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ABSTRACT

Three organophosphorus ‘nsscticidig: malathion, sumithion
and menazon stirmlated the respiration of soil by varying amounts,
and in two cases this was correlated with an increase in the

bacterial count.

The insecticides had no effect on the anaerobic population,
but malathion reduced the number of actinomycetes. Sumithion
reduced the number of fungi and yeasts in the soil, but its hydrolysis
product, 3-methyl-/-nitrophenol, was found to be the toxic compound.
This compound also inhibited the growth of fungi and yeasts in pure
culture and the germination of fungal spores, Malathion was found
to be toxic at high concentrations to some Gram positive bacteria

in pure culture.

The persistence of the insecticidi::s in soil was determined
using both colorimetric and binassay techniques. Menazon is probably
the most persistent, but using the radioactive compound , it was
found that adsorption phenomena in the soil reduce the recovery by
the usual terhniques., Malathion was the least persistent, but

chemical decomposition probably accounts for gost of the loss from soil.

Isolates were obtained from the soil, which were apparently
able to grow in the presence of the insecticides as the sole carbon

source. However, malathion decomposes rapidly in solution and in this



case the isolates utilise the decomposition products. An actinomycete
was isolated which could actively decompose malathion in pure culture,

but "z pathway was not investiroted.
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INTRODUCTION

With the growing use of complex organic chemicals in
Agriculture, it was almost inevitable that unpredicted effects
would occur. The death of many forms of wildlife and the
infertility of many birds has been attributed to the accumulation
of the persistent chlorinated hydrocarbon insecticides within
their tissues, It is not only wildlife that has been affected,
At a Symposium held in the United States of America and organised
by the National Academy of Sciences-National Research Council in
1966, it was stated that all Americans have botween 4 and 7 parts
per million of detectable DDT and related compounds in their
tissues and are likely to receive more. Whilst literature such
as 'Silent Spring' by Rachel Carson may be alarmist in outlook,
it would be inadvisable to ignorc completely the growing volume
of reports in scientific literature of serious consequences caused

directly by pesticides,

For practical purposes the term ''pesticide' includes
herbicides, fungicides, nematicides and insecticides and within
each group the range of compounds is large., This thesgis will
therefore be entirely concerned with insecticides and the growth
of literature on these alone shows the importance which is now
being placed upon research into this important group of chemicals,

in order to understand the implications of their unrestricted use.
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The chemicals in use as insecticides range from the
general toxicants such as hydrogen cyanide, to the highly
selective systemic compounds such as menazon. The chemistry
of the insecticides is beyond the scope of this thesis but
reviews on the subject have been made by Brown (1951), Martin
{1956), Dahm (1957), Spencer and Ot'Brien (1957), Fukuio (1961),

Casida (1963) and Schrader (1963).

One of the main criteria for choosing an insecticide
for general use is whether or not it is toxic to man, although
until recently chemical companies did not place so much emphasis
on this point. The mammalian toxicity of insecticides is

frequently expressed as the L for female albino rats being

D50
measured in milligrammes active ingredient per kilogram body
weight. It has been calculated that an LD50 of less than

50 mg. a.i./kg. body wt. presents considerable risks to man
(Edson, 1958). Unfortunately the sensitivity of animals from
species to species tends to vary (Cramp, 1966) and this has

contributed to the unpreuicted effects on wildlife.

For many insecticides the phytotoxicity has been
determined for the plants which are expected to be treated
and effects upon other plants are rarely investigated.. A
compariscon of the toxicity of insecticides to animals and
plants shows that it is impossible to predict one from a
knowledge of the other., OMPA or schradan* with an LD of

50

*Full chemical names of 21l insecticides mentioned in the
thesis have been placed in Appendix.
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1.5 mge asi./kg. body wt. is considered to be non-phytotoxic

at recommended rates of application, whereas dibrom with an

50

variety of plants (Thomson, 1963). This necessitates the

LD__ of 430 mg. asi./kg. body wt. is injurious to a wide

separate determination of the toxicity of insecticides to

plants, and this rmust be extended to include nicrofloraes

However, since soils vary considerably in relation to such
factors as pH and organic matter content, generalisation

becomes even more difficult. Concern has been expressed by
many microbiologists that the use of insecticides might affect
the fertiiity of the soil and, in particular, emphasis has been
placed upon the possible effects on microbial nitrogen fixation
and the process of ammonification. The view has been expressed
by some agriculturalists fhat disruption of the soil microflora
need not. give rise to concern, since it is thought that chemical
fertilisers could substitute for the products of their activities.
However McCalla {(1946) outlined the ways in which the soil micro-
organiéms,. as .a dynam’: population, aid in keeping the soil
stabilised and able to.support the growth of higher plants by

maintaining good aeration and drainage of the soil,

The importance of soil micro-organisms is generally
accepted by microbiologists and a large volume of studies have
been carried out to ensure that the soil is not affected
detrimentally by insecticides. The techniques of study have

varied, making some of the results obtained difficult to evaluate.
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In particular field trials with insecticides can give misleading
results, due to the incbnsistancy of the weather, and the mode of
application may result in inadequate mixing with the soil. This
means that even when great care is taken over sampling, the
results may not indicate the true pattern of behaviour.

Robinson and Mesmer (1958) admitted that their field trials

with DDT and BHC gave such variable results that no conclusions

could be drawn.

However, to obtain a complete picture, study of the
action of insecticides under practical conditions is as impor-
tant as studying their effect under laboratory conditions. On
taking the combined results of all studies it is possible to

give a reasonable account of the effects of meny insecticides,

It is not proposed to review the literature relating
to all insecticides, since the older ones which are common
toxicants and the plant products such as pyrethrin, rotenone
and nicotine are gradual’y being replaced by the synthetic
compounds, Mention must be made of some of the chlorinated
hydrocarbons which const’tute the bulk of the literature and
were the first of the synthetic chemicals to be used on a

large scale.

ACTION OF INSECTICIDES UPON THE SOIL MICROFLORA

There have been some reviews on this topic mainly covering

the earlier research. The review by Lochhead (1952) gives
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a short account of the earlier work with the chlorinated
hydrocarbons. Eno (1958) and Bollen (1961) give some more
recent results including work with organophosphorus compounds.
Domsch (1963) gives in his long review, on pesticides in general,

a good account of the effect of a large range of compounds.

Effect on total numbers of organisms and soil respiration:-

The general effect of insecticides has received the
attention of many workers, and there is much evidence that in the
case of chlorinated hydrocarbons there is little effect at normal
application rates. Wilson and Choudhri (1946) found that DDT
at 5% dry wt. soil had no effect on many proceéses. Eno and
Everett (1958) showed that at 100 ppm & number of chlorinated

hydrocarbons had little effect after one or even 16 months.

However, stimulation has been shown to occur. Bollen,
Morrison and Crowell (1954) showed that the gamma-isomer of BHC
increased the total number of soil organisms and the other
isomers also gave small increases. This was confirmed by
Fletcher and Bollen (1954) who also showed that aldrin at 200
and 1000ppm stimulated aerobic spore forming bacteria., Eno and
Everett (1958) found that carbon dioxide production was increased

by toxaphene, dieldrin, TDEZ, DDT and BHC.

Toxic effects of the chlorinated hydrocarbons have
however also been reported. Smith and Wenzel (1947) showed

that 400 1b./acre of DDT caused temporary damage followed by
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recovery of the organisms.

In general the organophosphor-is insecticides tend
to stimulate the total numbers of soil micro-organisms,
Naumann (1960) showed that parathion up to 1% increased numbers.
Sideropoulos, Adams, Laygoe and Schulz (1963) reported that
while 5 - 25 1lbs/acre of systox, thimet and malathion had no
effect in the field, in the laboratory at 40 - 150 ppm, all
of them promoted an increase in the population and an increase
in carbon dioxide production. Diazinon which was also examined,
had an even greater effect in the laboratory studies but also
stimulated an increase in population of bacteria in the field,

at a level of 10 lb./acre,

0f all the organophosphorus insecticides, only
parathion has so far been reported to be toxic to bacteria and
this occurred at rates of 250 ppm (Bollen, 1961) and at 100

1b./acre (ino, 1958),.

Effect on specific groups of micro-organisms:-

The effect of insecticides on specific groups of
organisms enables one to make a more accurate assessment than
the general picture obtained from viable counts on a single

medium, which necessarily limits the organisms studied. The

research reported below was probably carried out with this

in mind.
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a) Fungi:-

Smith and Wenzel (1947) showed that BHC at 100 and
500 1b./acre was fungicidal and Bollen et al (1954) that it was
the alpha~ and beta=~isomers that were toxic, although the delta-
and gamma-isomers increased the number of moulds. In the
following paper they reported that DDT and BHC in several types
of soil reduced the mould population although aldrin was toxic
in only one trial. Eno (1958) reported that chlordane at

50 ppm would also reduce the num™~r of fungi.

There has been evidence of increases in the numbers
of fungi due to insecticides. Bollen et al (1954) showed that
toxaphene significantly increased the numbers of fungi, which
was also reported by Fletcher and Bollen (1954). Dieldrin also

increases the number of fungi in the soil (Eno and Everett, 1958)

Of the organophosphorus compounds only thimet,
malathion, systox and diazinon appear to have been studied with
regard to their effect on the fungi and these have no significant

action (Sideropoulos et al, 1963),

b) Actinomycetes:~

Bollen et al (1954) made a study of the effect of
various chlorinated hydrocarbon insecticides on the actinomycetes
in the soil. They found that while gammaeBKC caused a depression

in numbers, other insecticides studied had little effect,
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Organophosphor:: = compounds have received little
study in relation to actinomycete populations, but Sideropoulos
et al (1963) showed that in field trials at levels of 5 - 25
lb./acre and in the laboratory at 5 = 1500 ppm, malathion,

thimet, systox and diazinon had no observable effect.

c¢) Nitrifying organisms:-

The effect of insecticides upon nitrification is
generally determined by adding an inorganic ammonium compound
to the soil and measuring the rate at which nitrite and nitrate

are formed in the presence and absence of the insecticide.

Brown (1954) showed that a wide range of chlorinated
hydrocarbon insecticides are toxic to nitrifying bacteria at
concentrations greater than 0.5% and this was confirmed by
Fletcher and Bollen (1954) using BHC and chlordane, although
0.05% BHC was toxic in solution but not in the soil, Jones
(1956) found that many chlorinated hydrocarbon insecticides
become toxic at levels of 0.1% or above, but Eno and Everett
(1958) found that with heptachlor, lindane and BHC, the toxic

level was lower i.e. 100 ppm (0.015%).

In contrast to the above results, Bollen et al (1954)
and in a separate paper Fletcher and Bollen (1954) reported
that gamma-BHC at 137.5 ppm in field studies increases the rate
of nitrification, which was decreased in the laboratory. This

was confirmed by Gray (1954). Wilson and Choudhri (1946)
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using DDT at 0.5% found little effect on nitrification.
Concentrations less than this were used by Fletcher and Bollen
(1954), and Shaw and Brooks (1960) who also found that at 50 ppm

aldrin, dieldrin, chlordane and heptachlor had little effect.

No results have been published of harmful effects of
organophosphorus compounds on nitrification, andes:hiradan at
3C00ppm was reported to increase the number of Azotobacter in

the soil (Bollen, 1961),

d) Ammonifying organisms:-

Ammonification in the soil is generally determined
by adding a proteinaceous material such as peptone or blood
to the soil and determining the ammonia produced. Jones (1$77)
found evidence that DDT, chlordane and BHC became inhibitory
at concentrations of 1000 ppmj the inhibition being greater
after one year than at the end of one week, but endrin only
became toxic at levels above 1000 ppm. Eno and Everett (1958)
shovz2d that heptachlor, lindane and BHC become toxic at levels

up to 100 ppm.

Wilson and Choudhri (1946) could find no effect of
DDT on ammonification at 5000 ppm and Fletcher and Bollen (195L4)
confirmed this at levels up to 10CO ppm. Jones (1956) found
that methoxychlor, dieldrin and cldrin at a level of 10,000 ppm

caused no observable effects.
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Bollen et al (1954) showed that the delta~ and
gamnia-isomers of BHC increascd the rate of ammonification of
peptone, and Eno and Everett (1958) reported that toxaphene,

TDE and DDT up to 100 ppm also increases the rate,

No harmful effects caused by organophosphorus

inscctizidos have .been recorded,

e) Effect on other micro-organisms:-

Wilson and Choudhri (1946) found no observable effect
of DDT at up to 2% on nodulation in leguminous plants, and
isclated nodule bacteria grew in the presence of the insecticide.
Sppleman and Sears (1946) also showed that DDT was not toxic at
100 1lb./acre. Payne and Fults (1947) however, noted that use
of 103 1lb./acre of DDT reduced by more than half the numbers
of nodules on bean roots. Chlordane at 10 1lb,/acre had no
effect on nodulation (Simkover and Shenefelt, 1951). Brakel
(1963) showed that isolated organisms frocm nodules of Trifolium,

Medicago, Phagsecolus and Pigium species exhibited different

sensitivity towards lindane, aldrin and parathion.

DDT at up to 0.1% was found to have no cffect on
sulphur oxidising bacteria (Fletcher and Bollen, 1954), and
Jones (1956) noted no effect after three years at 0.5% in soils
with a high organic matter content. In sandy soils 0.1% was

shown to be toxic, although BHC and chlordane were found to

be toxic at 0,01% in all the soils used.



- 19 -

Work by Gray (1954) indicates that BHC reduces the
hydrolysis of urea by mixed and pure cultures of bacteria in
ligquid culture but not in the soil. In a study of hetero-
trophic bacteria Gray also reported that BHC inhibited the
growth of many organisms in pure culture, which confirmed the

work of Fromageot and Confino (1948).

Mayhew (1965) studied the effect of malathion and
menazon at 50 and 100 ppm on various organisms in pure culture.
Malathion and menazon both increased the growth of Azotobacter
vinelandii in liquid culture., Malathion caused a delay in the

degradation of cellulose by Sporocytophaga sp. in liquid culture,

but menazon had no effect. Malathion increased the rate of

nitrite formation by a species of Nitrosomonas, isolated from

the so0il, in liquid culture. Menazon had no effect at 30°C.

but at 2500. it increased nitrite production.

PERSISTENCE OF INSECTICIDES IN SOIL

The chlorinated hydrocarbon insecticides have become notorious
for their pereist@nce, which although giving residual activity,
is also the cause of the toxic side effects to wildlife and

the build up of residues in the body of map.

A number of estimates have been made of the
persistence of the chlorinated hydrocarbon ingecticides using
a variety of methods, and DDT has been found to be probably the

most persistgnt., The relative persistence of some of the more
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common insecticides compared with DDT, which is estimated

to persist for 20 - 40 years, is as follows:-

DDT » dieldrin > lindane :- chlordane > heptachlor > aldrin

(. Wheatley, 1965)« The lack of persistence of aldrin is due
to its conversion to dieldrin in the soil (Lichtenstein and
Schulz, 1959 and 1960), where it may persist for 20 - 30 years
( Vheatley, 1965). Terriere and Ingalsbe (1953) reported that
toxaphene, BHC and chlordane persist for at least 3 years in a
sandy soil. Kiigemagi, Morrison, Roberts and Bollen (1958)
showed that heptachlor at 5 ppm would remain in the soil for

6 years.

The organsphosphorus compounds have beenregarded as
being of short persistance compared with the chlorinated
hydrocarbon insecticides, being decomposed by physical and
chemical means, which is dependent on the stability of the
individual insecticides., Parathion was shown to have little
activity in the soil after 3 months, as determined by bioassay
(Mulla, 1960), and Lichtenstein and Schulz (1964) demonstrated
that only 3.0% of the applied insecticide remained after 90
days using both bioassay and colorimetric techniques. Parker
and Dewey (1965) showed that in the laboratory 50% of phorate
was lost from the soil in one week, although up to 10% remained
for one month, as estimated by a bioassay technique. In the
field the loss was even faster although dimethoate persisted

slightly longer. Malathion Jimanppears rapidly from the soil,
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the results by both bioassay and colorimetric determinations
indicating that none remains active 3 years after application
of 108,6 1lb./acre (Robert-, Chisholm and Koblitsky, 1962).
Lichtenstein and Schulz (1964) observed that 85% of the applied
malathion, at 5 lb./acre, disappeared in 3 days and only 3.1%
remnained after 8 days. However, this is in contrast to the
work of Ruppel and Mok Yun (1965) who sprayed the soil with
emulsifiable concentrate and showed 24% mortality, after 20
days, of the cereal leaf beetle which was used for the assay.
At 100 mg./ft.2 rnalathion sprayed on ply-wood panels remained

active against mosquitoes for 15 - 17 months (Spiller, 1961).

Mulla (1960) reported little activity of guthion, sevin,
thiodan and delnav after 3 months, although Roberts et al (1962)
showed that 0.84% of the applied guthion remained after 3 years.
Mulla (1964) estimated that chlorthion had disappeared completely
after 22 months and in the case of sumithion, only 2% of that
applied remained, as determined by a bioassay technique. Menn,
Patchett and Batchelder (1960) concluded that micro-organisms
decompose trithion because it was found that it persisted longer
in soils autoclaved or fumigated with vapam than in untreated
soil, although thce time taken for 50% to disappear in three
s0ils was 200, 100 and 170 days respectively. Since 50%
disappeared from aqueous solution in 115 days, the effect of
sterilisation may be different than the obvious one of

destroying the soil microflora.
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Way and Scopes (1965) using a bioassay technique
showed that 90% of the applied phorate disappeared in 18
months, They showed that menazon was slightly more and

thionazin less persistent.

ADSORPTION OF INSECTICIDES IN SOIL

The adsorption of insecticides in soil is an important factor
affecting their persistence and also their insecticidal activity.
Adsorption may be responsible for errors in estimating persiste@nce,
since the first stage in most methods is their extraction from

the soil with solvents. Bailey and White (1964) have reviewed
the factors involved in adsorption in the soil which are:=

organic matter and clay content of the soil, the solubility of

the insecticide, the functional groups of the insecticide, the

pH of the soily the soil moisture content, temperature and the

formulation of the insecticide.

Lichtenstein and Schulz (1959) showed that there was
a greater recovery of DDT, aldrin and lindane from a muck soil
than a Miami silt loam after 3% years, although the higher the
temperature the faster they disappeared. Getzin and Chapman
(1959) found that phosdrin was bound in the soil in proportion
to the organic matter content. The quantity of phosdrin adsorbed
onto 100 g. aliquots of soil was 127 Bg. in a peat soil, 10 -
27 pnge. in a heavy loam and 3 - 8 pge in a sandy soil. Getzin
and Chapman (1960) reported a similar effect with 32P-labelled

phorate,



- 23 -

The phorate apparently disappeared rapidly from the soil but they
found that 25% was firmly bound in a sandy soil and 82% in a muck
soil; the bound fraction was not recoverable by normal procedures.
Bowman, Schechter and Carter (1965) demonstrated that leaching,
volatilisation and degradation of many chlorinated hydrocarbon
insecticides were less in soils having a high organic matter
content, Harris (1964) showed that in dry soil insecticides are
less toxic duc to adsorption. Hadaway and Barlow (1951) and
Barlow and Hadaway (1958) found that sorption of insecticide
vapour takes place in dry mud. Menn, McBain, Adelson and Patchett
(1965) found that imidan persisted longer in dry soil, which is
similar to the findings of Bohn (1964) who reported that
dimethoate had a half life of 4 days in dry soil and 2% days in

wet soile.

DECOMPOSITION OF INSECTICIDES

Although the metabolisin of insecticides in animals and higher
plants has been studied, the mechanism of the decomposition of
insecticides in soil has not been investigated thoroughly.
Many insecticides decompose under the influence of physical
factors such as sunlight, for example DT decomposes under
ultraviolet light (Fleck, 1947). There is, however, little
conclusive proof that micro-organisms play a large part in
the decomposition of insecticides in the soil, Metabolism of
chlorinated hydrocarbon insecticides by resistant insects has

been demonstrated. Sternburg, Kearns and Bruce (1950) first
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showed the presence of DDT-dehydrochlorinase in resistant insects,
but this enzyme has not been demonstrated in micro-organisms.
More important in the decc.iposition of DDT in the soil is the
iron content. Downs, Bardas and Navarro (1951) showed that

iron oxide was the most active catalyst and it was calculated
that 1 molecule of iron catalyses the decomposition of 160

molecules of DDT,

Lichtenstein and Schulz (1959 and 1960) showed that
aldrin was lost from the soil due to oxidation to dieldrin
which was greater in a Carrington loam than a muck soil. They
also showed that the conversion was apparently correlated with
the numbers of organisms in the soil. Lichtenstein, Schulz
and Cowley (1963) showed that a number of synergists delayed
the conversion. Sesamex was the most efficient synergist and
it was noted that it also reduced the microbial population of
the soil, This evidence that micro-organisms might be involved
was reinforced by Ayers ar:! Allen (1953) who found that &
actinomyccetes and 3 soil~aldrin infusions could Qrow in liquid
culture and on silica gel media containing aldrin as the sole
carbon source. This was confirmed by Jonsson and F8hraeus (1960)
who also used a bacterial isolate in liquid culture. They showed
that decomposition was incomplete as the ring structure was not

attacked.



Although the organophosphorus insecticides geem
to disappear rapidly from the soil and often to stimulate the
growth and metabolism of £5il micro~organisms, very few cases
have been reported where micro-organisms have been found to be
the direct cause of the disappearance. The main evddence for
microbial decomposition is the effact of sterilising the soil
on the persist@nce. Apart from the example already quoted
under the heading of Persistence, Naumann (1960) demonstrated
that parathion persisted longer in partially sterile soil.
This was confirmed by Lichtenstein and Schulz (1964). Imidan
also persisted longer in partially sterilised soil (Menn et al,
1965). Hall and Yun-Pei Sun (1965) showed that steam sterilised
soil slowed the ratc of decomposition of bidrin. Corey (1965)
found that air-dry soil had the same effect on extending the
persist@nce as steam sterilisation and that chloropicerin at
500 ppm alsoimproved persist@nce indicating general inhibition
of micro-organisms. It was also found that sesamex, an enzyme

inhibitor, also slowed the rate of decomposition.

Organophosphorus compounds arc metabolised by animals
and higher plants and reviews on this subject have been made by
Arthur (1962) and Casida (1962). Little work has been done on
the metabolism of insecticides by micro-organisms. Lichtenstein
and Schulz (1964) showed that it was a yeast which was primarily
responsible for the reduction of parathion to amino-parathion in

the soil, and bacteria had little effect. Ahmed and Casida (1958)
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found that Pseudononas fluorescens, Thiobacillus thiooxidans,

Torulopsis utilis and Chlorella all had an effect on phorate.

Ps. fluorescens hydrolysed 58% of phorate in 8 days in ligquid

culture although no oxidation products were formed, The

Thiobacillus hydrolysed 75% of the phorate, but was not able to

utilise the sulphur in the molecule, Torulopsis utilis and

Chlorella also hydrolysed phrorate but in addition oxidised the
sulphides to sulphoxides. Chlorella, which was the most efficient
for oxidising the phorate, oxidised poorly parathion, dimefox

and schradan,

In higher plants phorate is also oxidised to the
sulphone and sulphoxide (Bowman and Casida, 1957). The oxidative
products formed in the soil have becen found to be more toxic to
insects (Dewey and Parker, 1965). Getzin and Chapman (1960)
suspected that the oxidation of phorate in the soil was due to
natural causes rather than the microbiological, since partially

sterile soil did not reduce the rate of oxidation,

Malathion is an example of a relatively unstable
compound, being decomposed in the presence of iron and at
elevated temperatures. It is hydrolysed in slightly acid or
alkaline media and by solid diluents which have a positive alcoholic
adsorption index, such as Bentonite (Spiller, 1961), It is readily
metabolised by rat tissue preparations (Seume and O'Brien, 1960) and
by lactating cows after oral administration (O'Brien, Dauterman and

Niedermeier, 1961).
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THE SCOPE OF THE THESIS

In the developme::t of new insecticides, the standard
screening procedure includes toxicity tests against animals
and plants, but little detailed work is done to determine the
effect on micro-organisms. - The persisteénce in the soil may be
studied but this does not indicate the part played by micro=-
organisms in the degradation, and the effect the insecticide

may be having on the soil microflora.

The object of this investigation was to elucidate
the part played by micro-organisms in the degradation of three
organophosphorus insecticides, namely menazon, malathion and
sumithion, in the soil, and further to see how these compounds
affect the microflora of the soil. It was felt that it might
then be possible to correlate the activities of the soil
micro-organisms with the persist@nce of the insecticides and
to dbtain organisms which wculd decompose the insecticides in
pure culture., It would then be possible to gtudy the pathway

of degradation,

Studies have therefore been made on the effect of the
three insecticides on respiration of the soil microflora and,
at the same time, population studies were made to detect any
changes which might occur in the various types of micro-organisms,
Counts on the bacteria, yeast, actinomycete and mould populations

were therefore undertaken in the presence of the insecticides,
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The effect of the insecticides on selected organisms was studied
in pure culture and sumithion was studied in greater detail for

its effect on fungi.

The persist@nce of the insecticides in soil was
determined using both chemical methods and bioassay techniques.
Investigations were also carried out in order to determine the
relationship between the soil microflora and the persistance
of the insecticides. Further evidence was obtained where

possible by the use of 1I’tC-labelled menazon.

Enrichment cultures were made and isolates were
obtained which were potentially capable of decomposing the
insecticides. The isolates were tested for their activity for
degradation and utilisation of the insecticides as the sole-
carbon source, The degradation of the insecticides in liquid
culture was followed in order to confirm the activity of the
isolates and, in the case of menazon, one of the possible
degradation products was measured to see if it accumulated.

It was hoped from these studies to determine the role played
by micro-organisms in the decomposition of insecticides in

the soil and if possible the degradation pathway.

From the results obtainea, it was thought possible
that some general conclusions might be drawn of the effects of
organophosphorus insecticides on the soil microflora, and the
role played by micro-organisms in the decomposition of the

insecticides in the soil.
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PART I, ACTION OF THE INSECTICIDES ON THE SOIL MICROFLORA

ATERIALS AND METHODS

Sources of the Insecticides

Menazon was supplied as a crystalline powder by
Plant Protection Ltd., Bracknell, Berkshire, and malathion as
a liquid by the Murphy Chemical Co. Ltd. Sumithion,
manufactured by the Sumitomo Chemical Co., Osaka, Japan,
was supplied as a liquid by Plant Protection Ltd, DDT as a
white powder also by Plant Protection Ltd. Samples of aldrin
and dieldrin were obtained as crystalline products from the
Shell Chemical Co. All the insecticides were of the Technical
Grade; containing at least 95% of the active ingredient. Some
important physical and chemical properties of these insecticides

are showvn in Table 1.

Sources of the Soils

Four soils with different characteristics were used.
The Chelsea loam, with which most of the work was done, was
obtained from the Chelsea Physic Gardens, London. A clay soil
was obtained from a private garden in Oxted, Surrey, the chalk
soil came from the North Downs at Hollingbourne in Kent, and a

peat soil from Chobham Cormon in Surrey.
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TABLE 1. Chemical, Physical and Toxicological properties
of the insecticides (a)
Solubility Volatility Mammalian acute  Chemical
in water . Hge oral toxicity. Stability
Lb for rats
(s?nglc doae)
Malathion 145 ppm L x 107° 480-5800mg./kg. Hydrolysed
0 . .
at 30°C in alkaline
or nildly acid
conditions(b)
Sumithion 20 ppm - 673.3 mg./kgsc) Stable in
acids but
hydrolysed
in alkaline
conditions(c
Menazon 240 ppm Negligable 1950 mg./kg. Hydrolysed
by acids
DDT Negligable 1.9 x %0_7 113 mg./kg. Decomposed
at 20°C by alkalis
. (d) -6 .
Aldrin 0.1 ppm 6 x 10 550 mg./kge Stable in
at 25°C alkalis and
in acids
above pH3.6d)
Dieldrin 0.l ppm(d 1.8 x 1077 100 mg./kg. Identical
at 25°C to aldrin

(a) Figures obtained from Insecticide and Fungicide

Handbook 1963 - H, Martina

(b) Spiller (1961).

(c) Technical bulletin on Sumithion, Sumitomo Chemical Co., Japan.

(d8) Details from Shell booklet of Information on the technical

materials.



-3] -

Classification of the Soils

Determination of the pH

Although many methods are used for determining
the pH of the soil, including the use of indicators, it is
generally accepted that an electric pH meter with an electrode
placed in a soil suspension gives a reasonable approximation
to the true pH, Satisfactory results were obtained by shakiﬁg
a weighed sample of soil with an equal weight of distilled
water in a screw capped bottle until the soil particles were
evenly dispersed. The soil suspengion was transferred to a
beaker and the pH determined using a pH meter (Model 234,
Electronic Instruments Ltd., Richmond, Surrey) and a glass

electrode,

Mechanical analysis of the soil

a) Pipette method

The pipette method was used initially, since at that
time a Bouyoucos Hydrometer was not available., The pipette

method is more accurate, but it is time consuming,

20 g, of air-dried soil was weighed into a beaker.
60 ml. of 6% hydrogen peroxide was added, to decompose the
organic matter, and the nmixture warmed gently. After frothing

had ceased, a further 20 ml, of hydrogen peroxide was added and
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the mixture heated once again. When effervescence had

ceased 150 ml., of distilled water was added to the beaker,
followed by 10 ml. of 5% sodium hexametaphosphate. The
mixture was boiled to destroy excess hydrogen peroxide and
after cooling, it was transferred to a 1 litre flask,
Distilled water was added to give approximately 800 ml. of
suspension, which was stirred mechanically overnight. The
dispersed suspension was passed through a 100 mesh sieve

(0.2 mm. diameter) into a 1 litre measuring cylinder, the
residue being washed thoroughly until only coarse sand remained.
The sieve containing the coarse sand fraction was dried in an
oven at 10500 and then the sand was weighed. The weight of
coarse sand was expressed as a percentage of the oven-dry
fine-earth, The suspension in the cylinder was made up to

1 litre with distilled water and allowed to equilibrate at
roon temperature. The cylinder was inverted several times

to suspend all fractions and then the particles allowed to
settle for 4 minutes 48 scconds. A 20 ml, pipette, fitted
with a rubber bung, was adjusted so that the tip of the
pipette was 10 cm. below the su-face of the suspension when
the rubber bung rested on the top of the cylinder., 20 seconds
before the time specified, the pipette was placed carefully
into the cylinder and & the correct moment 20 ml., of the
suspension was withdrawn and transferred to a weighed

evaporating basin. The basin, containing gs of the total
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silt and clay, was placed in an oven and dried to constant
weight at 105°C. The combined silt and clay fractions were
calculated as a percentage of oven-dry fine-earth. The clay
fraction was determined by resuspending the soil and allowing
it to settle for 8 hours. 20 ml. of the suspension were
withdrawn 10 cm. below the new level, transferred to a

weighed evaporating basin and the sample was dried and
reweighed as above. The clay fraction alone was calculated as
a percentage of oven-dry fine-carth, and by difference the silt

fraction was determined,

After sampling the clay fractiony the bulk of the
supernatent was poured away and the sediment, containing
mainly the fine sand fraction, was transferred to a 400 ml.
beaker. A mark was made 10 cm. from the bottom of the beaker
and water was added to the suspension up to the mark. The
contents, after stirring thoroughly, were allowed to settle
for & minutes 48 seconds and the supernatent was poured away.
This procedure was repeated until the supernatent was clear,
and then the fine sand fraction was dried and weighed. From
the weight, the percentage of fine sand in oven-dried fine-

earth was calculated.

Since the organic matter was destroyed, the sum of
the percentages did not total 1000, therefore the results were

recalculated as percentages of the mineral matter alone.
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b) Bouyoucos Hydrometer method

The hydrometer n:thod was similar in principal to
the pipette method, relying upon the differing sedimentation
rates of the fractions. 50 g. of air-dry soil was mixed with
200 ml., water, followed by 15 ml, of 0.5N sodium oxalate,
which disperses the organic matter. The nixture was allowed
to stand overnight and then mixed thoroughly using a mechanical
stirrer and baffle. The suspension was then transferred to a
1 litre measuring cylinder and the volume riade up to the
1 litre marke. The cylinder was shaken and the suspension
allowed to stand for 5 minutes. The hydrometer was carefully
placed into the cylinder 20 seconds before the reading was to be
taken and the clay and silt fractions were read directly from
the hydrometer., The temperature of the suspension was also
recorded., The soil suspension was then resuspended, allowed
to settle for 5 hours and then the clay fraction alone
determined as above. A blank reading was taken with the

hydrometer in 1 litre of distilled water.

The results were corrected for the blank reading
and for temperature, the silt and clay fractions being
calculated as percentages of air-dry fine-earth. The total
sand was found by difference and expressed as a percentage of

air-dry fine-carth.
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The method was modified for the chalk soil, since
the calcium carbonate would precipitate the oxalate, The
soil was first treated with concentrated hydrochloric acid
until effervescence ceased. The suspension was then filtered
through WVhatman no. 5 filter paper in a Buchner funnel under
vacuunis The so0il was washed with distilled water to leach
all the calcium chloride formed. The soil was air dried and

50 ge. analysed as aboves

Textural Classification

From the percentages of the mineral fractions
present, the soils were classified on the International
scale of size limits using a triangular soil texture

diagram.

The main characteristics of the soils used are

shown in Table 2,
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TABLE 2. Characteristics of the soils used in the

Mineral Fractions%

investigations

Classification

Soil Sand Silt Clay
Chelsca Loam® 71.8 12,3 15.9
Clay * 32,0 39.4 28,6
Chalk * 78.3 13,5 8.2
Peat * 92.0 Selt 2.6

on International
size limits

Loamy Sand

Silty Clay Loam

Loamy Sand

Sand

+ ZExpressed as a percentage oven-dry fine-earth

* [IExpressed as a percentage air-dry fine-~carth

2

Te2

S5ak

7.6

3.l
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Preparation of Soils

The soils were passed through a 3 mm. sieve to
remove the larger stones and then through a 2 mnm. sieve
to remove coarse particles. The fine-soil was stored in
air-tight jars in the dark until required. Since the soil
organisms did not seem to be greatly altered on storage,

portions of the Chelsea loam were used for over a year.

Adjustment of the water content of soil

All experiments were carried out at 50% of the
maximum water holding capacity of the soilj an arbitory
level commonly used in soil studies. In order to calculate
the amount of water required:by a soil to bring it to the
optimum level, the water content and the maximum water holding

capacity were determined.

Determination of the wate. content

Three samples of the soil (approximately 5g.) were
weighed into weighing bottles, The soil was dried in an
oven at 105°C to constant weight. The water content was
calculated for each sample, from the difference between the
weights of soil before and after drying and the average of
the three samplos was taken. The results were expressed

as a percentage of the oven-dried soil.
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Determination of the maximum water holding capacity

Hilgard's method was used (Fred and Woksman, 1928).
Three perforated, copper vesscls were weighed and filled with
approximately 15 g. soil and reweighed to determine the
weight of soil.,. The vessels were then placed in a trough
containing water and the level adjusted so that it just
touched the bottom of the copper vessels. Water was taken
up by capillarity attraction until the soil was saturated.
The soil was left in contact with the water for 20 minutes
and then removed, the outsidesof the vessels were blotted dry
and reweighed. The weight of water taken up was then calculated,
and with the water content of the soil at the start, expressed
as a percentage of the oven-dried soil. The average of the

three samples was used as the final figure.

