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main river, it  is additionally necessary that the 
Bridgeport pumps be continuously operated.' 

From causcs alrcady indicated, -namely, by 
tlic more perfcct utilization of wastcs and 
refuse which formcrly added to soil and water 
contamination, ancl by thorough sanitary sn- 
per~~ision is probable that thc and control, -it 
~)ollation of tllc Chicago Rivcr will be duc 
mainly, in the future, to tlle scwagc proper of 
the city. This, of course, will incrcasc with 
the incrcase of population and the cxtension 
of the sewer system. But I estimate, that, a t  
tlie prcsent time, the rivcr ant1 its branches 
may be kept in a fair sanitary conclition, and 
the sewage diluted so as to be inoffensire, by 
causing a flow of from forty-five to fifty thoa- 
sand c~tbic fcct per minute through the canal : 
sixty thousand cubic feet mill probably be suf- 
ficient when thc population has increased to 
seven hundrecl ancl fifty thousancl. If, by thc 
time the prcscnt capacity of the canal is 
reached, the proposed plan of converting it 
into a ship-canal has not been realizcd, it may 
be necessary to seck adclitional relief through 
the Des Plaines Rirer. Pumping-works a t  thc 
' Ogden ditch,' discharging into thc Des 
Plaines, may then be used to supplement the 
discharge into thc canal ; and for many ycars 
these two systems will be aclequatc to prcvent 
any serious pollation of the Chicago River, 
will protect the water-supply from contamina- 
tion, and will rclieve neighboring communities 
along the canal and Illinois Rircr from the 
nuisance herctoforc frequently causecl by the 
scmagc-disposal of Chicago. 

JOHN>I. RAUCII. 

SOILS rlND HEALTH. 

THE soil, cs~ecial ly the first few inches or 
feet below the surface, is the ante-chambcr of 
life, -the laboratory in which operatc inccs- 
santly the processcs by which inert matter is 
prcparcd for the nourishment of life. I t  is this, 
bccause it is also thc tomb of all terrestrial 
living mattcr. Here is the realization of thc 
Phoenix-myth ; thc slow combnstion of organic 
matter l e a ~ i n g  a rcsiduum, from which sl)rii~gs 
the new life of succeeding gcner a t'ions. 

Thesc processcs of the transformation of 
~nat tcrare the work of thc low forms of micro- 
scopic life which arc linown as bacteria, and 
arc gifted with the capacity of enormous and 
immensely rapid m~~ltiplication. This world 

1 The Fullerton-Avenue conduit was constructed, and the 
pumping-works arranged, so as to discharge the contents of 
the north branch into the lake through the conduit, or to convey 
Inke-water into the branch. The  former method is contrary to 
the correct principles of the sewage-disposal of Chicago, and 
must ultimately be abandoned. 

of microscopicnl life is vast as rcgards the dis- 
tribution and numbcr of its living entitics. 
These minute organisms are known to be inti- 
matcly connectcd with many of the fiuldamcntal 
proccsscs of thc organic world, and our linowl- 
cdge of their rauge of activity is constantly 
increasing. 

Thcy may bc considered practically to stand 
in closc gcnetic relations to inany diseases ; 
but the qncstion of absolute tliffcrentiation of 
forms with spccific functions, or of tlie possi- 
bility of Protean functional characteristics 
among them, varying with thcir surroundings, 
is one of the present great problems of biology. 

The great majority of pathologists now con- 
sider the infectious, and most of the conta-
gioos, cliscascs to be clcpendcnt on these low 
forms of life ; and the tcndcncy is, to consider 
that ccrtain diseases or groups of diseases arc 
produccd only by specific forms of bacteria. 

These organisms are wide-spread, especially 
thc various forms that are associated mith 
putrefaction and mould. Only on high moun-
tains, and far from land on thc ocean, is the air 
practically free from them. Elscwhere the air, 
watcr, and soil teem with thcm. Their abun- 
dance is necessarily proportionatc to thc amount 
of dccomposing organic mattcr in the neigh- 
borhood, since they arc themselves the scaren- 
gers, on which thc processes of clecomposition 
depcnd. 

Few pcople realize what an important part 
thc soil plays in our lives. The water we drink 
(nnless from cistcrns) has leached throng11 it.  
The air we brcathc is frequently loaded with its 
dust. It is in our food. 

The soil is hinhlv norous : and the intcrsticcs " U L 

between the grains are filled with water or 
with air ,-- ' ground-water ' or ground-air.' 
The ground-air fluctclates with the varying 
baroinctric pressure, and with the rise and fall 
of the ground-water in rainy and dry seasons. 
The ground-watcr flows according to the com-
mon laws of 11~-drostatics, but with a movcment 
rctarclcd by friction. 

A town on a rivcr-flat is built over a con-
tinuous shect of slowly moping subterranean 
water, ailcl most houses are built where water 
is accessible within a few feet from the sur-
face. I n  view of thc fact that our wells and 
the cellars of our houses arc in more or less 
closc proximity to these centrcs of pollution, it 
was thought desirablc to ascertain to what ex-
tent the different soils act as filtcrs in arresting 
thc spores of bacteria. This invcstigation, 
which was carried out for the Eational board 
of health by the writer, assisted by Dr. Smyth, 
brought out very clearly three facts :-
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I. All soils finer than very coarse sand have 
practically a continuous capacity for arresting 
the spores of bacteria from infccted air filtcr-
ing through them. 

