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nodules. The import of carbon in the phloem of plants
inoculated by Hup™ was higher than the Hup™ strains.
In pea. Hup® nodules used less carbon assimilate per
unit of C,H, reduction compared to the Hup~
nodules?®. Though in some¢ crops, no positive
correlation between Hup® character and symbiotic
efficicncy has becn observed. a majority of the evidence
supports the view that H, recycling capability benefits
lccume growth?®. Among the precautions that are
necessary to conduct comparative evaluation of Hup”
and Hup~ strains one is the oxidation in Hup™ strain
that should be coupled to ATP synthesis. The
bacteroids of Hup™® strain Vp | used in the present
investigation had nearly two-fold higher ATP level
compared to the Hup~™ mutant'>. Thus the beneficial
effects of H,-recycling ability of rhizobia are due to
reduced photosynthate requirement of nodules.
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Bioavailability of soil-bound residues of
DDT and HCH to earthworms

Anita Verma and M. K. K. Pillai
Department of Zoology, University of Delhi, Delht 110 007, India

We report bioaccumulation of non-extractable soil-bound
residues of DDT and HCH by earthworms. Earthworms
also facilitate steady mobilization of soil-bound residues
to readily bioavailable labile forms.

Tue formation of soil-bound residues of certain
pesticides has been well documented in recent years' ~°.
Bound residues are essentially those residues that -
remain in soil after exhaustive solvent extraction and
are detected by combustion or strong hydrolytic and
pyrolytic techniques®. Whether the soil-bound residues
of pesticides remain inert in the soill or become
biocavailable is yet to be ascertained fully, though there
are reports that they can be released by micro-
organisms**, may be taken up by plants®’ and
animals®%? Dichlorodiphenyltrichloroethane (DDT)
and hexachlorocyclohexane (HCH) constitute more
than 70% of the total pesticides currently used in India.
Recent studies have shown for the first time that they
form bound residues in tropical soil*® but their possible
environmental hazard is not known. Thus, the objectives
of the present studies were to ascertain the extent of
bioavailability of soil-bound residues of DDT and
HCH to earthworm, Pheretima posthuma Vaillant, as
carthworms are known to easily accumulate pesticide
residues and exhibit high levels of biomagnification''.
As radionuclear techniques are essential for quanti-
fication of bound residues, uniformly ring labelled
(1*C)-p, p’-DDT (specific activity 3.14 GBqmM ~!) and
y-(**C)-HCH (specific activity 2 GBq mM ™) obtained
from Radiochemical Centre, Amersham International,
England, were employed. A fallow field with sandy-
loam-type soil having 0.8% organic carbon was selected
for the study. Soil-bound residues of DDT or HCH
were generated by surface application of '*C-labelled
insecticidal solutions, and after one year the soil
samples were soxhlet extracted with methanol as
described by Samuel et al.!® Further extraction of soil
with acetone—hexane mixture did not yield any
extractable residues. To estimate the bound residues,
300 mg samples of extracted soil was dried and
subjected to combustion in a Harvey's Biological
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Material Oxidizer (OX-400) to !'*CO,. The '*CO,
trapped in carbon-14 cocktail was directly used for
radioassay. A minimum of four replicates were used for

extraction and combustion. The following soil types, as

indicated in Tables 1 and 2, were used for the study.

Soil 1. One-year-old treated soil, containing only
bound residues of DDT or HCH.

Soil 11: One-year-old treated soil, containing both
extractable and bound residues of DDT or
HCH. .

Soil 111: Soil, freshly treated with DDT or HCH and
having residues predominantly in the extract-
able form. ,

The different soil samples (each weighing 800 g)
moistened to 75% field capacity were put in polythene
packets (36 x 23cm) and after 24 h, 15 healthy
laboratory-acclimatized earthworms were introduced 1n
each packet. The worms were maintained under
controlled conditions at 27 + 2°C for 28 days and for
each soil type three replicates were used. The
earthworms were fed by providing 1g cornflour .in
10 ml water twice a week on the so1] surface. From each
packet, three worms sampled at weekly intervals were
rinsed thoroughly in water to remove adhering soil ana
introduced in petri dishes lined by moist filter papers
for 42 h to allow their gut soil to be void. The purged
worms were washed, soaked in filter-papers, weighed
and stored at —20°C. Soil samples were taken prior to
the introduction of the earthworms and on completion
of the experiments. As control, separate samples of soil

RESEARCH COMMUNICATIONS

I were kept under identical conditions without
earthworms to assess the release of bound residues.
The earthworms were extracted with hexane: acetone
(1:1)'" and subsequently radioassayed to ascertain the
extractable residue fraction in the animals. The bound
residue fraction was analysed by subjecting the
extracted samples to combustion in the biological
oxidizer. |

An Aloka liquid scintillation spectrometer was used
for radioassay. Bray’s cocktail was employed for
methanolic samples (soil), while a toluene-based cock-
tail containing PPO (5g17%) and POPOP (50 mg1~%)
was used for hexane samples (earthworms). The
efficiency of analytical procedures was estimated by
spiking known amounts of (**C)-DDT and HCH into
various samples. Thus, soil extraction gave 96 to 98.5%
and combustion 97.5% recovery for both DDT and
HCH. The extraction efficiency of DDT and HCH from
earthworms varied from 91.8 to 94.1%, while that of
combustion was 97.1%. All the data presented are
corrected for background counts and the efficiency of
analytical procedures.