Measurement of Soil Respiration

There have been a number of methods used to measure
the respiration of mic¢ro-organisms in the soil, either based
upon measurement of carbon dioxide produced or uptake of
oxygen. It was decided to measure the uptake of oxygen and
although the Warburg apparatus has been used for this,it is
impracticablefor use with insecticides because of their
insolubility and the desire to measurce the uptake over

long periods.



The apparatus illustrated in Plates 1 and 2 was designed to
enable large volumes of soil to be used (approximately 100 g.)
and to run the experiments over a number of days. One arm of
the manometer was made from a 5 ml. graduated pipette onto
which a glass tap was fused, the other arm being wide bore
glass tubing. The manometers were connected to the flask

by i" diameter rubber tubing. The soil was placed into
sterile 250 ml., conical flasks sealed with a rubber bung and
connected to the rubber tubing by an air-tight glass tube
through the bung. The soil temperature was kept constant

by submerging the flasks up to the neck in a water bath,

It was found better to fill the manometer with Krebs manometric
liquid and have a tube of 40}% potassium hydroxide solution in
the flask, rather than to have the potassium hydroxide in the
manometer, as in the Gamong respirometer. Initial experiments
showed that 1.5 ml., of 40 % potassium hydroxide solution
(Theoretically capable o” absorbing 146 ml. carbon dioxide)
was capable of giving an accurate measurement over 5 days,

at normal rates of respiration. At the start of an experiment
or after replenishing the potassium hydroxide, the flasks were
allowed to equilibrate for 10 minutes. The levels of the
manometric liquid were adjusted until equal at the point taken
as zeroe. The taps of the manometers were closed and the time
noted, Readings of the manometers were taken once or twice a

day depending on the rate of respiration, adjusting back to









- 42 o

zero if necessary. No results were obtained during the
week-end, when the manometers were left open. The readings

were taken by adjusting the movable arm of the manometer

until the levels of the manometric liquid in each arm were at
the same point. The volume of oxygen taken up was read
directly from the graduated arm of the manometer. On occasions
the level of manometric fluid rose too high for the necessary
adjustment to be made. By experimentation it was found that

the height at which the level of manometric fluid reached above
zero, before adjustment, was directly proportional to the actual
uptake of oxygen. The rcadings taken before adjustment were
converted by a factor of 2,15 to give the uptake of oxygen.

The results were corrected to 100 g. soil and for readings of
the Thermobarometer which was attached to a flask containing
100 ml. of water and the final reading recorded as ml. of
oxygen taken up at a specified temperature at atmospheric
pressure per 100 g. soil. Graphs of the results werc prepared
and the rates of uptake were calculated from the curve obtained,
being expressed as ml.OZ taken up in 24 hours, measured fron

noon to noony by 100 g. soil.

Soil Population Studies

The effect of insecticides on the population of
soil micro-organisms was studied in general and more important

groups were studied in detail. In all cases the level of



- 43 o

insecticide used was that which had made a significant
difference in the rate of respiration of the soil

micro-organisms.

The soil, in 250 ml, conical flasks, plugged
with non-absorbent cotton wool, was incubated at 30°C. Samples
of the soil, which wocre taken to determine the population,
were weighed by two different methods. In the early studies
duplicate 1 g. samples of soil at 50% maximum water holding
capacity were weighed into specimen tubes and then transferred
to dilution bottles containing sterile tap water. This method
was found to give satisfactory results when studying a mixed
flora and had the advantage that plate counts referred directly
to 1 g. of soil, However, in later studies, to reduce the
chances of contamination a sample of soil was added directly
to a weighed dilution bottle. The bottle plus the soil was
then reweighed and the weight of soil found by difference.
Dilutions were made in steiile tap water and replicate plates
were prepared of the anpropriate dilution. For the pour-plate
technique, 0,1 ml. or 1.0 ml, samples of the dilution were
placed in sterile Petri dishes and after the culture medium
was added, the Petri dishes were rotated to mix the sample.
For some organisms, wherc surface colonies were desired,
0,1 ml. of the appropriate dilution was placed on the surface
of the medium, which had been partially dried in an incubator

o
at 37 Co The inoculum was spread over the surface of the



medium with a sterile glass spreader. The surface was
allowed to dry and then the plates were inverted and
incubated.

All results were calculated to give the number of organisms

per gram of soil at 50% maximum water holding capacity.

Culture media

Thorntonts medium

For general population studies, Thornton's medium
wes found to give satisfactory growth of a wide range of
organisms. Best results were obtained by incubating at 2500

for ten days.

Constituents ge/litre
KZH PO[k 1.0
K2
3 0.5
Asparagiae 0.5
Hg SO« 7H,0 0.2
o} 0,
a Cl2 1
Na C1 0.1
Fe Cl3 0.002 (0.2 rl. of
1% aqueous
solution)

The constituents were dissolved separately in a small volume

of water and then mixed. The medium was made up to 1 1, and
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15 g. agar added and allowed to stand for 15 minutes.

The agar was dissolved by hcating in an autoclave and then
allowed to cool to 60°C. 1 ge. mannitol was added and the
pH of the medium adjusted to 7.4 with N/10 sodium hydroxide.
The medium was dispensed into bottles and sterilised for

15 minutes at 15 1b, pressure in an autoclave.

Sabouraud's Maltose medium

This medium was used for estimating the number

of fungi in the soil,

Congtituents ge/litre

Maltose 20
Mycological Peptone 10
Agar 15

The constituents were dissolved in water at 60°C and the pH
adjusted to 5.6 The agar was melted in an autoclave and after
dispensing into bottles, tne medium was sterilised by autoclaving
at 15 1lb. pressure for 15 minutes. laltose was used in
preference to glucose because it could be sterilised with the

conplete medium.

Glycerine=-Asparaginate Agar

This medium, devized by Cormm (1921), was used to

estimate the numbers of actinomycetes in soil,
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Constituents gJ/litre

Sodium arparaginate
{(or asparagine neutralised 1.0
with Na OH )

KZH PO4 1.0

Agar 15
The constituents were dissolved in water and 10 ml. of
glycerol were added. The medium was made up to 1 litre and
the agar dissolved in an autoclave. The medium was dispensed

into 100 ml. aliquots which were sterilised by heating in an

autoclave at 15 1lb, pressure for 15 minutes,

Selective medium for Yeasts

The medium used suppresses the growth of most
bacteria and fungi, ailowing the growth of visible colonies
of the yeast from soil. The medium was basically nutrient
agar (Oxoid) which was reinforced with glucose and the pH
adjusted to 3.5 - 4.0 with tartaric acid. A 50% glucose,

5% tartaric acid solution was prepared and sterilised in

an autoclave at 15 lb, pressure for 15 minutes. 10 ml. of
this solution was added to 1CO ml. sterile nutricent agar and
mixed thoroughly before pouring the medium. 1 ml. of a 1%
diphenyl solution in ethanol, which was gomsidered to be
self-sterilising, was also added to inhibit the growth of
moulds. The medium was incubated at ZSOC to prevent the too

rapid volatilisation of the diphenyl, but if the growth of
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fungi appeared to be too rapid, a further addition of
diphenyl solution was made into the 1lid of the inverted

Petri dish.

Reinforced Clostridial medium

This medium was obtained from Oxoid as a granular
powder which was added to distilled water and sterilised. It
was used to estimate the numbers of anaerobic bacteria in the
soil, with the pour-plate technique., VWhen the medium had
solidified, it was dried at 37°C for 2 hours, because any
surface moisture allowed spreading-colonies to form. The
Petri dishes were placed in a Brewer anaerobic jar with a
tube of indicator (4g. glucose, 2g. sodium orthoarsenate,
0.003g. methylene blue in 100 ml. water) boiled to decolourise
it. The jar was evacuated with a water vacuum pump and then
flushed through with hydrogen for 30 seconds. A palladium

catalyst in the jar converted any residual oxygen to water.
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EXPERIMENTAL AND RESULTS

A. Recpiration of Treated and Jntreated Soils

These studies were undertaken to give some indication
of the overall effect of the insecticides on the soil micro-organisms.
It was considered that an increase or decrease in the rate of respir-
ation of the soil following the addition of an insecticide, would
indicate that the insecticide was having some effect on the soil
micro-~organisms and that this could be inhibitory or stimulatory.
Further, this might give some indication as to the persist@nce of

the insecticides in relation to microbial degradation.

a) Preliminary Studies

During the development of the technique described in the
materials and methods, which was finally used to measure the
respiration of the soil, several experiments were carried out to
enable to most efficient apparatus to be designed. Further, it was
felt necessary to determine the effect of temperature and water
content of the so0il on respiration, so that conditions would be

near the optimum for the majority of the soil micro-organisms.,

(1) Manometer capacity

The first requirement for measuring the uptake of
oxygen over a period of days was that the manometers should be capable
of measuring the changes in volune of gases in the flasks with a

reasonable degree of accuracy and with a minimum of inspection, so
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that the apparatus could be left running for at least 12 hours
without attention. A comparison was made between 5 ml. and 10 ml.
pipettes, used as the measuring arm of the manometer, in order to
determine the most useful capacity. Although the 10 ml. pipettes
required less supervision, the accuracy of the 5 ml. ones gave

them a distinct advantage. In fact the 10 nl. pipette manometer
arms would have been more advantageous with the high rate of respir-
ation experienced in some investigations, but where only small changes
were measured their accuracy would not have been sufficient. The
ideal manometer arm would have been of 10 ml. capacity, but with the
same diameter bore and graduations as the 5 ml. pipettes, but this

equipment was not available.

(ii) Absorption of carbon dioxide

In measuring the oxygen uptake during respiration,
the carbon dioxide given off must be absorbed and this was done with
a 40% solution of potassium hydroxide. An experiment was undertaken
to ccapare the efficiency of absorbing the carbon dioxide with the
potassium hydroxide contained in the manomecter arms, as in the
Ganong respirometer, or in a scparate container ingide the flask
using Krebs manometric liquid in the manometer arms, as in the
VWarburg apparatus. The respiration was measured with both techniques
for carbon dioxide absorption, using 10CG ¢g. of soil in each flask.
It was thought that this was the maximum amount of soil that could
be used in 250 ml, capacity flasks without imparing diffusion

through the soil, which was approximately 1 inch in depth.
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than to the absorbent in test-tube in the flask. Also, since

the potassium hydroxide in the manometer is in continual contact
with the atmosphere, its efficiency probably diminishes over a
period of time, The lar-er bore of the test-tube (7.0 mu. compared
with ©£.5 mn. of the pipette) also gives a greater surface are over
which absorption could take nlacc.

The method of caleculeting the rate of respiration

from the graph was used for ccnvenience, but it did introduce

slight errors in the initial :ates, As can be ceen from Fig. 1,

when the experiment vas storted after noon, the initial rate during
the first 24 hours had to be calculated by extrapolation.

Also,

vhen an experiment was started before noon, the oxygen taken up in
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Table 3. Effect of the location of the carbon dioxide absorbent on
the measurement of the respiration rate of Chelsea loam,

Time (days)

Rate of Respiration (m1.02/24 hours/100 g. soil)

Location of CO2 absorbent

/._---«—_-. e e e w4t et ———— < v £ pw s “

Manometer Flask
1.4 2,45
1.6 4,25
1.8 3485

Table 4, Effect of different temperatures on the respiration of
Chelsea loam, untreated and containing malathion.

Time
(days)

Rate of Respiration (ml.02/24 hours/100 g. soil)

Temperature of incubation

(3

, _— v

A

25°¢. 30°c.
U ) OSSO . i D
Untreated Soil + Untreated Soil +
Soil Malathion Soil Malathion
2,55 6.0 4,05 9.6
2.15 5.1 3.6 6.6
2.15 3.65 2.8 L7
1.7 2.8 2.55 L,7
1.5 2.15 2.15 Bl

1.4 2,15 2,15 3.2
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Fig. 1. The effect of the location of the carbon dioxide absorbent

on the measurement of the respiration of Chelsea loam,
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the first hour or two was ignored. Since in most experiments the
start was within two hours before or after noon, it was thought
that the error introduced woulu be small with respect to the total

oxygen taken up in the first 24 hours.

(iii) Effect of temperature

100 g. soil was placed into each of the four
flasks and the water content adjusted with sterile distilled water
to Sd% of the maximum water holding capacity. 7Two flasks were
placed in a water-bath at ZSOC. and the remaining two flasks in a
water-bath at 30°C. Four similar flasks were prepared, containing
100 g. soil, to which malathion was added, as an emulsion, to give
a concentration in the soil of 1000 ppm. Two of these flasks were
then placed into cach of the water baths. The rate of respiration
of the untreated soils at the two temperatures was observed for a
period of 8 days to determine the effect of temperature on respir-
ation. The results were compared with the rates obtained with the
malathion treated soil, to sce if the presence of the insecticide
had any effect on the response to temperature. The results are

showvn in Table 4, and graphically in Fig. 2.

The results show that the rate of respiration of both
treated and untreated soil was higher at BOOC. than at ZSOC. In each
case the rate of respiration was highest in the first 24 hours, this
being followed by a decline in the rates, which finally reached a

constant level. The most marked decline in the rate of respiration
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Fig. 2. The effect of different temperatures on the respiration

of Chelsea loam, untrcated and containing 1000 ppm
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was observed in those flasks giving the highest initial rate of
respiration i.e. those containing malathion treated soil. The
rate of respiration of soil treated with malathion did not drop

to the level of the control at either temperature.

As the main effect of elevating the temperature was
to increase the overall rate of respiration and since the rate of
respiration in the presence of the insecticide was not adversely

affected, this temperature was used for all further studies.

(iv) Effect of water content

100 g. soil was placed into each of six flasks.
The water required to adjust the water content of the soil to
35%, 50% and 65% of the maximum water holding capacity of the soil
was calculated. Water was added to the soil to bring duplicate
flasks to each of these levels. The flasks were incuybated at 30°C.
in a water-bath and the rate of respiration of each soil determined,

The results are shown in Table 5 and graphically in Fig. 3.

The results show that with soil at 65% of the maximum
water holding capacity, the rate of respiration was fairly constant,
but lower than at the other two levels. Initially, the highest
rate was observed at a level of 50%, but an increase in the rate of
respiration of soil at 35% on the two following days caused there
to be little difference between these levels. However, when the

potassium hydroxide was renewed after incubation for six days,
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Table 5. The influence of water content on the rate of
respiration of micro~organisms in Chelsea loam

Respiration Rate (m1.02/24 hours/100 g. soil)g
Water content of soil * .
Time . e .. .; e et e i i
(days) 35% ; 50% 65% ‘
R S A R
2 | 2.35  ;  1.95 0.9
3 2,25 | 2,05 0.95
7 0.95 i 0.9 0.55 ’
8 1.55 2.05 1.0
9 1.k 341 0.95 '
10 ; 2.0 : 2.65 1.15 5
: % |

* Yater content as a percentage of the maxinum water holding

capacity.
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3. The influcnce of water content on the rate of

respiration of micro-organisms in Chelsea loan.

4
o 35%
o 50%
® 65%

[
3 1 \
()
O _
| 4 o

—
—— > /.\*/'

RESPIRATION,
(mLO2 /24 hours/100g.soll)
N

(o] = T A v = v = v T A- M A Y B
o] 1 2 3 4 -] e 7 8 9

TIME. (Days)

10



- 58 -

the rate of respiration of the soil at 50% maximum water holding
capacity gradually increased until it was higher than at both the
other levels. Although the rate at 50% fluctuated, it was decided
to use this level in later experiments, since it diéd give an overall

greater rate of resgspiration than ot the other levels.

b) The Zffect of Insecticides at Various Levels on the
Rate of Respiration.

The effect of malathion, sumithion and menazon on soil
respiration was determined, using the technique described in the

materials and methods.

(i) Effect of malathion

An experiment was carried out to test the apparatus
using a commercial formulation of malathion, a 4% dust (Murphy
Chemical Co,.), since the technical grade was not available at the
time. 5 g. of the dust was added to each of two flasks containing
100 g, soil and mixced thoroughly to give a final concentration of
approximately 2000 ppm a.i. in the soil. This was the maxirmum
concentration that it was considered advisable to use to avoid
side effects from the presence of the solid diluent. The high
concentration of insecticide used, which would only be found under
exceptional circumstances, was thoughtdesirable to magnify any
possible effect which might occur. Two similar flasks containing

untreated soil were used as controls. The water content of the soil
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was adjusted to 50% maximumi water holding capacity and the flasks
were incubated at 30°C., connected to the manometers. The results

are shown in Table 6 and graphically in Fig. L.

From the results it will be seen that the malathion
dust stimulated the initial rate of respiration of the soil to
approximately & times that of the control. ﬁowever, since the
exact nature of the solid diluent was not known, and this may have
affected the results, it was necessary to confirm this result by
repeating the experiment with the technical product at the same

concentration.

When using the small quantities of malathion required,
it was found more convenient to pipette a known veclume into a portion
of the water required to adjust the water content of the soil than
to weigh it. 0.2 ml. malathion and 6,0 ml, water werc emulsified
by sucking up the mixture and blowing out from a pipette a number
of times. The emulsion was then pipetted into the soil to give
approximately 2000 ppm and was mixed thoroughly with a spatula.
Duplicate flasks were prepared of the scil plus the insecticide
and untreated control soils. The flasks were connected to the
manoneters and incubated =t BOOC. The results are shown in Table 7

and graphically in Fig. 5.
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Teble 6. Influence of Malathion (4% dust) at 2000 ppm on the
rate of respiration of micro~-organisms in Chelsea loant.

Rate of Respiration (m1.02/24 hours/100g.s0il)

3

Time - o e e
(days) Untreated Soil Soil with malathion (2000ppu)

1 2.25 12,2

2 3.65 13.8

3 5+65 9.45

4 2.0 11.4

2 2.65 3465

6 2,65 3.25

7 2.25 1.6

Table 7. The effect of Technical malathion at 2000 ppm on the
ratce of respiration of micro-organisms in the Chelscea loam,.

Rate o~ Respiration (ml.Oz/ZLL hours/100g. soil)

Time , et e e+ e e
(days) Untreated Soil Soil with malathion (2000 pps)
1 3425 13.2
2 3425 13,0
5 2.65 Te3
6 2,25 L,05
7 2,65 S5e3

8 2.45 4,05
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Fige 5. The effect of Technical malathion at 2000 ppm on the rate

of respiration of micro-organisms in Chelsea loam.
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The rate of respiration was again stimulated in the
presence of the malathion and was comparable in magnitude to that
found with the commercial formulation. This indicated that it was
in fact the malathion and not the diluent which was causing the
increase in respiration. As a result of this observation it was
decided to run, concurrently with the respiration experiments,
population studies to see if there was any correlation between the
rate of respiration and the number of viable micro-organisms in

the soil. The results of these studies are given later.

After the experiments already described, the effect of
malathion at 5G, 100 and 1000 ppm on the rate of respiration of soil
micro=~organisms was determined. The experimental method was as
already described. The results are shown in Table 8 and graphically

in Fig- 6-

Stimulation of the respiration was apparently correlated
with the concentration of the malathion which suggested that the
s0il micro-organisms were able to metabolise the insecticide or that
the malathion is unstable in the soil and the micro-organisms werc

utilising its decorpositicn products.

(ii) The effect of sumithion

Sumithion was added to the so0il to give concentrations
of 50 and 2000 ppm and was incorporated in the same manner as given

for malathion. The results are shown in Table 9 and graphically in Fig.7.
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Table 8. The effect of malathion at 50, 100 and 1000 ppm on the
rate of respiration of micro-organisms in Chelsea loan.
Rate of Respiration (ml.Oz/ZlL hours/100 g. soil)
e o e e eerim i ———— b e e ¢ e B e+ A i 3 e St A ot < s 1 i e va mvm e mas am
Soil with various concentrations of malathion
S ,_._..{ e e e g e
50 ppm : 100 ppm 1000 ppm
t
— i I —— - e e e e
Time Untreated| Soil plusi Untreated; Soil plus|Untreated! Soilphs
(days) soil malathion soil ] malathion soil | malathion
———— e ....M.M.....,,im e e e e
1 4,2 5.9 3.0 | 5.2 4,05 9.6
|
2 2.6 l bal 3ok 4,0 | 3.6 6.6
]
! !
3 f 300 405 l 202 3.2 ! 2.8 l’:l?
| | |
A 2.6 . 2.8 | 1.8 i 2.8 2.55 ka7
7 2ok 2.6 | 2.0 , 2.2 - -
; ; ;
: : !
8 f 2.3 3.8 . 2,0 i 2.2 2.15 3.k
; i
! ;
9 200 - : 108 ! 206 2015 3.2
{ . . I
10 2.1 | - i 2.4 2.1 - -
. : i
-—-—-L~-— - P S AL e e
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The effect of malathion at 50, 100 and 1000 ppm on the
rate of respiration of micro~organisms in Chelsea loam.
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Table 9. The effect of sumithion at 50 and 2000 ppm on the rate
of respiration of micro-organisms in Chelsea loam.
- tr R e e e I R B e T L T PR ,__.V__A;.
; Rate of Respiration (ml.02/24 hours/1C0 g. soil) 2
1
e P s e s e e
: !
! Soil with and without two concentrations of sumithion
) i !
_f. 50 ppm : 2000 ppm :
?._,M-——-——- e "w - i e e ?. - —— .~ s aarde - e ~..—»~,"
; e ;
Time i Untreated | Soil with ' Untreated = Soil with :
(days) soil ' sumithion soil sumithion i
N 3 ¥ R
i i |
i : i
1 53 ! 6.1 2.85 6.1
: i
2 3.65 i bohs 3.45 5.7
3 3.25 | 3.65 i 2,45 | 2.85
i :
| ! . i N
7 ! 3.65 ; 2.85 ! 2.45 3.25
! ;
8 ! 3.05 ; 2.65 2.45 2.45
{ ! : i
] :
9 ! 3045 f 3.45 ; 2,05 ! 2,45
10 3.5 3,05 - : - %
S B e

- 66 ~
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The effect of sumithion at 50 and 2000 ppm on the rate

Fige 7« . : i
of respiration of micro-organisms in the Chelsea loam.
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The results with sumithion indicate that stimulation
of respiration occurs in its presence, but the degree of stimu-~
lation was less than that obtained with malathion. Although the
initial rate of respiration in the presence of the sumithion at
5C and 2000 ppm were the samwe, the stimulation at the higher level
was greater than at the low.r level wvhen cowmpared with the controls,
Also, slight variations in the initiazl rates of the controls nay
have masked the true pattern of the stimulation., it was noted that
there was a slight depression in the ;ate of respiration of the soil
containing 50 ppm sumithion after aporoximately 6 days, but since
this effect was not seen at 2000 ppr, it may have been caused by

normal variations in soil respiration.

(iii) The effect of menazon

The effect of menazon at 20, 50 and 10000 ppm on
the rate of respiration of the Chelsea loam at SOOC. was determined.
For the higher concentration, menazon was incorporat~1 into the
soil as the solid. The required amount was weighed and added to
100 g. of soil and mixed by shaking thoroughly. The water content
of the soil was adjusted and then the soil was mixed with a spatula
to ensure an even distributon. For the lower concentrations,
menazon was dissolved in distilled water using a mechanical stirrer
and heating gently. The required volume of the selution was added
to 100 g. of soil to bring it to the required concentration and the

S0i1l was then mixed with a spatula to obtain an even distribution,
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Duplicate flasks of untreated soil acting as controls were also
prepared and incubated similarly in a water bath at BOOC. The

results a2re shown in Table 10, but only the effect of 10000 ppm
is shown graphically in Fig. 8, since the other concentrations

did not produce an effect significantly different from: the controls,

The results show that only at 1CCCO ppm was there a
significant increase in the rate of respiration and no large
depression was noted at any concentration, There was a small
increase in the initial rcate at 2000 ppm but there was apparently
no stimulation at 20 and 50 ppne. However, 20 ppm caused a slight
depression compared with the control but since this was not shown
at any other level, it was thought to be due to variaticens in the

S

soile.

The results suggested that menazon or its decomposition
products were more resistant te microbial degradation or were
unavailable to the micro-organisms, but also that they were not

inhibitory to respiration.

The results with the insecticides show a definite pattern
which is probably associated with their chemical individuality. The
first conclusion that may be dravn from the studies is that the
insecticides do nct appear to be toxic to the soil microflora as a
whole, since on no occasion was the ratc of respiration significantly

depressed.



Table

10.

The effect of menazon at 20, 50, 2000 and 10C00 ppm on the

rate of respiration of micro-organisms in Chelsea loamn,

E Rate of respiraticn Iml, 02/24 hours/1C62 g. soil)

Soil containing various concentrations of mchnazon

13

Time 20 ppn 50 ppm 20C0 ppm 1CC00 ppum
(days ) ; 7 : ) - "", -
:Untrea- Treated|Untrea~ [Treated | Untrea- [Treated|Untrea=- {Treated
tted soil| soil lted soill soil |ted soil soil |ted soil soil
1 3.2 1.95 3¢5 355 5.5 5.85 3.05 4,65
2 1.4 1.95 2,95 3.05 2.4 3.0 2.85 5.05
3 2.75 2,95 - - 2,2 2.8 1.8 3445
ooy 2,75 2.75 - - 2.2 1.8 2.Lk5 3,45
5 - - - - - - 2,25 3.05
6 § - - 2,15 2.55 - - - -
7 % 2,35 2,15 2,85 2.65 - - - -
8 2¢35 2,15 2,545 2.75 2.0 1.6 245 3.25
9 2,75 2,15 2,45 | 2.25 2.0 1.6 2.65 3,05
10 1.95 | 1.95 - ; - 1.8 1.9 - -
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Fig. 8. The effect of menazon at 10000 ppm on the rate of

respiration of micro-organisms in the Chelsea loain.

6 e Control
© «10000ppm menazon.
5 /o
©
= 4
©
"
=
4
58 ©
=@ o
q P ° — T
@ 3 o
s 2 3 \ o
d 3 ' L]
@
[ ] /
%N \./
= 2
[}
1
0 —
(o] 1 2 3 4 5 8 7 8 2]

TIME. (Days)



-72 -

The stimulation of respiration with each insecticide suggests that
the soil microflora is able tc¢ decompcse the insecticides and utilise
the products., The degree of ostimulation might be associated with

the ease with which the insecticides arce decomposed and hence with

their persistence, This weuld indicate a vory short persist@nce for

W

malathion in the soil and a longer persisteénce for menazon with
sumithion falling between these two. However, physical pl:»nomena
such as adsorption could be obscuring the regsults, and chemical

decomposition might play a reclatively large role in the breakdown

of the insecticides.

It must also be stressed that whi'st the results have
been recorded in a quantitative manner, too much reliance must not
be placed upon individual figures. £4s can be seem from the untreated
soils, the rate of respiraticn fluctuates due to the heterogenccus
nature of the soil. Therefcre, one can only compare trends in the

rate of respiration of treated scils with their particular controlse.

c¢) The effect of formulation of the insecticides on
the respiration rate.

Whilst it was thought that various additives to the insecticides
night give false results, it was thought desirable to obtain the most
even distribution of the insectieideg throughcut the soil, so that
concentration gradients were not produced and the insceticides wvere

availeble to all the soil micro-organismns.
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Investigations were undertaken to determine the ratzs of
respiration using bentonitc as a carrier for malathion and menazon,

and Triton X-100 as an emulsi.ying agent for malathion.

{i) Bentonite as a carrier for the insecticides

Eight flasks werc prevared containing 100 g. soil.
0.1 g. nmalathion was weighed onto 10 g. bentonite and mixed thoroughly.
1 g. of the malathion/bentonite mixturc wes added to each of two
flasks, to give approximately 50 ppm a.i., and an equivalent amount
of mzlathion was emulsified in water and added to two further flasks.
1 g. of bentonite was added to duplicate flasks and the remaining
two flasks acted as untreated controls., The water content was
adjusted to 50% of the maximum water holding capacity and the flasks

were incubated in a water bath at BOOC.

In the case of -—-nazon, it was thought {:: % a more even
distribution would be c¢btain d in the bentonite if the menazon was
added as a2 solution in methanol. 2.0 g. nenazon were dissolved in
50 ml., methancol and & ¢. bentonitz added. The methanol was evaporzted
off on a water bath at 9OOC, and the menazon/bentonite nixture ground
to a powder with a pestle and mortar. 3 g. cf the mixture were
added to each of twe flasks contzaining 100 g. soil to give approxi-
mately 10000 ppmi &.1i. 1 g. menazon was added to duplicate flasks
and further controls were preparcd as for the malathion, but the

bentonite added to the scil was treated with methanol in the same
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manner as described above. The results for malathion and menazon

are shown in Table 11 and graphically in Fig. 9

From the results it would appear that using bentonite
as a carrier does not increase the stimulation due to the insccticides
although side effects reduced the possibility of any clear result.
The bentonite in the malathicn experiment had a slight depressing
effect on respiration in the presence and obsence of malathion,
pessibly ceused by a roduction of the free water content in the soil.
It was learned later from the literature that malathion is unstable
in bentecnite, which would also ma~e it unsuitable as a carrier for

malathion.

The bentonite trcated with methanol in the menazon
experiment gave an exceptional result. A large increase in respir-
ation was observed, and this can only be explained by assuming that
residual traces of nmcethenol were being utilised by the microflora.
This stimulation wes reduced in the prescnce of menazen, indicating
slight inhibition of the organisms utilising the residues of
methansl. The control of untreated soil in the menazon experiment
behaved in an atypical manncr. A large increase in respiration
was observed on renewing the potassium hydroxide solution in the

flasks, after incubation for five days.



Table 1l.

rate of respiraticn of micro-organisms in the Chelsea loam.

o i —

Soil

Soil with Bentonite as the
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L.l
l&-s

2.8

The cffect of Bentonite as a carricer for Malathion and Menazon on the

Malathion (50 ppm)
Untreated ! Soil with Soil with Soil wi
bentonite | malathion.

bentonite
- &malathion

th .Untreatcdi
Soil

Lot
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8.0
3ok

1.0
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Ce e e ]
Soil with Soil with; Soil with
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3-4
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Fig. 9. The effect of Bentonite as a carrier for malathion at
50 ppm and menazon at 10000 ppm cn the rate of
respiration of micro-organisms in Chelsea loam.
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The experiment with menazon was reneated using chloroform
as the solvent, since it was hoped that the more volatile liquid
would be niore easily removed from the bentonite. The result of the
experiment, however, was similar in foriz to that using methanol
but the stinmnulation was even great;ra The ben;onite treated with
chloroform gave an increase in the rate of respiraticn which could
not be measured in the apparatus used, although in the presence of
menazon this was agoin reduced., It became clear that the use of

bentonite was impracticiileas a carrier for malathion and menazon

and the method was discontinucd.

(ii) Triton X~100 as an enmulsifying agent for malathion

As an alternative to the use of a solid diluent for
the liquid insccticides, it was decided to try 2 liquid formulation
using Triton X-100 (Lennig Chemicals Ltd.) as an emulsifying agent,
although it was not known what effect it might itself have on the
microiflora, A 2% v/v solutic . of the Triton X~1C0 was prepcred,
and 0.1 ml. malathion vas cmulsified in 100 ml. of the solution,
by vigorous shaking. L[ight flasks were prepared containing 100 g.
soil and 10 ml. of the emulsion were pipetted intc each of two
flasks, to give a final concentration of approximately 100 ppm
malathion. 10 ml, of 2% Triton X-10Q solutinn “ore added to a further
two flasks and similarly 10 ml., of 0.1% v/v cmulsion of malathion in
distilled water to twe further flasks. Duplicate flasks of untreated

soil were used as controls, and after adjusting the water content of
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the soils to 50% maximum water holding capacity, the flasks were
incubated at BOOC. in a water bath. The results are shown in Table 12

and graphically in Fig. 10.

The results show that there is a marked increase in the
respiration rate in the prescnce of Triten X-100, ezpparently due to
the decomposition of this material by the scil micro-organisms,
However, the rate of respiraticn of soil containing the malathion/
Triton X-100 mixture was generally higher than soil containing
Triton X-100 alone, suggesting that even in the presence of the

emulsifying agent, the malathion was still being metabolised.

However, by adding together the rate of respiration
recorded for soil containing Triton X-100 and the rate of respiration
of s0il containing malathion only, correcting cach for the rate in
untreated soil, it will be seen that the figure obtained is less
than that for scoil containing both Triton ¥X-100 and malathion, i.e.
in the first 2L hours it was 3.9 and 2.2 compared with 9.4 ml.Oz/

100 g. soil. This suggests vither that the emulsifying agent was in
fact enabling a morc even distribution of the malathion to be obteined,
or that it was assisting thc soil microcflora to act upon the malathion
by altering the physical conditions within the scil. A small error
night have been introduced in neasuring the effect of malathicn alone
at 50 ppm, du¢ tc the difficulty of incorporating such a small

quantity in the soil.
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The effect of Triton X-100 used for the incorporation

of 100 ppm malathicn into Chelsea loam,on the

respiration of the micro-organisms,
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Fige 10. The effect of Triton X-100 used for the incorporation
of 100 ppm malathion into the Chelsea loam, on the

respiration of the micro-organisms.
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fillthough Triton X-100 assists in the even distribution
of low levels of malathion in the soil, it was felt that in view of
the large increase in respiration which resulted, it might mask the
true effect of the insecticide on the scil microfloirra, and the method

was not used in later studies.

d) The effect of addition of a nicrobial nutrient tc the soil
on the respiration rate in the presence of menazon.

The addition of menazon to soil, even at 10000 ppm, brought
about very little change in the rate of respiration of the soil
micro-organisms, which irdicated that either the microflora were
unable to decomposce the insecticide and utilise the products or
that it was unavailable for microbial degradation through, for
example, adsorption or chemical change. In order to test the
former hypothesis, it was decided to stimulate growth and metabolic
activity of a scction of the soil population in order to determine
if this enabled them to deconmpose menazon, This might be shown by
an additional increcse in the rote of respiration of the soil micro-

organisms above that due to the nutrient alene,

Menazon at 10000 ppm was incorvorated into 100 g. of soil
in four flasks as previously described. To cach of two of the flasks
1.0 g. of urea was added, the remaining two flasks acting as contrds.
Further controls of untreated soil and soil containing 1 g. urea/

100 g. soil werc also prepared in duplicate. The water content of
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the soil was adjusted to 50 % maximum water holding capacity and
the flaslks incubated in a water bath at 30 OC. The results are

shown in Table 13 and graphically in Fig. 11,

The results indicated that the addition of urea to menazon
treated soil does not increase the degradation of the insecticide, i.e,
the rate of respiration of soil treated with menazon plus ureac was
never higher than the sum of the rates of so0il treated separately with
urea and menazon., An important feature of the rates of respiration
in the first 24 hours was that menazon stimulated respiration greater
than the urea, although the rate in the presence of urea gradually
increased up to six days, and after the sixth day, the rate of
respiration was too high to measure with the apparatus used. During
the same period, the stimulation caused by menazon decreased, until
it was approxinmately the sanie as the untreated soil, on the ninth day.
The greater initial stimulation by menazon over that by urea indicates
that menazon or contaminating material in the technical product may
be niore readily metabolised by a larger proportion of the soil micro-
flora than urea. The results show also that some days elapsed before
the soil population reached a peak of assimilating the urea, which is
what one might expect if the initial population of urea-decomposing
micro-organisms was low, and were stirnwulated to grow in the presence
of the urea. The accumulation of ammonia or nitrate produced from
the urea might also have increased the rate of respiration of the

general population. However, the rate of respiration of the soil
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Table 13. The effect of the addition of urea on the rate of
respiration of micro~organisms in Chelsea loam in
the presence and absence of menazon,
? Rate of respiration (m1.02/24 hours/100 g. soil)
; Soil with and without 10000 ppm menazon in the presence
; and absence of 1% urea
Time ,  Untreated i Scoil with % Soil with E Soil with urea
(days) | Scil j urea . menazon | plus menazon
1 bk % 5.6 ? 7ok l 742
2 2.0 ; 15.2 | 3.8 ! 13.6
3 : 3.6 | 21.2 5.0 | 19.0
6 | 24 b2, 2.6 17.0
7 24 - a0 5.2
i : . i
8 ; 2.3 i - f 1.6 2.2
9 2,0 : - | 1.8 i 1.0
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Fige. ll. The effect of addition of urea on the rate of respiration
of micro-organisms in Chelsea loam in the presence and
absence of menazon.
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treated with urea and nmenazon indicated that the menazon was
depressing the activity of the urea-decomposing organisins. Initially,
there was little difference between the soils containing menazon alone
and menazon plus urea; but as the rate of respiration increased, with
continued incubaticn in the scil containing urea, a reduced stimu-
lation was observed in the seil containing urea plus menazon. I1f the
organisms capable cof decomposing urea were proliferating, it indicates
that menazon must be affecting the rate of growth of these organisms.
The rapid decline in the rate of respiration in the presence of
menazon and urea after 6 days way be duc to the toxicity of menazon,
but since results were not obtained for the effect cf urea alone,

it might be that the urea was completely utilised and the respiration
rate was returning to nornal. The experiment therefore was repeated
using 0.1% urca added to the soil, and this showed & similar pattern
to the previous experiment. It was observed, however, that the rate
of respiration, duc tc the urea, reached o peak after 7 days, after
which it declined and fell below that brought about by menazon and
urea together, This suggests that the menazon was exerting some
inhibitory influcnce cn the utilisation of urea in the soil. 1In
order to confirm this, it would have been desirable to determine the
effect in pure culture, but tiwme did not permit this further investi-
gation. The exact nature of the interacticn of menazon and urez in
the soil cennct be determined using the respiration apparatus.

