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This is a very useful review of what has been happening in the past few 

years in the chemical control of pests. All healthworkers who 

have to deal with problems involving such matters 

can get an overview here. 

RECENT DEVELOPMENTS IN 

Herbert F. School, Ph.D. 

T IlIE CHEMICAL CONTROL of insects en-
tered a new era in 1945.1950 when 

the chlorinated hydrocarbon insecticides 
such as DDT, dieldrin, chlordane, and 
others first appeared. Unfortunately, the 
hope of eradicating public health pests 
soon dissipated when several species de-

veloped resistance to certain of these 
chemicals within a relatively short 
period. Since then, the situation has 
worsened with each succeeding year as 
the number of resistant species increased 
from two in 1946 to 46 in 1958;1 the 
areas occupied by resistant populations 
expanded; and the number of com-
pounds to which a given species was 
resistant increased. The acuteness of the 
problem is best exemplified by the de-
tection of dieldrin-resistant populations 
of three species of malaria vectors in 
Central America and Mexico0 ' 3 in 1958. 
The critical aspect of this development 
was the resistance of Anopheles albi-
manus to both dieldrin and DDT in cer-
tain areas of El Salvador and Nicaragua. 
These data point up the fact that man's 
insect enemies are adapting to successful 
coexistence with pesticides almost as 
rapidly as new technics and toxicants 
are produced. 

During the past five years, the organo-
phosphorous compounds have received 
major attention by investigators because 
of the widespread resistance of insects to 
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the chlorinated hydrocarbon insecticides. 
Early work with the former group of pes. 
ticides concerned compounds such as EPN 
and parathion which are extremely toxic 
to man as well as to the insect. Fortunately, 
the chemical industry now has produced 
new organophosphorous pesticides such 

as malathion and ronnel which have 
relatively low toxicity to humans as com
pared to EPN or parathion. The general 
range of toxicity of organophosphorous 
compounds based on studies with female 
rats4 is given in Table 1. 

In the field of house fly control, new 
developments occurred along the lines 
of poison baits and impregnated cords. 
Tile cord method has provided season
lor'g house fly control in many areas with 
only a single installation at the rate of 
30 linear feet of cord per 100 square 
feet of floor area.5 Fly baits incorporate 
0.5 to 2.0 per cent toxicant in a carrier 
together with a sweetening agent. Such 
baits are popular with farm operators 
because they have a spectacular immedi. 
ate effect on fly population. However, 
the reduction in fly densities is tem
porary and repeated bait applications 
(three to four per week) must he made 
to insure continuous control. Bait sta
tions can be used to minimize mainte
nance operations. A chicken-watering 
device filled with a liquid bait contain
ing DDVP has been shown to give effec. 
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tive house fly reduction for five weeks malathion gave effective kills of Anophe
without replenishment of the toxicant.6 les albimanus for periods of 8.12 weeks. 

In mosquito control, the occurrence Another organophosphorous compound 
of dieldrin-DDT resistance in certain (Baytex) also required a dosage of 100 
anopheline populations stimulated inves- mg/sq ft to provide like mortalities for 
tigation of the phosphorous insecticides periods of 8.12 weeks. Of interest are 
for a possible substitute residual chemi- the data obtained with DDT residues 
cal, even though these toxicants usually applied at 100 and 200 mg/sq ft against 
are characterized by a short residual life. a DDT-resistant strain of A. albimanus. 
One of the findings is that malathion, an Both of these dosages gave similar low 
erratic toxicant in its residual action but consistent mortalities for extended 
against house flies, is extremely effective periods. 
for extended periods against adult In the United States, most treatments 
anophelines.7-9  In initial tests using against adult mosquitoes are done with 
animal-baited huts at Savannah, Ga., fog or mist applications. In recent years, 
malathion suspensions at dosages of 100 there has been an increasing interest in 
and 200 mg/sq ft on wood gave highly the use of dusts for this same parpose. 
effective kills of Anopheles quadrimaeu- Comparative studies of the three methods 
latus for periods of five months. 7 Sub. against salt marsh mosquitoes (caged), 
sequent studies have shown that marked held at various distances from a com
residual action against mosquitoes is not mercial space treatment machine, have 
unusual for that compound, a dosage of shown that the dust applications gave 
200 mg/sq ft providing 100 per cent less satisfactory kills than either the fog 
kills as long as 28 months after the or mist applications on the same nights, 
original treatment. even though the dosage applied as a 

