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orbis was more susceptible, then, than guppies or
Ampullaria snails. It is impressive that about 0.25 g
of WL 8008 in 25 g of bait continued to show con-
siderable molluscicidal activity (40%) even after
17 days of elution by a total of at least 300 litres
of water.

Persistence of the attractant quality of baited
formulations of WL 8008. Samples of leached, or
eluted, bait in the above experiment were removed
periodically to determine how long its attractant
quality persisted. About 0.25 g was removed each
time and placed at one corner of a polyethylene pan
(33 x 25 x 14 cm), containing 2 litres of water. Ten
Australorbis were then placed at the diagonally
opposite corner, and the criterion of attraction was
the number of snails on or within 2.5 cm of the bait

after 10, 20, 30, 45 and 60 minutes. Thereafter, the
snails were allowed to feed overnight (16-24 hours)
for further observations on toxicity. Samples
removed after from one to nine days of elution
attracted about 30% of the snails (after 45 and
60 minutes). Thereafter, on the 12th, 15th and 18th
days, the percentages increased to 58 %, 80% and
680% respectively, while on the 21st day the bait was
essentially ineffective. Therefore, it appears that the
attractant quality was improved after 10 days of
elution; however, there was no corresponding
increase in mortality. Actually the mortalities were
quite uniform from the second to the 15th day,
ranging from 65% to 85%. This uniformity may
have resulted from increasing consumption of bait
by the snail as the concentration of WL 8008 de-
creased, due to leaching.

Molluscicidal Time-Concentration Relationships of
Dinitrophenol Compounds *

by LAWRENCE S. RITCHIE, Chief, Parasitology Branch, and HENRY B. WESSEL, Student Technician,
US Army Tropical Research Medical Laboratory, Fort Brooke, San Juan, Puerto Rico

Dinex (2-cyclohexyl4,6-dinitrophenol) has been
recognized as an effective molluscicide against both
amphibious and aquatic vectors of human schisto-
somes, and its cost-efficiency index is very similar
to that of sodium pentachlorophenate (NaPCP). a-d
These were the most effective molluscicides available
for about a decade after the Second World War.
Although they have been almost superseded by newer
compounds, under certain conditions they might
merit consideration because of their lower price.
Dinex is no longer commercially available, but

other closely related dinitrophenols are known to
have molluscicidal properties. Several of these have
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been provided by the Dow Chemical Company,
Midland, Michigan, through the courtesy of Dr E.
E. Kenaga, for evaluation. The results of tests on
time-concentration relationships of these dinitro-
phenols constitute the subject of this report.

Materials and methods
The compounds evaluated in these tests were

2,4-dinitro-6-phenylphenol (DN-PP), 2,4-dinitro-6-
tert-butylphenol (DN-O-TBP), and 2,4-dinitro-6-
sec-butylphenol (DN-O-SBP); the results on dinex
previously reported d have also been included for
comparison. The procedures used for testing these
compounds closely parallel those recommended by
the WHO Expert Committee on Bilharziasis e and
have been described in detail previously by us.J
Tests were limited to mature Australorbis glabratus
snails (13-15 mm) in exposure times of 1, 6 and

e WHO Expert Committee on Bilharziasis (1961) Wld
Hith Org. techn. Rep. Ser., 214.

f Ritchie, L. S., Berrios-Duran, L. A., Frick, L. P. &
Fox, I. (1964) Bull. Wld Hlth Org., 31, 147.
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TABLE 1
MOLLUSCICIDAL ACTIVITY OF FOUR DINITROPHENOL COMPOUNDS

AGAINST MATURE (13-15 mm) AUSTRALORBIS GLABRATUS IN 24-HOUR EXPOSURES

Concentra- Dinex a DN-O-TBP DN-O-SBP DN-PP
tion-dd- F - __ _

(ppm) D/T b % DIT b DIT b d% D/T5 deadtion D/T b | de/ad DTb|dead DT |dead DTb|dead

0.2 0170 0

0.4 27/70 39 4/40 10

0.6 70/70 100 30/40 75

0.8 37/40 92 0/25 0

1.0 40/40 100 52/125 42

1.4 29130 97

1.6 30/30 100

2.0 7120 35

2.5 17/30 57

4.0 52160 87

LCsoc 0.41 ppm 0.52 ppm 1.03 ppm 2.4 ppm
(0.38-0.44) (0.47-0.58) (1.0-1.07) (2.0-2.9)

LC,oc 0.55 ppm 0.74 ppm 1.25 ppm 4.1 ppm
(0.50-0.60) (0.59-0.93) (1.16-1.35) (3.0-5.5)

Slopefunction 1.26 [ 1.22 [ 1.10 1.60

a Data from Ritchie, L. S. et al. (1963) Bull. Wld Hith Org., 29, 545.
b No. dead/No. tested.
c 95 % confidence limits in parentheses.

