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THE QUALITY OF SURFACE WATERS IN MINNESOTA.
| By R. B. Dorr and F. F. WesBrOOK.

INTRODUCTION.

The following paper outlines the general characteristics of surface
waters in Minnesota and the various factors that tend to modify the
quality of the drainage. 1t includes the results of nearly two years’
field and laboratory work done by the United States Geological Sur-
vey in cooperation with the Minnesota State board of health. TFirst
the general features, both natural and economie, that influence the
quality of the meteoric water and impart to the lakes and streams
their essential characteristics are reviewed. Next each drainage area
is considered in detail, the streams are described, the sources of pollu-
tion are discussed, and the results of chemical analyses and bacterio-
logical examinations are given. Statistics are presented regarding
practically all of the municipal water supplies in the State, and the
relative value of the surface and ground waters for general con-
sumption is discussed. At the end is a description of the laboratory
methods employed in the chemical and bacteriological work.

During the summer of 1903 arrangements were made whereby a
study of Minnesota surface waters was commenced jointly by the
United States Geological Survey, the Minnesota State board of health,
and the chemical department of the University of Minnesota. Cer-
tain sections of the State were assigned to each party of the agreement
for investigation. In pursuance of this project samples were collected
at Brainerd, Hastings, Mankato, Prescott, Rochester, St. Cloud, Sauk
Rapids, and Wabasha, during the fall of 1903, by representatives of
the Minnesota State board of health. Three trips over the territory
assigned to the United States Geological Survey were made by R. B.
Dole, assistant hydrographer, between November 25, 1903, and May
22,1904, during which time samples were collected at Aitkin, Bemidji,
Biwabik, Brainerd, Cass Lake, Cloquet, Crookston, Ely, Iveleth,
Grand Rapids, Hibbing, Sparta, Tower, and Virginia. During the
first seven months of 1904 samples were collected by representatives
of the State board of health at Anoka, Fort Snelling, Granite Falls,
Hastings, Mankato, Montevideo, New Ulm, Ortonville, Prescott,
Redwood Falls, Rochester, and Wabasha. (Pl. I.) At each place

7



8 QUALITY OF SURFACE WATERS IN MINNESOTA.

visited samples were collected in glass bottles and forwarded oy ex-
press for chemical analysis to the State laboratories, where they were
examined by IH. C. Carel, assistant professor in medical chemistry,
University of Minnesota, who was employed by the State board of
health to perform the chemical examinations of water. Samples for
bacteriological examination were also collected at the same time and
plated in the field and the cultures were sent by express to the labora-
tory for incubation and examination. In addition, field tests were
made for certain constituents at the time of collection.

In the summer of 1904 an agreement between the United States
Geological Survey and the State board of health was made, by which
an employee of the Survey was detailed by the Survey and appointed
by the board to do such chemical work from August 1, 1904, to July
31, 1905, inclusive, as might be necessary in an extended examination
of waters of the lakes and streams of Minnesota. During that period
the chemical analyses were performed by R.B.Dole, assistant hydrog-
rapher, in a laboratory at Minneapolis specially equipped for the
purpose by the State board of health. The bacteriological examina-
tion of the water samples was conducted as formerly in the laboratory -
of the State board of health, by Dr. E. H. Beckman, assistant bacte-
riologist to the board. Boththe chemical and the bacteriological work
were, during the entire cooperation, under the immediate supervision
of Dr. F. F. Wesbrook, director of the laboratories of the State board
of health of Minnesota. 1In order to continue the comprehensive survey
of the surface waters in the State, points were selected in each drain-
age area at which samples should be taken at regular intervals for
examination. Sixty-five stations were thus established, at which
samples were taken in regular series—one sample during the fall of
1904, one during the winter of 1904-5, and one during the spring of
1905.

In addition to the results obtained by the laboratory work thus per-
formed, it was considered especially important to procure all available
information concerning matters of hydro-economic importance in the
sections visited, and a large amount of time was expended in gathering
data concerning every feature of municipal activity which in any way
affects water in its relation to public health or public utilities. At
every place where it was possible, a personal inspection was made of
waterworks systems, sewerage, and effluent-discharging factories, and
detailed information was obtained concerning water and sewerage
systems, ice supply, sewage-disposal works, water-borne diseases, and
general water resources. In this manner information was procured
regarding a majority of the principal cities and villages. In the spring
of 1905 correspondence was carried on with reliable persons in such
important settlements as had not been visited in order to procure the
same kind of information, so that by the end of July, 1905, data were



TOPOGRAPHY. 9

on file concerning practically every settlement in the State having a
population of more than 1,000 according to the census of 1900, and

also concerning practically every waterworks system in the State.

Active field work was discontinued on June 30, 1905.

For many courtesies extended and for information given, acknowl-
edgments are here made to the health officers, waterworks superintend-
ents, city clerks, and others who collaborated with the authors in this
investigation. Special thanks are due to Dr. H. M. Bracken, secre-
tary of the State board of health, for his enthusiastic support and for
his vast local and general knowledge of the State, which was at all
times made available by him in the work; thanks are also due to the
individual members of the State board of health, who supported the
work heartily throughout and by their interest made it possible, and
to the individual members of the staff of the laboratories of the State
board of health, who rendered every assistance whenever it was
desired. Mr.Marshall O. Leighton, chief hydrographer, water resources
branch U. S. Geological Survey, originally suggested the work and
has followed it carefully throughout, guiding it and helping in the
correlation of the practical and scientific sides at all times.

& NATURAL FEATURES.

TOPOGRAPHY.

The greater part of Minnesota is slightly rolling prairie, forest, or
swamp land lying between 1,000 and 1,500 feet above sea level. Its
watersheds are usually morainic in character, elevated but little above
the surrounding country. The northeastern section, above Lake
Superior, is the only part that can be called mountainous. There a
series of ridges comprising the Sawteeth and Mesabi ranges, extends
from the international boundary, near Gunflint Lake, southwestward
to Mississippi River at Grand Rapids, through Cook, Lake, St. Louis,
and Ttasca counties. It includes the Vermilion and Mesabi iron-bear-
ing districts. The highest recorded elevation is 2,230 feet® above the
sea in the Misquah Hills, Cook County. The next highest section of
clevated topography, kncwn as the Leaf Hills, extends in a nearly
north-south line through Ottertail and Douglas counties. These
hills stretch northward through Becker and Clearwater counties in a
plateau; on the east and the west they slope gently to the broad val-
leys of Mississippi River and Red River, respectively. The highest
part of this tract is not over 1,750 feet above sea level. In the south-
western part of the State the Coteau des Prairies, commonly known
as the Dakota foothills, enter from South Dakota and extend south-
eastward through Lyon, Murray, and Nobles counties to the Towa
boundary. They are composed of drift deposits and in Minnesota

a Winchell, N. TI., Geol. and Natural istory Survey ot Minnesota, Final Rept., vol. 4, p. 317.
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reach a maximum elevation of about 2,000 feet above the sea. Low
and comparatively insignificant ridges, generally glacial in origin, form
the watersheds throughout the rest of the State. The lowest parts of
the State are the points at which the three great drainage systems
cross its boundary. St. Louis River enters Lake Superior at an ele-
vation of 602 feet® above sea level; Red River leaves the State at a
mean elevation of 767 feet;? and Mississippi River is 617 feet¢ above
the sea at the southern border. '

HYDROGRAPHY.
RIVERS.

Minnesota contains within its boundaries the headwaters of three
great drainage systems. Approximately one-tenth of its surface,
comprising the St. Louis drainage area and the small streams entering
Lake Superior, is in the Laurentian basin. The Hudson Bay system,
through its great tributaries, Red River and Rainy River, drains
about three-tenths of the State’s area in the north and west sections.
The rest of Minnesota is tributary to Mississippi River either directly
or through its large branches, Missouri, Des Moines, Cedar, St. Croix,
and Minnesota rivers. ,

In this report the water conditions are discussed under the following
headings: (1) Mississippi River basin above Minnesota River; (2)
Minnesota River basin; (3) St.Croix Riverbasin; (4) Mississippi River
basin between Minnesota River and the Iowa line; (5) Red River
basin; (6) St. Louis River basin; (7) Rainy River basin; (8) Mis-
souri River basin; (9) Des Moines River basin; (10) Cedar River
basin.

Mississippi River drainage area above Minnesota River includes
the river from its source to Fort Snelling and comprises the broad,
gently sloping, forested and deforested lands in the north-central
part of the State. (See Pl 11.)

Minnesota River drainage area comprises a broad tract extending
across the State from South Dakota to the confluence of this river
with Mississippi River at Fort Snelling. It includes parts of north-
eastern South Dakota and northern Towza. (See PI. I11.)

St. Croix River drainage area includes part of eastern Minnesota
and a large part of northwestern Wisconsin. The area tributary
to Mississippi River above the southern boundary of Minnesota
comprises more than three-quarters of Wisconsin, together with the
country considered under St. Croix River, Minnesota River, and
Mississippi River above Minnesota River. Therefore a discussion of
this lower section and the main stream must necessarily have fre-
quent reference to the rivers above mentioned. (See Pl. IV.)

a Gannett, Ilenry, Dictionary of altitudes in the United States: Bull. U. 8. Geol. Survey No. 274.
% Final Rept. Minnesota Geol. and Nat. Hist. Survey, vol. 1, p. 122,
¢ Mississippi River Commission. Charts of Mississippi River.
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The Take Superior basin in Minnesota is a comparatively small
area, 20 to 100 miles wide, along the north and west shores of Lake
Superior. Most of the streams are short and flow through an unset-
tled section of the State. The St. Louis drainage area comprises the
greater part of this basin. (See P1. V1.)

Red River drainage area in Minnesota extends from the middle of
the western boundary north to Canada and east beyond Red Lake.
North Dakota as far west as Devils Lake is tributary to Red River.
A small tract in the northwestern corner of South Dakota lies in the
basin of Red River. (See Pl. VII.)

Rainy River has tributary to it a strip of the northern part of
Minnesota along the international boundary, extending from North
Lake, a few miles northwest of Lake Superior, to Lake of the Woods.

Missouri River receives the drainage from a small area in the
southwest corner of the State that 1s traversed by Rock and Little
Sioux rivers.

Des Moines Riwggr has its headwaters in the southwestern part of
Minnesota. Its drainage area includes parts of Pipestone, Murray,
Nobles, Cottonwood, Jackson, and Martin counties.

Cedar River flows south through Freeborn, Mower, and Dodge
counties near the southern boundary of the State.

LAKES.

Minnesota contains probably a larger number of lakes than any
other State in the Union. The latest authority gives 84,682 square
miles as the total area of the State, of which 3,824 square miles, or
about 4.4 per cent, is water.® In addition to the above area 2,514
square miles of Lake Superior are within the State. Lake of the
Woods forms part of the northern boundary. Lake Traverse and
Bigstone Lake form part of the western boundary. Lake Pepin, an
enlargement of Mississippt River, about 23 miles long and 3 miles
wide, forms part of the eastern boundary. The following table
shows the names, location, and areas of the principal lakes in the
State:

Tasue L. Principal lakes of Minnesota.

Take. - County. Drainage area. W aftel suk-
ace.

) Sty miles.
Albert Tea............ Freeborn . e Cedar. oo
Alexander. . .......... | Morrison............. Mississippi..........[......... L.
Bass.. ... .. Ttasca. ... Mississippi.......... o ool
Basswood . ... Lake. e "Rainy............... b
Bemidji.........._.. Beltrami- ... ... Mls\lssq)pl ........... b9.5
Benton..............| Lincoln. Minnesota .
Bigstone. e ! Bifrstone ............. | Minnesota.. . ........ c18.5

a Gannett, Henry, The areas of the United States, the States, and the Territories: Bull. U. 8. Geol.
Survey No. 307 1906 p. 5.

bMeasured with plammeta from hest avatlable maps.

cAnn. Rept. Chief of Engrs. U. S. A. for 1898, p. 1838.
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TasLe 1.—Principal lakes of Minnesota—(Continued.

! T
Lake. | County. Drainage area. ! WaFr sur-
| ace.
[ ! — . |
! ! i
| Sq. miles.

