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1. The chemical control ~f inseet p-ests whether in the field or in 
the warehouse or in the home is-ngw &a-established praotice- in 
civilised corsatrl~s oj the world, and its contribution particularly to 
the well-'being of the h ~ r n a n  race i s  an ackn~wledged fact. Although 
the history of insecticides w ~ u l d  seem to date back to about 1000 B.C. 
it apwears that untzl the last few decader;,- such information as was 
available was rather empirical and lacked scientific precision. Often 
in the past, the list of quack remedies azainst insect pests assumed 
such alarming proportion, that the entomologists were often inclined 
to be sceptical about the concept of chemical insecticides. Happily, 
recent developments in the methods of assessment of insecticides 
liave in their turn given fresh impetus to the search for more potent 
insecticides in a rational manner and" while the search continues, 
confidence in such of them as are now available is based on sound 
scientific knowledge. 

2. Insecticides are generally divided into three classes. These 
are : (1) Stomach poisons, (2) Contact poisons and (3) Fumigants. . 
The effect of stomach poisons is-manikst only when tHe (masticat- 
ing) insects swallow them along with their food. Arsenicals, flue 
rine compounds, etc., fall in this category. The second.class of in- 
secticides kill by contact and would appear to be specially suited for 
insects whose mouth parts have been transformed into 
apparatus. Certain suiphur and copper preparations and a suckin! natrtrs 
substances such as fish oils, mineral oils, nicotine (tobacco), py re  
thrins (pyrethrum),.cotenone (from derris root), etc., are zlsed as . 
contact insecticides. The synthetic insecticides like DDT, (Dichloro- 
dlphenyl-trichloroethane) and "Gammexane" (Benzene Izexachloride) 
also be l~ng to this class of compounds. The third groug, fumigants, 
act in the gaseous s,tate through the respiratory system and exam- 
pies are hydrocyanic -acid,* ca*n disulphide, chlorinated hydro- 
carbons like ethylene d icb~ ide , '  methylbromide, etc. 

3. In recent years the study of each of the ibove three group$ of 
. compounds has constituted a specialised branch in itself, ~ t 7 i t h  its ovr7n 

specific laboratory methods of assay apd estimation of toxieity. At 
the Technical Dewbpment Laboratory (Stores), . Kanpur, work &has 
now been in progfws for tlie last few years on the me1:hods of appli- 
cation and study of toxicity of various esntact igsxtiefdes to-differ- 
'ent types of insects. The object s f  the preserig~paper is to' d4$%uso 
brleiiy %he principre behind the toxicological exper51mmts,- deseibe 
the methods of assay and &ate sWh3ou-ts%an0ling esdb ;tf; &a~e".~Me11~ 
obtained recently. ' 
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Principles of Insectidde Toxicology. 
4. Insecticide Toxicology is concerned with th,e study of the 

potency of insecticides assessed by means of the reactions it produces 
in living insects (Biological assay). Th:s takes the form of a qucinti- 
tative study of different insecticides applied against a single insect 
species, or single chemical against different species, or a single in- 
secticiae against a single specles with controlled variations of the 
environment. Such a study has its impact on the mechanism of 
insecticidal action, and opens up problem; of fundamental physio- 
logical importance but t h s e  latter are less obviously associated 
wlth the needs of economic entomology. It is however well to 
stress here that certain aspects of toxicological studies are not 
amenable to mathematical precision. Nevertheless the results ob- 
tained in these are of considerable practical importance. 

5. One type of assay in toxicological work, which has found ' 

wide usage is that dependent upon the quantal or all-or-nothing 
response. A quantitative measurement of certain responses, 
however desirable it may be is often not practicable, , 
since they do not permit of any gradation. They could only be 
expressed as ' occurring ' or ' not-occurring '. The most common 
example of this kind of response is death, and in practical toxicology 
of insecticides, this is the *only response that often matters. The 
stat~stical treatment of quantal assay data is carried out by the 
r~?ethod of Bliss!and ia known as Probit Ar~alysis, 

