cannulated and the opposite pulmonary vessels tied
off. A tracheal cannula was inserted and attached to a
source of oxygen under intermittent positive pressure.
The animal’s blood was placed in a reservoir kept un-
der slight negative pressure by the action of a rotary
pump (5), and circulated through the isolated lung,
which was inflated 12 times/min by positive pressure.
No effort was made to keep the lung at body tempera-
ture. High oxygen content of the blood was promptly
achieved and maintained for periods of 60-90 min.
To test further the ability of the removed lung to

oxygenate blood, the circulating system was stopped.

and the blood replaced by intensely cyanotic blood
- from another animal. The pump was then started
again, and blood samples withdrawn from the pulmo-
‘nary veins at 5- to 10-sec intervals. These were ana-
lyzed for oxygen content by the Scholander syringe
method. The results of two experiments are graphi-
cally depicted in Fig. 1.

From the results shown, it is evident that the blood
was completely oxygenated during a single passage
through the isolated lung. In the case of the second
procedure illustrated, the reservoir was kept at an
abnormally high negative pressure, resulting in gross
pulmonary edema sufficient to produce considerable
frothy secretion in the tracheal cannula. Despite this
limitation, oxygenation, although less complete than
usual, was rapidly achieved and maintained.

The results indicate that the isolated lung, up to 90
min after removal from the body, and not subjected
to any special care or treatment, is capable of oxygen-
ating blood rapidly flowing through it. Certain limita-
tions remain as- yet undetermined. These include the
longest interval following removal during which fune-
tion is retained, the maximal blood flow permitting
efficient oxygenation, and the maximal duration of
function under mechanical propulsion. Whether the
isolated lung releases any noxious substances that
may injure an intact animal is as yet unestablished.

Further application of this form of oxygenation to
experimental, and presumably clinical, surgery in-
volves several hemodynamic considerations. It is ques-
tionable whether a single propulsive mechanism will
maintain normal pressures and flow through the

20}
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Oxygenation of Blood
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Fi6. 1. Rapid oxygenation of deenly cyanotic blood circu-
‘lated through an isolated lung receiving oxygen under inter-
mittent positive pressure. @—Expt. 1; O—Expt. 2.
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.greater.circulation and allow sufficient residual pres-

sure to maintain adequate flow in the pulmonary bed,
especially since aeration is acecomplished by positive
rather than negative pressure. Since a second ‘pump
may be necessary, analogous ‘to the two sides of the
heart, the problem of maintaining equal outputs of
the two pumps will arise.

These factors are of future concern. Of interest is
the fact that a relatively simple use of a natural oxy-
genator—an isolated lung—may make possible the di-
version of blood from the heart. For the physiologist,
it may permit more efficient perfusion of isolated or-
gans for the investigation of their functions.
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Duration of Action of Residual DDT
Deposits on Adobe Surfaces

W. G. Downs, E. Bordas, and L. Navarro? 2
The Rockefeller Foundation, New York

Observations made in different countries on the
effectiveness of DDT residual deposits in anopheline
control reveal that far from uniform results are ob-

. tained by different workers. Causes for this lack of

uniformity may rest in several factors. The mosquito

-species- being studied is undoubtedly an important

factor, or at least a confusing one, since species differ
markedly in habits, including house-resting habits,
and also possibly may differ in response to minimal
exposures to DDT. Observations of Muirhead-Thom-
son (1, 2) with Anopheles gambiae, for example, do
not parallel observations of Wharton and Reid with
A. maculatus (3), Swellengrebel and Lodens with
A. aconitus (4), Bertram with 4. minimus (5), or
Downs and Bordas with 4. pseudopunctipennis (6).
Another factor of undoubted importance is the surface
on which the DDT is being sprayed. Clapp et al. (7),
Sundararaman and Peffly (8), and Maier et al. (9)
have shown that surfaces of different construction
materials commonly used in the tropies will retain
DDT activity for varying periods of time.

