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

By 'V. E. FI~E:)rnW, L. B. PAHKER, ,V. ,Yo ~hTNES, E. L. PIJ"\SKET, and 
P . .T. MCCABE, entomologists, Entomology Re,yeal'ch Di/)ision, 
Agricultw'al Research Se;'/)ice 

Studies were conducted at :Moorestown, ~.•J., from 1056 through 
1960 to dm"elop a practical bioassay method for determining efl:ecti\"e 
quantities of the chlorinated hydrocarbon insecticides, alone or in 
mjxtures, "which renudn in the soil at intervals after treatment, for 
control of grubs of the Japanese beetle (Popillirt jO]Jr)nira X ewman). 

The chlorinated hydrocarbon insecticides-IHYI'. toxttphene, chlor­
dane, (lieldrin, heptachlor. anel aldrin-are authorized by the Plant 
Pest Control Didsion (128) for uSe in eliminating these gL"llbs inl 

soil about the roots of plants in commercial l1111'series subject to the 
restrictions of the quarantine on this pest. These restrictions are 
intended to preyent the spread of the beetle in agricultural com­
modities to uninfested localIties. Treatnll'nts with the. same materials 
are also recommended for control of the grubs in lawns, golf courses, 
parks, and other turf areas (56). 

It is the {Jractice of the Plant Pest Control Division to analyze the 
soil of certIfied plots periodically and to require the application of 
additional insecticide as needed to mrrintain adequate toxicity. The 
additions are held to a minimum to tlYoill the accumulat.ion of ex­
cessive insecticide residues. Inordinate amounts of these chlorinated 
hydrocarbon insecticides in the soil nmy he toxie to some plants. 

The analysis is complex if two or more of the clllorinated hydro­
carbon insecticides have been applied to a soil in nursery plots, or 
if other insecticides han~ been applied to the foliage of plants. ~ruch 
of the residne of insecticides applied to the foliage eventually gets 
into the soil. The problem is complicated further by the conversion 
of some of the chlorinatecl hydrocarbons in the soil to other compounds. 
Aldrin is converted to dieldrin and heptachlor to its epoxide (737, 49, 
65, 91, 93,94, 95) ; some of the dieldrin may be transfonned to aldrin 
(fJ7), and there m[LY be some modification of the other chlorinated 
hydrocarbons. 

The chemical determination of a. chlorinated hydrocarbon insecti­
cide in the soil includes sa.mpling the soil, removing the insecticide res­

1 Italic numbers in parenthesl's refer to Literature Cited, p. 38. 
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idue ,,-itIl a solvent, and analyzing the recovered materinl. Although 
specific colorimetric and spectrophotometric methods arB ayailable for 
determining most of these insecticides, Carter (34) pointed out that 
these methods are tediolls and time consuming, and that homologous 
compounds, decomposition products, and plant extractives some­
times interfere with the annJysis_ Chisholm and Koblitsky (3G) 
Jound that ma11Y soils contain extmctable snbstances that cause inter­
Terence. Usually ,yith specific methods no information is obbdned 
on the breakdown and conversion products thnt might be toxic to 
insects_ Tile ann,lytical procedure generally used is the determination 
of the organic chlorine in the extract and the calculation of the equiv­
alent amount of insecticide with an appropriate conversion factor, 
as described by Agazzi et al. (1) and Koblitsky and Chisholm (85). 

This nonspecific chemical procedure is a relati\-ely quick screening 
method to establish the presence of chlorinated organic compounds in 
a soi1. Only the. organic chlorine is measured. Since the inorganic 
chlorides are not soluble in the organic solvents nsed for extraction, 
they cause a minimum of interference. The method does not distin­
guish between organic chlorine in an insecticide and that in a non­
toxic compound 1101' between available anel 11onayailab1e insecticide 
in a soil. It does not identif}T the insecticide. It is inadequate ,..h(,11 

two Qr more chloX'inatecl hydrocarbon insecticides differing greatly 
in chlorine content are present, when there has been decomposition or 
cOIH'ersion of the insecticides, or ·when fel'tilizers containing organic 
chlorine haTe been applied to a soil. The organic chlorine in mix­
tnres of compounds can be cletprminec1, but there is 110 yalicl factor for 
calcu]aJing the eql1iYalent amounts of the incli,-idual insect irides. 

Chemical analysis do('s not necessarily eShtblish the presence f)f 
toxic substances in n, soil; toxici ty is reyealed by its eITect on n, 
living organism. In the abs('l1ce of suitable chemical methods, consid­
eration was giyen to the de\-elopmcnt of:1 biological proredure for the 
evaluation of complex insecticide residues in soil. This situation 
, .. as not unusual. Dn,\ris (42) pointed out in H151 that the lack of 
satisfactory chemical methods fOl" son10 of the more potent orQ:llnic 
insecticides had stimulated wide intC'rest in the application of bio(lssays 
to the residue problems_ 

Bioassay is n. methocl for d('tl>rmining the amount of a toxic sub­
stance. pr('sent by measuring its effect on' a 1 i\-ing 0l"gl!.~1 ism. Bioassa~7 
or biological "procedures are of in/(,1"('st b('calls(> l'f the wi<1e range of 
compounds to which they can be applied [md in some instances their 
high sensitiTity. Bioassays sometimes indicate the pl'Psence of toxic 
residues that have not been detee/Nl by c11emicnl analysis (J-n _ Yar­
ious biological t('chniqt1Ps ha\-e bpen uspd ·fol' many )"pal's in assays 
of insecticide formu1ation~ and I"Psiclues. T11(,5e as~:lYS c\-ah1l1.te tox­
icitybutgi.n~littleothpr information about the toxicant:. 

Howeyer, Laufr (88) difl'pl"pntiatecl the gamma i~omel' from the 
other iS0111PI'S of benzene ]wxarhloride by their rrJatiw toxicities to 
the house. fly (ilIU8crt.. d07n('stic(f, Linnaeus). Fleming et. a1. (57) dis­
tin!ruished residues of' DDT from those of chlorclnne. in the ~oil bv 
the-slower response of J[acror'cnti'u8 ancyli1'Oi'IiR RohwPl" to DDT an(l 
lIoted differences in the symptoms of intoxication produc('d by these 
insecticides. Da\-iclow and ~ahatino (41) cliffercntiatecl chlorclane 

http:c\-ah1l1.te
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and related cycloelienes from other chlorinnted hydrocarbons by differ­
ences in the response of goldfish, C'a]'a.ssius Cluratu8 Linnneus. Har­
wooel and Areekul (73) useel four lUu'elated test animals-the pomace 
fly Dl'osophilct 1neZanogaster :tlIeigen, the rusty grain beetle (C'l'yptol­
e.stes je1'l'l.lgineus (Stephens», the mushroom mite (J'yrop/wg11B 
p'ltt7'escentiae (Schrank», and the brine shrimp Al'temia salina 
(Linnaeus) -and obtained 1ll0rta1ity paHerm, that distinguished 
DDT, alch'in, elielclrin, heptachlor, ptu'athion, Se\-in, and allethrin. 

The basic principles of quantitati\-e determination used in analyt­
ical chemistry apply to bioassay. Gunther and Blinn (CD), Healy 
(74), and Van Middelem (L2D) reyiewed these principles. Hoskins 
(7C) discussed the use of bioassay in entomological research. 

Bioassay:; of soil containing the resiclne of only one insecticide have 
been made by extracting the residue in the same manner as for chem­
ical analysis and exposing a test organism to the extract, by exposing 
:1 test organism directly to the soil, or by introducing a test organism 
into the soil. The response of the test organism to the extract or to 
the soil ,yas compa,red with its response to a, standard 'with kno,Yn 
amounts of the insecticide under standardized conditions, and by 
interpolation of the response data the amount of toxicant present 
was calculated. Bioassays of soil extracts ha,ye been made by Ranks 
and Reeel (5), Berger and Randolph (13), Fleming et al. (57), 
Gmmon and Bigger (65), Kiiu-emagi et a1. (81), Lange and Carlson 
(87), Lichtenstein et a1. (oj), and Terriere and Ingalsbe (127). 
Direct bioassays of an insecticide residue in soil ha,ye been made bv 
Edwards et a1: (50), Fleming et a1. (62), Fleming and ;'lailles (GO. OJ), 
Kloke (83), Lichtenstein and Poliylm (D.?), Lichtenstein and Schulz 
(D4, D5), Lichtenstein et a1. (D1), Wylie (135), and YOLUlg and 
Rawlins (13{]). 

A bioassll)- of a soil extract is an eyaluntion of the total potential 
toxicity in the soil, because the solyent extracts both the free and the 
adsorbed insecticide. On the other hal1(1. the direct bioassay measures 
only the active toxicity, the adsorlJed prtrt of the residue apparently 
is 110t. a\'ailable as an insecticide. The direct exposUt'e methods 
have certain (tcb-antages O\-er the extraction methods in that they 
are relatiyely simple 'lIla tlle pot'ential danger of poor extraction or 
the elimination of the insecticide in the cleanup procedures is 110t 
encountered. Lichtenstein (DO) discussed the advantages and dis­
advantages of direct bioassay of soil. 

The acti"e toxicity, not tbe total potential toxicity, in a soil is the 
criterion as to ,,,bethel' suflieient insrcticide is pr('sent to kill .Tftpanese 
heet1e grubs. From the vie,ypoint of reglllrttory agencies~ it is more 
important to have information Oll the acti\'(~ toxieity thnn to know 
the identity and the illnollnt of yarious illseeLic:ic1e residues ill a soi.1. 
Firming et al. (57) clrwlopecl a. method for measuring the totill tox­
icity of mixtures of DDT and chlordane. hut as far as is known no 
consideration has be(,ll :ri \'rJ1 to pyaluati ng the a('[ iYe toxiei ty of C0111­
plex mixtures of tIll'. chlorimlted hytlroc[Lrbon il1~pcticides. Uncler 
thrse circumstances an investigation was undertaken to d('velop a 
practical biological method for assa,ying the actin' toxicity of th('~C' 
mixtures in soil so as to determine 'whether thc toxicity was snfficient 
to preycnt the development of newly hatched In,panc;3c u('etle grubs. 
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BIOASSAY OF SOIL \VITH JAPANESE BEETLE 
GRUB AS TEST INSECT 


Thefirst-instar Japanese beetle grub is the logical organism to use 
in e\-aluating the active toxicity 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 fmv y;eeks during the summer; they have not been propagated 
successfully at other seasons. They must be handled with extreme 
care because of their susceptibility to mec-hanical injury and to adverse 
etwil'onmental factors, such as desiceatioll, excess moisture, or an 
increase in the carbon dioxide tension in the soil. The third-instal' 
grub, which is present for!) months of the year and is more readily 
hancllecl and less affected by its environment, appeared to be a 
practical substitute for the newly hatched grub. 

Third-instal' grubs h~Lye been used for many years in biological 
screening tests of arsenicals, chlorinated hydrocarbons, and other 
compounds as soil insecticides. The grubs have also been used in 
direct bioassays of insecticide residues in soil (57, 60, (iJ, 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. 
"'\Then a soil contains residues of seyeraJ chlorinated hydrocarbons 
that differ greatly in toxicity and in the velocity of insecticidal action, 
the biological evaluation is more complex. The problem was to de­
\-elop an adequate standard for evaluating the toxicity of such mix­
hIres and to correlate the mortality of thinl-instar gnlbs with that of 
newly hatched grubs. 

The initial step in the deyelopment of a composite toxicity standard 
was to determine the exposure required at 80° F. to kill ,)0 percent 
of the third-instal' grubs with :1 dosage of each of the chlorinated 
hydrocarbon inseeticic1es that "would preyent the development of 
newly hatched grubs. It had been determined in experiments over 
several years that ne"wly hatched grubs could not sUlyi\-e in Sassafras 
sandy loam containing 5 pounds of DDT, :2.5 pounds of toxaphene, 
0.4 pound of chlordane or enc1rin, 0.3 pound of dieldrin, or 0.07 pound 
of heptachlor or aldrin per 3-in<:h acre. Usual1y these dosages are 
about double the amounts actually needed to kill most of these grubs. 
"'When these insecticides were mIxed at these rates \yith the sandy 
loam, the desired level of mortality with thil'Cl-instar grubs was 
attainecl in 2 weeks with endrin, dieldrin, heptaehloI', and aldrin, 
but almost 3 weeks were reqtdI'ed foI' DDT, toxaphene, and chlordane. 
In view of these results, it was drciclecl to use an exposure of 2 weeks 
and to increase accordingly thr dos(tges of the less toxic insecticides. 

The tests were continued to cle\'clop dn,tn, for standard concentration­
mortality Clln-es, "with four or fi\-e dosages for each insecticide and not 
less than 500 grubs for each c1osn,ge. ,Yhen the mortalities were 
plotted against the dosages, typic(tl asymmetrical sigmoid curves 
were obtained ",jth all the chlorinated hydrocarbon insecticides. It is 
not easy, ho"wever, to dmw freehand an adequate asymmetrical Clll've 
tin'ough a seri('s of scati:el'('d points. Such a curve cannot be calcu­
lated as readj]y as a straight line. Gac1dum (04) and O'Ka,ne et a.!. 
un) noted the possibility of [L logarithmic and probability transfor­
mation of :1 sigmoid CUlTe to a straight line, and Bliss (14, 15) devel­



BIOASSAY OF SOIL CONTAINING RESIDUES OF INSECTICIDES 5 

oped this transformation. Further consideration of tllls log-probit 
transformation has been gi\Ten by Bliss (16,17,18,19,20,921), Bliss 
and Marks (95), Bliss and Cattell (Blr), Finney (5!B, 53), ~Iorrison 
(105), 'Wadley (ISO, 131), 1Vadley and Sullivan (139), and others. 
This conversion, which facilitates the determination of the dosage­
mortality relationship, is now widely accepted by entomologists. 