24 hours. The method of Litchfield & Wilcoxon g
was used for computation of LC50 and LCso values,
and slope function (S).

Results and discussion

In 24-hour exposures, DN-O-TBP was more
nearly as effective as dinex than the other two com-
pounds (Table 1). Using LC50 and LCgo values for
comparison, approximately 2.5 and 7 times as much
DN-O-SBP and DN-PP, respectively, were required
as of dinex, whereas the corresponding figure for
DN-O-TBP was only 1.3 (Table 2).
The similarity of DN-O-TBP to dinex in activity

was not apparent in 6-hour exposure tests (Table 3).
With this exposure time, dinex had an LCgo of 2.0
ppm and all snails were killed with at least 3.0 ppm.
With DN-O-TBP, however, 6.0 ppm were required
for an observed 90% mortality and, more impor-

D Litchfield, J. T. & Wilcoxon, F. (1949) J. Pharmacol.
exp. Ther., 96, 99.

tantly, with additional concentrations of 10.0 ppm,
15.0 ppm and 20.0 ppm there was an actual decrease
in mortality to 50%, 63% and 77% respectively.
By omitting these inconsisterft readings from the
computations, DN-O-TBP was calculated to have
an LCgo of 5.5 ppm in 6-hour exposures. This was
somewhat less than the value of 7.9 ppm computed

TABLE 2
EFFICIENCY INDICES OF SEVERAL DINITRO COMPOUNDS

IN COMPARISON WITH DINEX (INDEX = 1)

24 hours 6 hours
Compound

LCso LC.. LCso LC.o

DN-O-TBP 1.3 1.3 1.8 2 7

DN-PP 5.9 7.5 4.3 3.9

DN-O-SBP 2.5 2.3 101.0 a 20.0

a An approximation.
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TABLE 3
MOLLUSCICIDAL ACTIVITY OF FOUR DINITROPHENOL COMPOUNDS

AGAINST MATURE (13-15 mm) AUSTRALORBIS GLABRATUS IN 6-HOUR EXPOSURES

Concentra- Dinex a DN-O-TBP DN-O-SBP DN-PP
tion

(ppm) D/T b dead D/T b dead D/T b dead D/T b dead

1 23/80 29 3/30 10

2 55/60 92 25/50 50 0110 0

3 60/60 100

4 32/40 80 10/40 25

5 13/30 43

6 27/30 90 29/40 72

8 10/10 100

10 30/60 so c 6/60 10

15 38/60 63 c 37/60 62

20 46/60 77 c 42/60 70

LCsod 1.20 2.2 5.2
(1.1-1.35) (1.8-2.7) approx. 13 (4.7-5.7)

LCgod 2.0 5.5 7.9
(1.7-2.4) (3-54.5) approx. 40 (6.2-10.3)

Slope function 1.5 2.0 - 1.4

a Data from Ritchie, L. S. et al. (1963) Bull. Wld Hlth Org., 29, 545.
b No. dead/No. tested.
c Not included in calculations of the LCso and LCso values (see text).
d 95 % confidence limits in parentheses.

for DN-PP, but this compound killed all snails at
8.0 ppm. DN-O-SBP was very ineffective in 6-hour
exposures; even as much as 10.0 ppm gave negligible
mortality and the LC90 could only be estimated to
be of the order of 40.0 ppm.

TABLE 4
INCREASE IN CHEMICAL CONCENTRATION REQUIRED
WHEN EXPOSURE TIME IS REDUCED FROM 24 TO 6 HOURS

Increase (-fold) for:
Compound

LCso LCso

Dinex 2.9 3.6

DN-O-TBP 4.2 7.4

DN-PP 2.2 1.9

DN-O-SBP 13.0 a 32.0 a

a An approximation.