,6. The Sigmoid Curve.-In any population of insects, given ade- 
quate numbers and a graded dosage scale, a,Iarge proportion of the 
individu.a!s exhibft suscepdbilities to a toxic substance near to the 
mean response. Nearer either limit of maximum and minimum res- 
ponse, the susceptibilities are fewer and fewer. The distribution 
of responses (Sigmoid) is usually skewed with a much wider range 
of variation amongst the resistant individuals than among the sus- 
ceptible ones. This appearance is due to the arithmetic scale of the 
abscissa with the limitation of zero dosage on the susceptjble s;de 
and the thearetical possibility of infinite variation on the resistant 
side. When values along the abscissa are plotted on a logarithmic 
scale there is no such limitation on the side of susceptibility and 
much of the skew disappears (Fig. 1 & 2), and &he resultincj sigmoid 
curve is normal. The central part of the curve is nearly straight 
but the lower and upper ends tend to become asymptotic with res- 
pect to the limits of toxicity namely zero and hundred percent 
mortality. While a curve of this type makes it possible to estimate 
the M.L.D. (LD 50) with a fair measure of accuracy, it is generally 
entirely inadequate at more extreme values (or mortality). In 
economic enlamoiogy, it is often of great impcrtance'to know the 
dosage for  mortalities in the region of 95 per cent. 

7. P~ob i t  transformatio:z.-In the probit transformation of 
Bliss l, it is possible to determine the high percentages of mortality. 
In this transformation any point on the mortality curve less than 
100 per cent (95, 99, 99.9) can be compared as accurately as the 50 
per cent point if the abscissae are plotted logarithmically and the 
wdbates plotted with empirical "probits " derived from certair, 
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tables of " normal equivalent deviations ". The observed median 
mortality is given the value 5.00 in an arbitrary scale, the value in 
either direction being calculated in a symmetrical manner. The 
iralue of 5.00 is equated to 0.00 of the usual statistical table of de- 
viates to avoid the use of negative values for kills below the median. 
When the probit of the observed mortality is plotted on the ordi- 

, nate and logarithm of the dosage on the abscissa, a straight line 
results which represents the original sigmoid mortality curve (See 
Fig. 3). 

8. A "provisional regression line " is the first estimate of the , 
transformed dosage-mortality curve, a straight line drawn through 
the points without calculation. This line may be used as per 
method indicated by 331is_s1 to initiate the arithmetical process of 
estimatidg a better fitting line (Fig. 3). The empirical probits plot- 
ted for a carefully conducted experiment often lie so close to a 
st~aight  line that there is generally no necessity to improve on the 
provisional line, Only experience of the subject and of the experi- 
mental technique used can be a sourid guide in this matter. The 
log LD 50 or 90 or 95 can be directly read from the line. 

9. Determination of Residual effect-(Persistence).-.Before pro- 
ceeding to state examples of utilisation of the above statistical tech- 
nique in the interpretation of certain results obtained in the labora- 
to'ry recently, it would be well to refer to a second aspect of toxico- 
lo y which may be regarded as complimentary to the evaluation of ~6 50 or LD 90 of an insecticide. This is concerned with the 
assessment of the life sf the insecticide (film), MI surfaces or what 
is generally known as, the residual effect of the insecticide. The 
method of assessment consists ln assaying at regular intervals the 
toxicity of the insecticidal film. The standard of effectiveness has, 
to be judged in terms of not only the mortality produced but a l s ~  
the period for which the insects were in contact with the insect& 
tide. Arbitrary standards are possible, but these would naturally 
vary from one insect species to another. This type of work would 
only involve the tracing of relationship between mortality and the 
period of storage of insecticidal film, and vigo.rous analysis of the 
r&sults is neither necessary nor practicable, ' 