Bow String. .. ... .. [ tasca. oo Rainy............... ‘ a18
Brule. ... ... .. | Cook. .. il Lake Superior. . ..... T
Burntside. ... ......_.0 St. Touis. . ... ......  Rainy............ .. ‘ a4
Cass.................. Cass. .. ............. Mississippi........... a 29
Cormorant ............ Becker. ... .. Red. . oo
Crooked . . ... ........ St.Louis. . .......l Rainy ........ ... ... ... ..
Dead. ... ... .. .. Ottertail ... ... ... Red.. ... ...
Fisho.o.....o........ .. Crow Wing. . ... .. .. Mississippi........... ... ...
Green...............| Kandiyohi........... Mississippt........... ...l
Greenwood . ........ ... Cook. .....o......... Lake Superio.. .. ... ..o ...
Gull.................. pCass. ..o ............ Mississippi........... ‘ @15
Gun Flint. . _......._. | Cook. oo cRainy............... S
Heron............... Jackson. ... ... ..... Des Moines........_. [l
Tda. ..o L. Douglas. . ........... Mississippi........... L.
Ttasca. .. ... .........| Clearwater. ... _._...| Mississippi........... al.5
Kabetogama. . ... .. .. St. Louis. ... .......0 Rainy............... ‘ @40
La Croix.............. St. Louis. ... .......| Rainy.....g....... [,
Leech. . .............. Cass. ... ............] Mississippi........... { 1221?,;3; 818
Lida.............. ... ‘ Ottertail ... ... Red. . ...l
Long. . ............... ' St. Louis. ... . ... 0 Rainy............... ...l
Toone. ... ........... [ St. Louis. . ... ... Rainy. ... ..
Millelacs. . ........ ...  Millelacs. .. ... ....| Mississippi........... a 200
Miltona......... .. ... Douglas. . ........... Mississippi............o..ooL.
Minnetonka . ........_. Hennepin. . ......... Mississippi.. ........ a 2]
Minnewaska..........  Pope...............] Minnesota. ........ a]l
Namekan............. St. Louis...........) Rainy....... ... ... ... ...
Nequowuon........... St. Louis. . ... ... Rainy.. ... oL
Net.................. Ttasca. .............. Rainy............... a16
Osakis. .. ............0 Todd._ ... ........ . Mississippi........ ... .. ........
Ottertail . . ... ........00 Ottertail._........... Red. .. ... ... .. ‘ @23
Pelican..............] Crow Wing. .. .. .. .. Mississippi-.......... al6
Pelican. .. _..........] St. Louis...........| Rainy............... a2l
Pepin.............. Goodhue... . ... ... Mississippi-.......... [ ............
Pine. ...l Ottertail ............. Red................ oo
Pokegama. ........... Cass.............._. Mississippi........... ¢12.20
Rainy.... ... ... .. Ttasca. ............_. Rainy............... 1 ............
Red (upper)........... Beltrami......._..... Red................ « 207
Red (lower)........... Beltrami............. Red .. ... ... ... a 287
St. Croix... ......... Washington. . .. .....] St. Croix...... e ‘ ............
Saganaga............. Cook. ... ... Rainy....... e i
Sandy................ Aitkin. . _......... .. Mississippi........... { b g% (5)%
Snowbank. ........... Lake...............lRainy.......... ... ... ... ...
Swan...............| Nicollet............I Minnesota._ ... ..... a 16
Thief. ... ... ........0Marshall. ... ....... ' Red.............._. b
Traverse. ... ... .....| Traverse............. FPRed ... ..o i ¢13.8
Trout. .. oveeoeenn..| St Louis. ... ... Rainy.......... ... | a4
Vermilion......._.._ .. St. Louis. ... .......| Rainy.......... a 66
West Battle. . ... ._..] Ottertail. ............ s
White Bear. . ......... Ramsey .. .. ... Mississippi....... ... ............
White Fish. .. ........ Crow Wing....... ... Mississippi........... ‘ @13
Winnibigoshish..... ... Ttasca. .......... ... Mississippi........... ‘{ 1; }?% gg

a Measured with planimeter from best ava lable maps.

o High water; see p. 38.

¢ Low water; see p. 38.

d Geol. and Nat. Hist. Survey Minnesota, Final Rept., vol. 11, p. 613.
¢ Ann, Rept. Chief of Engrs. U. 8. A. for 1898, p. 1838.
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Most of the lakes are shallow and of glacial origin and are being
gradually eliminated by silting, drainage, and perhaps other modi-
fying agencies, so that it is only a question of time when their num-
ber will be greatly reduced.

DRAINAGE DITCHES.

On account of their unaccented topography large sections of the
State contain extensive swamp areas which are agriculturally useless
until they have been artificially drained. Some rivers are dispersed
in largeswampscovered with decaying black spruce, tamaracks, mosses,
reeds, and small shrubs. In order to convert these areas into culti-
vable lands, canals and networks of drainage ditches have been
dug. In 1893 ¢ the State legislature appropriated $100,000 for drain-
age work in Red River Valley and at the same time created a body
known as the Red River Valley Drainage Commission, which, under
the act of 1901, was reorganized as the drainage commission of the
State of Minnesota. At the end of 1899 the commission had com-
pleted 117.47 miles of ditches in Clay, Grant, Kittson, Marshall, Nor-
man, Polk, Traverse, and Wilkin counties. Since 1901 considerable
work has been done in Wadena and Aitkin counties and in other sec-
tions. The total number of miles of ditches built by the State at the
end of 1904 was 206.25. The work is by no means completed. Large
swamp sections still remain in the unsettled portions of the Rainy
Lake area and the upper Mississippi Valley. In addition to the work
done by the State most of the counties in Minnesota have expended
more or less money in draining lands within their borders and large
areas have been drained by private corporations.

FLOODS.

The melting of snow in the spring and the accompanying heavy
rainfall cause general floods throughout the State. In the fall heavy
rains frequently cause the streains to run very high. During these
floods the water, which is then in its worst condition from a sanitary
standpoint, is most difficult to purify. A large quantity of organic
matter that has accumulated on the surface of the ground is washed
into the streams, together with disintegrated soil. With the rise of
water and the consequent acceleration of stream velocity the sedi-
ment in the beds of the rivers is removed and carried on by the freshet.
The enormous influx of soft water causes a diminution in the relative
mineral content of the water, for while the turbidity of the streams is
increased the percentage of dissolved matter is decreased. Fortu-
nately, the absence of steep slopes in the greater part of the State
prevents such disastrous floods as occur in mountainous regions; but

aRalph, George A., Engineer’s Rept. on State DrainageWork in Minnesota. Crookston, Minn., 1904.
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the streams, nevertheless, sometimes show a marked general rise.
The following table, compiled from records of stream measurements,
shows the fluctuations of the principal rivers:

Tasre 2.—Annual ﬂut‘/lul!i'm of river level in M innesota, in feet.

i
vor Maee | | Maximum
River. Place. ’ 1901, 1902. } 1903. 1904. ‘ 1905. variation.
Mississippi......... Altkine........... ... ... ‘ ........ {118 14|,

Do_.... oo Sauk Rapidsb... ... ool 6.2 6.
Do... .. St.Paulel Lo o 6.2 6.4 10.5 7.
Do. o Hastingse.. oo T3 123 9.
Do. ... Red Winge_._ ... \ 6.3 5. 8.9 6.
Do. ... Reeds Landingc. ... 5.9 11. 7.
Po..... .t Winonae...._........ ... A 55 12.3 7
Minnesota. . .| Mankato?d.... [ 16.8 6.
Red Lake .| Crookstonbo... 5.7 4.1 16.
Red. . . Grand Forksb.. ..o ... ... 25.0 34.
Do... .| Moorheade 3.7 6.9 14.

a Mississippi River Commission. Stages of \Il«l%%lppl River, 1901-1904.
Sﬁr{t((:%)ort of progress of stream measurcinents, 1901-1905. Water Sup. and Irr. Papers, U. S. Geol.
tui gall}g 1\ “I ir ;{;agﬁs gfot};e g)rmmpal rivers of the United States, Weather Bureau, U. 8. Dept. Agricul-

Red River shows the greatest variation between high and low water.
There are several reasons for this: (1) The land in the basin of this
stream, though it is not mountainous, slopes gently to the principal
water courses, and in level areas or places where there is opportuntty
for the water to collect in swamps ditches have been dug to assist in its
rapid removal; (2) there are no forest trees in the greater part of the
area to prevent rapid run-off and quick melting of snows and ice
during a rise of temperature; (3) the area contains no large storage
reservoirs except Red Lake. As a result of these factors the entire
region has a quick run-off. The spring flood on Red River, as shown
by gagings made by the United States Geological Survey at Grand
Forks, N. Dalx, occurs during the month of Apnl and is the most
important rise of the year. During the other spring months and in
October heavy rainfall sometimes causes floods of less magnitude.
The same condition exists on Minnesota River, the drainage area of
which is in many respects similar to that of Red River.

Mississippi River in its upper part, as shown by gagings at Aitkin
and at Sauk Rapids, is subject to a series of floods, which generally
begin in April and last until the latter part of June. Summer rains
cause freshets, but these are of much less importance than those on
Red River. Heavy rains in September and October sometimes
cause nearly as great freshets as those that occur in the spring. The
conditions in the Mississippi drainage area are distinctly different
from those in the Red River region, namely: (1) Much of the upper
section of the valley is forested; (2) the area comprises large swamps;
(3) extensive impounding reservoirs have been constructed for the
purpose of holding back flood waters. Therefore floodson the Mis-
sissippi are not particularly high. Gagings of the lower river between
St. Paul and the southern boundary of the State present a very com-
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plex series of floods. At Winona, Minn., there is a rise in the
latter part of March, another in April, and a still larger one during
May. Doubtless these separate freshets are due to the fact that the
ice and snow on different tributaries melt at different times. Heavy
rainfalls usually cause freshets in September, October, or November.

CLIMATE.

Six climatological stations of the United States Weather Bureau
are situated within or near the area under consideration: Duluth,
Minn., at the head of Lake Superior, is in Lake Superior basin; Moor-
head, Minn., about midway between the north and south boundaries
of the State on its western border, is in Red River drainage area;
Minneapolis and St. Paul, Minn., are situated in the eastern part of
the State, near the confluence of Minnesota, upper Mississippi, and St.
Croix rivers. Though Bismarck, N. Dak.; is somewhat west of the
region under study its climate may be considered typical of the west-
ern half of Red River drainage area. As a balance to this western
station, La Crosse, Wis., near the southeastern corner of Minnesota,
has been added.

TEMPERATURE.

The following table shows the mean temperature for each month
throughout the year, calculated from the records of these stations,
which have been established for periods ranging from fifteen to thirty-
five years:

TABLE 3.— Mean temperature in the Northwest, in degrees Fahrenheit.a

] b

Station. Jan. | Feb. | Mar. | Apr. | May. June. July. Aug. !Septl Oct. | Nov.| Dec. | Annual.
—

Duluth......._... 10 13 24 38 48 58 66 65 57 45 29 17 39
Moorhead. ... 3 5 22 42 55 64 68 66| 56 44 25 12 38
Bismarck. . 6 9 22 42 55 64 69 68 57 44 27 15 40
St. Paul.. B 12 15 28 46 58 67 72 71 60 48 31 19 44
aneapohs . 14 14 29 47 58 68 72 70 62 50 32 20 45
La Crosse........ 116 19 i 31 481 60 69 30071 62 50 34 23 46
Mean....... i 10 12 ‘ 26 44 ‘ 56 ‘ 65 ‘ 70 ’ 68 ‘I 59 47 30 ; 18 42

I

e From compiled records of the U. S. Weather Bureau, Washington, D. C.

The mean annual temperature for the entire regionis42° F. Though
the variation from this figure from year to year is not large, the tem-
perature reaches great extremes at certain seasons, so that the annual
range considerably exceeds 100°, as is shown by Table 4.

TABLE 4.— Ertremes of temperature.a

Average 1 Average | Average
. Iighest Lowest
Station. . maxi- mini- annual
‘observed mum. |observed. j range,
o o S °F.k °F. °F. °F. °F.
Duluth. ..l 99 90 —41 27 117
Moorhead. 101 95 —48 —30 125
Bismarck. . 106 100 —44 —32 132
St. Paul..... 104 95 —40 —24 119
Minneapolis. . | 102 95 —33 —24 119
LA CTOSS8€. oo et e | 95 : —43 —~22 117

aTrom compiled records of the U. S. Weather Bureau, Washington, D. C.
IRR 193—07 2
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The average maximum temperature is about 95° and the average
minimum temperature about —27°. January, the coldest month in
the year, has a mean of 10°, and July, the warmest, a mean of 70°.
The coldest section is Red River valley, and here also are found the
greatest extremes of temperature. The region around Lake Superior,
doubtless on account of its proximity to that large body of water,
experiences the least changes. The portion having the highest
average temperature is the southern half of Minnesota, in which the
mean temperature is 45°.