Soil, as sun-baked adobe bricks, or as a plastering
mixture of wet.soil alone, or wet soil mixed with sub-
stances such as straw or manure, and applied over a
wall of woven reeds or branches (bajareque) is a very

1 The studies and observations on which this paper is based
were conducted under the auspices of the International Health
Division of the Rockefeller Foundation with the cooperation
of the Ministry of Health of Mexico.

2 Grateful acknowledgment is made of the help and advice
given by J. Pitner and other personnel of the Soils Labora-
tory of the Rockefeller Foundation Agricultural Program in
Mexico in the chemical analyses’ of the soil samples, and to
R. Bradfield for suggesting the technique for determination
of Fe in the form of free oxides.
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common construction material in the tropies. Clapp
et al. (7), using panels made from an alluvial clay,
and Sundararaman and Peffly (8), using panels made
from clay-cowdung mixtures, noted that the DDT
_ rapidly lost its effectiveness on such a surfdce, and
observations from many regions of the world, in-
cluding those of Muirhead-Thomson in West Africa
" (2), Maier et al. in Venezuela (9), and Gaud et al.
- in Moroceo (10), indicate that they observed a loss
of DDT activity in a period of a few weeks or months.
Puri in India (11) noted that the loss of activity may
“vary considerably in different regions of the same
country.

Tarlier observations reported from Mexico by ,
Downs et al. (12) showed that with some adobes there

was evidence of persistence of DDT activity for a
period of years, and results of investigations of this
problem are here reported.

In our experiments,.adobe bricks from different
regions of Mexico were obtained. These bricks con-
tained added straw or sand reinforcement as used in
the region. Four soils were selected, one from Mixquie,
Distrito Federal, derived -from lake-bottom loamy soil
with high organic mattér content; one from Aecatlipa,

- Morelos, of sandy clay; one from the delta of the
Rio Coyuca, Guerrero, of deltaic deposit, and one from
Tuxpan, Michoacan, of a red, clayey soil. All these
regions are malarious. DDT water-wettable powder
(Santobane #50 W, Monsanto Chemical Company)
was sprayed on the bricks at a rate of about 200 mg
DDT/sq ft. The approximate amount sprayed on
each brick was determined by quantitative chemical
analysisusing an alkali dehydrochlorination method)
of deposits on filter papers placed at each side of the
brick. For the biological tests colony-reared A. aztecus
and 4. albimanus were employed. Some 15 mosquitoes,
anesthetized with CO,, were placed on the surface to
be tested, under a Petri dish_containing a-wad mois-
tened with sugar solution, and left for exposure
periods of 15 min and 1 hr. After exposure the mos-
quitos were again anesthetized and transferred to a
clean sheet of paper under a Petri dish with a wad
of sugar solution, and were held for 23 hr. Mortality
was recorded at 15 and 30 min and at 1, 2, and 24 hr
after exposure. All tests were rigidly controlled, both
with parallel runs on unsprayed bricks and with runs
on cloth panels tréated with accurately determined
deposits (10, 25, 50, and 100 mg/sq ft) of 75% para-
para’ isomer of DDT, deposited on the cloth panels
from an acetone solution. Duplicate runs were made
at each testing period.

Soil analyses Were niade’ds follows pH ‘detetrhined
with Beckman potentiometer on a fresh 509, water
suspension of soil; soluble chlorides by washing a 10-g
sample of soil with hot water several times in a Buch-
ner funnel and determining the chlorides by the Vol-
hard method; base exchange capacity using the tech-
nique of the Association of Official Agricultural Chem-
ists (13). Total—ealcium and total aluminum were
determined after alkaline fusion. Fe was determined
by three different procedures: first, after alkaline fu-
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sion, to determine total Fe; second, after hot concen-
trated HCl extraction, to determine total extractable

