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:Obiectives To study the mineralization of 2.4D in clay and clay loam Egyptian soils undersubtropical conditions over a period of 90 d.  Methods  Using "C-ring labelled pesticide, laboratorystudies under aerobic and anaerobic conditions were conducted. 14C-activity in solutions was directly
determined by liquid scintillation counting. Unextwctable soil residues were determined by1 combustion.The nature of m dutoofc 14C-residues was determined by thin layer and high performance liquid
chromatographic analysis.  Results  Under aerobic conditions 10%-1490 of

with time and the bound residues grant
2690-29% was observed inday soil under
obtained and the percentage recovery was

1 type. The soil extractable pesticide residues decreased
ally increased. The highest binding capacity of about
a aohie conditions after 90 d. A good balance shut was
generally between 91% and 100%.  Conclusion   The

mineralization of 2,4D in clay soil was higher than that in clay loam soil under anaerobic conditions
Under aerobic conditions, the soil

increased withtype had no influence on mineralizaion capacity of 2,4-D during 90time whereby the extractable '"C-residues simultaneously decreased
analysis of the methanol extractable 'C-residues of soils revealed the presence of

d. The soil binding
0nomamgr甲hie
2,4-D as a main product together with 2,4dichlorophenol.
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inePesticideZ，4一Disaworl加idewell一known herbicideandaplantine pesticide 2,4-D is a worldwide well-known herbicide and a
commonly used for post-harvest treatment of citrus fruits in countries like
A&icat'l. It is also used on cereals as a selective pre-and postemergence

herbicide for the control of broad-leaf weeds"l
    The use of 2,4-D for removal of aquatic heibs, e.g. Nymphea plant from River Nile

(especially near the origin in Africa) is associated with much concern because of its possible
adverse effects

products.
related to the contamination of the river water with 2,4-D andtor its degradation

2,4-D was to be genetoxic in rat bone-manowl3l as well as in bone-marrow,
germ cells of and fetotoxic ofnewborn jung and adult rats 16J

Several studies on mineralzation and degradation of pesticides in soil have been carried
out during the last two decadesl,-101
    Most of the reports available so far on the persistence and degradation of pesticides in

soil originate from temperate regions of the world. Only little information is reported on the
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MINERALIZATION OF'C LABELLED 2.4-D IN SOILS

mineralization of pesticides with aromatic rings in tropical and subtropical soils.
    The present work was to study the mineralization rate of 2,4-D in two Egyptian soils

under aerobic and anaerobic conditions. For these investigations, radiolabelled laboratory
soil dissipation studies were conducted using the pesticides labelled in the aromatic nucleus.

MATERIALS AND METHODS

Radiochemicals

    U-ring labelled 2,4-D (2,4-dichlorophenoxy acetic acid, "I") was provided by
International Atomic Energy Agency (IAEA). It had a specific activity of 2.14 MBq/mg
(473.6 MBq/mmole) and a radiometric purity (by thin layer chromatography)over 97%.
    The labelled pesticide was diluted with a pure non-labelled chemical to give a

radioactive preparation of the insecticide with specific activity of 0.037 MBq/5mg (1
四i/5mg) which was used for the mineralization studies.

OCH,COOH

Ring (UL-'4C) -2,4-D

Soils

Two types of local soil were used, namely clay (soil A) and clay loam (soi
repeatedly treated with pesticides were used alongside with non-treated control

I B). Soils
soil of the

sameTabletype. The characteristics of the soils used in this study are shown in the following

Soil Type pH Organic

8l

77

  Clay(A)

Clay loam(a)

Clay

67.0

43.2

Silt

27.3

236

5and

5.7

33.2 1._65LIE
Laboratory Mineralization Experiments

    The soil capacity to mineralize the aromatic ring of 2,4-D was studied under aerobic
and anaerobic conditions. The mineralization studies were investigated in two Egyptian soils
C'1- .,.a、二。s from Middle Delta and clav loam frnm Gi-

For mineralization studies of 2,4-D under anaerobic conditions, 100 g of soil moistened
with water to about 75% of field
standard biometer flask of 250mL

moVL KOH to trap evolved t"C02,
and flasks were incubated at about

moisture capacity was used. The soil was transferred to
capacity. The side arm of the flask contained 10 mL of I
The soil was spiked with 0.5 mg of the labelled herbicide
25'C in the darkness over twelve weeks. At certain time

intervals, a sample of the
in the biometer flask was

alkaline solution was determined for its radioactivity
analyzed for its extractable and bound residues. For

and the soil

soil analysis
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duplicates were used and data were expressed as percentage or appueo raw- -ay.
    Mmeralization of 2,4-D under aerobic conditions was conducted for 90 d. Soils were

incubated in a closed discontinuously aerated lahnratnrv sect- d--it,Pd

    Flasks in triplicates for each type of soil (with about 55% water holding capacity) were
treated with the radiolabelled insecticide at a concentration of 5 ppm (5 mg of 2,4-D/kg soil).
Flasks were connected to a trapping line containing 1 mol/L KOH, to collect 14 C02 at 25-C.
The y
liberated

systs  emwas air-flushed once a day for a few minutes by a pump to help trapping of
14C02. This'CO, was monitored at different time intervals over a period of three

