
THE FRAGILE BREATH OF LIFE: HOW TO KEEP IT GOING 

DRAWING WATER FROM WASTES 
By J. R. PORTER 

WITH MORE than half the people 
of the world now suffering from 
hunger and serious disease, the 

ingenuity of man will be strained severe­
ly during the next thirty-five to seventy-
five years if social and economic condi­
tions are to be improved for the majority 
of the people of the world. We hear talk 
about sending citizens in spacecraft to 
distant planets to maintain the popula­
tion balance on the earth. But we should 
realize that even at current levels we 
would need to put into orbit some 6,000 
to 7,000 persons every hour of every day 
to maintain the balance—and this will 
grow to about 9,000 people per hour in 
less than ten years. 

Microbiology can help in solving some 
of the ecological problems facing man­
kind, especially with regard to supplying 
food and clean water. 

The earth's total water supply remains 
relatively stable, and the "water crisis" 
is perhaps more related to availability 
than to supply. About 93 to 98 per cent 
of the water on earth is unfit for drinking 
or irrigation because it is too salty or is 
frozen in glaciers or icecaps. The usable 
2 to 7 per cent that remains is not only 
unevenly distributed, but man is rapidly 
depleting it and disturbing the normal 
distilling hydrological cycle. This is a 
result of urbanization and concentration 
of industries in our so-called supertech-
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nical civilization. In doing this man has 
created deserts and waterlogged or sal-
inized areas larger than all the irrigated 
lands of the world. 

The total available fresh water supply 
in the United States is estimated to be 
700 billion gallons per day. In the year 
1960 we used on the average 320 billion 
gallons a day. Estimated use for the year 
1980 is 560 billion gallons and for the 
year 2000 slightly under 900 billion gal­
lons. Thus, it is imperative that some­
thing be done about water resources in 
this country and in areas of the world 
where less water is available. 

We are told that soon nearly 50 per 
cent of our water needs can be filled by 
desalting the oceans. But if this proce­
dure is to supply more than the fringes 
of the continents, tremendous technolog­
ical developments and sources of power 
will be necessary to produce and to dis­
tribute the enormous quantities of water 
involved. For example, for each kilo of 
dry matter in green plants, some 150 to 
225 kilos of fresh water is required. 

Microorganisms are most important in 
our water resources, not only for abating 
pollution but also for the equally sig­
nificant recovery of water from sewage. 
Sewage must be purified if it is not to 
become a nuisance, injurious to aquatic 
life, and a danger to human health. But 
purification presents many problems of 
a microbial nature. Microorganisms de­
velop rapidly in sewage, and they are 
capable of consuming their own weight 
in organic matter each hour. But they 
require large amounts of oxygen to ox­
idize organic matter completely to min­
erals. Because oxygen is soluble to the 
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extent of only about eight to ten parts per 
million in sewage, and frequently ten 
times this amount is needed, oxygen 
often becomes the limiting factor in sew­
age purification. Additional problems 
have developed in the past few years 
with the discharge of synthetic chem­
icals from the home and industry into 
sewage systems. In 1965 over four bil­
lion pounds of synthetic detergents prob­
ably found their way into sewage in the 
United States. Many of these compounds 
could be degraded only very slowly by 
microorganisms. 

In the future, it appears that sewage 
disposal through bacterial activity will 
have to be combined with oxygen de­
livery by means of algae. In 1965 Jap­
anese scientists established the first 
small-scale, chlorella-growing sewage-
disposal plant. Approximately 10,000 
gallons (6,300 to 12,600 gallons) of pur­
ified water per day will be produced 
along with fifty-five pounds of dried 
chlorella, based on average weather and 
use of artificial light. The Japanese have 
pioneered in the development of purer 
sewage effluents by this method, and the 
by-product, chlorella, is a most useful 
animal feed, having a high nutrient 
value and vitamin content. 