PERIOD OF FROST.

In the northern section the temperature falls below freezing about
the latter part of October and rises above that point early in April.
The first severe frosts in autumn occur'about the beginning of October
and the last in spring about the first of May. The period during
which the lakes and rivers are closed by ice is influenced not only by
temperature, but by the velocity of flow and the size of the body of
water and the percentage of ground water flowing into it. The fol-
lowing table gives approximately the period during which the prin-
cipal rivers are closed at certain points:

TaBLe 5.—Ice period of principal rivers.

| K
Date Time

. | Date
River. i At— closed. | opened. (nclgfgt?s:)
Red. ... ] Moorhead. ... ... ‘ Dec. 1| Mar. 20 ‘ 3.5
Minnesota. .. ceee-n..] Mankato........ ceieee-.. Dec. 1| Apr. 1 4
Mississippi. . S Aitkin. .o.oooo.. Nov. 20 | Apr. 10 5
Mississippi. . St.Paul.......... Dec. 5| Mar. 20 ; 3.5
MiSSISSIPPI- - - e Red Wing._...................... Dec. 5| Mar. 20 | 3.5

In general, lakes are frozen over during the 5 months of Novem-
ber, December, January, February, and March. The port of Duluth
is closed about 4 months in the year on account of ice in the Great
Lakes. Devils Lake, a large body of water in North Dakota, in Red
River drainage area,? is generally frozen from the middle of Novem-
ber to the first of May, a period of 53 months. The thickness of the
ice in different lakes and rivers varies from 1 to 45 inches.

PRECIPITATION.

The mean annual precipitation is 27 inches of rain and melted snow,
though this figure may vary considerably from year to year in differ-
ent parts of the area. It has been known to be as low as 11.03 inches
at Bismarck, N. Dak., and as high as 44.74 inches at La Crosse, Wis.

a Newell, F. 1., Water Supply and Irr. Paper No. 85, U. 8. Geol. Survey, p. 239,
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These extremes show the extent of variation between wet and dry
vears. The average rainfall at 6 stations in the Northwest is shown
in Table 6.

TABLE 6.—Precipitation in the Northwest.a

i
Station. Jan. Feb. Mar April. May June
Duluth.. ... 0.98 1.02 1.55 2.12 3.31 4.23
Moorhead............ .66 67 1.04 2.36 3.02 4,14
Bismarck............. ) 53 1.08 1.92 2.34 3.56
St. Panl._. ... .89 87 1.59 2.34 3.31 4.41
Minneapolis .65 .78 1.70 2.35 3. 41 3.98
La Crosse....cocieiean... J 1.09 1.05 1.57 2.36 | 3.61 4.45
Mean. ..o 80 82 1. 42 2.24 3.17 4.13
— - S I
July. | Aug.  Sept. Oct. ’ Nov. Dec. | Annual.
| .
Duluth. .. .. 3.75 3. 44 ‘ 3.67 2.71 ‘ 1.53 1.26 29. 98
Moorhead.. 3.93 3.10 2.23 2.09 .92 .67 24. 60
Bismarek. .. 2.20 1.97 1.19 1.03 .67 .61 18. 14
St. Paul | 3.48 3.68 3.28 2,41 1.24 1.09 28,42
Minneapolis .. 4.14 3.83 3.39 2,71 1.12 .93 28. 65
La Crosse. .. .. .oioiieie i 4.04 3.49 ‘ 4.03 2. 50 1.47 1.31 30. 83
MOAN. .+ oo 3.5 | 8.25| 2.96| 2.24 ‘ 116] .98 2.77

a From records compiled by U. 8. Weather Burean, Washington, D. C.

There 1s a period of heavy rainfall from May to September, inclusive.
The precipitation is generally least in January, during which month
it does not often exceed one inch. During the period of greatest pre-
cipitation there are frequent heavy rainstorms, which in the defor-
ested and prairie regions cause the streams to rise rapidly. Snow
fallsin every part of the region. The average annual fall is 40 inches
of dry snow, most of which is precipitated in the region around Lake
Superior, though the severest blizzards, during which there is the
greatest precipitation at one time, occur in the western part of Red
River Valley. The heaviest storms occur generally during December
and March. The precipitation during the later part of the winter
causes heavy floods in the spring, for the rapid melting of the snow on
the ground after the spring rise in temperature coincides with the
heavy rains of April and May.

SUMMARY.

At many points throughout the region under consideration volun-
tary observers record the temperature and the precipitation. Unfor-
tunately these records have not been continued long enough tofurnish
data for reliable deductions concerning the general weather conditions
of each drainage area. Therefore the following figures, representing
averages made from the records of 36 stations in Minnesota, North
Dakota, and Wisconsin may be subject to change as further data are
recorded.
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TABLE 7—Mean annual temperature and preciprtation.a

Temper-

Precipi-
ature.

Area. tation.

Degrees F.| Inches.
39

Superior 30
Upper Mississi] 41 27
Minnesota . 43 26
Lower Missi R 45 31
St. Croix......... . 41 30
R 39 22

aComputed from records given in Ann. Repts. of Chief of Weather Bureau, 1892-1904, inclusive.

In general the climate of Minnesota is typical of the central part of
the temperate zone. Since there are no high mountains to protect
the State, it is exposed to the cold winds of Canada and to the warm
waves of the lower Mississippi Valley. The treeless plains of its
western section experience the greatest extremes of temperature and
receive the least rainfall. The region around the Great Lakes has
the least variation of temperature and a high total precipitation.
There is measurable precipitation on about ten days in each month
in every part of the area; and the year can not, therefore, be divided
into a rainy and a dry season. To this even distribution of the rain
throughout the warmer half of the year this section owes its remark-
able fertility and its adaptability to many kinds of crops. The ground
freezes in November and thaws in the latter part of March or the first
of April. During the period of low temperature the rivers and lakes
throughout the State are frozen. In the spring heavy rains accom-
pany the rise of temperature that causes the melting of the accumu-
lated snow and ice.

The following table summarizes the important weather conditions
in the region considered:

TasBLE 8.—Summary of weather conditions in the Minnesota region.

Precipitation in Dates for severe
Temperature, °F. inches. frosts.
Station, n - —_—
verage | Average ;
Mean. | Range. total, J snowrall, Fall Spring.
Duluth ..o 39 117 29. 98 54| Oct. 4| May 3
Moorhead........ 38 125 24. 60 38 | Sept. 22 | May 14
Bismarck......... 40 132 18.14 34 | Sept. 15 | May 15
St. Paul.......... 44 119 28. 42 38| Oct. 5! May 6
Minneapolis e 45 119 28.65 40 | Sept. 30 | May 2
La Crosse........ 46 117 30.83 39 Oct. 5| May 1
Entirearea.......cooooeoiiiiiall 42 | 122 26.77 42 | Sept. 28 | May 7

GEOLOGIC FORMATIONS AND SOILS.

Probably no other natural feature has more profound influence on
the character of surface waters than the chemical composition of the
rocks over or through which they flow. At all seasons of the year a
certain percentage of the stream flow above ground is derived by
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seepage from the water-bearing strata that outerop along the banks
of the rivers and in lake bottoms. In winter, when the surface of the
ground is frozen and there is no surface drainage, the stream supply,
except that which is produced by irregular and intermittent thaws, is
derived from underground water. Therefore the nature of the geo-
logic formations and the character of the water contained in them are
important features to be considered in a study of surface waters.
The soil and the subsoil also have great influence on the character of
the water of streams and lakes, because rain water dissolves more or
less of the soluble soil constituents and is thus modified in its chemical
composition before it finds its way to the water courses.

* GEOLOGIC FORMATIONS.

Geologically, Minnesota may be divided into three sections: (1) A
northeastern division, embracing the districts adjacent to Lake Supe-~
rior; (2) an eastern and southeastern division, reaching, with one
slight interruption, from the head of Lake Superior southward into
Towa, and (3) a western district, embracing the remainder of the
State.e

The northeastern division, embracing the Mesabi and Vermilion
iron-bearing districts, includes the Laurentian basin and that part of
Rainy River drainage area that lies directly north of it. The forma-
tions are mainly crystalline, consisting of quartz, gneisses, schists, and
other igneous and metamorphic rocks. There are valuable outcrops
of these earlier formations at St. Cloud and in the area northeast of
that city.

At many places along Minnesota River the bed of the stream is
granite in place. The ore deposits in the iron districts contain large
quantities of water, which, on one hand, embarrass miners, and, on the
other, afford water supplies for neighboring municipalities. None of
these rocks except the ore deposits transmits much water. The early
formations are covered by a deposit of drift, of variable thickness,
which affords a supply of water for shallow wells.

The eastern and southeastern division, extending from Lake Supe-
rior to the Towa boundary, is underlain by Cambrian and Ordovician
rocks. The belt comprising these formations gradually widens
toward the east and west in its extension southward from the northern
section of this region, in upper St. Croix valley. These rocks consist
of a succession of sandstones, shales, dolomites, and dolomitic lime-
stones, of variable thickness, which dip generally southward. The
lowest water-bearing stratum is the basal sandstone, sometimes
locally known as the ‘“Potsdam.”” This is overlain by a succession of
shales and dolomites called the ‘““St. Lawrence formation,” above

a Hall, C. W., Ilydrology of Minnesota: Water-Sup. and Irr. Paper No.102, U. 8. Geol. Survey, p. 441.
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which lies in turn the ‘“‘Jordan’ sandstone, a strong artesian bed over
100 feet thick. The next rock containing water is the New Rich-
mond sandstone, of variable thickness and locally absent, which is
separated from the “Jordan ™ below by the Oneota limestone (*‘Lower
Oneota”). The St. Peter sandstone is separated from the New Rich-
mond by the Shakopee limestone (“Upper Oneota’). Both the
Oneota and the Shakopee are beds of impervious dolomite and con-
tain no water. The St. Peter sandstone is a strong water-bearing
body, of varying thickness, extending from the region around St.
Paul continuously southward beneath the surface through the State
of Towa, where it affords a supply for many artesian wells. Tt is
covered by an impervious limestone which has been classed as the
“Trenton-Galena.”

The western division includes the upper part of Minnesota River
Valley, all of Red River Valley, and part of upper Mississippi Valley.
1t is covered by rocks of the Cretaceous system, named in succession,®
beginning with the earliest, the Dakota, Benton, Niobrara, and Pierre
formations. These consist, respectively, of sandstone of considerable
thickness containing a few scattered beds of shale and lignite; alter-
nating shales and clays with some limestone; calcareous marl blend-
ing into the limestone of the Benton; and shales and clays, sandstones,
and sandy shales. The Dakota sandstone is the source of the supply
of the famed artesian basin of the Dakotas. The Cretaceous beds
overlie Archean and Algonkian rocks in an area in the northern part
of Minnesota that extends as far east as Allen Junction, south of the
Mesabi range, and cover Cambrian and Ordoviecian rocks in the south-
western part of the State.  Deposits of drift lie at the surface through-
out the State of Minnesota except in a comparatively small area in
its southeast corner that forms a part of the “Driftless Area,” which
comprises portions of Minnesota, Wisconsin, Iowa, and Illinois. The
Pleistocene deposits vary considerably from place to place in thick-
ness and character, and the waters they contain are therefore more
variable chemically than those that occur in the lower rocks.

Waters derived from the Cretaceous rocks are strongly alkaline,
and the fact that they contain many saline deposits is shown by the
character of the water coming from some portions of Red River Val-
ley. Waters obtained from the sandstones in the eastern part of the
State are much less strongly mineralized than those coming from the
sandstones of the western part, though their hardness is influenced by
contiguous limestones and dolomites. Waters from the older rocks
naturally show the least mineralization, and waters from the ore
bodies in the iron ranges do not contain ingredients that make their
economic use undesirable, such as appear in mine drainage in many
other sections of the country.

@ Upham, Warren, The Glacial Lake Agassiz: Mon. U. 8. Geol. Survey, vol. 25, pp. 8§1-82,



SOTLS. 21

SOIL AND SUBSOIL.

Four distinct kinds of subsoil are found within the State:2 (1) Blue
till, (2) red till, (3) gravel and sand, (4) clay or clay loam. These
different kinds of soil owe their general characteristics to contiguous
earlier formations, and these characteristics in turn determine or influ-
ence the condition of the soil and the drainage in the region where
each predominates.

The blue till, derived principally from the disintegration of rocks
of the Cretaceous formations, is strongly impregnated with salts of
the alkalies and of the alkaline earths. The prairie part of Minnesota
is characterized by soils of blue till, except in parts of Red River
Valley, where the soils are derived from lacustrine clays, and in a few
places where they are derived from loess loam. These soils corre-
spond, in general, to the section of Cretaceous rocks, though their
alkaline content decreases toward the east as they become modified
by the minerals of other systems.