11. KO soil, no matter how finc, can arrest 
and hold back the sporcs of bacteria containccl 
in water. Tlic cxperimcnt on which this 
statement rests consisted in filtering unsteril- 
izecl water through one hnndred feet of pipe 
filled with fine sand which hacl been sterilizeel 
by heating to a red heat. This pipe was con- 
nectecl by an air-tight joint with a flask cif 
sterilized beef-iafusion, and the whole appa-
ratus left for several weeks before use. The 
first drop of water that passecl through these 
lianclrecl feet of sand infected the beef-infii- 
sion, causing it to ptitrefy. 

111. Xeither bacteria nor their spores can 
detach themselves from a liquid or frorn a wet 
soil, and pass into the air, except through the 
conversion of the water into spray, or through 

a 1011.the formation of clust by evapor t' 
The cllief practical inferences from these 

results are, that clistances, even of hundreds 
of feet, between wells ancl cesspools, are no 
protection against infection, and that a dry or 
un alternately wet and dry cellar may be more 
claiigerous than a permanently wet one. 

These results emphasize the importance of 
an intelligent surrey of the condition of the 
soil in selecting a home, and of a legislation 
prohibiting the pollution of the soil. 

I n  many towns and cities, the privy-vaults 
and leaching cesspools of esery house drain 
really into the sheet of grouncl-water : the soil 
arrests the coarse material, the grease ancl 
slime ; but the swarming bacteria diffuse with 
ease, as much as the soluble chloricles and 
nitrates, and follon~ the flow mliolly unob-
structecl. Into this same soil are sunli or 
clri~ren the wells ; and the water that is drawn 
for use is pollntecl in ljrol'ortion to the num- 
her and proximity of the vaults anel cesspools, 
on the one hand, and the thinness and slug- 
gishness of the water-sheet, on the other. I11 

the worst wells in daily use, the water is dis- 
tinctly colored with sewage ; but the most 
cleaclly water may carry only the germs of 
typhoid-fever or of dysentery, and be other- 
wise sparklingly clear, and so pure as to pass 
nnchallenged through the most searching 
chemical analysis. 

If the soil is pollntecl and very coarse 
gravel, this inclraught, loaded with the spores 
of bacteria, will flow through the cellar to the 
warmer rooms. I f  the soil is polluted ancl fine, 
and the ground water-surface rises at any sea- 
son to the level of the floor, or higher, it will 

evaporate as it oozes into the cellar, and leave 
an infected dust to be taken up into the cir- 
culation of the house-air. Similar results mill 
follow from tlic lcaching of the ccssl?ool toward 
the cellar-mall, or frorn the filtration through 
thc soil of sewage from a brokcn or leaky 
elrain; which is very apt to exist in or just 
outside of the foundation-wall. The pollutions 
of soil and water already mentioned are of such 
a general character, that, with ordinary fore- 
thought, they can be guarded against; but 
there are others of a local character which are 
not revealeel lo a general surrey. In  the 
growth of many of our cities, the ilatilral topog- 
raphy is clisregarclecl. Lowlands and marshes 
which are trarersecl by sewage-fed brooks are 
covered with a network of high-graded streets, 
mhich convert the blocks into sewage-basins, 
which come, in timc, to underlie bloclis of dwell- 
ings of all classes. 

In  other cases, low or marshy ground is 
made the clumping-ground of the city, and re- 
ceives the srreepiilgs of the street, the coilteilts 
of the ash anel garbage barrels, -every thing, ilk 
fact, that cannot pass through the sewers or 
be sold. The entire material is loaded with 
organic matter which is kept in a state of very 
slow clecomposition by moisture. 

Some of the costliest dwellings of oilr cities 
rise upon such soil. We may take every pre- 
caution to avoid in our homes the dangers that 
arise from a polluted soil, ancl may yet fall 
victims to the filthy conditioil of remote places, 
over which me have no control. 

Among many others there are two exception- 
ally frequent sources of danger of this kincl. 
One of these is the farmer's well, which is rarely 
safe, and, when not nsecl to aclnlterate milk, i s  
useel to rinse milk pans and cans, and leaves 
upon their surfaces a source of contaminatioii. 
The other frequent instance is the use, by clrug-
gists, of water from wells or from cisterns, 
which are often any thing but sewage-proof. 
Throughout the country, and often in the cities, 
the use of only clistillecl water in compouncling 
meclicincs is far from tiniversal; and I have 
had analyses made of lime-water bought at a 
druggist's, which was highly coiitaininatecl with 
organic matter. The druggist's well, moreover, 
is the source of most of the soda-water throngh- 
out the country, as well as in many cities where 
the water-rates are high. A person having a 
harmless disturbance of the bowels, arising 
from a cold, is just in the condition to suc-
cumb to the dysentery or typhoid-fever lurking 
in the medicine or Vichy-water from the too- 
much-triisted druggist. 

RAPHAELPURIPELLY. 