Various industries yield large quan­
tities of waste water containing organic 
matter. In several countries in recent 
years, yeasts have been produced from 
the sulfite waste in the paper industry 
and from molasses, from whey distillery 
slops, and from pulp fluid of potatoes. 
The yeast strains (Tondopsis utilis, Sac-
charamyces fragilis) are rich in proteins, 
fats, and various vitamins, and are a val­
uable fodder supplement for animals. 
Even more important in some cases is 
that the fennented waste waters are use­
ful for irrigation, whereas the un fer­
mented waters have a harmful effect on 
soils. Conversion of such waste waters 
into utilizable products will relieve many 
industrial plants and municipalities of 
the serious problems of waste disposal. 

The idea of using sewage and indus­
trial wastes as an integral part of man's 
food-producing garden, and of recycling 
his drinking water, may seem obnoxious 
to many people. But the human race can­
not afford to persist in practicing the 
present disposal system based on a max­
imum demand for water with a max­
imum of river and lake pollution. What­
ever is done to improve the situation, 
microorganisms will have to be consid­
ered as participants. 
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The Manuscript that Started 
a New Concept in Textbook Publishing 

This was the first manuscr ip t in a series that represented a 

marked depar ture from the tradit ions of science textbook 

writing. 

T h e concept is perhaps best described by a review of T H E 
F O U N D A T I O N S O F M O D E R N BIOLOGY S E R I E S that appeared in 

Biology and Human Affairs—"Prentice-Hall is to be con­
gratulated on their excellent series. It is a realistic move to 
deal with the rapidly developing state of modern biology by 
means of a series of inexpensive monographs , each of which 
may be bought , revised and added to independently of the 
others. T h e authors are all Amer ican experts. Teachers will 
surely welcome this development in publishing." 

And teachers were quick to respond to these brief books, 
each by a leading authori ty in his field. Today, T H E F O U N D A ­
T I O N S OF M O D E R N BIOLOGY are adopted wholly or in part by 

more than five hundred high schools, colleges, and univer­
sities th roughout the Uni ted States, Canada , and indeed, 
th roughout the world. These twelve inexpensive, well-writ­
ten, and richly illustrated books have become a respected 
teaching tool in modern biology programs, keeping pace 
with new developments in a rapidly changing science. 

Th i s new concept quickly spread to other areas of science 
educat ion as the Prentice-Hall editors were able to draw to­
gether specialists in their part icular fields. 

Then, having selected the leading authorit ies to write the 
books, the editors worked closely with each author to assure 
a closely coordinated, well-integrated series, yet sufficiently 
flexible to meet requirements of individual teachers. Every 
precaut ion was taken to avoid the emergence of "a lot of 
little books on a subject." 

For details on the Prentice-Hall F O U N D A T I O N S S E R I E S in Sci­
ence, write to M.E .Car l i s l e , College Division, Prentice-Hall , 
Englewood Clifl"s, New Jersey 07632 . 

The FOUNDATION SERIES in Science offer teachers five out­
standing series, with more in preparation— 
FOUNDATIONS OF MODERN BIOLOGY, edited by William D. 

McElroy and Carl P. Swanson (12 volumes) 
FOUNDATIONS OF MODERN CHEMISTRY, edited by Henry 

Taube and Robert W. Parry (12 volumes) 
FOUNDATIONS OF MODERN ORGANIC CHEMISTRY, edited by 

Kenneth L. Rinehart, Jr. (17 volumes) 
FOUNDATIONS OF DEVELOPMENTAL BIOLOGY, edited by 

Clement L. Markert (6 volumes) 

FOUNDATIONS OF MODERN GENETICS, edited by Sigmund 

R. Suskind and Philip E. Hartman (8 volumes) 

PRENTICE-HALL, Englewood Cliffs, New Jersey 
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PLANT GROWTH AS A CANCER CLUE 
By SOLOMON GARB, M.D. 