10. Biological assay.-While chemical and physical reaction$ 
are measurable with a high degree of precisioh bicdlogical reactions, 
especially when they involve whole organisms which in themselves 
are widely variable, adrnit of large " errors". In any one experi- 
ment many variable factors may be present. In laboratory work 
the variability of each must be reduced as much as possible. Tem- 
perature generally plays a large part in influencing the effective- 
ness of insec:icides. Humidity is also of importance, but baro- 
metric pressure differences are usually disregarded in toxicological 
work. Variability in the test insects as a result of stage of deve- 
lopment age, etc., shbuld be eliminated. As far as possible, a pure 
culture of the test insects should be used. The size of sample 
requisite for reliable results depends upon the experimental plan 
and technique but " observed mortalities will fall more and more 
closely on a Smooth mortality curve as the size of the groups in- 
creases". Special precautions have been taken a t  the T.D.E.L.S. in 
LlSl Army 
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,the brceding and preparation of the test insects for bio-assay d 
+secticides. Details ara given below fox two representative i r ~  
sect species, 

11. Breedin 4 Cul6.k fatigans Wied.-The mosquitoes are bred 
in a room con 8 itioned at 85 f 1°F and 72 f 3 p a  l%H. TB 
obviate any veiatian in resistance to insecticides due to genetid 
factors, the calony was iaitially raised from _one egg rafl; obtained 
from a single gravid female brought fram the field. Egg rafts are 

' collected hm the breeding cages dady and transferred to sylindrid 
cal glasg dish&, each containing 36Q C.G. of tap water. The larvas 
hatch out sfter 30 hw. and the? population t3f ifhe larva@ is, adjusted 
to about 300400 in each dish, containing ia addition %% w5tW Oils 
gm. of powdered brewer's yeast. After the second l&rval s w e ,  the 
concentration of the yeast ia eazh dish is increased to Q.2 gm, 
Additions of yeast ta t2ze larval dishes-are made daily, The pupa4 
tion bdmmences on the eighth day of hatching of the larvae. The 
pupae age c~llected every twd hours daily and each two hourly 
collectidns are placed in .suitable cages. The 'adults emerge 36 
hours later and are matured for 36 k, 2 hours I o n g ~ ~  whtzn the nor-. 
mal, healthy females are picked-out and used as t a t  Insects. 

12. Breeding of Tribalium castanam Herbst .-The beetles are 
bred in a conditioned room at a temperature of 77 & 1°F. anz-?0 5 
1 per cent R.H. Sterilised whole wheat flour ..(Atta) passed 
through 24 mesh sieve is used as the breeding medium. (i) Main 
cultures. The cultures are derived from the progeny of a single: 
female. Adults are kept in breeding jars, one hundred h each, 
arcing with wheat flour and allowed to breed for three weeks, whec 
they &re removed afid destroyed. The newly merged adults are 
removed at fortnightly intervals. A set of main culture is started 

- every week from the emerged beetfa. (ii) Sub-mltures. Young 
beetles 0-2 weeks old are kept in batches of 500 each in jars con- 
taining wheat flour for 3 weeks and then removed and used for test,, 
Thus at the time of test, the iasects are 3-5 weeks old. * - 

13. Detail$ of technique using Culex fatigans Wied.-(i) Filtef 
Paper technique.--The principle of this technique is to make adull; 
mosquitoes walk on filter phper impregnated with a solution of the 
insecticide in a high boiling solvent e . g .  liquid garafEnS 'What- 
man ' filter paper No. 1 is used and the method of impregnation has 
been standardised to give always a unifam. increase in weight SQ 
that actual weighing is eliminated. 20 insects are eventually cona 
fined by m a n s  of a glass funnel over the impregnated filter paper 
laid on. a glass plate. The insects do nat rest on the (inner) sides of 
the fufinel and. the time spent by the insects in flight as against, 
resting on the filter pawr is insig~ificant. The insects con4 
fined for' a predetermined period in accordmw with Bkre Nag of t h e  
experiment the knock-down hat& a d  then removed. The mortad 
lity of the exposed insects is rotcogded after 24 b u r s .  

