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Bioassay of Soil Containing Residues
of Chlorinated Hydrocarbon Insecti-
cides, With Special Reference to
Control of Japanese Beetle Grubs

By W. E. Frearve, L. B. Parser, W. W, Marvzs, B, L. Prasser, and
P. J. McCase, enfomologists, Lntomology Research Division,
Agricultural Research Service

Studies were conducted at Moorestown, N.J, from 1958 through
1960 to develop a practical bicassay method for determining effective
quantities of the chlorinated hydrocarbon insecticides, alone or in
mixtures, which remuin in the soil at intervals after treatment, for
control of grubs of the Japanese beetle (Popillia joponiea Newman).

The chlormated hydrocarbon insecticides—IDDT, toxaphene, chlor-
dane, dieldrin, heptachlor, and aldvin—are authorized by the Plant
Pest Control Division ({28} * for use in eliminating these grubs in
soil about the roots of planis in commercial nurseries subject to the
resfrictions of the quavantine on this pest. These restrictions are
intended to prevent the spread of the beetle in agricultural com-
modities to uninfested localifies. Treatments with the same materials
are also recommended for control of the grubs in Jawns, golf courses,
parks, and other turf areas {56).

It is the practice of the Plant Pest Conlrol Division to analyze the
soil of certified plots periodically and to require the application of
additional Insecticide as needed to maintain adequate toxicity. The
additions are held to a minimum to avoid the nccumulution of ex-
cessive insecticide residues. Inordinate amounts of these chlorinated
hydrocarbon insecticides in the soil may be toxic to some plants.

The analysis is complex if two or more of the chlorinated hydro-
carbon insecticides have been applied to a soil in nursery plots, or
if other insecticides have heen applied to the folinge of plants.  Much
of the residue of insecticides applied to the foliage eventually gets
into the soil. The problem is complicated further by the conversion
of some of the chlorinated hydrocarbons in the soil to other compounds.
Aldrin is converted to dieldrin and heptachlor to its epoxide {27, 49,
65, 91, 93, 94, 85) ; some of the dieldrin may be transformed to aldrin
{27}, and there muy be some modification of the other chlorinated
hydrocarbons.

The chemical determination of a chlorinated hydrocarbon insecti-
cide in the soil includes sampling the soil, removing the insecticide res-

! Italie numbers in parentheses rofer to Literature Gited, p. 38,
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idue with a solvent, and analyzing the recovered materinl.  Although
specific colovimetric and spectrophotometric methods ars available for
determining most of these insecticides, Carter (34) pointed out that
these methods are tedious and time consuming, and that homclogous
compounds, decomposition products, and plant exiractives some-
times interfere with the analysis. Chisholm and Koblitsky (36)
found that many soils contnin extractable substances that cause mter-
ference, Usually with specific methods no information is obtained
on the breakdown and conversion products that might be toxic {o
ingects. The analytical procedure generally used is the determination
of the organic chiorine in the extract and the caleulation of the equiv-
alent awmount of insccticide with an appropriate conversion factor,
as deseribed by Agnzzi et al. {7) and Xoblitsky and Chisholm (85).

This nonspecific chemieal procedure is a relatively quick screening
method to establish the presence of chlovinated organic compounds in
a soil.  Only the orpanic chlovine is measured. Since the inorganic
chlorides are not soluble in the orgunic solvents used for extraction,
they canse o minimum of interference. The method does not distin-
guish between organic chlorine in an insecticide and that in a non-
toxic compound nor between available and nonavailable insecticide
in o soil. It does not identify the insecticide. It is inadequate when
two or more cldorinated hydvocarbon insecticides differing greatly
in chlorine content are present, when there has been decomposition or
conversion of the insecticides, or when fertilizers containing oreanic
chlorine have been applied (o a soil. The organic chlorine in mix-
tures of compounds can be determined, but there is no valid factor for
calculating the equivalent uniounts of the individual inseeticides.

Chemical analysis does not necessarily establish the presence nf
toxic substances in a soil: toxicity is revealed by its effect on a
living organism. Inthe absence of suitable chemical methods, consid-
eration was given to the development of a biclogical procedure for the
evaluation of complex insccticide residutes in soil. This sitnation
was not unusnal. Davis {42) pointed out in 1931 that the lack of
satisfactory chemical methods for some of the more potent organic
insecticides had stimulated wide interest in the application of bioassays
to the residue prebiems.

Bioassay is a method for determining the amount of a toxic sub-
stance present by mensuring its effect on a living organism. Bioassay
or biological procedures are of interest because of the wide range of
compounds to which they can be applied and in some inslunces their
high sensitivity. Bioassavs sometimes indieate the presence of {oxic
residnes that have not been detected by ehemical analysis (34). Var-
lous biological techniques have been used for many years in assays
of inseeticide formulations and residues. These assayvs evaluate tox-
icity but give little other information abont the toxicant.

However, Laug {88} differentiated the gamma isomer from the
other isomers of henzene hexachloride by their relative foxicities to
the house fly (M usca domesticn Linnacus).  Fleming et al. (47) dis-
tinguished residuies of DDT from those of chlordane in the =oil hy
the slower response of Macrorentrus aneylivorus Rohwer to DI and
noted diffevences in the symptoms of intoxtcation produced by these
insecticides. Davidow and Sabatino (47) dilferentiated chiondane
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and related cyclodienes from other chlorvinated hydrocarbons by differ-
ences in the vesponse of goldfish, Cerassius aurefus Linnaeus. TIar-
wood and Arcekul (73) used fonr unrelated test animals—the pomace
fly Drosophila melunogaster Meigen, the rusty grain beetle {Crypiol-
estes ferrugineus (Stephens)), the mushroom mite (ZLyrophagus
putrescentive (Schrank)), and the brine shrimp Adrfemie saling
(Linnaeus)—and obtained mortality patterns that distinguished
DDT, aldrin, dieldrin, heptachlor, parathion, Sevin, and allethrin,

The basic prineciples of quantitative determination used in analyt-
ical chemistry apply to bioassay. Gunther and Blinn (62), Healy
(74), and Van Middelem {229} reviewed these principles. Hoskins
(76)discussed the use of bioassay in entomological vesearch.

Bioassays of soil containing the residue of only one insecticide huve
been made by extracting the residue in the sume manner as for chem-
ieal analysiz and exposing o test organism to the extract, by exposing
a test organisin directly to the soil, or by introducing a test organism
into the s0il. The response of the test organism to the extract or to
the soil was compared with its response to o standard with known
amounts of the mseecticide under standardized conditions, and by
interpolation of the response data the amount of toxicant present
was calenlated. DBioassays of soil extracts have been made by Banks
and Reed (5), Berger and Randolpl (72), Flenting et al. (57),
Gunnen and Bigger (£5), Kiigemagi et al. (§7), Lange and Carlson
(87}, Lichtenstein et al. (97), and Terriere and Ingalsbe (127).
Direct bioassays of an insecticide resicdue in seil have been made by
Tdwardset al. (o0), Fleming et al. (62}, Fleming and Maines {60, 64),
Kioke (83), Lichtenstein and Polivka (23), Lichtenstein and Schulz
(94, 95), Lichlenstein et al. (97), Wylie (133), and Young and
Rawlins (136).

A bicaszay of a goil extract iz an evaloation of the total potential
toxicity in the soil, because the solvent extraets both the free and the
adsorbed insecticide.  On the other hand, the direct bioassay measures
only the active toxicity, the adsorbed part of the residue apparently
is not available as an insceticide. The divect exposure methods
have certain advantages over fthe extruction methods in that they
are relatively simple and the potential danger of poor extraction or
the elimination of the inseccticide m the cleanup procedures is not
encountered. T.ichtenstein (99) discussed the advantages and dis-
advantages of direct bioassny of soil.

The active toxicity, not the totnl potentinl toxicity, in a soil is the
criterion as to whether sufficient insecticide is present {o kill Japanese
Leetle grubs. From the viewpoint of regulatory agencies, it is more
important to have informuation on the active toxicity than to know
the rwdentity and the amonnt of various inseeticide residues in a soil.
Fleming ct al. (57) developed a method for measuring the total tox-
icity of mixtures of DL aund chlordane, but as far as is known no
consideration has been given io evaluating the active toxicity of com-
plex mixtures of the chlorinated hvdrocarbon insecticides. Under
these clveumstances an investigation was undertaken to develop a
practical biological method for assaying the active toxicity of thewe
mixtures in goil so as to determine whether the toxicity was suflicient
to prevent the development of newly hatched Japanese beetle grubs,
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BIOASSAY OF SOIL WITH JAPANESE BEETLE
GRUB AS TILST INSECT

The first-instar Japanese beetle grub is the logical organism to use
in evaluating the active toxieity in soil treated with the chlorinated
hydrocarbon insecticides to control this stage of the insect, but its
usefulness is limited. Grubs at this stage are usually available for
only a few weeks during the summer; they have not been propagated
successfully at other seasons. They must be handled with extreme
care because of their susceptibility to mechanical injury and to adverse
environmental factors, such as desiccation, excess moisture, or an
increase in the earbon dioxide tension in the seil. The third-instar
grab, which is present for 9 months of the vear and is more readily
handled and less affected by its envivenment, appeared to be a
practical substitute for the newly hatched grub.

Third-instar grubs have been used for many years in biological
sereening tests of arsenicals, chlorinated hydrocarbons, and other
compounds as soil insecticides. The gruobs have also been used in
direct bioassays of insecticide residues in soil (57, 60, 61.62). These
bioassays were rather simple in that only one insecticide was in a
soil and the exposure could be adjusted according to the toxicity.
When a soil contains residues of several chlorinated hydrocarbons
that ciffer greatly in toxicity and in the velocity of insecticidal action,
the biological evaluation is more complex. The problem was to de-
velop an adequate standard for evaluating the toxieily of such mix-
tures and to correlate the mortality of third-instar grubs with that of
newly hatehed grubs.

The initial step in the development of a composite toxicity standard
was to determine the exposure required &t 80° F. to kill 30 percent
of the third-instar grubs with a dosage of cach of the chlorinated
hydrocarbon insecticides that would prevent the development of
newly hatched grubs. It had been determined in experiments over
several years that newly hatched grubs could not survive in Sassafras
sandy loam containing 5 pounds of DD'L, 2.5 pounds of toxaphene,
0.4 pound of chlordane or endrin, 0.3 pound of dieldrin, or 0.07 pound
of heptachlor or aldrin per 3-inch acre. Usually these dosages are
about double the amounts actually needed to kill most of these grabs.
When these insecticides were mixed at these rates with the sandy
toam, the desired level of mortality with third-instar grubs was
attained in 2 weeks with endrin, dieldrin, heptachlor, and aldrin,
hut almost 3 weeks were required for DDT, toxaphene, and chlordane.
In view of these results, it was decided to use an exposure of 2 weeks
and to inerease accordingly the dosages of the less toxic insecticides.

The tests were continued to develop data for standard coneentration-
mortality corves, with four or five dosuges for ench insectickle and not
lfess thun 500 grubs for each dosage. When the mortalities were
plotted against the dosages, typical asymmetrical sigmoid curves
were obtmined with all the ehlorinated hydrocarbon insecticides,  Ttis
not easy, however, to draw freehand an adequate asymmetrieal curve
through a series of scattered points. Such a curve canmot be caleu-
Iated as veadily as a straight fine.  Gaddum {£4) and (FICane et al.
(177} noted the possibility of a logarithmic and probality transfor-
mation of a sigmoid curve to a straight line, and Bliss (14, 15) devel-
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oped this transformation. TFurther consideration of this log-probit
transformation has been given by Bliss (16, 17, 18, 19, 20, 21}, Bliss
and Marks {25), Bliss and Cattell {24), Finmey (5%, 3}, Morrison
(103, Wadley (130, 131}, Wadley and Sullivan (732), and others.
This conversion, whi¢h facilitates the determination of the dosage-
mortality relationship, is new widely accepted by entomologists.
The mertalities were converted to probits and the concenfrations
to logarithms and the log-probit regression was caleulated for each
insectictde by the method of least squares. The fitted lines were then
transtformed back to the original units and plotted as concentration-
mortality curves. The average pounds per 3-inch acre of each of
-the chlorinated hydrocarbons needed in Sassateas sandy leam for
10- to 90-percent mortality of third-instar grubs ave given in table 1.
As shown in table 6 {p. 24), a significant change in the mortality at
the 50-percent level iz produced by mncreasing ov decreasing the nun-
ber of pounds of each insecticide per 8-inch acre as follows: Aldrin or
heptachlor 0.02, dieldrin 0.14, endrin 0.12, chlordane 0.43, toxaphene
1.27, and DDT 2.21,

Tanne L—dmounts per 3-inch acre of chlerinated hydrocarbon insec-
ticides vequired in Sussafras sandy loam for 10- to 90-percent
mortality of third-instar Japanese bectle grubs with a Z-week
ecposure ab 80° F.

