
41-63
39-53
41-62
34-35
39-49
35-54
39-54
33-41

35-65
36-64
36-60
33-55
34-63
—

31-56
28-39
33-55
31-41

Air
2 a.m.

20
23
24
25
25
25
23
24
22

27
25
25
25
26
26
25
21
24
22

2 p. m

40
41
40
42
41
38
35
37
35

45
43
38
37
41
39
41
29
37
31

* Top first cm.
** Various depths within the top 10 cm layer,

3. RESULTS

3.1 First Experiment - Recovery of Extractable Radioactivity. Table I shows
the recovery of extractable radiocarbon during 16 weeks. Since the
major activity was associated with the top 10 cm layer of soil (85% at 0
time), data were taken only for this layer. The radioactivity decreased
very rapidly with time and the observed half-life of extractable
radiocarbon was estimated to be less than 5 weeks. About 8% of the
applied radioactivity was found in samples collected after 16 weeks.
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Table I - Extracbable radiocarbon recovered from -^C-DDT-treated soils

Weeks after % recovered in the
application top 10 cm layer of Mean

soil

0 86.77 84.8
82.80

1 68.38 73.5
78.71

2 64.14 65.1
66.09

3 46.10 44.2
42.27

4 29.43 31.6
33.82

6 31.37 29.6
27.80

8 24.18 24.18
39.08

12 19.63 18.0
16.33

16 8.61 8.0
7.40

3.2 Second Experiment - Extractable and Bound Radiocarbon. Table II shows
the extractable and soil-bound radiocarbon determined in the top 15 cm
layer of soil during 20 weeks. As in the first experiment, radio-
activity decreased rapidly with time and approximately 10% of the

14originally applied C-activity was found in soil after 20 weeks. The
quantity of radiocarbon determined as "bound" was in general very low.
A possible factor is the low organic content of soil.

3.3 Nature of Residues. TLC results showed the presence of p,p'-DDT in
extracts prepared from soils sampled during the whole experimentation
period; p,p'-DDE was detectable after the first week through the 20th
week, and only traces of p,p'-TDE were detected after 12 weeks.
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Table II - Extractable and bound radiocarbon recovered from
treated soils

Weeks after
application

0

1

2

3

4

6

8

12

16

20

% extractable
recovered in Mean
the top 15 cm
layer of soil

83.76 82.9
82.04

76.24 75.08
73.91

67.61 69.30
70.99

51.37 55.62
59.87

54.34 49.83
45.32

40.19 37.14
34.09

29.15 33.88
38.40

23.86 21.52
19.18

10.48 12.49
14.50

9.69 9.31
8.93

% bound determined
in the top 15 cm Mean
layer of soil

0.01 0.01
0.01

1.97 2.19
2.41

2.09 1.82
1.54

1.79 1.69
1.59

1.75 1.18
0.61

5.55 4.22
2.89

1.59 1.69
1.78

1.08 1.11
1.14

1.05 1.04
1.03

0.89 0.94
0.98

Total

82.91

77 .27

71.12

57.31

51.01

41.36

35.57

22.63

13.53

10.25

4. DISCUSSION
DDT dissipated very rapidly from soil with an apparent half-life of less

than 5 weeks. This rapid loss may be associated with rapid volatilization
due to high tropical temperatures and possibly degradtion through intensive
solar radiation. During summer seasons, soil temperatures may exceed 60°C.
Brukhard and Guth (3) reported that volatilization from soil increased with
temperature and low organic matter.

These reults are in agreement with those reported by El-Zorgani (4) who
estimated that the half-life of DDT was less than 4 weeks under similar
conditions. Despite the large amounts of DDT applied to the Gezira scheme,
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residues of DDT detected in soil samples were low (5). The average reported
levels were 0.26, 0.24 and 0.22 ppm from cotton, wheat and fallow areas.
Wandiga and Natwaluma (6) studied the dissipation of this chemical under
Kenyan conditions and reported a half-life of p,p'-DDT in soil as 117 ± 10
days when the insecticide was surface deposited and 118 ± 23 days when
incorporated in soil.

In conclusion, the unusual rapid dissipation of DDT from the Gezira
soils seems to relate to volatilization under high temperatures and intense
solar radiation. Under these conditions, it is unlikely that remaining
residues would cause any significant adverse effects to the environment.
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BEHAVIOUR OF 14C-DDT IN SOIL UNDER FIELD
AND LABORATORY CONDITIONS IN BRAZIL

M. MERCEDES DE ANDREA, E. FLORES-RUEGG
Biological Institute,
Radioisotope Centre,
Sao Paulo, Brazil

Abstract

14The fate of C-DDT in soil was studied during a year, under ambient
and high temperatures in the laboratory, and in soil columns in the field. A
loam soil, rich in organic matter (8.65%) was selected. In the laboratory
test, the treated soil was contained in jars with foam (plugs as traps for
volatile organics) in the top and the moisture content was maintained
constant. Half of the jars were kept under ambient temperature and the other

14half maintained at 34°C. The field test studied the mobility of C-DDT in
soil columns at ambient climatic conditions. All samples were exhaustively
extracted with methanol and wet combustions of extracted samples were done.

14Quantification of C was performed by liquid scintillation counting. One
year after application, the recoveries were 82.18% at ambient temperature and
81.74% at 34°C in the laboratory. Less than 1% was collected in the foam
traps as volatilized materials. About one third of radiocarbon in the field
columns dissipated in the first two weeks probably due to volatilization.

14After two weeks, dissipation was slow and C-activity declined to 47.8%
14(39.4% extractable and 8.4% bound) after 48 weeks. C-DDT was almost

immobile, even under two rainy periods, because very little was detected below
the 0-10 cm section.

1. INTRODUCTION
DDT is an organochlorine insecticide which is now permitted in Brazil

only in public health campaigns sponsored by the Health Ministry. However, it
was broadly utilized for many years and applied aerially to some crops. It
has high environmental persistence due to the low reactivity of its molecule
(1, 2). Soil contamination which has occurred in the past still exists today
in many temperate zones.

Although the behaviour of DDT has been studied in regions of temperate
climate, very little is known about its fate in warmer regions. Talekar et
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al. (3) stated that organochlorine pesticides were banned in some tropical
countries without sufficient information about their impact on the local
environment. The city of Sao Paulo has a humid subtropical climate, the
differences of mean temperatures between the three warmest and the three
coldest months being approx. 5°C. In general terms, there are no moisture
limitations in arable lands; throughout the year, two rainy seasons and one
dry occur and the soil temperature varies little. All these characteristics,
according to Sanchez (4), account for a tropical climate.

The following study has two objectives: (1) to determine if the climatic
conditions in Brazil reduce DDT persistence; and (2) to determine the mobility
of DDT in soil under natural conditions.

2. MATERIAL AND METHODS

14 142.1 Insecticide. C-DDT uniformly labelled (dichlorodi [U- Cjphenyl-

trichloroethane) with radiochemical purity of 98% as determined by

thin-layer chromatography (TLC) , was purchased from Amersham

International, England. Technical grade p ,p ' -DDT was obtained from the
Cheroical Section of the Biological Institute which indicated 97.3%

purity. At the moment of use, TLC was used to check and confirm the

radiochemical purity.

2.2 Soil . The experimental soil was a loam soil (organic matter 8.657», sand

41.2%, silt 27.8%, clay 31%, pH 5 . 2 ) . It was collected at the
experimental field of the Biological Institute, ground in a 2 mm sieve

and air dried before treatment.

142.3 C-DDT Emulsion. Emulsions were prepared by mixing 2% Tween-80,
1.5% benzene, 94% water, and the remaining 2.5% was the hexane stock

14solutions of DDT and C-DDT. One emulsion, used for test 1, was
applied to 10 g loam soil samples in such a way that the water volume

14corresponded to the field capacity; the amount of DDT and C-DDT were
10 ppm and 0.0067 pCi/g soil, respectively. The other emulsion, used
for test 2, was applied to 10 g soil samples corresponding to 10 ppm of

14DDT and 5 uCi of C-DDT.

142 .4 Test 1 - Persistence and Degradation of C-DDT in Soil under
Laboratory Conditions. The treated soil samples containing 0.0067
ViCi/g of the radiochemical were contained in screw-capped jars with
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foam plugs on the top to collect volatile compounds. The water content
was corrected and the plugs changed at least bimonthly.

The jars were divided into two sets, one of them was kept in the
laboratory under ambient temperature, and the other was maintained in aPFANEM growth chamber with controlled temperature and light where they
were held at 34°C with 12 hrs of light and 12 hrs of dark during each
24 hrs period.

Triplicate soil samples were collected and extracted at various
intervals. The extraction procedure was done by adding 10 g anhydrous
Na SO plus 30 ml of methanol, shaking for 3 hrs, and filtration.
Two more extractions were made with portions of 20 ml of methanol.
Aliquots of 1 ml of each extract were quantified by liquid^, scintillation
counting using the external standard method in a Beckman LS-100 after the
addition of the scintillation cocktail of Patterson and Greene modified
by Mesquita and Riiegg (5). Results were multiplied by the total volume
recovered. The foam plugs were extracted with 20 ml of methanol during
24 hrs, then twisted with a tweezer, the 2 ml aliquots collected,
counted, and the counts were corrected by the total volume recovered.

Aliquots of the extracts were thin-layer chromatographed on silica
together with standards of DDT and DDE having hexane as the running
solvent (6), to verify a possible degradation process. The Rf of the
standards was 0.30% ± 0.06 for p.p'-DDT, and 0.41 ± 0.07 for p,p'-DDE.

2.5 Test 2 - Persistence and Leaching of DPT in Soil Columns under Field
Conditions. PVC tubes 5 cm in diameter and 25 cm high were buried in an

2experimental field, approx. 1.5 m area, in the same location where the
soil of test 1 was collected. The tubes were buried 4 months before the
treatment to favour the natural settlement of the soil and the experiment
began on 18 November 1986.

Ten grams of soil samples containing 5 \id of the radiochemical were
added to the surface of each tube and after the same time intervals of
test 1, three tubes were collected and cut in four 5 cm sections.
Samples of 50 g of each section were extracted using a Soxhlet with 150
ml of methanol for 10 cycles for a maximum of 2 hrs. Samples from
extracts were quantified by liquid scintillation counting and analysed by
thin-layer chromatography followed by autoradiography using Sakura X-ray
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films. Wet combustion of two 0.5 g extracted soil samples was made in
order to obtain the amount of bound residues. The method of wet
combustion was basically that of Smith et al. (7).

The moisture content was determined by heating 5 g of moist soil from
each section of the field tubes at 120°C for 24 hrs and re-weighed after
1 hr to determine the loss of moisture. The soil temperature was
measured through a separate tube in the field without the pesticide where
the thermometer was introduced to a depth of 5 cm every date of
collection. Various climatic data are given in Figure 1.

30 T

0 0,5 I 2 3
2 Dec. 13 Jan.

18 Nov. !6D»c. lOFsb.
—— 1986 -———————

12 months

20 00.
1987

FIG.1. Air and soil temperatures and rainfall for the experimental field.
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3. RESULTS AND DISCUSSION
The results of recovery tests were: 93.73% 1 4.88% for the extraction

method using three extractions with methanol (test 1); 94.79% ± 4.83% for
the Soxhlet method (test 2), and 70.72% 1 8.74% for the wet combustion
method. Most tests were done in triplicate.

Under laboratory conditions, radiocarbon extracted from soil was high,
even after a year (Table I), with little amount as volatilized material.
Since the recoveries were high, wet combustions were not done. Thin-layer
chromatography of soil extracts showed only DDT. However, disappearance of
DDT from samples held at 34°C was generally slightly greater and the

Table I - Recovery of radiocarbon applied as -^C-DDT to soils
maintained at ambient temperature and at 34°C (Test 1)

Time
(weeks)

0
2

4

8

12

24

36

48

Temperature RECOVERY (%)
Sample

a
b
a
b
a
b

a
b
a
b
a
b
a
b

(°C)

24
22-26
34
15-30
34
16-31
34
16-32
34
22-33
34
21-29
34
14-26
34

Soil

100.0516.05
92.27±2.51
87.1913.55
94.2112.96
87.8913.88
92.0211.32
97.65111.66
101.28110.86
83.6212.87
74.6310.44
69.0810.65
86.0316.16
64.2012.21
82.0413.05
80.86112.95

Foam

0.80°
2.34C
0.49°
0.9310.46
0
0.3710.12
0.05d

1.79d

0
0
0.66d

0.7110.07
0.21d

0.8710.21

Total

100.0516.05
92.5312.36
87.9712.83
94.3812.84
88.8113.78
92.0211.32
98.02111.67
101.14112.12
87.8812.27
74.6310.44
69.0810.65
86.4715.77
64.9112.18
82.1813.12
81.74112.85

a - Ambient temperatures during the experimental interval.
b - 34°C
c - Only
d - Mean

constant during the
one sample possessed

whole experimentation
activity.

period.

of two replicates.
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volatilized material collected from these samples was also larger. These
results suggest that at higher temperatures a somewhat faster dissipation of
DDT may indeed occur.

14Mobility tests showed that C-DDT remained almost exclusively in the
top 10 cm of soil with no downward movement, even during rainy periods.
Table II shows dissipation of radiocarbon in the field study. About one third
of radiocarbon dissipated during the first 2 weeks. Dissipation was much
slower during the following weeks and the remaining radiocarbon was 48% after
48 weeks. Bound residues increased gradually with time reaching 8.4% after
48 weeks (or 18% of the total residue).

14Table II - Recovery of radiocarbon applied as C-DDT
in field soil columns (Test 2)___________

% RECOVERY*
Time
(weeks)

0
2
4
8
12
24
36
48

Methanol- Bound Total
extractable

94.
57.
60.
56.
44.
53.
46.
39.

