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THE PROTECTION OF SHEEP AGAINST BLOWEFLY STRIKE.

[11.—THE EFFECT OF DIFFERENT FORMULATIONS OF GAMMA
BENZENE HEXACHLORIDE (BH.C))

O. G. H. FIEDLR" and R. DU 'TOIT, Onderstepoort Laboratory.

A REVIEW OF RECENT INVESTIGATIONS.

It is the general experience that the efficiency of an insecticide is depende
to a large extent upon the formulation. Thus when made up in the form of a
solution, an emulsion, a suspension or a dust each preparation has a field ~f
application in which it is particularly effective. The chemical and physi
operties are not, however, the sole index of the efficacy of a compound.
wiversity of conditions, both during and after apglication, may operate to alter the
value of a particular preparation entirely.

In the treatment of living sheep it has been shown by du Toit and Fiec
(1953) that the wool grease profoundly influences the residual effect of certain
ingecticidal compounds applied to the fleece for protection against blowfly strike.

1secticides such as benzene hexachloride which are regarded normally as having a
residual effect of a short duration, affiord protection to the living sheep for periods
considerably longer than compounds like D.D.T., Toxaphene and Chlordane which
are characterised by more durable effectiveness in other fields of application.

Recent observations by Addison and Furmidge (1952) have shown that wo
grease not only influences the mode of action of the insecticide but, coupled with
suint, profoundly affects the activity of the wetting agent in as much as grea

i«d suint, rather than the wool fibre itself, are responsible for the inactivation
which occurs in insecticidal dip washes. The wetting agents are held in the
grease layer around the wool fibres in quantities considerably in excess of that
¢ orbed on to the surface. The adsorption exceeds the calculated value by a
factor of more than ten, which means that the take-up of wetter by the grease
involves more than surface adsorption. The process is to be regarded, therefo

absorption rather than as adsorption. Furthermore, it has been found tl
the inactivation of the wetters during dipping or spraying of sheep is only party
due to direct absorption by wool grease and arises in large measure from the
incoluble nature of the product of reaction with dissolved suint.

The inactivation rate is particularly high when cationic wetting agents are
ed (Jolly et al., 1953). This results in an unnecessarily heavy insecticidal deposit
~n the fleece and a rapid depletion of the dip or spray. According to Addison and
wrmidge, it appears probable that an original cationic wetter may be remove
completely by precipitation alone. The result is a change in the character of the
wetting agent from cationic to anionic, whereas absorption by grease is probat
a property of all long-chain compounds irrespective of ionic charge.
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entirely comparable with that obtained with the whole complex of isomers at
the appropriate concentration. The results obtained with Lindane can be
compared directly, therefore, with those obtained with technical B.H.C.

The following Lindane formulations were used for the experiment:—

(1) Lindane emulsifiable concentrate at 10 per cent gamma, containing an
anionic emulsifier.

(2) Lindane wettable powder at 10 per cent gamma, containing an anionic
wetter.

(3) Lindane dust at 10 per cent gamma in talc.

The emulsion and the suspension were applied by dipping. This method
of administration ensures an even distribution of the insecticide in the fleece
and, furthermore, facilitates assessment of the quantity of fluid absorbed as well
as of the insecticide. Use was made of a small vat and, in making the dilutions
with water, a gamma concentration of 0-1 per cent (1,000 p.p.m.—parts per million)
wne the aim. The volume of the dipping fluid was limited in both cases to 120
ez s (546 litres) in order that a rapid depletion of the insecticide would result

om treatment of a limited number of sheep. The dust was applied by means of
a small hand apparatus, special care being taken to ensure that the dust was

renly distributed over the entire body and well worked into the fleece down to
skin level. An amount of Lindane in dust form was applied equal to that deposited
by dipping in the wettable powder suspension in order that the subsequent duration
of protection against blowfly strike could be compared.

Three groups each of twelve merino sheep with a wool length of between

{ and 2 inchcs were used as test animals. The quality of the wool, as well
as its grease content, were determined for each sheep prior to treatment. Wo

ercase analyses of the two dipped groups were repeated after dipping in order

» note any possible influence due to the actual dipping process. The grease

content of the wool of all the sheep was determined for a third time a month later.