The mortalities were conyertetL to probits llnd tlle concentrations 
to ]ojrarithllls and the log-probit regression. was calculated for each 
insecticide by the method of least squares. The fitted lines were then 
transformed 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 Sassafms sandy loam for 
10- to 90-percent morta1ity of third-instal' gtubs are giyen in table 1. 
As ShO\\,l1 in table 6 (p. 2-1), II sign i ficant change in the 11l0rtalit.y at 
the 50-percent leyel is produced by increasing Ot: decreasing the num­
ber of pounds of each insecticide per 3-inch acre as fo11o,,"s:- Aldrin or 
heptachlor 0.02, dieldrin 0.1.,1" endrin 0.12, chlordane 0.43, toxaphene 
1.27, a!ld DDT 2.21. 

TABLl': I.-Amounts 7)er ';-inch acre of cid01'inatecl hydmcarbon insec­
ticides ]'('fjuil'erZ in S.'({8sajm8 sandy lown fol' J()- to DO-percent 
ntOl"taZity of thil'd-in.stal' Japanese beetle grubs ~oith a B-week 
e.l'p08Ul'e at 80° F. 

).[ortality ! DDT T()Xa-j chlor-j Endrin 1 DiC'l- IHC'Ptn-l! Aldrin 
(percell t) i phene da.ne drin chlor 

, 
Ponnd. i POlmd. I PO'lnrl. PO"llfi., POllnd. Pournl. Pound.

10. _______ --' 1. 8 I 2. ,[ . 0.11 O. 08 0.02 0.0:3 0.02 
3. ·1 .2·1 . 13 .0·1 .04 .0330 I20----------1_______ _ ~: ~ II .1. 3 .20 .08 .06 .04.,ll 

6.0 5.3 . .66 .28 .15 .08 .0640. -- -­50 ____ --. ____ ---I_ I8. 0 6. 5 1.02 .40 .26 .10 .08 
riO. _. __ ._ 8. 0 i 1. 58 .54 .45 .12 .1170 ________ _ 10.71 ') ~')14.6 10.0 _. 'J_ .76 .81 .16 .1580 _______ _ 1') ­21. 0 _. I 4.3-l loB 1. 6·1 .23 .22
00 ____ _ 34.. 8 . IS.0 I 0.23 I 1. 08 4.35 I .37 .38 

; I 

Th(' dosages of nlc1rin, heptachlor, dieldrin, and endrin required to 
ki1l 50 percent of the third-instal' grubs under these conditions are 
ahout the same as those. needed to prennt the development of newly 
ha.tch('d grubs. The dosages for chlordane, toxaphene, and DDT are 
llefinitely high('l' thn.n requir('d for the elimination of first instal'S. It 
was apparent that the thircl-instar grubs are more resistant to chlor­
dane, toxaph('ne, and DD'i.' than \\"ould be expected from the reactions 
ofthe small gruus. 

The ::;fan<lnrc1 c1p\-ia( ion in (11(' morlrdity of. groups of grubs exposed 
to a soil is usually within 10 percent. "llCn the mortality is more 
thnn GO percent, (he toxicity in :-1,;'30i1 is nc1equate to prev('nr the clen]op­
ment of newly hntcl1('cl grubs, but wl1('n iti::; less than -10 percent, some 
insecticide should be applied to i'ortify the treatment. ,Vhen the 
mortttlify if> betwe('n 40 pC'rc('nt and GO percent, additional tests mn.y 
be required to establish definitely the leyel of the toxicity. For mallY 
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routine analyses it may be necessary to determine only if the toxicity 
in a soil is above or below that needed to kill 50 percent of the thil'd­
instal' grubs. By comparing the mortality in a soil being tested with 
the mortality rates in table 1 and interpolating, the toxicity ma,y be 
expressed as an equivalent amount of DDT, toxaphene, chlordane, 
endrin, dieldrin, heptachlor, or aldrin. 

Although thircl-ll1star grubs have been used for several years in 
evaluating the toxicity of insecticide residues in soil, the procedure 
was consiaered to h-l only provisional until a more practical one could 
be developed. The grubs have not been propagated satisfact )rily in 
the laboratory. Field-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-instal' 
gmbs are available from September until June, they are sa6sfactory 
as test insects only durillg the fn,ll and winter; in the spring their 
reaction to insecticides is confounded by pupation. 

The evaluation of toxicity in the sprmg is more important than 
at other periods of the year, Lecause it shows, just prior to the hatching 
of the new annual brood, whether there is sufficient insecticide residue 
to kill the first-instal' grubs. The procedure is slow and laborious; 
at least a month elapses before the initial and the confirmatory tests 
are completed. 

In view of these limitations with the grubs, an attempt was made 
to find a suitably susceptible organism for use as a test animal that 
could 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 hlsecticide residues. Busvine and Barnes (Sid) 
critically reviewed the techniques that had been devised for laboratory 
tests of insecticides and acaricic1es, and Dewey (4G) anel Xagasn.wa 
(108) reviewed bioassay techniques -for the determination of pesticide 
residues. These reviews ~wel'e of great assistance. 

They showed that many ol'ganlsms have been used for the detection 
and quantitati\7e determinatlon o-f toxic materials. These include 
bacteria, flUlgi, yeasts, daplU1ids, shrimps, senral species of fish, 
collemboh, symphilids, the lal'Ylle o-f seyeral species of mosquitoes, 
[I, parasite of the oriental fruit moth, se\'eral species of insects that 
attack stored products, the house fly, the pomace fly, termites, wire­
worms, and several species of ,,·hite grubs. ~Iany of these organisms 
are easily handledunc1er hthoratory conditions. 

The pomace fly Di'osophiln melrmO[laMel' was selected as apparently 
the most suitable substitute test organism. AltllC'ugh this insect 
is probably best k11o,m as It well-adapted organism for studies in 
theoretical biology, it has been l'sed by several ilwestigators to evaluate 
ll1secticides anel insecticide residues. 

Dro8ophila was used to study the toxicity of various insectic.ides 
(9, l~, ~3, ~8, ~9, 30, 81, .99, 1;.7,48, 80, 84, 97, Q8, 00, 100, 101, 103, 
104,105,106,118, 1ilO, 12.D, toir1rnti fy ins('eticicles and aC'al'icidrs in 
comparative bioassnys (73), to demonstrate that the toxicity of DDT 

http:Xagasn.wa
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sprays varies inversely with the size of the droplets (3), to study 
the translocation of BHO in plants (51), and to determine the effect 
of captan, dichlone, and thiram on tIle toxicity of dieldrin (4). It 
was also used to determine residues of tl1e chlorinated hydrocn,rbon 
insecticides in or on fruits and vegetables 2 3 (49,68,71,114,117, 1f35) 
and residues of parathion on cauliflower (78), of dieldrin in apple­
sauce (54), of aldrin, dieldrin, and heptachlor on alfalfa (86, 9f3), 
of SD-4.402 on tobacco (70), and of aldrin, dieldrin, heptachlor, BHO, 
DDT, chlordane, and methoxychlor in soil (50,91,93,94,95,135,136). 

For the direct bioassay of residues of the chlorinated hydrocarbon 
insecticides in soil, Dro8ophila 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 yea,r; (5) 
continuous propagation does not appear to modify its susceptibility 
tv insecticides; (6) it can be handled in large numbers without 
difficulty; and (7) its natural mortality during a bioassay is negligible. 

PROPAGATION OF nROSOPHILA 
Stock 

Since a stabilized population ,vas desired for test insects, a culture 
of the pomace fly D1'08ophila melanogaster was obtained in 1953 from 
the laboratory stock of the Department of Entomology of Rutgers 
University. This strain has been propagatecl continuously at Moores­
town, N ..J., since that time. 

·Wild DroS01)h:ila may be found in abundance on various kinds of 
overripe fruits and vegetables. The adult fli('s and the larvae feed 
on the fermenting juices, yeasts, and other micro-organisms. 'Vild 
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 reactions to insecticides. 

Baltlett (10) found ~eat differences in the susceptibility of labor­
atory and fleM-collected strains 10 insecticides. Merrell and Uuder­
hill (102) observed the most muked 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
ability, so that they are relatively stable in their reaction to 
insecticides (8f3, 102). 

Culture Medium 

Many different media have been used in propagating D1'osophila, 
including fermenting fruit, cam1ed pumpkin, banana-agar, and several 

2 DEWEY, J. E. IIIGJILlGU'I'S OF Tnr,; BfOASSAY I'I:OGltA~[ FOlt l/ESTDUE DETEltlfI­
NATION. Papel' prc>sented nt N.Y. State Insc>ctici<le and Fungicide Conf. 14. 
10;;2. [Unpublisberl.] 

3 DEWEY, .T. E. A BIOASSAY lfETIIOD USIXG DROSOPHILA AXD SOlfE l'RELUn'l",\RY 
ItESUurs FRO~r NEW YORK CHOP ,\DSOIII''ITON STUDIES. Pall('r 1)J'('~ellt('(! at 4Rth 
Ann. Cony. Nntl. Canners Assoc., Feb. 1035. [Unpublished.] 

620838-62-2 
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media in which a sugar and either cornmeal, oatmeal, agar, or potatoes 
were constituents. After yarious factors had been st'ndied ancl pre­
limh1a!'y tests had been made, a medium prepared according to the 
fol101YlJ1g for1l1uln, was adopted: 

Agar__________________________________________ 22. S grams 
Corn Sirllp____________________________________ 300.0 III\. 
Yellow cornmeaL______________________________ 1DO.O grams 
SOllium propionate, 20-pcrcl'nt solutioll _________ . 45.0 ml.
WateL_______________________________________ . 1.5 liters 

This medium satisfied the followin~ requi.rements, which are neces­
sary for a large-scale production of the flies for bioassay: (1) It 
must be a complete diet for rearing the fEes to optimum size and 
uniform yigor i (2) it mllst be an adequate diet for the larvae, the 
brood flies, and the emerging fiies, producing high yields per unit 
of medium with litt1e variation in the ratio of tIle sexes; (3) it must 
be easily prepared from readily a,vailable materials; (4) it must 
contain suflicient moisture so that [1 cllltnre C[1n be carried for several 
weeks without drying out; (5) it must be of n, consistency fn,yorable 
for the deYelopinQ' lat'\Tae, but firm enough so that the container 
C[1n be handled '1'itllOut loosening the meditiin; (0) it must be of such 
[1 composition that adult flit's do not stick to iti and (7) it must be 
relatively resistant to harmful molds and bacteria. 

To prepare this medium, bring 1 Ii tel' of 1Yater to a hoil in a st[1in­
less-steel rooking pot and dissolw the agar in the boiling water. 
Add the corn sirnp and again bring the niixture to a boil. :Mix the 
cornmeal with 500 1111. of water in it separate ront-aim')', add it to the 
boiling mixtUl'Q, and continue cooking until the medium is fairly 
thick' .Just. before the cooking is completed, add the soclium propi­
ona·e nnd stir it in tho)'ouQ'hly. Po Ill' the hot mrdium into 500-ml. 
E~:lenmcyet' f1asl~s at1d stel·jlize at a pressure of 20 pounds for 15 
mmutes, 

Remoye the flasks from the sl:eril izer, cap eael1 with a square of 
sterili.zec1linen made of tI'tlcing cloth, from whi.ch the sizing has been 
removed, a11(1 allo\1' to cool at room tempcmture. After the flasks 
have stood for 2+ 11Ours, dissipate nny condensate on their sides by 
directing a stream of ~tir from an electric fan over them. However: 
thcre should be suflicient. moisture on the surface of the medium to 
show n. slight movement when the flask is tilted. If the moisture 
isinsuflicient, aelc1 about 1 ml. of sterile distilled water. 

The quantities in this formula, will be snllicient for 200 m1. in each 
of 10 flasks. The average depth of the medium in a flask is 1% inches. 

Real'ing Procedure 

One-half tcaspoonful of c1 ry hnkel'~s yeast is ,lisl'!·i bu(:r<l c\'cnly 
over the surface of the medinm in each flask immediately before 
introducing the flies. Approximatel.y 100 l)l'ood flies, up to () days 
of age and about ('qually divided as to sex, are put into ench flask. 
The ratio of the sexes is de(Hminecl periodically with at least 1,000 
flies. The phototropic response of the flies is utilized in transferring; 
thcm from a plastic randomizing cylinder to the l'C'aring flasks. The 
200 m 1. of medium per flask is ac1cqlll1te to snpport the pi'ogeny of 100 
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flies without overcrowcling. Kerr (80) noted that overcrowding 
de1ays clereJopment anel tellcls to reduce the size of the aeluIt flies. 

The brood flies in the rearing flasks arc incubated in a well-lighted 
room, where the temperature is maintained at 7'1° F. anel the relative 
humidity at -10 perc('nt. It is important to hold approximately this 
temperature to avoid a possible modification in thl.> ratio of the sexes 
or a change in the resistance of the progeny to insec~icides. 'Williams 
(1J4) fmmd that l11fdes were more IllUllerous than femaks at temper­
atures below 70° and that thl.> females predominated at temperatures 
above 80°, bu t 'within thl.> range of TO° to 80° the ratio of the sexes 
was about 1: 1. l\[unsoll et a1. (107) found that flies reared at 64,0 
'were mom resistant to DDT than those reared at 86°. 

The air in the flasks 'wilh the medium has a high humidity, prob­
ably close to saturation. Demerec US) pointed out that o\'iposition 
is induced in a humid atmosphere; no eggs are deposited ,yhen the air 
is dry. HOWe\-el', excess moisture is 1Ulclcsimble, becfmse flies matur­
ing from lnlTae that develop in the cOlldensate on the side of a flask 
are small and unclesi rable as test insects. ,Yhen sufllcient condensate 
de"elops Oil the side of a flask to permit IrLrvae to crawl from the 
medium, the flask is placed in front of an electric fan until the excess 
moisture is dissipated. 

The brood flies are 1'('moYed from the rearing flasks and destroyed 
on the 11th day, and the flasks are tmnsf(,lTed to the production unit. 

