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Groupe sanguin Cas de variole Ddces

A 26 5
B 22 6
AB 6 1
0 54 11

Total 108 23

Ces observations, bien que limitees, nous ame-
nent 'a infirmer l'hypothese de l'influence des
groupes sanguins ABO sur la resistance a la va-
riole et, par voie de consequence, sur la repar-
tition polymorphe des groupes sanguins dans le
monde.
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Chemicals used to kill aquatic snails are somewhat
unstable under the conditions occurring in tropical
habitats. Therefore a single application of mollusci-
cide to flowing water will control snails for only a
limited distance downstream, depending on the
toxic stability of the chemical, the applied con-
centration, and the stream conditions. This analysis
deals with one aspect of the economic implications
of these factors, with the intention of throwing light
on more economical techniques for the application
of molluscicides. Attention is given to the efficient
use of chemicals in a molluscicide application and
labour costs are not taken into account. Thus, the
conclusions are applicable only when labour is a
minor element in the total cost of mollusciciding.

It is possible to clarify the process of molluscicide
detoxication by analysing each of the many relevant
factors independently. However, it is simpler to
approximate the total pattern of chemical decay by
the generalized first-order differential equation,

dC
dt ~~~~~~~(1)dit

where C is the molluscicide concentration at any
time (t). Data from field applications of acrolein a
and other studies b..c,d indicate that this is a fairly
accurate assumption. It is useful to characterize the
rate of decay by the " half-life " for each molluscicide
under specified field conditions. The half-life (a)

a Ferguson, F. F. et al. (1961) Publ. Hlth Rep. (Wash.),
76, 461-467.

b Buchanan, T. J. (1964) J. sanit. Engng Div. Amer. Soc.
civ. Engrs, 90, (SA 3), pp. 1-12.

c Crossland, N. 0. (1963) Bull. Wld Hlth Org., 29, 515-524.
d Hiatt, C. W. et al. (1960) J. Amer. Soc. trop. Med.

Hyg., 9, 527-531.

is calculated as 0.69/k, independent of C0, the
concentration of molluscicide applied at time t = 0.

It would be more accurate to deal with the total
amount of toxicant in equation 1. However, the
simpler case will be pursued where attenuation of
the chemical wave is ignored, and the average
concentration is proportional to the total amount
of toxicant.

If tests on local snails under local conditions
indicate Ct, the toxic concentration (Ct = the
LC99.5 or some other value representing virtually
complete kill), the question still remains: what field
concentration should actually be applied as C0?
If the LC99.5 is applied, it will give complete (99.5%O)
mortality at the point of application, but the mortal-
ity will soon decrease as the molluscicide moves
downstream. Only a small amount of chemical
would be used, but to control a very short section
of stream, if any at all. At the other extreme, one
could apply 50 times the LC91.5, thus ensuring
control for a longer distance downstream, but at
greater expense. Somewhere between these extremes
lies the most economical application value for C0.
This optimum level can be determined by ascer-
taining the concentration which gives the maximum
benefit-to-cost ratio (BCR), wherein the benefit is
proportional to the reach of stream covered by a
toxic concentration, and the cost is determined by
the quantity of chemical needed for the application.
This simplified picture does not deal with the changes
in toxic impact caused by lengthening of the chemical
wave as it passes downstream.
For the pattern of detoxification specified in

equation 1, the BCR can be written as the ratio
of T, the time of effective downstream treatment,

2146c



ECONOMICS OF APPLICATION OF MOLLUSCICIDES TO FLOWING WATER

to the initial concentration of chemical, CO. CO is
directly proportional to the cost of the chemical, and

TICO = BCR. (2)
To maximize this ratio, it will be differentiated with
respect to CO and the result will be set equal to zero.

It can be shown by integrating equation 1 that

C C
ln = KT = 2.30 log C,

Ct Ct

thus T= K2 log-C
Ct

so
K2 CO

=BCRC= log
Co Co Ct

(3)

The right-hand part of equation 3 is a maximum
when its derivative with respect to CO is zero. At
this point,

COlog = log e.~bct
Thus at maximum BCR,

CO
= e=2.7 (4)

Ct

In those natural drainage systems where rough
terrain causes labour costs to be high, it is desirable
to obtain the longest possible downstream treatment
per application, at or near maximum efficiency.
Therefore, it should be determined whether a ratio
of CO/Ct slightly higher than 2.7 is still near the
maximum. This can be checked from equation 3.
The calculated BCR is tabulated for various values
of Co/Ct in the accompanying table. The CO/Ct
values of 3, 4, and 5 are fairly close in efficiency to
the maximum BCR.

BENEFIT-TO-COST RATIO (BCR) OF APPLIED
MOLLUSCICIDAL DOSAGE a

BCR = 333a og (C /Ct)(C0D/Ct)Ct

Co/Ct log(Co/Ct) |og(C(/Ct) - k3(BCR) BCR
(Co/Ct) BCRmax-

1.0 0 0 0.00
2.0 0.30103 0.150 0.94

2.7 (=e) 0.43430 0.160 (max) 1.00

3.0 0.47712 0.159 0.99

4.0 0.60206 0.150 0.94

5.0 0.69897 0.140 0.88

10.0 1.00000 0.100 0.62

a Where a = half-life of molluscicide, Co = molluscicide
concentration at time of application (to), and Ct = toxic concen-
tration.

Two conclusions can be drawn from this analysis
with respect to molluscicide application in flowing
water. In irrigation systems where the cost of
chemical is the most important factor, due to large
volumes of flow treated at each application, it is
most economical to use Co/Ct of 2.7 unless smaller
values are dictated by short travel times to the end
of the canal. In general, the ratio of 2.7 can be
used whenever the travel time to the end of the canal
is greater than the half-life of the chemical. How-
ever, in natural drainage systems where labour
costs are high, it is best to use a CO/Ct of about 5,
which is still only 12% less efficient than the theoret-
ical maximum.
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