Each of the three groups of twelve sheep were subdivided into two groups
of six animals each, in order that one half of each group of animals treated with
a particular formulation might be immersed for 5 to 7 minutes in plain water

ir weeks after the insecticidal treatment. The object was to determine whether
rtion of the insecticide deposited in the fleece would be removed possibly with
sume of the wool grease.

The following procedurc was adopted for the dipping and for the sampling
of e wash together with the drippings from the sheep:—

Samples of the dip wash, which was kept well agitated throughout,
were taken prior to the commencement of dipping and then after 3, 6, 9
and 12 sheep respectively had been dipped. The drippings were collected
from sheep Nos. 1, 3, 6, 9 and 12 of each dipped group. The weight of
each animal was taken before it went into the vat, where it remained singly
for two minutes. Thereupon, it was placed on a metal tray until no more
fluid dripped from it and weighed again.

2. epletion of the dip washes (c/f Tables 1 and 2).

From the figures obtained for fluid removal per sheep, and the chemical
es of the washes after every third sheep dipped, it was possible to determine
tual amount of insecticide removed per animal.
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exhaustion rate on the other hand showed only an insignificant rise fro
4-3 to 4-5. The expected gamma removal, which is calculated in accord-
ance with the volume of wash taken out and its initial strength, must also
be expected to be slightly lower in this case than with the emulsion, as
the initial strength was lower. The expected Lindane depletion averaged
8-9 gm. per animal with a range of variation from 80 to 9-7 gm. (column
IV). The actual mean removal of insecticide, therefore, was twice as  :h
as could be extected theoretically (column V). This indicates that the aip
carried out per sheep actually represented a wash with a Lindane concentra-
tion of between 0-12 and 0-25 per cent, an average of 0-18 per ce
‘f~~lumn VI). Thus the fleeces of the sheep were saturated during dipping

. a wash, the average insecticidal concentration of which was equivalent
to a wash 2-2 times higher than the corresponding fluid in the vat.
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FiG. 1.—Depletion rate of a Lindane cemulsion and suspension wash of 120 gal. (546 litre)
and the insecticidal concentration of the drippings from sheep.

3. Discussion.

The dipping experiments described offer a great deal of evidence in support of
past findings regarding the selective removal of insecticide during dipping which
wurs particularly in respect of emulsion dips. This is indicated in Figure 1
1t the graphs for the two dip washes were to be extended to zero it will be n¢
that in the case of the emulsion dip the bath would be compltely exhausted a
immersion of 19 sheep whereas exhaustion would be reached only after 51 sh

had been dipped in the suspension.

A completely satisfactory explanation for this phenomenon has not yet be
found. It would appear, however, that the combination of emulsifying agent ana
solvent in tt  :ase of the emulsion displays greater activity than is the case with
the suspensivun where the emulsifying agent is bound to clay particles. The
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4. Conclusions.

The following conclusions, which have a bearing on present day conceptio
regarding the application of insecticides to woolled sheep, may be drawn fro
the results of the dipping tests:—

(1) The selective removal of insecticides from a dipping bath, which res
in a considerably higher insecticidal deposit in the fleece in tha case
of emulsions than in the case of suspensions, is dependent upon :
and the amount of wetting agent used.

(2) In the case of emulsion dips the deposition of insectic : in the {
is approximately maintained during the process of dipping unti
available insecticide is depleted completely. This is due to the
that as the total amount of available insecticide decreases the percei
exhaustion rate rises.

(3) In the case of suspension dips deposition of insecticide in the flee~= ic
maintained at a constant level for a considerable period, but not
the insecticide is exhausted completely. As the total amount of ins
cide decreases there is a slight but not proportional crease in ext
tion rate with the result that the amount depositea on the wor
bound to decrease progressively until it reaches a low level of
biological wvalue, long before complete depletion of the tank nas
occurred.

(4) Both emulsions and suspensions must be used at a higher percentage
concentration of insecticide when used as sprays than as dips to attain
comparable deposition in the wool and so afford equivalent protec
The reason is to be found in the greater selective removal of a
ingredient in dips due to the wetters.

In addition the following significant inferences, may be drawn
from the in vitro tests of Laudani (1952):—

(5) As the total amount of insecticide available alone is re onsible
the degree of deposition, the larger the dipping tank, the more
insecticide is picked up per animal.

