contain something like 4 g of uranium
and 15 g of thorium per ton (5). In
Peru, the radioactivity of the coastal
plain is much the same as that of the
Mississippi region near New Orleans.
The local radiation at an elevation of
15,000 feet in southern Peru is only
slightly higher than that of the soils of
the coastal plain. Most of the houses of
Arequipa are built of a light rock called
“tuva” which is of volcanic origin. This
rock is 3 or 4 times as radioactive as the
soil near Lima..

There is considerable variability of
local radiation in some cases over small
distances. According to Millikan (6),
the gamma rays on the Laurentian Shield
near Churchill, Manitoba, give 0.8 ion
cm~3 sec™ atm-! of air, or 12 mr yri,
while nearby the intensity on the glacial
sand is 35 mr yr-*. It may be of interest

that the radioactivity on the ice cap near -

Thule, Greenland, in August 1956 was
less than 2 percent of cosmic rays.

A wooden building forms some shield-
ing from local gamma rays. In my own
house, the gamma rays on the first floor
give 60 mr yr-?, while in the back yard
the intensity is 95 mr yr-. The rather
high value of 130 mr yr-* on the 23rd
floor of a major hotel in New York is
presumably owing to the material from
which the building is constructed.

The root mean square “noise” level of
the total radiation given in Fig. 1 is
about 160 mr yr-1. To find the effect on
the population, the local radiation must
be weighted according to the population.
This has not been done. Perhaps it is
fortunate that most of the population of
the country lives where the radiations
due to cosmic rays and local radiations
are relatively low.

The dashed line near the bottom of Fig.
1 is taken from the Summary Reports
on the Biological Effects of Atomic Ra-
diation of the National Academy of Sci-
ences (7). Even though there is some
error in the determination of this value,
as well as considerable variation of fall-
out over the country, it is quite evident
that man-made contamination is still
small compared with the changes in ra-
diation from one part of the country to
another.

The data presented here are for
gamma rays only, since the walls of the
ionization chamber are too thick for
beta rays to penetrate, either from natu-
rally occurring or artificially produced
radioactive materials.

H. V. NenER
Norman Bridge Laboratory of Physics,
California Institute of Technology,
Pasadena
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New Method for Detection of
Human Poliomyelitis Antibodies

We have reported that if the lower
edge of a strip of filter paper is placed in
a suspension of a virus, the virus rises
on the paper and becomes distributed in
a regular, reproducible manner (7). The
experiments described in this report show
clearly that the upward spread of virus
is decreased when serum containing spe-
cific antibody is placed in a band across
the filter paper (2). Serum without anti-
body does not exhibit this effect. The
“blocking™ action of specific antibody
has been observed with polioviruses and
with six other viruses. The “blocking” of
polioviruses by human serums which
contain neutralizing antibody is type
specific.

Whatman filter paper No. 3 is cut into
strips 12 by 1.75 cm. Each strip is
marked off by light pencil lines into
I-cm spaces (numbered 1 to 12), sus-
pended from a rubber stopper, and auto-

claved. Poliovirus cultivated in monkey
kidney tissue is diluted to a concentra-
tion of 100 TCD;, per milliliter in 0.85-
percent NaCl containing 10 percent
bouillon broth. Thirty milliliters of the
diluted virus is placed in a sterile bottle
surrounded by ice. The serum to be tested
(previously inactivated at 56°C) is then
distributed evenly over spaces 3 and 4
of the filter paper, The paper is placed
in the bottle containing the virus with
only the lower half of space 1 below the
surface of the virus suspension (see dia-
gram of apparatus, Fig. 1). After 1 hour
the strips of paper are removed, and each
paper space is cut off and placed in a
monkey kidney tissue-culture tube. Tis-
sue culture tubes are incubated and ob-
served for virus cytopathogenic effects
in the usual manner. Neutralizing anti-
body titers of the serums used in the
paper tests are determined by standard
tissue culture methods.

Fifty-two successive tests (104 paper
strips) with 14 human serums have given
virtually identical results. Virus was de-
tected by tissue culture on every wet
space of every paper strip on which
serum containing no antibody had bheen
placed. In contrast, no virus was found
above space 6 on any of the paper strips
that were treated with serum which con-
tained type-specific poliovirus antibody.
No virus was detected above space 4 in
the vast majority of such strips. Figure
I shows examples of typical results, In