The red till contains a large amount of iron oxide, practically no
alkaline salts, and somewhat less alkaline-earth compounds than the
blue till. Red-till subsoils extend from the northeast corner of the
State southwestward to St. Paul, where they begin gradually to blend
into the blue-till subsoils of the western portion of the State and the
clay loams of the Driftless Area.

The gravel and sand subsoils consist of modified till, their local
character being determined by the character of the till in the regions
where they occur. They are abundant in parts of the morainic
deposits known as the Leaf Hills.

Clay or clay-loam subsoils were deposited from the great sheets of
fresh water that once covered large sections of the State. They owe
their predominating characteristics to the character of the tills from
which they were derived, but contain much less alkaline material.
They appear throughout the lower part of Red River Valley. Clay-
loam subsoils are also found in lower Mississippi Valley and in the
lower section of St. Louis Valley.

ECONOMIC DEVELOPMENT.

POPULATION.

The rapid increase of population in Minnesota is a most important
element to be considered in studying the resultant inevitable increase
in the pollution of its lakes and streams. Before the first quarter of
the nineteenth century the region was practically an unsettled wilder-
ness, containing only a few scattered trading posts belonging to the
Hudson Bay Company. In 1819 a military reservation, now known

a Winchell, N. H., Final Rept. Geol. and Nat. Hist. Survey Minnesota, vol. 1, pp. 125-128.
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as Fort Snelling, was established by the United States Government
at the confluence of Minnesota and Mississippi rivers. Settlement has
steadily progressed from that time to the present. Prairie land of
great fertility, easy of access by water, attracted pioneers from all
over the world. At the end of 30 years it was deemed advisable to
set apart from Wisconsin the territory of Minnesota. In 1858 the
State of Minnesota was admitted to the Union. The following table,
giving the population for the area now mcluded within its boundaries,
shows how rapidly the increase has taken place:

TasLe 9.—Total population of Minnesota from 1850 to 1905.¢

* Inhabi-
Per cent ' tants per
increase. square

Popula-
tion.

Census.

D b =
SRSoue
‘—‘QJ'@O:N%

a Figures for 1850-1900 are from U. 8. Census; those for 1905 are from State Census.
b Percentage increase in five years.

At the time of the first official census, taken soon after the organi-
zation of the Territory, the population was concentrated in the
region lying within a few miles of St. Paul and in a settlement on Red
River in Pembina (now Kittson) County. Between 1850 and 1870
there was an enormous influx of settlers to the southern and central
partsof the State. Since that time the percentage of increase hasbeen
always considerably higher than the average for the rest of the United
States. The number of inhabitants per square mile is rapidly increas-
ing. In spite of this growth, however, the State 1s still a pioneer
country. Its density of population is little more than half that of the
general average for the basin of Mississippi River, the most thickly
settled portion is still in the region near St. Paul and Minneapolis,
while in the Rainy River drainage area the population is considerably
less than one person per square mile, and many townships are practi-
cally uninhabited. That this region will not long remain in its pres-
ent unsettled condition is shown by the constant migration to it.
The prospective removal of forests and .the drainage of swamps will
undoubtedly result in the establishment of farms with their attendant
trading centers and, from a sanitary standpoint, other foci of pollution.

PRINCIPAL INDUSTRIES.
AGRICULTURE.

The chief reason for the progress and development of the State in
general has been the abundance of i 1nexpens1ve land remarkably well
suited to the cultivation of cereals.
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TABLE 10.—Chtef agricullural products in Minnesota, 1899. ¢

Bushels.
072 0T 95, 278, 660
(0705 Y 47, 256, 920
(078 74, 054, 150
Potatoes. ... ... 14, 643, 327

At present Minnesota is the greatest wheat-growing State in this
country, about 12 per cent of its area producing that crop. Corn is
extensively raised in the southern tier of counties, along the Towa
line. Oats, barley, rye, and potatoes are also largely cultivated.
Red River Valley west of Thief River Falls and Minnesota River
drainage area and the territory south of it, or about 40 per centof
the total area of the State are prairie lands with rich soil, requiring
small investment for the production of large crops. Upper Missis-
sippi Valley below Brainerd, now practically deforested, contains many
farms. As soon as the northern counties are cleared of their timber
it is probable that the entire section will become wheat-raising farms,
similar to the part now under cultivation.

LUMBERING.

One of the greatest attractions in Minnesota for explorers and set-
tlers was the great wealth of timber, principally white pine. Origi-
nally a line extending from Thief River Falls southeastward to the
mouth of St. Croix River would have marked the southern boundary
of the great pine region, along the edge of which stretched a belt of
hard-wood forest 50 to 100 miles wide. At present the greater part of
the standing timber is in the northern region, in Beltrami, Ttasca, St.
Louis, Lake, and Cook counties, and on the Indian reservations. St.
Louis, St. Croix, and Mississippi rivers, the principal outlets for the
lumber, afford easy access to sawmills and cheap conveyance for the
sawed material. The amount of organic matter introduced into these
streams and their tributaries by reason of the lumber industry is an
important factor in the consideration of the value of surface water
from the forested regions. A greater or less number of logs at all sea-
sons of the year are floated in therivers and lakes, which dissolve the
resinous matter. Sawdust from the mills is a serious source of stream
pollution. The total amount of lumber cut in Minnesota during 1899
was 1,934,157,000 feet B. M., which is a fair average for the cut from
year to year. From 500,000,000 to 700,000,000 feet are cut annually
on the upper Mississippi alone and this enormous industry will con-
tinue until the pine forests of the State have been exhausted. The
result of this removal on the quality and amount of surface water
can not be predicted.

aTwelfth Census U. 5.
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COMMERCE.

The principal trading centers of Minnesota are Duluth, Minncapo-
lis, and St. Paul. The first of these, situated at the head of Lake
Superior, owes its importance principally to its enormous traffic in
iron ore, which is received by rail from the Mesabi and Vermilion dis-
tricts and shipped across the Great Lakes. It is also a shipping point
for grain and lumber and has a large import trade. It is the center
of commerce for the northeastern part of the State and has consider-
able through traffic with the Pacific coast.

TasLE 11.—Chief shipments by water from Duluth, 1903-5.a

i

Product. ‘ 1903. 1904. | 1905.
S i
(6 RPN bushels..| 11,229,703 | 11,560,083 16,938,549
Lumber. ... e feet B.M..| 355,712,000 | 344,109,000 | 357,814,000
Tronore. .. ...l gross tons. ‘ 5,362,731 4,342,782 8,731,227

a Monthly Summary of Cominerce and Finance. Bureau of Statistics, Department of Commerce and
Labor, December, 1904, pp. 906-907; December, 1905, pp. 706-721.

Minneapolis owes much of its growth to the water power of St.
Anthony Falls, by means of which this city has developed the largest
flour mills in the world. Its principal trade is in wheat and lumber;
it is a distributing point for all sorts of manufactured produects
throughout the Northwest.

St. Paul, at present the head of navigation on Mississippi River, is
the transfer point of a great transcontinental traffic. 1t has a large
commerce in lumber, live stock, and general merchandise. Regular
lines of steamers run from St. Paul to lower ports on Mississippi River,
and a considerable traffic is carried on by other vessels. Lumber is
floated in enormous rafts down Mississippi River to St. Louis and
other southern ports.

Besides the three cities above mentioned, points of minor commer-
cial importance are: Winona, a distributing point for southeastern
Minnesota; Mankato, the metropolis of Minnesota Valley; Fergus
Falls, on Ottertail River, and Crookston, which has a large trade in
wheat, lumber, and agricultural implements.

MINING.

Iron is the only metal that is extensively mined in Minnesota. The
discovered deposits are included almost entirely within St. Louis
County, north of Duluth. The Mesabi distriet, which extends gen-
erally northeast and southwest across the county and forms a great
part of the north boundary of St. Louis River basin, was opened in
1892 and quickly became the largest ore-producing district in the
Lake Superior region. In 1904 the output of this one district alone
was over 40 per cent of the total production in the United States.
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North and somewhat east of the Mesabi range is the Vermilion iron-
bearing district, which was opened in 1884. Its annual output is
from one million to two million tons of ore.

TABLE 12.—DProduction of iron ores in Minnesota, 1899-1904.¢

[Long tons.]

" Vermilion  Mesabi
range. | range.

1,643,984 | 6,517,305
1,675,949 | 87158, 450
1,805,096 = 9,303,541
2,057,532 | 13,080,118
1,018,584 | 13,452,812
1,056,430 | 11,672,405

a Birkinbine, John, The production of iron ores in 1904: Mineral Resources U. 8. for 1904, U. 8. Geol.
Survey, 1905,

On account of the structure of the ore deposits, water traverses
them readily, so that wherever mining is done the water must be
removed. The use of mine water in this section does not present seri-
ous troubles from an industrial standpoint. The amount of dissolved
solids it contains is comparatively small, though it varies considerably,
depending upon the length of time it has been in contact with the
underground strata. The rapid development of this enormous indus-
try, however, has more bearing on the resultant stream pollution by
the constantly increasing population. In 1880 the total population of
St. Louis County was®4,504. North of Duluth lay a wilderness that
was Invaded only now and then by lumbermen. With the opening of
the Mesabi range there was a sudden influx of prospectors and miners
to this region and towns sprang up there as if by magic. In 1890 the
population of the county, excluding Duluth, was 11,746; in 1900 there
were nine settlements in the iron districts, having a population exceed-
ing 1,000, and the total number of inhabitants in the county had
doubled in ten years; in the period from 1900 to 1905 the total popu-
lation increased by more than 35,000. With this rapid growth con-
centrated in mining towns, there was neglect of sanitary precautions
and a disinclination to heed the experience of similar settlements else-
where. Sewerage systems were constructed only after harsh lessons.
Water supplies were taken in the least expensive way from the most
convenient sources, generally from mine sumps or small creeks. An
inevitable result of this disregard for hygienic measures was the occur-
rence of severe epidemics of typhoid fever.
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WATER-BORNE DISEASES.
GENERAL DISCUSSION.

The value of water as a municipal resource is greatly affected by
its liability to transmit disease from one locality to another. Until
recently the belief was more or less general and even yet the opinion
is not entirely eradicated, that the danger of water lies in part in
“miasmatic vapors” or ‘“fever fogs,” which may affect those who
breathe the air in the vicinity of swamps or other stagnant water.
This paludal or miasmatic poison, vague or indeterminable in its
origin and character, was believed to be the direct exciting cause of
malaria or ague and even of other febrile humors, and was supposed
besides to favor the spread of contagions and epidemics in general.
More certain knowledge has gradually been gained concerning the
cause, the means of spread, and the methods of preventing disease,
and it is now known thai water may carry living organisms or other
substances that producedisease. Chemical substances when dissolved
in water may act in a toxic or poisonous way. Iven comparatively
pure water, especially soft water, may prove dangerous by reason of
its solvent action upon lead pipe if that is used for its transmission.
Biological and clinical studies have determined beyond doubt the rela-
tionship of marshy districts vo such diseases as malaria and yellow
fever. It is now well known that the danger from swamps is due to
the facilities which they afford mosquitoes for breeding, since the
virus of these two diseases, and probably also of filariasis, is trans-
mitted by mosquitoes. In passing, it may be stated that two methods
of protecting the public health should be combined—namely, the
extermination of mosquitoes of certain or all varieties and the pro-
tection of the sick from mosquito bites.

Sanitarians are justly concerned with a certain group of water-
borne diseases, of which typhoid fever, cholera, and possibly certain
diarrheal diseases are types. The infecting bacteria in these dis-
eases may live for some hours or days in water. Certain of these
diseases, particularlyty phoid fever, are so prevalent in this country
that in almost every community there are some infected persons
whose dejecta carry pathogenic germs. Since there is so much differ-
ence in the relative resistance of individuals to infective organisms,
it frequently happens that patients who are suffering from the disease
are not aware of it, nor are their friends. Furthermore, the long
persistence of the infecting micro-organisms of typhoid fever in the
body of the patient, particularly in the urine, makes the infection of
sewage very easy, and since the same care is not exercised in the dis-
posal of the urine as of the feces, water supplies and milk or food-
stufls may easily be infected either directly or from the hands. Water
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into which sewage is *discharged becomes, therefore, a vehicle for
transmitting diseases from one place to another, and the germs of
infection are therefore called water borne.