79
29
00
09
90
74
73
40

.
3
3
4
4
8
7
8

_
.42
.49
.92
.72
.81
.57
.38

94.
60.
63.
61.
49.
62.
54.
47.

79
71
49
01
62
55
30
78

* Top 10 cm layer of soil.

Results obtained by thin-layer chromatography indicated the presence of
only DDT, but it can be supposed that the more volatile metabolites, such as
DDE, can be formed and immediately volatilized (8). These data can explain
the high loss in the field in the first 15 days and its persistence after that
period. But this initial loss did not occur when the soil was kept in jars,
in test 1, because of absence of air movement (9). The volatile products can
also be formed and again deposited on the soil surface. Besides the moisture
maintenance under laboratory conditions can also influenece the persistence of
the pesticide (9).
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DISSIPATION OF 14C-DDT FROM
FIELD SOILS IN EGYPT
(Summary)

E. ENAN
High Institute of Public Health,
University of Alexandria,
Alexandria, Egypt

14Dissipation rates of C-DDT were studied in two locations for one
year starting 21 December 1986. The first location was Kafr-el-Dawar (45 km
east of Alexandria) with a soil organic content of 12.5%. The second
location was New-Ameria (55 km west of Alexandria) with a soil organic
content of 5%. In both locations, soil was sandy clay loam: pH 8.25, clay
28.8%, sand 47.5% and silt 23.6%. Forty PVC cylinders (40 cm long and 10 cm
wide) were used for each location, and soil in each cylinder was surface

14treated with 10 yCi C-DDT diluted to 17o using DDT-E.C. 25%. At various
intervals, soil columns were divided into four 10 cm long layers and left to
dry at room temperature. Fifty-gram samples were Soxhlet extracted with
methanol for 10 cycles ;
scintillation counting.

14methanol for 10 cycles and C-activity in extract determined by liquid

14Table I shows the decline of extractable C-activity over a period of
a year. Initially, the top layer retained > 80%, the second layer 19% and
layers of lower depths < 1% of the radioactivity in the 12.5% organic matter
soil. In the second location, the top layer retained 70%, the second 24% and
the two lower layers 6%. The amount of radioactivity recovered from the
New-Ameria location was generally more than that from the Kafr-el-Dawar
location. This behaviour probably relates to the difference in organic

14content. An apparent half-life for C-DDT diss:
rich soil was calculated to be approx. 32 weeks.

14content. An apparent half-life for C-DDT dissipation from the organic

61



14 *Table I - Dissipation of Ç-DDT__in the field

Extractable 14C-activity (dpm/g soil ± S.D.) - %
Location Time

(weeks)

Kafr-el-Dawar 0
1
2

4
12
20
32
40
52

New-Ameria 0
1
2

4
12
20
32
40
52

Soil depth
0-10 cm

16775 ± 2323
11277 ± 1461
12126 ± 1588

11935 ± 2775
11318 ± 2065
11536 ± 1560
7919 ± 851
6587 ± 902
5477 ± 189

19290 ± 1388
19031 ± 2400
18449 ± 1290

17033 ± 540
15894 ± 605
15123 ± 1081
13095 ± 875
12362 ± 500
11144 ± 612

100
67.2
72.3

71.1
67.5
68.8
47.2
39.2
32.6

100
98.6
95.6

88.3
82.4
78.4
67.9
64.1
57.7

Soil depth
10-20 cm

3861 ± 96
1375 ± 38
2000 ± 27

1175 ± 10
1162 ± 17
753 ± 20
4360 ± 320
3473 ± 421
3262 ± 298

6092 ± 245
5823 ± 321
5877 ± 330

5515 ± 174
4222 ± 190
4182 ± 163
5130 ± 320
4991 ± 215
4316 ± 327

100
35.6
51.8

30.4
30
19.5

112.9
89.9
84.4

100
95.5
96.5

90.5
69.3
68.6
84.2
81.9
70.8

Temperature range: 8-26°C, humidity: 25-60%.
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FATE OF 14C-DDT IN THAILAND UNDER
FIELD AND LABORATORY CONDITIONS

N. TAYAPUTCH
Division of Agricultural Toxic Substances,
Department of Agriculture,
Bangkok, Thailand

Abstract

14The dissipation of C-DDT from field soils was studied for a period
of 110 weeks. Analysis of extractable residues showed that radiocarbon was
mainly associated with the soil top layer (0-9 cm). Under the experimental
conditions, dissipation was generally very slow during the first 54 weeks and
fairly rapid during the 55-110 week period. Only 26-31% of the initial
activity was recovered after 110 weeks of which 29% of the total residue was
bound. Extractable residues included DDT, DDE and TDE of both o,p and p,p
isomers.

In the laboratory, three types of soil produced 0.03-0.09% and
141.22-1.59% of mineralized C during 20 weeks for sterile and non-sterile

soils, respectively. Methanol extracts from non-sterile soils contained
p.p'-DDE as a principal metabolite.

1. INTRODUCTION
Scientific information on dissipation and degradation rates of DDT in

tropical environments is scanty. At an FAO/IAEA meeting in 1984 (1),
evidence was presented that the behaviour of DDT in some tropical locations
may preclude local accumulation and therefore the use of the chemical may be
acceptable. At the second FAO/IAEA meeting (2), we presented data from
Thailand which showed •
a period of 32 weeks).

14Thailand which showed very slow dissipation of C-DDT (less than 10% over

The current study is an extension of the 32-week study up to 110 weeks.
Mineralization rates were also studied in the laboratory.

2. MATERIAL AND METHODS
14C-p,p ' -DDT (l, 1-Bis- [p-chlorophenyl]-2,2,2-trichloroethane)

uniformly labelled in phenyl rings (sp. act. 85 mCi/mmol) was obtained from
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Amersham International, England. Radiochemical assay by TLC showed the
chemical to be 99% pure. The cold chemical had 99.5% p,p'-DDT. All other
chemicals were of analytical grade.

The protocol prepared at FAO/IAEA meetings (1, 2) was used as a
guideline for conducting the experiments. In the field, the average
temperature was 28°C, the average annual rainfall 1265 mm, soil pH 5.6 and
organic matter content 3.02%. In the laboratory experiment, three types of
soil were used: clay, sand and silt loam. Fifty gram samples were placed in

14biometer flasks and 6 yCi of C-DDT were added to each flask. Sterile
and non-sterile soils were incubated for 20 weeks at room temperature
(average 32°C). At the end of the experimentation period, soils were
extracted with methanol and extracts were examined by TLC, and radiocarbon
determined quantitatively by scintillation counting. Non-extractable
radiocarbon was determined by dry combustion and CO was directly
determined by radiocounting.

3. RESULTS AND DISCUSSION

3.1 Movement in Soil. Radiocarbon was measured in four soil layers, each
9 cm long. During 76 weeks, radiocarbon was almost exclusively
associated with the top layer (approx. 99%). From 98 to 110 weeks,
there was an apparent movement to lower depths which may relate to
sub-sampling procedures.

3.2 Dissipation of Radiocarbon in the Field. Table I shows levels of C-
DDT (radiocarbon) determined as extractable, bound and total during
110 weeks. Results suggest no appreciable dissipation during the first
54 weeks. During the second year, radioactivity declined to 26-31%.
These results differ from trends reported by other authors (3, 4, 5, 6,
7) and it seems likely that the differences relate to sub-sampling
procedures. The formation of bound residues increased with time reaching

1429% of the initial C-activity after 110 weeks. Based on behaviour
observed in the second year, it is noted that almost 70% of the
radiocarbon dissipated over a period of 56 weeks.

3.3 Degradation Products. Identification of residues of methanol-extract-
able material was made by gas chromatography and scintillation

14counting. After 110 weeks, products derived from C-DDT were
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Table I - Extractable. bound and total 14C-DDT in the top layer soil.

Time after
Treatment

0
1
2
4
8
16
32
54
76
98
110

14C-activity
extractable %

14
10
13
10
14
10
15
16
9
5
3,

,36213781
,89913195
,83211325
,54012255
,84812096
,08713862
,24713475
,50411838
,81612115
,2271689
2011220

90
92
95
92
90
88
92
93
87
75
71

.4

.1
,4
.0
.2
.1
.6
.3
.6
.3
.4

bound*

1,5251241
9361149
6661249
9141852

1,6131283
1,3601164
1,2221729
7171114

1,3871911
1,7161387
1,2801234

9
7
4
8
9
11
7
6
12
24
28

(dpm/g)

.6

.9

.6

.0

.8

.9

.4

.8

.4

.7

.6

extractable
•f bound

15
11
14
11
16
11
16
17
11
6

4,

,887
,835
,498
,454
,460
,447
,469
,221
,203
,943
481

activity prior
to extraction

16
8
9
10
14
9
15
16
9
9
5

,251
,559
,660
,889
,773
,743
,896
,354
,621
,044
,138

Values represent the mean 1 S.D. for three replicates.

p,p'-DDT (69%), p.p'-DDE (12%) and p,pf-TDE (2%). The corresponding
o,p'-isomers contributed 7% of the residue.

143.4 Degradation of C-DDT in the Laboratory Experiment. After 20 weeks,
mineralized radiocarbon accounted for 0.026, 0.036 and 0.085% of the

14initial C in sterile clay, silt loam and sandy soils, respectively.
Corresponding values from non-sterile soils were 1.22, 1.59 and 1.25%.

14Rates of production of CO are illustrated in Fig. 1. It is
14maintained that CO formation is mainly catalyzed by soil

14microflora. Table II shows relative distribution of C-activity
14following incubation for 20 weeks. Extractable C-residues

constituted the major component in the system. In this fraction, only
14p,p'- C-DDT could be detected in the sterile soils. In non-sterile

soils a variety of metabolites was detected (Table III).
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SA = Sand
SI = Silt loam
CL = Clay

FIG.1. Comparison of degradation of 14C-DDT as 14CO2 in
sterile and non-sterile soils.
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Table II - Mineralized extractable and bound
in sterile and non-sterile soils

14C-DDT

Soil type

14C-activity as percentase of applied amount
14CO. Extractable Bound

14Table III - C-DDT and metabolites in methanol-extractable
fractions from non-sterile soils

14Percentage of applied C-DDT
Soil type p.p'-DDT p.p'-DDE p.p'-TDE

Total

Sterile soil
Clay
Silt loam
Sand

Non-sterile soil
Clay
Silt loam
Sand

0
0
0

1
1
1

.026

.036

.085

.23

.59

.25

90
92
94

88
90
92

.96

.18

.04

.78

.77

.06

6.
5.
3.

5.
4.
3.

30
45
80

95
30
10

97
97
97

95
96
96

.29

.67

.93

.96

.66

.41

Unidentified

Clay
Silt loam
Sand

84.08
86.38
88.64

2.78
2.62
1.75

0.17
0.24
0.35

1.38
1.15
1.07
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DEGRADATION OF DDT IN A FLORIDA SANDY SOIL
UNDER SUBTROPICAL ENVIRONMENTAL CONDITIONS

W.B. WHEELER, G.D. STRATTON, Jr.,
R.L. EDELSTEIN
Pesticide Research Laboratory,
University of Florida,
Gainesville, Florida,
United States of America

Abstract

l^C labeled DDT was applied to a low organic matter,
sandy soil. Soils were divided into three moisture regimes,
dry (4.6% moisture), field capacity (6.7% moisture) and satu-
rated (23% moisture). Soils were incubated at 35°C for 12
hours and 27°C for 12 hours each day, for a period of 677
days. Samples were taken at various intervals and extracted,
and the *• C was quantified as aqueous soluble, organic soluble
and unextractable . Losses of -^C were as much as 77% after
677 days. Greater than 80% of the organic soluble -"-^C was
p,p'-DDT. The dry soil treatment exhibited lower percentages
of organic soluble •*• C and higher percentages of aqueous solu-
ble -"-^C than did the two other soil moisture treatments
throughout much of the incubation period. Half-lives of all
treatments exhibited a biphasic nature: an initial rapid
decline over the first 98 days followed by a slower decline
for the remaining period. Estimates of half-lives of the
organic soluble fractions ranged from 62.5 to 2365 days. The
dry soil treatment exhibited these extremes while the other
soil treatments were similar to each other and ranged from 134
to 380 days. Despite the dissimilarities in behavior, the
quantities of p,p'-DDT remaining in the three treatments at
677 days were comparable.

1. INTRODUCTION

Many of the chlorinated compounds once used as pesticides
have been suspended from use in the United States. They re-
main, however, inexpensive and effective methods of control-
ling agricultural insect pests and vectors of disease. Owing
to their utility it was felt useful to determine if some envi-
ronmental conditions in the world would allow for the environ-
mentally safe utilization of these chemicals. For this rea-
son, experiments were designed to determine the rate of dis-
appearance and metabolic fate of p,p'-DDT [benzene, 1,1'(2,2,
2 -trichloroethylidene)bis(4 -chloro-] in soil held under sub-
tropical conditions.
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2. EXPERIMENTAL

2.1 Soil

Soil was collected from the top 15 cm of an experimental
field site approximately 0.7 kilometers directly west of the
Pesticide Research Laboratory. The soil is classed as loamy,
siliceous, hyperthermic Grossareuic Paleudult. The percent-
ages sand, silt, and clay are 91.6, 6.3, and 2.1, respective-
ly. The organic content is 1.20% and the pH is 4.2 (in 0.01 M
CaCl2). Soils (319 grams air dry weight) were placed in plas-
tic pots (6.4 cm high x 10.5 cm top diameter and 7.5 cm base
diameter). The moisture content of the soil was the one sig-
nificant experimental variable. Three soil moisture regimes
were used: dry (4.6% moisture), field capacity (6.7% mois-
ture), and saturated (23% water).