IT is well-known that plants compete 
with each other for sunlight, nu­
trients, water, and growing space. 

The mechanics of such competition in­
volve several patterns. For example, 
fast-growing trees tend to shade smaller 
vegetation. Some plants with wide­
spread roots take up ground water and 
minerals more readily than other plants. 
An additional mechanism of plant com­
petition has recently been attracting 
increasing attention from scientists in 
several fields. Some plants apparently 
prevent the growth of competing plants 
by secreting chemical growth inhibitors. 
These inhibitors appear to be quite dif­
ferent in nature from inhibitors or anti-
auxins which tend to regulate the plant's 
own growth patterns. 

Apparently, the phenomenon of chem-
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ical warfare between plants is rather 
widespread. It is not confined to exotic 
species in far-away lands, but occurs in 
the common grasses, weeds, and trees of 
ordinary American gardens and fanns. 
There is increasing recognition of the 
importance of understanding this phe­
nomenon, not only as a fundamental 
factor in ecology, but also as a practical 
matter that affects lawns, orchards, 
farms, and may also affect the fate of 
nations and the development of new 
drugs for the cure of disease. 

O T U D I E S done thus far suggest that 
most of the chemical warfare agents 
secreted by plants are not general toxins. 
Thus, the term "toxic" probably is not a 
good description of their action. Instead, 
they appear to be, for the most part, 
highly selective differential growth in­
hibitors which exert their effects even 
when well diluted in soil. The selectivity 
has two separate facets. 

Most of the inhibitors tend to affect 
one set of plant species but not other 
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species that seem closely related. For 
example, the black walnut tree (Jiiglans 
nigra) inhibits the growth of blackberry, 
among others, but not of black raspberry. 
Furtheraiore, a list of plants inhibited by 
the secretions of a particular species 
seems to be quite mixed, with no ap­
parent relationship between the plants 
inhibited. For example, the black walnut 
is also reported to inhibit the growth of 
poverty grass, dock, common cinquefoil, 
red and white pine, apple trees, potatoes, 
tomatoes, asparagus, alfalfa, hydrangea, 
lilac, and chrysanthemum. Undoubtedly 
some biochemical feature is common to 
the inhibited group and not to other 
groups, but as yet no information is 
available on this point, nor am I aware 
of any current studies on it. 

A second aspect of the selectivity of 
the chemical inhibitors is their effect on 
different parts of the victim plant. Some 
of the inhibitors, including those found in 
tonka bean, sweet clover, and mountain 
ash inhibit root growth. The tops of the 
victim plants apparently grow normally 
for a short time and then die abruptly. 
When dug up, they are found to have 
tiny, stunted roots. Other inhibitors ap­
parently affect the leaves primarily, and 
some inhibiting secretions of grasses af­
fect roots and foliage of other grasses. 

IHE source of the growth inhibitor 
differs with different plants. Some appar­
ently are produced in the roots and 
spread out in the soil. The black walnut 
is believed to be an example of this type. 
Some plants such as Encelia farinosa. 
Bergenia crassifolia, and Artemisia ab­
sinthium (wormwood) have an inhibitor 
in the leaves. When the leaves fall to the 
ground and decompose, they release the 
inhibitor, which keeps other plants from 
growing for a prolonged period. Seeds 
and fruits are also sources of inhibitors. 
As the inhibitors leach out into the soil, 
their action provides a small, safe zone 
in which the seedling can obtain a vital 
start in its growth. A few plants of gen­
era Salvia and Artemisia secrete volatile 
growth inhibitors. The vapor apparently 
condenses into dew, and the dew in­
hibits growth of competing plants. 

The actions of the growth inhibiting 
chemicals fall into two general groups. 
Some inhibit growth of plants of other 
species. They are referred to as heterol­
ogous inhibitors. Other inhibitors ac" on 
plants of the same species and are refer­
red to as homologous. As a general rule, 
the homologous inhibitors are more likely 
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