- =[] HT.OF COLUMN=PAPER
10 — : SPAGES WET BY RISE
. OF FLUID.
& pu—
S 8 | g VIRUS FOUND ON
<7 PAPER SPACE
“ 6
@ — NO VIRUS FOUND
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< 4
o —
3
2
! X : ks 2 m
SERUM ABBB|CD|ABAB ]
ANTIBODY TITRE ]
BY STANDARD | O 1:64 | 0 1:641:64 ;64| 0 0 1:64 0 1:64 0 1:64 -
METHODS —
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QUANTITY:| . b b | .1 .1 |.05.05.025.025] .1 .1 %
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Fig. 1. Sample experiments showing that serum which contains type-specific antibody
decreases the extent of the spread of type 2 poliomyelitis virus on filter paper.
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experiment 1, serum A contains no neu-
tralizing poliovirus antibody. When
placed on filter paper, it did not pre-
vent the rise of virus; all of the ten
spaces which became wet were shown to

contain virus when placed in tissue cul-

ture. In contrast, no virus could be de-
tected above space 4 on the paper that
had been treated with serum B, which
had a neutralizing antibody titer of 1/64.
Experiment 2 shows that the “blocking”
action is still present when serum B is
diluted. Experiment 4 shows that the
“blocking” action was demonstrable with
as little as 0.025 ml of serum B, a quan-
tity readily obtainable by finger punc-
ture. )

For practical purposes, the placing of
a single paper space into a single tissue-
culture tube gave correct information re-
garding the presence or absence of polio-
virus antibody. This is true of space 7,
for example, in each of the 52 successive
tests performed. When a pool of types
1, 2, and 3 polioviruses is tested against
a serum, only that type against which
there is no specific antibody in the serum
can be detected high on the paper.

This method requires only one tissue-
culture tube and a quantity of blood
which is small enough to be obtained
readily by finger puncture. The method
may be, therefore, a valuable screening
test for distinguishing immune from non-
immune persons in a poliomyelitis vac-
cination program.

Horace L. Hopes, Heren D. ZEpp,

Warter L. HENLEY, RuTH BERGER

Mount Sinai Hospital, New York,
New York
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Concurrent Schedules of
Reinforcement in the Chimpanzee

This report (1) describes a technique
for establishing two behavioral reper-
toires simultaneously in a single animal
subject. This was done by training chim-
panzees that had been reduced to about
80 percent of their normal weight to
press either or both of two keys that were
mounted 6 inches apart. The animals
pressed the keys because occasional
presses operated a food magazine that
delivered 40-kcal. portions of food (re-
inforcement). The schedule by which the
key presses are reinforced determines the
rate at which the animal presses the key.
Different rates of pressing were estab-
lished on the two keys by using two
schedules of operation of the food maga-
zine (schedule of reinforcement). The
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schedule of reinforcement on the right
key was designed to generate-a high,
sustained rate of pressing, whereas the
schedule on the left key was designed to
generate a low rate. The amount of inde-
pendence between the performances on
the two keys.could be assessed because of
the contrasting rates of key pressing. Any
“confusion” between the two keys would
result in high rates of pressing on the
key normally producing low rates, and
vice versa.

The chimpanzee, with its semierect
posture.and good hand dexterity, was of
special interest for this type of experi-
ment because it could operate the two
keys simultaneously. Most subprimates
would have to alternate between the two
keys. The time spent changing back and
forth between the keys would interfere
with the characteristic performance un-
der the single schedule of reinforcement.

The specific experimental conditions
were similar to those already described
for the pigeon (2). The experiment be-
gan with only one key and a schedule in
which the magazine operated after a
fixed number of responses. This is called
a fixed-ratio schedule: “ratio” refers to
the ratio of presses to reinforcements
(3). This schedule generates a high, sus-
tained rate of responding except when
the number of responses required for re-
inforcement is large. Then, a pause de-

velops following each reinforcement;
but when the animal again starts pressing
the key, it begins immediately at the pre-
vailing high rate. In general, moderate
rates or smooth transitions from one
rate to another are absent under this
schedule. If the animal operates the key
at all, it tends to do so at the prevailing
high rate.

After a stable performance had devel-
oped on the first key, a second key was
added 6 inches to the left. Presscs of the
second key were reinforced on the basis
of elapsed time rather than number of
presses. The first press after a given in-
terval operated the magazine; but the
interval varied from reinforcéement to re-
inforcement, ranging from 3 seconds to
8 minutes, with a mean value of 4 min-
utes. This schedule, which is called varia-
ble-interval reinforcement, produces a
moderate rate of responding (3). The
random spacing of the reinforcements
produces a constant rate of responding
and prevents pauses from developing
after reinforcements. Changes in rate,
when they do occur, seldom are abrupt,
as they are in the fixed-ratio schedule.
The variable-interval performance stabil-
ized quickly. The number of responses
required for reinforcement on the right
(fixed-ratio) key was then increased to
120 over 27 experimental sessions. The
larger number of responses required for
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Fig. 1. Cumulative curves of responses on the two keys. Record 4, responses on the right-
hand key; reinforcement was on a fixed-ratio schedule. Record B, responses on the left-
hand key; reinforcement was on a variable-interval schedule.
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