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Abstract. Mineralization and volatilization of ring labelled 14C-2,4-dichlorophenoxyacetic acid in soil was
studied over a period of six weeks under laboratory conditions at 25 °C in three different soils collected from
three sites, Delhi, Jaipur and Ludhiana. A very slow rate of both mineralization and volatilization was observed
in all the three soils. The observed mineralization, was highest for the Delhi soil, 0.93%, followed by the
Ludhiana soil, 0.73% and the Jaipur soil 0.14% in 42 days. The extent of volatilization was 0.46% for the Jaipur
soil, 0.37% for the Ludhiana soil and 0.32% for the Delhi soil.

1. Introduction

Mineralization and volatilization are the two major methods for dissipation of pesticides from soil.
Mineralization is the process by which pesticides are completely degraded into inorganic substances
that dissipate into the environment. Volatilization, however may not be a desirable process, since, even
though the pesticide is released from the soil, it still remains present in the air in undegraded form and
might be harmful to susceptible species elsewhere. Low volatilization is particularly desirable for
herbicides since high volatility may not only cause injury to susceptible crops nearby, but may also
reduce the efficacy of the herbicide in the soil.

2,4-D is reported to be one of the most widely used herbicides worldwide, due to its low mammalian
toxicity and easy degradation in soil. Most of the reports available so far on the persistence and
degradation of this herbicide in soil have been from the temperate regions of the world, the climatic
conditions and soil microbial population of which widely differ from those in India. The present
studies were therefore, undertaken as an attempt to determine the rate of mineralization and
volatilization of 2,4-D in Indian soils.

2. Materials and methods

Ring labelled 14C-2,4-D with specific activity of 473.6 mBq/mmole was obtained from Sigma, USA.
The unlabelled 2,4-D was received from the International Atomic Energy Agency, Vienna

The mineralization and volatilization of ring labelled 2,4-D were studied under laboratory conditions
in three types of soils collected from three sites (Delhi, Jaipur and Ludhiana). The properties are listed
in Table 1. Fresh soil samples (50g dry weight) were weighed into 250 mL round-bottom flasks and
treated with 50 g unlabelled 2,4-D and 74 kBq of 14C-2,4-D in one mL of acetone. The flasks (in
triplicate for each soil type) were maintained at 25°C in a BOD incubator connected to a trapping line.
Two tubes containing KOH (0.2N) solution was placed before the sample flask to absorb atmospheric
CO2. The volatile organic substances were trapped in the first two tubes after the sample flask, each
containing 15 mL of ethylene glycol monomethyl ether. 14CC>2 was trapped in the last tube, in a
scintillation cocktail containing 4.3 g PPO, 260 mL ethylene glycol monomethyl ether, 120 mL
ethanolamine and 520 mL toluene.

The air inside the sample flask was replaced by fresh air every 24 hours. Air was sucked through the
system at a flow rate of 30 mL/min, controlled by a rotameter, for 10 minutes. The experiment was run
for six weeks.
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Table 1. Physicochemical properties of the three soils used in the experiment.

Soil Texture
Mechanical Composition
(a) Sand %
(b) Silt %
(c) Clay %
pH
Organic carbon (%)
Calcium carbonate (%)
Available P (kg/ha)
Available potash (kg/ha)

Delhi
Sandy loam

59.3
25.9
14.8
7.9±0.09
0.36±0
High
1.56±0.1
565.8±36.6

Jaipur
Silt loam

26.3
61.4
9.8
6.75±0.49
0.49±0.016
1.95±0.23
26.64±2.83
-

Ludhiana
Sandy loam

68.0
20.0
12.0
8.8± 0.23
1.3±0.02

11.53
197.53

Sampling was carried out twice weekly in the first three weeks and once per week thereafter by
collecting the solvents and replacing them with fresh solvents. KOH (0.2N) solution in each
atmospheric CO2 trap was replaced every third day.

Samples of 14C volatilised organic compounds in the ethylene glycol monomethyl ether collected from
the two traps were pooled together. Three aliquots of 5 mL of each were taken from the pooled sample
and transferred to liquid scintillation vials. Scintillation cocktail (15 mL), Amersham BCS 104, UK,
was added to each vial, the contents were mixed and radioactivity estimated in a Packard 2000 CA
Liquid Scintillation Spectrometer with an automatic quench correction facility. Extent of
mineralization was estimated similarly by determining radioactivity in 14CO2 absorbing cocktail by
Scintillation Spectrometer.