Since the surfaces and conditions nor- dust was greater than that for either 
mally encountered in subtropical areas of the other (Table 2)." In other tests 
vary considerably from those found in with fog and dust applications on differ
this country, it is necessary to evaluate ent nights, great variability in effective
promising insecticides in such areas be. ness has been observed, some dust ap
fore deciding upon their potential use in plicatlons giving kills superior to fog 
malaria eradication campaigns. There. applications at similar dosage levels. 
fore, in 1959, studies were established in From these studies, it has become ob. 
El Salvador in cooperation with the Pan vious that marked differences in relative 
American Sanitary Bureau, International effectiveness can be obtained with any 
Cooperation Administration, and the El one of the three methods, depending on 
Salvador Ministry of Health. Many of 
the dwellings are entirely built of thatch 
while others may have a thatch roof with Table I-LD-50 Oral and Dermal Dos. 
adobe or bajareque* walls. In some ages for Female Rats Expressed as 

cases, a single dwelling may have wall mg/kg* 
surfaces of several materials (e.g., paper, 
metal, cane, and thatch). Toxicant Oral Dermal 

The results obtained in El Salvador in- Parathion 3.6 6.8 
dicate that dosages below 1 g/sq m (100 Diazinon 76.0 455.0 
mg/sq ft) are inadequate for long-term DDVP 56.0 75.0 

° effectiveness as measured by a bioassay Malathion 1,000.0 >4,444.0 
technic. At 100 and 200 mg/sq ft Ronnel 2,630.0 

* Mud on a framework of saplings. * Excerpted from reference.' 
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Table 2-Malathion as a Fog, Dust, and 
Mist Application Against Caged Aedes 
taeniorhynchus 

Per cent Morta.ity at 
Treat. Dosage Distance (Foot)
ment* Lb/A.t 135 270 540 810 

Fog 0.1 98 53 39 0 
Mist 0.2 95 55 32 27 
Dust 0.3 63 81 3 2 

* Three replicae each on same night. 

tBased on 300 foot swath. 


wind and temperature condition prevail, 
ing at the time of treatment. Mist appli-
cations are highly effective but usually 
for limited distances, since there is a 
rather quick fallout of the larger size 
particles. From the over-all data fog 
and dust treatments are approximately 
the same in their effectiveness, but fog 
applications generally provided slightly 
higher kills. Operationally and psy-
chologically, the latter technic is the 
method of choice, 

The newest development for the con-
trol of adult mosquitoes is the residual 
fumigant technic. 2 Discovered acci-
dentally in 1958, when a sealed bag of 
fly bait containing DDVP anti malathion 
produced high kills of nearby mosquitoes 
in a test room, experiments have re-
vealed that a residual type of vapor ac-
tion can persist for extended periods 
(Table 3). A single container (A) with 
11.4 grams of DDVP gave excellent re-
stilts for six weeks against caged female 
Anopheles quadrimaculatus in a field 
htit (8' x 8' x 7') with two open win-
dows, whereas a dosage three times that 
great was highly effective for 10 weeks. 
In contrast the same amount of DDVP 
on a different carrier andi without mala. 
thion was far less effective. In one test 
series designed to evaluate the effects 
of ventilation, a dosage of 14 grams of 
DDVP in a building (11' x 12' x 8') 
gave eight weeks of complete mortality
of A. quadrimaculatus; with eave yen-
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tilation twice that dosage was far less 
effective. However, in a building with 
both eave and window ventilation, an 