The stimulation of the population by urea might have caused a more

rapid decomposition of menazon, but this could be shown more clearly
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by following the persistence of menazon in urca-treated soil.

@) The effect of the inseccicides on the rate of respiration
of different scil types

The effect of the insecticides on the respiration of different
soil types was studied to determine how such factors as pH, organic
matter content and associated micre-orgenisms influence the results
obtained, A clay soi}, a peat soil and a chalky soil were chosen
as representative of the wide variety of soils found in nature.

Details of the scils are given in the matorials and methods,

The imethod employed was identical to that used for Chelsea
loam and the insccticides werce incorporatad in the same manner as that
previously described for Chelsca loam ond at the following levelsy
walathion 20C0 ppri, sumithion and wmenazon 10,000 pprme The results

arce given in Tables 14-16 and graphicelly in Figs. 12-1L,

The results in general indicate a similar pattern of
stinulation as in Chelseo leam, The rate of respiration of untreated
clay and chalk scil was higher than Chelsea loam, but that of the peat
soil was lower, The rete of respiration was highest in the first
24 hours as it was with Chelsea loam, and this was followed by a
declinc, Malathion stinulated the initial rate of each scil more
than the other two insecticides, but there were differences in the

degree of stimulaticn with each insecticide. The chalk soil was
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Table 14, The effcct of malathion, sumithion and menazon on the
rate cf respiration of micro-organisms in o clay soil,

Rate of Respir~tion (m1.02/24 Heours/100 g. soil)
Time | Untreated ! Scil with i Soil with Soil with
(days) Seil malathion ¢« sumithion menazon
i @ {2000ppm) é { 10000 zpm) {10000 ppm)
~-..__......-,,-_._;... SN SO UV DS ___"_E,.-, e et e 2 ]
! o=
1 i 5.9 : 11.4 g 7.35 : 7.0
2 L6 8.3 3 5.5 : 5.15
. i i
3 k.2 6.45 i Lok | b,2
i L ; 37 - 3.7 3¢5
[ i ‘
i 6 ' - 5.15 : - -
O el - - |
| | | |
; 8 ; 2ok L8 0.4 ; 3.1 |
s : f ’
9 ‘ 2.2 3.7 - 2.k ‘
Table 15. The effecct of malathion, sumithion and menazon on the
rate of respiration of micro-organisms in a chalk soil.
i Ratc of Respirztion (1m1.0,/24 hours/100 g. scil) i
e i
i Time . Untreated :  Soil with | Soil with Soil with
{ (days) ! Soil . malathion |  sumithion menazon
i ! (2000ppm) | (10000 ppm) | (100CO ppm)
l ‘ U FU RO SR
! ? VNS S
1 i 5.05 ! 28,0 10,1 8.85
} f
% |
2 s 3k ! 14,3 11,5 9.7
| i
3 ‘ 3.8 14,3 8.5 7.6
lj-' ‘( 5005 803 8.75 8.1}:
fommimars o o o] e e e e s s oa e — e .
. 1
l Final pH | 746 745 i 755 7445
F {
iL . e et e S U
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The effect of malathicn, sumithion and menazon on the

rate of respiration of micro-organisiis in a clay soil.
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Fig. 13. The effect of malathion, sumithion and menazon on the

rate of respiration of micro-organisms in a chalk soil,
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Table 16, The effcct of malathion, sumithion and menazon on the
rate of respiration of micro-organisms in a peat soil

Rate of Respiration (ml.Oz/Zé hours/100 g. soil)

Time . Untreated | Soil with | Soil with . Soil with
- (days) é Soil malathion i sumithion - menazon i
: g (20CO ppm) i (10000 ppm) (10000 ppm) |
1 ! 2.85 12.7 7.0 : 12.7
3 R 7.0 . 5.5 5.7
A | 2.85 | 6.8 :, k25 5,25 |
8 i 3.05 | k6 3.75 3.95
9 : 1175 } 4.15 : 1075 : 3-5 :
10 | .75 3.95 1.0 3.5
H v i ) r T i : ) ) : E
© Final ph | 5,35 | 3.15 . Bk 3.05
. ; l :
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The effect of malathicn, sumithion and menazon on the
rate of respiration of micro-organisms in a peat soil.
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stimulated by malathion to over five times that of the control,

the peat soil was stimulated approximately four times and the clay
soil only double that of the control. Sumithion stimulated the
largest increase in the rate of respiration in the peat soil, when
it was over twice that of the control., It also stimulated the rate
in the chalk soil to approximately twice that of the contrel, but
there was only a small increase in the rate of respiration in the

clay soil.

Merazon apparently stinulated the rate of respiration
of the peat soil to 2 similar level as malathion, but only caused

slight stinmletion in the rote of the other two soils.

The untreated clay soil had the highest rate of respir-
ation of the three soils used, but the stimulation of the rate by
the insecticides was lowest in this soil. It is probable that
adsorpticn in the clay scil reduccd the availability of the
insecticides or their products to the soil microflora, Llthough
one nay also expect adsorption phenciiena to affect the action of
the insccticides in the peat soil due to the high organic matter
content, it was found that the degree of stimulaticn was higher

than in the clay soil.

The meost surprising result occurred with menazon in the

peat soil which apparently stimulated the rote of respiration to the
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same extent as malathion. However, it was noted when the potassium
hydroxide solution was being changed, that the frlask contained
hydrogen sulphide. Since this would also react with potassium
hydroxide, it was concluded that false results were being obtained.

In order to elucidate this effect, population studies were made on
peat soils treated with menazon, in order to determine if the increase
in the rate of respiration was associated with an increase in the soil
population, The results of this investigation are fully described

in the next section (P. 10L).

The decomposition of menazon in peat soil with the evolution
of hydrogen sulphide may have been entirely due to chemical action,
especially as the pH of this scil was low. The problem therefore
arose that the other insecticides as well as unenazon may have been
deconmposed giving off velatile products, Chemical hydrolysis of
suniithion almost certainly took place when sumithion wns added to
the chalk soil. When the pil of the scil was being determined, the
water phase was colourcd yellow which indicated accumulation in the
s0il of 3-methyl=lk-nitrophenol, one of the hydrolysis products of

sumithione.

Unfortunately, there was no way of determining how much
the apparent oxygen uptake was due to chenical means, since it was
found impracticzhleto add the insecticides to sterile soil and maintain

sterility over a period of days.
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f) The effect of chlorinated hydrocarbon insecticides on
the rate of respiration of Chelsca loam

The chlorinated hydrocarbon insecticides DDT, aldrin and
dieldrin were studied with respect to their effect on the respiration
rate cf Chelsea loam. These insecticides, and especially DDT, are
known to persist in the soil for a2 relatively long time. It was
hoped that by comparing the results obtained with the chlorinated
hydrocarbon insecticides with those obtzained with the organophos-
phor us compounds, that an estimation of their reiative persist@nce
might be made. If the stimulation of respiration caused by the
organophosphor us ccmpounds was entirely due to their decomposition,
then little stimulation would bc expected in the presence of the

chlorinated hydroccarbon insecticides.

0.2 g. DUDT was added to 100 g. soil to give 2 final
concentration »f approximately 2CC0 ppnm, and its effect was compared
with malathion and menazon also at 20C0 prm. The effect of aldrin
and dieldrin at 50080 ppm was investigated in a separate experiment.
The chlorinated hydrccarbon insecticides, as solids, were weighed
and added to flasks containing 100 g. of soil. Duplicate flasks
were scet up for ceach insccticide at each concentration. Duplicate
flasks of untrented soil as o control were prepared for the experi-
ment with DDT, malathion and menazon, and separate controls were
used for the experiment with aldrin and dieldrin. The water content
cf the flasks was adjusted and they were incubated in a water bath

at 30°¢C.
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The results which are shown in Table 17 demonstrate that
the chlorinated hydrocarbon insecticides have little effect on
the rate of respiration, indicating that they are not toxic to
soil micro-organisms, and are not ccmpletely metabolised by the
soil nmicroflora. Since the untreated soils from each part of the
investigation differ, it is difficult to compare the e¢ffect of DDT
with that of a2ldrin and dieldrin directly. However, DDT did
stimulate the rate of respiration of Chelsec lcam in the first
24 hours almost as much as menazon, whercas aldrin and dieldrin
had a negligable effect., The stimulation caused by DDT is very
small compared to that of malathion, but does indicate that even if
DDT itself is not being metabolised, then scme contaminating material
in the technical product is prcbably being utilised by the soil

microflora.

The fact that the chlorinated hydrocarbon insccticides, which
are known to be persistent in the scil, have little effect on soil
respiration, tends to confirm the previcus deductions that malathion
and sumithion care readily deccmposed in the scil, but that menazon

may persist much longe:r.
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Table 17« The effect of DDT compared with malathion and menczon,
and aldrin and dieldrin, on the rate of respiration

of micro-organisms in Chelsea loam.

- . P S R e
Rate of Respiration (ml.0,/2% hours/100 g. soil)
Soil with and without insecticide at two concentrations
R —
2000 ppm 5000 ppm
Time i 3
(days) Untreatedj DDT% ralathion| navzan | Untreated| aldrin! dieldrin
RV SST _.m..v,,.,zu,, e i b e s
? |
1 5.5 | 6.5 15,6 | 6.85 | k.2 4.2 4,8
2 2.4 : 2.6) 50 3.0 3 3.6 3.6 3.8
3 2.2 | 2.4 o9 | 2.8 | 3.4 3.3 3.5
! |
s 2.2 ! 2.2! 2.6 | 1.8 ‘ 3.k 3.0 | 3.6
! f E ! i
7 { - boa E - - 3.2 2.7 3.0
} 1 ! ‘
g | 2.0 2.2 3.2 | 1.6 | 3.1 3.4 3.0
; . ‘
9 f 2.0 2.0[ 3.6 1.6 ' 3.2 2.0 2.9
| !
! g i H
10 } 1.8 H 1-2 ! - 109 ! 302 2‘3 3.0
1 . i ‘
| ;

-~

- e e
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B. HMicrobial Population of Treated and Untreated Scil

The effect c¢f the organcphosphorus insecticides on soil
respiration indicated that the population of soil micro-organisms
was being stimulated in some manner, The increase in oxygen uptake
might have been a reflecction of the increased respiraticn of a static
population, or it might have indicated utilisation and proliferation
of a section of or all the soil micro-organisms, Population studies
were therefore undertaken to determine the effect of the insecticides
on the total number of viable micro-organisms in the soil, and further,

on the number of specific types of micro-crgonisms in the soil.

a) The effect of insecticides on the general population
in Chelsea loam

The general populzticn of the soil was studied in order to
corrclate the effect of insecticides on the rate of respirction with
the numbers of viable organisms in the soil. The Chelsea loam was
used for these studies and the insecticides were incorporated as in
the respiration studies. The three organophosphorus insccticides
were uscd, malathicn at 200 and 20C0 ppm, sumithion at 2000 and
10000 ppi and menazon at 200G and 10000 ppm. Aldrin, dieldrin and
DDT at 5000 ppm werce used tc confirm the respiration studies and to

coupare their eifect with the organcphospherus compounds.
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i single 250 ml, flask containing 100 g. soil was prepared
for each insecticide conecentration and the insecticide was inccrporated
either as the solid or as an euulsion, A flask containing untreated
801l was also prepared to act as a control, The flasks were plugged
with non-absorbent cotton woolj the water content of the soil was
adjusted to 50% maximum water holding capacity, and the soil mixed
thoroughly with a spatula to prevent the formation of lumps. The
weight of the flasks plus the scil was determined after each sampling.
Before the following samples were taken, the weight was redetermined

and the loss in weight calculated. This quantity of sterile

.~

distilled water was then added to restore the correct water content.
The method of sampling the scil was as described in the materials

and methods. 1l g. samples in duplicate were taken from the organo-~
phosphorus 1insecticide~treated soil, and from the chlorinated
hydrocarbon insecticide~trecated soil, duplicate samples were weighed

directly into dilution bottles.

Dilutions were made in sterile taop-water and 1 ml, aliquots
from each of the apprepriate dilutions pipcetted into each of three
Petri dishes. Thornton's agar, which was used to culture the
organisms, was couoled to EZOC., poured intc the Petri dishes and
mixed with the so0il suspension. ihen the agar had set, the plates
were incubated inverted at ZSOC. After 10 days, the number of
viable orgonisms on the countable plates was recorded. .n average

of the threc plates of the dilution chosen for counting, and of the
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duplicate samples, was taken as the final result. The results
of the effect of the organophosphorus compounds are given in
Table 18 and graphically in Fig. 15 a) and b) and the effect of

the chlorinated hydrocarbon insecticide in Table 19.

The results with the organophosphorau s insecticides
show that malathicn at 2000 ppm grectly increases the number of
viable crganisms and cnly sumzithion at 1CCOC ppm gave an increase
in numbers which was comparable to the increase produced by malathion.
The number of viable organisms in the untreated soil stayed approxi-
mately constant throughout the investigation, variations being
caused by inaccuracies in the method. It was realiscd that
variations in the number of micro-organisms in the soil would
introduce errors, with the limited number of samples and replicate
plates used. However, it was felt that the nature of the studies
did not require absclute values, since only large changes were
censidered to be significant s~nd these would be shown with the

method useced.

A significant fecture of the results with malathion and
sumithion was that the increcsce in the viable population depended
on the concentration of the insecticides, which is similar to the
results obtained in the respiraticn experimentse. At the highest
concentration used fer malathicn and sumithicn, the population

increased to a greater extent thon at the lower concentrations.
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The effect of malathion, sumithion and menazon on the
nuctber of viable micro-organisms in Chelsea loam.
. . ; 6 .
Number of viable micro-organisws X 10 /g. soil
Soil in the presence and absence of three
insecticides at various concentrations
Untreated | Malathion Sumithion Menezon
Soil ! e T S e
| 200 ppm}2000 ppm | 2000 ppn | 100CCppa|2000 ppm | 10000pPM
SR S e i :
! !
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Fig. 15. The effect of malathion, sumithion and menazon con
the number of viable micro-organisuis in the Chelsca loan,
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Table 19. The effect of DDT, Aldrin and Dieldrin on the

nuaber of viable micro-organisms in Chelsea loam.

—~ e e maa Gt e m—— - p————+ - Vot -

. . 6 .
Number of viable micro-organisns X 10 /g. soil

i Scoil with and without three insecticidcs at

50Go ppnm
. f ! -
Time (days) | Untreated !  DDT , Aldrin Dicidrin
I |
i i ‘
0 ; 2.61 ; 5.13 { 3.16 3426
¢ t
1 | 105 [ 10,6 | 13.8 21,4
2 i 8.7 13,9 10.0 | 10.8
e '- !
L L 13,2 . 10.5 9.1 9.2
| i
6 z 12.0 i lo.3 909 900
! f
8 i 11.7 ? 9.2 9.5 8.k
| | :
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This indicates that tle increase in respiration and the prolifar-
ation of the soil micro-organisns are assoclated with the utillios~
ation of the insecticides. It was noted that, although thc
greatest rate of respiration in *he presence of malathion and
sumithion occured in the first 24 hours (sece Tables 7 and 9), the
highest viable population was noc reachad vntil the sccond day

at the higher concentrations and the fourth day at thce lover
concentrationse. This further confirms the previocus deductions

+that the stimulation of respiration was caused by the proliferation

of the so0il nicroflora.

Menazon at 2000 ppm caused little effect on the soil
population but ot 10000 ppm there nay have been a slight inroons.
in the nunmber of viable organisms up to the eighth day, bul
unfortunately counts were not continued beyond this time. The
increase in respiration coeused by menazon at 100C0 ppin does nov
seem to be correlated with ony change in the viable populaticn,
which indicates that the stimulation was caused by contr  "'nating
matericl in the technicni produc™ or by some nechanism  vhich is

unknown.

The resul+s obtainad with the chlorinated hydrocarbon
insecticides tend tc confirm the conclusions dravm from *'n voepir-
ation studies. The initial population in all soils was low buct

L

increased in the first 2& hours and Lheo remained constant,
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Only dieldrin showed any significant departure from this pattern.

On the first day the population was approximately twice that of

the control, but the viable count returned to normal on the following
day. These rcsults confirm the findings of other workers, who

found that thesc chlorinated hydrocarbon insecticides are relatively

inert in the soil.

b) The effect of menazon on the viable population
of the peat so0il

The effect of menazon at 10000 ppm cn the viable population
of peat soil was determined in corder to investigate the atypical
result obtained in the respiration studies (Table 16). Menazon in
Chelsca lcam is relatively inert and the result with the peat scil
suggested that at the pH of this soil the microflora might be able
to decompose the insecticide. If the microflora were able tc
decompose menazon, one might evpect an  increase in the number of
viable organisms in & similar menner to that found with malathion
and sumithicn in Chelsea loam. However, if the increase in
respiration was caused by the evolution of hydrogen sulphide, then

there would not be any significant increase in the viable count.

The menazon was added as a solid to 100 g. cf peat scil
in a similar manner to that use for the investigation with Chelsea
loan, A control of untreated soil was also used and the flasks

were incubated in a water bath at BOOC. The results arce shown in
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Table 20 and graphically in Fig. 16, from which it will be seen

that the tctal population in the peat soil being predominantly

fungi, is lower than in the Chelsea loam, probably due to the low

pH of the soil. The menaz;n did not increase the number of viable
micro-organisms in the soil, in fact there was a decrease in numbers
towards the end of the experiment. This indicates that the hydrogen
sulphide evolved in the presence of the menazon not only gave a false

rate of respiration, but was probably toxic to the organisms in the

soil,.

c) The effect of organophosphorus insecticides on the proportions
of Gram positive and negative bacteria in Chelsea loam

An investigation was carried out to determine whether the
increase in the number of viable organisms in Chelsea loam was due
to any major group of bacteria, which might be indicated by changes

in the proportion of organisms with a particular Gram reaction,

The method was essentially the same as for the population
studies, except that the dilutions in sterile tap water were inoculated
onto the surface of the Thornton's agar, so that colonies formed could
be picked off, to determine their Gram reaction. The same concen -
tration of insecticides was used as before, i.c. malathion 2000 ppm,
sumithion and menazon 100600 ppm, and they were compared with an
untreated soil control. Duplicate samples were taken at intervals

and the appropriate dilutions inoculated onto Thornton's agar using
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Time

(days)
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The effect of menazon on the number of wviable

micro~organisms in peat soil.

Number of viable micro-organisms X 103/9. soil

1 D |

Untreated Soil with
Seil menazon

(10000 ppm)
199 264
338 181
308 285
271 _ 304
355 - 151
460 162
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Fig. 16. The effect of menazon on the nuwaber of viable

nicro-organisms in peat soil.
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Table 21.

The effect of malathion, sumithion and menazon on the proportions of
Gram positive and negative bacteriz in Chelsca loani.

o e e

e v——

Soil with and without three insecticideé at various

rweran

concentrations

Index of Gram +vg/Gram -ve * Nuaber of viable micro-organisms X 106
/9. soil
Tinme Untreated | malathion | sumithion| menazon ' Untreated | malathion | sumithicn| menazon
(days) 2000 ppn 10000 ppa {10C00 ppu 2000 ppm 10000 ppm (10000 ppm
o] 1.b 2,56 3.71 2.45 15.6 23.4 13.8 5.8 :
=
1 2.66 1.07 0.86 2,61 14.6 82.4 15.8 6.3 S
i
2 j 2051_ 1'17 0052 2.0 11.2 66.6 3806 9.13
|
6 ' %24 0.88 O.44 2.15 18.0 48.0 5747 12.9
3 3.71 1.42 0.66 1.95 | 14.8 50,1 48,3 9.4
]
‘ —

*

Index calculated as the percentage ¢f Gram positive bacteria/percentage of Gram negative

bacteria.
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Fig. 17. The effect of malathion, sumithion and menazon on the

proporticns of Gram positive and negative bacteria in
Chelsea loam.
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o +10000ppm sumithion.

8.0 1 °

. \o g g>—<8
3 o:
v

| ]
< / e .
E‘I '\././x\
U 7.0 1 x——% X
& /
u p ——%
(e}

]
pd
0]
(o}
P |

x  +10000ppm menazon.

6.0

°ls Gram positive /% Gram negative.

TIME. (Days)



~ 110 =~

3 tplates' for each dilution. At least 50% of the colonies
developing on two of the plates of each dilution were picked and
their Gram reactions determined. The percentage of Gram positive

and negative colonies was calculated, The percentage of Gram
positive organisnms was divided by the percentage of Gram negative
organisms to give an index of the proportions present, i.e. Gram
positive/Gram negative = 1 when the proportions are 50%/50%. The
total number of colonies on the plates was also recorded to determine
the number of viable organisms in the soil. The results are shown in

Table 21 and graphicclly in Fig. 17.

The results show that the changes in the number of wviable
micro~organisms in the soil were similar to the results given in
Table 18. Since the total number of viable organisms behaved in
a similar manner, it was assumed that changes in the proportions
of Gram positive and negative bacteria would, therefore, z2lso be

comparable.

Although the number cf organisns in the untreated soil
stayed relatively constant, there was apparently a slight increase
in the proportion of Gram positive bacteria in the soil. The soil
treated with menazon behaved almost identically to the control but
tewards the end of the investigaticn there was an increase in the
propertion of Gram negative bacteria. The increase in the number

of viable organisms in the presence of malathion and sumithion was
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assoclated with an increase in the proportion of Gram negative
bacteria until they were more numerous than Gram positive bacteria,
shown by the index figures which arc less than unity. However,
there was a difference in the action of malathion and sumithion.
The increase in the number of viable organisms in the presence

of malathion occurred in 24 hours but the proportion of Gram
positive and negative bacteria was approximately constant,
indicating proliferation of both Gram positive and Gram negative
types. A4fter three days when the total number of viable organisms
had started to decline the proportion of Gram negative bacteria
increased which suggests that the number of Gram positive bacteria
was declining faster than the number of Gram negative bacteria,.
This is in contrast to the effect of sumithion where the increase
in the viable population was followed exactly by an increase in the
proporticn of Gram negative bacteria. This suggested that only

- the Gram negative bacteria were proliferating in the presence of
sumithion and that the Gram positive bacteria were unaffected,

Lt the end of the investigation on the eighth day, there was an
indication that the number of Gram negative bacteria was declining
in the soils treated with malathion and sumithion and that the
proportion of Gram positive to negative bacteria was returning

to normal.

It nmay be concluded from this investigaotion that

nenazon or its products cannot be utilised by soil micro-organisms
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but that malathion and sumithion are readily assimilated,
It would appear that both Gram positive and negative bacteria
are able to utilise the degradation products of malathion
but it is mainly the Graua negative bacteria which are able to

utilise the products of sumithion,

d) The effect of organophosphorug insecticides on the
anaerobic bacteria in Chelsea loam

The anaerobic bacteria are often neglected when studies
are mede of the soil microflora and since it is only under an
anaerobic conditicns that they become the dominant group, their
importance is relatively small. However, since the aerobic
organisms were stimulated by malathion and sumithion it was
thought that there might be some change in the population of
anaerobic micro-organismse The method of culturing the anaerobes
is described in the materials and methcds. The insecticides
were incorporated into 100g., aliquots of soil in 250 ml. flasks
to give the following concentrations: malathion 2000ppm,
sumithion and menazon 100C0 ppm. & control of untreated soil
was also included. The water content of the svilswas adjusted
and the flasks incubated acrobically at BOOC. S0il samples were
taken using the second technique of weighing directly into the
dilution bottle. Reinforced Clostridial liedium was used to
culture the organisms using the pour-plate technique. The plates

. O . .
were incubated for one week at 30 C. in Brewer anaerobic jars.
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Because there was limited spoce for incubating the plates, the
contrcl and each insecticide were studied separately, and only
one dilution could be plated in triplicate for each of the

duplicate samples. The results are shown in Table 22,

Care must be taken over the interpretation of the
results in view of limiting factors such as the single dilution
used, and differences in the soil over the period of the investi-
gation, which lasted threc months. The results show that the
population of anacrobes did not change substantially throughout
the periods of study, although there were variations in the soil
used for each insecticide, ilthough in nost cases the population
doubled over the course of the experiment, this was also observed
in the control. The investigation with sumithion hnd to be
repeated, (hence the two sets of figures) since the anaerobe
jar, containing the last two sets of plates (Expt. a), was found
to be leaking and the plates had to be discarded. The initial
population , in the second determination (b), was different from
the first, but little change in numbers was shown over the period

studied,

It was concluded thot the insecticides did not affect

the anaerobic population in the soil.
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The effect of malathion, sumithion and menazon on

the number of anaerobic bacteria in Chelsca loame

Number of viable anaerobic bacteria x 106/9. soil

Scil with and without insecticides at various

concentrations
Tine Untreated nalathicn sumiithicn menazon
(deys) 2000 ppn 10600 ppm 10000 ppm
a b

0 L.k k.9 1.58]4.29 2,34

1 771 563 1.59y - 3449

2 ‘ 6.75 8.7 1.93( - 3.58

3 6.73 8.5 - |5.46 4,65

6 9k - - - -

7 - 16.45 ~ 1531 bobly
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e) The effect of the organophosphorus insecticides on the
nunbers of actinomycetes in the soil

The numbers of viable actincmycetes in the soil was studied
in a simjlar manner to that used for the other population studies.
The insccticides were added to 100 g. soil at the following
concentraticns: malathion 2000 ppm, sumithion and menazon 10000 ppni.
An untreated soil was included as a control. 1 g. samples of the
s0il were taken in duplicate and the actinomycetes cultured on
Cenn's glycerine-asparaginate agar, using 3 plates for each
diluticne. The plates were incubated at ZSOC. for 10 days and then

examined,

The actincomycetes were identified by the appearance of the
colonies and if there was any doubt, the colonies were checked under
the low power cbjective of a microscope. The total number of
organisms developing con the plates was also recorded. The results

are given in Table 23 and graphically in Fig. 18.

The results show that the total populations reacted as
found in previous investigations, but that there was little effect
or: the number of viable actinomycetes. Only malathion appeared to
cause any change and this was a depression in the number of actino=-
mycetese. This depressicn is probably correlated with the drop in

the proportion of Gram positive organisms described on Page 105,
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Table 23,

The effect of malathion, sumithion and menazon on the number

of viable actinomycetes in Chelsea loams

- —— ]

Number of viable organisms x 106/9' soil
Socil with and without three insecticides at various concentrations
Time Untreated malathion sumithion menazon
2000 ppn 10000 ppm 10000 ppm
el P VS e . = dm } S S e e
(days) Total | Actino-| Total [Actino-| Total| Actino-| Total | Actino-
noe mycetes no. mycetes Nnoe mycetes Noe mycetes
0 8.65 3¢15 14.0 4,3 8.3 L6 133 4,65
1 19.0 6.8 46,3 5015 | 14.15 3.8 21.95 3495
2 20.3 L,3 125.8 35 45,1 395 27.8 5.15
3 17.45 6.45 733 5.3 59.65 345 25.6 6.3
6 18.75 L. 45,15 243 38,8 3.15 14,95 2.6
8 22,45 | 4.8 |36.15) 0.3 | 45.3 4,8 | 16.6 2,0

- 91T ~.



Fig. 18. The effect of malathion, suwmithion and menazon on
the nunber of actincriycetes in Chelsea lcam,
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When colonies of actinomycetes were picked and their
Gram reaction determined, they were counted as being positive.
The decline in the number of viable actinomycetes in the soil
treated with malathion after three days would therefore increase the
proportion of Gram negative bacteria and this was the result

primarily observed.

The reason for the apparent toxicity of malathion to
actinomycetes was not investigated, but since the number of actino-
mycetes in the soil was not affected until three days after the
application of the malathion, it was probably a decomposition
product, rather than the insecticide itself, which was having an

effect.

f) The effect of the crgancphosphorus insecticides on the
population of fungi in Chelsca loam

The effect of the insecticides on the population of the fungi
in soil was determined, since they play an important role in cellu-~

lolytic decomposition and aid in maintaining the soil struacture,

The nmethed of estimating the population wossimilar to the
previcus studicse. In an initial experiment, the insccticides were
added to 100 g. aliquots of soil at the following concentrations:
malathion 2000 ppr, sumithion and menazon 10000 ppm, and compared

with an untreated soil as a control. 7The soil in flasks was
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incubated at SOOC. and duplicate 1 g. szmples were taken pericdically,
The fungi were cultured on Sabouraud's maltcse agar using 3 plates
for each dilution, and the _lates were incubated at ZSOC. for & days.
Because the size cof the colonies was so large, few colcnies could be
counted and plates from a high dilution had to be uscd., The results

are shown in Table 23 and graphically in Fig. 19 (a).

The results show that suniithion depressed the number of
fungi in the soil to a level which could not be estimated at the
diluticns used, Malathion also depressed the numbers slightly, but
they soon recovered. MMenazon had nc apparcnt effect on the number

of viable fungi.

The acticen of sumithion was so marked on the fungi that
it was decided to see if the depression of the fungi continued until
they had completely disappeared, and also te determine the effect of
sumithion at 5 ppm, which is . level which could bhe found under
field conditions. The sumithion at 5 ppm was incorporated into the
soil using sand as a diluent. 0.01 g. sumithion was weighed into
20 g. acid-washed silver sand and mixed thoroughly. 1 g. of the
mixture was added to 100 g. scoil giving approximately 5 ppm. Since
the number of bacteria developing on Sabouraud's maltose agar
became too great at the dilutions plated, the media for counting
yeasts, described in the uaterials and aethods, was used without

the diphenyl, A4t the low pH of the medium no bacteria develop,



- 120 -~

Table 23, The effect of malathion, sumithion and menazon

on the number cf viable fungi in Chelsca loam

Number of viable fungi x 107/ g. soil
Soil with and without three insecticides at various
concentrations
Tine Untreated malathion sumithion menazon
{days) 2000 ppn 10000 ppm 10000 ppm
0 77.0 118.5 57.0 7ke0
1 59.0 53«5 36.0 77.0
2 69,0 39.0 19.0 70,0
4 71.0 29.0 Lk,0 63.0
6 90,0 61,0 1.0 80.0
8 90.C 63.C ¢ 0.2 1C0.0
10 69.0 83.0 { 0.2 62,0
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Fig. 19. The effect of malathion, sumithion and menazon on the
nunber of fungi in the Chelsea loam
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but the growth of fungi was luxuriant. The plates were incubated
at 25°c. for & days and to increase the efficiency of the count,
five replicate plates were used for each dilution. The results

are shown in Tcble 23 and graphically in Fig. 19 (b).

The results again show a depression of the fungi with
sumithion at 10000 ppm as in the provious cxperiment. However,
the depression appears to reach a constant level which did not
return to normal in 36 days. The sunithion at 5 ppm had no

effect on the fungi when compared with the untreated soil.

The c¢ffect of the suwaithion at the higher level indicated
that sumithion or a decompositicnh product was toxic to the fungi
and a more detailed investigation was carried out with fungi
isolated from the soil. This will be reported fully in the next
section, where the effect of the insecticides on micro-organisms

in pure culture has been studied (Page 133).

The results cbtained by studying the persistence of
sumithion indicated that once of the hydrolysis products of
sumithion, 3-methyl-4-nitrophencl, was accumulating in the soil.
The pure compound was obtained (.ildrich Chemical Co. Inc.) and its
¢ffeet on the population of fungi and bacteria in the soil studied.
3-methyl-k-nitrophenol was added to 100 g. scil to give a concen-

tration equivalent to that which weuld be formed by the hydrolysis
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Table 23. The effect of sumithion at 5 and 10000 ppm on
the numbcer of viable fungi in Chelsea loam,
Number of viable fungi x 103/g. soil
Scil with and without sumithion at two concentrations
Time Untreated 5 ppm 10000 ppu
(days)
0 54.6 74.5 61,5
4 80.5 68.5 9.5
8 83.5 98.5 4.9
12 74.8 115.0 2.7
15 115,0 113.5 363
22 102,0 103.3 2.7
29 91.8 113.0 3.0
36 737 66,8 2,1
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of 10000 ppm sumnithion. (lg. sumithion is equivalent to 0.55 g.
3-methyl-k-nitrophencl). 0,55 g. of the solid 3~methyl-h-nitrophenol
was weighed and added to 1CO g. soil in a 250 ml. flask. The water
content of the soil was adjusted and the flask incubated at 3000.
Duplicate samples were taken periodically and the number of fungi
and bacteriz in the soil determined. The counts of fungi werc made
on the nutrient agar/glucose/tartaric acid medium and total viable
counts made on Thornton's agar. The plates werce incubated at 2500.,
the fungi being counted after & days and the general population
after 10 days incubation. The results are shown in Table 24 and

graphically in Fig. 20C.

The results indicate that 3-methyl-fL-nitrophenol has little
or no effect on the total viable count in the soil, which suggests
that the bacteria, which form the bulk of the count, are not
susceptible to it. It also suggests that it is probably the other
hydrolysis product, 0,0-dimethyl phosphorothicate, which brings about
the stimulation of bacteria in scil treated with sumithion, noted in

Tables 18 and 21.