2.2 Radiochemicals

l^C-DDT,(uniformly labeled in phenyl rings) purchased
from Amersham, had a specific activity of 19.1 mCi per mM. It
was purified prior to use by thin layer chromatography on sil-
ica gel using acetic acidrethyl ether :hexane (2:2:200 v/v/v)
[1] as the developing solvent. The radioactivity was detected
on the plate using X-ray film and the purified, labeled DDT
was recovered. One mL of an acetone solution containing
412400 dpm was pipetted into each pot.

2.3 Incubation

Incubation was done in an environmental growth chamber
(Scherer Model GEL 512-37). Day and night temperatures were
35 and 27°C respectively; there were 12 hours of light and 12
hours of dark.

Three replicates for each soil moisture were taken for
analysis at 0, 35, 98, 203, 389, 547 and 677 days (approxi-
mately 1, 3, 6, 13, 18, and 22 months) after DDT application.
In addition, "dry" soil pots were placed individually in
closed desiccators containing water in the bottom. These des-
iccator samples were set up in an effort to quantify DDT loss-
es as a result of volatility. To do this, ORBO-44 air samp-
ling tubes (Supelco, Inc. , Bellefonte, PA) were used to col-
lect any volatile organic materials present in the desiccator
air. A vacuum pump of known pumping volume was used for this
purpose. The desiccators were sampled at 1 week, and approx-
imately 1, 3, 6, 13 and 22 months.

Even though the relative humidity of the environmental
chamber was maintained as high as possible, the soil lost
moisture rapidly. In an effort to maintain the soil moisture,
five pots of each experimental group were weighed weekly and
sufficient water was added to return all the pots in each
group to the initial moisture content.

2.4 Analytical Procedures

Soil samples were extracted with acetone in a Soxhlet ap-
paratus. Approximately 50% of the soil was placed in a Soxh-
let thimble fabricated from Whatman No. 1 filter paper and
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extracted for four hours. That soil was removed and the re-
maining 50% was extracted using the same solvent. Samples of
extracted, air dried soil were subjected to combustion (Pack-
ard Model B306 Sample Oxidizer) analysis to detect and quan-
tify unextractable -^C remaining in the soil. To identify the
acetone soluble components, the extracts were evaporated to
near dryness using a rotary evaporator and the aqueous mater-
ial which remained was partitioned four times with hexane.
The hexane was concentrated to 10.0 mL and then aliquots were
subjected to thin layer chromatography and liquid scintilla-
tion counting. DDT and metabolites were identified by compar-
ing the Rf values of authentic standards with the labeled
materials in the soil extracts. ^C materials separated by
thin layer chromatography were eluted from the thin layer
material and quantified by liquid scintillation counting.

The trapping material contained in the ORBO-44 air samp-
ling tubes was removed, placed in screw cap test tubes and 10
mL of acetone was added. These were placed in an ultrasonic
bath for 30 minutes and then the acetone was poured off; the
contents of the test tube were rinsed several times and the
acetone rinses were combined. The -"-^C in the extracts of the
air sampling tubes was quantified by liquid scintillation
counting.

A Searle Analytic Model 92 liquid scintillation counter
was used to quantify l^C . Aquasol 2 plus 10% water was used
as the scintillation fluid. Counts per minute were corrected
to disintegrations per minute using quench curves.

Thin layer chromatography was performed using silica gel
thin layer plates and acetic acidrethyl ether:hexane (2:2:200
v/v/v) as the developing solvent. Radioactive materials were
detected on thin layer plates using the technique of autora-
diography with X-ray film.

2.5 Half-Life Calculations

Half-lives were calculated as follows: A least squares
fit to an exponential function (A=Aoe~ ) was performed on the
total DFM and the organic soluble DPM data for each soil mois-
ture treatment and for three time intervals (0-98 days, 203-
677 days and 0-677 days). Half lives for the intervals were
calculated from the exponential coefficients (t^/2~®•69347/A) .

3. RESULTS AND DISCUSSION

3.1 14C Recovery

Results showing the total -*-^C recovered are presented in
Figure 1. On the same day the -^C was applied (0 day), the
amounts that were recovered from the three soil moisture
regimes ranged from means of 85% (saturated) to 99% (field
capacity) of the material applied. Since the interval after
application was short and the coefficient of variation of the
three replicates within a single soil moisture treatment was
small (range 0.18 to 3.66), this suggests that some uncon-
trolled variable is causing the inconsistent initial recovery.
The data in Figure 1 suggest that the loss of -^C over the 22
month incubation period was not substantially influenced by
the three soil moistures.
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Figure 1. Total DPM Recovered from C-i4 DDT
Treated Soils.

3.2 Fractionation of Recovered

Figures 2, 3 and 4 show the total 14C recovered from each
soil moisture treatment over the 22 month period and the dis-
tribution of that radioactivity into organic soluble, aqueous
soluble and unextractable fractions. If one ignores the dif-
ferences mentioned above in reference to the initial, zero day
samples, two soil moisture treatments, field capacity (Figure
3) and saturated (Figure 4), have many similarities. Those
similarities include the total 14C lost (day 0 to day 677),
and the proportions which were organic soluble and bound. The
aqueous soluble fractions were also similar throughout the
experiment except for the high (23% of DPM) 35 day field
capacity value. The authors have no explanation for this.

The dry soil treatment (Figure 2) appears similar to the
other soil moisture treatments in terms of total ^4C , but
exhibits substantial differences from the other soil moisture
treatments when comparing the aqueous soluble and organic
soluble fractions.

The organic soluble fraction of the dry soil extract rep-
resents (during the 98 to 677 day interval) 23 to 79% of the
l^C at each sampling period. Except for the 398 day sample,
the range is 23 to 57%. This is contrasted with the other two
soil moisture treatments where the organic soluble fraction
represents 57 to 97% of the ^C present at each harvest. An-
other contrast with the two other treatments is that the aque-
ous fraction contains significant ^C at many of the inter-
vals. The data have considerable variation but at 98 days,
29% (5.6% coefficient of variation) of the ^C was aqueous
soluble, at 203 days, 59% (2.6%), at 389 days, 15.2% (13.2%),
at 547 days, 70% (9.5%), and at 677 days, 45% (29.7%). It is
clear that this treatment leads to higher levels of aqueous
soluble (non-DDT) material than was the case for the other two
soil moisture treatments.
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Figure 2. DPM Extracted from C-14 DOT Treated
Dry Soil.
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Figure 3. DPM Extracted from C-14 DDT Treated
Field Capacity Soil.
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Figure 4. DPM Extracted from C-14 DDT Treated
Saturated Soil.

Bound C constituted approximately 10% of the radio-
activity present at the 98 and 203 day sampling intervals and
decreased thereafter. Typically, bound materials increase
over time. This unextrac table ^C behaved atypically. The
authors cannot speculate as to why or into which fraction the
released material moved.

In an effort to quantify losses of -"-^C through volatil-
ization, air was pumped from desiccators containing a pot of
14C-DDT fortified soil, through ORBO-44 gas sampling tubes.
No substantial quantities (<1%) of ^C were detected in these
traps. A close examination of the soil in the pots and of the
interior of the desiccators reveals a loss of
This suggests that the 14C was lost as 1

3.3 Identification of 14C

•*- C over time.

Thin layer chromatography of the organic soluble -^C ex-
tracted from the soils was performed to separate and identify
the various components. Scraping of the individual components
and liquid scintillation counting allowed quantification of
those components. With rare exceptions, 80% or more of the
-"-^C in this fraction was p,p'-DDT and no other metabolites of
DDT were detected. Thin layer chromatography was not performed
on the aqueous soluble materials.

3.4 Half-Lives in Soil

Estimates of total C and organic soluble C half-lives
are presented in Table I. Since graphical illustrations of
the data suggested a biphasic reduction of the C, half-life
calculations were done for three separate incubation periods:
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TABLE I. ESTIMATE OF HALF-LIVES OF TOTAL 14C AND OF ORGANIC SOLUBLE
INCUBATED IN DRY, FIELD CAPACITY AND SATURATED SOILS

REGRESSION RESULTS
Variable Treatment* Intervals

A0 (DPM)
-1

(103 Days)

Total DRY
DPM

FC

SAT

Organic DRY
DPM

FC

SAT

0- 98
203-677
0-677
0- 98

203-677
0-677

0- 98
203-677
0-677

0- 98
203-677
0-677

0- 98
203-677
0-677

0- 98
203-677
0-677

349188.5
216345.4
271323.1
405515.8
331096.3
369973.6
326471.4
301712.7
313900.7

363053.8
65716.5
205090.7

373583.8
368078.2
344243.6

318527.7
234232.2
273254

5.069752
0.5775557
1.022541

3.066512
1.529734
1.744728

2.803848
1.951236
2.030251

11.09081
0.2930857
2.486626

4.423134
2.223429
2.11039

5.153532
1.823219
2.130743

136.7
1200.1
677.9
226.0
453.1
397.3

247.2
355.2
341.4

62.5
2365.0
278.8

156.7
311.7
328.4

134.5
380.2
325.3

*SoIl Moistures = DRY, FC (field capacity), SAT (saturated)

and 0 - 6 7 7 days . Ca lcu la ted h a l f - l i v e s ranged
occur red fo r
ra te of loss

0-98, 203-677.
from 62.5 days to 2365 days. Rapid losses of 14C
approximately the first three months and then the
slowed over the remaining incubation period.

As described above, the data for the field capacity and
saturated soil treatments showed many similarities, while the
dry soil treatment data exhibited substantial differences.
For example, the organic soluble (>80% p,p'-DDT) fractions,
yielded 0-98 day half-life values of 62.5, 156.7 and 134.5
days for the dry, field capacity and saturated soils, respect-
ively. The values for 203-677 days were 2365, 311
days; those for 0-677 days were 278.8, 328.4 and
The dry soil treatment had a short half-life for
0-98 day period and then had a long half-life for
day interval. The overall half-life for all three soil mois-
ture treatments, however, are not substantially different with
a mean of 310.8 days (8.94% coefficient of variation). Data
presented in Figure 5, which compares the organic soluble
fractions from soil moisture treatments, shows the similarity
at the 677 day interval.

.7 and 380.0
325.3 days,
the initial
the 203-677
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Figure 5. Organic Soluble DPM Recovered from
C-Î4 DOT Treated Soils.

REFERENCE

[1] SIEWIERSKI, M. and HELRICH, K.
tion, and measurement of DDT
Assoc. Offic. Anal. Chemists 50

Separation, identifica-
and its metabolites. J
(1967) 627-633.

76



PERSISTENCE OF -y-l,2,3,4,5,6-HEXACHLOROCYCLOHEXANE
(7-HCH) IN TROPICAL SOILS OF KENYA
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Nairobi, Kenya

Abstract

The persistence of y-HCH (lindane) was studied in field experiments at
two sites of fairly different climatic conditions. The dissipation of
radiolabelled pesticide was followed by analysing the residual radioactivity
in soil samples collected from the plots at specified intervals after
application. The time for 50% loss of pesticide was low, i.e. 5 and 8 days
for the Mombasa and Nairobi experimental sites, respectively. Levels of
pesticide residues that become bound in the soil increased with time after
the application of the pesticide.

1. INTRODUCTION
The use of pesticides has spared millions of human lives by controlling

vectors of often fatal human diseases and also in the management of pests
that attack food, crops and farm animals. Until recently, organochlorine
pesticides have been used widely in agriculture but are now being replaced by
less persistent compounds.

Studies carried out in the temperate areas of Europe and America
indicate that all organochlorine pesticides are persistent and slowly
biodegradable (1). Because of the relatively long persistence recorded for
Y-l,2,3,4,5,6-hexachlorocyclohexane (lindane) of 3-10 years for 95%
disappearance, this insecticide has been considered among the recalcitrant
molecules (2).

The presence of lindane in human tissues is indicated by residues
reported in human milk and blood (3, 4). This pesticide has also been found
in the tissues of swine (5) and can be taken into beans during storage (6).
Some accumulation of lindane in the human body is likely since the compound
is not readily metabolized (7).
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In Kenya, lindane is used for seed dressings only. It is also applied
to control soil pests. The few studies carried out in tropical and
sub-tropical regions suggest higher dissipation rates which would
minimize residues in soil and food (8, 9, 10). This has been attributed to
higher temperatures, humidity and also to the different microorganisms found
in these regions (10). The present study was initiated to determine the
persistence of lindane in tropical soils of Kenya.

2. EXPERIMENTAL METHODS

142.1 Chemicals. Uniformly labelled [ C] y-HCH (specific activity
7.80 MBq/mg) was purchased from Amersham International, England. The
radioactive concentration of the pesticide (supplied as a hexane
solution) was found to be 47 pCi/ml. Glass-distilled n-hexane was
used for all the extractions.

2.2 Field Sites and Soils. Experiments were conducted in two different
plots, one situated at Chiromo, Nairobi (altitude 1661 metres) and the
other at Diani, Mombasa (sea level). The soil at the Nairobi plot had
the following composition: organic matter 6%; silt 33%; sand 40%; clay
21%. The pH was 6.5 in water. The soil from the Mombasa plot was
mainly sandy with a carbon content of 0.81% and a pH value of 8.5 in
water. All plots measured 7.0 x 6.0 metres.

2.3 Insecticide Application. Hollow stainless steel cylinders of 30 cm
length and 7.3 cm internal diameter were used for the experiment. Each
cylinder bore an appropriate identification mark at one end. The
cylinders were driven into the soil at a spacing of 1.0 x 1.0 metres.