(6) The quantity of wool immersed in a dip wash influences the rat
exhaustion only and does not influence the deposition of concen
tion of insecticide on the wool. Long and short woolled sheep, th
fore, leave the bath with equal relative insecticidal concentrations 1n
the fleece, yet the depletion rate is greater with long wool as more
actual insecticide is withdrawn,

The latter two conclusions are reported with reservations
must be subjected to further investigation. To the fact that the lei
of the wool has no influence on the concentration of insecticidal d~rosit.
must be added the observation that the efficiency of a deposit on vi
sheep is largely dependent on the ability of the active ingredient to
diffuse from the treated zone of the fleece into the constantly expandine
new growth of wool nearer the skin. (du Toit and Fiedler, 1953).
has been shown (idem 1954) that a period of protection of long
duration is achieved when an insecticide with a high diffusion poe~
is applied to sheep with long wool than to those with short wi
This means that the absolute amount of insecticide absorbed in
fleece, which is in direct proportion to the length of the fibres, :
not. the concentration in the fluid determines the duration of biolog
efficiency.
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C. BroroGIcAL TESTS.

The duration of the insecticidal properties of various formulations
compounds with a high diffusion potential in growing wool has still to be asses
accurately.  Contradictory opinions on the point have appeared in the literature.

wning ef al. (1952) report that an emulsion is markedly inferior to a waterv
suspension in conferring long term protection, yet on the same page (791) at t

id of the next paragraph, the statement is made that the protection conferred
more efficient and of longer duration where an emulsion is used.
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G. 2.—Relation between period of protection against strike and insecticidal deposit on
the sheep as conferred by different formulations of Lindane.

The following biological tests were conducted with a view to throwing some
it on this aspect. At the same time the most suitable and economic ‘mula-
1 for long term protection of woolled sheep against blowfly > was
estigated, and attention was paid to several additional factors likely to influen~=
period of protection, e.g. grease content of the fleece, and quality of t  wor
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~orresponds to a difference in proteciion of 3-6 weeks, or over 11 per cent of

mg period of protection. The antagonistic influence of a high grease content
on the duration of protection afforded by an emulsion may explain at least in pa
the reduced activity of emulsions in general as compared with suspensions or dusts
in affording protection against blowfly strike.

5. Discussion.

The duration of the larvicidal efficiency of Lindane when used in the form
of an emulsion, a suspension or as a dust for long term protection of sh
varied considerably.

The insecticidal deposit in the case of the suspension group was similar
» that of the dusted group but approximately only half of that of the emulsion
group.
Lindane in dust form conferred the longest period of protection relative to
the amount of the deposit and was closely followed by the suspension. T
wration of protection afforded by the emulsion was not proportional to the amot
or insecticide actually deposited in the fleeces, however, and did not exceed that
of the other formulations deposited in a smaller amount.

The quality of wool normally produced by merino sheep in South Africa
peared to have no effect on the protecting properties of either of the three
wormulations.

The wool grease content of the fleece did appear to play a part. Protectinn
of shorier duration resulted from the use of the emulsion in fleeces with a hi
grease content, whereas this detrimental effect was not observed with either the
dust or the suspension. It may be concluded from these findings that wool
grease In general exerts a detrimental effect on the larvicidal efficiency of an
emulsion, whereas this does not apply to the other formulations. he decrease in
efficiency i1s proportionate to the percentage grease content of the teece.

The emulsion type of insecticide must be regarded as both the least effective
formulation for long term protection of woolled sheep against blowfly strike as
well as the most inferior protective dressing for strike wounds.

D. CoNCLUSIONS.

From the results of the experiments conducted, the following conclusions may
ha drawn which are of importance in the practical application of insecticides to
zep for protection against blowfly strike: —

(1) Insecticides with high diffusion potential such as gamma B.H.C., Aldrin
and Dieldrin, <hould be used as wettable powders or dusts and not
in the form . emulsions to achieve long lasting protection at low
cost.

(2) Weitable powders designed for use on sheep when applied as non-
returnable sprays, should be used at a concentration 24 times higher
than in the dipping tank. In emulsion form with an anionic wetter,
the concentration should be 5 times the strength used for dipping.

E. SUMMARY.

1. Three groups each of twelve merino sheep were treated separately with
lane in ;muISIOn, suspension and dust form to determine the influence «
formulation on the duration of protection aga bl strike.
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