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The inordinate retention of pesticides in soils (CHIBA and MORLEY
1968a; MORLEY 1972; MATHUR and MORLEY 1975; STEVENSON 1976), par-—
ticularly in organic soils (MATHUR et al 1976a; 1976b; MATHUR and
SAHA 1977), suggests that, in addition to the fraction that is
adsorbed (MORITA 1976), a portion of certain pesticides may be
incorporated or 'locked' into soil humus. The examination of
this possibility through extraction and chemical degradation of
humic materials treated with pesticides in the field is difficult,
due to the nature of soil humus (MATHUR 1971). Also, the possi-
bilities of biodegradation of the pesticide render the use of
isotope-labelled materials in the field ineffective for such
studies. One alternative is to use biodegradation to resolve
complexes of pesticides and humic materials into identifiable
units. For this, the humates used may be natural (HSU and BARTHA
1974) or models synthesized biologically or chemically. Ana-
logues offer the opportunity to study incorporation of pesticides
during synthesis, rather than their reactions only with the rela-
tively stable humus.

The use of model humic acids has contributed considerably to-
waxrds our understnading of the chemical structure and behavior of
soil humus (LADD and BUTLER 1966; MARTIN and HAIDER 1971; PIPER
and POSNER 1972; ROY et al 1973; ROWELL et al 1973; HAIDER and
MARTIN 1976; NELSON et al 1976). Consequently, the use of humus
analogues for investigating pesticide behavior in soils was
attempted by MATHUR and MORLEY (1975). They found that the in-
secticide methoxychlor present in the culture of a fungus was in-
corporated at the rate of about 668 ppm into a humic acid-like
pigment produced by this organism. This indication of the possi-
bility of incorporation of this pesticide into soil humus, and
of the feasibility of using model humic acids for such studies
was further investigated here by having 14c_1abelled methoxychlor
present during the chemical synthesis of a humic acid analogue.

MATERIALS AND METHODS

Recrystallized, pure (99%4) 2,2-bis (p-methoxyphenyl)l,1,1- tri-
chloroethane (methoxychlor) was obtained from Canadian Industries
Ltd.; universally ring-labelled methoxychlor—l4C from
Mallinckrodt Nuclear, St. Louis, Mo.; and hydroquinone (p-dihy-
droxybenzene) from Sigma Chemical Co. All solvents used were
pesticide-grade and used as received.

* Contribution Numbers: 676 (S.R.I.) and
991 (C.B.R.I.)
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The use of model humic acids has contributed considerably to-
wards our understanding of the chemical structure and behavior of
soil humus (LADD and BUTLER 1966; MARTIN and HAIDER 1971; PIPER
and POSNER 1972; ROY et al 1973; ROWELL et al 1973; HAIDER and
MARTIN 1976; NELSON et al 1976). Consequently, the use of humus
analogues for investigating pesticide behavior in soils was
attempted by MATHUR and MORLEY (1975). They found that the in-
secticide methoxychlor present in the culture of a fungus was in-
corporated at the rate of about 668 ppm into a humic acid-like
pigment produced by this organism. This indication of the possi~
bility of incorporation of this pesticide into soil humus, and
of the feasibility of using model humic acids for such studies
was further investigated here by having l4c_1abelled methoxychlor
present during the chemical synthesis of a humic acid analogue.

MATERIALS AND METHODS

Recrystallized, pure (99%+) 2,2-bis (p-methoxyphenyl)1,1,1~ tri-
chloroethane (methoxychlor) was obtained from Canadian Industries
Ltd.; universally ring-labelled methoxychlor—lAC from
Mallinckrodt Nuclear, St. Louis, Mo.; and hydroquinone (p-dihy-
droxybenzene) from Sigma Chemical Co. All solvents used were
pesticide-grade and used as received.