At the Nairobi plot, 11 cylinders, 8 of them bearing numbers 1-8 and the
rest marked C , C and C were driven into freshly cultivated

14soil. Two days later, eight 5 ml solutions of C-Y-HCH in n-hexane
were applied to the soil surface in the cylinders marked 1-8. The
activities of the solutions are given in Table I. These activities are
taken as the initial activities in the experiment. Each cylinder was
treated with about 10 yCi of the pesticide. The remaining cylinders
C , C and C were left untreated as controls.
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TABLE I. AMOUNT OF 14C-LINDANE APPLIED TO EXPERIMENTAL
CYLINDERS

Cylinder
Number

1
2
3
4
5
6
7
8

^iCi of C-lindane

Mombasa Plot

8.4624
7.9099
8.1151
8.4750
8.2486
7 .9904
8.3215
8.3283

Nairobi Plot

9.4131
9.6381
6.2907
7.9446
9.4082

10.1030
10.5121
10.9780

At the Mombasa plot, a duplicate number of cylinders was laid in the
freshly cultivated soil. The pesticide was applied the same day the
cylinders were driven into the ground. Eight experimental cylinders
numbered 1-8 received about 5.0 pdi each of surface-applied y-HCH.
Table I gives the activities of the pesticide solution applied to each
cylinder.

2.4 Sampling. The initial sample at 0 time was considered to contain the
amount of pesticide applied to the soil. Subsequently, the cylinders
were dug out carefully at intervals. The cylinders were wrapped
separately in polythene bags and stored in a refrigerator until the
extraction of pesticide residues.

Cylinders were collected from the Nairobi plot after 2, 4, 7, 9, 16, 23,
30 and 40 days. The sampling intervals for the Mombasa plot were 2, 4,
6, 8, 18, 22, 29 and 36 days.

2.5 Extraction and Analysis. The soil contained in cylinders was pushed out
from the bottom and cut into successive 0.5 inch (1.5 cm) layers. Each
soil layer was weighed and ground separately using a pestle and mortar.
From each sample of ground soil, 40 g were weighed into single thickness
cellulose extraction thimbles (size 30 x 80 mm) and extracted in
Soxhlets for at least 2 1/2 hrs using 80 ml n-hexane.
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The soil from cylinders collected from the Mombasa site was scooped from
the top using a spoon-shaped spatula because of its sandy nature. The
0.5 inch (1.5 cm) sections from the top layer were scooped separately,
then weighed, thoroughly mixed and 50 g weighed and extracted.

The extracts were concentrated at 40°±1°C at reduced pressure to a
volume of about 5 ml and transferred to liquid scintillation vials. To
each sample in the vials, 3 ml of a toluene base solution containing
2,5-diphenyl oxazole (0.01 M) was added and the samples taken for liquid
scintillation analysis. These analyses gave the amount of extractable
pesticide residues still in the soil.

The amounts of pesticide residues bound to the soil were determined by
wet-combusting dry solvent-extracted soil samples. Three l g samples
were weighed from each extracted soil sample, mixed with 10 ml of 0.1 M
acidified KMnO aqueous solution in a 100 ml round-bottomed flask.
The flask and its contents were heated in a bath of boiling water for

141 hr. The CO released was trapped using 3.5 ml of 0.1 M NaOH
(aqueous) solution which was mixed with 3.0 ml of cocktail solution and
taken for liquid scintillation counting.

Soil samples from the control cylinders were treated as those from
experimental cylinders during analysis. For all liquid scintillation
analysis, a Packard Tri-Carb 4530 Liquid Scintillation Spectrometer was
used.

3. RESULTS AND DISCUSSION
Results of the analyses carried out from the Nairobi plot are given in

Table II and analyses from the Mombasa plot in Table III. It can be seen
that the amounts of pesticide that were bound to the soil in both Nairobi and
Mombasa plots increased with time. However, the greater part of the total
residues of y-HCH in the soil appeared in the extractable form. In both
experimental plots, the amount of residues that became bound in the soil was
less than reported in other studies (11, 12). This may relate to differences
in combustion procedures.

The data from the Mombasa plot when subjected to regression analysis
agreed with first order dissipation kinetics (correlation coefficient =
0.97). The rate constant K = 0.13038/day was obtained from the slope of the
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TABLE II. DISSIPATION OF RADIOCARBON FROM THE NAIROBI PLOT

DAYS AFTER
SURFACE DEPOSITION
OF Y-HCH ON SOIL

0
2
4
7
9
16
23
30
40

TOTAL AMOUNT
OF PESTICIDE RESIDUES
(BOUND + EXTRACTABLE)
RECOVERED FROM SOIL

100.00
62.0
38.0
28.0
16.8
14.7
14.5
9.0
9.6

FRACTION OF RESIDUES
APPEARING AS BOUND
IN THE SOIL

y/i

^

0.30
0.10
0.71
0.25
3.0
2.1
4.4
5.7

TABLE III. DISSIPATION OF RADIOCARBON FROM THE MOMBASA PLOT

DAYS AFTER
SURFACE DEPOSITION
OF Y-HCH ON SOIL

0
2
4
6
8
17
22
29
36

TOTAL AMOUNT
OF PESTICIDE RESIDUES
(BOUND + EXTRACTABLE)
RECOVERED FROM SOIL

100.0
63.9
49.5
39.9
14.2
4.5
2.4
1.52
1.2

FRACTION OF RESIDUES
APPEARING AS BOUND
IN THE SOIL

%
0.19
0.14
1.0
0.4
1.5
3.3
6.0
6.0

regression line of the natural logarithm of amount of pesticide remaining
versus time (days after application). Time for 50% loss (T1/?) was
calculated from this rate constant to be 5 days. At the end of 36 days, only
1.2% of the applied insecticide could be detected in the soil. Figure 1
shows the total residues of y-HCH remaining in the soil (Mombasa plot) as a
function of time assuming first order dissipation kinetics.
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FIG.1. Percentage of radioactivity dissipating from the Mombasa site.

Data from the Nairobi plot tended to follow second order dissipation
kinetics (correlation coefficient = 0.95). The rate constant K = 2.5001 x_310 /(percentage x day) was obtained from the slope of the regression line
of reciprocal value of the percentage of pesticide remaining versus time.
The intercept of this regression line was found to be I = 1.9159 x

_210 /days. Using the two constants obtained from the regression line, the
time for 50% loss (T ) of y-HCH was calculated to be 8 days. At the
end of 40 days, only about 9% of the applied pesticide could be detected in
the soil. Figure 2 shows the total residues (Nairobi plot) of y-HCH still
in the soil as a function of time assuming second order dissipation kinetics.

Results from the present study show that y-HCH dissipated much faster
in Kenyan soils than has been reported in studies in temperate regions.
However, there is some possibility of the pesticide residues remaining in the
soil for a long time considering the shape of the dissipation curve of
Y-HCH applied in the Nairobi plot. This gives a more typical situation
since this is the type of the soil suitable for agricultural practices.

82



union imm mm

FIG.2. Percentage of radioactivity dissipating from the Nairobi site.
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Abstract

14Dissipation and degradation rates of C-lindane in coastal and
highland areas of Ecuador were investigated over a one year period. The
labelled compound was incorporated into the top layer of soil in rigid PVC
tubes driven into the soil. In the highlands, the lindane half-life was 8
weeks, while at the coast 9 weeks indicating much higher dissipation rates
than those reported for temperate zones. In both places, the applied
labelled compound was found only in the surface layer (0-7.5 cm depth)
indicating lack of movement of the pesticide into the soil. This suggests
that even heavy rainfall does not carry the compound down into the soil.

1. INTRODUCTION
Ecuador is crossed north to south by two ranges of the Andes and is

located on the equator. The agricultural land goes from sea level to approx.
3000 metres. This gives the country a great variety of climates, rainfall
regimes, soils and vegetation. In recent decades, the government has given a
great deal of support to the farmers to enhance local production of food
commodities. This has caused the extensive use of persistent organochlorine
pesticides and the appearance of important levels of contamination on soil
and in water resources. This research was carried out to study the
degradation and dissipation rates of lindane in soils from highland and
coastal regions.

2. MATERIALS AND METHODS

2.1 Pesticides
14 14C-lindane (y-tU- ]benzene hexachloride), 250 yCi;
specific activity 62 mCi/mmol, obtained from Amersham, England;
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- Lindane, 99.8% analytical standard, from Celamerck GmbH & KG,
Ingelheim/Rhein, Federal Republic of Germany;

- Adsee 775 (adjuvant), Witco Chemical Corporation, USA.
The pesticide was applied to the soil as a water emulsion at the

2rate of 1 kg a.i./ha and of 25,000 dpm/cm .

2.2 Average Meteorological Conditions
2.2.1 Highland: temperature 16.1°C; relative humidity 73.1%; and

rainfall 65.62 mm/month.
2.2.2 Coast: temperature 25.1°C; relative humidity 85.3%; and rainfall

194.2 mm/month.

2.3 Equipment
- Liquid scintillation counter (Packard Tri-Carb 300)
- Biological oxidizer, OX-400 (R.J. Harvey Instrument)
- Biometer flasks
- Extraction thimbles 35x120 mm
- Marchery Nagel TLC plates Polygram silica gel/UV 254
- Reagents, pesticide grade
- PVC tubes, 48 cm long, 10 cm internal diameter.

2.4 Soils
2.4.1 Highland: Tumbaco, Ministry of Agriculture Research Station,

2350 m above sea level; sandy loam soil, pH 8.3, 1.08% organic
matter, 0.045% N and 14.9 and 130 ppm P and K, respectively.

2.4.2 Coast: Pichinlingue, National Institute of Agricultural Research
Station, 73 m above sea level; loam soil, pH 6.65, 3.5% organic
matter, 0.17% H and 10.1 and 157.5 ppm P and K, respectively.

The PVC tubes were driven into the soil, l m apart, with 3 cm
protruding from the soil surface; 45 tubes were used on the
highland and 33 on the coast. The design of the experiment was
Randomized Complete Block with 3 replications. To each tube,
10 ml of the dilute labelled insecticide emulsion was applied to
provide 5 yCi/tube.

2.5 Sampling
2.5.1 Highland: Sampling was made on 14 different dates, 0, 1, 2, 3, 9,

13, 15, 30, 45, 58, 120, 180, 239 and 300 days. From day 30 on,
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weeds were also harvested. On the last 2 sampling days, the upper
7.5 cm was divided into 3 subsections, 2.5 cm each, and 100 mg
samples taken.

2.5.2 Coast: Sampling was made on 11 different dates: 0, 1, 2, 3, 4, 35,
59, 119, 182, 245 and 367 days. From day 59 on, weeds were also
harvested. On the last sampling day, the upper 7.5 cm layer was
divided into 3 subsections, 2.5 cm each, and 100 mg samples taken.

2.6 Analysis. Pesticide residues (extractable and bound) were determined
according to an FAO/IAEA protocol (1).
2.6.1 The upper 7.5 cm layer of the soil from each cylinder was sampled,

separated, mixed thoroughly, and then:
- Three samples, 10 g each, were used for moisture determination by
the AOAC procedure (2).

- Three samples in duplicate, 100 mg each, were combusted to
determine total radioactivity.

- Three samples, 50 g each (wet weight), were used for Soxhlet
extraction which was done with 115 ml methanol for 10 cycles in
2 hrs; 1 ml aliquots of the methanolic extract was counted in an
LSC. The extract was concentrated to near dryness and analysed by
TLC.

- Three soil samples, after extraction, 300 mg each, were combusted.
- Three subsections of the first layer were also combusted to
determine the distribution of the radioactivity.

2.6.2 Weeds: Two samples, 50 mg each, were analysed by combustion.
2.6.3 Soil: The layer from 7.5-15 cm was sampled to investigate downward

movement of lindane after day 15 in the highland, and after day 35
in the coast. Three samples, 100 mg each, in duplicate, were
assayed by combustion.

2.6.4 Microbial degradation: Four highland soil samples and 4 from the
coast, 50 g each, were sterilized and then treated with 2 pCi of
14C-lindane in biometer flasks (3). The same experiment was
carried out also with non-sterile soil. To trap the liberated
14CO , 10 ml of 0.1 M KOH were used in the sidearm of each
biometer flask. During the experiment, the samples were kept in
darkness at 23°C±2°C during 4 weeks.
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3. RESULTS AND DISCUSSION

3.1 Soil Moisture. The average soil moisture for the highland and coast
soils was 7.85% and 19.46%, respectively.

143.2 Dissipation of Lindane. The C present in extractable and bound
fractions from the two experimental soils is presented in Table I, after
correcting the data for recovery efficiency.

The amount of extractable residues decreased during the experiment both
for the highland and the coast soils, but the dissipation rate was
faster on the highland soil. Bound residues increased during the entire
period in both locations, increasing to approx. 10-13% of the applied
material by the end of the incubation period. There was not very much

14difference between the extractable C half-lives which were about
8 weeks for the highland and 9 weeks for the coast. However, the
difference became greater when the combined fractions (extractable plus
bound) were compared: 7 weeks for the highland, 11 weeks for the coast,
in contrast to the 1 year and 2 months reported by Edwards (4). There
were no differences in half-life, calculated after the initial rapid
loss had occurred, which were approx. 135 days for both locations.

Comparatively, the extractable residue portion was higher for the coast
than for the highland soil. This may be due to the higher content of
organic matter in the coast soil.

143.3 Pesticide Movement. C-lindane did not move down from the site of
application for either soil since it was never detected in the second
layer in spite of heavy precipitations throughout the experimental
period.

14In both locations, C-lindane did not move below the first 5 cm; the
radioactivity was 3 times as much in the 0-2.5 cm fraction than in the
2.5-5.0 cm increment.