-‘Fe present in-the form of oxides and hydrated sili-

cates; and, third, a method using naseent hydrogen re-
duction in a concentrated oxalate medium, as described
by Jeffries (14), to determine Fe present in the form
of oxides only. Soils extracted by the latter technique
were tested for catalytic dehydrochlorination of DDT
and were found to have lost about 909, of their
catalytic activity. '

The technique for determining the breakdown of
DDT by different soils is a modification of the tech-
nique developed for determining catalytic dehydro-
chlorination of DDT by Fleck and Haller (15). Meas-
ured amounts of DDT and soil are placed in a U-tube,
immersed in an oil bath at 130° C, and clean, dry air
blown across and collected in a beaker of water, agi-
tated by a mechanical stirrer, and with phenolphtha-
lein added as indicator. Decinormal solution of KOH
is added from a burette, and the evolution of HCl
plotted against time. A detailed report of this tech-
nique will be published at a later date.

Results of biological tests are summarized in Fig. 1.
It is evident that there is a very marked difference in
duration of effectiveness of the DDT residual deposit.
Soil from the Distrito Federal has allowed the DDT
to wetain a high degree of activity for nearly 3 full
years, and is still active at time of this writing. Soil
from Morelos held activity for a year and more,
whereas the soils from Guerrero and Michoacan inae-
tivated the DDT in 3-6 months.

When these soils were tested to determine their
activity in catalyzing the breakdown of DDT (75%
para-para’ isomer) at 130° C, the same relationships
were observed (Fig. 2). The soil from the Distrito
Federal does not initiate a reaction at all in 3 hr; the

LOCALITY | 1ST.-YEAR {~2ND. YEAR | 3RD. YEAR |

MIXQUIC
DIST, FED, ,
L4 d -
" ACATLIPA 7717177
MORELOS /44 /41// 6 BRICKS —
/s ///l’/// Z Il
covuca 7%
DE BENITEZ 6 BRICKS
GUERRERO ——
TUXPAN 3R
PA £
MICHOACANY %1 6 BRICKS
S A
KEY TO SYMBOLS:
T PATES OF TESTING

[ASSA INTERVAL BEFORE FIRST TEST

N 15 MIN, EXP.: 100 ¥ MORTALITY
Y7777 1 HOUR EXP,: 100 % MORTALITY
VZ/77771 HOUR EXP.: €100 % MORTALITY

5271 HOUR EXP.+ NO MORTALITY
24 HOUR HOLDING PERIOD IN ALL TESTS

F1c¢. 1, Duration of action of residual DDT on adobe sur-
faces.
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soil from Morelos initiates a reaction which decom-
poses about 109 of the DDT; the soil of Guerrero,
a reaction which decomposes about 20% of the DDT;
and the soil from Michoaean, a reaction which decom-
poses about 90% of the DDT. All evidence to date
shows that the undecomposed residue of DDT remains
active, thus indicating that a soil can be saturated,
and after this saturation point is reached, undecom-
posed DDT remains and may accumulate with re-
peated sprayings. Experiments using varying propor-
tions of DDT and soil will be reported in a later pub-
lication.

Chemical analyses of the soils (Table 1) reveal that
those soils which catalyze the decomposition of DDT
most effectively are the soils highest in Fe and Al
Alkalinity of the soils would not appear, from these
results, to be a significant factor in catalyzing the
DDT breakdown, nor does it appear to be related to
adsorptive properties of the soils, as measured by the
base exchange capacity.

Fleck and Haller (15) showed earlier that Fe and
Al catalyze the decomposition of DDT. It is reason-
able to assume from the above data that these sub-
stances, in complex and active form in the soil, are
responsible for the phenomenon here reported, al-
though the action of ether, undetermined substances is
not necessarily excluded.