Soil Analysis

    Soil in biometer flasks was analyzed at specific time intervals (1, 15, 30, 45, 60, and 90
d) for "C-methanol exlractables and bound residues. Extraction was performed with 95%
methanol in a soxhlet apparatus for 4-6 h. Unextractable soil residues (bound) were
determined by combustion.
    The nature of methanolic '0C-residues was determined by thin layer chromatography

(TLC) and high performance liquid chromatography (HPLC).
    Analysis of soluble residues by HPLC was performed on a Water-Association Model 510

equipped with a Water-Association Model U6K loop injector and a UV-Tunable absorbance
detector at 214 nm, (Model 484, France) using 1 OpC 18-column (Water- Association, France)
and methanol:water (6:4) as a mobile phase.
    From standard curves, the concentration of 2,4-D, 2,4-dichlorophenol and 2,4-dichlomanisole

in the extractables was determined, respectively.
    The TLC of methanolic extract was conducted using precoated silica-gel plates (Merck,

Germany) with chloroform: acetic acid (9:1), and hexane: benzene: acetic acid (10:6:2) as
developing systems.

Measurement

"C-activity in aliquots (1 mL) of alkaline or methanolicsolutions was
scintillation counting (LSC) using a dioxane-based scintillation cocktai
corrected for background and for quench by using internal standard.

determined勿liquid
Measurements were

    For radioscaning, the TLC plates were scraped at lcm zones into vials mixed with
cocktail and counted勿LSC.
The soil-bound (unextractable) residues were determined by combustion of 50-100 mg of

extracted soil to 14CO2 in a Harvey Biological Oxidizer (OX-600, USA) followed勿LSC

RESULTS

  In the present investigations, monitoring of liberated '0CO2 from the degradation of ring
labeled 2,4-D in Egyptian soils showed that considerable amounts of this chemical was
mineralized during three months. Tables I and 2 illustrate the cumulative evolution of 14CO2
from the radiolabelled 2一D under aerobic, anaerobic and subtropical conditions in c吻 and
clay loam Egyptian soils, respectively. The two soils did not show significant variations
regarding to their capacity to mineralize 2,4-D under anaerobic conditions. The percentage
of mineralization showed a slight, but consistent increase with time and reached,勿the end of
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the experiment (90 d), under anaerobic conditions, 10% and 14% of applied radioactivity in
clay loam and clay soil, respectively (Fig. t).
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FIG. 1. Cumulative’弋仇for clay(闰and clay loam (B) soils spiked with ̀C-2+D under anaerobic
conditions during 12 weeks. C ontrol, T=heated.

    Under anaerobic conditions, the amount of extractable residues decreased with time,

whereas the percentage of soil bound residues gradually increased (Tables 1 and 2 and Figs
2 and 3) to reach 30%-35% of the applied dose in 90 d. The binding capacity of 2,4-D residues
was slightly lower under aerobic conditions.
    In almost all laboratory experiments, a good balance sheet was obtained, and the

percentage recovery was generally between 91% and 100%. This suggests that volatilization
probably does not represent a significant percentage in the dissipation of 2,4-D from soil
under the tested conditions.
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TARI王 1

Fate of "C-2,4-D in Clay Soil Under Laboratory Conditions

Anaerobic Conditions Aerobic Conditions

Sampling
  Time   Sod

  (days)

"C-tesidues in Soil%
  Applied Dose

"C- ”- 4COr(%)
lb因 14C-
正cov耽ed

    (%)

'4C-residues in Soil%

  Applied Dose

"CO,(%)
Total'七-
recovered

    (%)

bound

  r4C-       u,
extractable bound
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5
4

7
6

18
16

25
22

30
25

扣
29

15
11

21
19

23
加

27
24

29
25

四
26

80
88

68
76

57
65

45
如

叨
47

37
44

100
阴
91
92
91
92
93
93
97
98
101
99

4
3

6
4

9
8

川
9

12
n

l4
垃

8
7

9
8

15
14

19
17

25
22

舫
31

88
90

76
80

67
70

64
67

印
“

52
56

C

T

C

T

C

T

C

T

C

T

C

T

1

巧

30

45

翻

卯

Note. C-Control soil; T=Treated soil

TARI王 2

Fate of "C-2,4-D in Clay Loam Soil Under Laboratory Conditions

Anaerobic Conditions Aerobic Conditions

Sampling
  'lime    soil

  (day司

"C-residues in Soil%

  Applied Dose
"C-residues in Soil%

    Applied Dose

"C-       i4C- "CDi
予't.1 "C-
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  (%) "C_       14, "C(12(%)
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Note. C=Contml soil: T=Treated soil