3.4 Lindane Uptake by Meeds. The weeds made their appearance inside the
cylinders and were harvested 1 month after treatment on the highland and

142 months on the coast (Table II). The C uptake increased directly
with the development of the plants.
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TABLE II. 14C UPTAKE BY WEEDS FROM 14C-LINDANE TREATED SOILS

DAYS

30
45
60
120
180
240
300
367

Weight
g

0.020
n o no

0.755
5.870
3.730
3.983
0.608
- — -

Highland
DPM/g

n Q Q 11

54021
33258
22195
21106
5594

11971

TOTAL
DPM

1568
-1 -1 OOQ

25110
130285
78725
22280
7868

Weight
g

0.112
4.216

111.051
56.360

241.000

Coast
DPM/g

10742
7595
3405
3915

802

TOTAL
DPM

1199
32021
378129
220649

193282

3.5 Evolution of 14,__________ CO. from Soil Lindane Residues. In non-sterile2
soils, cumulative amounts of CO released during the 4-week
incubation period are presented in Figure 1. The baseline corresponds
to the sterile soil. There was a steady increase of the amount of

oo
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1.2 -
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—I—
16
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24

~\—
28

Days

FIG.1. Cumulative 14CO2 evolution from soil lindane residues.
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14CO released by microbial action from both soils, but after the
third week there was an abrupt increase of evolved CO from soil.
This experiment shows the importance of microbial action on degradation
and dissipation processes.
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PERSISTENCE AND FATE OF 14C-GAMMA-HCH
IN AN INDIAN SANDY LOAM SOIL UNDER
FIELD AND LABORATORY CONDITIONS

T. SAMUEL, M.K.K. PILLAI
Department of Zoology,
University of Delhi,
Delhi, India

Abstract

14The persistence, binding and degradation of C-gamma-HCH were
studied for one year under field conditions in Delhi, India.
The surface treatment of HCH to a sandy loam soil during the monsoon,
winter and summer seasons resulted in rapid dissipation in the
initial 60 days. However, less than 1% of the initial HCH
was lost in the final six months. After one year, the soil
burden of HCH was about 15% of the initial concentration, of
which bound residues accounted for more than three quarters. The observed
time for 50% dissipation of HCH varied from 30 to 45 days
although the calculated TCQ values ranged from 124 to 147 days.
Incubation of HCH treated soils at 15, 30 and 45 °C showed
increased CCU evolution and volatilization at higher
temperatures. Volatilization was predominant and showed a
six-fold increase with rise in temperature from 15° to 45°C.
Higher temperatures also enhanced degradation and binding of
HCH. When HCH-treated soil samples in quartz, glass and dark
tubes were kept under sunlight for 42 days, higher rates of
mineralization and volatilization occurred in the quartz
tubes. The major loss of HCH was due to volatilization which
was enhanced further by flooding the soil. Similarly,degradation of HCH to PCCH was also influenced by sunlight,
while flooding resulted in further degradation to TCCH. The
present studies demonstrated that under Indian sub-tropical
conditions HCH dissipated rapidly by volatilization, evidently
due to higher soil temperature and intense solar radiations.

1. INTRODUCTION

In many developing countries in the tropics, persistent
insecticides are still used extensively. In India, HCH constitutes
about 50% of the total insecticides currently employed in
agriculture and public health. The dissipation and degradation
rates of HCH in tropical soils are not precisely quantitated.
Therefore, the objectives of the present investigations were to
quantify the degradation and dissipation of HCH in soil under
Indian conditions and also to assess the probable role of
sunlight, temperature and humidity in its loss from the soil.
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2. MATERIALS AND METHODS

The sandy loam soil used in the present studies had 0.8%
organic carbon with pH 7.7 and water holding capacity 23%.
Uniformly ring labelled l^C-gamma HCH (specific activity
2 GBq mM"1) was procured from Amer sham International, England.

2.1

Field experiments each lasting one year were started
during the monsoon, winter and summer seasons in the Delhi
University Campus. These experiments were performed parallel
to the field studies with DDT (this issue).

Thus, identical procedures of treatment,
sampling, extraction and analysis were used. However, the
radiolabelled HCH was diluted with pure gamma-HCH which was
applied to the soil surface in hexane solution. Recovery of
HCH from PVC cylinders was more than 97% indicating that the
adsorption of HCH was almost negligible. Solvent extraction
and wet combustion analysis of HCH gave recoveries of 97.4+1.3
and 82.6+5.4%, respectively.

2.2 LaboratorY_Exgeriments

2.2.1 Effect of Temperature

Soil samples (35g) treated with C-gamma-HCH (0.75 uCi)
and unlabelled HCH (5 ug g~l) in hexane solution were incubated
at 15, 30 and 45°C, for 28 days. The entire experimental

procedures were similar to the ones used in DDT
experiments described earlier (this issue). Mineralization and
volatilization were monitored weekly. Polyurethane foam plugs
showed 70% trapping efficiency, 98.2% retention capability and
95.6% recovery in solvent extraction.

2.2.2 Effect of solar radiations

In these experiments, soil samples (25 g) were treated with
0.45 uCi of l^C-HCH, although the insecticide concentration remained
the same (5 uG g~^) . The treated soil samples (unf looded and flooded)
were exposed to sunlight for 42 days in dark, glass and quartz tubes,
separately in triplicate. The formation of -̂ CĈ  and volatilized
organics was monitored weekly.

3. RESULTS

3.1 Field Experiments

The mean soil temperatures during
the first 60 days of monsoon, winter and summer treatments were
34+_2°, 11+3° and 36+2°C, respectively. Analyses of soil samples
below 7.5cm showed the presence of only 3% of the initial HCH.
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The observed dissipation of HCH during the initial 60 days in
the monsoon, winter and summer treatments accounted for 67, 53
and 79%, respectively of the HCH.

Nearly half disappeared in about 30 days in the monsoon
and summer treatments, while this took 45 days in the winter
treatment (Figure 1). After one year, total HCH residues

——-oSoil molitur*

———«Soil t«mp

100-f

- - - - -«EnJrac lob l« "c
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Day« after trtatm«nt

o—---o Soil fliollltire

•————«Soil Kmp

•—•».. »0% re
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o
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Figure 1. Persistence of HCH in the monsoon (a),
winter (b) and summer (c) field experiments.
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remaining in soil were 15.4% 15.17° and 14.7% of the initial
concentration in the monsoon, winter and summer treatments,
respectively .

Kinetic analyses of the dissipation data given in Table I
show that rate of HCH loss during the initial period
(0-60 days) in all the three treatments was rapid and linear as
indicated by the r values (P = 0.001). Also, the rate
constants (k) were larger than those in the other periods.
Among the treatments, k values in summer differed significantly
from those in the two experiments. In all cases the
dissipation of HCH was nearly twice as fast as that of DDT (this issue).
During the intermediate period (60-180 days) HCH residues in
the monsoon and summer treatments reached a near equilibrium
level, while a steady loss till 180 days was observed in the
winter treatment, which was evidently due to the onset of
summer season. In the final period (180-365 days) total HCH
loss was only less than 1%. The overall T$Q values for HCH
ranged from 124 to 147 days in the different experiments.

The bound residues of HCH increased with time reaching 13%
of the initial HCH after one year which amounted to more than
75% of the total residues remaining in soil at that time. The
extractable residues on GLC analyses did not reveal any
detectable quantities of HCH metabolites or isomers.

Table I. Partial and overall rate constants, T5Q and
correlation coefficients for the disappearance
of HCH in the three field experiments.

Period Rate constant,
day ( + s

kxlO3
.e.)a

T50
(days)

Y=lnC
X=t

r
Y=lnC
X=lnt

Initial
Intermediate
Final
Overall

Initial
Intermediate
Final
Overall

Initial
Intermediate
Final
Overall

15.860
5.693
0.359
4.828

13.860
8.272
0.971
5.589

23.130
1.911
0.531
4.731

Monsoon Treatment
(+2.293)
(+0.855)(+0.177)b
(+0.839)

43.7
121.7
1931.4
143.5

Winter Treatment
(+1.282)
(+1.637)
(+0.313)b
(+0.634)

50.0
83.8

714.0
124.0

Summer Treatment
(+1.950)
(+1.056)b
(+0.204)b
(+1.102)

30.0
362.6
1305.6
146.5

0.95
0.96
0.82b
0.85

0.98
0.93
0.91
0.93

0.98
0.67b
0.88
0.77

0.96

0.90

0.94

Standard error of regression slope
3Not significant at P = 0.05.
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3.2 Laboratory Experiments

3.2.1 Effect of Temperature

Though the rate of mineralization increased with time
pa r t i c u l a r l y at higher temperatures, the total CO2 evolved
ranged from only 0.06% at 15°C to 1.31% at 45°C, at the end of
the experiments (Fig.2a & Table II). However, in the flooded
soil kept at 30°C, only 0.18% of mineralization was observed.
Volatilization showed a 6-fold increase with rise in

>o

0 Î6

0 24

0 12

T 14 21

Days a f t e r t r e a t m e n t
28

-9 76

-7 32 -

-t 88 -5

-2 44 ^

7 14 21

Days af ler t rea tmen t
28

Figure 2. Mineralization (a) and volatilization (b) of HCH
from soil incubated at different temperatures.

Table II. Overall accountability of HCH after
incubation at various temperatures
for 28 days.

Treatment

Unflooded

15°C

30°C

45°C

Flooded

30°C

[ c] remaining In
Extractable Bound

91.1

70.4

52.9

25.5

3.3a

10. 2b

16. 7c

4.8a

soil
Total [14C]

94.4

80.6

69.6

30.3

Total
r!4 n r!4 1 14 r14 i[ cj [' c] Jqco2 [ c]
in water volatilized evolved accounted

for

3.2a 0.1 97.7

14. 8b 1.2 96.6

21. 4c 1.3 92.3

4.8 24. 9d 0.2 60.2

[14c]
unaccounted

2.3

3.4

7.7

39.8

Values are per cent of Initial soil deposit.

Figures 1n each column followed by the same letter do not differ significantly at P»0.05 (Tukey's test) .
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temperature from 15 to 45°C in the unflooded soil (Fig.2b). As
in the case of DDT, the initial seven days showed maximum
volatilization, although in the flooded soils volatilization
increased with time for 21 days. Thus, the flooded soils
registered the maximum volatile losses, amounting to 24.9% of
the initial HCH in 28 days (Table II). Volatilized
comprised predominantly gamma-HCH while in the unflooded soil,
gamma-PCCH constituted about 13% after 28 days at 45°C.
However, in the flooded samples/ gamma-PCCH was only 3% and
gamma-TCCH amounted to 7% at 30°C.

The soil used in the experiment showed a maximum of 16.7%
binding of HCH at 45°C, while flooding tended to reduce HCH
binding (Table II). Extractable residues consisted mostly of
the parent compound.

3.2.2 Effect of Solar Radiations

The averages of daily maximum and minimum temperature
during the entire course of the experiment were 38.5ĵ 3,80 and
30.0+3.7°C, respectively. The evolution of CO2
increased with time in all experiments,although the flooded
samples had slower rates of mineralization (Fig.3a,b). In both
flooded and unflooded samples quartz tubes registered maximum
CO2 evolution (Table III).

-0 72

-0 52 o

r 031 -

- 0 1 0

Days of ler t rea tmen t
21 28

Days a f te r Ireatmenl

Figure 3. Mineralization of HCH from unflooded (a) and flooded
(b) soils exposed to solar radiations.

Volatilization in the quartz tubes was about 2 times great-
er than in the dark tubes (Fig.4 a,b). Flooding tended to
increase volatilization. Thus flooded soil in quartz tubes
showed 26.7% volatilization in 42 days (Table III). The major
constituent of the volatilized organics was gamma-HCH. In the
unflooded samples gamma-PCCH accounted for 11.5% in the quartz
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Table III. Overall accountability of HCH after solar
irradiation for 42 days.

Treatment [ CJ remaining fn soil L14c] "CO,
Total
[14d]ia , L *-j L J 2 L J L J

Extractable Bound Total [ CJ In water v o l a t i l i z e d evolved accounted unaccounted
______________________________________________________ for_______________

Unflooded
Dark 76.8 S.Oa 84.8 - 10.8a 1.5 9 7 . 1 2.9
Glass 79.0 7.4a 86.3 - 11.7a 2.3 100.3 -0.3
Quartz 67.7 7 . la 74.8 - 18.8b 3.3 96 .9 3.1

Flooded
Dark
Glass
Quartz

33.9
10.7
7.9

6.2a
9.9b
6.2a

40.1
20.6
14.1

0.9
0.7
0.9

13. 8a
16. 8b
26. 7C

1.1
1.6
2.0

55.9
39.7
43.7

4 4 . 1
60.3
56.3

Values are per cent of initial soil deposit.

Figures 1n each treatment followed by the same letter do not differ significantly at P=0.05 (Tukey's test ) .

Doys ö f t e r treolment

7 14 21 28
Doys a f ter t reatment

-i o

42

Figure 4. Volatilization of HCH from unflooded (a) and flooded
(b) soils exposed to solar radiations.

tubes after 42 days. However, in the flooded samples
gamma-PCCH level became 2%, while gamma-TCCH amounted to 14.8%
under identical conditions. Interestingly, alpha-HCH was
detected in trace amounts (about 2%) from both unflooded and
flooded samples incubated in the quartz tubes only.

Unflooded soil contained 75-85% of the initial HCH after
42 days of solar exposure, while only 14-40% remained in the
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flooded soil. The different light conditions had no effect on
the rates of binding (Table III). The extractable residues did
not show any metabolite or isomers of HCH other than gamma-HCH.

4. DISCUSSION

It is evident from the field data that under Indian
conditions HCH disappears rapidly from soils, the initial
loss being fastest. This is due presumably to volatilization of
HCH from the soil surface, promoted by high soil
temperatures, as evident from the differences in the seasonal
rates of loss in the different experiments. Under Indian
conditions the rate of dissipation of HCH was significantly
faster than that of DDT. Degradation of HCH in soil appears to be
negligible as no metabolites were extractable f rom soil. Alternatively,
degradat ion products vola t i l ize or bind to soil as soon as they are formed.

HCH seemed to bind more with soil than DDT, as more than
75% of the total HCH residues present in soil after one year
was in the bound form, unlike DDT where
less than 25% was in the bound state. Also, binding appears to
be the limiting factor for HCH loss during the final 6 months
in all the experiments, where less than 1% dissipation occurred.

This would also indicate that the bioavailability of
HCH residues beyond 6 months is limited, assuming
that the bound residues are inactive. The half-life of HCH
under Indian conditions was 124 to 147 days, in contrast to 1.2
years reported in temperate soils (1).