Mortality : DDT ' Toxa- | Chler- ' Endrin Triol- 1 Hepta- { Aldrin
{percent) ; phene dane drin [ chlor
l Parnids Pound Fonunity Founide Pounds Pounids Poundy
10, . ... i 1.8 204 0. 11 0. 08 0. 02 0. 03 002
20 o 3.0 8.4 .24 .13 .04 .04 .03
30 ... i 4, 4 43 L .20 .02 . 06 L0t
0. Lo o.. ! 8.0 5.8 . 66 .28 .13 .08 .08
G501 D ] 8.0 G. 5 1. 02 .40 . 26 .10 .08
GO, Lo .l 0.7 80 1. 58 .6t L 45 .12 . il
TO_ el 1L G 10. 0 2,52 .70 -1l .16 .15
S0 oo 21. 0 12,7 4. 34 114 1, 04 .23 .22
00, . eooo; 34.3 18. 0 0.23 ] 1.98 4. 35 ] .37 . 38
| ' ' !

The dosages of aldrin, heptachlor, dieldrin, and endrin required to
kill 50 pevcent of the thivd-instar grubs under these conditious are
about the sume as these needed to prevent the develoepment of newly
hatched grubs. The dosages for chlerdane, toxaphene, und DDT are
definitely higher than required for the climination of first instars. It
was apparent that the third-instar grubs are more resistant to chlor-
dane, toxaphene, and DDC than would be expected from the reactions
of the small grubs.

The standard deviation in the mortality of groups of grubs exposed
to a soil 15 nsually within 10 percent. When the mortality is more
than 60 percent, ithe toxicity in o soil is adequate to prevent the develop-
ment of newly hatehed grubs. but when 1t 15 less than 40 percent, some
insecticide should be applied to fortify the treatment. When the
mortaliiv )5 between 40 percent and 60 pereent, additional tests may
e required to estabiish definitely the level of the toxicity. For many
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reutine analyses it may be necessary to determine only if the toxicity
in a soil i3 above or beiow that needed to kill 50 percent of the third-
instar grubs. By comparing the mortality in a so0il being tested with
the mortality rates in table 1 and interpelating, the toxicity may be
expressed as an equivalent amount of DDT, toxaphene, chlordane,
endrin, dieldrin, heptachlor, or aldrin.

Although third-instar grubs have been used for several years in
evaluating the toxicity of insecticide residues in soil, the procedure
was considered to l'w only provisional until a more practical one could
be developed. The grubs have not been propagated satisfact srily in
the laboratory. Tield-collected grubs vary from place to place and
from season to season in their resistance to insecticides, so that adjust-
ments have to be made in the exposure period. Although third-instar
grubs are available from September until June, they are satisfactory
as test insects only during the fall and winter; in the spring their
reaction to insecticides is confounded by pupation.

The evaluation of toxicity in the spring is more important than
at other periods of the year, because it shows, just prior to the hatching
of the new annual brood, whether there is sufficient insecticide residue
to kill the first-instar grubs. The procedure is slow and Iaborious;
at Jeast a month elapses before the initinl and the confirmatory tests
are completed.

In view of these limitations with the grubs, an attempt was made
to find & suitably susceptible organism for use as a test animal that
conld be in continuous laboratory production and that would both
accelerate and facilitate assay procedure.

SEARCH FOR SUBSTITUTE TEST ORGANISM

A search was made of the literature to determine what organisms
had been used by other investigators in laboratory assays of the toxicity
of insecticides and insecticide residues. Busvine and Barnes (392)
critically reviewed the techniques that had been devised for laboratory
tests of insecticides and acaricides, and Dewey (46) and Nagasawa
(708) reviewed bioassay techniques for the determination of pesticide
residues. These reviews weve of great assistance,

They showed that many organisms have been used for the detection
and quantitative determination of toxic materials. These include
bacteria, fungi, yeasts, daphnids, shrimps, severnl species of fish,
collembeln, symphilids, the larvae of several species of mosquitoes,
o parasite of the oriental fruit moth, several species of insects that
attack stored products, the house fly, the pomace {ly, termites, wire-
worms, and several species of white grubs.  Many of these organisms
are ezsily handled under lnboratory conditions.

The pomace fly Drosophile melanogasier was seleeled as apparvently
the most suitable substitute test organism. Althceugh this inscct
is probably best known as a well-adapted organism for studies in
theoretical biology, it has been veed by several investigators ro evaluale
msecticides and insecticide residues.

Drosophila was used to study the toxicity of various insecticides
(9, 12, 23, 28, 29, 30. 31, 39, 47, 48, 80, 84, 97, 98, 99, 100, 10f, 103,
104, 705, 106, 118, 120, 124}, to identify insecticides and acaricides in
comparative bioassays (7.7}, to demonstrate that the toxicity of DDT
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sprays varies inversely with the size of the droplets (3), to study
the translocation of BHC in plants (51}, and to determine the effect
of captan, dichlone, and thiram on the toxicity of dieldrin (4). It
was also used to determine residues of the chlorinated hydrocarbon
insecticides in or on fruifs and vegetables ®? (49, 68, 71, 114, 117, 125)
and residues of parathion on cauliflower (78), of dieldrin in apple-
sauce {54}, of aldrin, dieldrin, and heptachlor on alfalfa {88, 92),
of SD-4402 on tobacco (70}, and of aldrin, dieldrin, heptachlor, BHC,
DDT, chlordane, and methoxychlor in soil (50, 91,93, 94, 95, 135, 136).
For the direct bioassay of residues of the chlorinated hydrocarbon
msecticides in soil, Drosephile has the following advantages: (1) It
is susceptible to these insecticides, and slight changes in the con-
centration are reflected by modifications in the mortality; (2) it
reacts to small insecticide residues in the soil; (3) an assay can
usually be completed in about 24 hours at any time of the year; (4;
it can be reared with reasonable facility throughout the year; (5
continuous propagation does not appear to modify its susceptibility
to insecticides; (8) it can be handled in large numbers without
difficulty ; and {7) its natural mortality during a bioassay is negligible.

PROPAGATION OF DROSOPHILA
Stock

Since a stabilized population was desired for test insects, a culture
of the pomace fly Drosophila melanogaster was obtained in 1953 from
the laboratory stock of the Department of Entomology of Rutgers
University. This strain has been propagated continuously at Moores-
town, N.J., since that time.

Wild Drosophile may he found in abundance on various kinds of
overripe fruits and vegetables. The adult flies and the larvae feed
on the fermenting juices, yeasts, and other micro-organisms. Wild
flies can be collected readily in the field during the summer, but such
populations are heterogeneous and heterozygous and are likely to
be variable in their renctions to insecticides.

Bartlett {10} found great differences in the susceptibility of labor-
atory and field-collected strains to insecticides. Merrell and Uuder-
hill (702) observed the most macked changes in resistance to insec-
ticides with flies that had not been inbred. Laboratory strains of
flies tend to become somewhat inbred and to lose their generic vari-
ubility, so that they are relatively stable in their reaction to
insecticides (8%, 702).

Culture Medium

Many different media have been used in propagating Drosophila,
including fermenting fruit, canned pumpkin, banana-agar, and several

*DeweY, J. B, HIGHLIGHTS OF TIIE HI0ASSAY PROGHAM FOR HESIDUE DETERMI-
warion. Paper presented at NUY. State Insecticide and Fungicide Conf. 14.
1952, [Unpublished.]

*DEwEY, J. B. A BIDASSAY METHOD USING DROSOPHTLA AND SOME PRELIMIVARY
RESULYS FROM NEW YORK CROP ADSORPTIGN STUDIES, Iviper prescented at 48th
Ann, Conv., Natl, Canners Assoe, Fely 1953, [Unpublished.]

825538—62 2
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media in which & sugar and either cornmenl, oatmeal, agar, or potatoes
were constituents. Adfter various factors had been studied and pre-
liminary tests had been made, o medium prepared according to the
following formula was adopted:

AT e e —————— 22.8 grams
Corn sirup e —————— 300, 0 ml.
Yellow cornmenl oo e 100, O grams
Sodium propionate, 20-pereent solution_ .. $5. 0 ml,
Water - LG liters

This medium satisfied the following requivements, which are neces-
sary for a large-scale production of the flies for bioassay: (1) It
must be a complete diet for rearing the flies to optimum size and
nniform vigor; (2) it must be an adequate diet for the larvae, the
brood flies, and the emerging flies, producing high yiclds per unit
of medinm with little variation in the ratio of the sexes; (3) it must
be easily prepared from readily available materials; (4) it must
econtain suflicient moisture so that n culture can be carried for several
weeks without drying out; (5) it must be of o consistency favorable
for the developing larvae, but firm cnough so that the container
can be handled without loosening the medium; (6) it must be of such
a composition that adult Aies do not stick to ity and (7} it must be
relatively resistant to harmful molds and bacteria.

To prepare this medium, bring 1 liter of water to a boil in a stain-
less-steel cooking pot and dissolve the agar in the holling water.
Add the corn sirnp and again bring the mixtuve to a boil. Mix the
cornmenl with 500 ml. of water i a sepawtte container, add it to the
boiling mixture, and continue cooking until the medium is fairly
thick.  Just before the cooking is completed, ndd the sodium propi-
ona‘e and stir it in thoroughly. Pomr the hot medium into 500-ml.
Erlenmeyer flasks and sterilize at o pressure of 20 pounds for 15
minutes.

Remove the flasks from the stevilizer, cap each with a square of
sterilized linen made of tracing cloth, from which the sizing has been
removed, and allow to cool at rcom temperature. After the flasks
have stood for 24 honrs, dissipate any condensafe on their sides by
directing a stream of air from an electeie fan over them. IHowever,
there should be suflicient moisture on the surface of the medium to
show a slight movement when the flask is tilted. If the moisture
is insuflicient, add abont 1 ml. of sterile distilled water,

The gnantities in this formula will be suflicient for 200 ml. in cach
of 10 flasks. The average depth of the medium in a flask s 134 inches.

Rearing Procedure

One-half teaspoonful of dry baker’s yeast is distributed ovenly
over the surface of the medinm in ench flask immediately before
introducing the flics.  Approximately 100 brood flics, up to i days
of age and about equally divided as to sex, are put into each flask.
The ratic of the sexes is determined periodically with at least 1,000
flies. The phototropic response of the flies is utilized in transferring
them from a plastic randomizing cylinder to the rearing flasks. The
200 ml. of medium per flask 1s adequate to support the progeny of 100
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flies without overcrowding., Kerr (80) noted that overcrowding
delays development and tends to reduce the size of the adult flies.

The brood flies in the rearing {lusks are incubated in a well-lighted
room, where the temperature is maintained at 74° F. and the relative
humidity at 40 percent. Tt is important to hold approximately this
temperature £o avoid a possible modification in the ratio of the sexes
or n change in the resistance of the progeny to insecticides. Williams
{724) found that males were more numerous than fernales al tem pet-
atures below 70° and that the females predominated at temperatures
above 80°, but within the range of 70° to 80° the ratic of the sexes
was about 1:1. Munson et al. (707) found that flies reaved at 64°
were more resistant to DDT than those reared at 862,

The air in the flagks with the medium has a high humidity, prob-
ably close to saturation. Demcrec (42) pointed out that oviposition
is induced in a humid atmosphere ; no eges ave deposited when the air
is dry. Ilowever, excess moisture is undesirable, because flies matur-
ing from larvae that develop in the condensate on the side of a flask
are small and undesirable as test insects.  When suflicient condensate
develops on the side of a flask to permit larvae to crawl from the
medium, the flask is placed in front of an clectrie fan until the excess
moisture is dissipated.