The depression of the fungi with 3-nethyl-k-nitrophencl
was very similar to that of the sumithion except that the fall in
numbers occurred at a faster rates This tends to confirm the
hypothesis that it is the 3-methyl-f~-nitrophenol which is really

texic to fungi, since in the so0il sumithion is not hydrolysed
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Table 24. The effect of 3-methyl-4i-nitrophencl on the number
of viable fungi and total organisms in Chelsea loam
i s o
|  Soil with and without 3-methykb-nitrophenol at 550 ppm
;
! O e e
% Number of viable fungi x Total number of wviable
% 105/9. soil micro-organisms x 106/9, soil
Time l
dc ? ’
(days) {  Untreated Treated Untreated 5 Treated
i ;
0 37.9 61.7 5.78 ! 5.88
1 85.8 6.98 7.C8 553
3 80.2 4,09 8.41 5.06
6 87.5 3.28 6.45 4,76
10 64.5 | 3.79 7.42 3492
16 : 98.5 3.5 ! 8,04 6.8

A T Y
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Fig. 20. The effect of 3-methyl-k-nitrophenol on the number
of fungi and total viable micro-crganisms in Chelsea lcan
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immediately but over a period of days (c.f, persistence of sumithion
in soil). Further work will be described (Page 133 ) using 3-methyl-
L-nitrophenol in pure culture, which indicates that this compound

is far nmore toxic than sumithion to a wide range of filamentous

fungi.

g) The effect of organophosphorus insecticides on the
population of yeasts in the soil

The populcation of yeasts in wmest soils is cowmparatively snmall,
but because they are closely related to the filamentous fungi, it
was decided to ccmpare the effect of the insecticides upon them with
the results obtaincd for the filamentcus fungi. The insecticides
were used at the follcowing concentratiocns: malathion 2000 ppm,
swaithion and menazon at 10000 ppm. A control of untreated soil
was also prepared., The experimental procedure was identical to that
used for the studies on the filamentous fungi in the soil, except
for the medium, which was the nutrient agar/glucose/tartaric acid/
diphenyl formulation. The medium, described in the materials and
methods, supressces the growth ¢f filamentous fungi but allows yeast
colonies to develop. The plates were incubated at ZSOC. for 4 days
and yeast cclonics were identified under the low power objective of
a microscope. Since yeast colcnies developing mycelia could not be
distinguished from filocmentous fungi, only the non-filamentous

yeasts were counted. The results are given in Table 25,
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Table 25. The effect of malathion, cumithion and menazon cn
the number of viable yeasts in Chelsea loam
. 2 .
Number of viable yeasts x 10 /g. soil
Scil with and without three insecticides
Time Untreated malathion sunithion renazon
(days) l 2000 ppu 10000 ppm | 10000 ppm
5 —
i
0 10.0 305 3'5 3.5
2 67.0 66.5 & 1.5 78.5
ik 23,95 12.68 < 1.5 22,1
i {
: i
L6 i 52.8 26.4 € 1.5 32.75
i
10 17.65 20,35 < 1.5 8.45
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The results were rather variable, due to the low number
of colcnies that developed on the plates, Although the medium
reduced the rate of growth of fungi, it did not inhibit it completely,
which prevented the counting of a lower dilution to increase the
accuracy. However, it waas clear that the sunithion depressed the
number of yeasts in the soil in a similar wanner to the fungi, but
there was no effect with the other insecticides. The tcxic action
cf sumithion and 3-methyl-4-nitrophencl to the yeasts was also

investigated further, and is described later (P.142 ).

C. Action of insecticides on micro-organisms in pure culture

From the previous investigations it was concluded that
the insecticides were not toxic to micro-crganisms, with the excepticn
of sunithion towards the fungi and possibly malathion towards the
actinomycetes, However, the soil is a complex environment and the
interaction of such factors as adsorption and pH makes it difficult
to determine the true toxicity of coupounds. Fletcher and Bollen
(1954) and Gray (195L4) have shown that BHC is toxic to a wide variety
of organisms in pure culture but not in the scil. The action of the
three organophosphorus compounds on various micro-organisms was,
therefore, carried cut to see if the insecticides were toxic in

pure culture.
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a) The effect of insecticides on bacteria

The organisms uscd were >btained from the stock culture
collection; six Gram positive and five Gram negative bacteria being
chosen at random. The organisms were plated out to check their
purity and were then grown in nutrient broth to provide a turbid
suspengsion. The suspensions were then floeded conto separate nutrient
agar plates, previcusly dried at 37OC., the eXxcess suspension was
removed, and the plates allowed to stand until dry. Small paper
discs cut from blotting paper were sterilised in Petri dishes in
an oven at 16500. for 2 hours. The umalathicn and sumithion were
sterilised by passagce through sintered glass filters (Pyrex,
porosity grade No. 5), and drops of the insecticides were placed
aseptically onto the paper discs. One disc impregnated with malathion
and another impregnated with sumithion were placed on each sceded agn
plate. A small pile of menazon was also placed onto each plate in the
menner used for auxanography. Twe of the organisms were sceded on
to duplicate plates and after the discs and menazcn had been placed.
in position, one plate from each duplicate was placed in the
refrigerator. This slowed the rate of growth of the organisms but
allowed the diffusicn of the insecticides to take places. The plates
were removed froni the rofrigerator after 24 hours =2nd incubated with
the other plates at 30°C. for 24 hours. The plates were examined

for inhibition of growth or stimulation around the insecticides,



The results which are shown in Table 26 indicate that the three
organophosphorus insecticides have little effect on the organisms
used. The small effects noted all cccurred with the Gram positive
bacteria although menazon had no effect whatsoever. The inhibition
noted was very small, produciny a clear zone round the edge of the
discs at a concentratizn which nuust have approached that on the

disc itself. The stimulation noted with Bacillus subtilis was also

round the edge of the discs. The plates which had been placed in
the refrigerator for 2L hours showed similar results to those
incubated immediately, which is what one would expect, since the

lower concentrations after diffusion would not have an effect.

It was decided to investigate further the effect cf

malathion on Staphyloccccus zureus, Bacillus mycoides and Bacillus

megatherium, since although at the lower concentrations growth was
not inhibited, it was felt that there might be some effect cn the

normal growth curve. The effect on the growth of Bacillus subtilis

was also investigated.

0.01 ml, malathion was dissclved in 1C0 ml, nutrient
broth (Oxoid}, the sclution filter sterilised and dispensed
aseptically in 10 ml. aliquots into sterile test-tubes with metal
caps. Ccntrol tubes of broth were sterilised by autcclaving at
15 1lb. pressurc fcr 15 minutes. Four control tubes and four tubes

containing the insecticide scolution were placed into a water bath
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Table 26. The effect of malathion, sumithicn and menazon on the

growth of bacteria on nutrient agar

i
:

Growth of bacteria in the presence
of three insecticides *

Gram positive bacteria

Staphylococcus aurecus
Sarcina lutea

Streptococcus fecalis
Bacillus mycoides (Strain 16)
Bacillus subtilis (Marburg Staiy

Bacillus megatherium

Gram negative bacteria

Eschericia coli (Type 1)

Serratia marcescens

Aerobacter aerogenes

Pseudomcnas pyocyancus

Proteus vulgaris

Malathion

++

++

* 44+ dinhibition of growth

+ slight inhibition of growth

- no effect

-~ stimulation of growth

Surmiithion

Menazon
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at BOOC. to equilibrate. The organisms were grown at 300C. for

24 hours in nutrient broth and Ce.l ml. of 2 suspensicn of each
organism was placed into a tube containing nutrient broth and alsc
into a tube containing the solution of malathion in nutrient broth.
The growth of the organisms at SOOC. was followed using a nephelometer
with a tube of sterile nutrient breoth as 2 zero reference blank. The
initial reading of each tube was subtracted from subsequent readings.

The results arc showvn in Table 27 and graphically in Fig. 21.

The results show that the malathion did have a depressing

effect cn the growth of Staphylococcus aureus and Bacillus mycoides,

although there was little effect on Bacillus megatherium. The malathion

fajiled to stimulate Bacillus subtilis, as it had apparently done on

the agar, and in fact slowed the growth rate slightly.

The results indicate that at very high concentrations

nmalathion might be inhibitory tc Gram positive bacteria, and at

lower concentrations reduca their rate of growth.

b) The effect of sumithicn on fungi

(i) Growth on agar media

From the population studies it was concluded that
sumithion, with one or more of its decomposition products, was toxic

tc filamentous fungi. An investigation was carried out with 8 fungi



Table 27.

The effect of malathion on the growth of bacteria in nutrient broth

Tinme

(hours)

Nephclometer readings *

Growth of four bacteria in the presence and hbsence of malathion
at 100 ppm

Staph. aureus B. megatherium EB. subtilis :Bs mycoides

Control 'Treatedf Control Treatcd %Control’TreatediCcntroliTreated

e T U U SO S . . -

) 0 o { 0 ) % 0 i 0 ; 0
i . J

0 0 0 0 | 07 | 07 i 0 o0
0.3 o ;i o 1.0 E 0.2 o | 03 | 10
-0.2 f 0.7 E 2.2 . 2,1 é 1.4 % 2.2 1.3 : 2.5
2.7 : Lo | 6.5 R R ? 33 | k7 | 2.7
52 | 07 i 9.8 ; 8.7 i 4.9 % b2 | 7.7 % 3.7
6.0 ; 1.k é 14.0 g 11.1 | 7.9 § 5.2 3.7 é 5.5
32.9 . 26.5 % 20.0 % 16,1 g 17,9 216.4 17.5 ? 18.5

* All readings corrected for initial readings
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The effect of malathion at 100 ppm on the growth of

B. megatherium,

® Control.

X +100ppm malathion,

B. mycoides,

® Controi.

x  +100ppm malcthion.

Fig. 21,
four species of bacteria in nutricent broth
401 Staph. gureus.
35T & Control
x  +100ppm malathion. g
304
x
251
20
15
10
v
®
g 5 /
; —
x x%x\x/—x
x —_—
o
40
g B.subtilis.
0
-
]
I35 e Control.
% X  +100ppm maletrion,
30
25
20
®
x
15 /
5 Py ./x
x%"
.
(i '3./ i
e |
(o] 1 2 3 4 5 24
TIME

(Hours)



- 136 -

isolated from the soil and 8 fungi which were aerial contaminants,
on agar plates to determine the toxicity of sumithion in pure
culture. 1,0 ml, of sumithion was ad<ed to 100 ml. of melted
Thornton's agar, shaken to form an emulsion and then poured into
sterile Petri dishes. Platces of Thornton's agar without sumithion
were alsc prepared to act as controls. The plates were inoculated
at a point source with the fungi and were incubated at ZSGC. for

7 days, when growth was observed. The results shown in Table 28,

compare the growth of the fungi on agar with and without sumithion.

The results indicated that although the amount of growth
of the fungi was reduced in its prescnce, sumithion only completely
inhibited two of the fungi., The scil isclates appeared to be more
sensitive to sumithion than the zerial contaminants. It was noticed
that some fungi which grew in the presence of sumithion apparently
lost their pigmentaticn producing white or pink colcnies. This was
most commonly observed in penicillium and aspergillus species,

although it was not always found even with these two genera,

(ii) Pigmentation on agar media

Three fungi were chosen which were blue or green on
Thornton's agar, but wiite or pink on Thornton's agar plus 1.0%
v/v sumithion. licroscopial examination showed them to be two

aspergillus coloniecs and onc penicilliun.
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Soil igolates

+++ Good grewth

++ Growth

+ Little growth

- No growth

agar plus

sumithion

e e ol e ——

++

++

++

Table 28. The effect of sumithion on the growth of
fungi on Thorntonts agar
{ Growth of fungi from two sources, in the presence
H
E and absence of 1% sumithion, on Thornton's agar *
!
|
§ Aerial contaminants %
5 S
i i
i : Agar plus
! Isolate Contrcl s Control
: ! suaithion
1 +4+4 ++ +4++4
2 ! +4++ ++ -
3 ot ++ E e
4 i ot ++ ot
g ]
5 ? o ++ E o
i
6 % R ++ '% .
| ‘
7 i o+ +4 . -
8 ! ot - . b
)
* After incubation for 1 week at 25°C.

« e e en  ———
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The colonies from both media were reinoculated ontoc fresh media
with and without 1.,0% sumithiocn. It was hoped to determine if
the fungi which had lost their pigment on subculturing onto the
agar plus insecticide would do so again, and if those cclonies
which had lost their pigment would revert to normal when groewing

on mediuwn without the insecticide,

The fungi were incubated at.ZSOC. for cne week and
observed for their pigmentation., Slide preparations were made to

see if the fungi were pure cultures.

The results indicated that althocugh scme contamination
was found, the fungi growing in the presence of the sumithion lost
their normal pigmentation. The fungi growing as white or pink
colonies in the presence of the sumithion reverted to their normal

pigmentation when growing on fresh media without the insecticide.

The loss of pigmentation in the presence of sumithion
might have been caused partly by reducing the amount of sporulation,

but time did not permit a thorough investigation of the phenomenon,

(iii)} The effect cf sumithion and 3-methyl-k-nitrcphenol
Y
on grewth

The investigation described on Page 122 had already

shown the toxicity of 3-nethyl-4-nitrophencl to fungi in the soil,
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and it was decided tc investigate the action of this compound on them
in pure culturc compared with sumithion. It was felt necessary to do
this since 3-umethyl-i4enitropheiiol is a chemical contaminant of
technical sumithion aﬁd on addition of sumithion to Thornton'!s agar

a yellow colour was produced indicating the presence of the hydrolysis
product. This suggested that the effect of sumithion on fungi might

be due solely toc the presence of the contaminating material.

The method used was essentially the same as that described
above, except that stock laboratory cultures of fungi were used. The
six organisms chosen at random were ccmpared with two soil isolates,
which were apparently inhibited by sumithion. Each organism was
inoculated intc Thornton's agar untreated, with 1,0% v/v sumithion
or 0.5% w/v 3=nethyl-i-nitrophenol (The approximate concentration
equivalent te 1.8 sumithion). The plates were incubated at 25°C.
and observed after seven days. The results are shown in Table 29,
From the results it was clear that 3-methyl-fL-nitrophencl was far
more toxic than sumithion to a wide range of fungi and traces in
technical sumithion might account for the toxicity of the insecticide.

Aspergillus flavus which did not grow in the presence of the sumithion,

retained its normal pigment, which tends to contradict the previous

observations, although Botrytis cinerea which had a brown pigment

on Thornton's agar, was white when growing in the presence of

surithion.
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Table 29. The effect of sumithion and 3-methyl-4-nitrophenol

on the growth of fungi on Thornton's agar

Growth of various fungi on Thorntonts

agar in the presence and absence of

sumithion or 3-methyl-i-nitrophenol *

| 3

Untreated jwith sumithion ! with 3-methyl-

Fungi (1%) L-njitrophenol
(0.5%)

YMucor hiemalis (ininus strain) + + -
Aspergillus niger + - -
Aspergillus flavus + + -
Cephalothecium roseum + - -
Botrytis cinerea + + -
Fusarium sp. + + -
Isolate 1. + - -
Isolate 2. + - -

* Growth after 7 doys incubation at 25CC

+ Good growth
~ No growth
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(iv) Germination of spores

Although the toxicity of sumithion and 3-methyl-
L-nitrophencl could account for the drep in the number of fungi in
the scil, it was pussible that their action was mainly exerted on
the spoures. In corder tc determine the effect of these cumpcunds
on spores, a germination experiment was carried cut, using the slide
culture technique. The two scil isolates used in the previcus
experiment were grown on Potato dextrose agar slepes until sporulation
had taken place. A spore suspension of each isolate was nade by
washing off the spores from the culture with a sterile 0.001% v/v
solution of Tween 80. Glass slides and cover-slips placed on a
filter paper werc sterilised in Petri dishes in an oven at 1650C.
for 2 hours. The germinaticn of the spures was carried cut cn
Thornton's agar alcne and in the presence of 1% v/v sumithion or
0.5% w/v 3=methyl-=L-nitrophenvl, The media was prepared and one
drop of each medium was placed on each of twe slides and a cover-slip
placed on the drop to form a thin film. When the agar had set, the
cover-slips were remcved and 0.05 ml, of spore suspension of each of
the isolates was placed ontc scparate slides of each medium. The
cover-slins werce replaced and the filter paper in the Petri dishes
moistened tc prevent the films of cgar drying. The slides were
removed frcm the Petri dishes pericdically and the percentage cof
germinated spores deterninced. It was noted after two days of

. . o . . .
incubation at 25 C., that on the control slides germination was



- 1h2 -

far greater rcund the cedges of the film than in the centre, probably
due to lack of oxygen in the centre porticn of the film. The cover-
slips were, therefcre, removed so that all the spores were maintained

under oerchic conditions.

The results indicated that sumithion delayed the germination
of both types of spore used, whilst 3-methyl-l-nitrophenol inhibits
germination completely.  After incubation for cne day, from 40% to
50% of the spores had germinated on the Thorntent's agar, compared
with less than 10% in the presence of sumithion. After incubation
for six days there was almcst complete germinaticn in the presence
and absence of sumithiun but no spores were observed to have germinated

in the presence of 3-methyl-hk~-nitrophenocl.

In crder tc¢ determina whether the inhibition of germinaticn
by the 3-methyl-4-nitrophenol was reverscble, a micromanipulator was
used to remcve somc of the spores from the film and to inoculate them
cnto fresh Thornton's agar. No growth tock place on the fresh medium
indicating that the 3-methyl-i-nitrophencl was sporicidal and could,
therefore, acccunt for the decrease in the viable fungi population

in sumithion trezted scil,.

c)} The effect of sumithion on yeasts

Since it was shown that sumithion had reduced the population

of yeasts in the scil in a similar manner to that found with the
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filamentous fungi, it was decided to see if it was alsc toxic in
agar media. A sinmilar methcd was used as for the fungi. The six
yeasts used were obtained from the stock culture collection and
were streaked onto untreated Thornton's agar and agar containing
either 1% sumithicn cr G.5% 3-methyl-b-nitrophencl. The plates

were incubated at 25°C. for 7 days.

The results showed that the growth of the yeasts was
sparse cn the contrel plates of Thornton's agar and the experiment
was, therefore, repeated using malt agar as the culture medium,

In this casc the plates were incubated at 30°C. for 48 hours. The

results for both media arc shown in Table 30.

The results show that 3-methyl-4-nitrophencl is more
toxic than sumithion to the growth of yeasts. The growth of the
three yeasts on malt agar in the presence of 3-methyl~i4-nitrophenocl
took place only wherce the inoculum was heavy, which indicates that
the toxic acticn of this compound depends on the size of the
inoculurie The culture medium alsc has an effect, since the yeasts

were able to tolerate sumithicn more easily on malt agar than on

]

the Thornton's agere It was also noted that the pigmentation of
Rhodotorula growing cn Thorntent's agar plus sumithion was less
strong that on the contrcl plate. Although the growth of Rhodotorula

was luxuriant on Thornton's agar, with and without sumithion, there

was nmore in the absence of suniithicne Since the nuiiber of cells was



Table 30.

The effect of sumithicn and 3-methyl-4-nitrophencl on
the growth of yeasts on Thornton's and melt agar,

Growth of various yeasts on two different media in the presence
and absence of 1% sumithion or 0.5% 3-mcthyl~h-nitrophenol *

i
!

Thorntonts agar **

Malt agar ***

Yeast Untreated with iwith 3= Untreated; with E with 3~
;sumithion . methyl-k | isumithicné methyl-~4
| . v ~-nitro= E . ‘ ~nitro=
; ! phenol ; ! phenol
3 { : |
' 1 | |
Trichosporcn é i
cutaneun +4 ++ ; - ++ ' 4+ -
? !
Schizogsaccharcmyces g i !
wetosporus + - { - : ++ g - ++
: ! i
Saccharomyces [
cerevisiac (DCL.5%) + - P + . -
Sacchiranyces i
cerevisiae j
(DCL.AsCi,) + + i - ++ o+ e
i
Candida tropicalis + - i - + + -
rRhodotorula + + } + ++ ++ ++
N ** Incubated at 25°C. for 7 days
#* 44+ Gouod growth; + sparse growth; - no growth

*** Incubated at 30°C. for 2 days

- 79T -



- 145 -

less in the presence of the sumithicn, this cculd account for the
reduced pigmentation. This suggests that although sumithion or
3~nethyl~k-nitrophencl may be inhibiting pigment formation in
Rhodotorula and in the filamentous fungi, secondary effects play

an equally large role, i.e. a reducticn in sporulation or growth.



- 146 -

PART 11, PERSISTANCE AND DECOMPOSITION OF INSECTICIDES

MATERIALS AND MITHODS3

Source of Insecticides

Details relating to malathion, sumithion and menazon
may be found in Part I, Materials and lethods. The oxygen
analogue of nmenazon was supplied as the pure crystalline solid

by Plant Protection Ltd.

Source of Soil

Details of the Chelsea loam, which was used for

all studies, may be found in Part I.

Methods of sterilising soil

Dry Heat:- 50 g. of soil in a 250 ml. conical
flask plugged with cotton wool, was sterilised by heating
at 16500 for 3 hours on two consecutive days. To test for
steriliity, a2 sample of the so0il was taken aseptically and
mixcd with 9 ml. of sterile tap water. After mixing
thoroughly, 1 =1, portions were inoculated into Thornton's
nlediume. It was found that initially the soil was sterile,
but during the course of the experiment a population of

micro-organisms developad in the soil, probably due to

aerial contamination.,
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Wet Heat:- As an alternative method, to reduce
contamination, 5 g. aliquots of soil in 100 ml. conical
flasks, piuggec with cotton wool, were sterilised by
autoclaving at 15 1b, pressure for 3 hours. The soil was
tested for sterility as above, and it was found that control

soils steyed sterile over the coursce of the experiments,

Zstimation of Insccticides

Menaczon

a) Colorimetric estimation of lenazon

The colorimetric estimation of menazon was basecd
on the method of Plant Protecticen Ltd., Standard Method 170,

Adéendum 1, for mcasuring residues in soil

Extraction from soile 5 g. samples of soil were shaken

with 50 ml. of methanocl in glass - stoppered 250 ml. conical
flasks for 30 minutes and then filtered through Whatman No. 5
filter paper in n Buchner funnel under vacuum, The flask was
washed with 40 ml. of methanol which was passed through the
filter., The combinced filtrate was transferred te a 100 ml,
measuring cylinder, the volume made up to 100 ml. with
distilled water and then transferred to a 500 ml. glass-—
stopperaed conical flask. 100 mle. of 0.0QN hydrochloric acid

was added and the acidificed extract was filtered through
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Hyflo-Supercel (Johns Manville Co. Ltd.) in a Buchner funnel under
vacuun, The clarified extract was purified by passing through a
cation exchange column. The column was prepared by placing 4 g.
of Zeo Carb 225, 1% cross=linked resin (Permutit Co. Ltd.) into

a 25 ml. burette, containing a pad of glass wool. The column was
charged by passing through it successively 50 ml. 2N hydrochloric
acid and 50 ml. distilled water. The acidified extract was passed
through the column at the rate of 4 ml, per minute and then the
column was washed with 25 ml, distilled water, 50 ml. 0,5N hydro-
chloric acid and finally with 25 ml. distilled water. The menazon
was eluted from the column with 75 ml. 1M ammonium acetate. At
this stage the eluatec could conveniently be left overnight in the
refrigerator at 4OC. The menazon was extracted from the buffer

by shaking three times with 50 ml. aliquots of chloroform, the
extracts being collected in a clean, dry flask. The chloroform
was distilled off by heating in a water bath at 9OOC. until
approximately 4 ml, remained in the flask. The concentrated
extract was transferred to an acid-washed test-tube and the
remaining chloroform evaporated off at 9OOC. in a 400 ml, beaker
of water acting as a water bath. The flaslk was rinsed twice with
4 ml. chloroform, the washings added to the test-tube and

evaporated cff,

Determination of Menazon. The menazon was estimated by

digesting it with acid and measuring the inorganic phosphate

released,
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0.5 ml, of digestion mixture (4 parts analar perchloric
acid:1 part conc. sulphuric acid) was added to the residue
in the test-tube and boiled on an electric microkjeldahl
stand for 30 minutes., After cooling, 1.5 ml, 4,7 N sodium
hydroxide solution was added to neutralise the zcid and the
mixture was allowed to cool again. 2ml. of ascorbic acid -
ammonium molybdate reagent (5ml. 53 aqueous ascorbic acid
soln. + 20 ml. 0,625% agueous ammonium molybdate solution
containing 4,2 ml, conc. hydrochloric acid) was added and
mixed immediately., he colour was developed at 3700. in an
incubator for 1 hour and mecasured at a wavelength of 820 mp.
in a spectrophotometer (SP.6500, Unicam Instruments, Cambridge)

using the red photoczlls.

A calibration curve was prepared using a standard
methanol solution of menazon containing 20 pg./ml. The
appropriate volume of methanolic nenazon solution was added
to a test-tube and the methanol evaporated off at 90°C. in
a water bath, The menazon residue was digested and the

phosphatce determined am above.

b) Colorimetric estimation of the Thiolate

The method devised by Plant Protection Ltd.
employs the same extraction procedure as used for menazon,

but requires some changes for the cleah-up procedure.
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The cation exchange resin used was a Permutit Zeo-Carb

. 225, 8%, cross-linked resin, on which the thlolate is
retained. The column was prepared as for the 1% cross—l
linked resin, but after passing through the acidified extract,
0.02 N hydrochloric acid was used to wash The resin. 200 ml.
" of 1M ammoniunm acetate buffer (pE 5.2) was used to elute the
thiolate, The huffer was saturated with sodium chloride
(approx. 30%) before extraction with 4 x 100 ml, chloroform.
The final stages were identiceal to those used for menazon.
The method measures both menazon and its thiolate, thercforec
for mixtures of the two analogues, a separate determination
of the menazon had to be performed and tle thiolate calculated
by difference. A stendard solution of thiolate in methanol
containing 20 pg./ml. was used for the preparation of a

calibration curve,

c) Polaroqgraphic estimation of Menazon

. . 1k
Some estimations of C-labelled menazon were made

by a Polarographic method using a Southern Analytizal
Differential Polarograph (Type Al660G, Davis) with o dropring
mercury electrode. The apparatus was calibrated using standard
menazon solutions (in 1M ammonium acetate buffer) at concen-
trations just greatesr than expected, in order that as large

a peak as possible could be obtained on the Cathods Ray screen

with the unknown sample,.
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The nenazon solution to be measured was placed
in a clean glass polarographic cell to which had been added
a few millilitres of mercury. The polarographic cell was
maintained at ZSOCo in the water bath of the <!:ztrode stand
and the nitrogen gas supply connected, The rate of mercury
drops was adjusted to 5 - § drops per minute by raising or
lowering the mercury reservoir. The clectrodes were then
lowered into the polarographic cell, so that the cathode was
touching the mercury in the bottom and the glass shield
surrounding the anode was sealed by the water in the bath,
Nitrogen was then bubbled through the menazon solution to
deoxygenate it and the electrodes were connected to the
synchronous device which produced a drop of mercury at

intervals of 7 seconds.

The menazon peak was at 6.5 volts and the
starting potential adjusted to betwecen 0,5 - 1.5 volts

1

so that, by scenning, th penk could be set on a vertical

axis of the grid on the cathode ray screen. A straight
base line was produced by adjusting the slope compensator
and the maximum practical peak obtained by aljusting the
shunt scale factor and amp scale factor. A record was made
of the shunt scale factor and the number of units above the

base line at which the neak was recorded. After calibrating

the instrument with the standard menazon solution, the
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procedure was carried out for the unknown sample. Since the
concentration of menazon was proportional to the product of
the shunt scale factor and the height of the peak, the
strength of the unknown solution could be determined as Pg./ml.
At concentrations of about 10 pg./ml. there was interference
from the so0il extract and the polarograph could not be used

for levels below this,

Preparation of soil extracts for measurcment. Soil

extracts were made as for the colorimetric estimation and then
passed through the ion exchange column to purify and concentrate.
To ensure that contamination did not occur from the ion exchange
colurn, it was washed with 50 ml, 1M ammoniuwn acetate buffer
before charging with the 2N hydrochloric acide The menazon was
measured in the 1M ammonium acetate buffer used to elute the

menazon from the colunn,

d) Aphid Bioassay

Aphids (Aphis fabae, Scop.) were used for the assay
of menazon, because it has little activity against other insects.
The method and apparatus (Plate 3) were devised by Galley (1964)?
the apparatus was reproduced from +" plastic from the original

design.

* Private commmnication
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The wick supplying water to the leaf discs was
prepared from dish-cloth cotton by boiling with detergent
and rinsing with tap water. Before use, the wick was soaked
in water to remove air and placed on the apparatus with the
free ends in water to mzintain saturation. The cross-pieces
were laid across the main wick and the free ends teased around
the sides of the recesses. The wick was then sealad with
plastic-backed adhesive tape. 1"-diameter discs cut from
broad bean leaves were placed in the recesses with the ventral
side up and the main vein in contact with the wick. The
plastic rings were coated on their inner surface with Fluon
(I.C.I.) and, when they were dry, placed in the recesses zbove

the leaf discs.

The aphids were cultured on broad bean plants in
a greenhouse with a minimum of 12 hours light, supplemented
with fluorescent tubes. The aphids were collected in a
specimen tube using a camei-hair brush, being careful not to
damage their mouth-parts when romoving them from the plant.
Ahout 20 to 25 aphids were transferred to each leaf disc and
allowed to resume feeding. The methanclic insecticide solution
was then added to the wicks leading to the discs using a
micropipette (Drummcnd Scientific Co., U.3.4.) and the
apparatus wvas placed in an incubator at 15 - 20°C. The me’n

wicks were placed in a Petri dish, which was fed with water
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frem a reservoir. The incubator was illuminated through the
glass door by two 18" fluorescent tubes., The mortality of

the aphids was determined after 24 hours.,

Extraction of menazon from the soil, 59. Soil samples

were shaken with 20 ml. methanol in 25C ml. glass-stoppered
conical flasks for 30 minutes and filtered through Whatman
No. 5 filter paper in a Buchner funnel under vacuum. The
flask was washed with 10 il. methanol which was passed
through the filter. The filtrate was transferred to a clean
250 ml, round-bottomed flask and the methanol was distilled
off under reduced pressure¢. The residue was redissolved in

4 ml. of methanol, the solution transferred to a test-tube
and the methanol evaporated off in a water bath at 9OOC.

The flask was washed twice with 4 ml. methanol and the
washings transferred to the test-tube and the methanol
evaporated off. The residue in the test-tube was redissolved
in 0.5 ml. methanol and L replicates of 5 ple were applied

to the wick. Standard soluticns of menazon were prepared in
methanol and 1 ul. aliquots applied to the wick. A log.

dose probit curve was prepared from the mortality of the aphids
and hence the concentration of menazon in the soil extracts

was calculated from the graph.
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14
e) Studies with ~ C-labelled Menazon

14
The C~labelled menazon was supplied by I.C.I., Plant
Protection Ltd., Research Labc-—-atories, Bracknell, Berks. The carbon

atomn labelled was in the triazine ring:-

NH,

CH;O N—=C
N

*
N

P——5——CH, C
CH, o/ N==C

\/

The active menazon was dissolved in distilled water to give 0.024%%
solution and the specific activity was determined, the result being

expressed as pcuries/umole.

The active menazon solution was added to soil to investigate
the persisténce and recovery. The menazon was extracted by the same
procedure as for the colorimetric analysis, The volume of the methanolic
extract was determined and 2 ml. were added to 8 ml, scintillator liquid
(Scintillation medium NE 572 -~ Nuclear Enterprises (G.B.) Ltd., Edinburgh,
in dioxane, B.D.H.) in glass vials. The vials were kept in the dark for
15 minutes before determining the activity. Background counts were made
with 2 ml. methanol and 8 ml, scintillator liquid. Counts were made for
1000 seconds or the time determined for 4C00 emissions, to obtain stat-

istically significant results., The activity was measured in a liquid

. 1L
* Active carbon atom (° °C)
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scintillation counter 2022 with Scaler 1700 (Isotopes Developments Ltd.).
The efficiency of the counting was determined by adding 10 pl.
1ltC-la.be].led glycine solution, with a known activity, to each vial
counted, The vials were then kept in the dark for 5 minutes and the
activity measured, The activity before and after adding the glycine
was deterniined cond the difference calculated as a percentage of the
known activity of the glycine, All counts made were corrected for

the background and for the efficiency of counting. From the activity
of the soil extracts, the menazon and/or decomposition products could
be calculated frowm the specific activity. Similar determinations were
made using a different scin“illator liquid (6g./l. 2,5-diphenyloxazole
+ 0.1g./1l. 1,k=bis~(2~(5~phenyloxazolyl)-benzene), Nuclear Enterprises
(G.B.) Ltd. in toluene), counts being made on a Nuclear Chicago

scintillator counter (720 series) and the efficiency determined

using 1I*C—glucose.

Direct measurenment of activity in the soil

The 1lk(‘:—labelled menazon and degradation products remaining in the

soil after extraction with methanol were measured by making o
suepension of air-dried soil in a thixotrophic scintillation medium
(4g. Thixin = Nuclear Enterprises (G.B.) Ltd. in 100 ml. scintillator
liquid; NE 572 in xylene). The efficiency was determined

as before,
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Preparation of Autoradiograms

Methanolic extracts of the soil containing 14C-1abelled menazon
were evaporated to dryness in a rotary-evaporator (Rotovapor "R",
Blichi) at 30°C. The residue was redissolved in 0.5 ml. methanol.
The solution was applied as a streak to Whatman No. 1 chromato-
graphy paper and the methanol evaporated with a hair-drier.

The chromatogram was developed with an ascending solvent mixture
of butanol:acetic acid:water (12:3:5). The chromatogram was
developed for 24 hours and then removed from the tank and dried
at room temperature in a fume cupboard. The chromatograms were
pinned to Ilford Industrial G, X-ray film in a dark room and
left in contact with the film for 14 days. The chromatograms
wvere removed from the film which was then developed in Phen-X
for 10 minutes, washed in 3% acetic acid and fixed (10 parts
Amfix : 1 part Hardener "S"-type : 30 parts water, May and

Baker Ltd.)., The film was washed under running water and then
dried. The chromatogram was then replaced on the film and the
positions of the active components relative to the origin

deternined.
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MALATHION

a) Colorimetric estimation o:x Malathion

The estimation of malathion was based on the method

of Conroy (1957).

Extraction from soil. A 5 g. sample of soil was shaken with

20 ml, of methanol in a 250 ml. glass=-stoppered conical flask

for 30 minutes. The suspension was then filtered through

Whatman No. 5 filter paper in a Buchner funnel under vacuum,

The flask was washed with 5 ml. of methanol which was passed
through the same filter. The combined extracts were transferred
to a 50 ml, measuring cylinder and the volume made up to 50 ml.
with distilled water. The extract was then transferred to a

1 1, separating funnel and cxtracted twice with 50 ml. of carbon
tetrachloride, which was collected in a clean flask. The
separating funnel was washed with tap water and then distilled
vater, and the cerbon tetrachloride replaced into it. The carbon
tetrachloride was then washed by shaking with 200 ml. of distilled
water for 1 minute. The carbon tetrachloride layer was then

transferred to a clean 250 ml, scparating funnel.

Determination of the liclathion. To the carbon tetrachloride,

1 ml. of carbon disulphide reagent (1 ml. CS2 in 200 ml,. CClQ)
and 25 ml. absoclute alcohol (A«R. ethanol) was added. After

mixing, 75 ml. of sodium sulphate solution (9% aqueous anhydrous
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Nazsoé soln.) acidified with 2.5 ml., G.5 N hydrochloric acid
was added and shaken for 1 minute. The carbon tetrachloride

layer was run off, filtered through a Whatman No. 5 filter paper
and collected in a clean, dry flask. The separating funnel was
washed and dried and the carbon tetrachloride replaced into it.