3. Results and discussion

The 14CO2 evolved from the three treated soil as a result of mineralization is shown in Table 2. The
cumulative mineralization in the three soil is presented in Fig. 1. The result of the experiments show
that the overall rate of mineralization in all the three soils was slow. In the first four days, the 14CO2

trapped was 864, 579 and 1262 dpm from the Delhi, Jaipur and Ludhiana soils respectively. Similar
data for 42 days were 12954, 1040 and 9552 dpm. The total mineralization at the end of 42 days was
0.93%, 0.73% and 0.14% in Delhi, Ludhiana and Jaipur soils respectively.

Almost similar observations were reported by Tejada at the second RCM of this CRP who also found
that 2,4-D was quite persistent in soil and that the degradation of 14C 2,4-D was generally slow with
only 0.59, 0.74 and 1.3% of the applied radioactivity undergoing mineralization in acidic, neutral and
basic soils respectively. It may be pointed out that the 14C 2,4-D used in these experiments was from
the same batch.

Table 2. Mineralization of 14C 2,4-D to 14CO2 in three different soils (ng/50 g dry wt. soil)

Days after treatment Delhi soil Jaipur soil Ludhiana soil
4
8
11
15
18
23
26
34
42

77±6.6
103.2±5.67
109.3±12.75
111.77±6.30
104.09±11.78
480.44±34.08
500.73±20.02
1023.80±63.66
1152.91il44.42

51.50±7.68
50.95±7.25
37.87±4.24
60.17±3.14
54.73±5.73
62.69±4.71
63.89±5.69
80.34±7.56
92.57±6.09

112.3±15.56
103.06±8.04
118.43±9.77
92.54±8.04
77.87±6.98
533.69±66.37
459.33±48.89
548.65±60.93
850.09±42.83
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Fig. 1. Cumulative 14CO2 evolved from 14C 2,4-D added to three
different soils
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In the microbial breakdown of any pesticide molecule, it has been suggested, that there is an initial lag
phase, during which no significant breakdown of the pesticide molecule occurs [1,2,3]. This is the
period during which the soil microbes adapt to the new nutrient supply and multiply to a critical size,
before they can cause significant degradation of the pesticide molecules. This may be responsible for
the fact that no detectable increase in the mineralization rate of 2,4-D in any of three soils studied,
during the first eighteen days of the present experiment. After the eighteenth day, a rapid increase in
the rate of mineralization was observed in Delhi and Ludhiana soils. The percent mineralization
recorded from third to eighteenth day which had been almost constant at 0.026%/d for both the soils,
increased to nearly 0.12% and 0.13% in the Delhi and Ludhiana soils respectively. This is in
accordance with the pattern of microbial breakdown of the pesticide i.e. a period of rapid degradation
follows the initial lag phase [2,3]. However in the Jaipur soil, no such trend was observed. The
mineralization rate did not show any significant increase even after the eighteenth day, up to the end of
experiment on the forty-second day. This may be due to the lack of the 2,4-D degrading microbial
populations in this particular soil. McCall et al. [4] have investigated the mineralization of 2,4-D in
different soil types and concluded that the variation in the extent of mineralization in different soil
types was determined by the basic ability of the soil microbial population to degrade the pesticide.
From the 23rd to the 26th day, a second phase of rapid mineralization was observed in the Delhi soil
and to lesser extent in the Ludhiana soil. In the former case, the increase was from 0.13% to 0.26%
while in the latter case, it was from 0.12% to 0.14%. A similar second period of enhanced
mineralization activity was also reported by Soulas [5] for mmeralization of ring labelled 2,4-D, who
offered two possible explanations for this delayed period of accelerated degradation. He said that the
late development of this metabolic capacity could be related to the exhaustion of the more labile
organic co-substrates which caused the microorganisms living on these to shift to and become
dominant in the degradation of the xenobiotic molecule, 2,4-D. The second possibility suggested by
Soulas for the second period of accelerated activity was the dissemination throughout the soil
microflora of exchangeable genetic elements initially located within the more specialised microbial
cells. Experimental evidence, however, for either of the two hypotheses is yet to be found.

The overall rate of mineralization in Delhi soil was little higher than that in Ludhiana soil. This can be
attributed to higher organic matter content in Delhi soil, responsible for a greater microbial population
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and also increased physical contact between the pesticide molecule and the microorganisms which
according to Que Hee and Sutherland [6], enhances microbial breakdown.