Before. the fiOO-ml. Erlenmeyer flask was adopted as the rearing 
contn,il1<'r, "arion:; types nnel sizes of contain(,l"s "-ere test('d, inrlucling 
l-ganon ,,-idemoutlwd caIHly jars, ('anni!lg jars, milk b.Mles. anel 
Ya,rious flasks. The production was better ,,-1'len th(' snn\(' amount of 
medium a]) (1 the same number of brood flies ",et.·p c1i~trihllt('d in 
sm-eral small contninel'S rather than in one large one_ The uS<' of 
seyeral small containers is of ach-antage in that 1rhen nn ulHlesirahle 
condition denlops in one of th(,111 , the contents of that container 
('a.n he (lis('arclec1 ",ithout interfering seriously with the production. 
The Erlenmeyer flask has Ihe adnntage o,oer a jar in thaI its shap(' 
holds th(' nwdiUl1l firmly on the bottom. 

DI'osopldlct ('annot l)e real'Pcl ('on tilluow;ly wi thont t h(' possibil ity 
of contaminating the cultur(' by uIHlesimhle organi:-:ms. Th(' molds 
han not been troublesom(', bt'causl' tlH'ir gl"Owth is inhihit(>d b)O th(' 
sodium propionate. Early in HI;jH, b('f'or(' sterilization of the nwc1illll1 
and the 1'('arinp: flasks became rOlltilH' pl'O('('(llll'p~ rl'<1cli"h and hrownish 
spots denloped in the substratum of the llH'dilllll in SO111(' of th(' 
flasks. It 'ms e"iclent that th(' me(lilllll lInd I>('('n contfll11inntecl by 
one or more anaerol)ie or!!"nni~ms. _\.;; clrteriol'atinn of fhe Jl1C'dilllil 
progressed, mortnlity amoilg Ill!' 1,1'ood lIi('s and till' <l("oeloping lnl"\'l1(, 
]llcreascc1. This situation was l"Pl1lNli('(1 by 5(('rili%inp: Ihe nwdillll1 
and the flasks. 

An ('qll::tlly serious :::itll.fltion cic-YC'loPNl ,,,l\(,1l tIl(' rparingflnsks 
were ilwadl'd by pl'ednc('olls III it ~'S, prohn hly Jl isl iOH[omft sp. By the 
time th('y ,,-('rC' cl isco\'ere'd. tlte in fe',,( nL ion had h('col\1(' gc'neral. It 
was llecessary to eliminate the' infl's(pci eultllrps and d('stroy tIl(' mill'S. 
The mites on the glu."c;w(u·P nnd ollwr C'(pliplll(,llt w('r(' cl('slroYNl hy 
heat and other salli taTY l1\NtSlll'('S, and t hI' roOln was flllnigal('(l wi t h 
formaldehyde. The. pi'opagation was !'()lltinlle(l ,,-ilh lIn(,0I1tnlllinnt('(1 
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flies, Since then stricter sanitary measures have been followed to 
prevent further iJwasions of nutes. 

Pl'oduction Unit 

The production flasks \\'ere maintained in the same environment as 
the Tearing flasks. The average production of It flask durinO' a 2­
week period is about 350 flies daily. Two units of 14 flask~ each 
were operated for the production of about 10,000 flies each chv. Each 
week 14: flasks from ,,-hich flies 'were beginning to emerge ,yere added 
to the production unit and the 14: oldest flasks ,rere discarded. ,\Vhen 
a flask was added, an additional one-fourth teaspoonflll of baker's 
yeast was distributed uniformly onr the medium. 

AU emerging liies ,yere l'emo\'cc1 from the production flasks each 
cla.y. The transfer of the flies i'rom the flasks to a plastic randomizing 
cylinder ,vas facilittlted by utilizing ihe 11a.tural [endency of flies to 
moye up\ytl1'd and toward a hright light. 'When the production 
flask was elar.kPned anelits mouth inserted into the open end of the 
cylinder, placed in a horizontal position, the flies moved rapidly 
toward a bright light at the opposite end of the' cylinder. This 
moYement, was facilitated fl1l'ther by luwillg a gentle flow of air 
from the flask through the cvlinder. 

Gerolt (OG) and IIar\yood and Areekul (73) used a trap to col1ect 
the flies as they emerged. Theil' prorlllct:ioll units were kept in a 
c1a,l'kenec1 room. and as the f1 ies emergpcl thry were at! ractrc1 to ] ight 
and so mo\'ecl continuously into a trap. Ilo\\'eycr, this method dicl 
not assure that all flies in t'he trap had emerged c1lll'ing n. 2-l:-honr 
period. "Tith enlarged omries as a. crit<:'l'ion of n.gr, Hat'wooel and 
Areeklll found that up to 2 percent of the fiies in the trap and in 
the production unit were more than 2-:1: hours old. 

REACTIONS OF DROSOPHILA TO CHLORINATED 
HYDROCARBON INSECTICIDES IN SOIL 

DI'08017hi7a is very sensitiv-e to resid11es of DDT, toxaphene, chlor­
dane, dieldrin, endl'in, heptac11lor, and aldrin in soil. The speed 
of reaction to these r('sidu('s \'[lries\\"it11 the inherent toxicity :md 
concentration of the insecticide, the nntltl'(' of the ~()il, tll(' t(,1l11)('rtl­
tlll'e, [lnd oth('1' factors, but the symptoms of intoxication an' much the 
same with all of them. 

Five stages of intoxication are l'('('oglliz('(I. In th(' first stage the 
insecticide has no visible dl('rt on th(' fli('s. They app('arto h(' 110l'ma,l. 
They rest quietly, ,vnlk leisurely, and fly occasionally. They are 
not easily c1istl1l'hed. The s('('011(1 stagei;:; tl period of rxeit('ll1ent. 
The flies do little resting flll(1 apprnr to 1)(' il'l'itatrc1. Thry walk 
ftnd fly rapidly and respond l'ra(lily 1'0 :ll1y <1istul'bancr, slIch as a 
shadow or a tap on the p('t1'i dish. In the third stage the flies do 
more l'eRting and begin to walk 11118te:u1i1y. ..:.\8 thG ]('gs become 
paralyzed, the flies (r11(l to stand in a fixpd position with an occasional 
violent movement of the \rings. This moYem('nt of thr wings pushes 
the flies aimlessly arid rapidly OWl' the sllriac:e of the soil. The 
fourth stage is exhaustion. The flies lie most of the time on their 
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sides or backs with only occasional movement of the legs; they are 
unable to move froin their positions. The final stage is death. The 
point of death is difficult to determine by observation. The absence 
of any moyement in a relaxed fly was considered to be indicative of 
the cessation of [J.ll vital functions. 

Since the chlorinated hydrocarbons produce progressive irrevers­
ible characteristic sYl111?toms 'with Dl'080philct, any stage in the in­
toxication beginning ,nth 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 advanced stage 
of paralysis, so that the flles are incapable of changing their position 
or they are dead. Permanent immobilization is a stable end point. 
It was selected as the criterion of toxic action in this investigation. 

PRELIMINARY TESTS WITH DROSOPHILA 

In order to standardize the testing procedure before undertaking 
bioassays with DI'080 phila as the test insect, there were several factors 
that had to be resolved. These included the sex and age of the test 
insects, separation of files into groups for testing, number of flies per 
test, feeding them during the testing period, and the container for 
tests. 

Sex 

Lord (97, 98), ~IcLeod (99), Knutson (8ly) , Kerr (80), and Gerolt 
(66') reported that the males were more susceptible than the females 
to nicotine, arsenicals, and the chlorinated hyc1 roc arbon 'insecticides. 
Tests with residues of DDT, chlordane, and dieldrin in soil confirmed 
that the male flies were easier to kill than Lhe female flies. In these 
tests 10 to 20 percent more males LIla.n females succumbed to the 
insectici des. 

The variability in the reaction of the flies to insecticide residues in 
soil can be reduced by usillg only one sex in the bioassays. This has 
been recognized by sex'eral im'estigators, including B1 iss (17), Bochnig 
(26), Crow (39), Edwards et a1. (50), Fisher and Sma1Jml1n (54), 
Fleming et a1. (57), Gerolt (66), Lord (97), ~IelTel1 anel 'Gnderhill 
(102), a11d others. The males would be preferred because of their 
greater response to changes in the concentration of the insectieic1~s. 
However, it is t'l- slow, i'ecliOlIS task to sort a Jarge number of fhes 
according to their sex. The. time required for sl1ch an operation 
makes it impractical, except for small special tests. 

,,\Vhen mttles arc not separated Jrom. females, it is essential that the 
n1tio of ('he sexes be. maintained tl11'oughout. eaeh series of tests. 
Bliss (17), Fisher and Smallman (:j4·), I~c1\\'anls et aJ. (:jO) , and 
others have e011sidcred such bttlanced populations of flies to be satis­
factory. In view of the importance of the sex ratio, determinations 
have be~n made perioc1ieally of th~, relati,~e 11umbers of ma.les .and 
females m successlye popu1!1tlOns. Smce IDD'i, when these defennlna­
tiOllS were undertaken, there has been no signif1ctLllt deviation from 
the 1 :1 ratio of the sexes. 
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Age 

There is little agreem.ent among investigators with reference to 
~he 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 136), 1 day (Sun and Pankaskie 1'25, Earle et a1. 49),2 days 
(Bartlett 9, Fishel' and Smallman 54, 'Wylie 135), 3 da.ys (Kerr 79, 
Arnold and Apple 4, Edwards et a1. 50), and 5 days (Kerr 80). 

Only a. few investigators have studied the effect of age on the 
susceptibility of the flies to insecticides. Kerr (80) found that young 
flies succumbed more readily to DDT, but Broadbent and Bliss ('29) 
found that old flies were easier to kill with hydrocyanic acid than 
young flies. The reports on the effect of age on the susceptibility 
of flies to nicotine sulfate are conflicting. :Morrison (105) 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 s,Peed of reaction to the insecticide 
residues. On some days the older files reacted quicker, but on other 
days the younger flies appeared to be more susceptible. The differ­
ences hl mortality of the various age groups were small. It was 
not possible to establish that any age group was consistently more 
susceptible or less \rariable in its reaction to the insecticides. 

It is not desirable to use flies of mixed ages in bioassay, because 
an mmecessary 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 thn.t had emerged during the 
preceding 24-honr period. 

Separation of Flies Into Groups 
There seems to be little agreement among investigators as to how 

a population of Dl'o801Jhilct can best be sepa.rated into groups for 
testing. Stultz (124) and 'Wylie (135) aspirated the flies from the 
collecting unit to their testing containers. 

:Morrison (105), McLeo(l (99), Edwards et a1. (50), :111c1others 
placed n, bright light on the far side of the test unit and counted the 
fiies as thE.'Y moyed from the darkened collecting unit through an 
aperture that permitted the passage of only one fly at a time. 

Pl'oYCl'bs and Mol' rison (1BO) used a mixture of ether and ethyl 
alcohol to keep the flies under unestlH'sia while they were being 
separated into O'roups. Dcmerec and Kaufmann (44), Crow (39), 
and Merrell and Unclerhill (J02) used ether to anrsthet.ize the flies. 
Cald well (;33), Tattel'sf-ield et. a1. (1)26), Sun and Pankaskie (112.5), 
Arnold and Apple (4), a11CI Earle et a1. (49) used carbon dioxide 
for this purpose. 

Pl'on'l'bs and :.\Iorrison (1120) found no difference in the suscepti­
bility of anesthr;tized and nonanesthetized flies to deposits of DDT. 
On the other ]1i1J1l1, Kerr (80) found it difficult to interpret his 
results. lal'~ely because of the unpredictable toxic effect of carbon 
dioxide on the flies. VHeritier and Sigot (89) and de Scoeux (45) 
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reported that some strains of fiies were more sensitive to carbon 
dioxide than others. Tattersfielcl et al. (1f36) 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 (11) found that the pattel'll of susceptibility of insects 
exposed to sublethal dosages of toxicants was essentially the same 
as that of untreated insects. Bliss and Beard (B2) reported that 
there were dynamic and static variations in the response of the 
large milkweed bug (OncopeZtus jasciatlls (Dallas) to sublethal 
dosages of carbon dioxide and nitrous oxide. Some of the individual 
resistance to toxicanrs can be phenotypic rather than genotypic. 
Kerr (80) and Edwards et al. (50) 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. 'Vhen 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 1% m.inutes and all 
were active within 5 minutes. From this preliminary test, chilling 
appeared to be a hazardous and impractlCal procedure to use to 
facilitate sorting the flies. 

Aspirating the actiye 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 contniner. Such a selection does 
not constitute random sampling, and it would he likely to enhance the 
variability in the response of the groups of flies to insectieides. 
Aspirating the active flies did not seem to be a satisfactory method 
for large-scale tests. 

A study ,yas made of sepamting the flies into groups by means of 
the phototropic response and also after anesthesia with carbon di­
oxide to facilitate the separation. In the first method the flies ,vere 
counted as they moved from the randomizing cylinder into the petri 
dishes through an aperture that pel'lnitted 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 lL fine mesh screen, ,,,here they were kept under 
light anesthesia by introducing carbon dioxide below thiS screen 
as needed. The anesthetized flies were selected at random from this 
screen and counted as they were aspirated into shell vials for transfer 
to petri dishes. The anesthetized flies became active within a few 
seconds after being transferred to the dishes. The tests were repeated 
on 5 successi\'c days. Each clay a determinrrtion was made of the 
percentage of males in t)1e population from which the groups were 
drawn and in the gronps. 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 phototropic 
response variecl by as much rrs 11 PCl:CPP.(; and the number in the 
groups separated after anesthesia varied \Yithin 5 percent from the 
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TABLE 2.-8ex ratios of population of flies (Drosophila.) and of 
grmtps separated from, population by phototropic 1'esponse and 
after anesthesia with cal'bon dioxide 

Groups of flics separated-

Population 
Test By phototropic After ancsthcsia 

rcsponse 

Flies I 'Males Flies l\Iales Flies Males 

NILmber Percellt NILmber Perullt Number Percent1___________________ 2,166 49 303 58 297 54 
1, 799 55 305 63 298 553 

2~ 

___________________ 
4, 627 45 297 50 296 444 ___________________ 
2, 789 52 289 63 300 495 ___________________ 2, 744 53 332 44 293 58 

Total or averagc____ 14,125 51 1, 526 56 1, 484 52 

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

Randomization in the separation of the flies into groups is neces­
sary to avoid unrepresentative results in bjoassays. 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. Ap a.na.lysis 
of the variance showed that the separation of the anesthetized flies 
into groups satisfied the requirement for randomization. On the 
other hand, separating the flies according to the mpidity of their 
response to light was a nonrandom selection of the more active, indi­
viduals. :Morrison (l05) 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 'ms continued to compare the reaction of l1~nesthetized 
andnonanesthetized flies to dieldrin in Sassafras sandy loam. Groups 
of 100 anesthetized and non anesthetized flies were e~l?osed simultane­
ously for approximately 24 hours on 5 successive days to soil contain­
ing 0.2, 0.3, and 0.4 pOlmds of dieldrin per 3-inch acre. The mortality 
obtained in these tests is summarized in table 3. 