Tests run in our laboratory with FeCl; and AlCI,
added to the DDT in the reaction tube indicate that
FeCl, catalyzes the decomposition of DDT at a very
much faster rate than AlCl;, and that for a given -
concentration of catalyst, FeCl, will decompose much
more DDT than will AICl,. Apparently, therefore, Fe
in the soil plays a mueh more important role than Al
in catalyzing the decomposition of DDT. Tests using
FeCl, have shown that very small amounts of Fe are
necessary for the reaction (1 molecule of Fe will cata-
lyze the decomposition of approximately 160 mole-
cules of DDT, the reaction finally stopping, appar-
ently as a result of accumulation of DDT decompo-
sition produets). In the case of soils, we have found
that 50 mg of soil (Guerrero #1) will decompose only
1.0 mM of DDT, whereas the total amount of Fe
present in the same soil should aceount for approxi-

45
40
MICHOACAN # 1
35
FIGURE 2
30

DECOMPOSITION OF DDT
BY DIFFERENT ADOBES

50 MILLIMOLES DDT
50 MILLIGRAMS ADOBE

15{

GUERRERO *1

MORELOS# 1

MILLIMOLES OF DDT DECOMPOSED

DIST.FED. * 1

20 40 60 80 100 120 140

FIME IN MINUTES
FI1G. 2. Decomposition of DDT by different adobes.
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mately 30 times this amount. It is therefore our de-

duction that only a small fraction of the Fe present

in the soil is available in active form to catalyze this

reaction. The figures for Fe in the form of oxides more

closely parallel the data on catalytic activity of soils
than do the figures for total Fe and for hot HCl ex-
tractable Fe. This, plus the observation that soils ex-
tracted by the method of Jeffries have lost most of
their catalytic activity, leads to the conclusion that it
is the readily available iron oxide fraction of the soil
that is responsible for the catalytic activity.

Demonstration of the marked variability in the ae-
tivity of different soils in catalyzing the decomposi-
tion of DDT may well help to explain some of the
divergent reports on DDT action appearing in the
literature. - : '

The method for determining the reactivity of dif-
ferent soils is of potential importance in the rational
planning of malaria control campaigns. A given soil

TABLE 1
CHEMICAL ANALYSES OF SOILS FROM DIFFERENT REGIONS OoF MEXICO*
Fe
Loss Base Soluble k S
I—](Iiu- oln hex- chlo- Silica Total Total Hot tr a():t-
. midity  ecalei- - change rides (per Ca Al " HCl -
Seil ‘(per  mnation PH capacity (per ‘cent (per (per ’1(10‘?‘1 extract abée
cent) (per (mEq/ cent Si0,) cent) cent) ptr (per ox1ces
cent) 100g) Ol-) . cent)  ceny (PO
Fe) Fe)
Distrito Fed-
eral #1 9.67 17.2 8.33 48.0 0.06 42.9 3.67 9.9 7.13 1.8 0.74
Morelos #1 4.66 4.5 7.45 16.4 0 54.6 1.75 6.67 17.0. 2.54 1.29
Guerrero #1 1.11 5.02 8.30 16.7 0 v 39.2 0.71 12.7 ‘19.2 5.7 1.65
Michoacan #1 6.21 11.3 6.75 17.2 0,004 41,5 - 2.57 7.2 25.7 11.5 9.29
* All percentages are referred to dry weight of soil.
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can be tested in 3 hr, eliminating the need for more
time-consuming - chemical analyses, and up to four
soils can easily be tested at the same time, by suitable
arrangement of the apparatus. At present, soils from
every town receiving DDT residual spraying in Mex-
ico are being analyzed and classified.

