
electronic singlet state lying at an en- 
ergy of 43,800 cm-T above the ground 
state. In addition to coronene and 1,2- 
benzanthracene, new absorption bands 
have also been observed for 1,12-benz- 
perylene (510 and 490 nm; decay time 
-100 nsec) and for 1,2:3,4-dibenzan- 
thracene (480 nm; decay time -50 
nsec). 

The time-resolution of the technique 
is at present limited to about 10 nsec 
by the decay time of the ruby laser 
pulse used for excitation. However, the 
image-converter camera presently has a 
time-resolution of 40 psec (7), while 
laser pulses as short as a few picosec- 
onds have been reported by use of the 
phenomenon of mode-locking (8). We 
therefore believe that observations by 
laser photolysis and spectroscopy can 
eventually be extended to the picosec- 
ond time range (9). 
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Liquid Water on Water: 
Geochemical Implications 

Cavitation and sonochemical proc- 
esses have been suggested as widespread 
natural phenomena of any streaming 
or wavy body of water, in particular, 
of the ocean (1). Sonolysis in air-sat- 
urated water would result in nitrogen 
fixation (2). In view of the enormous 
amounts of wave energy in the ocean, 
this fixation may be an additional, im- 
portant pathway in the nitrogen cycle 
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Table 1. Sonoluminescence of sodium in water-on-water impact region. 

Overall p k Scintillation 
Volatile Noz scintillation cha rate in 

component zerate ne peak channel 
(pulse/sec) (pulse/sec) 

Argon Wide, short 5200 31 200 
Argon Wide, long <30 
Argon Narrow, short 7000 30 235 
Oxygen Narrow, short 3400 24 140 
Oxygen + methanol * Narrow, short <30 

* 6 X 10-2M methanol. 
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(1 ). In the primordial methane-sat- 
urated ammonical ocean (3), sonolysis 
may lead to formation of many organic 
compounds, as has been demonstrated 
in the laboratory (4). The formation 
of complex organic molecules, includ- 
ing amino acids (4), by this mecha- 
nism is facilitated by the fast removal 
of the products of the high-temperature 
reactions into the nonreactive solvent 
which remains at ambient temperatures 
(1, 5). 

The problem of whether cavitation 
takes place when water impinges on 
water is the subject of this report. This 
occurs as a common natural phenome- 
non, for example, in waterfalls, fast 
streaming rivers, and particularly in 
stormy seas. For measurable chemical 
changes to occur in a sonolyzed system, 
a limited volume of liquid must be ex- 
posed for a considerable amount of 
time; and therefore, continuous recir- 
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culation of the liquid is required for 
rather long periods. Chemical changes 
detectable under these conditions may 
occur anywhere along the recirculating 
cycle, including in the pumping device, 
where rapid flow over solid surfaces is 
most likely to induce cavitation (1, 6). 
For this reason, sonoluminescence was 
used as a criterion for the occurrence 
of cavitation in the region of impact 
of water on water. Preliminary experi- 
ments have shown intensive sonolumi- 
nescence in our experimental setup in 
the presence of bromine. This lumines- 
cence, however, was very long-lived (tv2 
> 3 seconds) and could have originated 
from cavitation anywhere within the 
circulating system (total recirculation 
time 6 to 10 seconds). Therefore, the 
sonoluminescence used as criterion of 
cavitation in the region of impact was 
that of sodium at 589 nm, resulting 
from the excitation of sodium chloride 
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2, mixing vessel; 3, EMI 2-inch end window 9558 QS 20 phototube with a Coming 
cutoff glass filter No. 368-cutoff at 570 nm. Optical coupling through a plexiglass light 
pipe with Cargille immersion oil; 4, Nuclear-Chicago preamplifier model 31-14; 5, 
Nuclear-Chicago high-voltage power supply model 8200; 6, Nuclear-Chicago linear 
amplifier model 30-19; 7, TMC multichannel pulse height analyzer model 404 C. 
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(0.8M), flash evaporated into the cavi- 
ties (7). 

The experimental setup is described 
in Fig. 1. The observation region has 
been studied with the use of three 
nozzles, two nozzles pound a water jet 
on the water surface, and the third is 
immersed about 20 mm below surface. 
The flow rates were 240 ml sec-1 for the 
wide nozzle (pressure difference, 8 mm- 
Hg) and 150 ml sec-1 for the narrow 
nozzle (pressure difference, 300 mm- 
Hg). The water impinged at a rate of 
370 ml sec-1 cm-2 and 1500 ml sec-l 
cm-2 for the wide and narrow nozzles, 
respectively (corresponding to a linear 
velocity of 3.7 and 15 msec-~, respec- 
tively). The sonoluminescence was 
measured with the multichannel pulse 
height analyzer, and the background 
count was subtracted for each channel 
(background was measured under iden- 
tical conditions immediately before and 
after each measurement with the water 
flow stopped). 