The brood flies are removed from the rearing flasks and destroyed
on the 11th day, and the flasks ave transferred to the production unit.

Before the 400-ml. Erlenmeyer flask was adepted as the rearing
container, various types and sizes of containers were tested, including
1-gallon widemouthed candy jars, canning jars, milk bottles. and
various flasks. The production was better when ihe same amount of
medium and the same number of brood flies were distributed in
several small contuiners rather than in one laree one. The use of
several small containers is of advantage in that when an undesirable
condition develops in one of them, the contents of that container
can be disearded without interfering seriously with the production.
The Erlenmeyer flagk has the advanfuge over a jar in that its shape
hols the medium {ivmly on the bottom.

Drosophile cannot he reared continuonsly without the possibility
of contaminating the culture by undesirable organisins,  The molds
have not been troublesome, hecause their growth is inhibited by the
sodium propionate.  Ilarly br 1858, hefore sterilization of the motlium
and the rearing flisks became voutine procedure, reddish and brownish
spots developed in the substratum of the medium in some of the
flasks., It was evident that the medium had been eontaminated by
one or more anacrobic organizms. s delerioration of the medinm
progressed, mortality among 1he Lrood iflies and the developing Tnrvae
mereased.  This situation was remedied by sierilizing the medium
and the flasks.

An equally sericus situation develgped when the reaving flasks
were invaded by predaceous mites, probahly Histiostoma sp. By the
time they were discovered. the mfestation had beeome general, Tt
wns necessary to eliminaie the infested eultures and destroy the mifes.
The mites on the glassware and ofher equipment were desiroyed by
heat and other sanitary mensures, and the room was fumisated with
formaldehyde. The propagation was continued with uncontaninated
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flies. Since then stricter sanitary measures have been followed to
prevent further invasions of mites.

Production Unit

The production flasks were maintained in the same environment as
the rearing flasks, The avernge production of a flask during a 2-
week period is about 350 fies daily. Two units of 14 flasks each
were operated for the production of about 10,000 {lics each day. Tach
weelk 14 {fasks fvomy which flies were beginning to emerge were added
to the prodnction unit and the 14 oldest {lasks were discarded. When
a flask was added, an additional one-fourth teaspoontul of baler’s
veast was distributed uniformly over the medium.

Al emerging flies were removed from the production flasks each
day. The transfer of the Bies from the flasks to a plastic randomizing
eydinder was facilitated by ntilizing {he natural tendency of flies to
move upward and toward a hright light. When the produoction
flaslc was darkened and its moeuth inseried into the open end of the
eylinder, placed in a horizontal position, the flies moved rapidly
toward a bright light at the opposite end of the.cylinder. This
movement was factlitated further by having a gentle flow of aiv
from the {lask through the cylinder.

Gerolt {663 and ITarwood and Aveekul (7.2} used a trap to collect
the flies as they emerged. Their production units were kept in a
darkened room. and as the ffies emerged they were alivacted to light
and so moved continnously into a tvap.  However, this method did
not assure that all flies in the trap had emerged during a 24-heour
period. With enlarzed ovaries as a criterion of age, Ifarwood and
Areekul found that up to 2 pereent of the flies in the trap and in
the production unit were move than 24 hours old,

REACTIONS OF DROSOPHILA TO CHLORINATED
HYDROCARBON INSECTICIDES IN SOIL

Drosophila is very sensitive to residues of DDT, toxaphene, chlor-
dane, dieldrin, endvin, heptachlor, and aldrin in soil. The speed
of reaction to these vesidues vavies with the imhevent toxicity and
concentration of the nsecticide, the nalure of the soil, the tempera-
ture, and other factors, but the symptoms of intexication ave much the
same with all of them,

Tive stages of intoxication ave vecognized. In the first stage the
insecticide has no visible ¢ffect on the flies.  They appear to be normal.
They rest quictly, walk Jeisurely, and fly oceasionally. They are
not ensily disturbed. The second stage is a period of excitement.
The (lies do Fttle vesting and appear (o be irvitated. They walk
and Ay rapidly and vespond readily to any disturbance, such as a
shadow or a tap on the petri dish. Tn the third stage the [lies do
more resting and begin to wilk unsteadily. As the legs become
paralyzed, the flies tend to stand in a fixed position with an oceasional
violent movement of the wingz.  This movemont of the wings pushes
the flies aimlessiy and rapidly over the surface of the soil. The
fourth stage is exhaustion. The ilies lie most of the time on their
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sides or backs with only oceasional movement of the legs; they are
unable to move from their positions. The final stage is death, = The
point of death is difficult to determine by observation. The absence
of any movement i a relaxed fly was considered to be indicative of
the cessation of all vital functions,

Since the chiorinated hydrocarbons produce progressive irrevers-
ible characteristic symptoms with Drosophile, any stage in the in-
toxication beginning with the onset of paralysis may be used as the
criterion of toxic action. The affected individuals are most easily
counted when the intoxication has progressed to the dadvanced stage
of paralysis, so that the fties are incapable of changing their position
or they are dead. Permanent immobilization is a stuble end point.
It was selected as the criterion of toxic action in this investigation.

PRELIMINARY TESTS WITH DROSOPHILA

In order fo standardize the testing procedure before undertaking
bicassays with Drosophila as the test insect, there were severa] factors
that had to be resolved. These included the sex and age of the tost
Insects, separation of flies into groups for testing, number of flies per
test, feeding them during the testing peried, and the container for
tests,

Sex

Lord (97, 85), McLeod (99), Knutson (84), Kerr (80), and Gerolt
(66) reported that the males were more susceptible than the females
to nicotine, arsenicals, and the chlovinated hydrecarbon insecticides.
Tests with residues of DIYL, chlordune, and dieldrin in soil confitmed
that the male flies were easier to kill than the female flies. In these
tests 10 to 20 pereent more males than females succumbed to the
msecticides.

The variability in the reaction of the Ries to insecticide residues in
soil can be reduced by using only one sex in the bioassays. “L'his hus
heen recognized by several investigntors, including Iliss (77), Bochnig
(20), Crow {39), lidwards et al. (50), Fisher and Smallman (54),
Fleming et al. (57), Gervolt (66), Lovd (97}, Merrell and Underhill
(/02), and ethers.  The males would be preferred because of their
greater response to changes 1n the concentration of the insecticides.
Iowever, it is a slow, tedious task to sort a large number of flies
according to their sex. The time vequired for such an operation
males it impractienl, except for small specinl {ests.

When males ave not separated from females, it is essential that the
ratio of thie sexes be mainlained threughout each series of tests.
Bliss (/7), Fisher and Smallman (54), Iidwards et al. (90), and
others have considered such balunced populations of {lies to be satis-
factory., In view of the importance of the sex ratio, determinations
have been made periodically of the velutive numbers of males and
females in successive populations.  Since 1957, when these determina-
tions were undertaleen, there has been no significant deviation from
the 1:1 ratio of the sexes.
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Age

There is little agreement ameng investigators with reference to
the optimum age of flies that are to be used as test insects. The ages
used by various workers are as follows: 5-28 hours (Young and
Rawlins 756), 1 day (Sun and Pankaskie 725, Earle et al, 49), 2 days
(Bartlett 9, Fisher and Smallman 54, Wylie 735), 8 days (Kerr 79,
Arneld and Apple 4, Edwaxds et al. §0), and 3 days (Kerr 80),

Only a few Investigators have studied the effect of age on the
susceptibility of the Aies to insecticides. Kerr (80) found that young
flies succumbed more readily to DDT, but Broadbent and Bliss (29)
found that old flics were easier to lall with hydrocyanic acid than
young flies. The reports on the effect of age on the susceptibility
of flies to nicotine sulfate are conflicting. Morrison (705) found that
susceptibility tended to decrease with age, but McLeod (99) found
that it increased.

In the studies conducted at Moorestown groups of flies ranging
in age from 1 to 8 days were exposed to soil containing residues of
chlordane and dieldrin. There seemed to be no consistent relationship
between the age of the flies and their speed of reaction to the insecticide
residues. On some days the older flics reacted guicker, but on other
days the younger flies appeared to be more susceptible. The differ-
ences in mortality of the various age groups were small. It was
not possible to establish that any age group was consistently more
susceptible or less variable in its reaction to the insecticides.

It is not desitable to use flies of mixed ages in bioassay, because
an unnecessury variable would be introduced. Since the additional
labor and equipment did not seem justified in aging flies, it was
decided to use, as test insects, flies that had emerged during the
preceding 24-hour peried.

Separation of Flies Into Groups

There seems to be little agreement among investigators as to how
a population of Drosophile can best be separated into groups for
testing, Stultz (124} and Wylie (7325) aspirated the flies from the
collecting unit to their testing containers.

Morvison (£05), McLeod (92), Edwards et al, {50), and others
placed a Lright light on the far side of the test unit and counted the
flies as they moved from the darkened collecting unit through an
aperture thut permitted the passage of only one fly at a time.

Proverbs and Morrison {120) used a mixture of ether and ethyl
aleohol to keep the flies under auesthesin while they were being
separated into groups. Demerec and Iaufmann (44), Crow (39),
and Merrell and Tindevhill (702) used ether to anesthetize the flies.
Caldwell (33}, Tattersfield et al. (726}, Sun and Pankaskie (785),
Arnold and Apple (4}, and Earle et al. (49) used carbon dioxide
for this purpose.

Proverbs and Morrison (120} found no difference in the suscopti-
ility of anesthrtized and nonanesthetized flies to deposits of DDT.
On the other hand, Kerr (80) found it difficult to interpret his
results, largely because of the unpredictable toxic effect of carbon
dioxide on the flies. L'Heritier and Sigot (89) and de Scoeux (45)
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reported that some strains of flies were more sensitive to carbon
dioxide than others. Tattersfield et al. (726) discovered that a
relatively resistant strain can develop a sensitivity to carbon dioxide
when flies exposed to sublethal dosages of the gas are used for propa-
gation. Beard (17) found that the pattern of susceptibility of insects
exposed to sublethal dosages of toxieants was essentially the same
as that of unireated insects. Bliss and Beard (22) reported that
there were dynamic and static variations in the response of the
large milkweed bug (Oncopeltus fuscictus (Dallas)) to sublethal
dosages of carbon dioxide and nitrous oxide. Some of the individual
resistance to toxicanis can be phenotypic rather than genotypic.
Kerr (80) and Edwards et al. (5¢) questioned the use of an anesthetic
to facilitate sorting the flies and attributed erratic results to the
effects of anesthesia.

There was a possibility that the flies could be chilled to inactivity
for a sufficient time to separate them into groups. When they were
placed in the freezing compartment of an electric refrigerator at
approximately 5° F., they remained active for almost 10 minutes.
No flies were killed by chilling for 15 minutes at this temperature,
but at 20 minutes 75 percent were killed and at 30 minutes all of them.
When the flies that had been chilled for 15 minutes were transferred
to room temperature, they began to recover in 114 minutes and all
were active within 5 minutes. From this preliminary test, chilling
appeared to be a hazavdous and impractical procedure to use to
facilitate sorting the flies.

Aspirating the active flies from a randomizing cylinder to petri
dishes was slow and tedious. There was a tendency to collect the
less active flies from the sides of the container. Such a selection does
not constitute random sampling, and it would be likely to enhance the
variability in the response of the groups of flies to insecticides.
Aspirating the active flies did not scem to be a satisfactory method
for large-scale tests.

A study was made of separating the flies into groups by means of
the phototropic response and also after anesthesia with carbon di-
oxide teo facilitate the separation. In the first methed the flies were
counted as they moved from the randomizing cylinder info the petri
dishes throngh an aperture that permitted the passage of only one
fly at a time.

In the second method sufficient carbon dioxide was introduced
into the randomizing cylinder to lightly anesthetize the flies. The
flies dropped onto & fine mesh screen, where they were kept under
light anesthesin by introducing carbon dioxide below this screen
as needed. The anesthetized flies were selected at random from this
screen and counted as they were aspicated into shell vials for transfer
to petri dishes. The anesthetized flies becume active within a few
seconds nfter being transferred to the dishes. The tests were vepeated
on 5 successive days. LEach day a determination was made of the
percentage of males in the population from which the groups were
drawn and in the groups. These data are summarized in table 2.