The anesthetized flies were sip:nificantly more susceptible to dieldrin 
than were the nonanesthctized flies. From the conccntration-mortal­
ity curves, which were practically parallel, the median lethal concen­
tration of dieldrin was 0.27 pound per acre for the anesthetized flies 
and 0.35 pound per acre for the nonanesthetizecl flies. The increased 
susceptibility is of achrantage in bioassay, but thc consistency of the 
results in rel?licated tests is a more important factor. 

The reactIons of the anesthetized flies in the replicatetl tests were 
very consistent. The stanc1ard deviation of the mortality from the 
averages with the different closages of dieldrin was 5 percent. On the 
other hanel, the Jlonanesthetizecl fI ies selected by their phototropic 
response yaried considerably hl their reactions to the insecticide. This 
higher variability in the mortality was expected because of the non­
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random selection of these flies. Bliss (17), in discussillg heterogeneity 
in bioassays, pointed out that no method of sllmplin~ populations of 
flies that depended on the activity of the insect woul<l give successive 
samples of equivalent susceptibility. 

TABLE 3.-1llortalit.ll of anesthetized a:n(l1wnanesthetized flie8 (Droso­
phila) exposed f01' !B4 hours to Bassaf1'ClS sandy loami containing 
VW'lOtlS amounts of dieldrin 

ANESTHETIZED FLIES 

Mortality with indicatpd amounts or 
dieldrin per 3-inell acre 

Test 

0.4 pound 0.3 pound 0.2 pound 

1 ________________________________ _ Percern Per:tnt 
2 ________________________________ _ 96 57 22 
3________________________________ _ 85 62 23 
4 ________________________________ _ 87 59 24 
5 ________________________________ _ 94. 66 30 

90 54 11 

Average____________________ _ 90 60 22 

NONANESTHETIZED FLIES 

1 ________________________________ _ 
2 ________________________________ _ 
3 ________________________________ _ 
4 ________________________________ _ 
5 ________________________________ _ 

94 
49 
67 
83 
42 

15 
8 
5 

15 
5 

Average____________________ _ 
67 35 10 

After considering 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 number of flies to use in a bio­

assay of an insecticide residue. The number used by different inves­
ti¥ators varied from 75 to 800. There was no agreement on the number 
o:t flies per test unit nor on the number of times 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. 'l'hese conditions tend to make the 
results with this type of insecticide more variable than with fumigants, 
and larger numbers of insects are required to establish the concentra­
tion-mortality relationship. In general, the experimental error is 

62983s..-.l2-3 
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reduced more by incL'easing the number of replications than by 
increasing the number of flies per test unit. 

In prelIminary tests tt unit of 100 flies seemed to be about the mini­
mum needed to obtain consistent results in the reaction of the flies to 
a residue in soil. For conyenience 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 ohtained in tests with chlordane, dieldrin, and endrill, 
hl which the a\'erage mortality was appL'oximately 50 percent. The 
standard deviation in the 106 units in those tests was 8.7 percent. The 
standard erroL' of the a,Yerage mortality with various replications 
of these units can be ca,lculated by dividing this statistic by yN, 
where LV is the number of replications. Thus, to reduce the error by 
one-half, the number of replications must be multiplied by 4. 
It was estimated that adequate bioassa:ys could be made when the 

standard errol' of the mortality was within 3 percent. This le\'el of 
nlriation appeared to be obtainable with 10 replications. 'With this 
llumber of replications the variation at the 50-percent level of mortality 
would be between 47 and 53 percent in two-thirds of the tests. There­
fore. it was decided to use 10 units of 100 flies each to evaluate the 
toxic,ity of an insecticide residue in soi I. 

Feeding Flies Dul'ing Testing Period 
The adult Drosophila must be fed during the testing period to pre­

vent starvation from becoming a limitillg factor. Stultz (1124), Mor­
rison (105), Lord (97), McLeod (/)9), and Bartlett (9) introduced 
a cotton plug or paper saturated with a 3- to i)-percent aqueous honey 
solution as food. Later Morrison (106) substituted molasses for the 
honey. Kerr (79, 80) used water containing 5 percent of molas.ses 
and 5 percent of baker's yeast, and Glasser et a1. (68) made a solutIOn 
containing 5 percent of "bee candy" and 2.5 percent of brewer's yeast. 

In the direct bioassay of fruit and ngetables, Pankaskie and Sun 
(117), Sun ar,d Pankaskie (1fZ5), Dewey,4 and Glasser et al. (68) 
exposed flies 10 the macerated tissnes without additional food. In 
studies of the [Oxicity of insecticides, Fishel' and Smallman (54) 
und Arnold and Apple (4) blended the mate,rials ",ith macerated 
pumpkin. Pankaskie and ~un (117) suggested blending equal parts 
of soil and canned pumpkin. Young and Rn,wlins (136) mixed 
soil with applesauce. ",Vylie (135) used a 25-perc:ent aqueous solution 
of corn sirup, and Edwards et a1. (liO) used applejuice in preparing 
slurries of soil. 

",Vllcn water was used to prepare sllll'J'ies of soil containing no 
insecticide residues, about one-fourth of the flies confined with these 
slurries were dead within 2~~ hours and all of them within 72 hours. 
However, when the slmries were prepared "'ith applejllice, a 10­
percent honey solution, or a 10-percent. corn sirup, practically no 
mortality occurred wHhin 120 hours. The addition of one of these 
sugars to the soil did not modify the response of the flies to residues 

• See footnote 3, p. 7. 
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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 gi ....en to the concentration of the corn 
sirup solution. ]'lies were exposed to slurries of soil containing 
no insecticide, which were prepared with corn sirup solutions ranging 
in concentration from 1 to 20 percent by volume. 'Vhen the con­
centmtion exceeded 10 percent, the slurries dried slowly and the 
surface remained sticky, a potential hazard to the flies. A I-percent 
sirup was sutlicient to sustain the flies for at least 48 hours and a 
f)-percent sirup for 120 hours. It was decided to use a 5-percent 
!';irup in the preparation of the sllll'l'ies. Since this solution was 
adopted, seyeral hundred tests luwe been conducted , ....ith practically 
no natural mortality during an exposure period of 2-:1: or -:1:8 hours. 

According to 'Yaksman (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 accompanying evolution of carbon dioxide is very 
rapiel; 1 percent of corn sirup in a soil nul,y be elecomposecl in 48 
hours. Such a condition in a closecl petri dish could be very detri­
mental to the flies and could induce hetero!!eneous reactions to insecti­
cides. The decomposition of the corn sinl[) in the soil was prevented 
for at least '72 hours at tiO) F. by adding (j grams of sodium propionate 
to each liter of the 5-percent corn sirup. 

Container for Tests 
Investigators h::\.,\°e used various containers to confine Drosophila 

with insecticide residues. Some u:::ecl vials (39~ 84, 103, 105, 106, 
120, 135), others llsed test tubes 5 (54, 68, 115,136), 4-ounce bottles 
(4, 49), :::111a11 glass jars (50, H25), and petri dishes (3, 9, 47, 100, 
1012,1121). The petri dish has also been used to admntnge in stuclsing 
the reaction of house flies to resi(lnal-type sprays (38,06, 10/J). 

Yarious containers were tested for their suitability in tIl(' direct 
bioassay of insecticide residues in soil. Considerati(lll\\·as !!in'Jl to 
the facllitv with which the soil and the flies eould be, introchiced into 
the contnrner. the ease with whkh t11r.11' rractiol1s coulcl be observed, 
and the cleanillg of the contniners. The O-cm. petri dish was fonnd 
to be the most sllitable. The flips confined in a petri dish (lre close 
to the surface of the soil. and thus the possibility of their contact 
wi1h it is incrpuf'<,<l. It appeared, in gPMrn L t~1at the cl(>p.l)cr the a.ir 
space above the soil the fewer the contllcts the fIles made wlth the sod. 

TOXICITY STANDARDS WITH DROSOPHILA FOR 
CHLORINATED HYDROCARBON INSECTICIDES 
IN SOIL 

Each of the chlorinated hydrocarbon insecticides was mixed with 
Sa:::safrns sandy loam in a, progressi,·e series of dosages. The median 
dosage of each serie.<; was the amount of each insecticide needed to 

• See footnote 3, p. 7. 
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kill all newly hatched Japanese beetle grubs. The treated soil was 
made into slurries, lcnd Dro8uphila "Tas exposed at 3.. temperature of 
800 F. (See p. 21.) The meclian dosages of endrin, elieldrin , hep­
tachlor, and aldrin killed 50 percent of the flies in about 2-:1: hours; the 
median dosage of chlordane requireel about 36 hours and that of 
DDT and of toxaphene more than 48 hours. 

To be practical, a. bioassay should last a.pproximately 2-:1: or 48 
hours in order that the perioclmight be prolonged or shortened by 
2 or 3 hours to compensate for varia60ns in the resistance of difl'prent 
batches of flies without haying to extend the obselTations beyond 
the normal working hours. Therefore, dosages of chlordane: endrin, 
dieldrin, heptachlor, and aldrin were selected that killed 50 percent 
of the flies in approximately 2-:1: hours and dosages of DDT and 
toxaphene that killed half of them in approximately -:1:8 hours. 

The tests "ere continued with four or five dosages of each insec­
ticide, including the ne,,, meclian dosage, until 1;600 or more flies 
had been exposed to each dosage of an insect.icide. The. mortalities 
were connrted into probits and the dosages to logarithms and the 
log-probit regressions were calculated by the method of l~a~t "qn:tr~s. 
The fitted lines were then transformed back to the ongll1al Ul1lts 
and plotted as concentration-mortality clIn·es. The a,'erage amounts 
of each of the chlorinated hydrocarbon insecticides needed for 10- to 
90-percent mortality of the flies and for 100-percent mortality of 
the first-instal' Japanese beetle grubs are given in table +. 

The dosages of enchin. dieldrin, hephtchlor, and aldrin for It 

50-percent mortality of DJ'o.wphila, '"ere. prnC'tically the :::nme as 
those required to preyent de\'elopment of newly hatehed gnlbs, but 
dosages of DDT. toxaphene, and chlordane were about double the 
amounts needed for the grubs. 

The mortality of Dl'o8ophiht obtained with an exposure of approxi.­
mately 2·1 hours to a sample of soil is attributed to aldrin, chlordane, 
dieldrin, endrill, or heptachlor, [done or in combination. The 
toxicity may be expressed as equivalent pounds per 8-inch acre of 
one of these insectit'ides. ,Yhen there is no reaction of the flies in 
24 hours, but fl. mortality is obtained in 48 hours. the toxicity is 
attributed to DDT or toxflpl1ene. In view of the difference in the 
exposure required for the more toxic and the less toxic inseC'ticides, 
the toxicity attributed to aldrin, chlordane, dieldrin, endrin, or 
heptachlor can be e\aluatecl in the presence of thC' usual amounts of 
DDT or toxaphene. NormaUy, Jess than 25 pounds per !~-inch acre 
of DDT or toxaphene are in the soil. How('nr, withollt some 
adjnstment for the difl'erence in tlw C'xposure periods, the toxicity 
of mixturE'S of DDT or toxaphene with the morC' potent insecticides 
cannot be evaluated. 

The evaluation of the toxicity of soil with residues of DDT mixed 
with the more potent chlorinated hydrocarbons is important, because 
scyeral of these insecticides J1ave been applied to soil treated previously 
with DDT. Soils treated with toxap11('ne have not been retreated 
in this manner. 

About 15 percent of the flies exposed to Sassafras sanely loam 
containing 30 pounds of DDT per 3-inc11 acre were ki1led with an 
exposure of 2,l honrs. This was abollt the minimum amollnt of 
DDT that would produce a consistent reaction with this exposure. 



BIOASSAY OF SOIL CONTAINING RESIDUES OF l.L'I"SECTICIDES 19 

By adding 30 potUlds of DDT per 3-inch acre to a sample of a 
DDT-treated soil to fortify the residue, the toxicity ,vas so increased 
that residues of DDT could be evaluuted within a 24.-hour exposure 
period. A new standard for eva]l1uting the toxicity of soil fortified 
by the addition of DDT was developed and is presented in table 5. 

TAHm 4.-Amounts pel' 3-hwh acre of chlOl'inated hydrocarbon insec­
tir.i([e8 1wluirecl in Sa.ssa/I'as sClluly loam, /01' 10- to DO-percent mo'l'­
trdity of flie8 (Drosophila) (['lull00-percent1nort(cZity of first-in. star 
J(tpanese beetle g?'ubs with 1,S- and Zl,--lww' ewposw'es at SO° F. 