The present laboratory studies show that mineralization,
volatilization and binding of HCH were temperature dependent,
as these processes increased with temperature. Maximum
differences in mineralization were found between 15° and 30°C,
while CC>2 evolution at 45°C was only marginally higher than at
30 °C. This indicates that the microbial activity
reaches an optimum level between 30 and 45°C. Temperature is
known to influence many soil and pesticidal properties, the major
one being the effect on the vapour density of the pesticide
(2). Thus, volatilization of HCH appears to be a major pathway
for HCH removal from soil.

Although none of the metabolites of HCH could be detected
in soils, the volatilized organics from these soils contained
gamma-PCCH and gamma-TCCH, the latter being found only in the
flooded soils. Tsukano and Kobayashi (3) reported the
formation of gamma-TCCH in flooded rice soils. The absence of
PCCH and TCCH in soil may be due to their rapid volatilization
from the soil as soon as they are formed, on account of their
higher vapour densities (4). HCH binding with soil was
positively correlated with temperature as in the case of DDT.
However, flooding tended to reduce HCH binding, unlike DDT (this
issue).

The present data demonstrated clearly that sunlight
played a significant role in enhancing the rates of
mineralization and volatilization of HCH in both unflooded and
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flooded soils. Solar radiation had a direct effect on
the degradation of HCH, as more PCCH and TCCH were found in the
quartz tubes. In addition, the presence of alpha-HCH in the
volatile fractions from quartz tubes indicated isomerization of
HCH probably mediated by sunlight. HCH isomers are known to
photodecompose on exposure to sunlight (5). Isomerization of
gamma-HCH to alpha-HCH was accomplished by photolysis under
direct sunlight (6).

HCH disappeared much faster in the flooded soil than in
the unflooded soil. Similar observations are documented
elsewhere (7/8). In the laboratory studies, the total
radioactivity trapped as volatilized 14c and l̂ CO 2 could not
account for the total HCH loss from soil. This may be
due to the formation of volatile substances which could not be
trapped on the PUF plugs. Similarly, Raghu and Ferreira (9)
reported more than 50% unaccounted loss of HCH after 60 days in
flooded soil.

It may be concluded that under Indian conditions HCH
dissipates rapidly from soil and their aged residues may not
pose serious problems, since they account for less than 15% after
six months and are present mostly in the bound form. The
dissipation of HCH was due mainly to volatilization, which is
promoted by the higher temperatures, humidity and intense solar
radiations, prevalent in the tropical countries.
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STUDY OF 14C-LINDANE IN AN
AQUATIC ECOSYSTEM MODEL
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University of Alexandria,
Alexandria, Egypt

Abstract

The study was carried out by treating 100 gm soil with 5 \tCi of
14C-lindane. The untreated and treated soils were layered on the bottoms
of separate all glass aquarium tanks prepared as aquatic ecoystem models.
The experiments were done at pH 7.0, 8.2 and 5.5 and at 35°C, 25°C and 15°C
in complete darkness and light for 60 days. The data obtained revealed that

14at the higher temperature there was higher loss of C from treated soil.
14Also the acidity of the media reduced the efficiency of C-recovery from

the soil at 25°C and 15°C. The distribution and bioaccumulation ratio (BR)
of radioactive material by fish was higher than that of algae and snail.
Furthermore, BR of fish and snail proved to be pH dependent. The BR of algae
was generally higher in the light than in the dark. The total recovery of
14C-lindane in the light was higher than in the dark under all conditions
of the experiment. It can be also concluded that the amount of radioactive
material n
dependent.

14material recovered from soil or trapped as CO was to some extent pH

1. INTRODUCTION
In Egypt, information about the kinetics of lindane residues uptake,

elimination, and metabolism is scant and incomplete. Metcalf et al. (1)
studied the environmental fate of six organochlorine pesticides: aldrin,

14dieldrin, endrin, mirex, lindane, and DDT (all ring- C-labelled) during 33
days in a model ecosystem. The radiolabelled products were transferred
through several food chains. It is maintained that the ecological
magnification (EM) was a result of either successive concentrations through
food chains or of direct adsorption.

It was also found that bioconcentration was greatest with Daphnia which
has the largest ratio of surface to volume (1). Also, a substantial trend
toward increased accumulation with time was indicated but some of the results
showed an apparent decrease with time, suggesting degradation and excretion.
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Hansen (2) studied the uptake and transfer of the chlorinated
hydrocarbon, lindane, in a laboratory fresh water food chain consisting of
Chlorella sp., Daphnia magna and Gasterosteus aculeatus. He found that the
uptake was very rapid from the water while the uptake via food occurred
relatively slowly and depended on the feeding rate while the rate of uptake
from water was influenced by the sex and physiological condition of the
organisms.

Enan (3, 4) found that the uptake, distribution, elimination and
14degradation of C-DDT were affected by temperature, pH and light and that

BR was higher in fish than in algae and snails.

The present work was conducted to study the uptake and distribution of
indane in an

values and light.
14C-lindane in an aquatic ecosystem model under different temperatures, pH

2. MATERIALS AND METHODS
14C-lindane (y-hexachloro-cyclohexane) with specific activity

1.385 mCi/mg was supplied by the Radiochemical Center Amersham, England. A
14working standard solution was prepared by using 75 jjCi of C-lindane

diluted to 1% using unlabelled lindane. A concentration of 5 yCi (1.66 ml)
14of C-lindane from the working solution was added to 50 ml of n-hexane,

then applied to 100 gm of air-dried soil (sandy clay loam with organic matter
content of 12.65%). The treated soils were mixed in a blender for 30 min,
then after solvent evaporation the soils were mixed again mechanically. The
model ecosystem preparation and the experiments were as described previously
by Enan (3, 4).

3. RESULTS AND DISCUSSION

3.1 Rate of C-lindane loss from soil. The amount of C recovered
from the treated soil after 60 days of treatment decreased with the
increase of temperature (Figure 1) either in the light or in the dark.
Higher concentrations of radioactive material in the aquatic organisms
were associated with higher temperatures. Kathpol et al. (5) found that
the rate of dissipation of organochlorine insecticides is much faster
under Indian tropical conditions than temperate climatic conditions.
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Khan et al. (6) reported that y-BHC emulsion, sprayed onto rice plants
under tropical temperatures volatilized rapidly within three hours of

14spraying. The extracted C at different temperatures after 30 days
was pH dependent (Figure 1). The interactions of temperature, pH and
light affected the loss of the insecticide from the treated soil. At
temperatures of 15°C and 25°C, acidic and neutral pH seem to catalyze
lindane dissipation.

143.2 Distribution and bioaccumulation of C-lindane. Fish had the highest
bioaccumulation ratio of all the organisms tested at all temperatures
and pH values either in the dark or in the light (Tables I, II, III).
For all three levels of temperatures and pH, the bioaccumulation ratio

TABLE I. DISTRIBUTION AND BIOACCUMULATION RATIO (BR) OF TOTAL RADIOACTIVITY
IN AQUATIC ORGANISMS AFTER SOIL TREATMENT WITH 5 /*Ci 14C-LINDANE AT 35°C

Days
after

PH soil
treat-
ment

35
8.2 50

60

35
1.0 50

60

35
5.5 SO

60

H2Û

Concn

1.62+0.00
1.20+0. 25
1.35+0.21

1.05+0.04
1.17+0.13
1.23+0.04

1.17+0.04
1.29+0.04
1.25+0.01

Fish

Concn

1.20+0.16
2.18+0.07
2.25+0.29

1.41+0.13
2.43+0.15
2.23+0.02

1.63+0.22
2.10+0.00
2.07+0.33

BR

Liqhc

0.74
1.82
1.67

1.34
2.08
1.81

1.39
1.63
1.66

Snail

Concn

0.15+0.01
0.2Û+Û. .Û1
0.19+0.02

0.14+0.02
0 .22+0 .02
0.20+0.01

0.12+0. 02
0.24+0.01
0.23+0.01

BR

0.09
0.17
0.14

0.13
0.19
0.16

0.10
0.19
o.ia

Algae

Concn

0.86+0.10
1.28+0.04
1.23+0.09

1.13+0.14
1.35+0.21
1.27+0.03

0.73+0.13
1.27+0.15
1.06+0.03

BR

0.53
1.07
0.91

1.08
1.15
1.03

0.62
0.98
0.85

Dark

35
8. 2 50

60

35
7.0 50

60

35 .
5.5 50

60

1.05+0.04
1.14+0.00
1.11+0.13

1.26+0.08
1.17+0.13
1.21+0.24

1.05+0.13
1.11+0.21
1.32+0.34

1.37+0.11
2.03+0.31
1.98+0.16

1.41+0.09
2.18+0.11
1.93+0.10

1.54+0. 05
2.33+0.04
2.16+0.13

1.30
1.78
1.78

1.12
1.86
1.60

1.47
2.10
1.64

0.17+0.01
0.21+0.02
0.20+0.01

0.16+0.00
0.20+0.05
0.19+0.04

0.16+0.01
0.24+0.00
0.21+0.00

0.16
0.18
0.18

0.13
0.17
0.16

0.15
0.22
0.16

0.81+0.40
0.77+0.16
0.79+0.22

0.52+0.14
0.73+0.01
0.71+0.10

0.53+0.12
0.80+0.21
0.69+0.03

0.77
0.68
0.71

0.41
0.62
0.59

0.50
0.72
0.67

Cone.: dpm/kg X 103 ± S.D.
BR (Bioaccumulation ratio): Concentration in the organism/concentration in the water.
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TABLE H. DISTRIBUTION AND BIOACCUMULATION RATIO (BR) OF TOTAL RADIOACTIVITY
IN AQUATIC ORGANISMS AFTER SOIL TREATMENT WITH 5 pd 14C-LINDANE AT 25°C

Days
after

PH soil
treat-
ment

35
8.2 50

60

35
7.0 50

60

35
5.5 50

60

35
a. 2 50

60

35
7.0 5U

60

35
5.5 50

60

H2O

Concn

1.47*0.30
0.96+0. i?
0.99+0. 38

1.14+0.51
1.05+0.30
1.05+0.04

1.05+0.38
1.11+0.04
1.10+0.11

0.78+0.17
1.23+0.04
1.08+0.0

1.77+0. 30
0.96+0.08
0.96+0.00

1.14+0.08
0.63+0.21
O.t i l+0.63

Fish

Concn

1.13+0.16
1.67+0.23
1.83+0.05

1.11+0.11
1.55+0.04
1.48+0.07

1.22+0.04
1.89+0.07
1.77+0.02

1.10+0.09
1.76+0.04
1.59+0.02

1.05+0.02
1.63+0.07
1.42+0.15

1.13+0.16
1.42+0.15
1.66+0.15

BR

Light

0.77
1.74
1.85

0.97
1.48
1.41

1.16
1.70
1.61

Dark

1.41
1.43
1.47

0.59
1.70
1.48

0.99
2.25
2.05

Snail

Concn

0.12+0.01
0.18+0.00
0.17+0.01

0.15+0.03
0.19+0.01
0.18+0. 02

0.16+0.02
0.21+0.02
0.19+0.01

0.15+0. 00
0.18+0.02
0.17+0.02

0.17+0.00
0.19+0.00
0.17+0.00

0.17+0.00
0.20+0.00
0.19+0.01

BR

0.08
0.19
0.17

0.13
0.18
0.17

0.15
0.19
0.17

0.19
0.15
0.16

0.10
0.20
0.18

0.15
0.32
0.23

Algae

Concn

0.63+0.03
0.87+0.18
0.92+0.10

0.78+0.12
0.96+0.10
0.92+0.13

0.86+0.10
0.78+0.16
0.82+0.00

0.51+0.09
0.74+0.00
0.72+0.03

Û.69+0'10

0.73+0.10
0.62+0.07

0.51+0.06
0.88+0.01
0.80+0.03

BR

0.43
0.91
0.93

0.68
0.91
0.88

O.S2
0.70
0.75

0.65
0.60
0.67

0.39
0.76
0.65

0.45
1.40
0.99

Cone.: dpm/kg X 103 ± S.D.
BR (Bioaccumulation ratio): Concentration in the organism/concentration in the water.