25 ml., of absolute alcohol was added to the separating funnel,
mixed and then 1 ml. of 6N sodium hydroxide was added and shaken
for 1 minute. Immediately 75 ml., of sodium sulphate solution,
cooled to 1500., was added and shaken for 1 minute. After
separating, the carbon tetrachloride layer was run off and
discarded, The sodium sulphate was washed with 25 ml. of carbon
tetrachloride by shaking for 30 seconds, separating and discarding
the lower layer. A further 25 ml. carbon tetrachloride was added
to the separating funnel followed by 2 drops of phenolphthalein,
and then 6N hydrochloric acid was added drop by drop until the
pink colour disappeareds 1 ml, of ferric chloride solution

(5 g. FeCl .GHZO in 100 ml. 1N HCD was added and the funnel

3
shaken for 30 scconds., After separating, the carbon tetrachloride
was run off and discarded. The sodium sulphate was then extracted
with successive portions of 25 ml. carbon tetrachloride until the
extracts were colourless. Finally 25 ml. carbon tetrachloride,
accurately measured, was added to the separating funnel followed
by 1 ml. copper sulphate solution (3,5% CuSOQ.BHZO). The funnel

was shaken for 1 minutc and the layzrs allowed to separate. The

carbon tetrachloride layer was filtered through a cotton wool
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pledget into a 1 cm. glass cell and the colour {stable 5 - 10
minutes) was measured at a wavelength of 418 e in the Unicam
spectrophotometer, using carbon tetrachloride in the reference
cell, A calibration curve was prepared using standard solutions
of malathion in methanol containing 40 Pg./mlo and the procedure

followed as above,

b) Mosquito Bioassay

The method was based on that for the routine deter-
mination of the susceptibility of mosquito larvae to insecticides
as specified by the World Health Organisation : Technical Report

Series (1963, No.265). The mosquitoes (Aldes aegypti (L.)) were

reared after the method outlined in the monograph by Sir Rickard
Christophers (1960). 3Z2ggs were obtained from the School of
Hygiene and Tropical Medicine and were hatched in 3" tap water

in a plastic bowl (20" x 12" x 6"), which was kept in a constant
temperature room at BOOC and 80% relative humidity. The water
was aerated with a vibrator pump and the larvae were fed on
ground liver powder. The larvae were used at the third to fourth
instar stage or left to pupate in order to restock the adult
mosquitocs, The pupae were collected and placed in a dish of
water inside a muslin cage, also kept in the constant temperature
room. The adults on emergence were maintained on 10% sucrose
solution in a dispenscr until eggs were required. To promote

ovulation a meal of blood was provided from a guinea-pig
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anaesthetised with Nembutal (Abbott Laboratories Ltd., Kent) at

a deze of 1ml./5 1bs body weight, administered intraperitoneally.
The abdomen of the guinea-pig was shaved and when immobilised it
was layed on its back in the mosquito cage, where the mosquitoes
were allowed to feed for 1 hour. A cone of filter paper in a

dish of water was provided for the mosquitoes, on which they could

lay eggs. The eggs were conditioned and stored at 3000.

The bicassay was carried out in acid-washed 400 inl.
beakers, into which 225 ml. tap water were placed and allowed to
equilibrate. at BOOC. Groups of 20 larvae were placed into 25 wml.
water in 100 ml. beakers. 1 ml. of ethanolic sglution of the
insecticide or the soil extract was placed into each of the assay
beakers, mixed and allowed to equilibrate. The larvae werc then
added and the mortality of the mosquitoes was determined after

18 hours.

The malathion standards in duplicate contained 0.25,
0.125 and 0.0625 Pg./hl. ethanol final concentration, and controls
of ethanol were prepared. A log. dose probit curve was prepared
and, from the mortality of the mosquito larvae in contact with
the s0il extract, the concentration of the malathion was

determined.

Extraction of Malathion from scpil. The soil was incubated in

10 g. quantities in 100 ml. conical flasks plugged with cotton

wool. 20 ml. ethanol were added to each flask, which was sealed



- 163 =

with Parafilm. The flasks were shaken mechanically for 30
minutes and the soil suspension was then filtered through
Whatman Noe. 5 filter paper in a Buchner funnel under vacuum.
The flasks were mixed with 20 ml. ethanol, the washings passed
through the filter, and the final volume was made up to 50 ml,

Samples of the extracts were assayed as above.

a) Estimation of Sumithion

No published method of estimating sunithion in the
soil was found, therefore the method below was devised. The
sumithion was extracted from a 5 g. sample of the so’1l using
25 ml. methanol in the same manner as used for the other
insecticides. The extract was filtered through a Hyflo=-Supercel
pad 23 described for menazon. The flask in which the extraction
was carried out was rinsed with 25 ml. methanol which was passed
through the filter., The extract was decolourised by shaking
with 0.2 g. activated charcoal and then filtered through a
Whatman No. 40 filter paper. The sumithion in the decolourised
filtrate was then measured in an ultraviolet spectrophotometer
(Uvispec MK 9, Hilgar and Vatts Ltd.) at a wavelength of 269,5 mpe
Methanol was used as the reference and measurements were carried

out in 1 cm. silica cells. Standards of sumithion in methanol
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were prepared to give O - 40 Pg./ml. and a calibration curve
was prepared. The sumithion in the so0il extracts was read
from the calibration curve and corrected to 1 g. soil. The
method used not only measures the sumithion but also

decomposition products which absorb at the wavelength used.

b) Chromatographic techniques witir Sumithion

In order to determine the nature of the absorbing
material in the extracts from soil containing sumithion,
reversed=phase chromatography was used. Whatman No. 1
chromatography paper was treated with 33% sodium silicate
solution followed by 6N hydrochloric acid and then washed
thoroughly in water and dried. The chromatogram was developed
using ascending solvent (upper layer of n-hexane 100 parts,
glacial acetic acid 40 parts and water 10 parts). The
locations of the compounds were found using an ultraviolet
light. In this system sumithion has an Rf. of 0.81. In order
to purify the sumithion, the extract was run as a band and the
portion of the chromatogram which contained sumithion was cut

out and eluted with methanol,

A second system was used to separate the water
soluble decomposition products of sumithion. Whatman No. 1
chromatography paper was impregnated with 5% silicone fluid

(MS 550, Hopkin and Williams Ltd.) in cyclohexane and dried.
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The chromatogram was developed using an ascending solvent
(chloroform 2 parts, ethanol 38 parts and water 60 parts).

Sumithion had an Rf. of 0.14 in this systen.

ISOLATIGN CIFF MICRO-~-ORGANISMS FROM THE SOIL

Enrichment Culture. The insecticides were added to the soil

at levels which were shown to produce an increase in the soil
population. The water content of the soil was adjusted and the
soil incubated at SOOC. Samples of the soil were taken and
suspended in sterile tap water. Isolation of organisms capable

of decompcsing insecticides was them tried in a variety of ways.

Isolation on agar media. The insecticides were incorporated

into melted Thornton's agar by either making an emulsion with
malathion and sumithion or a suspension with menazon. The
medium was poured into sterile Petri dishes, allowed to solidify

and then inoculated wi’h the soil suspension.

Isolation on silica gel media. The method used for the

preparation of the silica gel media was that of Funk and
Krulwich (1954)f A 10% solution of silicic acid was made in
7% analar potassium hydroxide and sterilised by autoclaving for
15 minutes at 15 lb. pressure. A double strength salts
solution was prepared of the ingredients of Thornton's medium

without the phosphate:-

* Funk, H.B., and Krulwich, T.A. (1964), J. Bact., 88, 1200
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Analar Ingredients g./litre
KNO 1.0
3
CaCl2 0.2
FeCl3 0,04 (0. mle 1%

solution)

The solution was dispensed into 5 ml., quantities and was
sterilised by autoclaving at 15 1b. pressure for 15 minutes,
A 22% phosphoric acid solution was prepared and sterilised

as above.

To prepare the medium, 5 ml. of the silicic acid
solution was added aseptically to 5 ml. of the salts solution,
The sterile insecticides as the sole-carbon source were then
added and shaken thoroughly., 1 ml. of phosphoric acid solution
was added aseptically, mixed and immediately poured into a
sterile Petri dish. The fin:! mixture was neutral and rapidi&
formed a gel. Syneresis took place and the surface moisture
formed was dried in an incubator at 370C, The Petri dishes
were incubated for 24 hours normally and then placed into
polythene bags which were sealed to prevent further loss of

water from the medium.

Isolation by growth in liquid culture, An enrichment culture

in soil was made and a suspension in sterile tap water prepared.
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1 mi., suspension was inoculated into 30 ml. sterile salts
solution in a 250 ml, conical flask containing 1% insecticide
as a two-phase system. The .alts solution wassingle strength
of that used for the silica gel medium, plus 0.2% K HPO, «

The flasks were placed in a shaking incubator at BOOC. After
turrbidity was seen in the medium, 1 ml. was transferred to a
fresh sterile flask of medium and was incubated as before.

After growth had taken place, the organisms were isolated by

inoculation onto Thornton's agar containing insccticide.

Isolates were purified by the streak-plate method
and tested for their ability to decompose the insecticide by
in oculating into insedﬁtide-salts solution « Growth was
followed in a Nephelometer (EEL Nephelometer head and Unigalvo

Type 20) or by viable counts using the pour--late method.



EXPERIMENTAL AND RESULTS

A, The Persistence of Insecticides in the soil

The persistence of an insecticide in the soil is governed
by a number of factors including the chemical stability of the
compound, the case with which it is degraded by micro-organisms and
the characteristics of the soil. 4 knowledge of the persistence
of an insecticide in soil may help in determining whether or not
micro-organisms are involved in the degradation. Studies were
therefore undertaken to measure the persistence of malathion,
sumithion and nmenazon and to correlate these studies with the results

obtained in Part I of this thesis.

Twe techniques frequently usced for estimating residues
of insecticides arce chenical estimaticns and bioassay techniques,
both of which it was thought desirable to use, so that loss of
bioclogical activity could be courrelated with loss or alteration of
the insecticides as shown by chemical estimaticn. For convenience,
the work with cach ¢f the threc insecticides studied will be

considered separately.

a) Persistence of lialathion

Frem ohservations of the cffect of this compound cn the

respiration of soil micro-crganisms and from population studies,
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it would appear to be the cne ucst readily decomposed by micro-
organisms in the scil, the decomposition products being used for

microbial nroliferation.

(i) The persistence of wmalathion in soil as
estimated by a colorimetric technique

Preliminary investigations showed that using the
technique, described in the materizls and methods, it was possible
to estimate frem O tc 80 pge malathion, as the final coloured
complex, per ml. ¢f carbon tetrachloride., Recovery of malathion
from the so0il was in the order of 80% and extracts from untreated
soil did not interfere with the colour reacticn. A calibration
curve (Fig. 22) was prepared freom standard scluticns of malathion
in methanol.

Persistence in normal scil: lalathion was added to the soil using

acid-washed silver sand as a carrier. 0.l g. malathicn was added to
5 gs sand, nixed thorcughly and 1 g. ¢f the mixture was incorporated
into 100 g. of Chelsea loam in a 250 ml,. conical flask, which was
plugged with nen-abscrbent cotten wool. 4 similar flask was prepared
with untreated scil to act as a control. However, the control was
discontinued, since extracts under cxperimental conditions gave an
optical density of zero. The water ccntent of scil was adjusted
with distilled water and the flasks wore incubated at BOOC. in

an incubator. Water lost during incubation was replaced with

sterile distilled waters.
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The final ccncentration of the malathion in the soil was
175 Pg./g. soil, Duplicate 5 g. samples of soil were taken at
intervals and extracted with methanol. The procedure was then
followed as described in the materials and methods, the concentration
of malathion being determined from the calibration curve., Two
malathion standards were estimated with the saimples to check the
calibration curve. The results of the experiment are shown in

Table 31 and graphically in Fig. 23,

From the results it is obvious that recovery of malathion
from soil becomes difficult after incubation for 2 days at 30°C.,
only 2.2% of the applied insecticide bein; reccverable at this time,
Assuming that inability to recover means that the insecticide has
been decomposed, these results support the previous conc’usicn that

the insecticide is degraded by micro-corganisms in the scil.

In order te confirm the rcle played by micro-organisms,
the persistence of malathicn in sterile scil was determined.

Persistence in sterile soil: 5 g. aliquots of Chelsea loamn were

sterilised in 100 ml. conical flasks as described in the naterials
and nmethods. The malathion was prenared as o methanolic solution

at a concentration of 2 mg./ml. and was sterilised by passage through
a sintered glass filter (Pyrex Porcosity grade No. 5). 0,05 ml, of
this soluticn wes added aseptically to cach of 8 flacks to give a

final concentraticn of 200 Pg./g. scil. The concentration of the
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Table 31. The recovery of malathion at 175ppm from Chelsea loam as

determined by colorimetric estimation

*
Recovery of malathion

Time (days) (ng./g.s0il)
- A ~
Total Range
0 175.0 +15.2
1 10.9 3.3
2 3.8 £ 0.0

* The results are the average of duplicate samples corrected to 100%

from an initial recovery of 79%.
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Pig.23 The recovery of malathion at 175 ppm from normal Chelsea loam

MALATHION RECOVERED,

(pg./ g.soil)

and at 260 ppm from sterile Chelsea loam.
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malathion in the soil was increased, compared with the previocus
experiment, to prolong its possible persistence in the soil.

0.65 ml. of sterile distilled water was added toc 4 flasks, which
were usad to test the efficiency of sterilisation. The flasks were
incubated at BOOC. and samples were taken at intervals, To estimate
the malathion and check sterility, 3 flasks were removed fron the
incubator; 2 containing soil with insecticide and the third
containing untreated scil. 25 ml, methanol were added to each of
the flasks containing soil with insecticide, and extracts made.

The prccedure for the estimation of malathion was then carried out
as before. A sample of the untreated séil fromn the third flask was
tested for sterility as described in the wmaterials and methods.

The results are shown in Table 32 and graphically in Fig. 23, and

are ccapared in the graph with the persistence in ncrmal soil.

The results show that sterilisation of the scil prolongs
the persistencce of malathicn, 82% of the applied insecticide being
recovered after 6 days. This increasc in persistence tends to
confirm that micro-orgonisms are actively involved in the decomposition
of malathion in the scil. However, it was not knovm how the appli-
cation of the insccticide as & methanclic solution to the soil might
have affected the persistence and to what extent the water content of
the soil was involved. In order to prevent aerial contamination on
additions of water to the soil, the water content was not continually

maintained at 50 maximum water holding capacity, and it is probable
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Table 32, The recovery of malathion at 260 ppm from sterile Chelsea

loam, as determined by colorimetric estimation,

Time Recovery of malathion® Number of viable
(days) (Pg./g. soil) organisms/g. soil
B 1
Total Range
) 260.0 L 221 1.6
+
1 34000 - 4401 ks
3 236.0 £10.5 2.7
5 214.0 £ 0.0 0

* The results are the average of duplicate samples, corrected to

100% from an initial recovery of 90.%%.



- 176 =

that as the scil became dry, the persistence of malathion was

increased,

(ii) The persistencce of malathion in soil
as determined by bicassay

Bicassay using rnesquito larvae

The nmethod of rearing the mosquito larvae and of
estimating the malathicn was as described in the materials and
methods. Prelimkinary experiments showed that the method was capable
of estimating malathicn in the final concentration range 0,008 to
0.25 Pg./ml. Extracts from untreated soil were shown not to be
toxic to the larvae. A calibration curve was prepared using
standards of malathion in ethanol, and standards were used to check
the curve vwhen each estimaticn was made, The calibration curve is
shown in Fig. 24, thc probit being taken from the statistical tables
of Fisher and Yates (1948), using the average percentage mortality
of the mosquito larvae in duplicate beakerss For the purpose of
estimating the percentage rwortality, it was found better to count
larvae which showed syuptoms of insecticide pcisoning, as half dead
rather than ccupletely dead, since recovery from the effects of the
insecticide was scmetimes noticed when counts were made over a

lcng period.

The supply of egygs, from which the larvae were reared,
was not unlimited and hence sufficient numbers were not obtained to

provide larvae for estimations on consecutive days, The experiment
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Pig. 24, Calibration curve for the bicassay of malathion

with mosquito larvae,
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was therefore designed sc that when larvae were cbtained at the

right stage of development, samples could be taken from treated soil
and assayed immediately. The soil was prepared to coincide with the
growth of the larvae, sc that it was not necessary to store extracts
until larvae were available. 0.,0125 g. malathion was weighed

directly into each of twe 100 ml, conieczl flasks and the water,
required to bring 10 g. of Chelsea loam to 50% maximum water holding
capacity, was added. Thc insecticide was mixed with the water, 10 g.
soil placed in each flask and mixed thoroughly with a spatula to
cbtain an even distribution. The final concentration of malathicn

in the scil was 1250 ppm. The flasks were plugged with non-absorbent
cotton wocol aond were incubated at SOOC., the water lost by evaporation
being replaced by sterile distilled watere. The malathion was extracted
from the Chelsez lcam with 20 ml. cthanol and the assay carriced out
with the filterced cxtract. The mortality of the mosquitoes was
recorded after 18 hours and the concentration of the malathion in

the s0il extracts determined from the calibration curve., The results

cf the experiment are shown in Table 33 and graphically in Fig. 25.

The results show that malathion disappears rapidly from
the soil,only 4.,1% of the applicd insecticide being active after
7 days. Sonme cof the results obtained had a wide range between
duplicate samples, but this is not uncommeon with bicassay techniques

where many variables are involved.
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Table 33, The recovery of malathion at 1250 ppm from Chelsea loam,

as determined by mosquito larvae bioassay.,

Malathion recovered*

Time (Days) (ug./g. soil)

‘Total  Hange
0o 1250.0 1186.5
1 912.0 £100.5
2 236.0 = 18.7
3 255.5 t 66.0
4 219.5 117.5
5 160.5 f17.2
T 52.0 53

*#The results are the average of duplicate samples corrected to

100% from an initial recovery of 87.0%.



Pig. 25.

- 180 -

Persistence of malathion at 1250 ppm in Chelsea loam, as

determined by mosquito larvae bioassay.
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The decline in the recovery of malathion from the soil
is very similar to that observed using the colorimetric technique.
The time taken for 50% of the ma;athion to disappear, using the
bioassay technique, was just cver one day compared with under one
day using the colorimetric estimation. This difference is very
small for independent methods of estimation and therefore confirms
the previous results, although it would have been desirable to
estimate the persistence of malathion at 1250 ppm using the

colorimetric technique.

Bioassay using Fruit flies (Drosophila melanogaster,. Meig.)

Although the results using the mosquito larvae gave
satisfactory resultd, the method of rearing the mosquitoes and
maintaining a supply of eggs woas laberious. 1t was ﬁlso felt that
by extracting the insecticide from the soil before assaying the
compound, errors might be introduced duce te variations in the
recovery. Consequently, an investigation was carried out with
wild-type fruit flies in order to determinc the practicability of
using them as insects for bioassay. Fruit flies have been used in
bioassay techniqucs for insecticides in soil by addition of the soil
to fruit pulp. To avoid the dilution cffect, 2 method was investi-

gated using the inscects in direct contact with the soil.

5 g aliquots of soil were placed into 3" x 1" specimen

tubes and 1 ml, from a series of standard solutions of malathion in
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ether was placed intc separate tubes tc give G, 16, 80, 4CO and
2000 pg./g. scil. The ether was avaporated off and 20 flies were
placed into each specimen tube, which were plugged with cotton wool.
The tubes were left at room temperature and the percentage mortality

deterained ot intervals. The results are shown in Table 3k.

Frem the initial experiment it was ccncluded that the
methcd might be used but it was ohvicus that when the concentration
dropped to a certain level the contact time would have to be extended
to a minimwa of 18 hours. This required that the percentage mortality

in the controls be reduced to less than 5% for an accurate assessment,

The experiment was repeated using lower concentrations of
malathion in the scil, i.e. G, 0.08, O.4, 2.C ond 10.0 PgA/g. s0il,
and after the ether was evaporated off, 1 ml. distilled water was
added to the soil to provide o hurnid atmosphere, which it was hoped
would reduce the mortality of the controls. The nercentage mortality
was deterimined after 1 and 2 days incubaticon at rcoi temperature.

The results are shown in Table 35.

At the lower concentrations of malathion, the assay did
not give accurate results. The mortality at the range of concentretions
chesen was variable and could not be used to prepare a calibration
curve., Since it was in this particular range that peasurements would
be made, the method could nct be used. The high mcrtality in the

controls alse emphasised the limitations of the method.
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Table 3L, ldortality of fruit flies in contact with
s0il containing malathicn

¢ mortality of fruit flies in contact with soil
containing varicus ccncentraticons of malathion (Pg./g.soil)

Time 0 ‘VV‘16 -..éoua' ~Véog-kmuw—’ggséw
5 mine C 0 o] 36,0 65.0
15 min, 0 c 0 70.6 100.0
30 min. G ¢} 3.15 81,5 -
45 min., C o] 15.7 96,1 -
60 niin. 0 0 28,1 96,1 -
75 min. o 0 Lo,6 100 -
18 hr.15 min. 43 93,0 1CC - -

Table 35. HMortality of fruit flies in contact with
soil containing malathion

% mortality <f fruit flies in ccntact with soil con-
taining various concentrations of malathiocn (Pg./g. soil)

- s e A b e e

- e e s e e
/ ~

Time C 0008 OQLJ: 200 10.0
25% hours  1h.4 12,8 27.0 21.9 25,5

43% hours k4,0 54,0 60.5 39,0 56.0
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One of the sources of error in the method was the limited
surface arec cover which contact ccoculd be made and that the contact
was precbably accidental. In order to attract the flies to the soil,
and to ‘increase the surface area, a method was investigated in which
1 ge =f the scil was suspended in 10 ml. 1% agar + 5% sucrose. A
film of scil/agar mixturce was formed rcund the inside of the specimen
tube, and when the agor had sety, the flies were introduced into the

tubes and mortality counts nizde as before.

The nethod prelenged the life of the flies in contact with
untreated scil, but there was no mortality after &8 hours in contact

with soil eccntaining 10 ng./g. socil,

Using the methods cbove, it was clear that Drosphila
could not be usced as an insect for bicassay c¢f the malathion.
Unfortunately, time did not perniit the investigation of the technique

using fruit puln» 2s a corrier of the soil fer the assay.

b) Persistence of Sumithion

The methoed of estimnting sumithicon in preliminary investigetions
was based cn the nethod used Tor determining residues in tomatoes and
cocoa beans (Plant Protecticn Ltd,, Standard method no, 227 and
Addendunm 1). The izethod relies upon the extracticn of the swiwaithion
with chlcroferm, which is then decolourised with cctivated charcoal,
The chloroferm is evaporated off and the sumithicn residue converted

tc its amines. This is then diazotised to fora a colcured ccmpound,
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the cclour being measured in a spectrophctometer. The method gave
gcod results with gtandord sclutions of suuithion, but there was
interference frcm amines and n’“rc compounds in extracts froi
untreated scil. Also in order to extract the sumithion from soil
with chlorofcri, it was necessary to cir-dry the scil. This reduced

the recover which with the high blanks made the method impracticable.
]

(1) The persistence of sumithion as deteruined
by ultraviclet light abscrption

Since sunmithicn absorbs ultraviolet light with a peak
at 269 -~ 270 mu., it was decided to base the estimation upon this
property. Chloroform extracts from the soil gave very low recoveries
but methanocl, which could be used to extract moist soil, gave a better
reccvery. It wae found that the reccmmended level of L ge activated
charcozl was remcving mcest of the sumithicn from scluticn. By reducing
the quantity of charccal to 0.Z g., when shaken with 50 nl. sclution,
the recovery was incrensed tc aporoximately €0%. In order tc see if
the recovery was constant, 8.2 g. activated charcoal was shalen with
5G ml. of solutions of suniithicon in methancl at various concentraticns
and the recovery deteriined froiz a calibration curve (Fig. 26) prepared
from standord solutions of sunithicn in ether. (The calibration curves
of sumithion in ether and methancl are identical.) The results are
shcwn in Table 3G. The results show a relatively constant recovery
frcm the charcoal and although the recovery was not as great as wculd
be desired, it was hoped that it would enable the persistence of

sumithion in so0il to be determined. At a level of 0.2 ¢. the activated
g
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Fié.26. Calibration curves for the estimation of sumithion and
3-methyl-4-nitrophenol, measuring their absorption at

different wavelengths,
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Table 36. The recovery of sumithion from solution after treatment

with activated charcoal.

Recovery of sumithion from standard
methanolic solutions at wvarioug concantrations

(pg./ml.) treated with C,2g. activated

charcoal.
T T e e T e
pg./ml.: 10.25 15.25 20.25 24.75
% recovered: 64 .0 63.5 63.5 62.0

Table 37. The recovery of sumithion from Chelsea loam as

determined uy uliraviolet absorption at 269.5mp.

*
Sumithion recovered (pg./g. soil)

Time (Days) Cooiar 7 Range
0 340.0 9.2
1 265.5 *8.5
> 234.0 L5
5 177.0 -
14 143.0 -
21 80.0 -

* The results were corrected to 100% from an initial recovery of

43.8%. Duplicate samples were taken only on the first three

days.
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charcoal reduced the content of ultraviclet light absorbing material
in extracts frowm untreated soils to negligible proporticns. Using
this methed, which is fully described in the matericls and methods,

R

the persistence of sumithicn was determined,

Sumitihrien was added tc the scil using acid-washed silver
sand as a carricr. 2 ¢. sand containing G.C: g. sumithicn were added
to 10C ge scil in a 250 ml, conicnl flask to give a final concentration
of 340G Pg./g. scil., A similar flask of untreated scil was also prepared
and the water ccntent cf the soil in both flasks was adjusted to 504
of the maximun water holding capeacity. The flasks were incubated at
30 °c. and initially duplicate 5 g. samples of soil were taken at
intervals and the sumithion estinated., Becazuse duplicate samples gave
such good agr..icrt in the results, only cne sample was taken from each
flask in later estimaticns.,. The abscrption of ultravioclet light
produced by the untreated scil wnas used to correct the readings found
with the treated soil and the concentration of sumithion determined
from the calibration curve, shom in Fig. 26. The results are

shicwn in Table 37.

The results indicated that suwithion was more persistent
than wmalathion, 23.5% of the mplied sunithicn remaining after 3 weeks,
However, it wis nct knowvm what effect the decorpesiticn products of
sumithicn would have on the neasurement »f sumithicn. A soluticn of

3-nethyl-k-nitrophencl, cne of the hydrolysis prcducts of sumithion,

in methanol was prepared and it was found that this compound absorbed
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strongly at the wavelength used for estimating sumithion. If
sumithion was hydrolysed in the soil, 3-methyl-4~-nitrophenol would
interfere with the measurement of the insecticide. However, it was
possible that the hydrolysis products would be absorbed by the
chorcoal and removed from sclution and this possibility was investi-
gated, 50 ml. cf a solutiuvn of JF-methyl-f-nitrophenol in methanol,
at a concentration of 22 Pg./ml., were shaken with C.2 g. activated
charcoal and then the mixture was filtered. The absorption of the
solution before and zfter treatment with charcoal was determined at

the wavelength 269,5 fp.

It was found that £1.5% of the 3-methyl-fi-nitrophenol was
recevered from the charcezl, which was almost identical to the
recovery of sumithion. Therefore it was obvicus that the hydrolysis
product woculd interfere with the measurement of sumithion. In order
to determine whether hydrolysis did in fact take place in the soil,
the previous experinent, to measure the persistence of sumithion in
soil, was repeated. The experiment wos essentially the same as before,
but after measuring the ultraviolet alcorption of the scil extracts,
the methanolic solution was transferred to a 250 ml. round-bottomed
flask and the nethancl evaporated off under reduced pressure at 3000.
The residue was redisolved in 0.5 11, methanol, applied as a streak
to chromatcgraphy paper and developel as deseribed in the materials
and methcds. The positicns of sumithion and 3-methyl-Lk-nitrophenol
were found by placing the chromatogram under ultraviclet light,

which they absorb, and were identified by using the pure compounds
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as markers. After incubaticn for gix days, it became obvious that
hydrclysis was occurring in the soil; the approximate concentration
of the sumithion was estimated by eluting the sumithion band from the
chromatogram with methancl,znd bdy measuring the absorption of the

sclution. The results are shown in Table 38,

The results showed a marked difference in the concentration
of sumithion before and after chromctogranhy, indicating that the
decomposition products gave a false egtimation, and in perticular
3-methyl-L-nitrophencl was the major compound to interfere with the
estimation. Althcugh the results, using the chromatographic
procedure for purifying the sunithion, indicate that sumithion is
unreccverable after 19 days, the difficulty in loading the whole
residue onto the chromatography paper may cause errors in the final

estimatione.

The purification of sumithion, described in the technical
manual on sumithicn (Sumitcme Cheirieal Coe, Japan), is carried out
using 1% sodium carbonzte sclution, 3-methyl-b-nitrophenol is
extracted into the sclution and the yelicw colour formed may be used
to estimate the compound, measuring the abscrpticrn as a wavelength
of 398 My The previcus method of estimating sumithion was modified
to incorporate this nrccedure, which enabled not eonly the sumithion

but also its hydrolysis product to be mcasured,

The methanolic extract of the soil was decclewrised as

before, but the sclution was then evaporatel to dryness under reduced
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Table 38. Recovery of sumithion from the Chelsea loam as determined

by the abgorption of ultraviolet light.

Recovery of sumithion (Pg./g. so0il) *

— S
Time(Days) Before After
Chromatography Chr cmat ography
0 340.0 | -
3 200.0 -
6 200.0 718.0
10 189.0 44.5
13 131.0 26.3
19 154.0 0.0

* ’ o
The results are corrected to 100% from an initial recovery of 43.7%.
Estimations of the sumithion, eluted from the chromatogams,

were made on samples taken after incubation for six days.
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pressure at SOOC. The residue was redissolved in 50 ml. ether and
transferred to & sepcrating funnel. 25 il. 1% solution of scdium
carbonete were added and the scrarating funnel was shaken for one
minute, The layers were allowed to separate and the absorpticn of
the lower layer centaining 3-methyl-lk-nitrophenol was measured at

393 np in a spectrophctoneter using distilled water as the reference
blank. The concentration was deternined from a calibration curve
(Fig. 25) prepared frct standard solutions in ether, extracted with
25 ml. aliquots of a 1% solution cof sodium carbonate, The upper layer
of ether containing suaithion was measured at 269.5 np. in the dilger
ultraviolet spectrophotometer, using 1 cm. silica cells with ether

as the reference blank.,

The abecve modifications were used tc determine the persistenco
of sumithion in Chelsea loamn and alsc the cccumnlation of J-methyl-l-
nitrophenol. The experiiient was carried out with sterile soil at the
sarie time in order to investigate the effect of nicro-organisms on
the persistence. The soll was terilised in 5 g. zliquots in 1C0 ni.
conical flasks as described in the waterials and methods, The sumithion
was added to the sterile scil as & solutien in methancl. G.5 ge
sumithion was dissolved in 160 ml. niethanol and sterilised by passage
thrcugh sintered glasz filter (Pyrex, Porosity Grage Nos 5)s (a5 nml,
cof the sumithion sclution was added tco each of 5 flasks, giving a
final concentraticn of 443 Fg./g. 80il, and C.5 ml. sterile distilled
water was added to cach of 10 niore flasks. 5 of the flasks containing

scil without insecticide were used to determine the background
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absorption and the other 5 flaslis were used to check the efficiency
of the sterilisation by autcclaving. Extracts were made of treated
and untreated soil and the sumithion and 3-methyl-i-nitrophenol
determined at intervals, Sterility was determined as described in
the materials and methods. The results obtained with the normal
soil are shown in Table 39 and graphically in Fi_. 27. The results

obtained with the sterile soil are only shown in the tahle.

Samples taken for sterility testing showed that no organisms
developed in the flasks from which samples were taken, which indicated
that at the start of the experiment no viable organisms were present
in the soil. The results with the normal soil show that the recovery
of sumithion declines fairly rapidly, only 14,27 of the applied
sumithion being recovered after 16 days. The decline in sumithion
was correlated with a rise in the level of 3-mecthyl-4-nitrophenol, the
level found after 16 days being equivalent tc the hydrolysis of 205 po-
sumithibn/g. soil. Assuming that the percentage recovery of sumithion
and 3-methyl-f-nitrophenol was censtant, the results indicate that
either 3-methyl-L-nitrophenocl is decomposed in the soil or that other
decomposition products of sumithion are formed. This would account
for the discrepancy between the sumithion applied and that recovered

in an unchanged form, plus that in the form of the hydrolysis products.

The rcsults from the normal and sterile soils tended to be
variable, which made the results difficult to interpret, Although
initially the decline in the recovery of sumithion from the sterile

soil was slower than in normal scil, the estimations on the eighth
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Table 39, The recovery of sumithion and 3-methyl-4-nitrophenol

from normal and sterile Chelsea loam

Recovery (Pg./g. soil) *

i

, — —_— N
Normal Soil Sterile Soil

7 -4 v - - N

Time Sumithion 3-methyl-l- Sumithion F-methyl~l-

(days) nitrophencl nitrophenol
0 423,0 0.925 k43,0 0
5 69.5 9&.2 356.0 807
] 163,0 93.5 158.0 -
12 135.0 135.0 149,0 946
16 60.1 115.0 302.0 11.5

* Results corrected to 100} from an initial recovery of 54

in the normal soil and from 46,% in the sterile soil.
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The recovery of sumithion and 3-methyl-k-nitrophencl

from normal and sterile Chelsea loam,.

Sumithion. 3-methyl-4 -nitrophenol.
e Normal soil o Normal soil.
4
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and twelfth days indicated that there was little difference between
the soils. However, after 16 days, 6845} of the applied sumithion
was recovered and this with the low level of 3-methyl-i-nitrophencl
forrned suggested that the loss from sterile soil was slower than from

normal soil.

The results in scome cases were found to be low because the
ether used in thc reference cell was different to that used to redissolve
the extract residues. This produced negative results with extracts
from untreated scils, which made correction of the extracts containing

sumithion impossible.

Since the results with the sterile soil were unsatisfactory,
the experiment was repeated as before, except that the sterile soil was
kept moist by additions of sterile distilled water, so that decomposition
due to chemical hydrolysis would not be inhibited., The results are

shown in Table &0 and graphically in Fig. 27 compared with normal soil.

The results show thit the recovery of sumithion from the
sterile suvil declines at =2 siwmiler rate as in normal scil, although
after 16 days incubetion only 14.47% of the initial concentration was

recovered from the normal soil compared with 30,3} from the sterile soil.

The findings are siuilar to the previous experiment with
sterile soil, indicating that a large proportion of the decompositicn
of sumithion is not coused by micro-organisms. The accumulation of

3-methyl-k-nitrophencl, however, was higher in normal than sterile scil,
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Table 4O, The recovery of sumithion and 3-methyl-i-nitrophenol

from sterile Chelsea loam

Recovery (Fg./g. soil) *

Time
e e e t e reern s s i m————
/ \
d
(days) Sumithion F=imethyl-L-nitronhenol
(0] 11'43 e O
5 163.C 2.9
9 120.0 O
16 134.0 18.2

¥  Results corrccted to 1CC): frow an initial recovery of 61,0/
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which may indicate that micro-organisms are primarily responsible for
the hydrolysis of sumithion. Since only a small amount of 3-methyl-
henitrophencl was formed in sterile scil, even in the presence of water,
most of the sumithion must be either decouposed by scme other mechanism,

or be unrecoverable.

Identificeticn cf the water-scluble decomposition
products of sunithion

The studics with normal and sterile soil indicated that
other pathways might exist for the decompcsiticn of sumithion other
than hydrclysis and, thereforc, an experiment was carried out to identify

any water-scluble products which might be found in normal seil.

