Comparison of Several Methods for
Extracting Dieldrin-C* From Soil'

by J. G. Saga

Research Branch, Canada Agriculture,
University Sub P.0., Saskatoon, Sask., Canada

A number of solvents and combinatlon of solvents
have been used in the past to extract residues of
organochlorine pesticides from soil (1-5), The
extraction efficiencies of these solvents have been
expressed usually as percentage recovery of a specifiec
pesticide from a fortified ("spiked") sample, It has
been pointed out, however, that such fortification
atudies do not give an accurate measure of the

abilities of solvents to extract fleld-applied
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pesticides (6,7), Recently two attempts have been
made to compare the efficlencies of several solvents
in extracting organochlorine pesticide residues from
soil, In the study of Collier, Cook, and Tardiff (8),
soxhlet extraction with hexane:acetone (9:1) mixture
was arbitrarily given 100% recovery efficiehcy and the
efficlencies of several solvents were compared with
this arbitrary standard, Chiba and Morley (9) also
used this type of arbitrary standard to compare
officlencies of a number of solvent systems in
extracting residuss of fleld-applied peaticldes,
Neither of these studies prove that the "most
efficient" solvent systems selected really extract
100% of the actual residue present in a weathered soil
sample, The use of radioactive labeled compound 1is
perhaps the only way to determine in sbsolute terms
the extraction efficiency of a given process (6,7),
This has been demonstrated by Mumma et al, (10) from
their studies on the extrastion of dieldrin~C:} from
plants, Similar investigations with soil have not yet
been reported in the literature,

This paper reports on the preliminary results on
the efficlencies of several solvents to extract
dieldrin-Cllt from soil several months after treatment »
and on the effect of water upon extractability,

27



Methoda
Treatment of Soil with dieldrin-gi}

The dieldrin-C14 was provided by the Shell
Development Co, and purified by thin layer
chromatography, Radioautography was used to detect
the radiocactive dieldrin and labeled impurities,

The soll used in this investigation was a silt
loam with 6% organic matter, Ome hundred grams of air
dry soil was added to 600 mpe of dieldrin-Cll
(specific activity 19,5 mc/mg) in 100 ml pentane and
mixed thoroughly.’ The pentane was removed at room
temperature; the soil airedried and stored in a groumnd
glass stoppered bottle at room temperature for four
months, This treated soil 13 referred to as "dry
soil® in the following pages,

Another 100 g of the same air dry soll was

treated with 650 mpe of dieldrin =Gl in pentans, the
solvent removed and the soll alr dried, To simulate

field molsture conditions, 20 ml of water was added to
the 801l and mixed as thoroughly as possible, The
moist soil was then stored in e ground glass stoppered
bottle at room temperature for four months, At the
end of this period a portion of this soll was air
dried amd used for extraction studies, This soil 1s

referred to as "wet soil" in the following pages,
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Both the dry soil and wet soll samples used in
this study were extracted in air dry condltion because
many soil extraction procedures are routinely carried
out on air dry soll, Also, there was the difficulty
of obtaining a small representative sampls from molst
soll because of problems encountersd in mixing moist
soll thoroughly,

Extraction Procedure

An sccurately weighed amount (about 2 g) of the

dieldrin-Ci4 treated soll was shaken for 1 hour with
10 ml of the appropriate solvent or solvent mixture
and allowed to stand for 10 minutes, The supernatant
liquid was filtered and the residue re-extracted twice
in the same way ﬁith 10 m}l of solvent each time and
filtered, The combined filtrate was evaporated to
dryness in a rotary evaporator at 40-45°C, The
residus was quantitatively transferred into counting
vials with acetone and exsmined directly for total
smount of radloactivity present Iin the sample, The
different solvent systems used for this study were:
9:1 hexane-acetone (1), 1l:1 hexans=-acetone (2),
2:1 hexane-lsopropanol (3), 1:1 hexans-isopropanol
(5), acetonitrile (4), and 1l:1 chloroform-methanol
(10).

In the study of the effect of water on the
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extractabllity of dieldrin from soil hexans-
isopropanol (1l:1) was chosen a8 the solvent, An
accurately weighed smount of "dry soil" was mixed
thoroughly with appropriate amount of water (Table 2)
and allowed to stand at room temperature for 2jj hours,
At the erd of this period the samples were extracted
with hexane=1sopropanol (1:1) in the same way
described above,

The total amount of radloactivity present in the
extracts was counted in Toluene solution with a
Huclear Chicago Mark 1 liquld scintillation counter,
Counting efficiencies of the extracts were between 78
and 85%, The total amount of radiocactivity presemt in
each soll was determined by oxidation of the organic
matter in the alr dry soil to COp by van Slyke method
end determining CmOZ.

Results and Discussion

It 1s recognized that the conditlons under which
the soll semples were trested and stored in the
present study are not the same as those to which
field-applied residues are exposed, even when the
801l was treated with water at field moisture level,
Cost of Ct-labeled dleldrin snd possible hazerds
from its use in the field excluded application of
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labeled dleldrin in the fileld,

Except for Soxhlet extraction and extraction with
acetonltrile the other procedures gave less recovery
of dieldrin from the soil left for L months with 20%
water ("wet s0il") than from the soil left in dry
condition (Table I), Mixtwres of hexane~isopropanol
or hexare~-gcetone gave poor recoveries from the wet
801l (58~65%), This would indicate that some bio-
degradation of dieldrin ocourred in the wet soil and
not in the dry soll and that these degradation
products are more difficult to extract from soll than
dieldrin itself, This aspect of biodegradation of
dieldrin in soil is now under 1n#ostigation.