Earthworms exposed in soil I contaiming only bound
residues of DDT picked up 0.05% (g=' wet weight
basis) of the total residues present in the soil in seven
days and the rate of accumulation remained steady for
the rest 28 days (Figure 1). Out of the total residues,
40% was found to be tissue-bound till day 14, though
the worms sampled subsequently did not possess any
tissue-bound DDT residues (Figure 1). Under identical
conditions earthworms from soil II picked up 0.27 to

Table 1. Total amount of [!*C]-DDT residues (10° dpm/800 g + SE) present in different soil types.

Initial {14C]-DDT residues (0 day)

Final [**C)-DDT residucs (after 28 days)

Soil — . — — —
type Extractable Bound Total Extractable Bound Total
With earthworm S S -
| ND 652 £ 24 652 + 24 99 + § 524 + 10 623 + 5
I1 5062 + 70 913 + 53 5975 + 18 4395 + 26 609 + 8 5004 + 17
1T 645 + 16 47 + 6 692 + 11 372 £ 27 51+ § 423 + 22
Without earthworm
I ND 652 + 24 652 + 24 613 £ 10 636 4+ 11

ND, Not detected.

23 £ 2

Table 2. Total amount of y-['*C}-HCH residues (10° dpm/800 g + SE) present in different soil types.

Initial y-[**C]-HCH rcsidues (0 day)

Final y-[ '*C)-HCH residues (after 28 days)

Soil — e
type Extractable Bound. Total Fxtractable Bound Total
With earthworm |
I ND 979 + 13 079 1+ 13 202 + 7 716 £ 11 9IS ¢ §
{ 1186 + 31 1391 + 12 2577 + 19 1195 + 2 1057 ¢+ 7 22§82 ¢ 9
(11 7154 4 66 122 + 1t R76 4 59 31 2 314 ¢ 2 M3+ 2
Without earthworm
i ND 479 4+ 13 V60 + 37

IND, Not detected.
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Figure 1. Uptake of ["*C]-DDT by earthworms as per cent of

initial concentration of DDT residues in soil on g~! wet weight basis.
Histograms indicate per cent distribution of DDT residues in the
extractable (shaded) and bound (blank) fractions.

0.42% of DDT residues, while from soil III the
bioaccumulation ranged from 0.19 to 0.23%. The rate
of uptake of DDT from soil 1I and so1l IIl was 8.4 and
4.0 times higher compared to soil I. The earthworms
from soil II contained 15 to 28% of tissue-bound
residues of DDT 1n the course of 28 days while in the
case of earthworms collected from soil III no tissue-bound
residues were detected for 14 days, but from 21 days
tissue-bound fraction varied from 16 to 22%. Thus, the
bound residues show a reverse trend in soil I and soil II1.

When earthworms were exposed to soil I containing
only bound residues of HCH, the rate of bioaccumu-
lation steadily increased from 0.06 to 0.13% within 28
days while 1n the case of uptake from soil II the resi-
dues increased from 0.06 to 0.32% (Figure 2). Maximum
bioconcentration was evident in earthworms from soil
I as 1t ranged from 0.35 to 0.73% of the total HCH
restdues present in the soil. Earthworms from all the
soll samples contained residues predominantly in the
bound form varying from 70 to 84% (Figure 2).

The overall uptake of DDT was more from soil II
unlike in the case of HCH where maximum uptake was
evident from soil IIl. This is evident due to the fact that
soll Il had more of labile DDT in relation to bound
residues unhke in the case of HCH where soil II
contained more than 60% residues in bound form.
Also, proportionately more labile HCH was available
in soll IIl compared to soil Il which enhanced the
chances of bioaccumulation in earthworms. Tissue-
binding of HCH and DDT in earthworms, as evident
from the present data, indicates differential behaviour of
HCH and DDT. HCH excelled DDT in tissue binding

in all the instances, thus registering a maximum of 87% .
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Figure 2. Uptake of y—F'*C]-HCH residues by earthworms as per
cent of initial concentration of HCH residues in soil on g=! wet
weight basis. Histograms indicate per cent distribution of HCH
residues in the extractable (shaded) and bound (blank) fractions.

binding from soil III compared to 28% of DDT from
soil II. It is well documented that HCH has higher
binding capacity than DDT!°.

The soil samples after 28 days of experiment showed
reduction in the radioactivity levels (Tables 1 and 2).
Thus, soil I recorded 5 to 6% loss while soil II had 13
to 16% loss of DDT and HCH residues (Tables 1 and
2). Maximum loss of residues in 28 days was observed
in soil IIT accounting 40% of DDT and 60% of HCH.
Major loss 1n soil residues may be largely due to
volatilization of DDT and HCH as reported by Samuel
et al.!? and the loss was more when the residues were in
the labile form. It is evident from the data that 15%

. DDT and.20% HCH of soil-bound residues from soil 1

became mobilized to extractable form within 28 days,
while soil I without earthworms showed only 4%
mobilization (Tables 1 and 2). This indicates that the
earthworms facilitate faster release of bound residues of
DDT and HCH as large quantities of soil pass through
the gut and get exposed to many digestive enzymes.
The present data clearly indicate that the earthworms
are capable of bioaccumulating a low concentration of
soil-bound DDT and more of soil-bound HCH residues.
Similarly, Fuhremann and Lichtenstein® reported sizable
amounts of '*C in Lumbricus terrestris when exposed to
soil-bound residues of (**C)-methyl -parathion for six
weeks, and 58 to 66% of the accumulated residues were
tissue-bound. o
Two major conclusions emerge from the present
studies. Soil-bound residues of DDT and HCH are
bioavailable to earthworms. Also, earthworms facilitate
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