increase in dosage to 42 grams of DDVP 
provided mortalities similar to that 
achieved with 28 grams of DDVP and 

less ventilation. 
The significance of this development 

is that a relatively small amount of in
secticide can be used to free a room or 
hut of mosquitoes on a continuous basis 
without requiring the time, manpower, 

or equipment normally expended in ap
plying a residual application. When the 
technic is refined to the point of being 
suitable for field usage, it may well sup
plant tile residual spray operations (now 
the basis of malaria eradication cam
paigns) in many countries where the 
types of housing are conducive to effec
tive use of a fumigant method. 

Another development of significance is 
the use of vapors for aircraft disinsec. 
tion. Studies in early 1959 showed that 
the dispersal of DDVP vapor into the 
ventilation system of an intercontinental 
aircraft for 30 minutes would yield mor
talities of from 95 to 100 per cent of 
caged house flies distributed in various 
parts of the passenger cabin. 13 The dos
ages ranged from 0.1 to 0.3 microgram 
of toxicant per liter of air, i.e., only 0.5 
to 1.0 milliliter of DDVP was required 
for aircraft of the DC.6 type. 

Table 3-Per cent Kill of Caged Anoplie
les quadrimaculatus Exposed Residual 
Fumigants Overnight in Huts (8' x 8' 
x 7') 

Formula- Weeks 

tion 4 6 8 9 10 12 
At 91 100 55 5 - 

3A 100 100 100 100 85 59 
B 100 35 - - - 

3B 100 100 24 - - 

g11.4 g DDVP per container A or B.
 
f*0.5 p cent DDVP+I.0 per cent malathion. commer.
 

aIt. eheit 
3 10 per cent DDVP an Inert carrier. 
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In addition to methods utilizing pesti. Department devised a type of rural 
cides, other technics such as male steriliza- "commode" which could be installed in 
tion, and the use of parasitic fungi and each latrine and sealed around the edges 
bacteria, and silica aerogels are now re- with eartbern fill. By teaching the na
ceiving the attention of entomologists. The tives to flush this apparatus daily, a 
male sterilization technic was used suc- water barrier was maintained in the de
cessfully by the U. S. Department of Agri. vice which blocked the entrance of adult 
culture in eradicating screwworms from flies into the latrine and at the same time 
an island off the coast of Venezuela.' 4 prevented the emergence of newly de. 
With this method male screwworm flies veloped flies. In addition to an effective 
sterilized by irradiation of the pupae reduction of blow fly densities, $80,000 
with Cobalt-60 are released to compete was saved in one year in insecticide costs 
with normal males in the wild popula- alone. This experience again stresses the 
tion. As tile female screwworm fly mates fact that preventive control measures 
only once, a predominance of sterilized usually are the best and most economical 
over-fertile males eventually eliminates means of overcoming our insect prob. 
the breeding stock. Recent information lems. 
from the U. S. Department of Agricul. 
ture indicates that a cooperative pro- REFERENCES 
gram by state andi federal agricultural I. Schof, If. F. ie,,stace in Arthropods of Medical 

agencies in 0 the southeastern United 	 and Veterinary Importance-1946-1958. Miscellaneous
Publications of the Entomological Society of America 

States and Florida, using this technic in 1.1:3-11 (Oct.). 1959.
 
1959, has resued in no screwworm flies 2. Duret, Jose Pedro. Status ni Anopheline Iesistance
 

to R1esidual Insecticides in Latin America in 1958. 
being recovered in those areas since Bl. ofe. .an. iaaam. (In press.) tFebuay,199.3. Martinez, Palaci,,s A. Phiolotgical 11rrsisanceo ,
February, 1959. Delrin In A. p peeudounctipoeni Tlrobad 1901 

Silica aerogels aren sorptive dusts in Mexico. Nat. Comin. Erad. Mal. Bull. 11. 3:18-31,1958. 