The experiment was carried out in a similar manher to the
previous studies. Sumithion was added to the soil, mixed with sand,
to give a final concentration of 340 Pg./g. s0il. The soil was sampled
and extracted with methanol as described previously. The extract was
evaporated to dryness and then redissolved in 0.5 ml. methanol., The
concentrated extract was then applied as a streak to chromatography
paper, which was impregnated with silicone fluid, and developed as
described in the materials and methods, In this technique, sumithion
remains near the origin and the vwater soluble products are separated,
in particular the oxygen-analogue and des-methyl sumithion run close
to the solvent froi.: with Rf. values cof 0.82 and 0,94 respectively.
Since the ring structure is not changed in these compounds, it was
hoped to see if they were present, using their absorption of ultra-

violet light to identify theri.
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The results obtained using this technique showed that there
was apparently no formation of the thiclate or des~methyl sumithion
in normal soil, although they may have been formed at a level below
which they were detectable. The major product formed was 3-methyl-
Lenitrophenol, which was identified using & marker of the pure compound.
In cnly one instance, after 11 days incubation, was there any other
absorbing material present which had separated from thehydrolysis
product. The unidentified compound had cn Rf. of O,L4 compared with
an Rf. of 0,74 for 3-methyl-L-nitrovhenol. lowever, the compound
produced a yellow cclour on the chromatogram, in o similar manner to
3-methyl=b-nitrophenol, which indicated that the compound was closely
related to the hydrolysis product and might have been formed when the
extract was concentrated. This secewms probable since it was noticed on

only one chromatcgram frem a series extending over 16 days.

The results suggest that in normal soil, hydrolysis of
free sumithion is due to the action of micro-organisms, causing the

accumulation of 3-methyl-L-nitrophencl.

The stability of swaithion in solution

Although the previous experinmnsnts suggested that sumithion
was hydrolysed by micro-organisms in the scil, there was the possibility
that the sumithion was hydrolytically unstable, Because sumithion is
relatively insoluble in water, its stability in o 50 aqueous solution
of methanol was determined. It was presumed that if sumithion was

unstable in the presence of water, then it should decompose in this
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agueous solvent. Sumithion was dissolved in agueous methanol to give
a concentration of 4G0 ug./ml. 100 ml. portions of the solution were
placed into two 250 mi. glass-stoppered, conical flaskse One flask
was placed in an incubator at 25°C. and the other at BOOC. 5 ml.
samples werc taken at intervals and evaporated to dryness in round-
bottomed flasks under reduced pressure. The residue wgs redissolved
in 50 ml. of ether and the sumithicn and 3-i:.thyl-4-nitrophencl were

estimated as described previously.

The flasks were incubated for 23 days, but only a small
quantity of the sumithion was nct recovered after this time, The
incubation at the different temperatures had little effect; after
23 days 95.5)5 of the original sumithion was recovered after incubation
at ZSOC. and 91.0% reccvered at BOOC. The amcunts of 3-methyl-b-
nitrophenol formed at 25°C. and 30 °c. were 2.5 and 5.0 ng./ml,
respectively. This indicated that the hydrclysis in the soil was due
tc biological activity, although it was probable that the catalytic
action of normzl soil might aid in the hydrolysis, The sfimulation of
the population and respiration in the soil in the presence of sumithion
was probably due to the utilisation of G,0-dimethyl phosphorothioate,
also formed on the hydrolysis of sumithion, since 3-methyl-L-nitrophenol
added to the soil had no stimulating effect on the general population

(c.f. Table 2&),

(ii) The persistence of sumithion as determined by biocassay

It was fcound by experimentation that sumithion might

have been estimated using the mosquito lervae bioassay, since both
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nalathion and sumithion produccd 1CCH miortality of the larvae at a
final concentration of 1 pg./ml. However., since the mosquito larvae
assay was so time .consuning and had the disadvantage of having tco
extract the insecticide before the assay, it was decided to investigate

the possible use of an insect, which inhabits the soil,

The Collembolon, Folsouic candida Willem (1902) is reared

easily in the laboratory on a diet of yeast, and when placed on the
soil actively migrates between the scil particless The most useful
characteristic of the insect was that all iive individuals could be
recovered from the scil by drying it, since the spring-tails move

with the water gradient,

After an initizl experiment had shovm that the spring-tails
could be reccoverced, an investigaticn of the toxicity of sumithion to
them was undertaken. Sunithicn woas ndded to the soil as a solution
in ether at o cuncentraticn of 5000 ug./mls ©.5 mle of the sumithion
solution was added to cach of two specimen tubes containing 5 g. soil.
The ether was evaporcted off z..d the soil was transferred to 3"
diameter yglass funnels, resting in 3" x 1" specimen tubes containing
a drop of water. Similar funnels containing untreated soil were
also prepared. The scil was moistened and 15 spring-~tails were added
to each funnel, Thce funnels were then covered with Petri dish lids te

maintain a After incubaticn at rcom temperature for

24 hours the Petri dish lids were rcuoved and the secil dried by placing
a lanp above the funneis., The live spring~tails wigrated through the
soil and fell down the neck of the funnel into the specimen tube

where counts of the viable insects were mades



At the high concentration of sumithion used, all the
spring~tails were apparently killed since nune could be recovered

after 2& hours, whilst 100/ recovery was obtained Ircm untreated soil.

The experiment was repaated using sumithion at concentrations of 3.5,
35 and 350 Fg./g. soil, but it was found thot many spring-tails had
migrated intc the specimen tube before the soil was dried, indicating

4
&

avoidance of the insccticide,

The assay wos medified by applying the insecticide to 4.5 ge

scil in a specimen tube and after evaporating cff the ether, 0.5 ml,
water was added tc give 5 g. soil at approximately 50, of the maximum
water holding capacity. The soring-tails were added to the specimen
tube, where they were cbliged to remcain in contact with the soil.
After 24 or 48 hours incubation, the scil was transferred to the
funnels, into the necks ¢f which small coils ¢f stainless steel wire
were placed to prevent the soll blocking the passage of the insects,
The funnels were placed onto 1060 1ml. conical flasks containing a

drop -f water and the scil dried, Counts were nade as before.

It wvas found that the use of o contact time of 48 hours
improved the asscy and it was decided to try to prepare a calibration
curve for sumithion. The insecticide was appliecd to duplicate soil
aligquots at cencentrations of 0,16, 0.8, 4.C and 20.0 pg./g. soil,

25 spring-tails were added to each specimen tube and the live insects
recovered after a contact time of &8 hours. The results are shown

in Teble 41.
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Table 41. The mortality of Spring-tails in Chelsea loam containing

various ccncentrations of sumithion.

Concentration of sumithion % mortality of
(pg./g. soil) Spring-tails
0 0
0.16 0
0.8 0
4.0 88.0
20,0 100.0

* The results are t.e average of duplicate sa.iples, after

incubation at rcom temperature Tor 48 hours.
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The results show that the level of concentrations over
which the spring-tails are killed is relatively narrow, 88} being
killed at 4.0 pg./g. scil but none being killed at 1/5 of this
concentration. This malkes the use of spring-tails impractice:lk for
the bioassay of sumithion and the method had to be discontinued.

The persistence cof sumithion as deteruined by bioassay was, therefore,

not carried oute.

c¢) The persistence of menazon

Preliminary investigetions with the colorimetric estimation
of menazcn indicated that technical difficulties might make it
unreliable. An alternative niethod was investigated using a chromato-
graphic technique. It was hoped that an approximate estimation might
be made from the intensity of the colour reaction of menazon on the
chromatogram., Svil extracts in methancl were vplaced on Yhatman No. 1
chromatography naper previously washed in EDTA solution and developed
with a solvent mixture of n-butancl 12 parts, glacial acetic acid 3
parts and water 5 parts. The menazon was converted tc a pink compound
by dipping the chromatogram in a 2° scluticn of 2:6 dibromoguinone
chlorcimide in cyclchexene and heating the paper at 106°C. for 1 hour.
The menazon was identified using a marker cf the pure insecticide,
It was found that the range of concentrations <f menazon that could be
measured in this way was limited, 4An alternative method was used
relying upon the fact that menazon absorbs ultraviolet light. The
developed chrotatogran: was placed upor photographic paper and exposed

to ultraviolet light. On developing the paper, white unexposed areas
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due tc menazon appeared on a dark grey background., However, soil
extracts containing menazon produced fluorescence which masked the

vhite areas of the insecticide, and this made the methcd impracticablle,

(i) Persistence of menazon in the soil as determined
by colorimetric estimation

The method finally used, was as described in the materials
and methcds. Few modifications were required to the original method
although difficulty was experienced in obtaining low optical densities
for the reagent blanks, due to phosphate contamination. It was found
necessary to clean all glassware with concentrated nitric acid and acid
baths were used for this purpose. The glassware was then washed
thoroughly with tap water and distilled water before use., Although the
original method stated that the optical density of reagent blanks
should be below 0.05, in practice it was found impossible to achieve
this with the cheuicals uscde. But since the blanks remained consistently
in the range 0.15 - 0.2, it was decided to use the method correcting

the results for the optical dengsity obtained with the blanks,

Persistence in Chelsea loam

Since the estimation of menazon was sc sensitive, the
insecticide was added to the soil as an agueous solution. A 0.C15
solution of menazon in distilled water was prepared and 10 ml. was
added to 10C g. of Chelsea lcam in a 250 ml. conical flasikke This gave
a final concentration of 10.0 pg./g. soile A similar flask containing

untreated soil was prepared and the water content of both flasks was
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adjusted to 50% of the maximum water helding capacity. This effectivelr
reduced the menazon content to 8.85 pg./g. s0il The flasks were incub-
ated at BOOC. and water lost by evaporation was replenished by additicns
of distilled water. 5 g. samples of soil were teken at intervals and
the menazon estimated. A calibration curve was prepared from standard
solutions of menazon in methanol (Fig. 28) plotting the optical density
produced against the concentration of menazen in ug./. 3. £inal solution,
The concentration cf menazon in the soil extracts was deternined from
the graph. Standards were estimated with each sample to checlk the
calibration curve. The results are shown in Table 42 and graphically

in Fig. 29.

From the results it will be seen that the recovery of mena=zon
declines rapidly, only 1.6} being recovered after 9 days. The failure
to recover most of the munagon after 9 doys suggested that the insecti-
cide was being rapidly decormosed in the soil or that it was not being
extracted by the methanol, If the menazon were being decomposed it
was possible that micro-organisms were involved, although the results
obtained from the respiration and population studies indicated that the
degradation products were not utilised to the same extent as those of

malathion and sumithion.

Persistence of menazon in Chelsca loam after
a repeated addition

in experiment was carried out with Chelsea loam to which
a second addition of menazon was made, after the majority of the first

addition had disappeared., It was thought that if micro-organisms were



- 207 -

Fig. 28. Calibration curve for the colorimetric estimation

of menazon.
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Table 42. The recovery of menazon from Chelsea loam as determined

by colorimetric estimation.

L *
Time (Days) lienazon recovered

(Pg./g. 50il)

0 8.85
1 3.5

2 1.89
3 1.4

5 0.61
T 0.39
9 0.14

* .
Results corrected to 100% from an initial recovery of 114%.
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Pig. 29, The persistence of menazon in normal and sterile Chelsea

loam and a synthetic soil, as determined by colorimetry.
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adapting to the decomposition of menazon, then the second addition
might be degraded faster. The soil population was also measured to
see if changes tock place in the total number, indicating utilisation

of the degradation products.

A saturated solution of menazon in distilled water was
prepared giving a concentration of 240 Pg./hl. ill the water required
to bring 1CO0 g. soil to 5G of the maximum water holding capacity wvas
replaced with the menazon solution giving a final concentration of
28,6 pg./g. goil. After twe weecks incubation at BOOC. the water lost
by evaporation wag replaced with a freshly prepared saturated solution
of menazon, and the persistencc of the new concentration deternmined,
Duplicate 5 g. samples of scil were taken at intervals and the menazon
concentraticn determined. Further samples were taken to determine

the number of viable organisms on Thornton's agar, using the pouzn~-plate

technique. The results are shown in Table 43 and graphically in Fig.30.

The results show that the reccovery of menazon, added after
two weeks, declined at a similar rate tc the first addition. After
incubation for one waelr, 13.3% of the initial concentration was recovered.
Similarly after incubation for cne week 13,8 of the concentraticn after

the second addition was racovered.

Although the viable soil populaticn increased over the course
of the experiment, there was no increase in the rate of decline of the
second additiop of men-zon in the soil., The results suggested that if
the menazon was being decormposed then the majority of the insecticide

wes being lost by chemical decomposition, which is reinforced by the
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Table 43. The recovery of menagon, before and after a second
addition of insecticide, from the Chelsea loam, as

determined by colorimetric estimaticn.

Time Recovery of menazcen * Number cf
(days) AT 7
/Total Range

0 28.6 23k 9.6

7 3.81 20.5 8.05
14 Before addition 1,96 20.66 13.78
14 After addition  14.0 Zo0.0 -

15 8.5k 20.49 14,2

17 4,12 Z0.32 18.65
21 1.9 20.06 26.5L

* Results corrected to 1000 from an initial recovery of 76.,5%
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rapid disappearance of the first addition. However, it is possible
that the second addition was made after the peak of activity of the
microflora had been reached and when the population had declined to

its normal prepoertion,

Persistence of menazon in sterile Chelsea
leocam and a synthetic soil

In crder to deteruine tie role played by micro-organisns
in the apparent decomposition of menazcen, the persistence in sterile
soil was determined., 50 g. s0il were sterilised in duplicate 250 ml.,
flasks, as described in the materials ané nethcds. A solution of
menazen in distilled water was prepared at a concentration of 0,01%
and was sterilised by passage through a sintered flass filter. 5 mnl.
of the sterile solution was added to the soil in one of the flasks
gseptically and the water content of both flasks of soil adjusted
with sterile distilled water, assuming all water was lost on steril-
isation. The water contents were also maintained with sterile
distilled water. 5 g. samples were taken aseptically at suitable
intervals and the nenazon content estimated. Results olLtained from
soil containing menazon were corrected for the blanks. Samples were
also taken tc check the sterility cf the soil. In spite of the
precautions taken contaminaticn of the sterile Chelsea loam occurred
and, therefore, tc reduce the possibility of the contaminants developing,
the experiment was repeated using o synthetic scil, The soil was
prepared to contain exactly the same proportion of mineral fractions
as in Chelsea loam, previously determined by the mechanical analysis,

described in the materials and methods., The fractionswere prepared
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using coarse sand, acid-washed silver sand, kaolin and bentonite,

and the water content and maximum water holding capacity determined,
50 g. of the synthetic s0il were sterilised in duplicated flasks and
menazon added as described above, but because the water capacity was
different to Chelsea loam, the concentration was reduced to 7.3 ng./ge.
s6il at 500 of ithe maximum water holding capacity.

The same experinental procedure was then followed as described for the
sterile Chelsea loani, The results obtained with sterile Chelsea loam
and the synthetic soil arce shown in Table 44 and graphically in

Fig. 29 comparcd with Chelsea loam,

The results show that in approximately one weelk, the
recovery of menazon from the sterile soil dropped tc 500 of the
initial concentration, whereas over 50" was recoverable from the
synthetic scoil after 13 days. This shows a great increase in the
recovery cver the normal Chelsea loom in which less than 5G5% was
recovered after one day. Despite the fact that viable organisms were
found in the flasks the results indicate that, by reducing the popu-~
lation of micro-organisms in the scil, the persistence of menazon can
be increased. The results suggest that some of the menazon is decomposed
by micro~organisms but that they are unable to utilise the products.
This is consistent with the slight increase in respiration without

proliferation in the presence of menazon, described in Partl.

The fact that ncenazon disappeared from sterile Chelsea loam
and the synthetic soil tends to confirm the previous conclusions that

the majority of the degradation is due to chemical means or failure to
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Table %44, The recovery of nenazon from sterile Chelsea loam and

a synthetic soil, as determined by colorimetric analysis

Recovery of menazon (pg./g. soil)

o e e s e e i e

Time Sterile Chelsca lcam * Sterile synthetic soil **
(days)

0 8.85 73

2 7.0 8.0

L 5.5 -

7 - 4,8

8 3420 -

9 - L.16

13 - L5

15 1.88 -

* The results were corrected to 1005 after an initicl recovery of 1337

*% The results were corrected to 100% after an initial reccvery of 7hk.5%



- 216 -

rccover the menazon. It was noted that the apparent rate of disappear-
ance of menazoh was greater in the sterile Chelsea loam than in the
synthetic goil. Since the main difference between these two soils was
that the sterile Chelsea loam containéd organic matter, it is poseible
that presence of organic matter increases the rate of decomposition

of menazcne

The persistence of menazon under anaerobic conditions

An experiment was prepared to deteriine the persistence of
menazon under anaerobic conditions, in order to investigate the

influence of ancerocbic nicro-crganisns on the persistence.

The penazon was added as a saturated sclution in distilled
water to 100 g. of Chelsea loam, giving a final concentration of 28,2
pg./g. soil. Duplicate flasks were prepared, one of them being
incubated aerobically and the other in an atmosphere of hydrogen in
a Brewer anaercbic jar. Duplicate 5 g. sauples were taken at weekly
intervals from both flasks and the menazon content determined. The
number of viable anaercbic bacteria in both flasks was estimated on
Reinforced Clostridial medium using the pour-plate technique. It was
hoped that if the anaerocbic organisms were active in the decomposition
of menazcn, this would be reflected by an increase in number. The

results are shown in Table 45.

The results show that there is little difference in the

ability to reccver menazcn frem both soils, but anaercbic conditions
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Table L5, The recovery of menazon from Chelsea loam incubated
at SOOC., aerobically and anaerobically, as

deternined by colorimetric estimation

Recovery of menazon * HMumber of anaerocbic
. 6 .
Time (Fg./g. soil) bacteria x 10 /ge.soil
(days) e T P D
Aerobic inaerobic Aerobic Anacrobic
soil soil soil soil
+ +
0 28.2 -2.7 28,2 -5.65 2,3 2.3
7 2.8% 0,14 5.66 Z0.47 2,14 3.09
14 0.63 0.09  1.11 Z0.09% 3.5 2.3

* Results corrected to 10C," from an initicl recovery of 111,00
from scil incubated aercbically, and 106.G recovery from

soil incubated anaercbically,
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do increase the persistence slightly. After 7 and 14 days, almost
twice as much menazon was recovered from the soil incubated anaero=-
bically than from the soil under zerobic conditicns. The decline in
the recovery of the menazon in the anaerobic soil was faster than in
sterile soil, which suggests that the anaerobic organiswms were partly
responsible for the degradation. However, the number cf viable
angerobic bacteria did not change significantly,which is similar to

the results obtained with the aerobic populatiocn. The results also
indicate that aerobic conditions are in part responsible for the
decline as shown by the difference in the rates of disappearance in the

soils incubated under aerobic and anaerobic conditicns,

The estimetion of the accumulation of the
oxygen=-analogue of rienazon

In the metabolism of orgonophosphorus insecticides,
oxidation to the oxygen-analogue or thiolate is the reaction producing
the more toxic compound. It was thought possible that either conversion
by micro-organisms or catalytic oxidation might be forming the thiolate
in the soil, and this would reduce the menazon ccntent of the soil as
determined colorimetrically withcut reducing biclogical activity.

This would not be shown by the method used for estimating menazon,
since it is specific for the sulphur-anclogue. The modifications
described in the materials and nmethods do, however, enable the thiolate
to be estimated. /jn experiment was carried out with menazon at 8.85
pg./g. soil, added as a-0.01 aqueous scluticn to 100 g. of Chelsea
loan, to determine the poussible accumulation of the thiclate. Since

at the time pure thiolate was not available, it was not possible to
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test the method or determine the recovery of thiolate from soil. But
it was considered probable that if the thiolate accumulated to any
great extent this could be easily demonstrated. The flasks containing
treated and untreated soil were incubated at SOOC. and duplicate 5 d.
samples were taken at intervals, the menazon and the menazon plus

thiolate being determined separately. The results are shown in Table 46,

The results show little difference between the recovery of
menazon alone and of menzzon plus thiolate, indicating that little if
any thiolate accumulates in the soil. However, as will be seen, the
initial recovery of the menazon plus thiolate was low and therefore a
sample of the pure thiolate was obtained in order that the recovery
of menazon and its thiolate from the ion exchange colomns could be

investigated.

Sclutions c¢f menazon and its thioloate were prepared in
methanol to give concentrations of 20 pg./ml. 2 ml. of ecch sclution
in duplicate were placed inte separate flasks, and alsc 1 ml, of each
solution were mixed in duplicate flasks. The solutions were diluted
with distilled water to 100 ml., and 100 ml. 0.04N hydrochloric acig
added to each flask. One acidified sclution of each duplicate was then
passed through a 17 cross-linked and the cther through an 8% cross-
linked icn~-exchange resin and the compounds estimated colorimetrically,
The final concentration for each solution was 10 pg./ml, A calibration
curve for each compoimd was prepared using standards in methanol and
the recovery from the colums determined from the graphs. The

results are shown in Table &7.
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Table 456, The recovery of menazon and its thiolate from

Chelsca lcam as determined colcrimetrically.

Recovery (ug./g. scil) *

ST S ORI (O

. g - SN
Time
(days) tienazon lienazon plus thiclate
O 8.85 8'85
2 2.40 2.80
6 0. kD 0,20

* Results corrected to 100} from an initial recovery of

75.0% of the wmenazon, and 47.4% of the menazon nlus thiolate,



Table L47. The recovery of wmenazon and its thiolate from

1% and 8% cross-linked ion exchange resilis.

lenazon and Thiclate recoverad

e s <t 1 e !
/

A
l.cnazon Thiclate Menazon 3lus Thiolate
(10 ppm) (1C ppmj (5 ppm  + 5 »ppm)
Fo B T P ey
pg./ml. o4 pge/ial. i pg./ml. o

1% cross-
linked 8,08 fi.72 8o,

(O]
b—
.
(@]

o.0 10.0 3.17 t0.17 63.65

3% cross~ .
linked 4,56 =C.LkL Ls,5 8.69

[ =

=0.19 85.9 7.25 - 72.5
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The results show thot more menazon is recovered from the

1% resin than frem the 8% resin, whilst the opposite is true for tho

thiolate, The fact that 10.C* cf the thiclat. was recovered from the

% resin was surprising, since it means that the criginal method is

+3
=3
e
5]
Q
r
[o]
1}
ot

not completely spzcific for menazon alone, he e:timation

of mixtures of nicnazen and thiclate more difficult, since it is necessary

3
ck
C
[
p]
o+
T
o]
E}
I
3
o
o+
j2p

to know the exact concentration of menazcn in order
cencentraticn of the thiclate by difference. This is shown by the
recovery of the mixture from Heth cslumns. Assuming that only the menazon
is recovered from the 1)! cress-linked resin, the amount of thiolate
recovered from the &% cross-linked resin is 7.25 - 3,17 = £.08 pg./ml.
This represents a reccvery of 81,5 cf the thiclate and is similar to
the recovery of thislate zlone frow the ¥ rasin. However, since there
is on error duc to the recovery of thiolnte from the 1% resin, the eract
concentration cannct be deteruined, Despite the error inveolved, it is
clear that the method enables an agnrcxinntion to be mzde of the
concentraticn of the thiclate in mixturces of the two analogues. This

confiras that there was no mec urable accuaulation of thiolate in the

seil, as determined in the previocus euperinent,

The estimaticn of the adsorption .in, and recovery

of menazon from Chelsea loam

An experinient wos undertaken to doetermine if menazon was
adsorbed in Chelsea loam cnd if sc, to investigate the reccvery of

adsorbed nienazon by the normal proceduraS.
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The main evidence for the action of micrc-orgemisms on the
deccmprgition of menazon in the soil was obtained frow the increased
oersistence in sterile scil, 4. other investigations suggested that
nicrec-organisms were not involved and even the los.: from normal

Chelsea loam cculd be accounted for by chemical decciposition or

P

adsorpticn. If iienazon is hound in the soil which mekes it unrecover-

able, an explanation for most of the observed facts could be found,.

5 ge soil were ploced into each of two MacCartney bottles
and 5 ml. of 0.0245% soluticn of menazcn cdded. The bettles were then
shoken mechanically for one hour. The soil was then spun down in a
centrifuge to form a pellet, the supernatents were removed and the
menazon content determined cclorimetrically. The soil from each bottle
was transferred to soprrate 250 ml. conical flasks and to one 50 ml,
distilled water and to the cther 50 rnl, umethanocl were added. The flasks
were shaken mechanically for 30 minutes and the soil suspensionswere
filtered using the same wethod as for normal extractions of menzzon
from the scil. The menazon content of the filtrates was then determined
colorimetrically. A sample of the original agueocus soluticon was also
estimated to detertiine the actual content of menczen. The results are

shown in Table A&,

A

The results show that 5 g. soil removed 57.5% of the menazon

from aqueous scluticn, although ¢

s was completely recovered by
extraction with watoer and methanol, This cigeeriment indicated that

adsorpticn phenonena do remove menazcn from soluticons placed in the soil.
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Table 48, The adsorption in and recovery of menazon from

Chelsea loam as detormined colorimetrically.,

Theoretical Menazon recovered

concentration

of menazon . X

p \
pg./mle pge/ml, percentage

Aqueous solution
before treatment 240 188,5 78.5
Aqueous solution
after treatment 240 80,0 33.3
50 ml, methanol
extract from
soil Skt 644 118.0

50 ml., aqueous
extract from
soil 514 507 106.0



However, as was found in practice, all the applied menazon can be
recovered from the soil before it is incubated, This suggested that
if menazon was not decomposed in the soil, the mechanism by which it

was found was not reversable adsorption but chemical binding.

(ii) Persistgnce of megpazon in the soil as determined by
the activity of ~ C-labelled menazon, compared by means
of colorimetric, chromatographic and polarographic
techniques.

The use of 1llC-labelled nenazon enabled the simple
deternination of the persistence in, and recovery of menazon from the
soil, and also the determination of the accumulation of the possible
degradation products of menazon. It was thought that if menazon were
being decotiposed in the soil colorimetric, polarographic and chromato-
graphic techniques would show the disappearance, but the total radio-
activity extracted from the soil might remain the same, indicating
recovery of the degradation products, If, however, the radioactivity
extracted were also reduced, this would indicate adsorption of menazon

itself and/or its degradation iroducts.

The experiment was cssentially the same as in the earlier
. . 14
studies. A saturated aqueous solution of C~labelled menazon was
prepared and added to duplicate flasks containing 100 g. Chelsea loam
to give 28,2 pg./g. s0il, One flask was incubated aerobically and the
other in an atmosphere cf hydrogen in an anaerobic jar, both at BOOC.
It was hoped that a comparison of any degradation products formed in

the soils might indicate whether or not micro-organisms were involved.
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Duplicate 5 g. samples were taken at intervals from each flask and

the menazon content determined colorimetrically or polarographically,

as described in the materials e¢nd methods. A further 5 g. sample from
each flask was taken and extracted with 5C nl, methanol to deternine

the recovery of the activity from the soil. 2 ml. of the methanolic
extracts were used to determine the activity using a liquid scintillation
cbunter and frow: the specific activity determined from the original
agueous solution, the theoretical concentration of menazon could be
determined. However, since some of the activity in the extract would
be accounted for by degradation products, autoradiograms were prepared
which would show the presence of these products. The extracts remaining
after the determinotion of the total activity were concentrated and
developed on a chronatograin; the method being described in full in the
materials and methods. The results are shown in Table 49, The auto-
radiograms shown in Plates 4, 5 and 6 have the base lines,marked with

crosses, and the solvent fronts drawn in,

From the results it appearced that either menazon and/or its
degradation products were being firmly bound in the soil, Although it
was intended to use the polarographic method of estimation throughout,
at the lover concentrations of isenazon, contaminating material from the
soil interfered with the peak obtained on the cathode~ray screen.
Therefore, the colorimetric estimation was used for confirming the
results obtained after 7 days and alone after 14 days. The measurement
using the todal activity indicated that there were few decomposition
products recovered from nortal soil and this was confirmed by the

autoradiograms.
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Table 49. The recovery of lI*C--labelled menazon from the Chelsea
loam incubated aerobically and anaerobically, as
determined by various methods.
Recovery of menazon (ng./g. soil) from the Chelsea loam
Incubated aerobically Incubated anaerobically
Time Colori- Polaro- . Colori- V!Polaro- .
. . Radio~ . . Radzo=~
§ metric graphic activit metric graphic setivit
(days) | estimation|estimation Ylestimation] estimation’ Y
0 - 31.1 £3,2 26,0 - 29.12 %2,08] 29.3
+ + + +
7 2.03 "'0'13 1.27 "0-63 3'58 3-7 "‘0055 4.17 -Onl§6 14.8
14 | 0.75 20.05{ - 1.43 Zootjoks Zo.05 | - 1.36 20.1
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The fact that decomposition products were formed shows that menazon

is degraded, but since more bands were present after 7 days than 14

days, on the autoradiograms, it suggests that they are probebly bound

to the soil. Unfortunately, one cannot show from the experiment

whether menazon is completely decomposed before being bound to the soil
or if both menazon and its products are being bound, The results seem
to suggest that much of the menazon was decomposed before being adsorbed,
when under anaerobic conditions. Since the equivalent of 14,8 Pg.
menazon was extracted, as determined by the total activity recovered
after 7 days incubation, and only approximately 4,0 2l ) of this was
unchanged menazon, it indicates that 73.0% was in the form of degradation
products. This means that even if the unrecovered activity was in the
form of unchanged menazon, almost 40% of the applied menazon would have
been decomposed. Unfortunately the results do not indicate how the
menazon was decomnposecd. Either chemical or biological action could be
respomsgible in the soil incubated aerobically or anaerobically. The
increased rate of disappearance in the aerobic soil might indicate that
aerobic organisms are involved, but it is possible that the chemical

decomposition takes place faster in the presence of oxygen,

Measurenient of the radioactivity bound in the soil

Although it was most likely that the decline in the recovery
of the radioactivity was due to binding in the soil, it was possible
that the soil micro-organisms were slowly metabolising menazon and the

4
1% . 1In order tc see if the activity was still

activity was lost as o,

in the soil, direct mcasurements were made in a thixotrophic medium,



as described in the materials and methods. After taking the 14 day
samples, the soil remaining on the filter paper, after filtering the
soil extracts, was recovered, The soil was air-~dried and the caked
s0il was ground to o fine consistency with a pestle and mortar. I g.
of soil was added to 10 ml. of thixotrophic medium. This suspension
was too opaque te measure and therefore 0.1 ml, and 1.0 nl. were
pipetted into clean vials. The thixotrophic medium was made up to

10 ml, and shaken thorouchly to mix the soil. The dilution of the
original suspehsion improved the efficiency of the counting and the
activity of the soil was recorded, The results were corrected to pg.
menazon/g. soil at 50% maximum water holding capacity, using the specific
activicy of the menazon and assuming that no water remained in the soil

after drying.

The efficiency of the counting was determined and found to
be reduced to 2.16% in the presence of 0.1 g. soil and to 19.8% in the
presence of 0,01 g. soil. The activity nieasured was also extremely
variable, but after correctinc the counts obtained, it would appear
that the soil probably contained all the activity not recovered by
the methanol extraction, although in what form the experiment does

not indicate.

The recovery of radioactivity bound in the soil

Since the activity not recovered by the methanol extract
was still in the scil, it was decided to try to recover it using various

solvents and if possible to try and determine what fraction remained



- 233 -

as unchanged menazon.

A further sample of 5 g. soil, deposited on a filter paper
during the filtration of a soii extract, was transferred to a 250 ml.
conical flaske. The soil was then extracted once more with 50 ml,.

methanol and the activity in the extract determined.

In a separate experinent, duplicate 1 g. samples of soil
were taken from both the soils incubated aerobically and anaerobically,
and placed into 100 ml, conical flasks. 10 ml, methanol were added
to each flask and the flasks were shaken mechanically for 30 minutes.
The soil suspensions were then transferred to centrifuge tubes and the
soil spun down to p ellets. The supernatents were reioved and their
activity determined. One pellet of each soil treatment was then
resuspended in 1C ml,. 1M ammonium acetate buffer and the remaining two
in 10 ml. 0.2N acctic acid. The suspensicns were transferred to clean
100 ml, conical flasks and shaken mechanically for 30 minutes. The soil
suspensions were then centrifuged to pellets as described above and the
activity in the supernatents determined, The ammonium acetate formed
an emulsion in the scintillatofr liquid, which was cleared on the
addition of 1 ml, methanol. The activity reccvered by the various
solvents is shown in Table 50, an average of the duplicates being taken
as the final result. For convenience the activity was converted to

ug. menazon using the specific activity.

The results show that the solvents recovered only a small

fraction of the applied menazon either as unchanged menazon or as its
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Table 50, The recovery of radioactivity bound to the soil

using various solvents.

Recovery of menazon from the Chelsea loan

Treatment Hge/g. sSoil Percentage of
total applied

Second extraction
with methanol 0.4 1.5

First extraction
of 1 g. s0il
with methanol 1.19 L,2

Second extraction
with ammonium
acetate buffer 1.93 6.85

Second extraction
with dilute
acetic acid 0.92 3,28



- 235 =

decomposition products. The most efficient of the solvents tried was
the ammonium acetate buffer, but the recovery with that obtained plus
the methenol extract, awmounted to approximately 11% of the applied

menazon. From this low recovery, it was impossible to determine what

fraction of the bound activity remained as unchanged menazon.

In order to investigate the possibility that the activity
wvas firmly bound to the organic matter in the soil, an experiment was
carried out to destroy the organic matter with hydrogen peroxide.

It was realised that the method would probably decompose the menazon,
but it was thought that if the experiment helped to determine the site
of binding in the soil, this would =2id in the finding of a method

of recovery.

A 1 g. sample of the scil incubated under aerobic conditions
and later stored in the refrigerator was treated with & ml, of 6%
hydrogen peroxide. The mixture was warmed gently until effervescence
had ceased and the gases evolved were passed through potassiuwm hydroxide
solution to absordb anyy%ozevolved. A further 3 ml, of hydrogen peroxide
were added to destroy the remaining organic matter, and when the evolution
of oxygen had ceased, the mixture was boiled to destroy excess hydrogen
peroxide. The suspension was transferrcd into a centrifuge tube, and
the sides of the flask were washed with a little distilled water. The
soil was spun down to a pellet in a centrifuge, the supernatent removed

and placed into a clean, glass-stoppered flask. The supernatent was

then evaporated to dryness under reduced pressure at BOOC. and the



residue rédissolved in 10 ml. methanol. The activity in the methanol
was then measured using the second technique described in the me+erials

and methods,

The method recovered the equivalent of 4.04 ug. menazon per
gram soil or 14,35 of the total activity present. The increase in
recovery was not significantly higher than when the other solvents
were used., and indicated that the menapzon or its degradation products
were not bound to the organic matter in the soil. Since such extrene
measures were unable to recover the menazon, it was doubtful if any
method could be found which would recover the activity without deconposing
the menazon. The only method capable of measuring the menazon was :-
thought to be the determination of the aphicidal activity of plants

growing in the active scil.

Estimation ofléc-labelled menazon in the soil
using an aphid bioassay

The bioassay technique of estimating menazon, described later,
relies upon the extraction of the menazon from the soil. Since it was
obvious that this would not give a true estimation of the menazon, an
alternative method was devised. As there was little soil remaining
from the experirment with the 14C-labelled menazon, the method was
carried out with 5 g. samples. Duplicate samples from the soils
incubated under aerobic and anaerobic conditions were placed into 1" x 1Y
specimen tubes. Duplicate standards in similar tubes were prepared at

concentrations of 10, 1,0 and 0.1 ng. menazon/g. soil by addition of
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aqueous solutions to 5 g. aliquots of soil. Peas were soaked over-
night, and one was placed into each tube and grown at 2500. until the
plants were approximately 3" high. 25 aphids (Aphis fabae Scop.)
were then placed on each plant and the mortality determined after 48
and 72 hours. A circle of filter paper was placed round the stem to
prevent the aphids falling onto the soil and each plant was placed
onto a Petri dish 1lid to cotch the dead zphids. The results are

shown in Table 51.