(ii) Box technique4,-The principle of this technique Is to ek-. 
pose the test insects in a chambey composed of six glass plates 
34" x 44" x 1/16", the inner surfaces of which had been 
treated uniformly with the insecticide. The tredment is 
, 
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out by spraying the requisite quantity of the insecticide, in solutioa 
or emulsion state through a Potter's tower head4 into a clased 
rectangular chamber and allowing the mist to settle on glass plates 
disposed horizontally on the bottom of the chamber. Insects two- 
thirds of whose wings had been earlier clipped under anaesthesia 

%are released into the box made of six glass plates and after a definite 
period of exposure are transferred to a Petri- dish, covered over 
with a ramp chimney, 'and tLe mortality after 24 b u r s  recorded. 
Co~trols  are run concurrently with e % $ e r ~ ~ t a l  assays. This con- 
sisted of exposure of insects (wit%'wirzgs clipped) fa unspraged 
plates for the s a g  corztaet period as in the assay. 

4 
This technique was evolved at the T.D.E.L. (S). Kanpur and 

'has been of grgat use in &stimating the residual effect of insecti- 
, cides (vide para. 9 above). 

14. Details of technique using Tribolim caitanewn Herb%.- - 
tBatches of 20-58 insects (with suitable ounber of i-eplicates') are 

confined for 24 hours on plates (glass or cement) on which the in- 
secticidal film bas been deposited uniformly. At the end of this 
period, the insects are carefully removed and kept in 'small Petri- 
dishes with a little wheat R'oh. Daily count of mortality upto a 
period of seven days is generally*.made. At the time of every ex- 
posure. eontrol assay is carried out on plates which had received 
no treatment. - 

15. Some recent results.-A short summary of soke of the more 
important investigations carried nut -at the T.D.E.L. (S), Kanpuf on 
mosquitoes and the stored product pest, Tribolium castaneum 
Herbht is provided in the Appendix to this paper. It is, however, =+. rntended to draw attention in the body of the paper to two very 
reeerrt investigations that have shown results of - great practical im- 
portance. These are ti) Reactivati~n of surfaces treated with E)DT 
by storage in a teakwood box, leading to the discovery 04 tecto- 
quinone a's a synergist for DDT and (ii) the effect of pretreatment . 
on persistence of DDT on cement surfaces. In the first of these two 
investigaiions the test insect was Culex fatigans Wied and, in the 
second TriboZium msta~eurn Hef6st. 

16. ~ e a c h a t i o n  of surfaces treated with DDT by stomge in a 
Burma teak box =.--The genesis of this investigation was acei- 
dental. During early work on the evaluation of insecticides (vide 
Appendix) it was noticed that a Burma teak box 12" x 10" x 4" 
in which glass plates with feeble activity were stored between ex- 
posure to mosquitoes had their activity raised very considerably. 
.Initial experiments were directed towards the confirmation of the 
effect. Table I records She results of a typical experiment carried 
out in this connection. The t e b i q u e  or" assessment was as describ- 
ed in para. 13(ii) above. 



The striking enhancement in the mortality rate of insects when 
exposure is carried out on plates after their storage in the (Burma. 
t ~ a k )  box will be readily noted. . 

17. The assessment of likely causative factors was then under- 
taken. Careful experiments showed that light, darkness of humi- 
dity did not play any role. Boxes of identical dimensions but made ; 
of timbers like (i) Mango (Magifera indica, L.), (ii) Pine (Pinus 
longifolia Raxb.), (iii) Shisham (Dalbergia sisso, Roxb) and (iv) C.P. 
Teak were tested side by side with the Burma teak box in order to  
examine the value of specificity of the reactivating effect in rela- 
tian t o  these t i m b m  and it was found that the effect was manifest 
only when the plates were stored in the Burma teak box. A second, 
freshly made Burma teak box dso  showed the effect thereby prov- 
ing that the effect was generally for Burma teak and that it was not 
confined to the first box with which experiments had been conduct- 
ed. Another striking result in relation to the effect was that the 
latter was completely suppressed if, during storage of the plates, a 
continuous stream of air was passed through the box. Finally i t  
was shown that plain untreated plates did not acquire any toxicity 
as a result of storage in the box. 

18. Tectoquinone (B-methyl anthraquinone) A synergist for 
'DDT.-With the above results in hand, it was of great i'nxerest to 
traee the underlying mechanism of activation. A systematic exami- 
nation of the chemical composition of teak was called for. A study 
of literature showed that Kafuku and Sebe had isolated from the 

w- 
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TABLE I. 