    The results of thin layer chromatographic analysis of the alcoholic extracts from treated
soil are summarized in Table 3, which shows the presence of 2,4-dichloroacetic acid (2,4-D)
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and 2,4-dichlorophenol (2,4-DCP)
of 2,4dichloroanisole (2一DCA)

as main degradation products in addition to small amount

    HPLC analysis of the methanol
and the peaks with retention times

extract from treated

(民:2.76, 11.16 and
soils showed comparable results,
25.83) for 2,4-D, 2,4-DCP and

2,4-DCA
products

were observed respectivelyThe relative concentration of these degradation
is shown in Table 3

TA日】J三3

Rrand R,-Values of 2,4-D and Its Residues in Egyptiau Soils Treated With "C-2,4-D for 90 D

Rr 凡

System t 5Yale. 2 Syatem 3

Concentration
        侃

  2,4-D

2,4-DCP
2,4-DCA 0.840.900.93 :.1: 2.7611.1625.83 70-8015-203-5
    Note. TLC: System I:Chlorofotm: acetic acid (9:1); System 2: Hexane: benzene: acetic acid (10:6:2); HPL(

System 3: Methanol: water (6:4) mobile phase; UV detection: at 214 ma; Column: lop C,e.
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Ho    90

spiked with '4C-2,4-D under

DISCUSSION

    The biodegradation of pesticides in soil is a well-documented microbial phenomenon.
An understanding of biodegradation of such chemicals is essential for practical applications
of microbial bioremediation of pollutants in soil.

the last step of carbon mineralization
    With regard to health implications and epidemiological data pertinent to 2,4-D exposure,

the results reported in the literature are equivocal or ambiguous. The EPA Carcinogenicity
Peer Review Committee concluded in 1997, that 2,4-D should be rated as a class D
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compound, thus in少catm
a higher category"

g insufficient evidence of carcinogenicity to place the compound in

    in general, soils
mineralization than

ty treated with pesticides gave a somewhat lower percentage of
soils without previous exposure to pesticides (control soils). This

correlates well with the fact that microbial bioactivity recovers almost completely in several

weeks following pesticide applicationllst
    Under aerobic conditions, 2,4-D was mineralized in clay soil more readily than under

anaerobic condition within 90 d. The percentage of mineralization reached 34% and 29% in
control and treated soils, respectively (Table 1). Previous work on the aerobic degradation of
14C-ring labelled 2,4-D in soils with no previous herbicide exposure showed that, over a period of
24 d, 25%-310/ of the applied t0C was released as carbon dioxide. In soils previously treated
with 2,4-D, however, the rate of mineralization was faster with approximately 50% of the
applied I4 C released as '"CO2l161

Egyptian soils, especially
clay
organochlorine
14C-DDE were

[neralization of 2,4-D under aerobic conditions, as compared with other
pesticides such as DDT and hexachlorocyclohexane. Both 14C-DDT and
reported to be only slightly mineralized in Egyptian soils where the

The obtained results represent a remarkably high efficiency for
soil, in in

mineralized amount didn't exceed 3% of applied dose within 90 d under aerobic conditions("I
A low percentage of DDT mineralization that amounted to 2.6% in 3 months was also
observed in tropical Pakistani soill"'
The ready mineralization of 2,4-D in

'4C-U ring labelled phenyl urea herbicide isoproturon
readily mineralized under aerobic conditions, where

finds analogy with the behavior of
in soil. The latter was reported to be

initial activity was liberated as I0CO2 over 67 d
according to soil

The authors reported
type, 14%-23% o
that mineralization

0f

rate was generally significantly correlated with soil biomass"".
    In this connection, it is worthy of mentioning that the non-aromatic insecticide hexac-

blorocyclohexane (HC功 mineralization showed a special pattern in soil. Lindane the
y-isomer of hexachlorocyclobexane as well

沁degradation in anaerobic
'C-carbon in a- and y-HCH

and 5-isomers have been known
t9'z0I. Under aerobic conditions about

inoculation with soil bacterium pseudomantlswasSPI，
reported to be mineralized during 48 h after
.In this case, lindane is utilized as a source

of carbon for proliferation妙aerobic y-HCH-degrading bacteriumI2̀1
TLC analysis

(2,4-DCP) were the primary
t 2,4-dichlorophenoxy acetic acid (2,4-D) and 2,4-dichlorophenol
10C-degradation compounds found in the alc比olic extract from

treated soils

Aubin[161
together with a

reported that 2,4-D
small amount of 2,4-dichloroanisole (2,4-DCA). Smith and
was transformed to 2,4-DCP which undergoes biological

methylation to 2,4-DCA which possesses a relatively high vapor pressure
    In summary,

under anaerobic

山e mmerah

zatfonUnderof 2,4-D is higher in clay soil is in clay loam soil
condition. aerobic conditions, h soil

influence on the mineralization
DI峪 COllQIT10fiS， now eve杭

of 2一D during 40 d. The
type has no

binding increases
with time whereby the
analysis of alcoholic
products.

extracctracts idues simultaneously decrease. Chromatographic
revealed that 2,4-D and 2,4-DCP are the main degradation
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