Praparation of humic acids

The procedure of CORNEC and BRUSSET (1950) was adapted as follows
to prepare humic acid (HA) analogues. Hydroquinone (3 g) was
dissolved in 250 ml of 0.1 M pH 9.6, NH4OH - NH4C1 buffer in a
500 ml glass-stoppered Erlemmeyer flask. To this, 100 mg of
FeS0,.H20, 3 ml of ethanol containing 5 mg l4c-1abelled methoxy-
chlor (specific activity = 3.80 mCi/mM), and 2.5 g of sodium per-
sulfate were added. The contents were mixed thoroughly and
stored for 18 hours in the dark at 219C. The contents were then
transferred into a dialysis tube and dialysed against distilled
water until free of C1™ and S04™~ ions. The dialysed suspension
was concentrated in a rotary evaporator at 350C and freeze-dried.
As controls, (a) the HA analogue check was prepared in the
absence of the insecticide, and (b) methoxychlor was subjected to
the same procedure in the absence of hydroquinone.

Analyses

Mineral, carbon and hydrogen contents of the HA analogues were
determined by the Pregl method through combustion in dry air in
a Sargent furnace; nitrogen by the automated micro-Dumas method
using a Coleman model 29 N-analyzer; and sulfur by oxygen-flask
combustion. Total acidity and carboxyl groups of the humic acid
analogues were measured by barium hydroxide and calcium acetate
methods as described by SCHNITZER (1972). IR and ESR spectra
were also recorded (SCHNITZER 1971; MATHUR 1972).
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Preparation of humic acids

The procedure of CORNEC and BRUSSET (1950) was adapted as follows
to prepare humic acid (HA) analogues. Hydroquinone (3 g) was
dissolved in 250 ml of 0.1 M pH 9.6, NH40H - NH4C1 buffer in a
500 ml glass-stoppered Erlenmeyer flask., To this, 100 mg of
FeS04.H20, 3 ml of ethanol containing 5 mg l4C-labelled methoxy-
chlor (specific activity = 3,80 mCi/mM), and 2.5 g of sodium per-
sulfate were added. The contents were mixed thoroughly and
stored for 18 hours in the dark at 21°C. The contents were then
transferred into a dialysis tube and dialysed against distilled
water until free of C1™ and SO4™~ ions. The dialysed suspension
was concentrated in a rotary evaporator at 359C and freeze-dried.
As controls, (a) the HA analogue check was prepared in the
absence of the insecticide, and (b) methoxychlor was subjected to
the same procedure in the absence of hydroquinone.

Analyses

Mineral, carbon and hydrogen contents of the HA analogues were
determined by the Pregl method through combustion in dry air in
a Sargent furnace; nitrogen by the automated micro-Dumas method
using a Coleman model 29 N-analyzer; and Sulfur by oxygen-flask
combustion. Total acidity and carboxyl groups of the humic acid
analogues were measured by barium hydroxide and calcium acetate
methods as described by SCHNITZER (1972). IR and ESR spectra
were also recorded (SCHNITZER 1971; MATHUR 1972).

Extractions

A sample of the control HA analogue prepared in the absence of
methoxychlor was wetted with an ethanol solution of methoxychlor
in a glass fiber thimble and allowed to dry. The HA analogue
prepared in the presence of methoxychlor was also placed in a
glass fiber thimble and the two thimbles extracted separately
with acetone/hexane (1:1) in a Goldfisch apparatus for various
durations. In another set up, the control HA analogue was simi-
larly extracted to provide background data.

Estimation of methoxychlor

All extracts were transferred to hexane and their radioactivity
counted as described by CHIBA and MORLEY (1968a) using a toluene
solution of 0.5%, 2,5-diphenyloxazole (PPO) and 0.05% p-bis, 2-(5-
phenyloxazoyl) benzene (Nuclear Chicago Corp., Des Plaines, Ill.)
and a Liquid Scintillation Spectrophotometer (Nuclear Chicago
Model 703). These solutions were also subjected to quantitative
gas chromatography as described by MATHUR and MORLEY (1975) to
determine the amount of methoxychlor they contained.

The radioactivity contained in the control HA analogue and the
one synthesized in the presence of methoxychlor was determined,
both before and after exhaustive extractions, by counting the
14002 produced by their dry combustion (Packard Instruments), and
absorbed in 1M Hyamine hydroxide.
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RESULTS AND DISCUSSION

The yields of the HA analogues synthesized in the absence or pre-
sence of the chlorinated hydrocarbon insecticide were 948 and 987
mg, respectively.