which remove the waxy prutective layer 4. Gaines., Thomas B. Acute Toxicity of Pesticides to 

of the insect integument resuiting in the Rats. Toalcol. & Atplied 'ha.macoi. 2,1:88-99
(Jan.). 19J60. 

desiccation of the insects.1 Successful s. Kilpatrick, John W.,. ani Sehoof. It. F. The Use 
roach control has heen reported wvith tinsecticide Treated Cords for )louse Fly Control.roac hacotroben rpored ith Pub. Health lisp. 71.2:1.1|-150 (Feb.). 1956. 

such agents. 6. - . A Semiautomatic Liquid Fly Bait
In concluding my comments, it would Dispenser.w.1. Ent. it.F. Organ,,ph,,spi.......7. Mhsi.t, .....Econ.i School, 52.4:776-777 (Aug.). 1959. 

be amiss to omit mention of one technic Comounds as Residual Treatments for Adult M..qutllo Control. Ant. J. Trap. NMcd.a nfyg. 11,101-4 

found to be highly effective in the control (JA.), 1959. 

of a resistant blow fly Chrysomyia a. - . Field Effectiveess o.f Malathion De. 
posits Against Dieldrin-lteslstant Anopheles qnadrl

putoria in the Belgian Congo. In Leo. macla, .. Indian 1. ,ialari. 12.4;287-291. 1958. 

poldville, this species breeds extensively 9. G. C.: Cahan. J. It.; and Adrnck, . If. 
Rlesidual Effectiveness of1 Six Org-nolphophoruis Corn

in the bored hole latrines commonly 	 pounds Againt Anpheles qua.dr.a.uIata Say. hMs
quite News 1812:9.1-95 (June). 1958.found in certain of the city. 10. S H Fhool, Wlli.; ned Austin, R. 

1952, health authorities began routine Field Teats on the Residual Effectiveness of Mala. 
hion and Bayer Compound 29493 Deposits Against 

areas In .: Mathis, J. 

insecticidal treatments on a 12-day Iesistant Anopheles albi.anus In El Salvador. (in 
schedule to the 25,000 privies in the city. manuscript. 1960.) 

ii. Schoof, It. F.; Daffy. J.: and Elmore, C. M. Adul.
Since the species breeds only in human ride Tett Against Aedic tacnirhyeht.s. (Unpub. 

excrement, it obviously was faced with .lished manuscript.) 
12. Mathis. WIllis; Fay. Richard W.: Schoof, 11. F.; and 

extinction unless resistance to the toxi- Quarterman. K.D. Resiual t,Fumigants-Thuir Pa. 
cant used was developed. The latter ,nntiat In Ma laria Eradi.ation. Pu,. Health Rep.74.cantuse wasdevlope. Te later 5:379-381 (May), 1959. 

occurred, the insect coping successfully 13. Maddock. Darrell; Schoof, I. F.; and Sedlak, V.Dlslnscetion Tests in Grounded Aircraft Utilizing 

with the different insecticides applied 	 DDVP Vaos.(Unubatlishedmascrit. i 

during the period 1953-1957.10 Con. 14. Baumhover. A. It.; Graham. A.J.: Bitter. . A.: 
Hopkins, D. E.; New, W. D.: Dudley, F. HI.: and

fronted with this dilemma, the Health Btushland, H. C. Screw.WormnControl Through Re. 
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A.; and Rusette,
J. Econ. Ent. 48.4:462-466 16. Bervoets, W.; Bruaua, P.; LeBrun,

lease of Sterilized Flies. 
M. A. La lutte contre Chryjomyia putorLa i Leo.

(Aug.), 1955. 
ET apparition de phinomnes de resistance. 

IS. Tarshis, I. Barry. UCLA Tests with Desiccant Dusts poldville 
In--8, N. S. 7.4:Acad. Roy. Sc[. Colon. Memories

for Roach Control. Peat Control 27,6:14-32 (June), 

1-53, 1958.
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