The results summarized in Table 1 
are presented in arbitrary units of chan- 
nel number and pulse count. A rough 
estimate would set the actual number of 
cavities in the impact area, in which 
excited sodium atoms were formed, 
about 100 times the recorded number. 
(This includes geometry and pho- 
tomultiplier efficiency.) The scintilla- 
tion pulse height spectrum, taken sev- 
eral times over periods of 100 or 200 
seconds, was bell-shaped and ranged 
from channel 3 to about channel 50 
(over a range of 200 channels). Each 
pulse in the pulse height spectrum 
represents a number of scintillations 
which occur within the preset resolution 
time of the analyzer and which pre- 
sumably originate from the collapse of 
one and the same cavity. The results 
show that the overall sonoluminescence 
(i) increases with the linear velocity 
of the water, (ii) decreases in the 
presence of oxygen (compared with 
argon), (iii) is totally quenched in pres- 
ence of 60 mM methanol, and (iv) is 
absent altogether when the water flows 
at the same linear velocity but passes 
the observation region without hitting a 
new water surface. From this behavior, 
which is characteristic of sonolumines- 
cence induced by high frequency trans- 
ducers (6, 7), it may be inferred that 
cavitation takes place when water im- 
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The linear velocity of water in col- 
lapsing waves in the ocean is roughly 
estimated to be about 5 m sec-1 and 
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above, which is the range of velocities 
investigated in this study. In view of 
the established parallelism between 
sonoluminescence and sonolysis in 
water (8) these results provide strong 
supporting evidence for the occurrence 
of sonochemical processes in the ocean. 
The latter conclusion, if verified under 
natural conditions, implies an addi- 
tional route for nitrogen fixation as 
well as a probable pathway to the for- 
mation of simple and complex organic 
compounds in the primordial ocean. 
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Inhibitor of Bacterial Growth 

Released by Human Cells in Culture 

Abstract. Used medium from cul- 
tured human cells contains a factor that 
inhibits growth of the "less virulent" 
strains of pathogenic bacteria, but only 
retards growth of the "more virulent" 
strains. The factor is heat-stable, di- 
alyzable, and unaffected by change in 
pH; it chromatographs as material of 
molecular weight between 700 and 
1500. There is evidence that this factor 
is an a-ketoaldehyde attached to a car- 
rier. 
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During studies of the host-parasite 
relations of tissue-culture cells and bac- 
teria, we noticed that certain strains of 
some bacterial species did not grow 
when inoculated into HeLa-cell mono- 
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layer cultures in antibiotic-free Medium 
199 containing 10 percent calf serum, 
and that the tissue-cell sheet remained 
intact and healthy; there was no evi- 
dence of phagocytosis. All bacterial 
species tested could, however, grow in 
Medium 199 with or without 10 per- 
cent calf serum, the indication being 
that a serum constituent was not re- 
sponsible for the inhibition of growth. 
Some strains of these bacteria could not 
survive in the used tissue-cell medium 
after it had been separated from the 
tissue cells that it had nourished; this 
finding was taken to indicate that the 
inhibition did not depend on the phys- 
ical presence of the cells. The tissue 
cell-conditioned medium (CCM) there- 
fore either lacked some nutrient essen- 
tial for growth of the bacteria or con- 
tained an inhibitor of bacterial growth 
(BGI). Preliminary experiments proved 
the latter alternative to be true. 

For observation of inhibition of 
growth, suspensions of susceptible 
strains of Staphylococcus aureus were 
prepared by washing of 18-hour 
growths from Columbia blood agar 
base medium (1) with Medium 199. 
These suspensions, in appropriate dilu- 
tions, provided the inocula for the test. 
A series of five tubes, each containing 
1.0 ml of CCM and 1.0 ml of Medium 
199 with serum, and a control series 
containing 2.0 ml of Medium 199 with 
serum, were prepared. In volumes of 
0.1 ml, 107 bacteria (2) were inocu- 
lated into the first tube of each series, 
and 106 bacteria were inoculated into 
the second, with one-tenth as many suc- 
cessively into each remaining tube of 
each series-down to 103 bacterial cells. 
The tubes were incubated at 37?C and 
observed at specified times for growth. 
In this fashion a rough "titration" of 
the growth-inhibitive activity of the 
CCM was shown by comparison with 
growth in the controls. 

Inhibition of growth depends on the 
concentration of the inhibitor and on 
the number of bacteria present. The 
BGI was present in CCM that had 
supported tissue-cell monolayer growth 
for periods ranging from 1 to 4 days. 
Filtrates from older cultures were not 
tested. 

A survey was performed to deter- 
mine whether BGI was active for dif- 
ferent bacterial genera. Two series of 
tubes were inoculated as before. Table 
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1 lists some bacterial strains whose 
growth was or was not inhibited by 
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ported the growth of HeLa cells for 66 
hours. One should note that, apart 

SCIENCE, VOL. 161 

1 lists some bacterial strains whose 
growth was or was not inhibited by 
BGI obtained from CCM that had sup- 
ported the growth of HeLa cells for 66 
hours. One should note that, apart 

SCIENCE, VOL. 161 