Exposure Tests on Plates treated with DDT e@ct of Storage in 
Burma Teak Box. e 

< 

* 
DDT Concc?ntr~izon 35 mg./sq. ft. 

---- 
Age of depmit 1 Contact period 

in i in minutea 

_ I  

I 

*Mortality in control in all cases %as zero. 

Percentage 
mortality* 

1 ,  

100 

5 0  

38 

100 

30 

75 

55 

0 

65 

1 

15 

c l9 

24 

30 

40 

47 

62 

70 

--A 

Starage conditions in between exposures , 

----- 
Initial expo3ure. 

Assembled on the bench. 

DQ. 

Io the box. 

Assembeld on the bench. 

In the box. 

Assembled on the bench. 

Do. - 
In the box. 

20 

60  

60 

60 

60 

60 

60 

60 

6 0  
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resin' of teak (Tectona grandis L.) inter alig tectoquinone m.p. 174- 
175" and established the identity of this substance with B-methyl 
anthraquinone. It  was considered of interest to study the capacity 
if any possessed by this substance for activating DD1'. 

19. B-methyl anthraquinone was synthesised in the laboratory. 
fn the first experiment, parallel toxicity tests with (i) pure pp' DDT 
(ii) DDT containing B-methyl anthraquinone ( 5  per cent on the 
weight of DDT) and (iii) B-methyl anthraquinone in requisite 
concentrations serving as control for (il), were carried out agalnst 
Cutex fatigans adult females as per technique described . in para. 
13(i) above. The contact period was 60 minutes. In all the con- 
centrations investigated, B-methyl anthraquinone did not produce 
any kill. The dosage-mortality relationship for DDT and DDT 
B-methyl anthraquinone is shown in Fig (4). The results show 
very clearly that this quinone has a remarkable synergistic effect 
on DDT. T i e  LD 50 for (i) DDT and (li) DDT + B-methyl anthra- 
quinone are 112.2 and 64.6 mg./sq. ft. respectively. 

20. In the second experiment the residual effect of DDT as in- - 

fluenced by B-methyl anthraquinone was sought to be investigated 
(vide technique described in para. 13(ii) above). DDT (58.1 mg./ 
sq. ft) ,  DDT (in equivalent concentration) 4- 20 per cent B-methyl 
anthraquinone on the weight of DDT and tectoquinone by itself 
were examined. The duration of the test was about three weeks 
and the c0ntac.t period was 10 minutes throughout. The quinone by 
itself did not prove toxic at  any stage. The results are recorded 
graphically for the other two treatments in Fig. (5). The DDT film 
containing B-methyl anthraquinone lo3es toxicity much iess rapid- 
ly than DDT film aione. A 50 per cent. mortality is maintained by 
the former for about two weeks whereas the lattei fails in this res- 
pect in about three days. 

21. The practical importance of the above results are far reach- 
ing bolh in reicltion to Economic Entomology and the study of 
mechanism of insecticidal action of DDT. It  is intended to study 
(1) other quinones, as activators. (2) synergistic action, if any, of 
such quinones on insecticides other than DDT, (3) physicochemical 
aspects of activation due possibly to increased cuticular permeabi- 
lity, reduction of interfacial tension between the cuticle and the in- 
secticide. etc. 

22. The ejgect of pretreatment on persistence of DDT on 
cement surfaces.-In the Appendix to this paper, attention has been 
drawn to the results obtained with DDT and Gammexane (Benzene 
hexachloride) on cement surfaces against Tribolium castaneum 
Herbst. One result which has not been stated there arose out of / 
an investigation which like the one associated with teak wood box 
described earlier had its genesis in an unusual way. In assessing 
various concentrations of DDT on cement surfaces, unexpected be- 
haviour was shown by certain replicates, and this was ultimately 
traced to the fact that the cement blocks used in the evaluation had 
been earlier employed for testing camdistemper and camoil paints. 
It was considered of interest to investigate the effect of pretreat- 
ment separately with (i) linseed oil and (ii) glue/potassium di- 
chromate mixture on the toxicity and persistence of DDT films. 

it 
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Concurrent work in ~ . k .  8- on the effect of pretreatment of bri& 
-surfaces with various mate ria!^ like sodium silicate, gelatin, linseed 
oil, etc., on the toxicity (and- persistence) of pyrethins in shell oil 
base has supported the findings at T.D.E.L. (S) with DDT, in so far 
as a com3arison is possible. 