It is obvious that mineralization is not likely to be an important factor in the dissipation of 2,4-D in the
soils used. It is possible that the reduction in the availability of water in the soil as the experiment
progressed may have affected the population build up of the required microbes, since the experimental
design did not permit replenishment of the water content in the soil. It is also possible that the
microbes were unable to adapt to the utilisation of 2,4-D as a source of energy. However, the rapid
increase in the rate of mineralization observed after 18 days in case of the Delhi and Ludhiana soils
may indicate that the such an adaptation had started taking place and perhaps if the experiment was
continued for a longer period, the results have shown it better.

2,4-D is a herbicide known to have low volatility, which is true for both the acid and the salt forms.
The ester forms, however, may vary from low to high volatility. The results of the experiments carried
out for six weeks to study the volatilization of 2,4-D is given in Table 3. The cumulative volatilization
of 2,4-D in the three soils is graphically presented in Fig. 2.

The overall volatilization of 2,4-D in all the three soils was very low. This can very well be attributed
to the low vapour pressure of 2,4-D, since the rate of volatilization of a given compound is usually
considered to be directly proportional to its vapour pressure at a given temperature [7]. Among the
three soils, the maximum total volatilization over 42 days was recorded for the Jaipur soil (0.46%)
followed by the Ludhiana soil (0.37%). The Delhi soil recorded the lowest volatilization of 0.32%.

The higher volatilization exhibited by the Jaipur soil compared to the Delhi and Ludhiana soils may be
attributed to the low organic matter content in Jaipur soil as well as to the fact that this soil is slightly
acidic. Phenoxy herbicides such as 2,4-D being anionic, do not adsorb to the clay particles of the soil.
Their principle adsorbents are organic matter [6]. Because of the low organic matter content of Jaipur
soil, there is low adsorption of the herbicide, increased availability in the soil solutions and thus,
higher volatilization. Also the low pH of the Jaipur soil favours the undissociated form of anionic 2,4-
D, thereby increasing its potential for vapour loss as has been suggested by Plimmer [pers com].

The initial volatilization recorded in all the three cases was comparatively high. The highest value
observed was for the Jaipur soil (0.1%) and for both the Delhi and Ludhiana soils it was 0.06%. On the
fourth day after treatment, 2712, 4717 and 2758 dpm of 14C organic volatiles were trapped from the
soils of Delhi, Jaipur and Ludhiana respectively (Table 3). This was followed by a gradual decline in
volatilization up to the eighteenth day in all the three cases.

Table 3. Volatilization of 14C 2,4-D in soils from three different places (dpm)

Days after treatment
4
8
11
15
18
23
26
34
42

Delhi soil
241.39±4.86
209.15±17.27
157.30±10.89
157.56±10.14
88.33±1.83
94.07±5.94
99.15±8.08
119.75±6.16
95.67±7.78

Jaipur soil
419.79±28.64
263.20±11.07
228.30±2.59
129.95±7.15
93.65±6.84
103.78±8.45
162.67±3.45
195.52±20.78
228.99±10.79

Ludhiana soil
245.48±19.53
221.06±14.82
137.15±8.07
154.10±12.31
144.77±15.13
92.91±5.94
107.58±12.05
191.67±18.78
184.20± 12.49
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Fig.2 Cumulative l 4C organic volatiles evolved from 14C 2,4-D from
three different soils

25000

20000

"8
= 15000

o

£• îoooo

5000

11 15 18 23 26 34

- Delhi soil

Days

-•—Jaipur soil - Ludhiana soil

After 23rd day in Jaipur soil and after the 26th day in Delhi and Ludhiana soils, again a slight increase
in volatilization was observed whereby 1166, 1114 and 1209 dpm were estimated on the respective
days in case of Jaipur, Delhi and Ludhiana soils (Table 3 and Fig. 2). The slight increase in
volatilization after the 26th day might have been due to the depletion in the soil organic matter content
due to consumption by the microorganisms, as already mentioned in case of mineralization. A similar
observation was reported by Soulas [5]. Therefore, reduction in soil organic matter might have caused
the reduced adsorption, since the principal adsorbents for the phenoxys are the organic matter, thereby
causing increased volatilization towards the end of experiment.

In many earlier studies [8,9,10], it had been shown that volatilization was the most important factor in
the dissipation of organochlorine and organophosphorus insecticides and mineralization was almost
insignificant in soil. However, our studies have shown that while mineralization is very low, the
volatilization is even lower, being about half of the mineralization, the reasons for which can only be
speculated at this time. Further studies are therefore required.
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