(BR) by algae was generally higher in the light than in the dark. In
our study, temperature had the greatest effect on the behaviour of the
compound because the temperature activated the volatilization of
14C-lindane from treated soil and made it available to partition
between water (aqueous phase) and aquatic organisms (lipid phase).
Hence, the uptake by fish, snail and algae was correlated with the
environmental temperature. There were significant differences between

14the effect of the dark and the light on the uptake of C-lindane,
especially by fish and algae. These results agree with those of
Walter-Echols and Lichtenstein (7) who reported that the radiocarbon
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TABLE III DISTRIBUTION AND BIOACCUMULATION RATIO (BR) OF TOTAL RADIOACTIVITY
IN AQUATIC ORGANISMS AFTER SOIL TREATMENT WITH 5 jiCi 14C-LINDANE AT 15°C

Days
after

pH soil
treat-
ment

35
8.2 50

60

35
7.0 50

60

35
5.5 50

60

35
Ü.2 50

60

35
7.0 50

60

35
5.5 50

6.0

H2O

Concn

0. 90+0. 34
1.05+0.30
0.84+0.17

0.96+0.25
1.29+0.13
0.96+0.25

1.02+0.17
1.08+0.08
0.74+0.14

0.72+0.17
0 .93+0 .04
0.93+0.21

0.99+0.21
0.90+0.17
0.87+0.30

0.87+0.31
0.84+0.08
0.75+0.04

Fish

Concn

0.10+0.20
1.74+0.04
1.54+0.02

0.10+0.02
1.45+0.18
1.40+0.18

1.06+0.07
1.79+0.04
1.63+0.07

0 .92+0 .09
1.55+0.04
1.42+0.15

0.91+0.15
1.46+0.06
1.27+0.04

0.98+0.04
1.45+0.18
1.41+0.16

BR

0.11
1.66
1.83

0.10
1.12
1.46

1.04
1.66
2 . 2 0

Dark

1.28
1.07
1.53

0.92
1.62
1.46

1.13
1.73
1.8Ü

Snail

Concn

0.13+0.01
0.17+0.00
0.16+0.01

0.12+0.04
0.17+0.01
0.16+0.01

0.12+0.05
0 .20+0 .00
0.16+0.01

0.15+0.02
0.19+0.03
0 .14+0.02

0 .14+0 .02
0.18+0.01
0.15+0.01

0.16+0.01
0.18+0.02
0.13+0.00

BR

0.14
0.16
0.19

0.13
0.13
0.17

0.12
0.19
0.22

0.21
0.20
0.15

0.14
0.20
0.17

0.18
0.21
0.17

Algae

Concn

0.69+0.10
0.601-0.03
0.71+0. 07

0.69+0.10
0.67+0.01
0.67+0.04

0.62+0.01
0.86+0.04
0 .70+0 .03

0.55+0.09
0.76+0.09
0.75+0.16

0.49+0. 15
0. 64+0. 07
0.62+0.02

0.73+0.05
0.81+0.22
0.72+0. 03

BR

0.77
0.76
0.85

0.72
0.52
0.70

0.61
0.80
0.95

0.76
0.84
0.81

0.49
0.71
0*71

0.84
0.96
0.96

Cone dpm/kg X 103 ± S D
BR (Bioaccumulation ratio) Concentration in the organism/concentration m the water

content decreased fastest from a soil-water system with Elodea plants
kept under condition of continuous light and slowest in those kept in
the darkness. Hence, the data obtained indicated that changes in
temperature, light or dark and pH levels can affect the rate of uptake
of lindane.

14The release of C-lindane from soil to water in the aquatic ecosystem
occurred rapidly at 35°C, more slowly at 25°C, and slowest at 15°C.
This is in agreement with the results by Piasecki et al. (8) who
reported that of the climatic factors, soil temperature was most
important in the persistence of both DDT and liudane in soil. Also,
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Biggar and Riggs (9) found that the apparent solubility of lindane in
water increased from 2,150 ppb at 15°C to 15,200 ppb at 45°C and for DDT
was from 17 to 45 ppb at the same temperatures.

14 143.3 Recovery of C-lindane after 60 days. The total recovery of C-
lindane was generally higher in the light than in the dark at all the
tested pH values (Table IV). The amount extracted from soil was
slightly pH dependent in both dark and light, probably since the binding
of chlorine containing compounds to the humic materials in the soil

TABLE IV. RECOVERY OF 14C-LINDANE 60 DAYS AFTER SOIL TREATMENT

Component

Temperature 35°C
14Soil-extracted C

14Water- C
14

C°2
Fish
Snail
Algae

Total

Temperature 25 °C
14Soil-extracted C

Water-14C
14

Fish
Snail
Algae

Total

Temperature 15°C
14Soil-extracted C

14Water- C
14

Fish
Snail
Algae

Total

P e r c e n t a g e r e c o
Lisht, pH

8.2

6.99
17.15
1.02
28.59
2.29

15.63
71.66

11.31
12.58
0.74
23.25
2.16

11.69
61.72

15.86
10.79
0.69

19.59
2.03
9.02

57.48

7.0

3.94
15.63
1.00
29.48
2.54

16.26
68.86

8.51
13.34
0.81

18.81
2.29

11.69
55.45

13.75
12.34
0.65

17.79
2.03
8.51
54.78

5.5

7.37
15.88
0.86
26.30
2.92

13.47
66 .81

9.40
13.98
0.76
22.49
2.54

10.42
59.59

10.92
9.51
0.66
20. 71
2.03
8.89
52.50

8.2

7.42
14.10
1.00

25.16
2.54
10 . 04
60.09

9.53
13. 72
0.85
20.20
2.29
9.15

55.74

14.91
11.95
0.83

18.04
1.78
9.53

56. 73

v e r e d
Dark, pH
7.0

5.46
15.37
1.02
24.52
2.41
9.02

57.81

6.73
12.20
0.89

18.04
2.16
7.88

47.90

13.88
11.05
0.65

16.14
1.91
7.88

51.34

5.5

7.50
16.77
1.08
27.45
2.67

11.31
66.77

6.99
10.29
0.86

21.09
24.14
11.17
51.82

11.95
9.53
0.78

17.92
1.65
9.15
50.84
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14depends on many factors, such as pH. The amount of CO evolved
(Table IV) showed generally insignificant differences. Combustion of
extracted soils did not show any radioactivity (no bound residues).
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2. REPORT

2.1 Introduction

To increase food production in developing countries, agricultural
practices must become increasingly intensive. For the foreseeable
future, pesticides will continue to be used but they must be chemicals,
formulations, and methods of use that avoid serious risks not only to
those applying the chemicals, but also to the consumers and to the
environment both locally and globally.

Many of the pesticides used in temperate climates are expensive, lack the
persistence necessary for them to be effective in the tropics, and are
often unsafe to use without protective clothing; usually an impracticable
requirement in hot climates. The insecticides DDT and y-HCH (lindane)
are inexpensive and have relatively low acute toxicities to applicators.
However, in temperate regions they are so persistent that their use has
been restricted to prevent redistribution of the residues into local and
global environments and to avoid potentially serious consequences arising
from accumulation of their residues in soils and aquatic sediments and
effects on wildlife. However, evidence has accumulated that, under
certain tropical and sub-tropical conditions, DDT and y-HCH can
dissipate at rates which would preclude local accumulation of residues in
soil, plants or wildlife. This implies that their use in tropical
countries may therefore still be acceptable and raise no significant
environmental problems.

The economic viability and importance of DDT and lindane cannot be over-
emphasized. This is particularly evident from actual consumption data
during two successive years in India (Table I). It should be noted that
lindane (y-BHC) is the major insecticidal ingredient in BHC (mixture of
isomers).

The coordinated research programme reported here was established in 1982
to investigate the fate of commonly used persistent pesticides, under a
range of tropical and sub-tropical conditions, and so to provide data
which can guide national authorities in making rational decisions to
regulate the use of persistent pesticides in tropical agriculture.
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*Table I - Total Consumption of DPT and BHC in India (in metric tons)

1985-86 1986-87

DPT
Agriculture 1000 1000
Public health 11161 11706

BHC
Agriculture 12000 12000
Public health 15115 14756

Lindane
Agriculture 100 100
Public health nil nil

DDT + BHC % of the
total insecticides used 75% 73%

*Data collected from National Malaria Eradication Programme
(NMEP, New Delhi) and Pesticide Association of India, New
Delhi.

The first FAO/IAEA Research Coordination Meeting of the Programme was
held in Gainesville, Florida in March 1984. It established a
standardized framework for field experiments by the participating
researchers to investigate dissipation of DDT and y-HCH using
C-labelled materials with associated and other techniques. An

analytical protocol was also agreed upon to ensure the consistency of the
methodology among participants.

At the second meeting in Quito, Ecuador in 1986, two new participants
from Pakistan and Malaysia replaced those from Sri Lanka and the
Philippines who were unable to continue. Reports were presented, data
from a standardized common experiment discussed, and protocols developed
for laboratory and field experiments on the dissipation of DDT and
Y-BHC in soils.

At the third and final meeting in Bangkok, Thailand in 1988, fourteen
reports were presented by nine participants.
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2.2 Objectives of Meeting

2.2.1 To review and discuss progress of the research programme;

2.2.2 To prepare a final report on the programme;

2.2.3 To outline future collaborative research areas.

2.3 Results of the Common Experiment

To test the efficiency of the analytical protocol, soil "spiked" with
14C-labelled DDT at the IAEA Laboratory, Seibersdorf was distributed to
collaborating investigators for analysis by the agreed protocol. Reports
and results were received from eleven participants, including results
obtained by Dr. Vollner, IAEA Laboratory, Seibersdorf. For technical or
other reasons, not all investigators were able to complete all parts of
the agreed procedures. There was variability in the moisture content of
the soils, all being less than 2% (except one which was 19%). For the
seven sets of data, results analysed showed a degree of variation within
reasonable expectations for: i) preparing the bulk soil sample,

14incorporating the C-p,p'-DDT and withdrawing sub-samples from it, and
ii) distributing, handling and analysing the sub-samples in the different

14laboratories. For these seven results the total C-activity reported
ranged from 2.24 x 10 to 2.96 x 10 dpm per gram of soil, a range
of about ± 26% of the mean value (2.47 x 10 dpm per gram of soil
{Table II]). The standard deviation was ± 10.47» of the mean. This
analysis presumes that no one of these results (e.g. the IAEA result) was
any more precise than the other six. It also implies that differences
between laboratories of less than about 30% in terms of absolute residues
are unlikely to be statistically significant.

14The four direct combustion determinations of total C-activity
reported agreed well with the corresponding sums of (extractable + bound)
residues. All but two of the samples had less than 5% of non-extractable

14(bound) residues. Much of the variability in the C-content was
probably between the soil samples distributed rather than due to
variations between investigators. The difficulty of incorporating
chemicals uniformly into soil and then subsampling should not be
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14 —5Table II - Radioactivity in soils with C-DDT (dpm x 10 /g soil)

Investigator Extractable

Vollner (IAEA)
Pillai
Constenla
Tayaputch
Bolanos de Moreno
Enan
Flores-Rüegg

Wandiga (counts/min)

Hussain
Kadi r

2
2
2
2
2
2
2

5

1
2

.16

.19

.19

.24

.34

.48

.86

.95

.47

.08

Bound (%)

0
0
0
-
0
0
0

0

0
0

.08

.07

.07

.15

.11

.09

.16

.14

.10

(3
(3
(3
-
(6
(4
(3

(2

(8
(4

.6)

.3)

.4)

.4)

.0)

.2)

.8)

.7)

.5)

Extractable
+

2.
2.
2.
-
2.
2.
2.

6.

1.
2.

Bound

24
26
27

50
59
96

11

61
18

Measured
Total

_
2.23
2.03
-
-
-
2.69

-

(1.64)
—

underestimated; it is unusual to achieve better uniformity of mixing and
sub-division than was demonstrated here. The two samples supplied to
participants late were assessed as slightly lower than the main group of
samples suggesting that some loss had occurred since the sample was
prepared.

2.4 Conclusions

These studies demonstrated clearly that DDT and lindane do not behave in
tropical soils in the same way as they do in temperate soils (Tables III
and IV). They support data presented by Edwards (1), (2), (3) that show
that persistent pesticides dissipate much faster in the tropics than in
temperate climates.

142.4.1 Leaching. There was no evidence that C-labelled DDT or its
degradation products leached downwards through the upper soil strata,
although this does not preclude mechanical passage of soil particles
carrying DDT moving deeper into the soil in flood-water or flowing down
cracks or fissures in the upper layers. DDT and its low-polarity
residues remained substantially in the cultivated layers of the soil.
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In contrast, small amounts of y-HCH could move downwards through the
soil profile as a result of rainfall or artificial irrigation during the
first few days after application to the soil surface.

2.4.2 "Bound Residues". Within a few days of treating soil with either
DDT or y-HCH, a small percentage of the applied chemical became so
"bound" to the soil matrix that it could not be removed by Soxhlet
extraction with methanol. The amount of non-extractable residues tended
to increase with time and may account for 5-20% of the initial amount
applied (after a year) for DDT. Studies also suggested that binding to
soil is promoted by microfloral content (through metabolic degradation).
Observations have indicated that at least part of the "bound" residue can
be recovered after re-equilibration with atmospheric moisture and
subsequent re-extraction.

2.4.3 The Dissipation Mechanisms. There were strong indications that
volatilization was an important route of dissipation for DDT, and
especially y-HCH, under typical tropical high-temperature conditions.
Since there are several degradative pathways, the principal route(s) of
loss may differ for each situation.

2.4.4 Quantitative Specification of Loss Rates. The use of a half-life
calculation based on a first order exponential breakdown pattern was not
appropriate when the pattern of loss departed from an approximately
first-order decline in residue components. In nearly all experiments,
there was a clear pattern of two or more phases of dissipation. This
agrees with the multiple phase breakdown of pesticides postulated by
Edwards (4). The rapid initial loss can be stated as a percentage loss
over a given time or calculated as an 'initial half-life*. The
subsequent slower phase(s) can be specified for practical purposes as a
'long-term half-life'. The 'overall half-life* also provides a useful
comparative figure (Tables III and IV). This is the most appropriate
basis for deciding whether an unacceptable level of residue accumulation
may occur in local soils in relation to particular rates of application
and treatment regimes.

2.4.5 Range and Variability in Persistence. Most of the data for
dissipation of DDT and Y~HCH were reasonably consistent. However,
there were extreme figures. Dissipation of DDT was very rapid in Sudan
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Table III - Summary of field half-lives of DPT in soils (0-10 cm depth)

Half-life (days)
Days required for
initial loss ofInvestigator ____

Country Overall First Phase Second Phase 50% of radioactivity

Pillai,
India

Hussain,
Pakistan

Wandiga,
Kenya

Enan,
Egypt

287(234-317) 87 (70-113) 332 (140-513)

112-120

78-90

225->365

Flores-Rüegg, >365
Brazil

Tayaputch,
Thailand

Abdalla,
Sudan

Kadir,
Malaysia
Wheeler,
USA

665

35

341-678

53-67

10

137-247

73-120

355-1200

60-120

75-90

54-62

210->365

320

300
(second year)

22

168

In temperate soils the mean half-life was 1022 (401-1752) days (Edwards,
1973).