23. Cement blocks were used in the investigation. The rate o$ 
application of linseed'oil and glue/dichromate mixture (6 per cent 
solution) .were 3.15 gms. and 1.57 gms./sq. ft. respectively. The 
treatment with the insecticide was carried out on the pretreated 
surfaces by the mist deposition technique described in- para. 13(ii) 
above. Two preparation of DDT. one a solution in Kerosene Grade 
PI, and the other an oil-water emulsion were used for treatment. 
The eventual deposit of the insecticide was about the same in both 
cases of application viz. 150 mg./sq. ft. The entomological assay 
was carried out as described in para. 14 above. Exposures on plates 
were carried out monthly for a total pe~iod of 20 months. 

- 24. The results are shown graphically in Figs. 6-9. The 
figures represent the average of three replicates, in the beginning 
all treatments give uniformly high kills but a striking difference is 
manifest in later exposures. Even from the first month onwards 
a regular decline in potency of surfaces pretreated with linseed 
oil and those not pretreated is observed. In the second month, the 
mortality figures generally fall below 50 per cent and in later 
months a very fast decline is noted. Furthermore. in the case'af 
plates treated with DDT in kerosene solution, the effect of pretreat- 
ment with linseed oil would appear to decrease the efficiency of the 

- insecticide particularly in the initial months. As compared to these. 
the plates pretreated with gluelrpotassiurn dichromak mixture gene- 
rally maintain a high kill. This effect is observed in the case of 
deposits from both DDT emulsion,and sdution upto 11 months. 
after which the deposits from DDT solution show a sharp fall in 
potency (to 20 per cent). Those from DDT emulsion continue to 
give high kills (at least upto 20 months). Quite apart from the 
effect of pretreatments. in all cases an effective mortality isrreached 
in 3 days after exposure. There is only a slight increase in thy inter- 
venlng period upto 7 days. 

25. The Importance of the results is far reaching and in view 
of this, a confixmatory practical trial is being started under depot 
conditions. 

26. Summary.-(i) The principles of insecticide toxicology- are 
outlined together with the concept of quanta1 response in relation 
to insecticides is defined. (ii) The probit transformation of Bliss is 
discussed. (iii) The exacting requirements of the technique of bio- 
assay are pointed out. (iv) The breeding of Culex fatigans Wied, 
and Tribolium castaneum Herbst in the, laboratory for the purpose 
of bio-assay of contact insecticides as also the methods of assay are 
described. (v) The pecuiiar activating effect possessed by Burma 
teak in activating DDT surfaces (with feeble activity) is described 
and from this is traced the synergistic action of B-methyl anthra- 

-quinone on DDT. (vi) Details of an investigation (using, the red 
flour beetle) on the effect of pretreatment of cement surfaces 'on the 
toxicity and residual effect of DDT -are described and it is shown 
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I APPENDIX, 

Summary of RepresentaMve Investigations on (the Stored - Products Pest) Tribolium Castmeurn, Herbst. 

Substance tested 

1 DDT & 666 asdun* . . I 
Mired with gaolin in 
varioua porcentog e r. 

p ! DDT & 666 in Wall 

I Washm. 
1 

(4) ~ a o l i n  alone has lio toxic properties, Report No. BiolCti19 md 
and works well. as aninertcarzier. I Bi0[45[28. 

(ii) D m  in concentrations as low as one 
part t o  390 parts of Kaolin effectn 
hiindrcd percent kill a t  the end of 50 
days. I n  practice, one pound of DDT 
would treat nearly 20 thousand pounds 
grain debris. 

(iii) Calendra adults are mom susceptible 
to DDT. 

