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25, Determination of extractable and bound residues

Air-dried samples of the soil were extracted for 24 h in a Soxhlet extraction
Gp=aratus as described in an earlier study [9]. The extract was concentrated and
akgruots of each extract were analysed for their radioactivity. Extracted soil
wis. air-dried to remove residual solvent. and 0.5 g subsamples were subjected
loccombustion to determine residual bound radioactivity.

26 Estimation of microbial biomass

Microbial biomass was estimated by the fumigation technique of Jenkinson
ant [Powlson [10]. Fifty-gram portions of the soil (after removing the plants)
wame: fumigated in duplicate and incubated at 30°C for 10 daysin 250 mL
Efemnmeyer flasks provided with glass cups containing 10% NaOH solution
faraibsorbing '“CO,. Untreated soil was also incubated. An aliquot of NaOH
corrzaining :n.ou was mixed with Quickszint-2 12 (Koch Light Laboratories Ltd
Fefesral Republic of Germany) in a scintillation vial and subjected to liquid .
scintiillation chromatography. Biomass "C was calculated by using the
fomiula B = F/K, where B is the biomass *C, F is the flush of decomposition
("I®,; evolved from fumigated soil minus that evolved from untreated soil
duzmg ten days of incubation) and K is the fraction of biomass mineralized
tod@M,. The value of K was taken as 0.5(11].

2.7 EDetermination of radioactivity

~Aliquots of solutions and soil samples were combusted in a Packard oxidizer
(Madie] 306) to CO,. The "CO; of the samples was determined in a Packard
,_Hn.ﬁ.uﬂc liquid scintillation spectrometer (Model 3320). The external standardiza-
tiozteechnique was used for quench correction.

2.8. Mnalysis of bound "*C-residues

”.wr,z air-dried soil sample (80 mg) containing bound residues was subjected to
theRieoh-temperature distillation (HTD) technique under helium atmosphere to
relesse the bound residues. The solvents used in the traps were methanol (trap Iy,
umnmmﬂ.n\:mxm:m (trap 11) and oxisorb (trap II1. 4CO, trap). The trapping
solukens were purified and then analysed by gas chromatography (GC).
2.9. Gas chromatography
293 Bound residues

Feor bound residue analysis the gas chromatograph used was a Varian
Modtt 6000, fitted with a thermionic detector and interfaced with a Varian 404
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data system. The column wasa 1.8 m X 2 mm i.d. glass tube packed with
4% SE-30 6% QF-1. Helium was the carrier gas (40 mL/min) and the column,
detector and injector temperatures were 190°C. 300°C and 220°C. respectively.

2.9.2. Extracrable residues

A Perkin-Elmer (Model 3920) gas chromatograph. equipped with a flame
photometric detector (FPD) that simultaneously monitors gas chromatographic
effluents containing phosphorus (526 nm filter) on one channel and sulphur
(394 nm filter) on the other. was used in the analyses for extractable residues.

A borosilicate glass column. 2 m X 2 mm i.d.. filled with 5% OV-17 (wt/wt)
on 80-100 mesh Chromosorb W. acid washed. was used. The carrier gas was
nitrogen. adjusted to a flow rate of 30 mL/min. The column was heated
isothermally at 150°C for 2 min after injection of a sample: then the temperature
was raised at a rate of 16°C/min and held at 250°C for 8 min. The injector
and detector temperatures were 200°C and 230°C. respectively. Hydrogen and
air flowing through the detector were adjusted to 70 mL/min and 110 mL/min.
respectively. The detector signals were recorded with a Hitachi Model 056 dual
channel recorder at 1 m full-scale deflection.

The gas chromatographic analysis of the reference malathion and malaoxon
(0.1% solution) was performed by injecting 0.5 uL into the column. The
methanol extract was concentrated under a stream of nitrogen to 1 mL, and
8 puL were injected into the GC column for analysis.

Identification was achieved by comparing the GC retention times with

those of authentic standards.

3. RESULTS AND DISCUSSION
3.1. Uptake of soil-bound '*C-malathion residues

311 Maize

Alter a soil incubation of 30 days, 29.747% of the total applied "*C was
found to remain in the soil, the rest had been mineralized to 15€0;. By
exhaustive methanol extraction. 10% of the residual **C was extractable and
90% was bound.

