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Abstract. The mineralization and volatilization of [U-ring 14C] 2,4-D in three Pakistani soils was investigated
under laboratory conditions using 50 g of soil and uniform distribution of 1.345 ug/g of 2,4-D. Maximum losses
of 14CC>2 and volatile organic compounds occurred at day 7 and losses gradually slowed down after 21 days of
incubation. The relative distribution of 14C losses differed with soil type. Volatilization was higher in control soil
as compared to test and treated soil in both the study seasons. The contribution of volatile material to the total
loss in 1997 was highest in test soil (24.4%), and lowest in farm soil (19.8%) but in 1998 was highest in control
soil (26%) and lowest in test and farm soils (7%) during 1998.

1. Introduction

The herbicide 2,4-dichlorophenoxy acetic acid (2,4-D) has been used extensively in agriculture since
the mid-1940s and has been considered among the less toxic of the commonly used pesticides. The
persistence of 2,4-D in soils has also been studied under field and laboratory conditions and there is
considerable evidence available that 2,4-D is rapidly broken down in the soil by microorganisms [1 -
3]. The effects of various environmental parameters have been investigated in a variety of soil types.
However, when 14C tracer studies have been conducted, the tracer has usually been in the side chain so
that transformations of the ring itself have been studied only in a few cases [4]. The objectives of this
study were to measure mineralization and volatilization of uniformly ring-labeled 14C-2,4-D in control,
test and farm soils under laboratory conditions.

2.1. Materials and methods

2.1.1. Chemicals

The [U-ring-14C] 2,4-D (2,4-dichlorophenoxyacetic acid); specific activity 473.6 MBq/mmol was
supplied by the International Atomic Energy Agency, Vienna, Austria. The analytical grade cold 2,4 D
was from Feinbiochemica. Heidelberg, Germany. All other chemicals were of analytical grade and
solvents were reagent grade, freshly distilled before use.

2.1.2. Soils

The characteristics of the soils used to determine the soil capacity to mineralize 14C-labelled aromatic
14

pesticide, the [U-ring- C] 2,4-D, are given in previous paper.

2.1.3. Experimental set up.

For mineralization and volatility measurements, 50 g (dry weight basis) fresh soil samples were
weighed into 250 mL round-bottom flasks and treated with 50 ug cold 2,4-D + 37 MBq of 14C-2,4 D
in a small amount of acetone. This produced a concentration of 1.345 ug/g. The flasks (in triplicates,
for each soil type—control soil, test soil and treated soil) were kept at 22+l°C by a cryostat and
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connected to a sequence of traps [5]. The volatile organic substances were trapped in 10 mL
ethyleneglycol monomethylether and 14CC>2 was absorbed by 10 mL IN KOH solution. The system
was flushed with air once a day for few minutes by a pump to help trap the 14C-products. The
experiment was run for 6 weeks. Samples were taken twice weekly in the first 3 weeks and weekly
thereafter by collecting the solvents from the traps and replacing them with fresh solvents.

2.1.4. Determination of radioactivity

Measurements were made in a liquid scintillation spectrometer (Nuclear Enterprise LSC- with Scale-
Ratemeter (SRS). Volatilized organic compounds were counted in a toluene based mixture, containing
PPO (4 g/L) and POPOP (10 mg/L). The trapped 14CO2 was counted in Instagel. Data were expressed
as % of the originally applied radioactivity.

3. Results and discussion

The data for mineralized 14CO? are shown in Fig. 1. Fast mineralization was observed in the first 10
days after the application of labelled pesticide and losses gradually slowed down after 21 days in both
the study periods (1997-1998). Relative proportion of 14C losses as 14CO2 differed with soil type. This
is understandable for 14CO2 which results mainly from oxidative activities of soil microflora which are
more numerous in the top layer of soil relatively rich in organic matter.

The data for organic volatile compounds are given in Table 1. Fast volatilization was observed in the
first 7 days and latter on it gradually slowed down allowing stability after 21 days during 1997 but no
volatilization was found after 21 days in control, test and treated soils during 1998. Relative
distribution of organic volatiles differed with soil type. Volatilization was higher in control soil as
compared to test and treated soils in both the study seasons.

Both mineralization and volatilization of 2,4-D was higher in 1997 compared to 1998. A major portion
of the total loss was attributable to 14CO2, 78-80% in 1997 and 74-93% in 1998. The rate of
mineralization was same in both the study periods after 21 days. The contribution of volatiles to the
total loss during 1997 was highest in test soil (24.4%) with the lowest contribution being recorded for
farm soil (19.8%) but in 1998 was highest in control soil (26%) and lower in test and treated soils (7%)
during 1998.
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Figure 1A. Cumulative mineralization of 2,4-D during 1997
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Figure IB. Cumulative mineralization of 2,4-D during 1998

Table 1A. Cumulative volatilization of 2,4-D (1997)

Time (days after
application)
3
7
10
14
18
21
28
35
42

Control soil

1.28±0.02
2.66±0.03
3.46±0.03
4.04±0.03
4.50±0.03
4.84±0.01
5.10±0.02
5.34±0.01
5.58±0.01

(% of applied dose)
Test soil

1.24±0.01
2.66±0.92
3.46±0.13
4.02±0.01
4.42±0.06
4.78±0.28
5.02±0.01
5.28±0.02
5.52±0.03

Treated soil

0.40±0.01
1.32±0.01
1.86±0.01
2.34±0.03
2.72±0.01
3.00±0.01
3.20±0.02
3.38±O.O1
3.56±0.00

Data are means of three replicates ±S.D.

Table IB. Cumulative volatilization of 2,4-D (1998)

Time (days after
application)
3
7
10
14
18
21

Control soil

1.420±0.74
1.490±0.02
1.540±0.00
1.600±0.00
1.608±0.00
1.616±0.00

(% of applied dose)
Test soil

0.160±0.06
0.220±0.00
0.260±0.00
0.270±0.00
0.275±0.00
0.283±0.00

Treated soil

0.090±0.01
0.140±0.00
0.180±0.00
0.184±0.00
0.185±0.00
0.194±0.00

Data are means of three replicates ±S.D.
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