The sexes were within =6 percent from the 1:1 ratio in the five
tests. The number of males in the groups separated by phototropie
respense varied by as wmuch as 11 perpere and the number in the
groups separated after anesthesia varied within & percent from the
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TanLe 2.—Sex ratios of population of flies (Drosophila) and of
groups separated from population by phototropic response and
after anesthesio with carbon dicxide

Groups of flics separated-—

Population
Test By phototropic | After ancsthesia
rosponse

Flies Males Flies Males Flies Males

Nicmber Fercent Number Pereent Number Percent
S 2 186 49 303 38 2G7 54
S 1, 796 33 305 63 288 55
B e 4, 627 45 267 30 266 44
L S 2, 785 52 289 63 360 49
Y RAES! 23 332 44 203 a8
Total or average____| 14, 125 5i 1, 526 56 1,484 52

populations from which both groups were drawn. Most of the flies
separated by their reaction to light were dominantly males.

Iilandomization in the separation of the flies into groups is neces-
sary to avoid unrepresentative results in bicassays. It is important
that the ratio of the sexes in the groups be approximately the same
as that in the population from which they were drawn. An analysis
of the variance showed that the separation of the anesthetized flies
into groups satisfied the requirement for randemization. On the
other hand, separating the flies according to the rapidity of their
response to light was a nonrandom selection of the more active indi-
viduals. Morrison {705) tried to compensate for the lack of ran-
domization among flies separated in this manner by randomizing
the groups of flies among his test units.

The study was continued to compare the reaction of anesthetized
and nonanesthetized flies to dieldrin 1n Sassafras sandy loam. Groups
of 100 anesthetized and nonanesthetized {lies were exposed simultane-
ously for approximately 24 hours on 5 successive days to soil contain-
ing 0.2, 0.3, and 0.4 pounds of dieldrin per 3-inch acre. The mortality
obtained in these tests is summarized in table 3.

The anesthetized flies were signifieantly more susceptible to dieldrin
than were the nonanesthetized flies. From the concentration-mortal-
ity curves, which were practically parallel, the mediun lethal concen-
tration of dieldrin was 027 pound per acre for the anesthetized flies
and 0.35 pound per acre for the nonanesthetized flies. The increased
susceptibility is of advantage in bioassay, but the consistency of the
results in replicated tests is a more important factor.

The reactions of the anesthetized flies in the replicated tests were
very consistent. The standard deviation of the mortality from the
averages with the different dosages of dieldrin was 3 percent.  On the
other hand, the nonanesthetized flies selected by their phototropic
response varied considerably in their reactions to the insecticide. This
higher variability in the mortality was expected becaunse of the non-
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random selection of these flies. Bliss (27}, in discussing heterogeneity
in bioassays, pointed out that no method of snmpling populations of
flies that depended on the activity of the insect would give successive
samples of equivalent susceptibility.

Taere 3—MNortality of anesthetized end nonanesthetized flies (Droso-
phila) ewposed for 24 howrs to Sassafras sandy loam containing
warious amounts of dieldrin

ANESTHETIZED FLIES

Mortality with indicatrd amounts of
dicldrin per 3-inch acre
Test
0.4 pound 0.3 pound 0.2 pound
Pereent Perzent Prreent
PP 96 57 22
e 85 62 23
B, PP 87 59 24
S 04 66 30
e emmmmmman G0 54 il
Avernge ... S0 60 22
NONANESTHETIZED FLIES

Y m a1 33 15
D e 49 30 8
. U 67 24 b
A e _ 83 al 13
B e 42 20 b
Averape .. ____.___ G7 33 10

After constdering the different methods for sorting flies into groups
for bioassays, it was concluded that the use of carbon dioxide to
anesthetize the flies lightly during this operation was the most satis-
factory and practical method.

Number of Flies per Test

There is no fixed standard as to the nwnber of flies to use in a bio-
assay of an insecticide residue. The number used by different inves-
tigators varied from 75 to 800. There was no agreement on the number
of flies per test unit nor on the number of Cimes the test unit was
replicated.

With stomach poison insecticides, the dosage obtained by a fly
depends on its activity and the extent of feeding, as well as on the
amount of insecticide present. These conditions tend to make the
results with this type of insccticide more variable than with fumigants,
and larger numbers of insects ace required Lo establish the concentra-
tion-mortality relationship. In general, the experimental error is

620838623
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reduced more by increasing the number of replications than by
increasing the nunber of flies per test unit.

In preliminary tests a unit of 100 flies seemed to be about the mini-
mum needed to obtain consistent results in the reaction of the flies (o
a residue in soil, For convenience in observation, this unit was sub-
divided into four groups of 25 flies each and exposed in four petri
dishes containing the same slurry of soil. It was necessary to deter-
mine how many times the test unit should be replicated to evaluate
adequately the toxicity in a soil.

Data had been obtarned in tests with chlordane, dieldrin, and endrin,
in which the average mortality was approximately 50 percent. The
standard deviation in the 106 units In those tests was 8.7 percent. The
standard error of the average mortality with various replications
of these units can be caleulated by dividing this statistic by /&,
where /¥ is the number of replications. Thus, to reduce the errvor by
onc-half, the number of replications must be multiplied by 4.

It was estimated that adequate bloassays could be made when the
standard error of the mortality was within 3 percent. This level of
vaviation appeared o be obtainable with 10 replications. With this
number of replications the variation at the 50-percent level of mortality
would be between 47 and 33 percent in two-thirds of the tests. There-
fore. it was decided to use 10 units of 100 flies each to evaluate the
toxicity of an insecticide residue in soil.

Feeding Flies During Testing Period

The adult Drosophila must be fed during the testing period to pre-
vent starvation from becoming a limiting factor. Stultz {224}, Mor-
rison (703}, Lord (97), McLeod (99}, and Bartlett (9) introduced
& cotton plug or pafer saturated with a 3- to j-percent aquecus honey
solution as food. Later Morrison (106} substituted molasses for the
honey. Kerr (79, 80) used water containing 5 percent of molasses
and 5 percent of baker’s yeast, and Glasser et al. (£8) made a solution
containing 3 percent of “bee candy’ and 2.5 percent of brewer's yeast.

In the direct hioassay of fruit and vegetables, Pankaskie and Sun
(717), Sun ard Pankaskie (125), Dewey,* and Glasser et al. (65)
exposed flies lo the macerated tissues without additional food., In
studies of the coxicity of insecticides, Fisher and Smallman (54)
and Arneld and Apple (4) blended the materials with macerated
pumpkin. TPankaskic and Sun {777) snggested blending equal parts
of soil and canned pumpkin. Young and Rawlins {736) mixed
soil with applesance. Wrylie (735) used a 25-percent nqueous solution
of corn sirup, and Edwards et al. (50} used applejuice in preparing
shirries of soil.

When water was used to prepare slurries of soil containing no
ingecticide residues, nbout one-fourth of the flies confined with these
slarries were dead within 24 howrs and all of them within 72 hours.
However, when the slurries were prepared with applejuice, a 10-
percent honey seolution, or a 10-percent corn sirup, practically no
mortality occurred within 120 hours. The addition of one of these
sugars to the seil did not modify the response of the flies to residues

* Bee footnote 3, p. T.
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of chlordane, DDT, or dieldrin in the soil. Since corn sirup was
cheaper and apparently a more standardized material, it was selected
for feeding the flies during the testing period.

Further consideration was given to the concentration of the corn
sirup solution. Flies were exposed to slurries of soil containing
no insecticide, which were prepared with corn sirup solutions ranging
in concentration from 1 to %0 percent by volume. When the con-
centration exceeded 10 percent, the shurries dried slowly and the
surface remained sticky, a potential hazard to the flies. A I1-percent
sirup was suflicient to sustain the flies for at least 48 hours and a
f-percent sirup for 120 hours, It was decided to use a 3-percent
sirup in the prepavation of the slurries. Since this solution was
adopted, several hundred tests have been conducted with practically
no natural mortality during an exposure period of 24 or 48 hours.

Acecording to Waksman (133), corn sirup—a commercial glucose—
is used very readily as a source of energy by the soil fungi, actino-
myces, and most of the heterotrophic “soil bacteria. The decom-
position with the nccompanying evolution of carbon dioxide is very
rapid; 1 percent of corn shrup in a soil may be decomposed In 43
hours. Such a condition in a closed petri dish could be very detri-
mental to the flies and could induce heterogeneous reactions to insecti-
cides. The decomposition of the corn sirup in the soil was prevented
for at Jeast T2 hours at 8U° It. by adding 6 grams of sodium propionate
to each lifer of the 5-percent corn sirup.

Container for Tests

Investigators have used various containers to confine Drosophila
with insecticide residues. Some ured vials (39, 84, 103, 105, 106,
120, 155}, others used test tubes® (54, 68, 173, 136}, 4-ounce bottles
(.;, .4.9) small gloss jars (50, 125), and petu dishes (3, 8, 47, 100,

121) The | petri dish has also been used to advantage in stud}'ing
the veaction of house flics to residual- type sprays (38, 96. 109).

Various containesrs were tested for ‘their switability in the divect
bioassay of insecticide residues in soil. Consideration was given to
the facility with which the seil and the flies could be introduced into
the container, the ease with which their reactions could be observed,
and the cleanhig of the containers. The 9-cm. petrl dish was found
to be the most suitable. The fies conlined in a petri dish arve close
to the surface of the soil. and thus the possibility of their contact
with it is increased. It appeared, in general, Yhat the deeper the air
space above the soil the fewer the contacts the flies made with the soil.

TOXICITY STANDARDS WITH DROSOPHILA FOR
CHLORINATED HYDROCARBON INSECTICIDES
IN SOIL

Each of the chlorinated hydrocarbon insecticides was mixed with
Sassafras sandy loam in a progressive series of dosages. The median
dosage of each series was the amount of each Insecticide needed to

® See footnote 3, . 7.




18 TECHNICAL BULLETIN 1266, U.S. DEPT. OF AGRICULTURE

kill all newly hatched Japanese beetle grubs. The treated soil was
made into slurries, and Drosephila was exposed at & temperature of
80° F. (See p. 21.) The median dosages of endrin, dieldrin, hep-
tachlor, and aldrin killed 50 percent of the flies in about 24 hours; the
median dosage of chlordane required about 36 hours and that of
DDT and of toxaphene more than 48 hours.

To be practical, o bieassay should last approximately 24 or 48
hours in order that the period might be prolonged or shortened by
2 or 3 hours to compensate for variations in. the resistance of diffevent
batches of flies withonut having to extend the observations beyond
the normal working hours. Therefore, dosages of chlordane, endrin,
dieldrin, heptachlor, and aldrin weve selected that killed 30 percent
of the flies in approximately 24 hours and dosages of DDT and
toxaphene that kalled half of them m approximately 48 hours.

The tests were continued with four or five dosages of each insec-
ticide, including the mew median dosage, until 1,000 or more flies
had been exposed to each dosage of an insecticide. The mortalities
were converted into probits and the dozages to logarithms and the
log-probit regressions were caleulated by the method of least sqLares,
The fitted lines were then transformed back to the original units
and plotted as concentration-mortality curves. The average amounts
of each of the chlorinated hydrocarbon insecticides needed for 10- to
00-percent mortality of the flies and for 100-percent mortality of
the first-instar Japanese beetle grubs are given in table 4.

The dosages of endrin. dieldrin, heptachlor, and aldrin for a
50-percent mortality of Drosophile were practically the same as
those required to prevent development of newly hatched grubs, but
dosages of DDT. toxaphene, and chlovdane were about double the
zmounts needed for the grubs. :

The mortality of Drosophile obtained with an exposure of approxi-
mately 24 hours to n sample of soil is attributed to aldrin, chlordane,
dieldrin, endrin, or heptachlor, alone or in combination. The
toxicity may be expressed as equivalent pounds per 3-inclh acre of
one of these insecticides, When there is ne reaction of the flies in
24 hours, but a mortality is obtained in 48 hours. the toxicity is
attributed to DIYT ar toxaphene. Tn view of the difterence in the
exposure required for the more toxic and the less toxic insecticides,
the toxicity attributed to aldrin, chlordane. dieldrin, endrin., or
heptachlor can be evaluated in the presence of the usunl amounts of
DDT or toxaphene. Novmally, less than 25 pounds per 3-inch acre
of DDT or toxaphene are n the soil. TTowever, without some
adjustment for the difference in the exposure periods, the toxicity
of mixtures of DT or toxaphene with the more potent insecticides
canneot be evaluated.