PLIES 

48-hour exposure 24-hour exposure

Mortalitv 

(percent) 


DDT 	 Toxa- Chlor- EncJrin Diel- Hepta- Aldrin 
phene dane drin chlorI I 

Pountl! 	 POlmd! Poruld& Pound. Po'md! Pound! Poundl10__________ 
2. 7 	 1.9 0.41 O. Hi O. 14 O. 014 O. 03415__________ 3.6 	 2. 3 . ,19 · ] 9 .16 .028 .03820__________ ? ­4.5 	 -. , .57 .22 .18 .034 .04225__________ 5.'1 	 3. 0 .65 .26 .20 .040 .04630__________ 6.4 	 3.3 .73 .29 .22 .045 .05035__________ 
7.5 	 3. 7 .81 .32 .23 .051 .05440__________ 
8.7 	 4.1 .89 .36 .25 .058 .05845__________ ]0.0 4.5 .98 .40 .26 .065 .062

50_.________ .. 11.6 ,1. 9 1. 07 .44 .28 .073 .06655__________ 13. 3 5.4 1. 18 .49 .30 .082 .07060___._______
65 __________ 15.4 ! 5. \) 1. 30 · 5·b .32 .092 .075 

17.9 6.5 1. 42 .60 .34 .10·1 .08170__________ 
21.0 j 7.2 1.58 · (~7 .37 .118 .087 

75__________ 2·1. 9j 8.0 1. 76 .76 . '.!O . 136 .094 
80__________ 30. 1 90 2.00 .86 .43 . 158 . ]03
85__________ 37. 5 ]0.4 2.30 1. 01 .48 .189 .114 
90---------T ------ -I 12. ,1 2. 76 1. 23 .54 .237 .130 

1 I 
FIRST-INSTAR GRUDS 

100_________[ 5. 0 I 	 2. 5 [ O. 40 I O. '10 I O. 30 I o. 07 1 0.07 

TABLE 5.-ilmounls pel' 3-inch acre of DDT 1'equi?'ecl in Sassafras 
sCtndy lOClln for 10- to DO-percent mOl'laZily of flies (Drosophila) 
'With a 2l,--lww' exposure at SOo F. 

Mortality (percent) 1) 0'1' I! :'.Iortality (percent) DDT 
--~--------'-----I' 

10 _____________________ _ PO/llul! 	 POU1/d,29.2!I 55. ___________________ _ -? ­0_.015 _____________________ _ 0 I 00 ____________________ _ 55.020 _____________________ _ 
3~ 

35.0 65 ____________________ _ 58.5
37.5 i! 70 ____________________ _ 
40. 21 75 ____________________ _ 66. 035 ______________________ 1 42.0 80 ____________________ _~g======================l 	

62.0 

71. 040 _____________________ _ 45.0 Ii 85 ____________________ _ 77.045 _____________________ _ 
1~ g il 90____________________ _ 85.050_____________________ _ 

II 
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The mortality in a treated soil fortified by the addition or. DDT 
was compared with the mortality Tates in table 5, and by interpolation 
the amount of DDT corresponding to this mortality was determined. 
The 30 pounds of added DDT was then subtracted from this yalue 
to give the accelerated DDT equiva1011t of the residue in the soil. 
The mortality of the flies corresponding to this DDT equivalent 
is the measure of the toxicity in the soil. 

This procedure "with Dro8ophihL was tested in comparison with a 
bioassay with grubs. where the total toxicity was determined directly, 
to eval uate the toxicitv of soil in a comme!.'cial nurserY to which 
both DDT and chlordime had been applied. The results of these 
determinations are summarized in table 12 (p. 35). With both 
biological procedures, the mortality of the test insects exceeded 50 
percent in sewn plots, was below 50 {>ercent in fiye plots, and in 
disap'eement in two plots, where lead arsenate was also suspected 
of being in the soil. This finding tended to establish the nlidity 
of this procedure with Drosophila for determining' the toxicity of 
binary mixtures of DDT and the more potent chlorinated hydro­
carbon insecticides. 

"When DDT ,vas added to soil to accelerate the reaction of 
D)'osopM7a to it l'P,-.;idue all(l itJ1 adjllstnH'llt was made fol' this addition, 
the DDT equivalent of the residue as determined from table 5 was 
much higher: than the actuflJ residue in the soil. This situation did 
not occur when DDT residues were in exc'ess of 30 pounds per acre 
and no additional insecticide "'as added to the sample. 'Yhen the 
mortality corresponding to the accf'lf'rated DDT equivalent of the 
residue was compared with that in table 4 and the data were interpo­
lated, a good estImate of the original residue was obtained. 

In bioassays of binarY mixtmes of DDT and chlordane in soil 
in which both grubs ane1 Drosophila wen:' used as test insects. the 
toxicity was expressE'd as equivalent pounds of chlordane per acre. 
In the bioassays with gruhs, the chlonhLl1e equiyalent of the toxicity 
of a residue was determined directly from table 1 (p. 5). 'Vith 
Drosophila, the. mortn.lity corresponding to tlle flccelerated DDT 
cquivalent of the residue, as determined from table 5, was compared 
with the mortitlity rates in tablf'·k and h~T intf'rpolntion the equin\lent 
amount of chlordane was calculated. Since substantialh' the same 
results Wf're obtained with hoth hiolop-ical procedures. flS shown in 
tablE' 1~. it was demonstratE'd thn.t in bioassays of binarv mixtures 
of DDT and n. mot·p pO(f'nt chlorinate<l hydrocarbon ins(>C;ticide with 
Dl'0807Jhilrl. the tc.xicity rail he espl'C'sfcd as an C'qll: ntlpnt flll10tUlt 
of any of the insecticides given in table 4. 

PROCEDURE FOR BIOASSAY WITH 

DROSOPHILA 


Soil Sample 
Adequate sn.mpling is the first import.n.nt. step in either n. chE'mica1 

or It bioloaicn.l analysis. Even tllOugh extreme carE' is exercispd in 
spreading 'formulati'ons of thc chlorinated l1ycll'Ocnrhon in:"ecticide.s 
over turf or cnltiYflted 1n.nd, hOll1o[!cnrity in the rlistrihution may be 
approached but it is rarely attained. Heterogeneity in thc dispersion 

http:import.n.nt
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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 llUmber of sub­
samples at random oyer a treated area in order that the composite is 
l'epresentati ve. 

Most of the residues of the chlorinated hydroca.rbon insecticides 
applied as topdressings to turf remuin within the uPl?er 1-inch layer 
of soil. AJI these insecticides were recove-red withm the upper 3 
inches (35, 36). In cultivateclland pra.ctically all the residues were 
fOlUld within the layer of tillage (13, 35, 36, 37). The toxicity in the 
tIpper 3 inches of soil is most essential in the control of Japanese 
beetle grubs. 

In slunpling t.he 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 O\'er an area not larger than 20,000 
square feet, with a S[Lmpling tool simila.r to that described by Johnson 
and Caske:y (77). Thus approximately 1.1 square feet of plot area 
constitutes a composite sample of slightly more than one-fourth. 
cubic foot in ,"olume. The close agreement 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 a.ir-dry. It is then passed through a. o-l11eiih sieve to remo\"e 
stones and miscellaneous debris. The stones are disearde(1. 'l'he 
smaU 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 co\·er. < 

A 100-ml. aliquallt par! of a composite sample of ell"y soil is Ileeded 
for fOlll' petri dish('s. However, it is easier to determine the apparent 
specific gt'u\'ity of a soil [Lnd to weigh the amount of soil required 
tha.n to measure it by \-olume. The approximate app:trent specific 
gm\-ity of n. soil is determined by putting it in a l'eceptac.le of known 
yolullle and obtaining its weight. The ltpparent specific gravity of 
fhe mineral soils may rl1nge from 1.10 to 1.20 for tlw clays to 1.65 to 
1.75 for the sands. HUl110lls soils may hll\-e an appa.rent speeific gray­
ity as low as 1.00, and muek often reaehes a low ntlue of OAO. ' 

",Yhen ft soil is known to ('ontain residues of DDT and the more 
potent chlorinatE'<l hydro('arbollR or these. mixtures are SllRpected of 
being presellt, DDT in the form of [l, dilute dust is mixed with the 
soil [Lt the rate of 1.25 grams per cubic foot, equinllpnt to 30 pounds 
per acl'(" to accel(,l'Hte the. response of the. flies to the DDT. No insec­
ticide is added to a soil ('ontaining only one of the chlorinated hydro­
carbons, mixt1lr('s of the more potent insecticides, or mixture.'> of DDT 
and toxaphene. 

A. 100-Illl. soil sample is mixecl w.ith 7.5 grams of pl:tst.er of patOis 
in a stain leRS-steeI beaker, amI enouglt of [I, 5-percent aqueous sol ution 
of corn sirup, containing 0 grams of sodillm propionate per liter, is 
added to make a free-flowing slurry. The slurry is blr.nded thor­
oughly with an electric mi~xer. The plaster of paris is addt:'d so that 
the slulTies of a.ll soils "will present a moderately hard smooth. surffLOO 
to the flies. The col'll sirup pro\'icles food fOI' the flips during the 

http:pl:tst.er
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testing period. The sodium propionate retards the decomposition of 
the sugar in the soil. 

TheslulTY 1S distributed. at random in tlH' lids of fOllr petri dishes. 
The containers are jarred. slightly to distribute the mass llnifor.mly 
o\'er the fmrface and to expel any air bubbles. An embossed nunlber 
for idpni'ifical'ion ];; pressed lightly into the surface of the slurry in 
each dish. ,Yhen the l)laster of paris has set and there 1S 110 free 
,,'ater on the surface, the soil is ready for exposure to the flies. 

Pl"eparation of Test Standards 
The manufacturers of tIle ehlorinaled In'dl'Ocal'bon inseeticides 

have provided. analyzed samples of the materi;"ls in the form of di.lute 
dusts for use in preparing standards of 1nsecticidal action. These 
materials a.re renm,ed annl1ally. ,Yhen a new sample of a material is 
obta.ined, comparative tests are conducted with it and the previous 
sample to establish their relative toxicities before it is used in 
bioassay. 

Test stanchrc1s are used to govern the exposure in each series of 
tests. In preparing these standards, each of the fonowing amounts 
of insectieic1es (milligrams) is mixed thoroughl~T wil'h 1 ('ubie foof 
of Sassn.fms sandy loam. which has been passed through n. 6-mesh 
screen: DDT 483, toxaphene 204, chlordane 45, endrin 18, dieldrin 
12, heptachlor 3, and aldrin 2.7. These rates are equivalent to the 
pounds per 3-inch acre of the insecticides at the 50-percent mortn.1ity 
level given in table 4 (p. HI). ,Vhen DDT at the level of 50 
pounds per acre is needed a,.: n. tpst standn.rd for soil fortified with 
DDT. 2.08 grams of the insecticide. is mixed with 1 cubic foot of 
the soil. The soil and the insecticide in the form of a dilute dust n.re 
blended intimately in n. small concrete mixer. Then the soil is 
placNl in a tight container and held for at least 5 days to establish an 
equilibrium between the soil and the insecticide. A slurry of a 
shmdard is prepared in the usual mn.nner for each series of tests. 
'I'he test standards are replaced monthly. 

Testing fOl" Toxicity 
A test series normally consists of 10 to 14 samples of soil and one 

of the stn.nclarc1s cliscllSSNl in the previous paragraph; 44 to 60 petri 
dishes art'· lIsed. Occasionally n. check with four dishes of untreated 
soil is addpd to the s('riC's. An 11ntreated che('k is not includpd in each 
series because from past: experience practically no natural mortality 
occ11rl'('(1 during the testin!,! period. 

The flies anesthetized -with carbon dioxide arc separated into gronps 
of 25 ench ancl (listrihuted among the petri dishes. Sufficicnt carbon 
dioxide is introduced into tIle randomizing cylinder to lightly anes­
thesize the flies. The flies drop on n. fine mesh screen, wl1ere they 
are kept under light alll'sthesia by the introduction of cn.rbon dioxide 
below the. screen as 11eeded. The anesthetized flies are selected at 
random from this scrern n.nd are counted. as they are aspirated. into 
811e11 vials for t.ransfer to the petri disl1es. Tlllnll'din.tely aftpl' the, 
flies are placed on the hardened slurry of soil, the bottom of the 
petri dish, serving as the cover, is pressed into the soil to confine 
the fli('s and COnSerye moisture. 

http:standn.rd
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The test series is incubated at SOD F. in n well-lighted room until 
the mortality with the standard soil is 50 percent. .An exposure of 
approximately 2:1: hours is required for soil containing chlordane, 
endrill, dielchin, heptachlor, and aldrin and mixtures of DDT with 
these insecticides, and an expOSUl"e of approximately 48 110urS is 
needed for soil containing DDT 01' toxaphene. After a test is 
completed, the slurries a:re discarded. The tests with n sample of 
soil are repeated on successive days with freshly prepnred slurries 
until at least 1,000 flies hn,ve been exposed to the soil. 

Evaluation of Toxicity 
Since the exposure is go,-ernecl by the test standard-8assafras 

snndy loam containing a suflicient amount of one of the chlorinated 
hydrocnrbon insecticides to kill 50 percent of the Hies-the toxicity 
in n soil under il1Yestigation is actually expressed in terms of the 
standard. ,Yith this procedure soils with n high adsorptive capacity 
for the insecticides show n 10>\"er active toxicity than those with a low 
fixing power. e,-en when the same total am01lnt of insecticide is present. 

The mortality of the flies is determined directly for all the chlorin­
ated hydrocarbons: ('xc-ept mixf:nres of DDT and the more potent 
insecticides, when an adjustment is made for the toxicify of the [lrldecl 
DDT (see p.l!)). 

The standard deviation in fhe mortality of groups of f1i(>s l'xpo~ec1 
to an ilUiecticide residue in soil is usually less t.han 10 perc('nt. 'Yhen 
the mortality is more than GO percent, the toxicity in a soil is adcquate

• to pr(>venf: the development of ne,,,ly hatehed .JRpan('se I' ?('tle grubs, 
bnt when it is less than 40 percent, adclitiOll:11 insecticide should be 
added to fortify the treatment. ,Yhen the mortality is betwe(,11 40 
percent nnc1 GO percent, additional tests may be necessary to cshlblish 
more derrnit.eh the h~'-el of the toxicity. For iilHIlV 1"0111 i11('. anahses 
it may he ncc~ssary only to c1etermilH>, ~yl1('ther the toxicily in t1, soil is 
sufiir:icnt to kill 50 perc('nt of the Drosophi/rt. 