(is) Commercial DDT waa slightly more 
effective than 666 (10%. 120' Benzene 
Hexachloride) against ~ r i b o s u m  adults ' during the first month but there wan 
little difference later. 

(i) DDT in an oil-in-water emulsion with 
lime wash is rendered oompletely in 
act~ve. The depos~t becomos ln offect- 
tive within a few days, afterdpplieation. 

3.5. I, R. 1946/4,7i 

Report N I. Blo, 45/20 and 
Bio/lD,'8l. 

I DDT % 666 mired with 
lime & chalk waahes in 

(ii) The persistence of the insecticidal effects 
of DDT and 666, whbn a plicd aa oil- 
in-water emulaions in chal!. waah laated 
for over two month^. 

[iii) Lime ha8 <~+ioun  ad~erse  effect on 66C 
and to a lesser degreo on DDT. 

(i) The persistence of the insecticidal ef8- 
c ienc~  of a glue bound distemper, incor- 
poretlng DDT or 666 ia correlated with 
the degree of binding. 

(ii) In equivalent oancentrations of crude 
products, 606 is more effective than 
DDT. 

(iii) The following eoncenttsticns of DDT 
& 666 were found effcrtive when mixed 
withdistemper(14mg./sq.ft,) 

DDT 112 mg./sq. ft. 
666 112mg./sq.ft. 
666 66 mg./sq. ft. 

( i v )  Thb ilisectlcidal films were found to  
produce satisfactory kill in the aecond 
expoaure (after 16 daya) - 

(i) The effective and maximum depbsit of 
smoke is on floor, while depyit  on . ceiling and walls ineffective. 

(l i)  There is rapid loss of insecticide from 
the surfaces (near1 50% in 17 days). 

(17) The nature ofsu A c e  (rood, glass, eta.) 
does not make appreciable difference 
to the activity of deposits. 

2 

J. S, 1. R. 1948,4,491. 

Repoft No. Bio/45'43. 

Report N; Bio/46/5& 

\ arying quantities and 
applied on cement con. 
crete surfaces. 

DDT & 666 in glue hound 
diatempef8. 

Distemper containing 
wh$iug or chalk, bar- 
iutd aulphate, hide glue 
and pobasium dichro- I mate, wa8 mixed with 

i 
varyin concentr%tions 
of DD$ and 666. 

i 

aammexane rra smoke 
from pellets, 

.---" 
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Sumnary bf Representative Investigations en (the Stored 
Products Pest) Tribolium Castaneum, Herbst. - -- . " . 

Peris1 I Substance tested Result 

-- I Reference to pubIication 
No. ( 

?DT as smoke from ( i )  Tbe deposit consists of liquid droplets, Report No. Bio/45/43% 
MoaE11' grenades. which crystallize very slowly. 

i ' (i i)  The deposit upon plates exposed verti- 
cally is too light t4 be of @mGd 
value. . - 

I ( i i i )  Useful deposit. is prodwed o\l b i -  
tontal surfRces. 

f Jute sackings treated in 
hatching oil storage 
with DDTand 6'66 in 1 various ooncmtrstiom. 

i was tested againat 
grain pests. 

Solution in toluene in 
varyitlg ooncentrations 
tested. 

' (3 Juts u o k i  a d  i t  DD'F (0.3%) The n p r t  in u o d w  iaam 
in an emubion was found to produce 
lOO'+/, kin. 

(ii) ~h&-toxieit;y oS the insecticidal film 
persilted over a priod of 44 months. 

(iii) A lower ooncentratitm of D m  on finer 
weave of sacking gavesimilar kill M with 
a higher concentration on co&rserweaP& 

(iv) Gmnmaxene in concentrations 0 .Q8% 
, and 0.06% was found ineffective. ' 

(9) Xn initial stages Velesicol ia; 6s etctive 
as DDT against Tribolium adults. 

( i i )  I n  msidual-effeet.DQQ ~IYWW 
satisfactory than VeIsiwl. 