The evaluation of the toxicity of soil with residues of DDT mixed
with the more potent chlorinated hydroearbons is important, because
several of these insecticides have been applied to soil treated previously
with DDT. Soils treated with toxaphene have not been retreated
in this manner.

About 15 percent of the flies exposed to Sassafras sandy loam
containing 30 pounds of DIYT per 3-inch acre were killed with an
exposure of 24 hours. This was about the minbmum amount of
DDT that would produce a consistent reaction with this exposure.
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By adding 30 pounds of DDT per 3-inch acre to a sample of a
DD7T-treated soil to fortify the residue, the toxicity was so increased
that residues of DDT could be evalusted within a 24-hour exposure
period. A\ new stundard for evaluating the toxicity of soil fortified
by the addition of DT was developed and is presented in table 5.

Tanne —:Amounis per 3-inch acre of chlorinated hydrocarbon tnsec-
tirides required in Sassafras sandy loam for 10- to 90-percent mor-
tnlity of flies (Drosophila) end 100-percent mortality of first-instar
Japanese beetle grubs with 48- and 24-howr exposures at 80° F.

FLIES

48-hour exposure 24-hour exposure
Mortality
(pereent)

DpT Toxa- | Chlor- | Endrin | Dicl- | Hepta- | Aldrin
phene dane drin chlor

Pounds Parnds Pounds . Pounda
: 0 16 . 0. 0I4

. . . 028

. 034
. 040
. 045
. 031
. 038
. 085
. 073
.82
. 092
L 104
. 118
. 136
. 158
. 0| N . 189

1. 23 .5 . 237

1 : i
[STN e Y Rl P S JL R - e R LT Y S [ R |

195000 S S G - A LIS 1
LAY -A o o [ N T Lo B £ TN R R N B R )

1
1.
1.
1.
1.
17
2,
2
57

—_——

FIRST-INSTAR GRUBS

0. 40 0. 40 0. 30 0. 07

Taste 5.—Amounts per J-inch acre of DDT vequired in Sassafras
sandy loam for 10- to 90-percent mortalily of flies (Drosophila)
with o 24-howr exposure al 80° F.

Mortality (percent) DT Mortality (poreent) DDT
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The mortality in a treated soil fortified by the addition ¢f DDT
was compared with the mortality rates in table 3, and by interpolation
the amount of DDT corresponding to this mortality was determined.
The 30 pounds of added DDT was then subtracted from this value
to give the nccelerated DDT equivalent of the residue in the soil.
The mortality of the flies corresponding to this DDT equivalent
is the measure of the toxieity in the soil,

This procedure with Drosophile was tested in comparison with a
bicassay with grubs, where the total toxicity was determined divectly,
to evaluate the toxicity of soil in a commereial nursery te which
both DDT and chlordane had been applied. ‘The results of these
determinations are summarized in table 12 (p. 33). With both
bioclogical procedures, the mortality of the test insects exceeded 50
percent in seven plots, was below 50 percent in five plots, and in
disagreement in two plots, where lead arsenate was also suspected
of being in the soil. This finding tended to establish the validity
of this procedure with Drosophila for determining the toxicity of
binary mixtures of DDT and the more potent chlorinated hydro-
carbon insecticides.

When DDT was added to soil to accelerate the reaction of
Drosophila to n vesidue and an adjustment was made for this addition,
the DDT equivalent of the residue as determined from table 3 was
much higher than the actual residue in the soil. This situation did
not cccur when DDT residues were in excess of 30 pounds per acre
and no additional insecticide was added to the sample. When the
mortality corresponding to the nccelerated DT equivalent of the
residue was compared with that in table 4 and the data were interpo-
Jated, a good estimate of the original residue was obtained.

In bicassavs of hinary mixtures of DDT and chlordane in soil
in which both grmbs and Drosephila were used as test insects, the
toxicity was expressed as equivalent pounds of chlordane per acre.
In the bioassuys with grubs, the chlordanc equivalent of the toxicity
of a residue was determined diveetly from table 1 (p. 5). With
Drosophile, the mortulity corvesponding to the acecelerated DIDT
equivalent of the residue, as determined from tuble 5, was compared
with the mortality rates in table +, and by interpolation the equivalent
amount of chlordane was calenlated. Sinece substantially the same
results were obiained with hath biological procedures. s shown in
table 12, it was demonstrated that in bioassavs of binary mixtures
of DDT and a move poteni chlorinated hydrocarbon insecticide with
Drosophila. the toxicity can be expressed as an equivalent amount
of any of the insecticides given in table 4.

PROCEDURE FOR BIOASSAY WITH
DROSOPHILA

Soil Sample

Adequate sampling is the first important step in either a chemical
or a biologieal analysis. Even though extreme care is exerciged in
spreading formulations of the chlorinated hydroearbon insceticides
over turf or cultivated land, hoemogeneify in the distribution may be
approached bub it is rarely attained. Heterogeneity in the dispersion
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of the insecticides is a factor that must be considered in sampling soil.
For this reason, it is necessary to take a sufficient number of sub-
samples at random over a treated area in order that the compoesite is
representative.

Most of the residues of the chlerinated hydrocarbon insecticides
applied as topdressings to twrf remain within the upper 1-inch layer
of soil. All these insecticides were recovered within the upper 3
inches (95, 3¢). In cultivated land practically all the residues were
found within the layer of tillage (2, 35, 36, 37). The toxicity in the
upper 3 inches of soil is most essential in the control of Japanese
beetle gruls.

In sampling the soil of land treated with insecticides, it has been
the practice at Moorestown to take 50 plugs, each 2 inches in diameter
and 3 inches deep, at random over an area not larger than 20,000
gquare feet, with u sumpling tool similar to that described by Johnson
and Caskey (77). Thus approximately 1.1 square feet of plot area
constitutes a composite sample of slightly more than one-fourth
cubic foot in volume. The close ngreement in the analyses of dupli-
cate samples from plots has demonstrated repeatedly that this method
of sampling is usually adequate,

Preparation of Sample

The composite sample of soil is exposed in shallow trays until
nearly air-dry. It is then passed through w fi-mesh sieve to remove
stones and miscellaneous debris. The stones are discarded. The
small roots and grass are shredded and combined with the soil. The
sample is mixed thoroughly to assure homogeneity and placed in a
can witha tight cover.

A 160-ml aliquant part of a composite sample of dry soil is needed
for four petri dishes.  ITowever, it is eusier to determine the apparent
specific gravity of a soil and to weigh the amount of soil requived
than to measure it by volume. The approximate appuarent specific
gravity of a soil is determined by puiting it in a receptacle of known
volume and obtaining its weight. The appurent specific gravity of
the nuineral soils may range from 1.10 to 1.20 for the clays'to 1.65 to
175 for the sands.  Humous soils may have an apparent specilic grav-
ity aslow as 1.00, and muck often reaches a low value of 0.40.

When a s0il is known to contain residues of DDT and the more
potent chlorinated hydrocarbons or these mixtures are suspected of
being present, DI in the form of n dilute dust is mixed with the
soil at the rate of 1.25 grams per cubic foot, equivalent to 30 pounds
per acre, to aceelerate the response of the flies to the DDT.  No insee-
ticide 15 ndded to a =oil conlaining only one of the chlorinated hydro-
carhons, mixtures of the more potent insecticides, or mixtures of DD
and toxaphene.

A 100-ml. soil sample is mixed with 7.5 grams of plaster of paris
in a stainless-sfeel heaker, and enough of a -pereent ngueous solution
of corn sirup, containing 6 grams of sodium propionate per liter, is
added to make a free-flowing slurry. The s?urry is blended thor-
oughly with an electric mixer. The plaster of paris is added so that
the slurries of all soils will present a moderately hard smooth surface
to the flies. The comn sirup provides food for the flies during the
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testing period. The sodium propionate vetards the decomposition of
the sugar in thesoil. _

The slurry is distribnted at random in the lids of four petei dishes,
The containers are jarved slightly to distribute the mass nniformly
over the surface and to expel any atr bubbles. An embossed number
fov ideniilication i3 pressed lightly info the surface of the slurry in
ench dish. When the plaster of paris has set and there is no free
water on tho surface, the soil is ready for exposuie to the flies.

Preparation of Test Standards

The manufacturers of the ehlorinated hyvdroenrbon insecticides
have provided analyzed samples of the malerials in the form of dilute
dusts for use in preparing standards of insecticidlal action. These
materials are renewed annually. TWhen a new sample of a material is
obtained, comparative tests are condueted with it and the previous
sample to estublish their rclative toxicifies before it is used in
bionssay.

Test standards are used to govern the exposure in each series of
tests.  Tn preparing these standards, each of the following amounts
of insecticides {milligrams) is mixed thoroughly with 1 cubic foot
of Sassafras sandy loam, which has been passed through a G-mesh
screen: DIDT 483, toxaphene 204, chlordane 45, endrin 18, dieldrin
12, heptachlor 8, and aldrin 2.7. These rates are equivalent to the
pounds per 3-inch acre of the insecticides at the 50-percent mortality
level given in table 4 (p. 19). When DDT at the level of 50
pounds per acre is needed a- a test standard for soil fortified with
DDT, 2.08 orams of the insecticide is mixed with 1 cubic foot of
the soil. The soil and the insecticide in the form of a dilute dust are
blended intimately in n small concrete mixer. Then the soil is
placed in a tight container and held for at Jeast 5 days to establish an
equilibrinm between the seil and the insecticide. A slurry of a
standard is prepared in the usual manner for each series of tests.
The test standards are replaced monthly.

Testing for Toxicity

A test series normally consists of 10 to 14 samples of soil and one
of the standards disenssed in the previous paragraph; 44 to 60 petrl
dishes are nsed.  Qcensionally a check with four dishes of untreated
soi] is added to the series.  .An nntreated check is not ineluded in each
series because from past experience practically no natural mortality
ocenrred during the testing period.

The flies anesthetized with earhon dioxide are separated into gronps
of 25 each and distribnted among the petri dishes.  Suflicient carbon
dioxide is introduced intn the randomizing eylinder to lightly anes-
thesize the flies. The flies drop on a fine mesh sereen, where they
are kept under light anesthesia by the introduction of carbon dioxide
below the screen as needed. The anesthetized flies ave selecred ab
random from this screen and are connted as they are aspirated into
shell vials for transfer to the pefri digshes. Tmmediately after the
flies are placed on the hardened slurry of seil, the hottom of the
petri dish, serving as the cover, is pressed into the soil to confine
the flies and conserve moisfure.
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The test series is incubated at 80° F. in a well-lighted room until
the mortality with the standird soil is 30 percent.  An exposure of
approximately 24 hours is required for soil containing chiordane,
endrii, dieldrin, heptachlor, and aldrin and mixtures of DDT with
these Insecticides, and an cxposwre of approximately 48 hours is
needed for soil containing DDT or toxaphene. After a test is
completed, the slurvies ave discarded. The tests with a sample of
soil ave repeated on successive days with freshly prepaved slurries
until at least 1,000 (lies have been exposed to the soil.

Evaluation of Toxicity

Since the exposure 15 governed by the test standard—Sassafras
sandy leam containing a suflicient amount of one of the chlorinated
hydrocarbon insceticides to kill 50 percent of the flics—the toxicity
in a soll under investigation is actunlly expressed in terms of the
standard. With this procedure soils with a high adsorptive capacily
for the insecticides show a lower netive toxicity than those with o low
fixing power.even whan the siume total amount of insecticide is present.