It is interesting to note that increasing the
acetone concentration in acetone~hexane mixture from
10 to 50% reduces the efficiency of extracting
dieldrin from "wet 50il™ by about 7% whereas about 4%
more dleldrin was extracted from this soil by
increasing the iso-propancl concentration in hexane~
iso-propanocl mixture, These changes in solvent
concentration caused little change in the efficiency
of extracting dieldrin from dry soil, however,
Acetone-hexane mixtures seem to be a better solvent
than hexane~iso~propancl mixtuwres, at least fa "dry

goil", Acetonitrile, however, extracted the same
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TABLE I

Recoveries of dieldrin-C# from Soil by Different Solvents

% Recovery™ of
dieldrin-C1% (based
on total radio-
activity present in
soil as determined
Extraction by oxidation to C¥0,

Solvent(s) Method by Van Slyke Method)

Wet Soil’ Dry Soil®

Hexane-acetone (9:1) 1 hour shaking &ly,6 85.4

Hexane-acetone (1:1) " 58,0 85.4

Hexane-i-PrOH (2:1) " 58.0 7he5

Hexane-i~-PrOH (1:1) " 62,0 7440

Acetonitrile " 79.2 79.1

Methanol-Chloroform (1:1) Soxhlet 99,9 100.0
8 hours

4Average of duplicate analyses

bAir dry soil treated with dieldrin-C¥ and left at room
temperature for U months with 20% water but air dried before
extraction.

Cpir dry soil treated with dieldrin-C¥ and left at room

temperature for 4 months in air dry condition.
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amount of dieldrin from elther dry or wet soil and for
the wet soil extraction efficiency was higher than the
mixed solvents when the shaking procedwre was employed,
Exhaustive extraction in a Soxhlet with a polar
solvent mixture like chlorofome-methanol was required
to extract all the activlty present in the so0ill, This
procedure has alsc been found to give 100% recovery of
dieldrin~Cl¥ from plants (10),

It has bheen suggested that addition of some water
helps to desorb organochlorine pesticides from soil
(8)s. This has been confirmed by the present study,
Addition of water to dry soll lincressed the efficiency
of extraction by 1:1 hexane-iso-propancl mixture
(Table II) up to 20% water in the soil, when 97% of
the activity was recovered, Increasing the water
content beyond this level decreased the extraction
efficiency, The Shell method (1ll) of extraction of
organochlorine pesticide residues from soil uses more
than 1004 water (based on the weight of the soil) to
make a slurry before extraction with hexane~iso-
propanol (3:1), It is perhaps not surprising to see
that this method gives poor recovery (12), The reascn
for this decresse in recovery efficiency with more

than 20% water 18 not clear and requires further

study,
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TABLE II
BEffect of Water on the Recovery of dieldrin-Cl’“'

from Air Dry Soil with Hexane-i-PrOH (1:1)%

% Water added % Recoveryb of dieldrin-Ct¥
{based on weight (based on total radiocactivity
of air dry soil) present in the soil)
0,0 74.0
10,0 84.0
20,0 97.0
30,0 87.0
100,0 80,0

aSoil was treated with dieldrin-C¥ and left at room
temperature for 4 months in air dry condition,

bAverage of duplicate analyses.
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The effect of soil type on the extractability of
dieldrin~cih by these solvents are now being studied
and the results will be reported later,

Acknowledgment
The author gratefully aclknowledges the gift of

dieldrin-cul from Shell Development Co, and extenis
his thanks to the National Research Council, Prairie
Reglonal Laboratory for the use of their scintillation

counter,

References

1, G, C. DECKER, W. N, BRUCE, and J, H., BIGGER,
J, Econ, Entomol, §_§, 266 (1965).

2. E, P, LICETENSTEIN, G, R, MYRDAL, and
K. R, SCHULZ, J. Becon, Entomol, ,EZ’ 133 (1964).

3. B, P, LICHTENSTEIN and K, R, SCHULZ, J, Econm,
Entamol, 52, 118 (1959).

4. D, K., R. SPEWART, D, CHISHOLM, snd C. J, FOX,
Can, J, Plant Sci, ;5, 72 (1965),

Se J. Go SAHA and W, W, A, STEWART, Cen, J, Plant
Sci, &Z’ 79 (1967).

6. F. A.f;UNTHER, in Advarces in Pest Control,

Vol, V, p, 191 (1962), Interscience Publishers,
New York,

35



Te

8.

9

10,

1,

12,

W. B, WHEELER and D, E, H, FREAR in Residue
Reviews, Vol, 16, p, 86 (1966), Springer-Verleg
Inc,, New York.

C. W, COLLIBR, D. A. COOK, and R, TARDIF,
Presented at 153rd American Chemical Soclety
Meeting, Miami, April 9-1l, 1962,

M, CHIBA and H, V, MORLEY, Presented at 153rd
American Chemical Society Meeting, Miami,

April 9«1k, 1967,

R, O, MUMMA, W, B, WHEELER, D, E. H, FREAR, and
R, H, HAMILTON, Science 152, 530 (1966),

Shell Chemical Co, Method 1 MMS«ly3/6l;, Manual of
Methods, Agricultwral Chemical Division,

New York 20, N,Y,, 1964,

J, I, TEASLEY ad W, S, COX, J, Agr, Pood Chen,
;:l;, 519 (1966).

36