TYPHOID FEVER.
CAUSE AND PREVALENCE.

Of the diseases which are transmissible by water, typhoid fever
merits special attention in Minnesota and in other newer communi-
ties. In Massachusetts, where the conservation of water supplies and
the proper disposal of sewage have received attention for many years,
milk-borne epidemics are more to be considered than in Minnesota.
Even milk-borne epidemics, though they are perhaps most usually
due to the fact that a typhoid patient or an attendant upon a typhoid
patient is engaged in handling milk, may be spread by means of water
when the infecting organism gains entrance to a water supply which
is used for cleansing utensils or, in very rare instances, where the out-
side of the udder and teats of the cow are contaminated by sewage
containing typhoid bacilli. There can now be no reasonable doubt
that B. typhosus, the specific organism of typhoid fever, can exist for
a considerable period of time in water. The studies of Jordan, Rus-
sell, and Zeit would seem to show that the organism dies in ordinary
running water in three to eight days, but the difficulty of exactly
reproducing natural conditions in the laboratory permits only very
guarded conclusions from such experiments.

The relationship of typhoid-polluted sewage to outbreaks of the
disease has been clearly demonstrated in this country at Plymouth
and Butler, Pa., Ithaca, N. Y., and many other places. In Minnesota,
as in other new regions which are being settled rapidly, typhoid fever
is more or less prevalent and is one of the chief causes of death in the
State. New communities are usually established with more regard
to financial advantages than to sanitary conditions. The careful dis-
posal of excreta and the selection and protection of safe water supplies
and other hygienic improvements are neglected until their necessity
is shown by costly epidemics. Even then, unless action is taken
during the progress of an epidemic the matter is likely to be neglected,
since the general Interest in projects affecting the public welfare is
likely to wane unless private stimulation be applied.

The principal settlements in Minnesota are on the shores of lakes
or on the banks of running streams, to which the towns have recourse
both for their domestic supply and for the disposal of their sewage.

_Since 1887, when the care of vital statistics was transferred to the
State board of health, the statistics of deaths from typhoid fever have
been carefully compiled. Undoubtedly a considerable percentage of
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the typhoid mortality has not been recorded Ogl account of neglect to
report from all parts of the State and also on account of diversity of
diagnosis. Whether the death rate from typhoid fever in Minnesota
is lower than that in Massachusetts, New York, and other States can
not be definitely aflirmed, but it would appear that the disease is very
much less virulent in Minnesota and the Dakotas. From observa-
tions made by competent clinical men during severe local epidemics
it appears that the death rate as compared with the case rate is
between 2 and 4 per cent. This low rate may be due to the diagnosis
of cases as typhoid fever in Minnesota which would not be so classi-
fied in other communities. The Widal blood test is very extensively
used throughout the State by private practitioners and by hospitals,
and this test is made gratuitously by the State board of health and by
the local boards of health of Minneapolis and St. Paul. This con-
firmatory examination probably results in the return of cases as
typhoid fever which ordinarily would not be so classified.
The records of deaths received since 1888 are as follows:

TABLE 13.—Deaths from lyphoid fever in Minnesota per 100,000 population.@

- —— e —
State, ex-

| Entire lCities ex~ cluding

Year. ceeding ' cities
State.  "5000.° | over
5,000.
53.63 11 30
45.7 76 32
30.8 52.2 25
39.23 64.8 28
28.6 47.5 21
385 63.0 27
35.2 57 26
35.9 57.3 27
27.8 51.6 17.7
25.7 50 15.5
22.6 37.2 16
18 30.4 12,8
32.6 43.0 28.0
26.0 41.8 19.3
2121 29.73 15.93
19.9 2.7, 14.2
18.68 33.2 ! 13.4
14.6 22.0 1.2

a From ihe offieial records of the sccr(:tary (;f the State beard of health. The po;‘mmtion of/t}:cijc;es
considered above is estimated by adding the average annual increase as shown by the United States
and the State censuses to each preceding year.

The village and rural death rate from typhoid fever, shown by the
fourth column, is much lower than the urban rate, but comparison of
the second and fourth columns indicates that typhoid fever is ex-
tremely prevalent in rural districts. Allowance should be made for
the fact that since the better hospitals are located in the large cen-
ters many serious cases of all forms of illness are taken to them from
outlying districts, a factor which would disproportionately increase
the total death rate for the cities. This is particularly true of Duluth,
to which the settlements of the iron-bearing districts are tributary.
Typhoid fever has been prevalent in these mining communities for a
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number of vears, and since many cases are brought to Duluth the sta-
tistics of deaths from the disease in that city are thus greatly increased.
In the smaller communities a difference of one or two deaths makes
an enormous difference in the rate per hundred thousand.

These records show that there are from 300 to 800 deaths fromn
typhoid fever in Minnesota every year. Assuming a ratio of 1 to 25¢
between the number of deaths and the number of cases, it would
appear that approximately from 7,500 to 20,000 people are stricken
annually with this disease, which can be and should be prevented.
The official records show that from 1891 to 1900, inclusive, 4,532
persons died of typhoid fever in Minnesota.

In May, 1905, reports were made by the health officers of 166 settle-
ments in the State in reply to the following questions:

1. During 1904 how many cases of typhoid fever occurred in your
city ?

2. How many cases of the disease in the city were personally seen
by you?

3. How many other cases in the city were reported to you?

4. How many cases in the city were probably not reported to you?

According to these records and the official reports of Duluth, Min-
neapolis, and St. Paul, there were in Minnesota 1,062 cases of typhoid
fever during the year 1904, but from other means of checking and by
mathematical reckoning it seems probable that there were from five
to ten times as many cases as were reported. As bearing upon this,
it may be stated that in three months two towns situated on Red
River—mnamely, Breckenridge, Minn., and Wahpeton, N. Dak., with a
total population of 4,090 —developed 200 cases of typhoid fever.

The highest mortality from typhoid fever occurs during October
and the lowest during April, May, and June. During the summer
months the death rate from this disease rises rapidly to its maximum
in October and falls as rapidly. The average typhoid-fever death
rate per hundred thousand for the entire State is 29.43, a little lower
than the rate for the registration area (33.8), according to the Twelfth
United States Census.

EPIDEMICS.

Hardly a community in Minnesota has escaped one or more epi-
demics of typhoid fever. Duluth suffered from a series of outbreaks
which culminated in 1896. Investigation showed that the intake of
the waterworks system, which was supposed to extend a considerable
distance into Lake Superior, was defective, and that the water supply
was being contaminated with more or less dilute sewage at a point
within 300 feet of the outlet of one of the principal sewers. Repair
of this defect and extension of the intake to Lakewood, 8 miles nearer

aIn Massachusetts and older communities the death rate is about 10 per cent; that is, from two and
one-half to four times as great as in Minnesota.
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the main lake, has practically wiped out the disease, for the cases that
have occurred since then are imported or are due to the use of infected
well water or to the result of contact with imported or such local
cases. The water supply at present seems to be satisfactory.

The largest epidemic of typhoid fever in Minneapolis occurred in
1881 and 1882, during which time there were 350 deaths. There was
another serious outbreak in 1897, when there were 1,534 cases and
148 deaths. The disease has always been prevalent in the city,
where several other well-marked epidemics have occurred, which
have been attributed to the use of unfiltered river water.* Minne-
apolis has the unenviable distinction of having recorded nearly 50
per cent of the total deaths from typhoid fever in Minnesota during
the past decade,? although its population is only a little over one-
tenth of that of the State.

In 1898, while the United States Volunteers were encamped at the
State Fair Grounds (Camp Ramsey) and at Fort Snelling, 406 cases
of typhoid fever were reported for the Fifteenth Regiment Minnesota
U. S. Volunteers, 346 of which occurred before its departure for Camp
Meade, Pennsylvania.c A detailed account of the fever in this regi--
ment is given in the special report of the Surgeon-General of the
U. S. Army on typhoid fever among the volunteer regiments during
the Spanish war of 1898.

As stated above, settlements in the mining districts of St. Louis
County have been subject to typhoid fever, and notable epidemics
have occurred at Eveleth, ITibbing, and Virginia, all of them probably
due to impure water supplies.

IMPROVED CARE, CONTROL, AND REPORT OF TYPHOID FEVER.

Section 2131 of the Revised Laws of Minnesota, 1905, authorizes
the State board of health of Minnesota to adopt, alter, and enforce
reasonable regulations, which, after the approval of the attorney-
general and due publication thereof, have the force of law, except in
so far as they may conflict with a statute or with the charter or ordi-
nances of a city of the first-class upon the same subject. In accord-
ance with the authority thus delegated and upon realizing that Min-
nesota was suffering from a disease which is strictly preventable, the
State board of health passed certain rules on the 14th day of July,
1906. Rules 45 to 54 deal with typhoid fever and may be quoted as
follows:

Rutie 45. Every physician engaged in the practice of medicine in the State of

Minnesota shall submit to the secretary of the State hoard of health the full name,
specific residence. and hygienic data, on hlanks furnished by said board for that pur-

a Rept. special commission appointed by the city council to investigate the Minneapolis water supply,
1904; also Corbett, Dr. J. F., Typhoid and water supply: Ann. Rept. Dept. Health, city of Minneapolis,
for 1904, pp. 27-28.

b Public Health Reports, Fublic Health and Marine Hospital Service, Treasury Dept,

¢ Rept. Minn. State Board of Health, 1895-1898, p. 472,
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pose, of every person under his treatment for typhoid fever or suspected typhoid
fever, within one week after the application of such patient for treatment.

Physicians in cities and villages wherce they are required by ordinance or sanitary
regulation to report typhoid fever cases to the local board of health will not be required
to report such cases directly to the State hoard of health, provided the local health
officer makes returns of all cases reported to him to the State board of health once a
month on blanks furnished for that purpose by said board.

RuULE 46. The secretary of the Minnesota State board of health shall keep a careful
and accurate record of all reported cases of typhoid fever. The same shall not be for
publication, but may be used by said board in the discharge of its duties.

Rure 47. Immediately after being notified of anv case of typhoid fever the secretary
of the Minnesota State board of health, or the local health officer, shall send to the
address of the attending physician the printed matter published by the State board of
health relative to the control of typhoid fever. Such physician shall thereupon
deliver the same to those in charge of the patient.

RrLe 48. No person affected with typhoid fever, or in charge of a typhoid fever
patient, shall so dispose of the excreta or other infectious bodily secretion or excretion
as to cause offense or danger to any other person or persons.

RuULE 49. Any health officer receiving a complaint that the foregoing rule is being
violated shall investigate the same, and if it appears that the violation complained of
is such as to cause offense or danger to any person he shall serve notice upon the
offending party, reciting the alleged cause of offense or danger and requiring that the
bodily scecretions or excretions complained of be disposed of in such a manner as to
remove all reasonable cause of offense or danger.

Rree 50. It shall be the duty of those having charge of a typhoid fever patient or
patients to see to it that the excreta, or other infectious bodily secretions or excretions,
from such patients are properly disinfected.

RuLe 51. The apartments occupied by any typhoid fever patient shall be deemed
infected, and when vacated by death or removal of the patient shall, together with
their contents, be thoroughly disinfected under the supervision of the local health
officer. All disinfection prescribed in this rule shall be a part of the control of the
disease.

Ruirk 52. It shall be the duty of any person having knowledge of the facts to notify
the local health officer within twenty-four hours after the death or removal of a person
affected with typhoid fever from any apartments.

Rutrk 53. Whenever typhoid fever prevails in a locality the local board of health
shall immediately appoint a competent inspector or inspectors to patrol the city, vil-
lage, or district involved. Such inspector or inspectors shall report to the local board
of health all water-closets, privies, vaults, and cesspools which are not fly proof, with
screened doors and windows; and all vaults and cesspools which are not water-tight,
dark, and fly proof. The local board of health shall thereupon enter its proper order
in the premises to the end that all such water-closets and privies shall be made fly
proof, and all such vaults and cesspools water-tight. dark, and fly proof.

RrcLE 54. Any drinking-water supply shown to be a positive or probable source of
drisease shall be condemned either by the local board of health or by the Minnesota
State board of health, and when so condemned, shall not be used again as a drinking-
water supply until declared safe by the condemning party.

A blank to be used by physicians and health officers for reporting
cases of typhoid fever has been prepared in the form of a card, the
two sides of which are here reproduced.

IRR 193—07——3
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REPORT OF A CASE OF TYPHOID FEVER.

Name in full

(Be specific in answering the following three questions, giving name of street, house number, or other
definite statement, such as name of farm, camp, mine, ete., in order that the patient may be definitely
located.)