Table I summarizes the results obtained for the uptake of bound and
freshly applied '*C-malathion residues from soil by maize plants. It was found
that 2.45% of the total soil-bound '*C and 6.59% of the freshly added *C
was removed by maize plants. In both cases the shoots contained more radio-
activity than the roots. The uptake from freshlyv treated soil was three times
more than the uptake from soil containing only bound residues. The residual
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TABLE 1. UPTAKE OF BOUND AND FRESH "“C-RESIDUES FROM
SOIL BY MAIZE PLANTS?

Treatmemt Roots Shoots Residual Roots Unaccounted
in soil + shoots e
+ soil
1 0.19 2.26 89.27 91.72 §28
2 1.97 4.62 31.02 37.60 6240

* Percemtage of the bound (treatment 1) or freshly added (treatment 2) '*C.

® Unaccounted 'C. probably lost as *CO;.

soil radmoactivity after plant harvest amounted to 89.27% and 31.02% in
treatmemts | and 2, respectively. During the 21 days of the plant experiment,
the loss ©f '*C was 8.287% from the soil containing bound residues and 62.4%
from the soil treated with '*C-malathion immediately before the plant test.

Afwer the plant test, the soil was extracted with methanol to determine
the relazave distribution of residual activity in extractable and bound fractions.
The resudts indicate that 6.17% and 12.02% of the residual **C from bound
(treatmemt 1) and freshly applied (treatment 2) malathion. respectively. were
extractable. This indicates that a part of the bound '*C-residues was converted
to an exttractable form during plant growth.

Porzions of the remaining soil were also analysed for the distribution of
'“C in organic matter fractions. The humic acid fraction contained 14 .89%
and 6.6&%, the fulvic acid fraction contained 2.17% and 5.50%, and the
humin fraction contained 82.94% and 87.84% of residual '*C in treatment 1
and treatment 2, respectively.

The results reported here are in accordance with earlier studies [12-21]
and support the view that the soil-bound residues can become available to
plants, akthough the uptake was below 2.5% of the total soil-bound '*C. The
availabilizty to plants of '*C from soil containing bound residues is considerably
lower than that from soil containing freshly added **C-malathion.

3.1.2. Microbial biomass

Freshly applied and soil-bound '*C-malathion residues were incorporated
into microbial biomass. Soil analysis after harvesting the plants showed that
4.40% amd 4.30% of the '*C present initially as bound residues and in freshly
applied *®C-malathion, respectively, was transformed into microbial biomass.
On the basis of residual '*C in soil after harvesting the plants, it was found that

2 oA ot

i o e,
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4.93% and 13.06% of the '*C in treatment | and treatment 2. respectively. was
in biomass. A comparison of these results with those presented in Table I shows
that microbes can incorporate bound residues into their cell imass more effectively
than plants. In the case of freshly applied malathion. more "*C was taken up

by the plants than by microbial bioimass. due to the fact that newly synthesized
1%C-labelled microbial biomass undergoes rapid turnover and resynthesis. The
results suggest that microbial biomass can be used as an index for studying the
bioavailability of agrochemicals. The benefit of using microbial biomass as

an index is that its estimation is easier than the evaluation of bioavailability by
plant growth experiments which are time consuming and for which specific
precautions are needed.

3.2. Characterization of soil-bound '*C-malathion residues
by the HTD-GC technique

High-temperature distillation (HTD) was used for determining and
chemically identifying the soil-bound residues of "*C-malathion [22]. The amount
of radioactivity in the combined material from traps I and Il was 22.8% of
the total radioactivity released by HTD. The radiocarbon which thermally
decomposed to '*CO, was 33% (trap I11); and 43% '*C remained in the quartz
tube and silicate residues. The total activity recovered was 13 050 dis/min
per gram soil.? The distillates. subjected to various cleanup and extraction
procedures, were analysed to determine the identity of the bound residues.

It was not possible to detect malathion in any of the traps by GC analysis.

3.3. Characterization of extractable residues of '*C-malathion
by the FPD-GC technique

Gas chromatograms of the standard solutions of malathion and its oxygen
analog (malaoxon) using the dual-channel FPD are shown in Fig. 2. The use
of OV-17 as the stationary phase gave complete separation of the two com-
ponents. The retention times for malathion and malaoxon were 11.2 min and
6.2 min. respectively.

Gas chromatographic examination of the methanol-soluble residues indicated
the presence of an unidentified compound (Fig. 2). The unknown compound
had a retention time of 10.6 min. which did not correspond to that of malathion or
malaoxon. Noattempts were made to identify other derivatives of malathion
because of the unavailability of reference standards.

? 60 dis'min = 1 Bq
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FIG. 2. Gas chromatograins of standard malathion, malaoxon
and the inethanol-soluble fraction.
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