The results obtained were not very conclusive, but there
appeared to be some aphicidal activity in one of the plants grown in
soil treated with 1l*C--labelled menazon, which had been incubated under
aerobic conditions, The method used was completely untried and there-
fore it was not surprising that difficulties were found in carrying out
the investigation. The method of growing the pea plants in such a2 small
quantity of soil was found to be difficult, since water was lost rapidly
causing the death of some of the plants by wilting. Also, since leaking
might have reduced the concentration of the menazon in the soil, the
specimen tubes were not perforated and when too much water was applied,

damping off occurred reducing the plants available for the assay.

The method was obviously impracticablkefor a gquantitative
assay, but by modifying the technique it should be possible to determine
the persistence of menazon in the soil using a similar assay. Unfortu-

nately time did not perinit the development of such a technique.
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Table 51, The mortality of aphids on pea plantis grown in

Chelsea loam containing various concentrations of menazon.

Percentage mortality of aphids on pea plants

Time Soil standards with Soil from Soil fr?m
nmenazon ( g./g.soil) aerobic anaerobic

(hours) o culture culture
0.1 1.0 10.0 a b a b

48 36,0 = 87.0 57.0 - 10.0 -
72 50 50 95!5 64.0 - Lo -

Table 52, The mortality of mosquito larvae at various

concentrations of menazon.

Final concentration Percentage
menazon (pg./ml.) mortality
O 0]
2 1.5
L 69.75
6 6.4t
8 100

10 100



(iii) The persistence of menazon in Chelsea loam
as determined by a bioassay technique

A preliminary investigation was carried out at the
same time as malathion and sumithion for the assay of menazon with
mosquito larvae. It was found that aminimum final concentration of
2 pg./ml. was necessary to produce any mo:irtality. A range of
concentrations from O to 1C ug./ml., final concentration, was prepared
and the mortality of théxlarvae determined after 48 hours, The results

are shown in Table 52.

The results show a very narrow range of concentrations over
which the larvae are killed, which makes the method impracticznble for

a bioassay technique, and it was therefore disccntinued.

Aphid binassay technique

Since menazon is an aphicide, the only practical biocassay
technique is with aphids. The method using Aphis fabae Scop. was as
described in the materials an¢ methods., 4 preliminary investigation
showed that mortality of the aphids occurred over a wide range of
concentrations of menazon and soil extract did not interfere with the
toxicity of menazon. It was also found that there was no difference

between adding 1 or 5 Pl. methanol to the wicks leading to the leaf discs.

Menazon was added to soil as a saturated aqueous solution
(0.024%) to give a concentration in the soil of 21.2 Pg./g. Duplicate

5 g. samples of soil were extracted with methanol and prepared for the



assay as described in the materials and methods. The flasks were
incubated at 30°C. and were prepared to coincide with the growth of
the aphids, so that there could be enough-to carry out the assay

at the required time.

5 Pl' of each concentrated soil extract were placed onto
the wicks leading to four leaf discs, and similarly using 1 Pl‘ of
menazon standards in methanol, The apparatus was incubated at 17 -
ZOOC. in an incubatér and the mortality of the aphids determined after
24 hours. A log. dose/probit curve (Fig. 31) was prepared from the
standards and the concentration of the menazon in the soil extracts
determined from the graph, using the average mortality on the four
leaf discs. The results were corrected to pg./g. soil, the average
of the duplicate saomples being taken as the final result. After the
studies with the 1I*C--labelled menazon, it was realised that the method
was not actually measuring the true concentration of menar-on in the
soil and thercfore ¢ detailed investigation was not carried out. The

results of the menazon recovered are shown in Table 53,

The results show a similar decline in the recovery of menazon
&s found using the colorimetric technique, which confirms the previous
results. The wide range in the results may be accounted for by the
difficulty experiencedin maintaining uniform conditions for rearing
the aphids, and during the assays. However, it must be remembered
that, as previously shown, the extraction procedure does not recover
all the menazon and its degradation products from soil and the results

for this type of bioassay nwust therefore give a false impression of
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Fig. 31 Calibration curve for the bioassay oi mehazon

using aphids (Aphis fabae Scop.)

6.0 1

2.0 —

o 001 0! 1.0
LOG CONC. MENAZON. ( pg./ pl.)

100
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Table 53. The rcecovery of menazon from the Chelsea loam

as deternined by the Aphid bioassay technique.

Menazon recovered *

Time (pge/g. soil)
(days) " e \
Total Range
0 21,2 -
1 7.2 I3.5
2 1.6 %1.20
7 0.58 fo0.37

* The results are corrected to 100% from an initial

recovery of 75%.
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the persistence. As already mentioned, the only satisfactory assay
would be to add menazon to aliquots of soil and at intervals grow
plants in some of the aliquots. After growth of the plants, aphids
could be placed on the leaves and the aphicidal activity in the plants

deternined.

B. The Isolation of micro-organisms capable of degrading the insecticides

The three organophosphorus insecticides all showed some
evidence that micro-organisms were able to decompose them in the soil.
In order to confirm this and possibly to determine the pathway of
decompositiony it was necessary to isolate the organisms concerned from

the so0il and to carry out the investigation in pure culture.

a) Preliminary studies

Since malathion was the most likely insecticide to be decomposed
by micro-organisms, the technique of isolation was tried first using
this conmpound,. An enrichment culture in the soil was prepared, as
described in the materials and nethods. Dilutions of the soil were
made in sterile tap water and samples were plated onto Thornton's agar
containing 0,1% and 1.0} v/v malathion as an emulsion. After incubation
at ZSOC., two main types of colony predominated, both of which were
Gram negative rods. It was expected that the insecticides would be
toxic to the growth of many bacteria, but the indications were that the

organisms growing were able to tolerate high concentrations of the
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insecticides. In order to reduce the growth of organisms able to
tolerate the insecticide, Thornton's agar was prepared without the
mannitol or asparagine {(basic salts medium). Since little growth was
expected with the insecticide zs the sole carbon source, ammoniug
sulphate at 0,05% as an extra nitrogen source and mannitol at 0O.1%
were added separately or combined, to aliquots of the salts medium.
The salts medium without the additions wos also used., The malathion
was added at a concentration of 0.5% v/v bcfore the mediun was poured.
Three organisms isolated from the previous experiment and a soil
suspension werc inoculated onto the media. The plates were incubated
at 25°C. Growth occurred on all the media, even without the added
ammonium salt and mannitol. Since control media were not used, the
experiment was repected using nedia without the insecticide or mannitol.
The temperature of incubation was raised to BOOC. and the plates

observed at intervals for 23 days.

It was found that growth still occurred and wns better on
the control plates without any added insecticide than in the presence
of the insecticide. This showed that greater core had to be taken in
the preparation of the media to elim inate alternative carbon sources,
but also that the isclates were inhibited at the concentration of
insecticide used and were, thereforec, probably not able to utilise

it as a carbon source.
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b) Isolation of insecticide decomposing organisms on agar media

Although no positive results had been obtained with the
preliminary studies, the methc.. was investigated further to try and
improve the procedure. The basic salts.medium was prepared using
analytical grade chemicals and ion-agar, to prevent contamination of
the nedium with an alternative carbon source. Malathion, sumithion
and menazon were added to separate portions of the medium at concen-
trations of 0, 0.1, 0,5 and 1.0%. The media were inoculated with a
dilute s0il suspension and the plates were incubated at 3000. for
17 doays. The results agoain showed good growth on control plates
without the insecticides, but reduced growth in their presence, being

cotipletely inhibited with 1% malathion.

It was clear that using a solid medium containing agar
would continually provide an alternative carbon source and that a.
method of isolation, based on growth in liquid culture or on a silica

gel medium, should be investigated.

¢} Isolation of insecticide decomposing organisms cn silica gel media

Since the use of agar apparently supplied enough organic nutrients
to grow micro-~organisms, it was hoped to decrease the chance of contam-
ination using a wmineral salts medium. The silica gel plates were
prepared as described in the materials and methods and the insecticides
were incorporated in a similar manner to that used for the agar media.

It was found that if the insecticides were autoclaved with the salts
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solution, decomposition took place with the formation of hydrogen
sulphide. Therefore, the insecticides malathion and suwithion were
filter sterilised and a saturated sclution of menazon was made in
double strength salts solution which was also filter sterilised.

A prelininary cxperirient showed that the previous isolates failed to
grow on the medium, indicating that they were unable to utilise the
insecticides for prcliferation. Fresh enrichnent cultures were made
in the soil and portions of soil suspension were plated onto the
silica gel media containing the insecticides, with or without added
0,01% mannitol to provide minimal growth. However, colonies developed
in the absence of mnannitol and they were replated onto fresh media
containing the insecticides, but only micro-colonies developed after

incubation at 30°C. for 10 days.

It was concluded- from these results that s86il micro-organisms
could not readily adapt themselves to utilise the organophosphorus
insecticides as the sole carbon source, since there was little evidence
that the isolates could grow in their presence. 1t was also concluded
that solid media would probably not enable the isclation of insecticide
decomposing organisms, although it would be useful to obtain pure

cultures for testing in some other way.

d) iIsoclation of insecticide decomposing organisms
using liquid culture

A preliminary investigation showed that malathion and sumithion
added to a salts solution would support the growth of organisms,

although the insecticides were immiscible.
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A number of isolates were obtained, using the solid medium,
by streaking a soil suspension from enrichment cultures, and replating
the fastest growing organisms onto salts medium plus the appropr’ ate
insecticide. Four organisms were chosen for malathion and sumithion
and their ability to grow in liguid culture investigated. In order
to follow the growth in a nephelometer, it was necessary to obtain
an homogenous nixturc with malathion and sumithion. It was therefore
decided to use Triton X-100 as an emulsifying agent for this purposec.
A 2% solution of Triton X-100 was made in the salts solution and
sterilised by autoclaving at 15 1lh. pressure for 15 minutes, The
malathion and sumithion were filter steriliséd and added to the medium
at a concentration of 0.,1% v/v. At this level the insecticides
dispersed conmpletely, giving a clear solution with a pH of approxi-
mately 7.0. 10 ml. of each insecticide solution were placed into
separate sterile test-tubes and placed into a water bath at BOOC.

The tubes were inoculated with the isolates and growth was followed,

using a nepheloreter, for 19 dayse.

The readings obtained showed that there was probably a
change in the medium, causing the readings to fall rather than increase
as expected., Since nephelomnetry was impracticasblke to measure the growth,

it was decided to moke viable counts using the pour-plate method.

20 ml. sterile salts soluticon containing 2% Triton X-100
were placed into each of four sterile 250 ml. conical flasks plugged
with cotton wool, Malathion or sumithion were added to the flasks at

concentrations of 0,1% and 0,005% v/v and emulsified by shaking.
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One isolate for each insecticide was inoculated with a loop into each
concentration and the flasks were incubated at BOOC. 1 ml. samples
were taken periodically to follow the growth, dilutions were made

in sterile tap water and counts were made in nutrient agar using the

pour-plate technique, The results are shown in Table Sk,

The results show that growth took place in each flasky
but was better at 1000 ppir malathion and 50 ppm sumithion. It was
decided that the methcd would probably be adequate to screen isolates,
since the two chosen were apparently able to utilise the insecticides.
However, it was necessary to check the growth in media without a
carbon source before conclusions could be drown. For this reason
it was decided to dispense with the use of the Triton X-100, since
it had caused an increase in respiration in the soil, and might act

as an alternative carbon source in solution.

In the modified technique, 25 ml, sterile salts solution
were placed into each of ten sterile 250 mde conical flasks. Into
two flasks 0.1 ml, sterile uelathion was placed and 0,1 ml, sterile
sumithion into a further two. Menazon was dissolved in salts
solution to give a saturated solution and was then filter sterilised,
25 ml. being placed into each of two sterile 250 ml. flasks., The
remaining flasks of sterile salts solution acted as controls without
a carbon sources The isolates were suspended in 10 ml,.,, and in a
second experiment in 100 ml., aliquots of sterile distilled water,
and 0,1 ml, of each suspension wos inoculated into a control flask

and one containing insecticide/salts solution. The flasks were
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Table 54. Growth of isolates in liquid culture containing
malathion and sumithion at two concentrations.
) 6
Number of organisms x 10 /ml,
Time Salts solution with malathion | Salts solution with sumithion
( days ) 50 ppm 1000 ppm 50 ppm 1000 ppn
0 0.9 0.36 4,06 2.6
2 1,53 20,0 10,0 20.0
6 1.5 6[!'0 25'5 19'5
9 10,5 61.0 5445 30.5
Final PH 7.0 7.0 7|0 700




- 250 -

incubated at 3000. in a reciprocal shaker incubator. 1 ml, samples
vere removed from the flasks and the growth followed using nutrient
agar as the culture medium with the pour-plate technique. The
results using the inocula at two concentrations were similar, and
therefore only the growth curves of the second experiment are

illustrated in Fig. 32,

The growth curves obtained with the more concentrated
inoculum showed more growth in the controls than was thought desirable,
and the concentration was, therefore, reduced, In the second experiment
the higher dilution inoculated not only reduced the number or organisms
added, but also the concentration of any carbon compounds carried over

with the organisms.

The curves obtained in both experiments showed similar
features, the most striking being the growth of the isclates designated
1 and 2 in the prescnce of malathion. Also remarkable was the growth
of these organiswms without any added carbon source, However, the
growth in the presence of the insecticide was much better, which

indicated utilisation of ninlathion or its products.

The curves obtoined with the other isolates were not
conclusive of decomposition and utilisation of the insecticides.
Only isolate 3 increased significantly in number in the presecnce of

sumithion to suggest that it could utilise the compound.
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Growth curves of isolates in salts solution with and
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The strict measures taken in the second experiment to
eliminate an alternative carbon source, although apparently not
entirely successful, made distinguishable the trweutilisation of
the insecticides, However, the popor growth shown by the isolates in
the presence of sumithion and menazon might have been partly caused
by the lack of the compounds in solution. The saturated solution
of menazon provides only 240 Fg./ml. and sumithion considerably less,
although excess sumithicn was present as finely divided globules,
and both should have provided a sufficient concentration for some
growth., The results indicate that three of the organisms isolated
were able to decompose the insecticides and utilise some, if not all,
of the products for proliferation. However, it was necessary to confirm
this by measuring the degradation of the insecticides, since the
organisms could be utilising contaminating material added with the
insecticides, It was also possible that degradation was a chemical

phenomenon followed by growth cf the organisms on the products,

C. The decomposition of the insecticides in liquid culture

Investigations were undertaken to follow the decomposition
of the insecticides, using the colorimetric technique of estimating
malathion and menazon., The technique available for sumithion did not
permit such studices, since in order to get the sumithion into solution
at the level required, the use of Triton X-100 would have been

necessary. The emulsifying agent absorbed ultraviolet light at the
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wavelength used for sunithion, making a direct reading impossible,

and the extraction of the sumithion from the solution with solvents
was also found to be impracticehl in the presence of the emulsifying
agent. Since no other method was available, the investigation with

sumithion was not carried out.

a) The decomposition of malathion in liquid culture

(i) The cffect of a soil isolate on the
decomposition of malathion

The method was essentially the same as that used for
the study of the growth of isolates in liquid culture and malathion
was estimated using the colorimetric technique used for the soil
studies. Since it was necessary to have an homogeneous medium,
the malathion was dissolved in the salts solution at a concentration
of 100 pg./ml. using a wechanical stirrer. The solution was sterilised
by passage through a sintered glass filter and 100 mle. aliquots were
pipetted aseptically into three 500 ml. sterile conical flasks. The
two isolates used in the growth studies were suspended in sterile
distilled water and 1 ml, of each suspension was incculated into a
flask, the third flask acting as on uninoculated control., The flasks
were incubated at SOOC. in a shaker incubator and 10 ml, saujles were
taken at intervals and the malathion content cestimated. The samples
were diluted with distilled water to 50 ml. and then the extraction
and estimation were as described in the materials and methods. 1 ml.

samples were also taken to follow the growth of the isolates, counts
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being made on nutrient agar. The results are shown in Table 55.

The results show that the isolates grew in the presence
of the insecticides, although yrowth in the uninoculated control
showed that the solution was contaminated. However, the high density
of organisms present in the inoculated flasks did not affect the rate
of decomposition of the malathion, since the rate was almost exactly
the same in the control flask ., This indicated that the isolate Qas
not in fact decomposing the insecticide, but was able to utilise fhe

degradaticn products.

(ii) The effect of ferric ions on the decomposition
of malathion

Since ferric ions are known to decompose malathion,
it was thought possible that the low level in the salts solution
might be catalysing the reaction. It was also thought possible that
the malathion might be deposited on the sides of the flasks during
incubation, since a ring of scdiment was noticed when the samples

were taken,

Malathion was dissolved in distilled water at a concentration
of 100 pg./ml. and the solution wes filter sterilised. 100 ml.
aliquots were pipetted aseptically into four sterile, 500 ml. conical
flaskse A 0,1% solution of ferric chloride was prepared and sterilised
by autoclaving and then C.2 ml., of the solution was added to two of

the flasks containing the malathion solution. One flask containing
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Table 55. The decomposition of malathion in liquid culture by

soil isolates as determined by colorimetric estimation.

Malathion recovered (Fg./ml.)* lumber of organisms/ml.
Tine
(days) ; | .
Control | Isolate ls Isolate 2 Control |Isolate 1| Isolate2
|
0 100 100 100 1.3 1.77x105 4.52x105
2 7 6
2 43,0 43,2 48,9 1,07x10 | 2,87x10" | 5.0x10
5 23,8 26.1 27.3 - 2.87::107 4.87::107

* The results were corrected to 1005 from an initial recovery of 88%
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added ferric chloride and one without were incubated on the shaker
incubator at 30°C. and the remaining two incubated without shaking
at BOOC. 10 ml. samples were taken at intervals and the malathion

estimated. The results are shown in Table 56.

The results show that shaking the flasks while incubating
affects the recovery of the malathion. Over twice as much malathion
was recovered from the flasks incubated without shaking than from the
flasks incubated with shaking., Since no ring of sediment was formed,
the increase in decomposition is probably correlated with the degree
of zeration of the medium. The ferric chloride had little effect on
the.decomposition, the difference found after 5 days incubated with
shaking could be due to experimental error, since the effect was not

observed in the other flasks.

From the results obtained, it was decided to incubate
the flasks without shaking in all later experiments, in order to slow

down the rate of chemical decompositione

(iii) The influence of kaolin as an adsorbent on the
decomposition of malathion by scil isolatgs

Since the isolates obtained from soil had no effect
on the decomposition of malathion in liquid culture, it was decided
to add an adsorbing material to the solution which might provide
conditions approximating to those found in the soil, and kaolin was

used for this purpose,
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Table 56. The effect of ferric chloride and method of incubation

on thée decomposition of malathion in agueous solution

at 30°c.
Malathion recovered (Pg./ml.) *
7 ) -
Incubated with shaking Incubated unshaken
- e e N Y —
Time Malathion Malathion Malathion Malathion
(100ppm) with (100 ppm) (100ppm) with
(days) (100ppm) ferric chloride ferric chloride
0 100 100 100 100
2 42,3 k9,1 86.8 84.5
5 18.3 33.1 731 73.1

* The results were corrected to 100% from an average initial

recovery of 87.5%.
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0.1 g. kaolin was added to each of eight 50 ml. conical
flasks and sterilisedby heating in an oven at 165°C. f&r 2 hours.
Eight similar flasks were prepared without the kaolin, A solution
of mala£hion in the salts medium was prepared at a concentration of
100 Pg./ml. and filter sterilised, and then 15 ml. of the‘sterile
solution were added asepticzlly to each flask, A suspension of
isolate 2, which had grown better in the previous study, was made
in sterile distilled water and 0.1 nl. was placed into & flasks
containing kaolin and 4 flasks without. The remaining flasks acted
as uninoculated controls. It was felt necessary to carry ouf the
incubation in separate flaslks, since if adsorption took place onto
the kaolin, samples taken from a single flask would not remove a

representative portion of the malathion.

The flasks were incubated at SOOC. and samples were taken
at intervals to determine the malathion. 10 ml, solution were
removed from each of two flasks.which contained malathion/salts
sclution, one of which had been inoculated and the other which was
sterile. The samples were diluted to 5C ml, with distilled water
and extracted as usual. ihen sampling the flasks containing kaolin,
the contents of inoculated and uninoculated flasks were transferred
to separate MacCartney bottles, The kaolin was then spun down into
a pellet in a centrifuge and 10 ml, from cach bottle pipetted into
separating funnels., The remaining supernatent was then dissolved.
In order to recover any malathion adsorbed onto the kaolin, 20 ml,

methanol were added to each bottle ond the pellets resuspended,
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The bottles were shaken to obtain an even suspension, the kaolin

was spun down to a pellet once more, and the supernatents were
transferred to the appropriate separating funnels. The pellet was
washed once more with 20 ml. distilled water in the manner used for

the methanol. The combined extracts were then shaken with carbon
tetrachloride, as described in the materials and methods. 1 ml. samples
were taken from the inoculated flasks in order to follow the growth

13

of the isolates. The results are shown in Table 57.

The results show almost identical declines in the recovery
of malathion in the presence and absence of kaolin, inoculated or
sterile. It can only be concluded thet the kaolin does not provide
conditions for the decomposition of the malathion by the isolate. The
growth of the isolate again indicates utilisation of the decomposition

products, and was slightly better in the presence of kaolin.

(iv) The effect of a mixed flora on the decomposition
of malathion in liquid culture

Since a single organism was unable to decompose the
malathion, it was thought possible that a nmixed flora with its inter-
actions might be able to decompose the insecticide faster than its

observed chemical brealidown.

The experiment with the koolin was repeated using as an
inoculum 0,1 fml. of a soil suspension, containing the clay and silt
fractions with suspended micro-~organisms, which was presumed would

contain a mixed culture of soil organisms. The results are shown in

Table 58,
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The influence of kaolin on the deconmposition of

malathion in the presence of a soil isolate.

Malathion recovered from salts solution with and without

Kaolin, in the presence and absence of a soil isolate *

Vith Kaolin

Without Kaolin

' Malathion recovered| No. of Malathion recovered No,., of
Time | organisms organisms
H
i (Pg./ml.) /ml. (pg./ml.) /ml,
(days)
¥~
!
l Sterile Inocu~ Sterile | Inocu~
! lated lated
1
i
0 | 1C0 1oc0 2,97 x 107 100 100 24 8314:105
|
2 4 67.0 70.5 {2.57x107| 72,0 69.5 |1.55x107
!
!
5 34,1 36,4 13.85x10°|  36.0 36,0  |1.k2x107

* The results were corrected to 100% from an initial recovery

of 88% with kaolin and 83,5% without kcolin,



Table 58.

The effect of a mixture of soil micro-organisms on the decomposition

of malathion in liquid culture,

Recovery of malathion

from solutions with and without kaolin,

in the presence and absence of a mixture of soil micro=-organisms *

With Ka

olin

Without Kaolin

Malathion recovered

Number of

Malathion recovercd

Number of

Pime (ng./ml. )} organisus/mle. (Fg./hl.) organisms/ml.
R '
(days) Sterile | Inocu- |Sterile| Inocu-| Sterile | Inocu- |Sterile| Inocu- R
lated lated lated lated =
B i
0] 100.0 100.,0 0 1.0XK# 100.0 100.0 0 ! Z-OXIOD
6
2 05.0 66,2 27.0 1.25x_1c7 71.8 63.3 0 7.5x10
4 63x10"
5 30,8 37.3 7.0 |{1.03xl 373 35,0 2,0 {1.63x10

* Results corrected to 1008 from an initial recovery of 84,0% in

kaolin and 85.0% in the absence of kaolin.

the presence of
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The results show that there was little effect of the
micro-organisms on the decline in recovery of malathion, even in the
presence of kaolin. This indiceted that the experimental conditions

did not permit the action of the organisms on the insecticide.

Although the mixed culturce used above should have contained
enough organisms so that those able to decompose malathion would be
able to exert their influence, it was decided to try using a soil
suspension from an enrichment culture. It was presumed that if the
micro-organisms were decomposing the malathion in the soil, this
fraction would increase in numbers and predominate in the soil

suspension,

However, the results were almost identical to those found
with the normal mixed flora, which suggested that the increase in
numbers of bacteria in the soil is primarily caused by the utilisation

of the degradation products of malathion.

(v) The effect of an actinomycete isolated from the
soil on the decomposition of malathion

Although the results indicated that the oxidation or
hydrolysis of malathion was not brought about by bacteria, it was
possible that other micro-organisms were.capable of these reactions,.
It was noticed on plating a soil suspension on Thornton's agar
containing malathion, that an actinomyccete growing on the agar had

caused a clearing of the opaque medium around the colony, and when
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replated onto fresh medium it produced the same effect. Since soge
actinomycetes tend to turn the medium alkaline, it was thought that
chemiczl hydrolysis might have occurred, But drops of indicator
solutions placed onto the medium showed that the clear zones had
apparently the same pH as the surrounding medium, It appeared that
some extracellular compound was decomposing the mélathion and it

was decided to see if the actinomycete was able to decompose malathion

in liquid culture, using a very large inocculum.

The actinomycete was grown in nutrient broth at BOOC. in
a shaker incubator for L4 doys. The pellets of organism formed were
harvested by spinning down in a centrifuge tube, and were washed
twice with Ringer's solution, spinning down to a pellet each time and
discarding the supernatent. The pellet was then resuspended in a
little of the malathion/salts solution, containing 100 pg. malathion
/ml., which was then transferred to o 500 ml. flask containing the
bulk of the solution, giving a final volume of 50 ml. A similar
flask was prepared, vhich was not inoculated, to act as a sterile
control, The flasks were incubated at BOOC. and 10 ml., samples were
token at intervals and the malathicn content estimated. Viable counts
were not made, due to the formation of pellets by the organism, but
the suspension was observed at the end of the experiment to determine
the possible existence of contaminants. The results are shown in

Table 59.

The results showv that in the presence of the actinomycete,

the decomposition of malathion was faster than in the uninoculated
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Table 59, The effect of an actinomycete isolated from the soil

on the decomposition of malathion in liquid culture.

Malathion recovered (Pg./hl.)* from salts
Tinme solution in the presence and absence of an actinomycete
(days)
Uninoculated Control Actinpuycete culture
Total Range Total Range
o 100.0 - 100.0 -
1 87.0 - 7045 -
2 7040 f1.0 46,0 23.0

* The results are corrected to 100% from an initial recovery
of 88.3%. Duplicate samples were only made after incubation

for two days.
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control, indicating that the organism was able to decompose the
insecticide., Since strict aseptic conditions were not followed in
the harvesting of the actinomycete, the flask was contaminated, but
the overwhelming density of the actinomycete in the flask nust

indicate that it was this organism which was decomposing the malathion,

The exact naturce of the pathway of the decomposition was
not investigated because the identification of the decomposition
products by chromatography requires the use of the possible products
in pure form to act as narkers and these were not available. Alternatively
it is desirable to usce isotope labelled insecticide which was also

unavailable.

b) The decomposition of menazen in liquid culture

(i) The decomposition by a soil isolate

The technique used to investigate the action of a soil
isolate on the decomposition of menazon was similar to that used for
malathion. The organism used was isolated as described fully in the
materials and nethods, by groving a soil suspension in menazon/salts
solution with repeated subculturing. A preliminary growth curve
indicated that the isolate was able to grow slowly in the menazon/

salts solution,

A saturated solution of the insecticide was prepared in a

salts solution, giving 2 concentration of 240 ng./ml. The solution
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was filter sterilised and 5C ml, of the solution pipetted aseptically
into a2 sterile 500 ml., flask. A similar flask, containing salts
solution alone was also prepared to act as a control, since the medium
contained phosphate which might have interfered with the colorimetric
estimation. 1 ml. of a suspension of the isolate in sterile distilled
water was added to each flask and they were incubated at 3OOC. in a
shaker incubator. The original fnoculum was so small that a further
addition was made after incubation for 2 days. Two OJ4 ml. samples
were taken from each flask, diluted to 200 ml. with distilled water
and divided into equal portions., The menazon content was determined
in one portion from each sample and the menazon plus thiolate in the
renaining portions, The results were corrected for the readings
obtained from the salts solution, but since these were consistently
negligible, it was decided to take duplicate samples of the menazon
solution and samples of the control werce discontinued. Standard
solutions of mehazon in methanol were estimatced with the samples to
check the calibration curve (fig. 28), and the concentration of
renazon determined from the gr ph. The concentration of thiolate was
not strictly quantitative, due to the reasons given in the soil studies.
The figures quoted were calculated by taking the difference between
the results obtained from the 1%) and 8% cross-linked resins. Any
excess obtained from the 8% resin was then corrected to 100 recovery
from 855, which is the approximate recovery of the thiolate from the

column,
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1 ml, samples were also taken to follow the growth of
the isolate, nutrient agar being used to culture the organisms.

The results are shown in Table 60.

The results obtained showed conflicting evidence of the
deconmposition of menazon iﬁ the presence of the isolate. The figures
obtained for menazon vary considerably, but after 15 days there was
still approximately 94% of the original menazon in solution,.

However, there was an increase in the thiolate in solution, as shown
by the recovery from the 8% cross-linked resin, but these results
when added to those of menazon, indicated an increase in the total

insecticide concentration.

The variations in the results were probably caused by
inaccuracies due to the size of the sample and possibly to varinti-~u..

in the recovery from the columns,

However, the concentration of menazon recovered after
15 days indicated that under the conditicns of the experiment, the
isolate was not able to decompose the insecticide. In order to
increase the population density of the isolate in solution, it was
decided to add an alternative carbon dource and mannitol was used
for this purpose. The menazon/salts solution was prepared as before
and 0,1% mannitol was added. The solution was sterilised and disbensed
as before, using a single flask, from which duplicate samples were
removed at intervals. The nmcethod was then identical to the previous

experiment., The results are showm in Table 61,



Table 60. The effect of a soil isolate on the recovery of

menazon and its thiolate from liquid culture.

Menazon and Thiolate Number of
recovered (pg./ml.)* organisms/ml,**
Tice
| '
(days) Menazon Menazon- plus Thiolate Control Soln. plus
thiolate menazon
Total Range|Total Range {Total Range

2 2

0 240 - 240 - 0 - {3.,0x10 340 10
5 5

2 194 - 173 - 0 - 2.6x10 5.97x10
6 246 - | ko - |101 = 6.5x10%| 1.88x10°
9 138 - | 288 - | o5 - 3.3x10°| 2.11x10°
13 197 55,9 | 205 Zf26.,4 | 58.5 ZI12.3 - 1. 36x106

15 225 %22.0 386,.5 i40.5 95.5 i24.31 - 7.0::101t

* The results are corrected to 100% from an initial recovery

of 85% of the menazon and 52% of the menazon plus thiolate,

** A second inoculation with the isolate was made after

2 days incubation.
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Table 61. The effect of a soil iselate on the recovery of menazon

and its thiolate from liguid culture containing mannitol,

Concentration recovered (pg./ml.) * Viable
” organism
Time i
Menazon Menazon plus Thiolate per nl,
(days) thiclate
Total Range | Total Range | Total Range
0 20 I3.1 | 240 I4.0 ) - | 1.7 x 100
2 oko - 16,2 | 206 12,0 0 - | 4.3 x 107
L 188 129,5{ 224 - 26.3 - 543 X 107
7 216  I16.2] 300 f10.0] 60.2 *7.2 |2.33 x 10

* The results were corrected to 100% from an initial recovery
of 80,25 for the menazon alone and 62.5% for the menazon

with its thiolate.
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The results, although less variable, show a similar
pattern as in the previous experiment. There was 90% of the original
menazon remaining after incubation for 7 days, whereas the apparent
concentration of thiolate formed indicated more decompesition than
could be accounted for. Despite this discrepancy, it was clear that
even at a level of over 10? organisms/ml,, the isolate failed to
decowpose the insecticide; the thiolate formed could hawe been

produced by chenical means.

(ii) The effect of a mixed soil population on the
decomposition of menazon

Since the soil isolate was apparently unable to
decompose menazon, it was decided to try the effect of a mixed culture
obtained from a soil suspension, The suspension was made by shaking
1 g. soil with 100 ml, sterile distilled water and allowing the
coarser particles to settle. Two flasks were preparcd containing 40 ml.
sterile menazon/salts solution, one of which contained 0.1% mannitol
as an alternative carbon sourc-. The solutions were prepared as
previously described., To each flask 10 ml. of the soil suspension were
added, to give a final concentration of menazon of 192 Pg./ml.
Duplicate samples were taken as before, but only the menazon was

estimated. The results are shown in Table 62,

The results show that in the presence of mannitol, there was
a small drop in the concentration of menazon in solution, 88% being

recovered after 14 days, This rate of decomposition would not account
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The effect of a nixture of scil micro-organisms on the

recovery of menazon from liguid culture, in the oresence

and absence cof mann tol.

Henazon recovered (pg./ml,) * Viable organisms/ml,
Time
| J
(days) i ‘
Soln. with monnitol: Soln. without S0ln, with|Soln, with~
mannitol aannitol |out mannitol
Totzal R[ange Toteal Range
+ + 5 L
0] 192,0 “9.L 192.0 -14.9 1.03 x 107| 8,3 x 10
® ) 8 6
7 191.9 ~ly L 2k2,0 -1L.9 2.25 x 10 | 6,0 x 10
~ + +
14 169,0 ~7e5 236,0 - 1.2 - -
* The results are corrected to 1005 from an initial recovery

of 67.0% in the presence of mannitol and 65.05% in the

absence of niannitol.
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for the loss of menazon from the soil. The evidence suggests that
if soil micro-organisms arc able to decompose nenazon, then they

are unable to do so under the conditions of the experiment.

L)

However, the results obtained in the absence of mannitol
after 7 and 1Lk days suggested that there was on increase in recovery
over the initial recovery of 65.05%, which was lower than found in
previous experinents, If this increasge in recovery was obtained in
the presence as well as the asbsence of mannitol, then the drop in
menazon concentration neasured would be greater than the figures
suggest. Despite this slight error, the action of the mixed flora
in liquid culture cculd not account for the loss of mcenazon from the
soil, which suggests that nost of the deconmposition is chemical.
Menazon was apparently cuite stable under the ccenditions of the
experiment, Dut in the s0il mony other factors uay cause the
decomposition of the insecticide, with little action by the soil

mnicroflora,.
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DISCUSSION

The interaction of insecticides and the soil microflora
has been shown to be more complex than was, perhaps, originally
thought. So many factors are involved in the study of the soil,
that it is difficult to determine and interpret the results.,

The laboratory studies described in this thesis have been made
under constant conditicns, in order to eliminate external factors
such as the weather, which must effect the resulis obtained in

field experiments,

In the studies with the organophosphorus insecticides,
the primary concern was that they might be toxic to the soil micro-
flora. However, the results obtained indicate that at normal

application rates the compounds will not have a detrimental effect.