The problem of very rapid decomposition of DDT
when in contact with some soils demands the develop-
ment of a practical method to avoid such decomposi-
tion. Laboratory tests we have made of the duration
of DDT residual deposits on whitewashed surfaces
confirm the observations of Maier et al. (9) and of
Hadjinikolan and Busvine (16) that such surfaces
retain DDT activity for relatively long periods of
time. Hadaway and Barlow (17) report rapid loss of
DDT activity on whitewash when sprayed with kero-
sene solutions and emulsions. The whitewash they used
contained Fe (calculated as 2.6% Fe,0;). Further
work of Barlow and Hadaway (18) with suspensions
of water-wettable powder gave much better results.
Furthermore, Clapp et al. (7) show that adding salt
to the whitewash mixture lengthens the time of action
of the DDT. It is probable that Maier’s recommenda-
tion that walls be whitewashed before being sprayed
with DDT will provide a solution to the problem pre-
sented, provided that whitewashes with low Fe con-
tent are used. A field trial of this hypothesis is now
under way at Tuxpan, Guerrero. A search is also
being made for substances which, when mixed directly
with the DDT suspensions in the spray tanks, may
inhibit the rapid decomposition of the DDT through
inactivation or blocking of the catalyst, and still be
cheap enough to be used in control campaigns.

Here it may also be remarked that DDT-kerosene '

solutions applied to adobe not only will carry the
DDT in solution deeper into the adobe, out of effective
range as a contact insecticide, but will also place the
DDT in much closer contact with the Fe in the adobe
than when DDT suspensions are used. This may help
in clarifying further the relative inefficiency of such
DDT-kerosene solutions, reported earlier by Barlow
and Hadaway (18).

The reported observations may also have a bear-
ing on problems presented by the use of DDT in
agrieulture. Detoxification of DDT-poisoned soils by
dilute FeCl; solutions is a possibility.

Addendum : Since this manuseript was submitted
for publication a paper describing the change in phys-
ical status of DDT applied to mud surfaces has ap-
peared (19). We have also observed this phenomenon,
including the loss of DDT activity biologically long
before it disappears chemically. We feel that sorption
is the first step in the process of catalytic decomposi-
tion. Sorption, in soils high in iron, takes place very
rapidly (in Michoacan #1, 7 days for a 250 mg/sq ft
deposit of DDT), and the reaction of catalytic de-
composition at normal environmental temperatures

delays for weeks or months. The reaction of catalytic

decomposition at 130° C affords a rapid method for
foretelling the capacity of a soil for inactivating DDT.
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A Simple Humidifying Sysiem fora
Small High-Humidity Room*

James H. M. Henderson and David L. Hunt?

The George Washington Carver Foundation and

the School of Mechanical Industries,
Tuskegee Institute, Alabama

In attempting to construct and set up an Avena
assay room,® the problem of producing and maintain-
ing constant humidity at abnormally high levels (80—
90% relative humidity) is one of primary considera-
tion. In addition, the room must be thermostatically
controlled (24°-26° C). Therefore, any method of
humidification involving the use of heat, such as heat-
ing coils in a water bath, must fall within the range
of the temperature tolerance (1°-2° C). In order to
avoid the possible difficulty that the latter method
poses, a simple, nonheating humidifying system was
devised. A spray-atomizer-type humidifier, designed
for a room of about 500 cu ft, was used.

The humidifier (Fig. 1 and Fig. 2, D) was con-
structed from No. 28 gauge galvanized iron, by lock-
ing and soldering. The baffle and top bracket, the
latter of which holds the humidifier to the ceiling,
were riveted onto the cylinder. A metal lip extends out
(Fig. 1, B and C) from the front at the base of the
opening. The purpose of this is to catech ocecasional
drops of water that collect because of the direction of
air flow, on the top edge of the front opening; it also
serves to force the misty vapors upward, allowing for

1This work was supported by The Damon Runyon Me-
morial Fund for Cancer Research, Inc.

2The authors wish to extend thanks to M. Brymer, Sheet
Metal Division, for assistance in construction; to George A.
Reed, research engineer of Tuskegee Institute, and to M. Love,
architect, for assistance in design and drawings, respectively.

8 A darkroom for the specific bioassay determination eof
plant auxins, using the Went Avena technique.
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