Age . Sex . Occupation
Residence when taken ill
Place where employed when taken ill
Present address
First taken sick with typhoid fever: Year
First seen by a physician: Year
Name and address of first attending physician .
Total number of people living in house when patient was taken ill

Month Day .

Month

Day

[Reverse side.]

Where was patient living during the three weeks before illness began?
(Name all places, with date of residence at each place.)

Are any intimate associates of patient sick with typhoid fever?
(Father, mother, child, brother, sister, husband, wife, fellow boarder, ete.)

If so, give present address of such associates
Source of milk used by patient
(Name and address of milkmen.)

Source of drinking water used by patient before illness began

(Name and location of well, stream. lake, or other water source.}
Present status of case: (Still sick; recovered; convalescing; dead).
Physician’s view of source of infection
Filled out by Dr. of , Minn.
Date of report , 190—.

One of the chief difficulties 1n the control and -arrest of typhoid
fever is the failure on the part of local authorities to realize that it is
preventable and to make a careful canvass of the localities for the
purpose of obtaining accurate data, such as that required in the
above blank.

The State board of health is frequently asked to make examina-
tions of water as a basis for action or recommendation in a given
locality when no data are available to show which, if any, water is
the cause of disease. It is hoped that the habit of securing full and
accurate data will result in the education of the people of the State at
large concerning the various vehicles of infection in typhoid fever
and the means of arresting it.

A notice similar to the following should prevent the spread of
typhoid fever pending the determination of the exact cause of the
disease. The wording of this notice was suggested by Dr. H. W.
Hill, assistant director of the laboratories of the Minnesota State
board of health, and has been found very efficient.
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TO THE CITIZENS OF ——.

Typhoid fever is epidemic in The Minnesota State board of health is inves-
tigating this epidemic to find its exact source. Meantime govern yourselves as fol-
lows: .

1. Typhoid fever is contracted solely through the mouth. If you do not put the
poison of typhoid fever into your mouth you will never contract typhoid fever.
Therefore, watch the mouth.

2. Do not eat or drink anything (water, milk, oysters, fresh vegetables, or any-
thing else) unless it has first been boiled, broiled, baked, roasted, fried, or otherwise
thoroughly heated through and through.

3. Do without all food or drink which has not first been thus heated. Canned or
bottled foods or drinks (other than milk or water) are not included in this.

4. Ii living in the same house with a typhoid patient, do not handle your own food
or food intended for anyone else, even if it has been heated, except with hands that
have been thoroughly washed with soap and very hot water; preferably also with
antiseptics. (Ask your physician about the antiseptic to use.) Wasn before every
meal in this way and before cooking, serving, or eating anything or putting the fingers
in the mouth.

5. Ii there are flies, roaches. or other insects or vermin about, see that all food and
drink is protected from them at all times. Flies and other insects often carry typhoid
poison to foods and drinks.

6. The poison of typhoid fever does not show itself for two weeks after it enters the
body. Therefore for the next two weeks typhoid cases may develop from typhoid
poison already taken in; but any case which develops on and after (a date two weeks
later than the date of the placard) will be due solely to neglect of this notice and failure
to carry out minutely the directions here given.

OTHER WATER-BORNE DISEASES.

There is no evidence that there are any other important water-borne
diseases in Minnesota. It is possible that hog cholera among animals
should be considered in the category.

STREAM POLLUTION.

SEWAGE.

Fifty-seven settlements in the State are more or less completely
equipped with sanitary sewerage systems. Most of the cities in the
State are situated on flowing streams, which are thus convenient recep-
tacles for city sewage. In 1885, recognizing the fact that this would
result in dangerous pollution, the State legislature passed a law
entitled “An act to prevent the pollution of rivers and sources of
water supply,”’® which prohibits the discharge of sewage, drainage,
refuse, or other polluting matter dangerous to health into any surface
waters used as a source of municipal supply. The act also givesthe
State hoard of health supervision over all municipal water supplies
and the power to institute legal proceedings against violators of the
statute. Notwithstanding the provisions of this law, sewage-purifica-

a Chapter 225, secs. 1-7, laws of 1885, approved March 7, 1885.
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tion plants have not been generally established in the State, so that
stream pollution has not been materially checked. At the State hos-
pital for the insane at Rochester a system of precipitation and filtra-
tion was put into operation in 1890. Improvements are contem-
plated. In 1904 a purification system consisting of a septic tank
combined with coatact and intermittent sand filters was installed at
the State insane asylum at Anoka. A few villages have made unsuc-
cessful attempts to comply with the requirements of the statute by
establishing sewage-purification plants. The large cities, however,
without exception, discharge raw sewage into adjacent bodies of
water.

INDUSTRIAL WASTES.

Dangerous efftuents from manufacturing establishments are not
vet of serious importanee in Minnesota. In the spring of 1905 inquiry
was made to ascertain to what extent manufacturing wastes cause
stream pollution. From replies received from 174 municipalities the
following list has been prepared:

TaBLE 14.—TIndusirial establishments causing streant pollution.

Estab- Estab-
Industry. lish- Industry. lish~

ments. i ments.
Breweries. ... ...l 73 I Slaughterhouses........................ 224
Creameries. - .. .......ccooeooooooeee. . | 138 || Soap WOTKS ... ..._................... 8
Dyehouses. - .o.owieeee i ! 13 || Starch factories. ....................... 8
Gas works.......... . 14 |' Sugar factory... .. 1
Paper mills......... o 6 || Tanneries....... .. 12
Rendering works. .. A 19 || Woolenmills ...... . ... 12
Sawmills. ... ... 98

From this table it appears that there are in the State few factories
that emit deleterious wastes. With the exception of the sawmills the
establishments noted are generally small. Though probably some
establishments were not reported because they are located outside of
organized villages or cities, vet the list represents with fair accuracy
the possible foci of pollution from industrial wastes. The kinds of
plants whose wastes cause so much trouble in other sections of the
country are either small or are entirely absent. No bleacheries, cot-
ton mills, distilleries, galvanizing works, nitroglycerin factories, petro-
leum refineries, strawboard mills, or tin-plate works were reported
from any part of the State. The effluents trom the majority are
not discharged directly into streams, but are either consumed or
decomposed on the ground. In comparison with large manufactur-
ing centers in the East, stream pollution by industrial wastes is-an
insignificant factor in Minnesota.

The trouble from sawmills is caused by three different classes of
waste: First, by organic matter dissolved in the water from the logs
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which lie in the lakes and streams from the time they are run till
they are sawed; second, by excreta from the lumbermen themselves,
who are constantly in the water for the purpose of sorting and guiding
the logs; third, by sawdust and other minute waste. The latter cause
of trouble is the most evident one, and has the effect of forming nuclei
for the growth of organisms and of obstructing the free flow of the
water. In reports of the U. S. Engineering Corps it is stated that
many of the bars in Mississippi River above Lake Pepin are composed
largely of sawdust and that the material has been found by dredging
as far south as Winona.® It is evident that the distribution of this
material over the beds of streams is anything but favorable to the
hydrolysis of other more dangerous pollutions, and in view of the
fact that it has a certain commercial value, this disposal of it seems
not only unsanitary, but wasteful.

MISSISSIPPI RIVER BASIN ABOVE MINNESOTA RIVER.
GENERAL DESCRIPTION.
BOUNDARIES.

Mississippi River basin above Minnesota River is bounded on the
east by St. Louis and St. Croix drainage areas; on the north by
Rainy River basin; on the west by the basin of Red River; on the
south by Minnesota River drainage area. (See PI. II.)

SOURCE, COURSE, AND SLOPE OF THE RIVER.

The determination of the primal source of Mississippi River has been
the cause of much controversy among explorers and geographers, by
whom one or another of various small lakes has been considered the
body of water in the Mississippi system that lies most remote from the
Gulf of Mexico and stands at the highest elevation above it. For the
purposes of the present report it is sufficient to state that the head-
watersof the Mississippi lie within ItascaState Park, a tract of reserved
land in Clearwater County, a detailed survey of which was made by
the Mississippi River Commission.? Lake Itasca, which is the largest
body of water within this park and which may be regarded as the
source of the river, is in its north-central portion. The lake is long
and narrow and is divided at its upper or southern end into an east
and a west fork, each of which is connected by small creeks with other
bodies of water. It is about 7 miles long and one-half mile wide and
has an average depth of 20 feet. Tts shores are generally swampy;
indeed, a great part of the Ttasca reservation is wooded swamp land,
in some parcs of which it is difficult to determine the direction of the
water flow.

aAnn. Rept. Chief of Engineers, U. S. Army, for 1882, p. 1750; also for 1881, p. 1679.
bMap of Lake Itasca Basin, Minnesota, within Itasca State Park, Mississippi River Commuission, 1900,
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The river is 10 to 20 feet wide where it issues from Lake Itasca, at
the northern boundary of the park, whence it meanders through a
narrow, marshy valley northeastward to Lake Irvine, 1 mile above
which it is joined by Schoolcraft River, a small stream draining Lakes
George and Plantagenet. Lake Irvine, which is nearly circular in out-
line, has an average diameter of 1 mile and a general depth of 20 feet.
After leaving Lake Irvine the river traverses a narrow neck of land
to Lake Bemidji, which is approximately 5% miles long and 2} miles
wide at its widest part. There is a perceptible current across this
lake in a channel having a depth of 50 feet. The river is 60 feet wide
and 1 to 3 feet deep at the lake outlet, and falls over intermittent
rapids by a tortuous course to Cass Lake, a body of water that meas-
ures 9 miles from the point of entrance of the river to its place of exit
at the northeast corner. A marshy tract, which at ordinary stages
has no definite current through it, connects this lake at its southern
extremity with Pike Bay, an oval lake having a circumference of 25
miles. From Cass Lake the river flows in a tortuous course about 15
miles eastward to Lake Winnibigoshish, a rectangular body of water
about 6 miles wide and 12 miles long. A dam is maintained at the
outlet of this-lake. From the northeast corner of Lake Winnibigo-
shish the river flows generally southeastward as a sluggish, meander-
ing stream, through bogs and marshes, to Pokegama Falls, where a
concrete dam has been constructed. Four miles below this point, at
Grand Rapids, there is another fall.

Between Lake Winnibigoshish and Pokegama Falls, Vermilion
River and Leech Lake River enter the Mississippi from the south.
Leech Lake River is the outlet of Leech Lake, a large, irregular-shaped
body lying south of Cass Lake in Cass County.

From Grand Rapids to Aitkin, a distance of 130 miles, the Missis-
sippi is navigable for light-draft steamers, which make regular trips
during the open season. Swan, Sandy Lake, and Mud rivers enter
the Mississippi from the east above Aitkin. Between Aitkin and
Brainerd there are several falls, the principal of which are Big Eddy,
Island, and French Rapids. Pine River enters from the west between
these two cities. Ten miles below Brainerd Crow Wing River enters
from the west. From Brainerd to Little Falls the stream consists
of short stretches of rapids with intervening reaches of still water.
At Little Falls there is a developed head of 12 feet. The bed of the
river from Little Falls to Minneapolis is steep and the current rapid
as compared with the other parts. The average slope in this stretch
is 2.6 feet per mile. (See fig. 1.) The descent is, however, by no
means even or regular. From Little Falls to St. Cloud there are sev-
eral series of rapids,and at St.Cloud there is a fall of 14.5 feet. Sauk
River enters from the west just above St. Cloud. Rapids and still-
water siretches occur alternately between St. Cloud and Anoka, where
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Rum River, the outlet of Millelacs, enters. Crow River, an impor-
tant stream draining much of the southern part of the upper Missis-
sippi area, enters a few miles above Anoka. Below Anoka the descent
of the Mississippi is rapid. At Minneapolis the river falls 77 feet in 4
miles, and in this stretch it enters the deep, wide valley of its lower
course.

From Lake Itasca to Minnesota River, a distance of 540 miles,
Mississippi River has a total fall of 776 feet, which is an average
slope of 1.4 feet per mile. (See fig. 1.)
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¥16. 1.—Profile of Mississippi River.
STORAGE RESERVOIRS.

The construction of dams in upper Mississippi Valley for the pur-
pose of retaining flood waters was begun by the War Department
in 1880. The original project ¢ was to construct forty-one reser-
voirs in Minnesota and Wisconsin for the purpose of collecting sur-
plus water to be released for the benefit of navigation during periods
of low water. Between 1880 and 1895 five rock-filled timber-crib
dams with earth embankments were built. In 1898 the replacement
of these wooden dams by permanent concrete structures was com-
menced. After this part of the work has been completed probably
no further reservoirs will be undertaken. Those now in operation
are as follows:

1. Winnibigoshish dam, at foot of Lake Winnibigoshish.

Leech Lake dam, at foot of Leech Lake.