The toxicity in n soil may be ('xpr('ss('c1 as equinl1('nt pounds PCI' 

acre of anyone of the chlorinate(l hydrocarbon insecticidc,; ginm in 
tnble 4 (p. ID) by comparing the mortality of the f1ics \\-itll the mor­
tality ratcs hl the, table and intHpolating t11e data. Thc ('qllinl1('nt 
amount of insecticide may also be, calculated by converting the mortal­
ity to its corresponding probit, subsfitutin)! this nIne for "E'~ in tl1e 
log-probit regression, and solving for "X," the loga.rithm of the COll­

c('nfraf ion of the insccticide. The antilog::lI'ithm, or t\1(' ('on("('ntration 
of the insecticide in pounds per a('r(', cnn be ohtained l"E'ac1ily from a 
table of logarithms. The log-probit regr('ssions for the chlorinat('d 
hydrocarbons with Drosophila are as follows: 
Aldrin ________________________________________ X= (R-10. 13V8) /4.3:)14 
Chlordane ____________________________________ X= (8-4.0081)/3.1123 
DDT _________________________________________ X = (B-2. R-l27) /2.021)1 
Dieldrin ____________ .__________________________ X= (FJ-7. 4V02) /4.5104 
Enc1rin _______________________________________ X= (/~-G. 0246) /2. 877G 
Hepta chlor ___________________________________ X = (E-7. 8521) /2. 5Q!)() 
Toxaphene _______________________________ ~___ .1:= (E -2.8172) /3. ] GS8 

http:derrnit.eh


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

Sensitivity of Direct Bioassay of Soil 
It is well hl10wn that the detel'nUnation of insecticide residues is 

affected by various factors u...."Sociated with a procedm·e. Therefore, 
the sensitivity of a chenUcal or biological ana1ytical met110d should 
be indicated ill order that the significance of the detenninat.ions may 
be evaluated. 

Sensitivity usually refers to the minimum amount of a substance 
that can be detected consistently by an analytical method. Accurate 
evaluations of a residue cannot be made by bioassay when the mor­
talityof the test insect is approaching zero. TherefOl'e, the sensitivity 
of a biological procedure ea1mot be established by attemptillg to 
determine the. minimum amount of all insecticide that will cause some 
mortality. Since the most accurate biologica.l debmninations are 
made at the 50-perc-ent level of mortality, the sensitivity of a bioassay 
may be considered to be the amolUlt of an insecticide needed to cause 
a significant change in the mortality a,t that level. 

'When parallel tests with a soil containing a chlorinated hydro­
carbon and with the standard soil containing a dosage of the insec­
ticide for 50-percent mortality are repeated 10 times, a de\'iation of 
9.4 percent in the mortality of Japanese beetle grubs in the test soil 
from that of the st.andard is USlHLl1y significant, and a. dedation of 
12.9 percent is highly significant. A deviation of 8.2 pel'c('ut in. the 
mortaJity of Dl'osophilcL is usually significant and one of 11.2 percent 
highly significant. From the. concent.ration-mortality data given in 
tables 1 and 4, the amounts of each of the insecticides needed to pro­
duce such changes in the mortality of the grubs amI of the flie$ n,t 
the. 50'percent level of mortality were calculated and expressed as 
pounds of insecticide per 3-inch acre of soil. The sensiti\-ity of 
these bioassays in Sassafras sandy loam is summarized in table 6. 

TABf,E 6.-Sen.<sitivity in pO~bnds 7)e1' 3-inch aCl'C of OiO([88([,l/S 'with Jap­
anese beetle grubs and flies (Drosophila) in determining r(',~irlue8 
of ('Morinated hyd1'ocCl1'oon insecticides in SaRsa.,fras sanely loan" 

With grubs Wilh flies 

Insectide 
Odd!; Odd!; OddsOdds I]:1 n 1: 99 ] : 19 1: 1)9 

:--­
POtL1Ub, POltrlriJ POllTldJ PaIlful•IAldrin______________________________ -­ 0.02 . 0.03 0.007 ! 0.01

Heptachlor ____________ ~ _____ , __ , _____ _ .02 .03 .01 I .02Dieldrill _____________________________ • . j4 .24 .03 \ .04Endrin ______________________________ _ 
. 12 .18 .07 ! .10Chlordane___________________________ _ .43 . US .23IToxaphene_________ -- ________________ _ .17I. 27 I. 8·1 . 7-1 1. 05DDT________________________________ _ 2.21 3.20 i 2.75 I 3.88 

There were great differences in the amounts of these insecticides 
needed in Sassafras sandy loam. to cause a sigllificn.nt chn.nge in the 
mortality of the grubs or the flies. ",Yith the exception of DDT, 

http:sigllificn.nt
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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 pOlUld per 
acre is needed to produce a significant change in the mortality, and 
the least accnrate of DDT residues, where 2.75 pOlUlds are required 
for such a modification in the mortality. 

The sensitidty of a bioassay is also modified by the nature of the 
soil to which the chlorinated hydrocarbon insecticides are applied. 
It was estimated that to produce a significant change in the mortality 
of grubs or flies ,,·ith a sand, only about one-half the amOlUlt of 
insecticide needed in Sassafras sandy loam would be required. On 
the other hand, to cause such a change in the mortality with a muck, 
the amounts of insecticide would have to be increased fivefold to 
tenfold. 

Population Variations 
When a test was repeated several times on the same day with 

groups of flies selected at random :fTom 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 (1~3) in studying the susceptibility of Dro8ophila to DDT 
found similar fluctuations occurred throughout 76 generations of 
flies reared under apparently identical conditions. He attributed 
these fluctuations to the microenvironmental changes hl the containers 
used for propagation. Newman et al. (110) found a similar variation 
with laboratory-reared southern house mosquitoes (01dex pipien.s 
quilnQ1wfasciatu8 Say) and Gersdorff et al. (67) with the house fly. 

Since the resistance of Dro8ophila to hlsecticides over a series of 
generations is likely to fluctuate, bioassay has to be on a relative 
basis with reference to the exposure. The principle of paranel 
testing of insecticides C<'ln be employed to advantage in cOlTecting to 
a large extent for these fluctuations. Each day parallel tests are 
conducted with the soils under investigation and with a soil receiving 
a standard insecticidal treatment that will kill one-half of t11e 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 BIOASSAYS WITH JAPANESE 
BEETLE GRUBS AND WITH DROSOPHILA AS 
TEST INSECTS 

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

TABLE 7.-001nparison of bioassays of field lJZots treated 'with aldrin, 
dieldriln, and heptachlor, 'using Japanese beetle g1"ltbs and flies 
(Drosophila) as test i1lJ3ects 

Amount per 3-inch 
acre determined-

Insecticide 

With grubs With flies 

Aldrin_____________________________________ { 
Pound, 

0.09 
Pound. 

O. 03 
?­• -::> .15 

1. 39 1.20 
2. 65 2.60 

Di,ldd"-­_________________________________ { .44 .38 
.28 .23 
.30 .23 
.30 .37 

Heptachlor ________________________________ { .33 .23 
.40 .48 

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 acre. 
About the same appraisal of toxicity in a soil was made with the 
grubs burrowing through and ingesting soil 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 eXJ?erimental turf plots to which the 
chlorinated hydrocarbon insectiCIdes had been applied to control 
Japanese beetle grubs. The sampling covered the weathering of. 
heptachlor during a 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 sample was determined by bioassay with third­
instar .Tapanese beetle grubs as test insects. The equivalent amoIDlt of 
insecticide residue was calculated by comparing the mortality in the 
sample and the mortality 'when known amounts of the insecticides were 
used and interpolating. The amount of organic chlorine in each 
sample was determined by the Pesticide Chemicals Research Branch. 
The method of Koblitsky and Chisholm (85) ,,-as used, and the equiv­
alent amount of insecticide residue was ca1culated by muJtiplying 
the amount of organic chlorine by an appropriate factor. The data 
were arranged in groups and tIle average residue for each group was 
determined_ The summary of the biological and the chemical de­
terminations of the insecticide residues is giyen in table 8. 

The average discrepancy between the biological ancl chemical deter­
minations of the chlorinated hydrocarbon 11lsecticicle residues was 
as follows: 

Illsecticide POI/lids per 
3-illch acreAldrin ______________________________________________ O.GO 

Chlordane __________________________________________ .89 
])])T _______________________________________________ 2.14 
])ieldrin __________________________________________ . Gi 
IIeptachlor __________________________________________ .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 biological 
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 bet,,-een bio­
logical and chemical determinations of residue-3 of the chlorinated 
hydrocarbon insecticides in soil. Terriere and Ingalsbe (127) usually 
recovered greater amounts of these insecticides by the organic chlorine 
m,ethod (85) than by biossay with larvae of (hdp;c fj'llillguefa8ciatu8 
Say. Kiigemagi et a1. (81) found good agreement. initiaJly between 
the organic chlorine method (1) and bioassay with cnlicine larvae 
in the analysis of soils containing aldrin, dieldrin. and heptachlor, 
but after the soils had weathered for several months, larger amonnts 
o~ these insecticides 'were obtained by chemical analysis than by 
bIoassay. 

Discrepancies haTe also been noted in the results obtained by specific 
chemical methods and bioassa~ys of insecticide residues in soil. Young 
and Rawlins (136) reported significantly higher amounts of hepta­
chlor in mineral soils by colorimetric analysis (l1.J~ 119) than by cli­
rect bioassay with Drosophila; in muek the results obtained by 'both 
methods were not significantly different. Lichtenstein and Poli\rka 
(93) foul1C1 more chlordane and less aldrin and heptachlor in soil by 
colorimetric analysis (111, 112, 116,119) than by bioassay with this 
fly. Lichtenstein and Schulz (9.4), Edwards et al. (.50), and Lichten­
stein et a1. (91) also found less aldrin in soil by colorimetric analysis 
(.40,111,112) than by bioas.'3ay with Drosophila. Lichtenstein et a1. 
(91) recovered more lindane by chemical analysis (122) than by 
bioassay with this fly. 
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TABLl~ S.-Al1wunts lJel' 3-'vJloh (UJl'e of ohlorinated hyd1'0 oarbon inseotioide 1'esilhtes 'in soil during 'weatlwl'ing as 

dele1'Inined by bioass((.y alul olw1nical {£1wlysis 

Residues dete~ll1inedllesidues determined i
Insecticide tlnd by- ] nsecLicide and by­

years residue PloLs Dilference years residue PloLs Difference gj
weathered welltherl'd 

Bioassay Chemical Bioassay Chemiclll ~ Ilnalysis analysis 

~ 
POI/lid. POIl1I1/. POll1ld.Aldrin: NI/mber POI/lit/! POI/1I!I. Po/tlltl. Dieldrin: NI/mlur ...0____ -- _______0.5___________ ~(j 1.77 .1. 07 -0.70 5 3.0·1 :J. 66 +0.62 

2_____________ 4 2.10 2. (10 +.508 .4:J . Ii·! +.2L 2 _____________ '" a_____________ ]------------­ '" 5_____________ 5 .21i .1)2 +.66 a_____________ ,.1 1.78 2. a8 +.60 
11 .10 .1)0 -1-.80 7 1. 13 1.61 +.48 cl'L ____________ 7 .83 1.81 +.98Ohlordane: 5 _____________ rn0.5___________ \) 5. 8 a.3 -2.5 .55 1.35 +.80

1_____________ 
12 a. a 3. \) +.6 Heptachlor: t:I0 _____________ " 

2_____________ 2.15 1.85 -.3()13 1.5 2. 0 +.5 1_____________ 2 
5___________ .... 11 .7 .5 -.2 .J .35 1. 80 +1. 45n_____________ 2 _____________ ~ 

4 .20 .55 +. a5 
DDT: '1 

17 .3 1. :1 +1.0 :3_____________ 
.10 1.25 +l. 15 o

0_____________ I2j
2,1. 5 2.1. 1 -:1. ·1 Toxaphene:0 _____________ 8 0_____________

51. 1 3 30.5 33.1 +2.6 
·L____________ 17.8 14. 0 -:1.8 :1 16.6 18.2 +1.6 

3 51. 0 +. L 1 _____________ 
7 a _____________,L____________ a 36. 5 :1L S -4.7 5_____________ 1 ]a. 1 10. 5 -2.6 

0______ ------- 12 lUi 10. :\ -l.a :3 7. !J 8. 2 +.37 _____________ 0______ ------- 7 3. !J 9. 8 +5.9Hi 7.5 n. 0 + 1. 5 7 _____________ n_____________ <1 .7 8. 1 +7.4:1 2. 5 3. S +1.a i
:Il 
I!I 

• 
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Since the evidence indicated that some of the chlorinated hydro­
carbons are converted to other compounds in the soil, bioassay appears 
to be the more reliable and rea1istic method. f01' 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 com.mercial nurseries to 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 pm·pose. 
In some nurseries the chlorinated hydrocarbons have been applied to 
soil containing arsenical residues. Experiments were undertaken to 
detel1nine the effed of the arsenieaJ on bioassays of residues of the 
chlorinated hydrocarbons. 

"Then third-instar .Japanese beetle grubs were introduCQd into 
Sassafras sanely loam containing lead arsenate and l1eld there for 2 
weeks at 80° F.-the conditions under whieh the chlorinated hydro­
carbons 'were assayed-the mortality of the grubs increased pro/!res­
sively with the increment in the amollnt of the arsenical. The 
amounts of lead arsenate and the morta1ity of grubs were· as follows: 

Lead. ars('na/c 
(pollmis p('r acre)200________________________________________________ 

400________________________________________________ 
600 _______________________________________________ _ 
800-___________________________________________ . __

1,000 _______________________________________________ _ 

Mortality 
( percent) 

8 
27 
43. 
57 
65 

Since the grubs react to the arsenical and to the chlorinated hydro­
carhons uncler the same conditions, the grubs can be used to ass~lY the 
toxicity of mixtures of these insecticides. 

On the other hand, lead arsenate affected D1'o8ophila much slower 
than did the chlorinated hydrocarbons. 'When the flies 'were exposed 
to slurries of soil containing lead arsenate at rates up to 2,000 pounds 
per acre, no mortality occurred within 2± hours at 80° F. The mor­
tality wa.s 2, 45, and 08 percent in "18, 7:2, ancl OG hours, respectively. 
There appeared to be no relationship between the anlount of the 
arsenical in the soil and the speed of insecticidal action. 