The moriality of the flies is determined directly for all the chlorin-
ated hydrocarbons, except mixtures of DD and the more potent
insecticides, when an adjustment is made for the toxicity of the added
DDT (see p. 19). -

The standard deviation in the movtahity of groups of flies exposed
to an insecticide residue in soil is usually less thun 10 percenf. When
the mortality is more than 60 percent, the toxicity in a soil is wdequale
to prevent the development of newly hatched Japancse | 2etle grubs,
bub when it is less than 40 percent, additionnl insecticide should be
added to fortify the treatment. When the mortadity is between 40
percent and 60 percent, additional tests may be necessary to establish
more definitely the level of the toxiciry. For sauny routine anslyses
it may he necessary only to determine whether the foxicity in a goil is
sufficient to lkill 530 percent of the Drosophila.

The toxicity in 2 soil may be expressed as equivalent pounds per
acre of any one of the chlorinated hydrocarbon ingecticides given in
table 4 (p. 19) by comparing the mortality of the flies with the mor-
tality vates in the table and interpolnting the dala. The equivalent
amount of insecticide may also be caleulated hy converting the mortal-
ity to its corresponding probit, substituting this value for £ in the
Iog-probit regression, and solving for “X ) the logarithm of the con-
centration of the insecticide. The antilogarithm, or the concentration
of the insecticide in pounds per ncre, can be obtained readily from a
table of logarithms. The log-probit regressions for the chiorinated
hydrocarbons with Drosophila are as follows:

Aldeln . X= (EF=10.1508) /4. 8514
Chiordane - e =P 4. 0051) /3. 1023
DDT _—— R X={F—2 827} /2. 0291
Dieldrin o e e —————————— N=(F—7. 4902) /4. 5104
Bodrin e X={F—6.0248) /2. 8776
Heptachior - ——— X={E—7.8521) /2. 30"}

Toxaphene e A= {F—2 8172) /3. 106588
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Sensifivity of Direct Bioassay of Soil

1t is well known that the determination of insecticide residues is
affected by various factors associnted with s procedure. Therefors,
the sensitivity of a chemical or biological analytical method should
be indicated in order that the significance of the determinations may
be evaluated.

Sensitivity usually refers to the minimum aniount of a substance
that can be detected consistently by an analytical method., Accurate
eviilnations of a residue cannot be made by bioassay when the mor-
tality of the test insect isapproaching zevo. Therefore, the sensitivity
of a biological procedure cannot be established by attempting to
determine the minimum amount of an insecticide that will enuse some
mortality, Since the most accurate biological determinations are
made at the 50-percent level of mortality, the sensitivity of a biosssay
may be considered to be the amount of an insecticide needed to cause
a significant change in the mortality at that level.

When parallel tests with 2 soil containing a chlorinated hydro-
carbon and with the standard soil containing a dosage of the nsec-
ticide for 50-percent mortality are repeated 10 times, a deviation of
9.4 percent in the mortality of Japanese beetle grubs in the test soil
from that of the standard is usually significant, and a deviation of
12.9 percent is highly significant. A deviation of 8.2 perceut in the
mortality of Drosophile is usnally significant and one of 11.2 percent
highly significant. From the concentration-moertality data given in
tables 1 and 4, the amounts of each of the insecticides neceded to pro-
duce such changes in the mortality of the grubs and of the flies at
the 50-percent level of mortality were calculated and expressed as
pounds of insecticide per 3-inch acre of soil. The sensitivity of
these bioassays in Sassafras sandy loam is summarized in table 6.

Tanre 6.—Sensitivity in pounds per 3-inch acre of bioassays with Jap-
anese beetle gridbs and flies {Drosophila) in determining resilues
of ehlorinaled hydrocarbon inseclicides in Sassefras sandy loam

With prubs Wilh flies
Inzectide

Oddds {rdds Oddy Qdds

1:1% 1:9% 1:19 1:99

Frarehaln Powndsx Pgunds Poule
Aldrin. e e iicaa- {02 $.03 0. 097 ’ 0. 01
Heptaehlor o oo - .02 .03 AR \ .02
Dreldrin . L _ e a . . i .24 .03 . 04
Eudrin_ o oo L2 .18 . 07 i .10
Chlordane. oo e _L.. .43 . b8 R .23
TOXAPRERE e o oo 1. 27 gt 7| 1. 05
B L U 2.21 3. 29 2,75 E 3. 88

There were great differences in the amounts of these insecticides
needed in Sassafras sandy loam to cause a significant change in the
mortality of the grubs or the flies. With the excepiion of DIYE,
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where the sensitivity of both methods was relatively low and of about
the same order, the bioassays with the flies were more sensitive than
those with the grubs. In most tests the flies reacted to about one-
half of the dosages needed to produce significant changes in the
mortality of the grubs. With the flies, the most accurate determi-
nations can be made of residues of aldrin, where only 0.007 pound per
acre 1s needed to produce a significant change in the mortality, and
the least accurate of DDT residues, where 2.75 pounds are required
for such a modification in the mortality.

The sensitivity of a bioassay is also modified by the nature of the
soil to which the chlorinated hydreocarbon inseecticides are applied.
It was estimated that to produce a significant change in the mortality
of grubs or flies with a sand, only about one-half the amount of
insecticide needed in Sassafras sandy loam would be required. On
the other hand, to cause such o change in the mortality with a muck,
thefa}rgounts of insecticide would have to be increased fivefold to
tentfold.

Population Variations

When a test was repeated several times on the same day with
groups of flies selected at random from the same population, there
was usually a difference of only a few minutes in the exposure re-
quired to reach a certain level of mortality with the different groups,
but when it was repeated on different days with successive populations
of flies, the exposures of the groups might vary as much as 4 hours.
Although much has been done to standardize the rearing procedure
and the testing method, it has not been possible to eliminate this
variation in the resistance of successive populations. However, it
is generally considered to be better experimental design when tests
are replicated on different days with successive populations rather
than with a single population.

Sokal (123) in studying the susceptibility of Drosophila to DDT
found similar fluctuations occurred throughout 76 generations of
flies reared under apparently identical conditions. He attributed
these fluctuations to the microenvironmental changes in the containers
used for propagation. Newman et al. (710) found a similar variation
with Iaboratory-reared southern house mosquitoes {CGulex pipiens
guinquefasciatus Say) and Gersdorfl et al. (67) with the house fly.

Since the resistance of Drosophils to insecticides over a series of
generations is likely to fluctnate, bioassay has to be on a relative
basis with reference to the exposure. The principle of parallel
testing of insecticides can be employed to advantage in correcting to
a large extent for these fluctuations. Each day paraliel tests are
conducted with the soils under investigation and with a soil recelving
a standard insecticidal treatment that will kill one-half of the flies
in approximately 24 hours. The exposure is prolonged until 50
percent of the flies are killed by the standard treatment. Then the
mortality with the soils under investigation is determined. With
this modification in the procedure, reproducible results have been
obtained consistently with successive populations of flies.
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COMPARISON OF BIOCASSAYS WITH JAPANESE
BEETLE GRUBS AND WITH DROSOPHILA AS
TEST INSECTS

A few samples of soil were collected from field plots that had
been freated with formulations of aldrin, dieldrin, and heptachlor to
compare the results obtained in bioassays with third-instar Japanese
beetle grubs and with adult Dresophila. These determinations are
summarized in table 7,

TavLe T.—Comparison of bicassays of field plots treated with aldrin,
dieldrin, and heptachior, using Japanese beetle grubs and flies
(Drosophila) as test insects

Amount per 3-inch
zcre determined—
Insecticide

With grubs With flies
Pounds Pounds

AT 0. 29 0. 03
1.39 120
2, 63 2. 60
2T a2 -8
.30 .23
a0 .87
Heptachlor. . el { gg - ig

In these tests substantially the same results were obtained with
both test insects. The average deviation between the two methods of
assay was equivalent to 0.10 pound of insecticide per 3-inch aere.
About the same appraisal of toxicity in a soil was made with the

ubs burrowing through and ingesting seil as with the flies coming
into contact with only the surface soil. Although these tests were
not extensive, they tend to establish that either of these organisms
can be used in evaluating the toxicity in a soil.

BIOASSAY VERSUS CHEMICAL ANALYSIS FOR
DETERMINING RESIDUES OF CHLORINATED
HYDROCARBON INSECTICIDES IN SOIL

Samples of soil were collected for bioassay and for chemical
analysis in Connecticut, Massachusetts, New Jersey, North Carolina,
Ohio, and Pennsylvania from experimental turf plots to which the
chlorinated hydrocarbon insecticides had been applied to control
Japanese beetle grubs. The sampling covered the weathering of
heptachlor during & period of 3 years, aldrin and dieldrin during
5 years, toxaphene during 7 years, and chlordane and DDT during
9 years. Endrin was not included in these tests.
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The toxicity in each sumple was determined by bicassay with third-
instar Japanese beetle grubs as test insects. The equivalent amount of
insecticide residue was caleulated by comparing the mortality in the
sample and the mortality when known amounts of the insecticides were
used and interpelating. The amount of organic chlorine in each
sample was determined by the Pesticide Chemicals Research Branch.
The method of Koblitsky and Chishelm (85) was used, and the equiv-
alent amoun$ of insecticide residue was calculated by multiplying
the amount of organic chlorine by an appropriate factor. The data
were arranged in groups and the average residue for each group was
determined. The summary of the bioclogical and the chemical de-
terminations of the insecticide residues is given in table 8.

The average discrepancy between the biological and chemical deter-
minations of the chiorinuted hydrocarbon insecticide residues was
as follows:

Insecticide Pounds per
I-inch dere

Aldrin - 0.60

Chlordane -85

DDT — 2,13

Dieldrin _—— .67

Heptachlor .89

Toxaphene 4. 14
The average discrepancy with chlordane and DDT was less than 10
percent of the initial applications of these insecticides, but with the
other materials it ranged from 16.6 percent with toxaphene to 44.5
percent with heptachlor. The relationship between the biolegical
and chemical determinations remained fairly constant throughout
the sampling periods with chlordane and DDT, but as the other
materials weathered, there was a trend for larger amounts to be
recovered by chemical analysis than by bioassay.

Other investigators have also observed discrepancies betwzen bio-
logical and chemical determinations of residues of the chlorinated
hydrocarbon insecticides insoil. Terriere and Ingalsbe (727) usually
recovered greater amounts of these insecticides by the organic chlorine
riethod (85) than by biessay with larvae of Cudex quinguefasciatus
Say. Iigemagi et al. {87) found good agreement initially between
the organic chlorine method (7) and bioassay with culicine larvae
in the analysis of soils containing aldrin, dieldrin. and heptachlor,
but after the soils had weathered for several months, larger amounts
of these insecticides were obtained by chemical analysis than by
bioassay.

Discrepancies have also been noted in the results ohtained by specific
chemical methods and bioassays of insecticide residues in soil.” Young
and Rawlins (136) reported significantly higher amounts of hepta-
chlor in mineral scils by colovimetric analysis (775, 779) than by di-
rect bioassay with Drosophile; in muck the results obtained by both
methods were not significantly different. Lichtenstein and Polivka
{93) found more chlordane and less aldrin and heptachlor in soil by
colorimetric analysis (117, 112, 116, 119) than by bioassay with this
fly. Lichtenstein and Schulz (94}, Edwards et al. (50), and Lichten-
stein et al. {91) also found less aldrin in soll by colorimetric analysis
(40, 111, 112) than by bioassay with Drosephila. ILichtenstein et al.
{91} recovered more lindane by chemical analysis (722) than by
bioassay with this fly,




Tasre S—Amounts per 3-inch acre of chlovinated hydro carbon insecticide residues in soil during weathering as
determined by bioassay and chemical analysis

Insecticide and
years residue
weathered

Residues determined
by—

Chemical
analysis

Bionssay

Difference

Insccticide and
years residue
wenthered

Plots

Residues determined
by—

Chermieal
analysis

Bioassay

Difference
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Since the evidence indicated that some of the chlorinated hydro-
carbons are converted to other compounds in the soil, bicassay appears
to be the more reliable and realistic method for assaying residues of
these materials,

EFFECT OF LEAD ARSENATE IN SOIL ON
BIOASSAYS OF CHLORINATED HYDROCARBON
INSECTICIDES

Before DDT and the other chlorinated hydrocarbons were author-
ized for the treatment of plots in commercinl nurseries o satisfy the
requirements of the Japanese beetle quarantine, lead arsenate at the
rate of 1,000 pounds per 3-inch acre was authorized for this purpose.
In some nurseries the chlorinated hydrecarbons have been applied to
soil containing arsenical residues. Experiments were undertaken to
determine the effect of fhe arsenical on bioassays of vesidues of the
chlorinated hydrocarbons.