Pokegama dam, at Pokegama Falls, 4 miles above Grand Rapids.
Pine River dam, at foot of Cross Lake.

Sandy Lake dam, between Sandy Lake and Mississippi River.

g

a Ann. Rept. Chief of Engineers, U. 8. Army, for 1904, pt. 1, p. 422.
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TaABLE 15.—Storage reservoirs in upper Mississippi Valley.a

Area of freservoir \

surface. .
Area of JHeight ofl Reservoir
watershed. High ! Low \ dam. ' capacity.?®
| water. water. i

- T

Reservoir.

|
N - Sq. miles. |Sq. miles.|Sq. miles.| Feet. Cubic feet.
Winnibigoshish. . 1,442.43 161.26 117.00 14 ¢ 45,000.000,000
Leech Lake..... . 1,162. 80 233.80 173.19 6 { 30,000,000,000
Pokegama.. . 660. 23 45.29 24.13 9 4,700,000, 000
Pine River. . 562.07 23.76 18.30 17 7,500, 000, 000
Sandy Lake.... ..o . [ 421.50 16. 52 8.00 7 3,158,000,000

90, 358, 000,000

a Ann. Rept. Chief of Engineers for 1894, pt. 3. p. 1704.
b Ann. Rept. Chief of Engineers for 1900, p. 2798.

The total storage given above would be sufficient to supply the
river with 11,000 second-feet for ninety days, though it is of course
impossible to discharge the water at that rate, and the reservoirs
are not filled to their maximum capacity. Records giving the dates
for releasing the water and its effect at St. Paul¢ show that a release
at Pokegama Falls is followed by a rise at St. Paul in seven or eight
days, and that the full effect appears in twelve days, making the
mean time ten days. The rise is about 1 foot at St. Paul. This
would indicate that it takes eight days for water to travel from
Pokegama Falls to St. Paul, a distance of 350 miles.

TRIBUTARIES OF MISSISSIPPI RIVER.

The drainage areas of the principal tributaries of Mississippi River
above Minnesota River are given in the following table:

TaBLE 16.— Principal tributaries of Mississtppr River above Minnesota River.b

[Drainage area in square miles.]

Leech Lake . L 1,001

PN . . . i 788

Crow WinE . o oottt 3, 562

SatK . il 981

CTOW - - il 2, 961

Rum .« . i 1.542
GEOLOGY.

The greater part of upper Mississippi Valley is underlain by
Archean and Algonkian rocks, a few scattered outcrops of which
appear in the beds of streams. Along the western border and in
the northern third of the area alkaline formations of Cretaceous age
overlie the early rocks. Cambrian and Ordovician limestones, sand-
stones, and dolomites occur in a comparatively small section of the
southern part of the area. Drift covers the entire area to depths

e Ann. Repts. Chief of Enginecrs for 1895 and 1896.
b Ann. Rept. Chief of Engineers, U. S. Army, for 1875, pt. 2, p. 437.
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ranging from 50 to 200 feet and furnishes the supply of water for
most of the wells. The river channels above Minneapolis are exca-
vated in drift. Below Minneapolis the Mississippi runs through a
deep, wide gorge cut in sedimentary rocks, a gorge formed above
Fort Snelling, probably, by the recession of St. Anthony Falls.

SOIL AND SUBSOIL.

The upper layers of the drift here contain less soluble mineral
matter than is contained in the drift of the prairie regions. This
difference may be due both to difference in climate and to differ-
ence in the character of the underlying formations. From published
analyses in bulletins of the agricultural experiment station, Univer-
sity of Minnesota, averages have been computed for samples of soil
taken from points in all parts of the upper Mississippi area. The
average composition of soils taken throughout the entire State is
given for comparison.

TABLE 17.— Chemucal composition of soil and subsoil in upper Mississippi basin.

Surface soil. Subsoil.
Upper Upper
Mississippii Entire [Mississippi| Entire
River State.o River State.a
basin. basin,
—
Insoluble in HCI. .. 86.92 79.92 87.27 82.41
Volatile matter. . .. 5.88 8.98 3.33 5.33
Potassium oxide (K. .23 43 .24 .40
Sodium oxide (Nas0) . .29 .45 .25 .32
Calcium oxide (€Ca0). . .68 1.29 .92 1.78
Magnesium oxide (MgO .40 .61 38 .80
Oxides of iron and aluminum (FeyO34 A1,03) . .. 4.88 7.20 5.85 8.32
Phosphoric anhydride (PoOs) ... ... ... ... ... .19 .20 17 17
Sulphuric anhydride (SOsz) ..o ... .07 .10 05 ! .06
Carbonic anhydride (COg)eeeeoeea ... .08 .62 30 .93
I

a Snyder, H., Characteristic features of Minnesota soils and conservation of fertility: Bull. Chem.
Div., Agric. Exp. Sta., University of Minnesota, No. 65, Nov., 1899, p. 69.

From Table 17 it is seen that all the alkaline and alkaline-earth
ingredients of the soils of the upper Mississippi region are lower than
the average in the soils throughout the State, and it appears, there-
fore, that the ground is less easily disin.egrated and carried off in
solution by the surface drainage. Tt will be noted, however, that
there is enough calcium and magnesium to cause the hardness always
observed in the water of Mississippi River. The soils in general con-
tain sand, and the particles are larger than those in Red River Valley
or in the southern part of the State. They are of much the same
chemical composition as those in the valley of St. Croix River, though
they usually contain more alkaline-carth compounds and more
organic or volatile matter.

a Winchell. N. II., Geology of Hennepin County, Final Rept. Minnesota Geol. and Nat. Hist. Survey,
vol. 2, p. 315.
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INDUSTRIAL POLLUTION.
KINDS OF POLLUTION.

From reports received in June, 1905, the following list has been
compiled to show the number of establishments likely to furnish
deleterious or undesirable wastes to streams in this region.

TaBLE 18.—Industrial establishments causing stream pollution in upper Mississippt River

basin.
BreWeries . . . i 18
Dye WorKs. Lo 6
Gas works........ e e e e e e 1
Papermills. . .o iiieiieiill.. 5
SaWINILLS . L e 36
Starch factories............ e 4
Sugarfactories. .. ... i 1
B 4 4T3 U Y 3
* Woolenmills......... e e e e 3
LUMBERING.

Lumbering and its attendant industries are the sources of a great
amount of the organic matter in the surface waters of this section.
Almost the entire area was formerly covered by pine forest. At
present nearly all the standing timber is north of Brainerd, compris-
ing an area extending eastward from the headwaters of the Mississippi.
The supply of lumber is rapidly diminishing, so that in a few years
this enormous industry will no longer be first in rank. Table 19
shows the total number of feet of logs sawed in the second lumber
district of Minnesota from 1891 to 1904. Though the figures include
a small amount sawed at Red Wing and at Hastings on the lower
river, they practically represent the sawmill industry of the region
under consideration.

TasLE 19— Lumber sawed in second district of Minnesoto, 1891-1904.9

Year. Feet B. M. H Year. , Feet B. M.

425, 765,260 “\ 1898 533,179, 510

| 505,407,808 | 1899.. 678, 364, 430
o) o428)1720360 1900 604, 328, 390
[ 459862756 1901. 690, 147, 940
11 539,012,678, 1902-. L 576, 555,305
385,312,226 || 1903 500,965, 050

‘ 527,367,710 || 1904._ ... _.L.L.LIlLlIlLllllllll 557,717,210

The total cut in the same region during the winter of 1903-4 was
674,981,820 feet B. M.; during the winter of 1904-5 it was
536,701,660 feet B. M. The amounts sawed at certain points during
the calendar years 1903 and 1904 are shown on the page following.
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TABLE 20.—Lumber sawed in second district of Minnesota. 1903-4.a

Feet B. M. Number

Place -— - | ofem-

: ployecs

1903. 1904. in 1904, 6
Y 52,000,000 52,000,000 393
BemiAji. cee e 34,500, 000 30,540,000 , 430
Brainerd .. ...l 29,000, 000 29,600,000 ! 467
Cass LaKke ... .. i 15,500, 000 20. 000, 000 136
COnAaSSet . .o i 1,200, 000 1,200,000 |..........
Hastings @, . ... . 6.000, 000 4,000, 000 75
Tittle Falls . ..o i 57,366, 620 60. 284, 440 361
B 1 - 29,627, 500 31,000,000 291
MinneapoliS. ... ... i 328,434,590 ' 293,574,590 2,887
Park Rapids. ... ... 13, 500,000 ! 101
Red Winge . 7,500,000 100
Sauk Rapids. 8,290, 480 62
Ten Strike. .. 533,000 ..........
Turtle RIVeT. .. e 50, 2,288,700 ...__.....
Mills not included in above 3 4,000,000 ..........
537,717,210 . _........

aLetter from surveyor-general of logs and Inmber, second district of Minnesota.
b Ann. Rept. Comm. of Labor of Minnesota, 1903-4.
¢On Mississippi River below St. Paul.

The preceding statistics show the magnitude of the lumber industry
in this region. As noted on page 34, the three probable sources of
pollution of streams by this industry are the logs, the sawdust or other
waste, and the employees. Although the mills are provided with
huge stacks in which great quantities of the waste are burned for
steaming, much sawdust and bark reach the streams, especially during
floods. This material deposits at certain places so as to obstruct the
flow of the river; later it decays and gives the water a vegetable or a
moldy odor.

The logs are kept in the water from the time they are first floated
until they are sawed. It is probable that extract from the logs during
this long-continued soaking forms an appreciable part of the vegetable
matter in the water. It is worthy of note that the most highly
colored surface waters are found in those areas in which lumbering is
most extensively practiced.

The men who handle the logs, the ‘“lumber jacks,” practically
inhabit the streams and are constantly in them. They commonly
micturate and defecate in the streams or in places near them, whence
their bodily excretions are directly transferred to the water. At Min-
neapolis, where several hundred men are employed in this manner,
just above the principal water intake, efforts have been made by the
city health commission to reduce this dangerous pollution by estab-
lishing closets on the banks of the river.s

a Rinker, Cappelen. Haven, Report of commission appointed by the city counecil of the city of Min-
neapolis to investigate and report the best method of filtration of water from the Mississippi River,
1904, p. 5.

~—
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ment of pathogenic organisms. In most cases the efHluents contain
valuable ingredients for which research has found or will find some
economical method of recovery,

MUNICIPAL POLLUTION.
PROBABILITY OF POLLUTION.

In the discussion of probable pollution from centers of population
it should be remarked that there is always drainage of some sort from
every collection of people, whether it consists of one family or ten
thousand, and whether it is connected with an adjacent stream by
sewers or by surface washing. The dejecta of one infected household
has caused typhoid epidentics as disastrous as those originating from
a sewered city, though the probability of infection is less. Therefore
the surface water from an inhabited area is always liable to infection.
The prospect of pollution is uncertain and depends upon many factors
other than the population per square mile. Climate, geology, the
chemical quality of the water, rate of stream flow, dilution, the
virility of tke organisms, as well as their food supply, and many
other conditions influence the distance which the pathogenic bacteria
may be borne by water. Recent investigators with cultures of B.
typhosus in permeable sacs found the organism able to retain its vital-
ity from six to ten days in the water of Lake Mendota, Wis., four to
eight days in Lake Michigan water, three to five days in raw sewage,
and one to three days in Chicago River. Other bacteriologists have
found longer periods of survival.2 In view of the fact, therefore, that
the life period of B. typhosus in water is variable and at present not
determinable with any degree of safety, it is well to assume that no
surface water coming from an inhabited area should be used as a
municipal supply without artificial purification. Cities that use raw
stream water as a public supply are always in danger of typhoid
epidemics and generally have higher typhoid rates than those that
procure their domestic supplies in some other manner.

POPULATION.

Application of the general principle stated above to upper Missis-
sippi River demonstrates that its waters are not suitable for municipal
use without filtration. Table 22 shows the distribution of population
by counties in the drainage area for the years 1890, 1900, and 1905.
Table 23 shows the density of population in the region. The method
used 1 dividing the total population of a county between two or more

a See Eng. Record, Dec. 24, 1804; Sept. 23, 1905; Jour. Infectious Diseases, vol. 1, No. 4; Testimony,
State of Missouri v. Sanitary District of Chicago, p. 2600 et seq.
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drainage areas was as follows: The population of villages and cities
exceeding 1,000 was subtracted from the total population of the county,
and the remainder was divided according to the areas of the county
sections in cach drainage basin; the population of each settlement was
then added to that of the basin in which the settlement is located.