None of the compounds was effective in 1-hour
exposures. A concentration of 50 ppm caused no
mortality at all; therefore the test was discontinued
at this point. Dinex was also relatively ineffective
with 1-hour exposures, but at 50 ppm it was capable
of killing about 50% of the snails.
The relative efficiency of the compounds in 24-

hour and 6-hour exposures is illustrated (Table 4).
DN-PP is considered to be an efficient 6-hour che-
mical, as was dinex in its test, since the ratio between
their 6-hour and 24-hour LCgo values was less than 4.
This ratio was exceeded with DN-O-TBP and DN-
O-SBP, particularly the latter. In terms of actual
concentrations, however, more than four times as
much DN-PP as dinex would be required for 6-hour
exposures. Therefore for a favourable cost-efficiency
index the cost of DN-PP applications could not
exceed one-quarter the cost of dinex.
The snails exhibited pronounced irritability to all

the compounds, including dinex, and in concentra-
tions greater than 8 ppm-10 ppm attempted to avoid

10
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contact by retracting into the shell or crawling out
of the container. Only with DN-O-TBP, however,
did this seemingly result in protection of the snails,
since 20.0 ppm caused appreciably less mortality
than 6.0 ppm. A behavioural response manifested in
avoidance could limit the effectiveness of a mollusci-
cide under field conditions. Avoidance phenomena
as related to molluscicides may be more common

than laboratory tests indicate, since ordinarily under
laboratory conditions there would be less oppor-
tunity for the snail to escape if given this option.
The need for specific tests to evaluate protective
responses appears to be indicated.

If the cost of DN-O-TBP and DN-PP is favour-
able, further evaluation of these compounds may
also be indicated.

Sphygmomanometer Cuff Size and Blood Pressure Measurement *

by R. B. SHEKELLE, Ph.D., Research Associate, Department of Preventive Medicine, University of Illinois
College ofMedicine, Chicago, Ill., USA, and A. M. OSTFELD, M.D., Professor ofPreventive Medicine,
University ofIllinois College ofMedicine, Chicago, Ill., USA

Indirect measurements of arterial pressure tend
to overestimate the intra-arterial pressure in large
arms and to underestimate it in small arms.a Kar-
vonenb has reported that this tendency can be
counteracted by increasing the length of the cuff's
bladder. He used two cuffs differing in length of
bladder (12 x 23 cm and 12 x 33.5 cm) to measure
the systolic and diastolic pressure of 30 men. The
short cuff tended to yield higher readings than the
long cuff, and the differences varied in magnitude
as a linear function of brachial circumference. He
also found that the systolic and diastolic pressures
of 96 men did not correlate with brachial circum-
ference when the long cuff was used. Karvonen
tentatively concluded that using a cuff with a
14 x 40 cm bladder, as recommended by the WHO
Expert Committee on Cardiovascular Diseases and
Hypertension,c yields close approximations to the
intra-arterial pressure without any correction for
brachial circumference.

Karvonen's observations imply the following null
hypothesis: there is no difference between correla-
tions of brachial circumference with arterial pressure
measured indirectly using (a) a standard cuffand (b) a
cuff having a 14 x 40 cm b adder. The alternative

* This work was supported by Grant NB 04182 from the
Public Health Service, US Department of Health, Education,
and Welfare.

a Pickering, G. W. (1955) High blood pressure, New
York, Grune & Stratton.

b Karvonen, M. J. (1962) Bull. Wld Hlth Org., 27, 805.
CWHO Expert Committee on Cardiovascular Diseases

and Hypertension (1959) Wld Hlth Org. techn. Rep. Ser.,
168.

hypothesis specifies that the latter correlation is less
than the former.
An opportunity to test this hypothesis arose dur-

ing a study of the prevalence of cerebrovascular
accidents among persons applying for old age assist-
ance (public financial aid to indigent persons 65 years
of age or older) in Cook County, Illinois. During the
routine examination of subjects in this survey, two
determinations of systolic and diastolic pressure
were made with a standard cuff (Baum's Airlok, the
bladder of which measures 13 x 23.5 cm) on the
right arm after the subject had been sitting quietly
for at least five minutes. When time permitted,
however, the routine procedure was modified to
obtain data for testing the hypothesis, i.e., measure-
ment of right brachial circumference and an addi-
tional determination of arterial pressure made with a
special cuff, the bladder of which measures 14 x
40 cm. In the modified procedure, the first deter-
mination of arterial pressure was always made with
the standard cuff, and was intended to accustom the
subject to the procedure and to orient the examiner.
These initial measurements were not used in subse-
quent analyses. The standard cuff and the special
cuff were used in random order for the second and
third determinations. A mercury manometer was
used for all determinations. Diastolic pressure was
read at the disappearance of Korotkoff's sounds
(phase V). All examinations were conducted in
private by physicians or medical student clerks who
had received additional training in the techniques
of the survey.
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