When third-instar Japanese bectle grubs were introduced into
Sassafras sandy loam containing lead arsenate and held there for 2
weeks at 80° F.—the conditions under which the chlorinated hydre-
carbons were assayed—the mortality of the grubs increased progres-
sively with the mcrement in the amount of the arsenical. The
amounts of lead arsenate and the mortality of grubs were as follows:

Lead. arsenate Mortality
{pounds per acre) {pereent)
200 8
HH iy
600 43
800 a7
1,000 _____ - L]

Since the grubs react to the arsenical and to the chlorinated hydro-
carbons under the same conditions, the grubs can be used to assay the
toxicity of mixtures of these insecficides.

On the other hand, lead arsenate affected Drosophile much slower
than did the chlorinated liydrocarbons. When the flies were exposed
to slurries of soil contnining lead arsenate af rates up to 2,000 pounds
per acre, no mortality cccurred swithin 24 hours at 80° F. The mor-
tality was 2, 45, and 98 percent 1n 48, 72, and 96 hours, respectively.
There appeared to be no relationship between the amount of the
arsenical in the soil and the speed of insecticidul action.

Wylie (133) also observed that the mortality of the flies exposed
to soil containing lead arsenate was not primarily a result of the
dosage. With 0.28 pound of dieldrin and 1,000 pounds of lead
arsennte per acre In the soil and an exposure of 24 hours, the presence
of the avsenieal did not madify the reaction of the flies to the dieldrin.
Therefore, with Drosophile us the test insect, the toxicity of residues
of the chlorinated hydrocarbons can be determined in the presence
of lead arsenate, but the combined toxicity of these insecticides can-
not be: measured.
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INACTIVATION OF CHLORINATED
HYDROCARBON INSECTICIDES IN SOIL

Soil is not an inert medium. It is & complex dynanmic mixture ot
mineral and organic matter that is the habitat of many forms of
animal and plant lite. Tt furnishes the foothold and, in part, the
sustenance of higher plants. The flora and fauna and the chemical and
physical properties of soil vary greatly from place to place.

AMany nvestigators have observed that the introduction of chlori-
nated hydrocarbons in the soil aflected plants dilterently in various
parts of the country. These insecticides were more toxic to plants in
sand than in the heavier mineral soils or muck. Edwards et al. (50),
Fleming (53), Fleming and Maines (58, 59, 60. 61}, Forbes and
King (63), and others have found a high negative correlntion between
the amount of organic matter in soil and the toxicity of the chlovinated
hydrocarbons to insects. The studies of Bavlow and Hadaway (6, 7,
&) have indieated that when aldrin, DDT, dieldrin, and lindane are
applied to a soil, a part of the insecticide vaporizes and is adsorbed
by the particles of soil; the adsorbed material is inactive as an
insecticide.

A study was undertalen to determine more definitely to what extent
the chlorinated hydrocarbons are inactivated insecticidally in ditferent
soils. Through the cooperation of the Soil Conservation Service,
representative agricultural soils were obtained from various parts
of New Jersey for these exploratory tests.

Drosophile was exposed Tor 24 hours at 80° F. to soils containing

rogressively larger amounts of nldrin, chlordane, dieldrin, and
wptachlor and for 48 hours to soils with DDT and toxaphene until the
amount of each inseccticide needed for HO-percent mortality of the
flies exposed to each soil was determined. Only about three-fourths
of the planned tests could he completed, but they showed some very
significant trends. The results are summarized in table 9.

Tapte 9.—Amounts per 3-inch acre of chlorinated hydrocarbon insec-
ticides needed for 50-percent mortality of flies (Drosophila) in
variows soils

Sail DDT | Toxa- | Chlor- | Diel- | Hepta- | Aldrin
phene dane drin chlar

Pownsds Pounds Paundg l Pounds Pounds : FPonnds
Maonmouth loam__.___ 3T 1.7 0. 33 0 10 0.03 . 0. 03
Lakewood sand_______ 4.2 2.5 LAl .13 06 | . 06
Downer sandy loamo_. AR . a0 G e
Bueks sitt loam.______ 1.9 [oo.o._. ! 1. 34 L33 . e meaa
Sassalras sandy lenm__ 1.6 l i 0 1. D7 .28 .07 4 07
Annandale silb loan.___ 17,9 F L. 1. 29 37 b e memem
Collington sandy loan _ 18. 6 i 14. 5 2.36 ¢ T P ! 19
Croton silt loam ______ 20 1 1. 94 a4 bl | S
Woeksvillesandy loam_i 38. 51 1235 161 ! Loy . I 21
Colkesbury silt loam-_-| 43,8 . 70 ) B I SO
Mueko o oo os ! 884 1 25. 7 5001 120 i . 50 } 36

i i
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It was nssumed that all the insecticide required for 50-percent
mortality of the flies exposed to Monmouth lowm, the least adsorptive
soil, was insecticidally active. The increase in the amount of insecti-
cide for 50-percent mortality with another soil was considered to be
the amount inactivated by the other soil. For example, 3.7 pounds
of DDT were required in Monmouth loam and 11.6 pounds in Sassa-
fras sandy loam, indicating that 7.9 pounds per acre or 63 percent
of the insecticide added to the Sassafras soil was not functioning.
In like manner it was determined that the Sassalras soil inactivated
65 percent of the toxaphene, 67 percent of the chlordane, 64 percent of
the dieldrin, and 57 percent of the heptachlor and aldrin added to it.
Mucl inactivated 96 percent of the DIYT, 94 percent of the toxaphene,
93 percent of the chlordane, 92 percent of the dieldvin, 94 percent of
the heptachlor, and 52 percent ot the aldrin.

In view of the great differences in the amounts of the chlorinated
hydrocarbon insecticides needed to obtain the snme level of toxicity
n the various soils. more consideration should be given to the nature
of the soil to which these insecticides are applied for the control of
the grubs.

PRETREATMENT ASSAY TO DETERMINE
AMOUNT OF CHLORINATED HYDROCARBON
INSECTICIDES NEEDED TO KILL JAPANESE
BEETLE GRUBS IN SOIL

The Plant Pest Control Division authorizes the application of
25 pounds of DIYT or toxaphene. 10 pounds of chlordane, and 3
pounds ot dieldrin, heptachior, or aldrin per 3-inch acre to eliminate
newly hatched Japanese beetle grubs in the soil of nursery plots.
These rates ave § to L0 times as much as are needed to kill all these
grubs in Sassafrag sandy loam in order to allow for sonme unevenness
m the distribution and for the etfect of dilferent soils on the insecti-
cidal action and to provide for the longevity of the treatment. The
dosnges of these insecticides needed 1 Sassafras sandy loam are
given in table 10. Although a single applicaiion of one of these
insecticides is usually eflective for & or § years there is need for u
practical method to determine before treatment how much insecti-
cide is actunally required to assure the destruciion of the grubs in
the soil of a plot. '

Tests were undertaken with 10 agricultural soils, with Drosophila
as the test insect, to determine how much of these inzecticides was
needed in these soils to kill all newly hatched erubs. As o standurd
1n each series of fests, one of the inzecticides was mixed witly Sassa-
fras sandy loam at a vate that wounld kill 50 pereent of the flies
Parallel tests were condneted with the standard and with the other
goils. The amount of insecticide in each seil was increazeid progres-
sively until the toxicity wasequivalent to that in the standard.

With information on the amounts of insecticide needed for (¢} 50-
percent mortality of the flies in the standard soil, (D) 50-pereent
mortality of the flies in the soil under investigation, and (¢} 100-
percent mortality of newly hatched grubs in the standard soil, an




32 TECHNICAL BULLETIN 1266, U.S. DEPT. OF AGRICULTURE

estimate can be made of (X) the pounds of insecticide per 3-inch
acre for 100-percent mortality of the grubs in the test soil by means
of the equation X=(bX¢)/a. The amounts of the chlorinated hydro-
carbons needed for 100-percent mortality of the newly hatched grubs
were caleulated for the different soils and are given in table 10.

Tasre 10.—Lstimated amounts per 3-inch acre of chloringted hydro-
carbon insecticides to eliminate newly hatched Japanese beetle grubs
in various soils, using flies (Drosophila) as the test insect

Soil DT l Toxa- | Chlor- Diel- | Hepta- | Aldrin
Phene dane drin chlor

Pounda Poundy Pounds Pannds Pounds Pournds
Sussafras sandy loam 1. 2. 0 25 0. 40 0. 30 0. 07 0. 07
Monmouth loam____.__ 1.6 .9 13 B N DO 03
Takewood sand.__.._. 1.8 1.3 15 .04 a6 06
Downer sandy loam.___ 25 L ___.__ 15 {1 ) VR I
Bucks silt loan:_______; 4.7 I ________ a0 - I I
Annandale silt loam.._} (2 i I 18 Tl IR fememee
Collington sandy loam . S0l _______ 88 L8l i 19
Croton silt loam.______ 0.1 7.4 72 R T P
Weeksville sandy loam. 16. 6 G4 1. 72 L2686 | .21
Cokesbury silt loam.__| 189l _______ 25 N (R I
Muck. o _ 38.2 15. 2 1. 87 1, 29 .50 36

|

' Amount needed to eliminate grubs determined directly for this standard soil.
All other values estimated from reactions of Drosophila.

These caleulated vulues are subject to an experimental error owing
to variations in the reactions of the insects. Since the dosages for
100-percent mortality of the grubs in the standard soil contributed
little to_this error, because the dosage selected for each insecticide
exceeded the actual minimum required, there is little possibility of
any variation In the mortality. The dosages for 50-percent mor-
tality of the flies in the standard soil alse contributed little to this
error, because they wers used to govern the exposure of the flies to
other seils; a series of fests was terminated when the mortality with
the standard reached 30 percent. XIn the other soils it was estimated
that the dosages for 50-percent mortality of the flies were determined
with an error of about 9 percent for DDT, 6 percent for toxaphene
and chlordane, and ¢ percent for dieldrin, heptachlor, and aldrin.
It is believed, therefore, that the values given for DDT in table 10
have an experimental crror of not more than 20 percent, those for
toxaphene and ¢hlordane of not more than 15 percent, and those for
dieldrin, heptachlor, and aldrin of not more than 10 percent.

It appeared that not more than 23 percent of {he authorized
amount of chlovdane, dieldrin, heptachlor, or aldrin was needed to
eliminate the grubs in most of these test soils; therefore, at least
75 percent of the initial application was left fo provide for the lon-
gevity of the treatments. Ifowever, 60 percent of the authorized
amount of toxaphene was needed in the muck and the authorized
amount of DDT appeaved to be inadequate in that soil. It seemed
that about one-third of the authorized amount of foxaphene would
be adequate for all these mineral soils, but with DDT the dosages
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for some mineral soils approachied the authorized amount. It would
seem that chlovdane, dieldrin, heptachlor, and aldrin are adapted for
use under a wider range of conditions in commercial nurseries than
either DDT or toxaphene.

This pretreatment assay of soil should be of use to the Plant Pest
Control Division in determining the suitability of a =oil for treat-
ment with one of the chlorinated hydrocarbon insecticides and in
determining how mueh the residue in a soil could be decreased before
retreatment was required to maintain the plot in a certified status.