This is the conclusion arrived at by many workers using
both chlorinated hydrocarbon and organophosphorus insecticides.
However, many £esu1ts have been contradictory, due to the experimental
methods employed and the variable nature of scil. Also, when the
range of compounds available is considered, comparatively little work
has been published of investigations carried out with organophOSphorug
conpounds, It is not surprising, therefore, that toxic effects have
not been recorded by other workers, although it has been shown in
this thesis that each of the insecticides may be toxic to riicro-

organisms under certain experimental conditions.
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Malathion at 2000 ppm, or its decomposition products,
were shcwn to reduce the viable population of actinomycetes in the
soil, although Siderapculos et al (1964) noticed no similar effect.
The exact nature of the toxicity is unknown, but since the population
did not decline until after incubation for some days, when most of
the malathion would have been decomposed, it secms probable that it
was a decomposition product which was toxic. Since the deconmposition
products of malathion were shown to stimulate micro-organisms in
general, it might be that the toxicity was caused by metabolic products
arising through the growth of other organisms., It is nctabhle that
from the actinomycetes, which are apparently susceptible to malathion
or its degradation products,; an isolate was obtained that could

deconmpose the insecticide.

Malathion was also shown to be inhibitory to the growth
of some Gram positive bacteria when treatéd on agar media and in
liquid culture. This suggests that the insecticide may affect
directly the metabolic processes of certain organisms, possibly by

blocking esterases, as it does in insects.

There wves 2o little evidence that menazon might also reduce
the growth of micro-organisms in a similar memnner to that found with
malathion, In the respirctien studies when the soil microflora was
stimulated by urea, methanol or chlorofori, the amount of increase
in respiration over the control was less in the presence of menazon.
This indicates thatalthough menazon is not toxic to a static population,

it might affect a section if not all of the dividing micro-organisms.
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Sumithion showed similar toxic effects to Gram positive
orgenisms as malathion, but was most notable for its toxicity to
filamentous fungi and yeasts, both in the soil and in pure culture.
An important feature of these studies was the identification of
3~methyl-h-nitrophencl as the compound responsibie for the toxicity.
It was probably due to traces of this cotwound in the technical
sumithion which caused the toxicity, and possibly the decolourising
effect, in agar wedia. Christensen and Daly (1951) stated that
modifications to morphology and pigment are commonly produced when
fungi are growing on differential media, presumably when the normal
metabolism is upset, as it might be in the presence of 3-methyl-l-~
nitrophenol. The similarity of 3-methyl-4-nitrophenol to a common
toxicant was even more marked by its dependence on the nutritional

status of the medium and the size of the inoculu,

The hydrolysis product of sumithion is similar in structure
to 2-methyl-k, 6-dinitrophencl (DNOC), which is a powerful toxicant
and commonly used as a soil fungicide., Although it is meinly the
relative positions cf the two nitro-groups which confer the toxicity
of DNOC, it is probeble that 3-methyl-L-nitrophencl obtains some of

its activity from its relationship to the fungicide.

When sumithion was added to soil, at concentrations likely
to be found in practice, there was no effeft on the fungi; but if
the hydrolysis product was persistent, it might cause permanent

damage tc the fungi when in conjunction with other compounds,
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It is surprising that no other investigations have been
carried out on the possibility of the accumulation of toxic degradation
products of organophosphorus insecticides. A brief study of the
structure of many compounds indicates that it is highly probable that
toxic products would be formed. Parathion, upon which the structure
of sumithion was based, would release p~nitrophenol on hydrolysis.

_ This coﬁpound night be toxic under similar conditions to those when
toxicity was shown by 3-methyl-b-nitrophenol. While these products
might be degraded further, sowme residues could remain in the soil

for a considerable time.

It is probable that the negative results obtained by most
workers is due to the methods employed and the level of insecticides
useds It is obviously impossible to carry out detailed investigations
with each insecticide produced, but more attention must be paid to

facets of the problem which hitherto have been largely ignored.

No work has been done on the effect of mixtures of
insecticides in the soil and yet it has been shown that they are more
toxic to mammals than when uscd separately. (Dubois, 1961 and Frawley,
1964). The phenomencr: is known as 'potentiationt', and it is possible

that decomposition products might interact in a similar manner.

One problem, which has received little attention due to
the difficulty in assessing results, is the possibility that insecticides
might have mutagenic or carcinogenic effects. Carson (1965) and

Nelson (1965), on discussing this subject, indicated how little is
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known about the direct or indirect influences of compounds on the

living cell, although they may appear to be harmless.

A more immediate concern is the possible effect of the
formmulation of insecticides on the action of compounds on the soil.
The formulaticns are designed to increase persistence, and often
toxicity, and yet insecticides are rarely studied in the form in
which they are most commonly used. Lichtenstein {1966) has shown
that emulsifying agents increased the persistence of parathion and
diazinon., He believes that the persistence wvas increased by allowing
closer contact of the insecticides with the soil particles, and
presunably acts in a similar manner to adsorption. Unfertunately,
any factor which increased the persistence of the insecticides also
increases the potential danger of the compounds, as was found with

the chlorinated hydrocarbon insecticides.,

Although it is possible to speculate on the factors which
rniight cause the organophosphorus insecticides to become toxic to the
soil microflora, the evidence obtained has shown that it is only under
extreme circumstances that hormful effects will be produced., In fact,
it is considered that the action of the microflora on insecticides

will aid in ridding the soil of residues of these compounds,.

There is evidence that the soil microflora is able to
decompose organophosphorus insecticides, but the majority is rather
circumstantial., As was found with the three compounds used in the

work presented above, when added to a variety of soils, stimulation
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of respiration occurs and this was associated with an increase in
population in the presence of malathion and sumithione. This
stimulation was proportional to the concentration of the insecticides,
vhich indicated that the cotipounds were being used as substrates for
metaboligm and growth., This phénomenon has been recorded for many
compounds and auggests microbial degradation of the insecticides.,
Hewever, as was found in the case of malathion, and as is probably

true for other compounds, the degradation is basically chemical, with
the soil microflora utilising the products of decomposition, It is
beljie ved that the soil can act as a catalyst for the degradation of
relatively ustable compounds, and ferric ions amongst othersare thought
to be active in this respect. Also, the pH of soil must affect the
persistence of organophosphorus insecticides, since many are hydrolysed

in mildly acid or alkaline solutions.

The degree of stimulation caused by the three insecticides
was also associated with the persistence of compounds. Malathion,
vhich stinulated the nmicroflora more that sumithion or menazon, was
also the least persistence of the compounds., Malathion almost
completely disappeaied from Chelsea loam in two days after application
of 175 ppm, and at a similar rate when applied at 1250 ppmn, as
determined by bioassay. Lichtenstein and Schulz (1964) also found
that it disappeared rapidly. It was not surprising therefore, that
Roberts et al (1962) found no residues of malathion at the end of
the third year, after three annual applications of malathion emulsion,

giving a total application of 108.6 1b. a.i./acre (54.3 ppm).
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Sumithion is more persistent in soil than malathion, and
this is probably due to its greater chemical stability. The figures
published by the World Hezlth Organisafion of the persistence of
sumithion vary considerably in differcent soils, but are probably
not very different to those of the persistence on the surface of
fruit and vegetables. This is strange since the evidence obtained
indicated that microbial hydrolysis of sumithion was occuring in
Chelsea loam. However, the method devised to estimate the sumithion
indicated a discrepancy between the disappearcance of the insecticide
and the accumulation of 3-methyl-f-nitrophencl. This could mean that
the hydrolysis product was being decomposed or that the insecticide

was unrecoverable from the soil, as was found with menazon.

From the short persistence of menazon, as determined
colorimetrically, one might expect it to be decomposed by micro-~
orgenisms., However, the studies with menazon raised a fundamental
problem of actually measuring the compound. Estimations by I.C.I.
Plant Protection Ltd., indicatc that it persists in various soils for
3 - 6 weeks. In the Chelsea loam the persistence measured was even
less with a half life of approximately 2 days. However, menazon
was designed to give protection for a whole season when applied as
a seed dressing and VWay and Scopes (1965) found that it was active

18 months after application when estimated with a bioassaye.

The experiments with 1L*C-labelled menazon seen to indicate
that the sstimations based on the bioassay technique might be more

reliable that the colorimetric estimation. Most methods of estimating
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insecticide residues in soils require that they are first extracted
‘with a solvent, whereas bioassay techniques can be carried out
directly on the soil. If, as was found with menazony the insecticide
is not completely recovered in any form then the assay of soil
extracts must give a falee estimation of the persistence. However,

it is possible that in a bound state, the toxicity to insects would

also be reduced thereby rendering the bioassay erroneous (Harris,1964),

14 .
Because C-labelled menazon is unrecoverable after
incubation by normal techniques, and since it is impossible to
determine in what form the activity is present, a concise estimation

of its persistence is impossible.

Menazon is not only adsorbed into soil, as was shown,
but because it contains two amine groups on the triazine ring, it
has basic properties. These groups enable it to be separated from
contaminating materizl on an ion-exchange column, but may hold it
firmly in the soil by chemical combination. Even on hydrolysis of
labelled menazon, the 1l’t(:-atom would remain in the triazine ring,
which would still retain its basic properties. This could account
for the binding of the degradation products of menazon as shown

in the autoradiograms.

The binding of menazon and its products in soil could also
explain why the scil microflora were apparently unable to deccnipose
it and utilise the products, It is believed that adsorbed insecticides

persist longer in soil, but bacteria are also supposed to be bound to
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clay particles. This should bring them into close proximity and
enable the organisms to degrade the compounds, unless the bacteria

are unable to remove the compounds from the bound state.

The insecticides adsorbed or bound chemically in soil
are protected from volatilisation or leaching, which must increase
the persistence. Bowman et al (1965) showed that soils with a high
organic matter content incrcased the persistence due to adsorption,
and Harris (1964) found that the noisture content governed not only

the strength but the site of adsorptione.

The failure to reccver insecticides from soil has been
observed with other insecticides and may be more common than is
realised. Unless the recovery of an insecticide or its products
has been checked using an isotope-labelled compound, it cannot be
assumed that the persistence as measured by other methods is correct.
A sharp distinction must be drawn between failure to recover an

insecticide, and the actual persistence.

This distinction must be born in mind when evaluating the
results obtained by the most cormon method of determining the role
played by micro-organisms in the decomposition of insecticides.

It is considered that if an insecticide is more persistent in sterile
soil, then micro-organisms must be involved in the degradation in

normzl scil.
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This is a logical approach, but little concern is shown about the
effect of sterilisation on the chemical nature of the soil. VWhen
soil is sterilised, Wakesman (1931) reported that the colloidal
structure of soil is change” and therefore the adsorption properties
of the soil must alter. Since sterilisation does not conpletely
stop degradation of insecticides, one cannot conclude that an
increase in persistence is due to the reduction in the viable popu-
lation of micro-organisns alone. The results obtained with menazon
show that in "partially sterile! soil, the persistence was longer,
but since in normal soil adsorption phenomena were reducing the
amount of menazon neasured, it is possible that in the partially
sterile soil the effect was caused by a greater recovery of the

insecticide,

In experiments with malathion it was concluded that the
water content of the sterile soil had as much influence on increasing
the persistence as the reduction in numbers of micro-organisms, i.e.
it was shown that malathion was more stable in dry soil than aqueous
solution. ilso, as other workers have shown, some insecticides
including sumithion decompose at a siudilar rate in normal and sterile

s0il, when the water content is the same,

Hall and YmPei=-Sun (1965) solved the problem in the soil
by adding microbial inhibitors and showed that the persistence of
bidrin was increased. However, it is not lnown what effect the

addition of the chemicals had on the chemical and physical properties
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of the so0il, which might affect the stability of bidrin. It is
possible that ions capable of catalysing the decomposition of

insecticides were inactivated in the presence of the inhibitors,

Ultimately the only proof of microbial degradaticn is
to study soil isolates in pure culture, and even this will only
indicate whether the decomposition is possible rather than if it

actually takes place in the soil.

This ospect has largely been ignored, since the mechanism
of degradation is of little importance to agriculturalists, and the
techniques of isolation of insecticide~decomposing micro~crganisms
and their study present difficulties. The method which yielded the
malathion~decomposing actinomycete should, however, enable the isolation

of organisms capable of deccmposing other insecticides.

Results presented in this thesis indicate that a probable
first stage in the degradation of corgancphosphorus insecticides is
hydrolysis. The hydrolysis is probably preceded by oxidation of the
insecticide to the oxygen~analogue, which is generally the mere
toxic product. In mammals and plants it is this compound which is
more easily hydrolysed. Micro~organisms contain esterases ahd it

should be possible for them to carry out this reaction.

A product of hydrolysis which is common to all organo~
phosphorus insecticides is either diethyl of dimethyl phosphoro-

thiolate. It is probable that the rapid stimulation of respiration
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of the soil microflora when an organophosphorus compound is applied
to so0il is due to the mineralisation of organic phosphate released
on hydrolysis, with traces found as contaminating material.

This was also the conclusion of Verona and Picci (1953).

Little evidence was obtained that the phosphate-ester
link of malathion is hydrolysed, although the actinomycete isolated
from the soil was clearly able to decompose the insecticide. The
fact that malathion decomposed faster when incubated with shaking
indicates that chemical oxidation is the first step in chewical

degradation, and then hydrolysis would follow,

On the hydrolysis of malathion, the other product formed
with the organic phosphate is diethyl succinate, and this could

account for the stimulation of respiration and growth observed.

Sumithion was shown to be hydrolysed in the soil, and it
was concluded that this was mainly microbiological. Unlike the
hydrolysis products of malathion, 3-methyl-4-nitrophenol cannot
readily be utilised by micro=-crganisms, which is confirmed by its
accunulation in the soil. However, Simpson and Evans (1953) showed
that a species of Pseudomcnas was able to utilise o-nitrophenol
and p-nitrophenol, which was confirmed by Lichtenstein and Schulz
(1964), who showed that the p-nitrophenol released on the hydrolysis
of parathion was decomposed. This suggests that the hydrolysis

products of sumithion would also be decomposed further,
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Little evidence was obtained that menazon could be
decomposed by micro~-organisms even by mixed cultures, Respiration
studies and population studies indicated that menazon was resistant
to degradation and it was surprising, therefore, to discover how many
decomposition products were formed in the soil from the 1[kc—labelled
coimpound., It seems probable that some of these products were the

result of microbiological action and a Rhizobium sp. has been obtained

by Plant Protection Ltd., which can apparently decompose menazon in
liquid culturc. In this experiment and in the work of Ahmed and

Casida (1958) the organisms were unable to utilise the insecticides

as the sole~carbon sources It was found that bacteria mainly hydrolysed
the compounds but that a yeast and an alga oxidised Thimet to the
sulphone and sulphoxide. Unfortunately uninoculated controls were not
used and therefore the oxidation and hydrolysis might have been due to

chemical means as was found with malathion.

Des=nmethyl menazon was formed in the presence of the
Rhizobium which suggested that the organism was able to dealkylate
menazon, This rceaction is commonly found in the metabolism of
organophophorus insccticides by both plants and aninels and is a

possible pathway in the decomposition by micro-organisms.

The evidence which has accunulated in the past few years
indicates that although dangers exist frow the indiscriminate use of
organophosphorus insecticides, these compounds are preferable to the

chlorinated hydrocarbon insecticides in that problems caused by long



persistence are not involved. Those compounds which do not decompose
chemically in soil will probably be hydrolysed by micro-organisms and
the products broken down furth:r. The dangers described previously,
however, cannot be ignored and research into all facets of tﬁe

problem must be continued,
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SUMMARY

1., An apparatus was developed to measure the respiration of soil
and optimum conditions for respiration were determined. These
were found to be a temperature of 30°C. and a moisture content of

50% of the maximum water holding capacity.

2. Malathion added to soil at 50 - 2000 ppm increasced respiration
and this was propcrtional to concentration. Sumithion at 50 =

10000 ppm was similar in effect to malathion, but the increase was
of a lower order. Menazon at 20 = 10000 ppm produced only a small

increase and only at the highest concentration.

3. Bentonite when used as a carrier for malathion depressed the
respiration of soil in the presence and absence of the insecticide,

by an unknown mechanism. Menazon was added to the bentonite as a
solution, but residues of the two solvents used stimulated the
respiration of soil, although this was reduced in the presence of
menazon. Malathion, added to soil as an emulsion in 2% Triton X-100,
apparently increased the ecse with vhich the insecticide was decomposed;!

but the emulsifying agent also stimulated the microflora which may

have masked the truc cffect,

L, Urea at 0.1% and 1.0% added with menazon to soil did not increase
the ability of the microflora to decompose the insecticide, HNehazZon

appeared to inhibit the growth of urea-decomposing organisris.
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5. Soil type had little influence on the effect of the three
insecticides, in respiration studies. However, menazon in peat soil
gave a felse stimulation due to decomposition of the insecticide with

the evolution of hydrogen sulphide.

6. Thc chlorinated hydrocarbon insecticides investigated had little

effect on soil respiration.

7. Malathion and sumithion increased the number of viable micro-
organisms in soil at various concentrations, but menazon had no

effect at 10000 ppm in Chelsea loam or peat soil,

8. Malathion added to Chelsea loam stimulated the growth of Gram
positive and negative bacteria, whereas sumithion stimulated only

Gram negative bacteria. DMenazon had no observable effect.

9. The organophosphorus insecticides had no effect on the viable

population of anaercbic bacteria in Chelsea loam, incubated aerobically.

10. Sumithion and Lienazon had little effect on the number of viable
actinomycetes in Chelsea loam, but malathion significantly reduced

the population.

il. HMalathion and menazon had little effect on the viable fungi in
Chelsea loam, but sumithion caused a significant reduction in

numbers., This occurred at 10000 ppm but not at 5 ppme
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12, 3-methyl-L-nitrophenol at a concentration equivalent to 10000 ppm
sumithion caused a similar reduction of the filamentous fungi, but

had no effect on the general yopulation.

13. Sumithion also reduced the number of non-filamentous yeasts in

the soil, but malathion and menazon had no effect.

14, Malathion~impregnated paper discs, vwhen added to seeded agar
plates, caused zones of inhibition of three Gram positive bacteria

and sumithion inhibited one, Menazon as the solid had no effect.

15. Malathion at 100 ppm slowed the growth rate of Gram positive

bacteria in liquid culture as determined by nephelometry.

16. Sumithion reduced the growth of various fungl on agar, but only
two fungi were complcetely inhibited. 3-methyl-k-nitrophenol was
more toxic than sumithion to the growth of fungi and also more

inhibitory to the germnination of fungal spores.

17. Fungi growing in the presence of swaithion often changed their

pigmentation, which was partly the result of less sporulation.

18, Sumithion and to a greater extent 3-methyl-k-nitrophenol were
toxic to the growth of yeasts on Thornton's agar and malt agare.
A species of Rhodotcrula produced less pigment when growing in

the presence of sunithion.
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19, Colorimetric estimation showed that malathion disappears rapidly
from Chelsea loam, only 2.2% of the 175 ppm applied being recovered
after 2 days. Sterile soil ir-sreased the persistence, 82% of the

260 ppm applied being recovered after 6 days.

20. Mosquito biocassay of malathion indicated a similar rate of

decline of 1250 ppm in Chelsea loam as determined colorimetrically.

21. Drosophila melanogaster Meig. was found to be ilunrocticable

for the bioassay of malathion,

22, Sumithion was estimated using its absorption of ultraviolet
light. The technique was developed and it was estimated that
sumithion persisted longer than malathion, 14.2% of the 423 ppm
applied being rccovered after 16 days. In sterile Chelsea loam
the persistence was similar, but little 3-methyl=-f-nitrophenol
accumulated, whercecas in normal soil the equivalent of 205 Hg.

sumithion was found after 16 days.

23. Only hydrolysis products of sumithion were formed in soil,
although it was found to be stable in a 50% aqueous solution

of methanol.

2k, The use of spring-tails (Folsomia candida Willem.) was found to

be impracticable for the biocassay of sumithion.
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25, After incubation for 9 days, it was found difficult to recover

any menazon from soil after application of 8.85 ppm.

26, A second addition of menhazon to soil disappeared at the sane

rate as the first application,

27. Menazon persisted longer in a sterile soil and a synthetic soil
than in normal soil. Incubating the soil in an atmosphere of

hydrogen also increased the persistence.

28. The oxygen=analogue of menazon did not accumulate in soil,

as measured by a colorimetric technique.

29. Menazon was adsorbed onto soil particles, but was recovered by

extraction with water and methanol,.

' o 14 .
30. Only 5% of the radioactivity, as C-menazon and/or its
degradaticn preoducts, were recovered from soil after incubation

for 1& days.

3l. The unrecovered radioactivity was found to be in the soil, and

could not be extracted by the usual procedures.

32. An aphid bioassay was not able to determine if the bound activity

was in the forn cf menazon.,.



- 292 =

33« A mosquito larvae bioassay was found to be impracticable for
menazon, and an aphid assay, although estimating the menazon
recovered, did not measure the persistence of the insecticide

in Soil.

3Lk, Isolation of micro-orgonisms capable of decomposing insecticides

on agar and silica gel media was found to be impracticable.

35. Isolates from the soil were found to grow best in liquid culture
with malathion as the sole carbon source. There was little growth

of isolates in thc presence of sumithion or imenazon.

36. The decomposition of malathion in liquid culture was found to be

chemical, an isolate baving no effect.

37 The decomposition of malathion was increased by shaking the

cultures, but ferric chloride had no effect.

38, Kaolin as an adsorbent di< not increase the ability of a pure

or mixed soil culture to decompose malathion,

39. An actinomycete was isolated which was able to decompose

malathion in liquid culture.

40, A soil isolate was unable to utilise menazon in liquid culture

or to decompose it, even in the presence of mannitol,
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41, A mixed soil population was also unahle to decompose menazon
in liquid culture, in the presence of mannitol, at a rate sufficient

to account for the loss from soil.



- 294 -

ACKNOWLEDGEMENTS

The author wishes to express his thanks to Dr. .i.H. Dadd for his
guidance, interest and valuable criticism both in the practical

work and in the preparation of this thesis; Dr. FM.J. Geoghegan,

Dr. 4. Calderbank and Dr. B.C. Baldwin of Plant Protection Ltd. for
advice and the facilities for carrying out the studies with lkc-menazon;
Dr. J. Galley for making available his experience with the aphid
bioassay; Mr. G.B. White for his advice on the use of the mosquito
larvae bioassay; Prof. O.W. Richards for permission to use the
facilities of the Zoology Department; Mr. A. Ironside for taking the
photographs; Unilever Researchh Laboratory, Colworth House and

I.C.I. Ltd,, for financial help which made these studies possible.



- 295 =

REFERENCES

et g s

Ahmed,M.K. and Casida,J.E. (1958). J.econ.Ent., 51, 59.
Appleman,lii.D. and Sears,0.H. (1947). J. Am. Soc. Agron., 39, 52.

Arthur,B.7. (1962). Radioisotopes and Radiation in Entomology,
International Publications Inc., Wew York.

Ayers,W.A. and Allen,0.N. (1953). Shell agric, Bull., Project 817,
Wisconsin. ADBs359/Ga.9.

Bailey,G.W. and White, J.L. (1964). J. agric. Fd. Chem., 12, 324.
Barlow,F. and Hadaway, 4.B. (1958). Bull. ent. Res. 49, 315.
Bohn,W.R. (1964). J. econ. ivt., 57, 788.

Bollen, W.B. (1961). 4. Rev. Hicrobiol., 15, 69.

Bollen,W.B., Morrison,H.E. and Crowell,H.H. (1954). J. econ. Ent.,
47, 307.

Bowman,J.S. and Casida,J.E. (1957) J. agric. Fd. Chem., 5, 192.

Bowman,J .S., Schecter,li.S. and Carter,R.L. (1965) J. agric., Fd. Chem.
13, 360.

Brakel,J. (1963). Annls, Inst. Pasteur., 105, 143.

Brown,A.W.R. (1951). Insect Control by Chemicals, Chapman and Hall Ltd.,
London.

Brown,A.L. (1954) Proc. Soil Sci. Soc. Am., 18, 417.
Carson,R. (1963). Silent Spring, Penguin Bocks Ltd., London.

Casida,J.E. (1962) Radioisotopes and Radiation in Entomology,
International Publications Inc., New York.

Casida,J.E. (1963). 4. Rev. Ent., 8, 39.

Calderbank,A., Bdgar,E.C. and Silk,J.4. (1961) Chemy Ind. 630.
Christensen,J.J and Daly, J.M. (1951) A. Rev. Microbiol., 5s 5Ts
Christophers,R (1960) Agdes aegypti (L.) The yellow fever mosquito

its life history, bionomics and structure. Cambridge
University Press.

Conroy,H.W. (1957) J. Ass. off. agr. Chem., 40, 230.

Corey,R.A., (1965) J. econ. Ent., 58, 112.

Cramp,S. (1966). New Scient., 29, (480), 232,

Dahm,P.A. (1957). A. Rev. Entomol., 2, 247.

Dewey,J .E. and Parker,B.L. (1965). J. econ, Ent., 53, 491.

Domsch,K. (1963). Mitt., biol. Bundesanst. Berl., 107,



- 206 -~

Downs,W.G., Bardas,B. and Navarro,L. (1951). Science, 114, 259.

Dubols,K.P. (1961). Adv. Fest Control Res., 4, 117.

Edson,E.F. (1958). Trans. 4ss. Industr. med. Offr., 8, 24.

Eno,C.F. (1958). J. agric. Pd. Chem., 6, 348,

Eno,C.F. and Bverett,P.H. (1958). Proc. Seil Sc. Soc. Am., 22, 235.

Fisher,R.4 .and Yates,F. (1948). Statistical tables for
Biological, Agricultural and ledical research.,
Oliver and Boyd, Edinburgh.

Fleck,E.E., (1949). J. Amer. chem. Soc., 71, 1034.

Fletcher,D.W. and Bollen,W.B. (1954). App. Microbiol., 2, 349.

Frawley,J.P. (1965). Synergism and Antagonism — Research in
Pesticides, Academic Press, London.

Fred,E.B. and Wakesman,S.A..(1928). Laboratory manual of general
microbiology., McGraw-Hill Book Co., New York.

Fromageot,C. and Confino,if, (1948). Bioctim. biophys. Acta, 2, 142.

Fukuto,T.R. (1961). A. Rev. Ent., 6, 313,

Getzin,L.W. and Chapman,R.K. (1959). J. econ. Ent., 52, 1160.

Getzin,L.W. and Chapman,R.K. (1960). J. econ. Ent., 53, 47.

Getzin,L.W. and Rosefield,I. (1966). J. econ, Ent., 59, 512.

Gray,P.H.H. (1954). Can. J. Bot., 32, 1.

Gray,P.H.H. (1954). Can. J. Bot., 32, 10,

Gray,P.H.H. (1954). Appl. Microbiol., 2, 37.

Hadaway,4.B. and Barlow,F. (1951). 187, 854.

Hall,W.E. and Yun-Pei Sun (1¢85). J. econ. Ent., 58, 845.

Harris,C.R. (1964). Nature, 202, 724,

Herris,C.R. (1964). J. econ, Ent., 57, 946.

Jones,L.W. (1956). Shell agric. Bull. 390, Utah state Agr. College
ADB: 598/Ga.l4.

TBysson,hi. and Fohraeus,G. (1960). K. Lanterggsk. Ann., 26, 323.

Kaila,A. (1949). Soil Sci., 68, 279.

Kasting,R. and Woodward,J.C. (1951). Scient. Agric., 31, 133.

Kiigemagi,U., Morrison,H.E., Roberts,J.E. and Bollen,W.B. (1958).
J. econ, Ent., 51, 198.

Lichtenstein,B.P. (1966). J. econ. Ent., 59, 985,



- 297 =

Lichtenstein,E.P. and Schulz, {.R. (1959).
Lichtenstein,E.P. and Schulz, “.R. (1959). J. econ. Ent., 52, 124.
Lichtenstein,E.P. and Schulz, XK.R. (1960). J. econ. Ent., 53, 192.
Lichtenstein,BE.P. and Schulz, K.R. (1964). J. econ. Ent., 57, 618.
Lichtenstein,E.P, Schulz, K.R. and Cowley,G.T. (1963).
J. econ. Ent., 56, 485.
Lochhead,A.G. (1952). A. Rev, Microbiol., 6, 185.
Martin,H. (1956). A. Rev. Entomol., 1, 149.
McCalla,T. .M. (1946). J. Soil Wat. Conserv., 1, 71l.
Mem,J.J., Patchett,G.G. and Batchelder,G.H. (1960), J. econ, Ent.,
53, 1080,
Memm,J.J., KcBain,J.B., Adelson,B.J. and Patchett,G.G. (1965).
J. econ, Bnt., 58, 675.
Mayhew,J. (1965). Private communication.
Mulla,M.S. (1960)., Kosquito Hews, 20, 376.
YMulla,M.S. (1960). J. econ. Ent., 53, 785.
Mulla,lf.S. (1964)., J. econ. Ent., 57, 873.
Naumann,K. (1960). Soils Fertil., 23, 1356,
HWelson,. (1965). Problems in the evaluation of Agricultural

oy

. econ. Ent., 52, 118,

oy

Chemicals for carcinogenicity. Research in Pesticides.,
Academic Press, London,
O'Brien,R.D., Dauterman,W.C. and Niedermeier,R.P. (1961).
J. agric. Fd. Chem., 9, 39.
Parker,B.L. and Deviey,J.B. (1¢55). J.econ. Ent.; 58, 106,
Payne,li.G. and Fults,J.L. (1947). J. Am. Soc. Agron., 39, 52.
Roberts,J.E.; Chisholm,R.D. and Koblitsky,L. (1962).
J. econ. Ent., 55, 153.
Robinson,J and Mesmer,E.T. (1958). E. 4fr. agric. J., 23, 199.
Ruppel,R.F. and Mok Yun,Y. (1965). J. econ. Ent., 58, 41.
Schrader,G. (1963). Z. Naturforschg., 18b, 965.
Seume,F.W. and O'Brien,R.D. (1960). J. agric. Fd. Chem., 8, 36.
Shaw,W.M, and Brooks,R. (1960), Soil Sci., 90, 320,
Sideropuulos,A.S., Adams,A.P.; Laygo,E.R. and Schulz,J.J. (1963).
Bact., Proc. 20.



Simkover,H.G. and Shenefelt,R.D. (1951). J. econ. Ent., 44, 426.

Smith,¥.R. and Wenzel,l.E. (1947). Proc. Soil Sci. Soc. Am., 12, 227,

Spencer,E.Y. and O'Brien,R.D. (1957). 4. Rev. Entomol., 2, 261.

Spiller,D. (1961). Adv. Pest Control Res., 4, 249.

Sternburg,J., Kearns,C.4. and Bruce,W.N. (1950). J. econ. Ent.,
43, 214,

Terriere,L.C. and Ingalsbe,D.W. (1953). J. econ. Ent., 46, 751,

Thomson,W.T. (1963). Agricultural Chemicals, Simmons Publishing
Cy.,; Davis, Calif.

Verona,0. and Picci,G. (1953). Soils Fertil., 16, 145.

Waksman,S.A. (1931). Principles of Soil Microbiology, Bailliere,
Tindall and Coz,; London.

Way,M.J. and Scopes,N.E.4. (1965). 4&nn. appl. Biol., 55, 340.

Wheatley,G.A. (1965). Ann. appl. Biol., 55, 325.

Wilson,J.K. and Choudhri,R.S. (1946). J. econ. Ent., 39, 537.



- 299 -

APPENDIX

Gommon or
otder name
used

Chemical names or definitions

.y

Other names

Aldrin

BHC

Bidrin

Chlordane

Chlorthion

Delnav

oT

Diaginon

Dibrom

Dieldrin

Dimefox

Dimethoate

Endrin

Guthion

vt b aat ) T ——

1,2,3,4,10,10~hexachloro-1:4,5:8~diendo-
methano-1,4,4a,5,8,8a-hexahydro-
naphthalene

mixture of the iscmers of 1,2,3,4,5,6-
hexachlorocyclohexane

3-hydroxy-ll,i-dimethyl-cis-croton-
amide dimethyl phosphate

1,2,4,5,6,7,8,8~0octachloro—4,7-methano-
3a,4,7,Ta~tetrahydroindane

0,0-dimethyl @ - 3-chloro-4-nitrophenyl
phosphorothicate

2y3-p~dioxane S ,5-bis(0,0-diethyl
phosphorodithiocate)

1,1-di(p-chlorophenyl)}2,2,2-trichloro~-
ethane

0,0-diethyl O-2-isopropyl—4-methyl-6—
pyrimidinyl phosphorothiocate

dimethyl 1,2-dibromo-2,2-dichloroethyl
phosthate

1,2,3,4,10,10-1exachloro-6,T-epoxy-
1,4,42,5,6,7,3,8a~octahydro-1:4,5:8-
dimethanonaphthalene

bis(dimethylamino)fluorophosphine oxide

0,0-dimethyl S-methslcarbamoylmethyl
phosphorodithioate

1,2,3,4,10,10-hexachloro~6,7=-epoxy—

1,4,4a,5,6,7,8,8a-octahydro-exo-1 ,4=ex0~

5,8-dimethanonaphthalene

0,0-dimethyl 8-(4-oxo-benzotrazino-3-
methyl) phosphorodithioate

HCH

heptachlor 4

hexachlor

dioxathion

naled

Hlanane

Rogor

azinphos-
metnyl
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Common or Chemical names or definitions } Other names
other name
used

-

e e i £ e A, T i Sty

Heptachlor 1 or 3a,4,5,6,7,8,8-heptachloro-3a,4,7,7a~
tetrahydro-4,7-methanoindane

DRI SRS "SR

Imidan { 0,0-dimethyl S-phthalimidomethyl
| phosphorodithioate
Lindane ' gamma —isomer of BHC
ialathion 0,0~dimethyl S-(1;2-1i(ethoxycarbonyl)

ethyl) phosphorodithioate

Menazon ' 0,0-dimethyl S—(4,6-diamino-1,3,5-triazin~
2-yl)-methyl phosphorodithioate

Methoxychlor!

[ PSP O PP P I
rrmv—— . ——

t
i
; 2,2-bis(p-methoxy-phenyl)-1,1,1-trichloro-
3 ethane
(iPA ; Octamethyl pyrophosphoramide Schradan,
| Pestox III
}
Parathion ! 0,0~diethyl O-p-nitropheryl phospharo-
i thioate |
i
Phosdrin } dimethyl 2-methoxycarbonyl-l-methylvinyl l mevinphos
% phosphate
Sevin b 1-naphthyl N-methylcarbamate carbaryl
Sumithion | 0,0-dimethyl-0-(3~methyl-4-nitrophenyl) | folithion,
+ phosphorothioate ' i fenitrothion
] |
Systox : mixture of 0,0-diethyl S—2-(cthylthio) ethyl ! Demeton
i Dphosphorothicate and 0,0-diethyl 0~2-
" {ethylthio) ethyl phosphorothioate
TDE | 1,1-41( p-chlorophenyl)~2,2~dichl oroethane DID,
% Rhothane
i
Thimet 1 040=diethyl S~ethylthiomethyl phosphoro- Phorate
dithioate
Thiodan 6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a~hexa~ endosulphan
hydro~6,9-methano-2,4,3~benzodioxathiepin-
. J-oxide :
) i
Thionazin 10,0-diethyl O-2-pyrazinyl phosphorothioate | Zinophos
|

¢

- e G L A £ 4 S ——
—— B < :
—n e —~
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—— e e

Common or
other name
used

|

!

Chemical names or definitions

Other names

Toxaphene

Trithion

Chlorinated camphene having a chlorine
content of 67-69%

0,0-diethyl S-p-chlorophenylthicmethyl
phosphorodithiocate

v o

carbopheno-
thion
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