'Wylie (136) also observed that the mortal it}' of the flies exposed 
to soil containing Jead arsenate was not primarily a result of the 
dosage. "rith 0.28 pound of dieldrin and 1,000 pounds of lead 
arsenate per acre. in the soil and an exposure. of 24 hours, the presence 
of the arsenical did not modify the reaction of the flies w the dieldrin. 
Therefore, with Drosophila as the test insect, the to:xicity of residues 
of the chlorinated hydrocarbons can be determined in the presence 
of lead arsenate, but the combined toxicity of these insect:icides can­
not be measured. 
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INACTIVATION OF CHLORINATED 

HYDROCARBON INSECTICIDES IN SOIL 


Soil is not an inert medium. It is a comp]px dynamir mixture ot 
mineral and organic matter that is thr habitat of many forms of 
animal and pltUl.t life. It furnishes the foothol(l and~ in part, the 
sustenance of higher plants. The flora lll1cl fauna and the rhemical and 
physical properties of son yury greatly from place to place. 

:Many lln'estigators han~ observrd that the introduction of chlori­
J1ated hydrocarbons in the ::oil affected plants differently in YariOllS 
parts of the country. These insecticides 'were more toxic to plants in 
sand than in the heavier mjneral soils or muck. Edwanls ptal. (,50), 
Fleming (55), Fleming and Maines (58, 59, 60, ul), Forbes and 
King (63), and others have found a high negative correhtion between 
the amount of organic matter in soil and the toxicity of the chlorinated 
hydrocarbons to 1l1sects. The studies of Barlow and Hadaway (u. 7, 
8) ha\-e indicated that. \\'hen aldrin, DDT, dieldrin, and lindane :tre 
applied to a soil, a part of the insecticide nlporizes and is adsorbed 
by the particles of soil; the adsorbed material is inacti\'e as an 
insecticide. 

A study ,,,as undrrtaken to detel"lnine more definitely to 'what extent 
the chlorinated hydrocarbons are inactivated insecticidallv in c1itrerent 
soils. Throu!!h -the cooperation of the Soil Conservation Sen'ice, 
representath'e~ agricultural soils were obtn.ined from various parts 
of New Jersev for theseexploratorv tests. 

Drosophila was exposed for 2,(hollrs at. 80° F. to soils containing 
progressively larger amounts of aldrin, chlorclttne, dieldrin, and 
heptachlor and for,J,8 hours to soils with DDT and toxaphene l1nti I the 
amount of each insecticide needed for 50-percent morhllity of the 
flies exposecl to eflch soil was determined. Only about three-fourths 
of the planned tests could be completed. but they showed some .-ery 
~igllificant trends. The results are sumnlarizecl in table D. 

TABLE G.-Amounts pel' 3-inch acre of chlorina.ted hydrocarbon insec­
ticides needed for 50-7Jercent mortality of flies (Drosophila.) in 
various soils 

'joil Chlor­DDT IToxa-I Diel- IHepta-! Aldrin 
phene dane drin chlor 

I 
POILmiS POIlll<!' Pound., Pound. POltnds I POlmd.

l'Ionmouth loam.____ _ 3. 7 1. 7 O. 35 O. 10 O. 03 i O. 03
Lakewood sand ______ _ 4.2 2.5 • '1 I • 13 . OG 1 . OG.5.8 ________ .Downer sandy loam __ _ .50 . Hl --------1--------Bucks silt loam _______: 10.\) 1________: 1. 3·j· .33 _______________ _ 
Sassafras sandy 10am__ 1 lUi I 4. I)

17. I) 1______ :_Annandale Silt"JOalh ___! Lg~ I : ~~ L--·-~~-l-------~~
Collington sandy loam_ 18. G f 14. ~ 2.3G : .76 1________ . II)

21. I _______ _Croton silt loam ____ • .! 1. 1)·1 I .' H ,--------1-------­
\Veeksville sandy loam_l 3~. i) I 12.5 4. fll· 1. 17 1. _______1 .21

43.8 . _______ _Cokesbu~y silt Coam ___1 
Muck. _________ ~ ____I 88. ,1 I 21). 7 I ~: 56 ;---i.-20-i----.-50- -- ---.-36 
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It was assmned that all the insecticide required for 50-percent 
mortality of the flies exposed to :Monmouth loam, the least adsorptive 
soil, was insecticidally active. The increase in the amount of insecti­
cide for 50-percent mortality "'ith another soil was considered to be 
the amount illactinltec1 by the other soil. For example, 3.7 pounds 
of DDT were required in Monmouth loam andll.G pounds in Sassa­
fras sandy loam, indicating that 'I.!) pounds per acre or 68 percent 
of the insecticide added to the Sassafras soil was not functioning. 
In like manner it was determined that the Sassafras soil inacti,-ated 
65 percent of the toxaphene, 67 percent of the c:11lorclane, 6-1 percent of 
the dieldrin, and 57 percent of the heptachlor and aldrin added to it. 
Muck inactivated !)G percent of the DDT, !)-l: percent of the toxaphene, 
93 percent of the chlordane, !)2 percent of the dieldrin, !)-l: percent of 
the heptachlor, and !)2 percent of the, aldrin. 

In view of the great differences in the amounts of the chlorinated 
hydrocarbon insecticicles needed to obtain the, same le\'el of toxicity 
in the various soils. more consideration should be gi\'en to the l1ature 
of the soil to which these insecticides are applied for the control of 
the grubs. 

PRETREATMENT ASS A Y TO DETERMINE 
AMOUNT Ol~ CHLORINATED HYDROCARBON 
INSECTICIDES NEEDED TO KILL JAPANESE 
BEETLE GRUBS IN SOIL 

The Plant Pest Control Division authorize;:; tL.e application of 
25 pounds of DDT or toxaphcne~ 10 P01Uld;:; of chlordane, and 3 
pounds of dieldrin, heptachlor, or aldrin per ;3-inch acre to eliminate 
newly hatched Japanese beetle grubs in the soil of nursery plots. 
These rates are 5 to 40 time;; as much as arC' needecl to kill all these 
grubs in Sassafras sanely loam in order to allow for Home une\-enl1ess 
in the distribution and for the t'frect of c1ilfercJ1t soils on the inst'cti­
cidal action and to pl"Oyicle for the 10ngC\-ity of the treatment. The 
dosages of these ini't'cticides ]1t'cdec1 in 8ass.afra3 saudy loam are 
given in table 10. ..\JtlIOllgh a single application of 011e of thesc 
insecticides is usually eU'cctiw for 4: or 5 years. there is Med for a 
practical method to·dctt'rmillC betore tre:ltment how much insecti­
cide is actually required to as::;llre the destruct iOIl 0 E the grubs in 
the soil of a plot. 

Tests ·we.re undertaken with 10 agTicllltural soils, with Dro!wplzila 
as the test insect. to determine how much of tlH'se ill~ectici(les ,\-as 
needed in these soils to kill all newly hatcht'd grubs. ..:\S a standard 
in each series of t.ests. one of tbe inqertici<lt's ,\-as mixcd with Sassa­
fras sanely loam at it, rate that would kill 50 perccllt of the flies. 
Parallel tests "erc cOlHluctNl with the sfan(larcl ancl with the other 
soils. The, amonnt of insC'ctieic1e in C'nch soil was incrt'asvrl progrC's­
sively until the toxicity "as cquiyalcnt to that in thei-tanclar(l. 

'With infol·mation on the amounts of insecticide lH't'dt'c1 for Ca) 50­
percent mortality of the flies in the standard. soiL (0) 5(l-pt'l"Cent 
mortality of the flit's in the ~oil undpr inyt'C'tigation, and (c) 100­
percent mortality of newly hatched. grubs in the, sutndard soil, an 
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estimate can be made of (X) the pounds of insecticide per 3-inch 
acre for 1oo-percent mortnlity of the gruh in the test soil by means 
of the equation X = (b X 0) I a. The amounts of the chlorinated hydro­
carbons needed for 100-percent mortality of the newly hatched grubs 
were calculated for the different soils and are given in table 10. 

TABLE 10.-Estimated amounts 7)er 3-inoh aore of ohlorinated hydro­
oarbon t;),.~ectioide8 to eliminate newly hatohed Japanese beetle g1'ubs 
in 'lJal'iou,y soils, 1lsing flies (DrosophihL) as the test inseot 

Soil DDT I 	 Toxa- Chlor- Diel- Hepta-I Aldrin 
phene d!U1e drin chlor 

----------------~-------------·I-------I------I-------------

I POllnd., Pound., POll lid. Pormd. POflnd. IPound. 
Sassafras sandy loam ,_ 5. 0 2. 5 O. 40 0_ 30 O. 07 O. 07 
Monmouth loam______ 1. 6 .9 _13 . 11 ________, _03 
Lakewood sand _______ , I. 8 1. 3 . 15 . 14 _06 _06 
Downer sandy loam_oj 2.5 ________ .19 _20 _______________ _ 
Bucks silt lo~nL ______ j ·t 7 ________ .50 _35 ________1_______ _ 
Annandale slit loam ___! 7_ 7 ________ .48 .40 ________1_______ _ 
Collingtonsnndylourn.. 8.0 ________ .88 .82 --------1 .19 
Croton silt loam______ 9. 1 7.4 . 72 .47 ________ , _______ _ 
Weeks ville sa.ndy loam _ 16. 6 6_ 4 1. 72 1 ?6 ,?1 
Cokesburv silt loam___ 18.9 ________ 2. 21 ____~=__ ========! _____-_=_ 
:MUCk. __ -____________ 38.2 ]5.2 1.87 L 29 _50 I _36 

1 I 
1 Amount needed to eliminate grubs determined directly for this standard soil. 

All other values estimated from reactions of Drosophila. 

These calcuJatecl va1ues are subject to an experimental eITOr owing 
to variations in the reactions of the insects. Since the dosages for 
loo-percent mortality of the grubs in the standarcl soil contdbuted 
EttIe to tlus error, because the dosage selected for each insecticide 
exceeded the actual minimum required, there is little possibility of 
any yariation in the mortality. The dosages for 50-percent mor­
tality of the flies in the standard soil also contributed little to this 
error, because they were used to govern the exposure of the flies to 
other soils; a series of tests was terminated when the mortality with 
the standa.rd reached 50 percent. In the other soils it was estimated 
that the dosages for 50-percent mortality of the flies were determined 
·with an error of about V percent for DDT, 6 percent for toxaphene 
and chlordane, and 4 percent for dieldrin, heptachlor, and aldrin. 
It is beliend, therefore, that the ya]ues given for DDT in table 10 
1uwe [tn experimental error of not more than 20 percent, those for 
toxaphene lLnd chlordane of not more than 15 percent" and those for 
dieldrin, heptachlor, and aldrin of not mom than 10 percent. 

It appefLmd that not more than 25 percent of the authorized 
amount of chlordane, dieldrin, heptachlor, or aldrin was needed to 
eliminate the grubs 	in most of these test soils; therefore, at least 
75 percellt of the initial applicatiol"L 'was left to provide for the ]on­
rre,,"ity of the treatments_ Howen-'r, 60 percent of the authorized 
~moul1t of toxaphene was nerded in the muck and the authorized 
amount of DDT appeared to be inadequate in t}mt soil. It seemed 
that about one-thinl of the authorized amount of toxaphene would 
be adequate for aU these mineral soils, but with DDT the dosages 
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for some mineml soils n,pproached the n,uthorized amount. It would 
seem thn,t chlordane, clielelrin, hepta.chlor, and a.lclrin are ada~ted for 
use under a wieler range of conditions in commercial llursenes than 
either DDT or toxaphene. 

This pretreatment assn,y of soil should 00 of use to the Plant Pest 
Control Diyision in determining the suitability of a soil for trea.t­
ment with one of the ehlorinated hydrocarbon insecticides and in 
determining how much the residue in n, soil coulclLe decreased before 
retren,tment was required to ma.intain the plot in n, 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 insc.:ticicles in !:;assafms loam. Each insecticide 
was thoroughly mixpd with the soil at a rate that would kill 50 
percent of the nt'o8ophiZa exposed to the soil for about 2·1 hours at 
80° F. The rates were as follows: 

/'olllllls per 
Illsecticide 3-inch acreDD'£ _______________________________________________ ;:;0 

Toxaphene __________________________________________ 1;:; 
Chlordane __________________________________ 1. 07~_______ 

~ndrin______________________________________________ .44
Dieldrin ____________________________________________ .28 
Heptacb10r __________________________________________ . OJ 

I'" .\.Id I'in ___________ .______________________ ... __________ , OJ 

Each batch of soil ·was held for 5 days in a closed container to anow 
the insecticide and the soil to come to an equil ibrium. Then 1: 1 mix­
tures were prepared by hlenc1inp; equa.l weights of the batclws. Each 
binary mixtUI·e conhtinecl each insecticide at n concentration of half 
that originally applied to the soil. Di'080philct ,,'as exposed simul­
taneously to slurries of each binary mixture and the components of 
t.he mixture until the mortality with the mixture was approximately 
50 percent. Then the modality ·with the c0mponents was determined. 

Following the procedure proposed by Horsfall (75), a gtaph was 
prepared for ertch mixture. The mortality ·with component..1l was on 
the left and that with component, B on the right. A straip;ht line 
connecting the points fOl· ~l andl] represented the mortali ty expected 
with mixtures of these compollents. The mortality with each binary 
mixture ,,-as compared "'ith that e:s:pedecl for the. mixturr, :tnd the 

I" difference was detenninecl. These dcyiations in the mortality with 
the various mixtul'Ps arl' gin'nin tablc 11. 