TOXICITY OF MIXTURES OF CHLORINATED
HYDROCARBON INSECTICIDES IN SOIL

A study was made of the toxicity of binary mixtures of the chlori-
nated hydrocarbon insecticides in Sassafras loam. Iach insecticide
was thoroughly mixed with the soil af a rate that would kill 30
percent of the [?rosophila exposed to the soil for about 24 hours at
80° F. The rates were as follows:

Pounds per

Inseeticide S-inch acre

DDE 3
Toxaphene 15

Chiordane 1.07

Endrin 44

Diieldrin .88

Heptachlor 07
Aldrin . .07

Tach bateh of soil was held for 5 days in a closed container to allow
the insecticide and the soil to come Lo an equilibrium. Then 1:1 mix-
tures were prepaved by biending equal weights of the batches. Each
binary mixture contained each insecticide at a concentration of hulf
that originally applied to the soil. Drosophile was exposed simul-
tancously to slurries of each binary mixture and the components of
the mixture until the mortality with the mixture was approximately
50 percent. Then the mortality with the components was determined.

ollowing the procedure proposed by Iorsfall (78), n graph was
prepared for cuch mixture. The mortality with component 2l was on
the left and that with component £ on the right. A straight line
connecting the points for .1 and I represented the mortality expected
with mixtures of these components. The mortality with each binavy
mixture was compared with that expected for the mixture, and the
difference wus determined.  Thege deviations in the mortality with
the various mixtures are given in table 11,

A mortality significantly above the expected would show synergism
and one significantly below would show antagonism between the
components of a mixture. There was evidence of syncrgism with
11 of the 21 mixtures but no indication of antagonism. There ap-
peared to be a synergistic action when DDT was mixed with aldrin,
chlordane, dicldrin, endrin, heptachlor, or toxaphene; wilh mixtures
of heptachlor and aldrin, toxaphene, or perhaps endrin; and with
mixtures of toxaphene and aldrin or endrin.
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TarLe 11.—Deviation in mortality from that empected with flies
(Drosophila) exposed to Sassafras sandy loam containing binary
mixztures of the chlorinated hydrocarbon insecticides®

| Component B

Component A : . ; :
Aldrin © Chloe- DT D Diel- : Endrin | Hepia- i Toxa-
. dane i drin ¢ | chlor | phenc
i ] ;

| Peroenit | Percent ! Fercent I Pereent Percrat Pereent Percent
Aldrin_ oo oL .. +0.2: 230! =54 =417 166 167
Chlordane. ... 40,2 ... (L2382 +2.5 + L& L35 +3. 8
DDYT_ L +23. 0 +23.2 . +5.2) 239 ) 4244 | 4170
Dieldrin._.___.| —5.1 +2 53 +1a8.2 |..o....] =30 —3.3 +13
Endrin_____._. +4.1 L1.5]+23 0 =30 . +89 +30.0
Heptachlor_ _._|+16. 6 438 1+24h 4 —3. 3 89 .. +17. 3
Toxaphene_ . |5-16, 7 +5. 8 1+15. 0 +1.3 | #3004 +17.3 [______

! A deviation of 8.2 percent is significant and onc of 11.2 percent highly
significant,

The toxicily of the other mixtures did not dilfer significantly
from that expected. ‘This finding indicates that with these mixtures
the response of the flies to cach component was not alfected by the
presence of the other component. Since there appeared to be no
antagonism between any of these chlorinated hydrocarbon insecticides,
a soil containing a residue of one of them may be retreated with one
of the others without loss of tesxicity due to a reaction between the
insecticides, and sometimes the toxicity may be enhanced.

BIOASSAY OF TOXICITY IN FIELD PLOTS WITH
RESIDUES OF DDT AND CHLCRDANE

In the fall of 1959 samples of spil were taken from 1t plots in a
commercial nursery to evaluate the toxicity of the soil to which
during the past 10 years both DDT and chlordane had been applied
to satisfy the requirements of the Japanese beetle quarantine, The
DDT had been applied initially in 1950 and 1951, One or more
supplementary applications of DDT had been made to some of the
plots before the chlordane was applied during 1954-59. During the
period since the initial insecticide treaiment, all the plots have been
plowed, harrowed, and planted in green manure crops for soil im-
provement. At the time of sampling, some of the plots were in a
certified status with reference to the quarantine, others were un-
certified.

The evalnations of the toxicity of the residues of DDT and elilor-
dane in each sample were made with 200 third-instar Japanese
beetle grubs and with 1,000 Mies (Drosophida). The results of these
determinations, expressed as equivalent pounds of chlordane per 3-
inch acre, are summarized in table 12.
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Tasue 12—Rioassay of toxicity of residues of DDT and chlordane in
soil with Japanese beetle grubs aund flies {Drosophila)

[Toxicity as equivalent amounts of chlordane per 3-inch acre)

Total active toxicily
Toxicity
Sample No. attributed
With With Average | to chlordane
grubs flies
Poundr Founds FPounds Pounds
| L 97 1.91 1. 94 1.¢
UV 1. 47 1.9 i. 6% 1. 86
B . 80 .20 .35 .25
U U L G4 2. 70 2,17 1. 98
NP UVIPIP P 4. 78 .7 VS .31
1 L 04 .18 .10 .24
T e e e e i 2160 20. 00 20, 80 16. 36
S e ileiaaiiial ! 1. 59 Lot .75 164
£ R ! 151 173 1,62 .44
W e e : it . 86 . 83 .38
) I U 307 I 171 I L2
L2 e e 2,42 3.82 3.37 336
B .37 .31 . ad .31
| IO | .32 .20 .26 .32

! More than 50-percent mortality of grubs and flics.
2 More than 30-percent mortalify of grubs and less than 50-percent mortality
of fies.

The mortality of both test insects exceeded 50 percent with seven
sunples, was below 50 percent with five samples, and was in dis-
agreement with two samples. The high mortality of the grubs and
the low mortality of the flies with those two samples suggest that
some insecticide in addition to the chlorinated hydrocarbons may
have been in the soil of those plots. Since the grabs react to lead
arsenate during the long period required for assuy, and the flies are
not afected by it during a 24-hour expoesure, and since lead arsenate
had been applied to many plots at the nursery prior fo 1930, it is
suspected that the discrepancy in the reaction of the grubs and the
flies to those samples could be attributed to the presence of lead arse-
nate in the soil. The results of these bioassays show that the toxicity
in the soil was adequate to kill newly hatched grubs in nine of the
plots and inadequate in five of them.

Since the toxicity of chlordane can be evaluated in the presence of
the normal amounts of DDT when Drosophila is used as the test
insect, the toxicity of the mixtures that could be attributed to chlor-
dane was determined. These determinations, expressed as equivalent
pounds of chlordanc per 3-inch acre, ave also given in table 12.
Most of the toxicity was caused by the more recently applied chlor-
dane; the weathered DDT seemed to contribute little except in two
of the plots.

SUMMARY

Residues of the chlorinated hydrocarbon insecticides applied to
soil to control grubs of the Japanese beetle (Popillia japonica
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Newman} may persist for several years. It is the practice of the
Plant Pest Control Division of the Agricultural Research Service
to analyze periodically the soil of treated plots in comumercial nurs-
eries subject to the restrictions of the quarantine on this pest and
to require the application of additional insecticide as needed to
maintain adequate toxicity. Applications are held to the minimum
required, since inovrdinate amounts of these insecticides may be toxice
to plants.

The analysis of soil becomes more complex when two or more of
these insecticides, diflering in insecticidal potency, have been applied
to a seil, and when some of them in the soil are converted to other
compounds. In the absence of suitable chemical methods for ana-
Iyzing these complex residiies, consideration was given to the de-
velopment of a biclogical procedure to determine whether the tox-
icity was suflicient to laill newly hatched grubs.

A provisional method, using thivd-instar Japanese beetle grubs
as test ingects, was developed for assaving the toxieity of soil contain-
ing residues of aldrin, chlordane, DDT, dieldrin, endrin, heptachlor,
and toxaphene. This procedure was not practical. because it was
slow and laborious and could be used only in the fall and winter.

After various organisms were considered as test animals, including
fish, daphnids, shrimp, and many species of insects, the pomace fly
Drosophila melanogaster Meigen appenred fo be the most suitable
substitute test organism.

A bioassay procedure was developed with Drosophila as a test insect
for the direct evaluation of the toxicity in soil containing residues
of these chlorinated hydroearbon insecticides, alone or in combi.
nation. ¥When 50 percent of the flies were killed with an exposure of
24 hours, the toxicity of a soil was adequate to prevent the develop-
ment of newly hatched grubs. The toxicity may be expressed as
equivalent pounds per acre of any ane of these insecticides.

Substantially the same results were obtained in bioassavs of field
plots containing residues of aldrin, dieldrin, and heptachlor when
both third-instar Japanese beetle grubs and Drosop}ez'?a were used
as test inseets. Abhout the same appraisal of toxicity was made
with the grubs burrowing through and ingesting soil as with the
flies coming into contact with only the surface soil.

Bioassays and chemical analyses were made of residues of the
chlorinated hydrocarbon insecticides in experimental turf plots after
these residues had weathered for various periods.  Comiparahle re-
snlts were obtained in the biological and chemieal determinntions of
chlordane and DDT. There was initially fair ngreement between the
methods in the determinations of aldrin. dieldrin, heptachlor, and
toxaphene, but as these insecticides weathered, larger mmounts were
obtamed by chemieal analysis than by hioassay.,  Sinee some of {hese
insecticides are converted to ofher compounds in the soil, hioassay
appears (o he the more relinble and realistic method of assay.

In a study of the inactivation of the chlovinated hydrorarhon insec-
ticides in various soils, it wus assumed that practienlly all the insee-
ticide applied to the least adsorptive soil would be insecticidally
active and That the increase in dosage needed to obtain a comparable
mortality of Dresophile with another soil was a mensure of the
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adsorptive and inactivating capacity of that soil. The amounts of
these insecticides that were inactivated varied with the different
sotls; muck, the most adsorbent, inactivated about 90 percent. In
view of the frmnf differences in the amounts of the chlorinated hydro-
carbon ln“ECf](‘ld“S needed to obtrin the same level of toxicity in
various soils, more consideration should be given to the nature of the
s0il to which these insecticides are applied “For control of the grubs.

There is need for a practical method to determine before treatment
how much of a chlorinnted hydrocarbon insceticide is actually re-
quired to assuve the destruction of newly haiched grubs in a plot.
With Dresophila as the test insect, a method was developed for esti-
mating how much of cach of these insecticides was required. In
tests with 10 agricultnral soils, it appeared that not more than one-
fourth of the authorized amount of aldrin, chlordane, dieldrin, or
heplachlor was needed te eliminate the grubs in these soils, and
therefore, three-fourths of the initial application was left to provide
for the longevity of the treabments. With toxaphene, about one-
thivd of the authorized amount wag needed for the minernl soils and
sbout two-thirds for muck. With DDT, the vequired dosuges for
some of the mineral soils approached the authorized amount, and the
dosage for muck execeded it.

Tn a st wly of the toxicity of binacy mixtures of the chiorinated
hydrocarbon insecticides in Sassafras sandy loam, there appeaved
to he a svnergistie aetion with mixtures of DDT and aldrin, chlor-
dane, dicldrin, endrin. heptuchlor, or toxaphene:; with mixtures of
heptachlor and aldrin, toxaphene, or perhaps endrin; aud with mix-
tures of toxaphene and aldrin or endrin,  The toxicity of the other
mixtures did not differ sienifienntly from that expected. This Anding
indicates that with these mixtures the response of Drosophila to each
component was not affeeted by the preseace of the other component.
There wasno evidence of antagonism hebween any of these ingecticides.

Bioaseays were made of plors in a commereial nursery. where from
1949 to 1059 both DDT and chiordane had been applied to satisfy
{hv reuivements of the Japanese beetle quarantine. — About the same

valuations of the iotal toxicity in the soil were obtained with third-
n=;t:u erubs as with Drosophile as test insccts, except in two plotz
where a hich toxicily was cbiained with grubs and a low toxicity
with fhes. It 13 suspected that this diserepancey was due to the
presence of lead arvsenaic in the soil of fhese plots. Most of the
toxicity in the =oil could be attributed to the more recently applied
chiordane.

The development of a biological procedure for aszaying residues of
the chlorinated hydiocarbon inzecticides, aloue or in combination in

soil, makes available a practical method for evaluating the toxicily
and determining whether there s sulfficient insectic ide present 10
prevent the (h-wlupmom of newly hatehed Japancse beelle grubs.
Sinee the toxicily iz expressed in terms of a standard soll and only
the active foxicity is measured, insecticides in soil with n high
adsorptive capacity show a lower active toxiecity than in soils with
a low fixing power, even when the same totul amount of insecticide
is present in all of them,
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