TABLE I

Elemental and functional group analyses of the humic acid
analogues (HA) on dry mineral-free basis

Property HA synthesized in HA synthesized in
the absence of the presence of
methoxychlor methoxychlor

Mineral matter 7 1.23 1.97

Carbon 7 58.34 56.39

Hydrogen 7 4,65 4,42

Nitrogen 7 4,06 3.45

Sulfur 7% 0.12 0.13

Oxygen*7 32.83 35.61

Total Acidity

meq/g 5.05 5.15

Carboxyl groups

meq/g 2.32 2.82
Phenolic hythroxyl#*
groups meq/g 2.73 2.33

* by difference

Data presented in Table I show that the HA analogues were
similar to soil humic acids as described in these respects by
SCHNITZER (1972) and SCHNITZER and KHAN (1972). Also IR and ESR
spectra of these analogues (SCHNITZER and MATHUR 1977) resembled
those obtained for soil humic compounds (SCHNITZER 1971; MATHUR
1972). Further, both analogues were found by enrichment culture
techniques (MATHUR 1969) to be resistant to microbial degrada-
tion, again like so0il humates.

All of the radioactivity added as methoxychlor to the buffer
while the hydroquinone was being polymerized was found to be pre-
sent in the HA analogue produced. In the absence of the hydro-
quinone, the radioactivity was totally recoverable by a single
extraction of the reaction medium with acetone:hexane. Quanti-
tative assay of this extract revealed that the radioactivity was
entirely due to methoxychlor, thus showing that the insecticide
was stable under the conditions employed for polymerization of the
hydroquinone. Similarly, the methoxychlor added to the control
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HA analogue (synthesized in absence of the insecticide) was also
completely (997+4) recovered by a single 18 hr extraction with
acetone:hexane, indicating that the polymer did not interfere
with solvation and extraction of the methoxychlor. Identical ex-
traction of the HA analogue synthesized in the presence of the
insecticide, however, yielded only 91.59 percent of the radio-
activity present in the sample. Second, third and fourth ex-
tractions for 6, 16 and 18 hrs. yielded further 2.32, 0.45 and
0.41 percents, respectively of the total radiocactivity in the
sample. Quantitative estimations by gas chromatography showed
that the methoxychlor contents of these extracts accounted for
all of the radiocactivity they contained. Further extractions
with acetone:hexane or methanol did not yield measurable amounts
of radioactivity or methoxychlor.

The residue of the fourth extraction of the same HA analogue
was found to contain, on combustion, 5.1 percent of the radio-
activity originally present in the sample, thus accounting for
nearly all of the activity not extracted. This activity retained
in the analogue could have been due to (a2) methoxychlor exclu-
sively or include (b) HA structures derived from the insecticide.
If entirely due to (a), it corresponded to 263 ppm of methoxy-
chlor in the exhaustively extracted material. On two complete
repetitions of the above experiments, the corresponding value
was 248 ppm the first time and 200 ppm the second time, again
representing retention of about 4 to 5 percent of the total
methoxychlor present. It should be emphasized that the level of
methoxychlor present in the original reaction medium was only 20
ppm with respect to the solution in which the HA was synthesized,
about 1700 ppm with respect to the hydroquinone, and nearly 5000
ppm of thefinal product. These values are comparable to the
concentrations which may occur in microsites in the field where
granular pesticide formulations are sometimes applied in bands
(e.g. see MATHUR et al, 1976a).

The suggestions made earlier (MATHUR and MORLEY 1975) that
pesticides may be incorporated into soil humic materials by being
structurally bound or held by forces stronger than those of con~
ventional physical adsorption, and that this process may be in-
vestigated through model humic acids, are thus strengthened.

This study also indicated that the persistence and mobility of
the biodegradable and water-insoluble methoxychlor, as of other
pesticides (MORLEY 1972), may be affected by its incorporation
into newly synthesized humic materials some of which are water
soluble. Hundreds of Kg of such humic materials are synthesized
per ha even in mineral soils every year, and the time of contact
between added chemicals and soil organic matter is usually longer
in situ than the 18 hours in this laboratory study.
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