Table IV - Summary of field half-lives of Y-HCH in soils (0-10 cm depth)

Half-life* (days)
Days required for
initial loss ofInvestigator ____

Country Overall First Phase Second Phase 50% of radioactivity

Pillai,
India

138(124-147) 41 (30-50) 188 (83-362)

Bolanos de 150-171
Moreno, Ecuador

54-60 120-160

Wandiga,
Kenya

5-8

30-45

40-50

3-4

Im temperate soils the mean half-life was 438 (401-1022) days (Edwards,
1973).
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(90% within 16 weeks) whereas no detectable loss occurred in the
experiments in Costa Rica and Thailand over periods of 26 and 32 weeks,
respectively, and losses were still low even after one year in these
countries.

2.4.6 Overall Persistence. The body of evidence accumulated in the
research programme supports the overall conclusion that DDT and y-HCH
dissipate much more rapidly in tropical soils than in temperate zones.

2.4.7 References

1. EDWARDS, C.A., Persistent Pesticides in the Environment,
C.R.C. Press (1973) 170 pp.

2. EDWARDS, C.A. (Ed), Environmental Pollution by Pesticides,
Plenum Press, London & New York (1973) 458 pp.

3. EDWARDS, C.A., Environmental Aspects of the Usage of Pesticides
in Developing Countries, Med. Fac. Landbouwn. Rijksuniv. Gent
42/2 (1977) 853-868.

4. EDWARDS, C.A., Insecticide residues in soils. Residue Reviews,
Springer Verlag, Berlin, Heidelberg, New York 133 (1966) 83-132.

2.5 Appraisal of the Programme

This joint FAO/IAEA programme was initiated in 1982 and terminates with
the present report. The specific objectives of the programme have been
to evaluate the rate of breakdown and dissipation and fate of persistent
pesticides in tropical countries and identify some of the pathways of
loss.

The data produced in this study are invaluable to registration
authorities faced with the decision of whether to allow the continued use
of persistent pesticides, particularly DDT and y-BHC. It was
anticipated that the data arising from studies conducted under this
programme would be useful in this way. It was further anticipated that
the programme would serve as a mechanism to effect significant
educational, training and communication benefits to the scientists and
their support staff involved.
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Although the programme has involved only about ten scientists from both
developed and developing countries, it appears to have achieved fully all
of the objectives elaborated above. About 25 separate investigations that
definitively considered the fate of persistent pesticides in tropical
soils have arisen under this programme. Data from these studies have
direct applications regarding the toxicological implications of the use
of persistent pesticides for agricultural purposes in tropical
countries. The rates of dissipation were such that it is unlikely that
the residues have significant adverse environmental effects. Data from
these studies have direct implications regarding the advisability and
acceptability of some agricultural use patterns in developing countries.
Some of the research conducted under this programme has already been
published in the scientific literature while other studies are presently
in the publication process or will be submitted for publication at a
later date. Member States of the UN will receive the data generated
under this programme and can make use of them in the establishment of
basic guidelines for continued or renewed use of persistent pesticides in
tropical agriculture. These data also constitute a significant
contribution to the international Joint FAO/WHO Pesticide Residue
Programme which establishes international recommendations for acceptable
daily intake for humans and maximum residue limits in food and feed.

The programme achieved substantially its educational and training
objectives, in that scientists who had a relatively small amount of
experience in radiotracer-aided studies have now been fully oriented to,
and have become very familiar with such studies. Those participating
scientists who already were familiar with radioisotope techniques have,
as a result of the scientific interactions and actual experience provided
by this programme, considerably increased their knowledge of and
experience with this valuable research technique. It has most certainly
achieved its basic research objectives. Detailed protocols for both
laboratory and field studies have been developed (Appendices A and B)
which will be of considerable value to future investigations. With such
an excellent collaborative research structure it would be unfortunate if
the research were not continued to elaborate further the mechanisms and
pathways of dissipation of DDT and y-BHC. Additionally, there is still
a need to assess the degree of uptake of these chemicals into food
crops. The programme should be continued if funds become available.
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This programme constitutes a very successful attempt to coordinate at the
international level, the research efforts of a group of scientists
involved in pesticide dissipation studies. It has resulted in a
substantial and highly productive dialogue concerning appropriate
approaches toward the design, execution and data analysis of
isotope-aided studies of the fate of pesticides in soils. It has
involved the recognition of unique problems encountered in such studies,
particularly the minimization of inherent variability in results due to
soil type and climatic factors.

It is anticipated that the lines of communications established among the
participating scientists, as a result of this programme, will continue to
serve these individuals well in the years to come.

2.6 Future Research

The research programme reported has been successful and clearly attained
its objectives. As in all scientific research, as some questions are
answered others are raised. It has been demonstrated clearly that DDT
and Y-BHC dissipate much more rapidly from tropical soils than in those
from temperate zones and that volatilization plays an important role in
the dissipation. If these pesticides are still to be used with minimum
hazard we still need to know the routes of dissipation in detail and
their potential for human and environmental hazard. In answer to a
questionnaire, the collaborating scientists identified a number of
important topics for future research:

a) The nature of the biphasic pattern of pesticide dissipation and its
analysis and expression (field);

b) The importance of microbial degradation of the pesticides
(laboratory);

c) Identification of organic volatiles from treated soils (laboratory);
d) Uptake of the pesticides into plants (field);
e) DDT residues in human adipose tissue (survey-laboratory).

2.7 Recommendations

To ensure effective guidance to potential future research, the following
recommendations were addressed to the Secretariat:
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a) Because DDT and other persistent pesticides are still used for public
health and agricultural purposes and since the programme has demonstrated
that they may cause less environmental hazard in the tropics, it is
proposed that collaborative research on the behaviour and fate of these
chemicals be continued.

b) Laboratory and field experiments be designed to provide answers to the
questions outlined, using in the first instance the protocols presented
in Appendices A and B.

c) Field studies on the behaviour and fate of DDT and y-BHC should be
continued.

d) The existing collaboration, developed between scientists in the
programme, be encouraged, facilitated and extended.
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APPENDIX A

Protocol to Estimate the Dissipation and Follow the Degradation
of DDT Under Field Conditions

Experience over the past five years with this coordinated research
programme has allowed the participants to prepare a suitable protocol that
might serve as a guideline for scientists who would perform similar research.
This protocol is presented below.

1. Different soil types, climatic conditions and altitudes should be taken
into consideration in selecting the experimental sites.

2. Hard PVC cylinders (15 cm length, 10 cm diameter) may be used as
containers for experimental plots. When inserting the cylinders into
soil, care must be taken that at least 3 cm projects above the soil
surface in order to prevent the flow of run-off water over the soil

14surface. Possible adsorption of C-DDT by PVC cylinders should be
checked.

3. The concentration of DDT to be used must conform to the local practice.

144. C-DDT appropriately diluted with e.c. formulation should be applied
by means of a Chromatographie or similar sprayer. Each cylinder should
receive 5-7 \iCi of labelled test chemical in a total of 10 ml solvent.
The composition and identity of formulation should be tested by GLC and
TLC.

5. There should be at least 3 replicates for each treatment or sampling time.

6. Treatments should be made both with and without plant cover. Seeds
should be sown at the time of treatment. It is recommended to use rice
plants for comparison.

7. Cylinders should be harvested for analysis at random.
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8. Soil down to a 10 cm depth should be removed from the cylinder for
analysis. Plants with roots should be carefully separated (roots cleaned
of adhering soil) and plant roots and foliage should be analysed
separately. Soil must be mixed thoroughly and a minimum of three
sub-samples should be analysed from each cylinder.

9. Sampling at 0 time to be taken as 100% of the treatment dose. Sampling
to be weekly for the first month, biweekly for the second and third
month, monthly for the fourth month, bimonthly for the rest of the year
and six monthly for the rest of the period.

10. The soil-extractable and bound residues should be determined. Soxhlet
extraction should be done using methanol for 10 cycles over 2 to 4 hr.
using 50 gm of soil. Non-extractable residues may be determined by
either wet or dry combustion techniques. Recovery data for the
analytical procedures must be collected.

11. The amount of radioactivity in roots, foliage and grain may be determined
after combustion.

12. The metabolites of DDT in the extractable fraction should be determined
by GLC and TLC.

13. Soil characteristics must be determined and reported.

14. Prevailing weather data such as temperature range, relative humidity,
rainfall frequency and amount, sunlight hours, soil temperature and
moisture status must be collected.

15. Radiochemical data should be expressed as dpm/gm dry wt. basis.

16. All appropriate data should be presented as percentage of the *0' time
value.

17. Where there are clear separate phases of dissipation, partial and overall
half-lives should be calculated.
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APPENDIX B

Experimental Protocol for Laboratory Conditions

Objective: To determine volatilization, mineralization and binding.

1. The ratio of radioactivity in the insecticide used should be the same
for both field and laboratory experiments (l yCi/100 g soil).

2. The soil (taken from the field) used for laboratory studies should be
of 60-75% field capacity moisture (FCM).

3. For laboratory studies, the temperature should be as close as possible
to the average of that in the field conditions observed in each season.

4. Biodégradation of the insecticide should be studied in the sterilized
and non-sterilized soils using biometer flasks at different

14temperatures. CO can be trapped in aqueous NaOH solutior
experiment should continue for a period of three months.

5. The sampling should be done weekly by sacrificing a set of flasks and
14 14analysing for CO , total, extractable and bound C-residues.

Identification of metabolites should also be made for each sampling if
possible.

6. Porous polyurethane plug foam (PUF) can be used to trap volatile
organic compounds. Before use, the plugs should be extracted with a 1:1
hexane-acetone solution for twenty cycles in a Soxhlet extractor.

7. Trapping and retention efficiencies of the PUF should be determined
for organic volatiles. The efficiency of extraction of trapped materials
should also be determined. The number of traps used should be 2-3.

8. The above experiment should be done both with and without continuous
air flow (5-10 ml/min. in 500 ml biometer flask).
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3. HEXACHLOROBENZENE (HCB)*

Hexachlorobenzene is a chlorinated hydrocarbon, used as a fungicide in
some parts of the world, and is an important impurity in several widely
used pesticides. Considerable quantities are also produced as a waste
by-product from some chlorinated solvents, such as carbontetrachloride,
trichloroethylene and tetrachloroethylene, and from incinerated waste.
The chemical is highly persistent and easily dispersed in the environment
and accumulates in food chains.

In 1985, a symposium (1) made recommendations for future research needs
in four major areas including the environment. For this area,
recommendations called for a better coordination and more complete
monitoring programmes on a worldwide basis. Data from most parts of
Africa, Latin America and Asia are too scanty to show whether HCB poses a
problem or not.

In recognition of the importance and the scope of the problem, the
FAO/IAEA, through their Agrochemicals and Residues Programme, has
initiated some studies in developing Member States with a view to
providing HCB residue data in various environmental substrates. Since
funding for this research was not available, studies were conducted under
the umbrella of the relevant "Coordinated research programme on the fate
of persistent pesticides in the tropics, using isotope techniques".
Although limited efforts have been made in this research, it is believed
that the data obtained constitute a valuable contribution to HCB-
monitoring programmes in developing countries and simultaneously reflect
the need to further these programmes in many regions of the Third World.
A summary of research undertaken in India, Pakistan and Thailand is given
below.

Data in this section were provided by:
Pillai (India)
Hussain (Pakistan)
Tayaputch (Thailand)

(1) Hexachlorobenzene: Proceedings of an International Symposium,
IARC Scientific Publications No. 77, Lyon, France (1985)
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The detection and quantification of hexachlorobenzene in environmental
samples were made according to a revised method (2) published by U.S. EPA
which uses gas chromatography. Authentic HCB was supplied by U.S. EPA as
a reference material. Most samples were analysed in triplicate. The
data are summarized in Table I.

TABLE I

Hexachlorobenzene

Country, area
of sampling

India
Delhi

Faridabad

Pakistan
Ittehad3

bSitara

NIABC

Type of
sample

Soil
Earthworm
Water
Clam
Fish
Pigeon
Human milk
Water
Human milk
Human fat

Surface water
Soil
Surface water
Soil
Surface water
Soil
Buffalo milk

residues in environmental samples

No. of samples No. of samples
analysed positive

21
3
4
3
5
4
7
2
5
4

3
3
3
3
3
3
3

Fresh water fish 3
Thailand
Hospitals Human milk 159

Ittehad Pesticides and Chemicals, Kala
Sitara Chemicals, Faisalabad (3 years
Nuclear Institute for Agriculture and

d Hospitals: Chulalongkorn, Siriraj and

15
3
2
3
5
4
5
2
5
4

3
3
3
3
0
0
0
3

0

Shah Kaku, Lahore
old)

HCB (i
Range

0-165
5-18
0-6
13-82
47-267
6-13

266f-2910
0.3-1.6
29-43
59-830

(25 years

ig/ß)
Mean+S . E .

24+9
13+4

40+20
122+40
10+4

1547+523
1+0.6
35±3
280+180

800
480
170
130
ND
ND
ND
120

ND

old)

Biology, Faisalabad
police hospitals. Bangkok

(2) U.S. EPA-600/8-80-038 - Manual of analytical methods for the analysis of
pesticides in humans and environmental samples, Section 5, A, (1), (b),
(1980).
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In the Indian study, a distinction may be made between HCB residues in
the heavily industrialized Delhi area versus the less industrialized
Faridabad. In Pakistan, samples from the vicinity of the long-standing
pesticide plants showed residues substantially higher than other areas.

Conclusions

Data presented suggest strongly a pattern of HCB distribution among
environmental components which relates to association with industrial
complexes active in manufacturing chlorinated pesticides and other
chlorinated chemicals. Although it is recognized that the number of
samples analysed was small, the data indicated the presence of higher
residues in water, soil, fish and human milk samples collected in areas
of chemical plants. Of course, other factors may not be precluded. At
the present time, the significance of these residues may not be readily
evaluated. Their appraisal may be valid only in the context of an
expanded monitoring programme where environmental problems of HCB may be
addressed as international problems.
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