TaBLE 22.—Population in upper Mississippi River basin.

U. S cen- S cen- | State cen-
County. sus of 1890. i of 1900. | Sus of 190
|
ARKIN . s 2,262 ’ b, 355 8,851
Anoka 9, 884 10,939 11,673
Becker 2,630 3,772 5,063
Beltram 212 5,132 a 7,304
Benton 6,284 9,912 11, 256
Carlton. ... ..o i 54 1,389 1,609
S - e e e ettt e e e 1,247 7,777 11,012
L0255 4,774 5,126 5,209
[0 CC 0 7 R P al,409
Crow WD . L et e | 8, 852 14, 250 16 731
DOUZIAS - - - e e e e oo e e e e e e e e e 8,598 10,730 11,398
Hennepin. . ... il 183, 566 226, 428 290,719
HUubbard. . .. ' L412 6,578 9,008
Isanti..... JE | 7,372 11,303 12, 489
TEASCA .+« we e e eeeeeee e et e e e e e e e | 543 2,934 6, 749
Kandiyohi. ... ... .o 6,086 7.502 7,787
MeLeod . - o e e 14,594 16,795 16, 556
. (L35 15,456 17,753 17 953
MLELACS . ¢ et et e e e e 2,645 7,706 9,476
B ) o T+ WU 13,325 22, 891 24,584
Ottertail. ... .. i 9,693 12, 358 13,025
0 1,881 2,289 2,329
RAIISY - - o oot et e e et e e et 3,320 3,745 4,654
RenvVIIe. . .o o 4,106 5,412 5,696
Sherburne. ... ... ' 5,908 7,281 7,961
Stearns..... 34,844 44, 464 47,120
12,0, 22,214 24,638
4,053 7,921 9,317
_______________________________ 24,163 29,157 29, 467
Chippewa Reservation ... ... ........oeeeeivemeeennnmninaanaa... (0) ®) 1,920
301,188 | 530,173 632,963
1

a Clearwater County organized froni part of Beltrami County since 1900.
b Included under county populations in U. 8. censuses.

TasLe 23.—Density of population in upper Mississippr River basin.

‘ Inhabltants por sqnare

Above Grand Rapids:

Entirearea.. ... ... .. ... ... ...,
Excluding chief settlements. ... ... ... ... .. ...

Above St. Cloud:

Entire area...... ... . ... ... ... ...
Excluding chief settlements..........................

Above Minneapolis:

Entire area. .. ... ool
Excluding chief settlements......._.................

Above Minnesota River:

Entire area............. ...
Excluding chief settlements....... ... ... . ........

Drainage

area. | | .

1890. ' 1900. | 1905.

Sgquare miles. ! 5 0 6
_______ 0.6 3 5.3
....... \‘} 23,665 1y ,6\ 3.0 47
....... ol 761 125 14.7
_______ booessn { 6.4\ 0.1 1Ls
....... Jlfrel o166 18.2
_______ ‘} © 19,585 { 2.3 140 15.0

i

_______ 19.8 269 32,1
....... } € 19,731 { 9.4. 142| 154

a Ann. Rept. Chief of Engineers, U. 8. Army, 1875, pt. 2, p. 437.
b U. 8. Water Power Census, vol. 2, 1880, p. 138.
¢ Ann. Rept. Chief of Engineers, U.s. Army, 1894, pt. 3, p. 1704.
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The present density of population for the entire area is considerably
higher than that for the State (25 per square mile). Excluding Min-
neapolis, the population of which is over one-third of the total, the
density 1s about 20 persons per square mile. This is not high as com-
pared with some parts of the United States. Sincg, however, nearly
50 per cent of the inhabitants are concentrated in cities and villages
that stand on the banks of the principal streams and are sewered
directly into them, there is abundant opportunity for water pollution.
It should be noted that the population is rapidly increasing, so that
the pollution is likely to be much greater.

CONDITIONS ON THE MISS1SSIPPI.

General conditions.—P). 11 shows the hydrography of the region
and the location of all settlementsexceeding 1,000 population according
to the censusof 1900. Those which have established sewerage systems
are indicated by a vertical bar within the population circle. The
most noticeable features are as follows: (1) All the settlements except
one are in direct stream connection with Mississippi River, since they
are situated on the banks of either the main stream or one of its tribu-
taries; (2) the majority of urban centers are in the southern half of the
area; (3) the four larger cities, aggregating 285,385 inhabitants, or
45 per cent of the total population in the basin, are on the main stream
and are connected directly with it by sewerage systems discharging
sewage without purification.

Conditions at Grand Rapids—The portion of the basin above Grand
Rapids is one of the least populated areas in the State, and it may
still be called an undeveloped region. Bemidji, on Lake Bemidji;
Walker, on Leech Lake; and Cass Lake, on Cass Lake, are all small
villages. Much of this area is included in Indian reservations and
comprises considerable timber and swamp land. Three of the largest
lakes in the State are situated in this section.

Conditions at St. Cloud.—The portion of the basin above St. Cloud,
which includes about 70 per cent of the upper Mississippi basin, is
principally deforested land now cultivated. The chief sources of
river pollution above St. Cloud are given in Table 24.
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TaBLE 24.—Principal settlements above St. Cloud.

| Djstancel Population.
Name. Stream, ahoveSt. -— - —
Cloud. ¢ 1890. 1900. 1905.

Aitkin. ...l Mississippi River..............._ 130 730 1,719 1,896
Alexandria............ ... ... Lake Agnes....... - 160 | 2,118 | 2,681 3,051
Bemidji... ......._......_....... Lake Bemidji..... .. 400 ... .. 2,183 3,800
Brainerd....._................... M ssissippi River.. 75 5,703 ’ 7,524 | 8,133
Grand Rapids..._......... .. __ Mississippi River.. 260 ... 1,428 2,055
Little Falls......._.._._......... Mississippi River.. 38 2,354 5,774 5,856
Long Prair.e Long Prairie River.. . 120 1,206 | 1,385 1,256
Melroge....... Sauk River........ . 50 780 1 1,768 2,151
Park Rapids Fishhook River. .. 140 ........ 1,313 1,719
Sauk Center...... ... .. .. ... Sauk River__...... 700 1,695 0 2,220 2,463
Sauk Rapids............. . .. _. Miss:ssippi River.. 2, 1,1851 1,391 1,552
Staples. ..o . Crow Wing River. .. 94 8421 1,504 2,163
Wadena....... ... ... ..... Tnion Creek............o........ 110 © 895 1,520 1,868

Total urban population. . ‘V ............................................. | 17,515 | 32,410 ; 37,963
|

a 8t. Cloud is 76 miles above Minneapolis.

Conditions at Minneapolis.—The pollution above Minneapolis has
been discussed by the Minneapolis water commission, which rec-
ommended that Mississippi River at this point should be purified by
slow sand filtration.¢ The length of time for the passage of water
from Grand Rapids to St. Paul at low-water stage has been calcu-
lated by the U. S. Engineering Corps as eight days. From the slope
of the river (fig. 1) and the fact that the typhoid bacillus has lived
for three to ten days in water similar to that of Mississippi River, it may
be considered probable that Minneapolis is not exempt from infection
by several cities on its watershed. In addition to the urban pollution
there are farmhouses and other isolated dwellings scattered along the
river, infection from which might reach the city. The principal set-
tlements on the stream, with the distance above Minneapolis, and
their population, are given in the following table. Comparison of
the populations for successive censuses shows that nearly all of these
places are growing rapidly.

TaBLE 25.—Principal settlements above Minncapolis.

Distance | Population.
ahove |~ ~—
Name. Stream. . ! j
Minne- -
apolis. 1890. | 1900. 1905.
— I ——
Miles.
Settlements above St. Cloud._...|.......... ... o 17,515 | 32,410 | 37,963

(See Table 24, above.)
Anoka. .
Buffalo.

Glencoe. 85 | 1,649 | 1,780 1,805
Hutchins 100 1,414 | 2,495 2,489
Litchfield Jewett Creek...... P 105 | 1,899 | 2,280 2,415
Milaca J Rum River....... ... 95 404 | 1,204 1,319
Princeto 4 Rum River. ..ol 80 | 816 | 1,319 1,704
St. Cloud. .... .t Massissippi R 6| 7,686 | 8,663 9, 422

White Bear Lake......... ) White Bear Lake............ o 40 1,35 | 1,288 | 1,724

Total urban population.... 56,248 | 64,018

a Rinker, Cappelen., and Hazen, op. cit. b Locally known as Hassan River,

IRR 193—07——4
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TYPHOID FEVER.

The relations between the principal settlements and the streams,
as shown in Pl II, counterbalance to some extent the compara-
tively low population per square mile and explain the prevalence of
typhoid fever. Aitkin takes its domestic supply from Mud River.
Brainerd, below Aitkin, uses Mississippi River water, as do also
Little Falls, St. Cloud, and Minneapolis, all without filtration. Each
in turn discharges sewage directly into Mississippi River without puri-
fication. In this manner each is exposed to infection from its neigh-
bors above and subjects its neighbors below to additional danger.
Epidemics of typhoid fever have visited nearly every community in
the area, and the disease is always prevalent. Records at Minneapo-
lis are as follows:

TABLE 26.—T'yphoid fever at Minneapolis. ¢

. | Typhoid | Ratio of

Year. Typhoid | Typhoid | death 'deaths to
. cases. deaths. |rate per cases

100,000.% |(percent).

583 93 | 54.7 16

462 76 ; 4.7 16

1,080 134 | 74. 4 12

847 101 | 56.2 | 12

740 88 48.8 | 12

435 60 31.6 - 13

1,534 148 77.9 9

) 86 ! 43 12

537 71 35.5 13

376 79 39.5 21

630 121 57.6 ! 19

320 66 28.7 | 21

720 95 39.5 | 13

738 103 41.2 : 14

T ; .................... ‘ 48.1 i 14

a Hall. Dr. P. M., Ann. Rept. Dept. of Health, Minneapolis, 1904, p. 19.

b Population computed from the average annual increase shown by the censuses of 1890, 1800, and 1805.

The relationship of water supply and typhoid fever at Minneapolis
has been extensively investigated, and reports of the findings have
been published.¢ The severest epidemic in late years occurred in
1897, when 1,534 cases were reported, a record closely approached
in 1893, when there were 1,080 cases. In the first three months of
1904 there were over 450 cases, with 61 deaths. A study of the prog-
ress of the disease for several years has shown that the severest
epidemics occur after the introduction of water from the two lower
pumping stations,® while the least typhoid is reported when the
supply is drawn exclusively from stations at the northern limits of

aRinker, Cappelen, Hazen, Rept. of Minneapolis Water Comr:ission, 1604; Iall, Dr. P. M., Ann. Repts.
Dept. of Health of Minneapolis; Corbett, Dr. J. F., Typhoid and water supply: Ann. Rept. Minneapo-
lis Dept. of ITealth, 1904, p. 27; Smuth, E. G., The Mississippi River as the Source of Water Supply for
the Tnhabitants of the Mississippi Valley: Jour. New Eng. Waterworks Assoc., 1905, vol. 19, p. 21F;
Bass, F. 11., An epidemic of typhoid fever in East Minneapolis: Eng. News, March 3, 1904, vol. 51, p. 20;.
b See p. 63 for location of intakes.
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the city. Continued bacteriological examinations of the water for
more than 100 miles above the city have demonstrated the pollution of
the river water.

At St. Cloud well-marked epidemics have occurred and the disease
has seldom been absent. In twenty-one months from November 1,
1900 to August 1, 1902, 154 cases were reported, with 12 deaths. In
1901 a general spread of the disease over the city was attributed to
infection of the water supply by seepage from the sewer of a hosiptal
at which typhoid patients were being treated. The supply, which is
taken from Mississippi River without filtration, has been repeatedly
condemned by the State board of health.

The records of deaths from typhoid fever indicate that the disease is
not confined to the cities, but is prevalent as well in the rural districts.

QUALITY OF WATER.

Samples of water were taken at points in the basine above and
below the principal settlements, and examined for the purpose of
ascertaining the general characteristics of the stream water and the
changes that might oceur in it from place to place. Since it was
not possible, on account of the expense, to make weekly or even
monthly examinations of water fron: all stations, the samples were
collected in series under conditions as nearly similar as practicable.
Series I of Table 27 was taken during the late fall and early winter
of 1903; Series 11 was collected du<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>