8 Toxaphenw aa aolution (i) I n  initial a t a p ,  Toxap'nem is Te& nap* ia under ibWI I DDP'ngaiast 'Pribfi* &ults. 
Solution in toluene in (i i)  The resi&uual e&t of DDT ldtlr longer 
varying concentrations than Toxaphene. 
tested. 
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.. --- 
Snmmiry 6; ~epr&&tatilve InvesMgpUons o. Mmquihes. 

. - . (Culex fatigalas, Wf&). - - 
. . 

Rofemncc to pnhlicatic~u 

----- 
Report Ro. Bio!lE/4% 

: 

_ 
. 

R q o r t  No. Bio/45]27 8! 
Bio 145(44. 

I 

' 

, 

, - -  
Repor* No, Bio/45/37 a 
BioL46J47. 

.- . -- -- _-___I_---^ 

fiubstancefi t9sted snd deteila i Results 
** - _ ---- =- I - 

----.-.------"- ' - '. 

BBci~ncy of DIYT wben dis- 
solved in Kerosene Grade 11 
and 111. 

*:-- ". - -, - 

Kerosene Grade IIIit&*Egb$ toxic to 
mosq~~itcros, B film 06 a gfaea e u r M  
remaining active as long ns 3 awts 
where askeroseneGradell d o e  netshow 
any toxic properties. Efficiency of 

in kerosene Grade I11 i s  10 times 
higher h r i ~  the firsf. 15 days t1.m a 
aimnar concentration of DDT in Kero- 

Kerosene lrolathm 

. - -  - 

Inseaticids1 sfeoienay of amoke 
of DDT. . 

Inmticidsl e5iciency of smoke 
of 006. 

Velincol in Toluene ueerf in vary- 
ing uon~~ntrat iom on g k  
platea. 

Toxaphaad in .Tdnena d in , 
emc(ratradone oa 

-- 
--, 

. 

Eficienay and residual effects 
DDT applied on glass surfaces 
against oloaquitoe~. 

- .  > . 

Field tri0.111 of indoor lpraying 
with DDT e m u h i m  and 

marked decreasein the in&oor- pop&- 
tion Ievel of Anoplrele$ culcifm'eea and 
A.Pluviatfi8. a -d_ecreasein popl- 
lation fs &-&&ied over a period of 4 
montba. 

Vgry little de@t of Dm was obtained on 
plates hung an walls and thone, ahowe* 
poor ra~urta whik plates kept on the 
floor and ceiling gave 65 and 55% morta- 
lity respectively for 60 minntea contact 
period. 

Plates hnng on walk did not get snflEcitmt 
deposit of 666 to  exercise effectivs mor- 
t&ty hut p l a h  placed on Boor had in 
heavy depoait and mt inued  to beadive 
foz about 2 months. 

VebicoE proves' more toxic than D D W  
C~lerfat igalz~ W.in theinit1a1expoaures, 
The residual effect of DDT h m e r  laeta 
longer but this do- not appear te be of 
practical importa.nce in view of the low 
murtality. 

"Taaphme in equal conmntmtion as cf 
DDT proves leas toxic tEan DDT in the 
initial exposurea hut the residual e5eot 
af Tolraphoneis superior to that of DDT. 

.- ,-ma Ifz - = -+ .+ :& - - -  

Aqueous emulaions of DDT were found 
superior to DDT solution in Kerosme. 
Emulsion I1 containing groundnut oil 
produces a moreaati~w residue $Ban the 
one without + 

Treated glass plates which lose tbeir aeti- 
~ t ~ . & f ~ s i w e . ~ i d  can bem.ar; t i~~t-  .' ' d Xiy spray% with a eofntinn of 

.*" groundnut oil. An ini$kd deposit of 
36 mg.\sq. It. on glass surf&c~,whieh 
normalljr is inactivated witbin 3 weeks, 
is kept active for at least 3+ months by 

- - -  espsjt?~+-a~wrnn~- - . .: 

DQT st 114 mg.lsq. ft. appxed t o  the 
in&& sarboes of huts produced a 

. .. - - 

Report NO. Bio/46/69. 

Repcrt Pkr. Biol46lW. 

Rqort under ifme. 

Rep* anderisrab 

- ,-- .* 