A mortality significantly above the expected would show synercrislll 
and one significantly bplow WOL1ld sho\\" antagonism between'" thc 
components of it mixture>. There was evidence of synergism ·with 
n of the 21 mixtures but no indi('ation of antagonisln. There :tp­
peared to be a synergistic action ·whrn DDT was'mixed with alclrii1, 
chlordane, dieldrin, enclrin, heptachlor, or to:s:aphene; with mixtures 
of heptachlor and aldrin, toxaphenr, Or perhaps en<1rin; and with 
mixtures of toxaphene and aldrin or endrin, 
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TABLE ll.-Deviation in mortality fro11'" that eOJpected 'with flies 
(Drosophila.) expose(Z to Sa8sajr(lS sandy loam containing binm'y 
mixtures of the chlorinated hydl'oca7'oon -insecticides 1 

-------------~--------.---"------"-----

Component B 

Component .Ii 
i.Aldrin Chlor­ 1)DT' Dicl- Endrin !Hepta-I· Toxa­

\ dane i I drin! I chlor phene 

Percellt I I'ercent ! Percent I Percent i Percellt Percent I Percent
Aldrin _______________1 +0.2 ;+23.0, -5.-1 +-1.1 +16.6 +16.7 
Chlordane~ ____ +0.2 _______ -'+23.2 +2.5 +1.5 +3.8 +5.8 
DDT _________ +23.0 +23.2 + 15.2 +23.!l I+2-1. -I +17. 0 
Dicldrin _______ -5. -Ie +2.5 +l5.2 ____ .___ -3.0 -3.3 +1. 3 
Endrin________ +-1.1 +1. 5 +23.!l -3.0 ________ +8. U +30.0 
HeptachloL ___ + 16.6 +3.8 +24. -I -3_ 3 +8.!J [________ +17.3 
Toxaphenc ____ +lG.7 +5.8 +17.0 +1.3 +30.0 1+17.3 _______ _ 

1 A deviation of 8.2 pcrcent is significant !\ud one of 11.2 percent highly 
significant. 

The toxicity of the other mixtures did not differ significantly 
from that expected. This finding indicates that with these mixtures 
the response of the flies to each component was not affected 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 toxicity due to a reaction between the • 
insecticides, and sometimes the toxicity may be enhanced. 

BIOASSAY OF TOXICITY IN FIELD PLOTS \VITH 
RESIDUES OF DDT AND CHLORDANE 

In the fall of 1!)5!) samples of soil were taken frol11 U plots in it 

commercial nursery to entlllate the toxicity of the soil to 'which 
during the past 10 year:: both DDT and chlordane had been appl ied 
to satisfy the requirements of the ,hpanese beet Ie qlUu'itntinc. The 
DDT had been applied initially in 1050 and 1%1. One OL' more 
supplementary applications of DDT had been made to somc or the 
plots before the chlordane was applied during 105·1-5!). Dming the 
period since the initial insecticide treatment, all the plots huye been 
p10wec1, hunowecl, :md pJantecl in green manure crops for soil im­
pro\-ement. At the time of sampling, some of the plots 'were in a 
certified statlls 1\ ith Teferenee to the qlUlmnf'inp, olhers w(,re un­
certified, 

The eyuluations of the toxicity of the residues of nDT and elllor­
clane ill each sample Wl're mu'dewit h 200 thi 1'(1-i nstar .Japanese 
beetle gl'Ubs and with 1,000 flies (Drosophila). The results of these 
determinations, expressed as equiyaleni: pounds of chlol'dane per :3­
inch acre, are summarized in table 12. 
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TABLE B.-Bioassay of toxioity of residues of DDT and chlO1'da.ne in 
soil1.oith Japanese beetle grubs an(l fiies (Drosophila) 
[Toxicity as equivalent amounts of chlordanc per 3-inch acre] 

Total active toxicity 

Sample Xo. 
With 
grubs 

With 
flies 

Averagc 

Toxicity 
attributed 

to chlordane 

i 

11--------------------­ ___ -12 
1 
_________________________ • 

3 _______________________ _ 
-11 _______________________ _ 
52 _______________ ._~ ______ _ 
G. ________________________ , 
i 1 ________ . ___ .. _. _ •• ___ .l 
8 1___________ • ____________ -1 
!J 1-_----- .. -­ _______ . -------1
10. __ .• ______ . ____ •• ______ J 
11~ ________ . ______________ _ 
12 1 _______________________ _ 

13 _______________ . ________ _ 
14________________________ _ 

PoundJ 
1. !Ji 
1. 'li 
.50 

1. G4 
4. iG 
.04 

21. 60 
L 50 
1.51 
.39 

3.0i 
2.02 
.3i 
.32 

Pound. 
1. !)l 
1. 91 
.20 

2. iO 
.2i 
.15 

20.00 
1. !J I 
1.iB 
.8G 
. 62 

3.82 
.31 
.. 20 

POlmd, 
1. 9-1 
1. 69 
.35 

2. Ii 
----------
I . 10 
\ 20.80 

1. i5 
1. G2 
.63 

---------­
3.3i 
.3'1 
.26 

Pound. 
1. 9-1 
1. 86 
.25 

1. 98 
.31 
.24 

16.36 
1. 6-1 
.44 
.38 
.24. 

3. 36 
.31 
.32 

).[ore than 50-percent mortality of grub:; and flirs. 
~ )'lore than 50-percent mortality of grubs and 1(''::5 than 5D-percrnt mortality 

of flies. 

The mortality of both test insects ('xceeded 50 percent with seven 
samples, was below 50 percent with fiye 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 suagest that 
some insecticide in addition to the ch10rinated hydrocaliJons may 
have been in the soil of those p10ts. Since the grubs react to lead 
arsenate during the long period required for aSSRY, anel the flies are 
not af]'ected by it during a 24-hour exposure, and since 1ead arsenate 
had been applied to many plots at the nursery prior to 1D50, it is 
suspected that the discrepancy in the reaction of the grubs and the 
flies to tllOse 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 chlorclane 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 equiyalent 
pounds of chlordane per 3-inch acre, am 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. 

SU1\-IMARY 
Residues of the chlorinated hydrocarbon insecticides applied to 

soil to control grubs of the Japanese beetle (PopilZia japonica 
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Ne,yman) m[ty persist for several years. It is the practice of the 
Plant Pest Control Diyision of the Agricultural Resea.rch Service 
to analyze periodically the soil of trea.ted plots in commercial ntH'S­

eries subject to the restrictions of the quarantine on this pest and 
to require the application of additional insecticide as needed to 
ma.intain adequate toxieity. Applications are held to the minimum 
required, since inordinate amounts of these insecticides may be toxic 
to plants. 

The an[tlysis of soil becomes more complex ,yhen bvo or more of 
these insecticides, c1itfel'ing in insecticidal potency, h[tye been applied 
to [t soil. and when some of them in the soil are converted to other 
compourlds. In the absence of suitable chemica,] methods for ana­
lyzing these complex residues, consideration ,ms given to the de­
nlopinent of a biological procedure to detel'lnine \"hether the tox­
icity ,,-:tS sufficient to ldll ne,yly h[ttched grubs. 

A proyisional method, using third-instnl' .Japanese beptle grubs 
as test insects, was c1eyeloped for assaying the toxicity of soil eOl1tnin­
ing residues of aldrin, chlordane, DDT. dieldrin, enc1l'in, heptachlor, 
and toxaphene. This proeedure ,,'as 110t pl'tlcticnl. beeanseit was 
slow and . laborious and could be used only in the inl1 nnd winter. 

After various organisms ,yere considpred as test animalsl including 
fish, daphnids, shrimp, and 1~1any species of insects, the pomace fly 
D?'080pldla 1nelanoga,~ter )Ielgen [tppeal'ed to be the most suitable 
substitute test or!!anlsm. 

A bioassay proccdnre was de\-eloped with Drosophila as a test insect 
for the direct evaluation of the toxicity in soil cont[tining residues 
of thpse chlorin[tted hydrocarbon insecticidcs, [tlone or in combi­ .
nation. 1V11en 50 perccnt of the flies ,,,ere killed with an exposure of 
240 honrs, the toxiCity of a soil ,vas adeqlll1.te to pre\'ent the develop­
ment of newly hatched grubs. The toxicity may be expressed as 
equivalent pounds per acre of anyone of these insecticides. 

Snbst[tntiaJlv the same results wpre oht[tined in bioassavs of field 
plots cont[tinil~!! rpsidues of aldrin, dieldrin, and heptachlor when 
both tllird-instar .Tapane,o;e bcetle grubs and Drosophila were used 
as test insect::;. About the same appraisal of toxicity was made 
,,~ith th~ gr~lbs burro",inf:; througl1 and ingesti!lg soil' as with the 
fliPS commg mto contact ,'-lth only the surfnce SOIL 

Bioassays and chemical analyses were mack of rcsidues of the 
ehlorinatec1 hydrocarbon inscctieicJer,hl cXlwrimcntal turf plots after 
IhC'sc rcsiducs had ,wathC'rec1 for "arions lwriods. Comparable re­
snUs w('re obtainC'cl in the 1>iolo£ienl nnd chC'mical clctnl11 i nations of 
ell lordanC' and DDT. There '\'ftS initially f[ti I' agreement betwcen the 
I1wtho(ls in the detcrminations of aldrin. dieldrin, hcptachlor, and 
toxn.phenc, but as thcse ins('cticic1cs wcnthel'ecl, Jal',[{Cr nmollnts were 
ohtaincd by ch('mienl analysis than by biom;sn,Y. Since somc of thcse 
insccticidcs are cOlwcrt('d to otl1('r compound::; in the soil, bioassay 
:tppenrs to be the more rclinble nnd Tralistic l1H'thod of assnv. -

In a· stnc1y of the inacti,'ntion of thC' ch]0I'inat('(1 hydroral'hon insec­
ticides in y(n'ious soils, it wns ns.slIIncd that prartiril1ly all the inscc­
ticide applied to tI.1e least .ad;::orpti\·p soil ,,·ould l?c inscct ici(la]]y 
ItetiY(' and tJUlt thc mcrPllsc· m do~ngc lleecl('d to obtalll n comparahle 
mortality of Di'oRophila \\'ith anothc)' soil ,,"as [t measurc of the 
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udsorptiye and inuctintting capacity of that soil. The amounts of 
these insecticides that were inactinlted varied with the difl'el'ent 
soils; muck, the most adsorbent, inactiyatecl about DO percent. In 
VIew of the great differences in the amounts of the chlorinated hydro­
carbon insecticides l1eeded to obtain the same lenl of toxicity in 
ntrious soils, more consideration should be gi\'en to the nature of the 
soil to 'which these, insecticides are applied for conh'ol of the grubs. 

There is nl:'ed for :1, practical method to determine before treatment 
how much of a chlorinnted hydrocarbon insecticide is actually re­
quirNl to assure the destruction of newly hatched grubs in a plot. 
""ith Drosophila as the test insect, a method ,\"as den~loped for esti­
mating how much of each of these insec6c,ides was required. In 
tests with 10 a!!ricnltllrnl sons, it appeared that not more than one­
'fourth of the lll1thorized nmount of nldrin, chlordane, dieldrin, or 
heptachlor ,yus need('el to eliminate the grubs in these soils, anel 
therefore, thr('('-fomths of the initial applieation was Jeft to l)l'o"ide 
for the longe\'ity of the treatments, ,Vith toxllphene, about one­
third of tll(' :U1tllOt·izec1 amount "as l1(,l:'c1ed for the minel'n.l soils and 
about two·thirds :for muck. ,Yith DDT, the required dosages for 
some of the mineml soils approached the authorized amount, and the 
dosage for muck exceNlec1 it. 

In :1 study of the toxicity of binary mixtures of the chlorinated 
hydrocarbon insecticides in Sassafl'tls sandy loam, there appeared 
to he a sYllHgi-:tie tletioll with mixtUt'es of DDT and aldrin, chlor­
dane, dieJclr.in. en<lrin, heptachlor, or toxaph('ne; with mixtures of 
heptachlot' and aldrin. toxaphene, or perhaps endl'in: and with mix­
tures of toxaphene n.n<1 aldrin or endt'in, The toxicity of the other 
m ixtut'es did not difl'('t' SigJl i fic-antly from that expected. This fll1l1ing 
indicates that with tl1C'::e mixtures the response of Di'o80phi/rl to each 
component WHS not afl'ected by til(' pl'esrncc of thl:' other component. 
There "'as no e\"i,l(,11ce of antagonism he tween nnv of theseinsectic'ic1es. 

Bioas.c:ays \\'PI'(, I11n(lr of plors in a c0111m('rcia1 nut'sery. where from 
1!)-t!) to I!.lS!) both DDT and chlol'(lnnl} had been npplied to satisfy 
tht' l'eqllirpnwntf; oE the ,Tap(l11ese beetle quarantine, Ahout. the same 
emll1atioJ1s of the totnl toxicity in the soil were obtained with I'hird­
instal' grubs ns '\'ith Di'osophiln ns te!';t ins('cts, except in two plots 
v.-lH't'('. a high toxicity ,yas ohtained with grubs and a low toxicity 
\\"i tll Jt ies, It is sllspeet('d that this c1 iSC'l'cp:mey wns dll(, to t h(' 
pr('sence of ll'ad ars('nai'e in the soil of the!'(\. plots, )[ost of the. 
toxicity in thC' soil could hI.' attributed to tll(, mo1'l:' 1'l:'cC'ntly applied 
chlonhlll(" 

The de\'C'lop111ent of :t biololIical proce<ll1l'(' fot' as;;aying I'C'sidues of 
the chlorinated In-dl'Oearbon in:-;C'C'tieirles. alolle 01' in comhination i.n 
soil. makes anri In-b1e a practical I11C'tl1o(l fot' c,-alllating the toxicity 
ancl detHmining- ,\"lI('tlH'r thel'C' is ~lIf1ki('nt ins(,(,ti('ide. IH'ese.nt to 
pl'(went the, den'lopllll'llt of newly ImtehC'd .Japat1Pse b('C'ile gt'ubs. 
Sinec thC' toxi('ityis PXpI'P,,£'Nl in tPl'J11S oj' a !';inndal'(l soil and only 
the adi\"e toxicity is ml'HSlIl'pd, ins('cticides in soil with :t hig-lt 
(ldsol'pti\'c enpacity show a ]cmCl' :tctin~ (oxieity than in soils with 
a low fi...xing power, eyen when thp. same total al1lount of ins<'ctieide 
is present in all of thcm. 
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