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PREFACE

This report was prepared by the U.S, Geological Survey in co-
operation with the States of Illinois, Iowa, Kansas, Minnesota,
Missouri, Montana, South Dakota, Wisconsin, Wyoming, and with
other agencies, by personnel of the Water Resources Division,
E. L. Hendricks, chief hydrologist, G, W. Whetstone, assistant
chief for Scientific Publications and Data Management, under
the general direction of G, A, Billingsley, chief, Reports Section,
and B. A, Anderson, chief, Data Reports Unit,

The data were collected under the supervision of district
chiefs of the Water Resources Division as follows:

C. R, Collier....ccceeeeernereccereecneennsaaSt, Paul, Minn,
R, J. DINgman,...cceeeeeeneereceeeneeesess. Lawrence, Kans,
H, M, Erskine....cccceeeerreeceneenensea. Bismark, N, Dak,
C. L. R, Holt, Jr...cceevvveeevenense....Madison, Wis,
Anthony HOMYK.....eeeerererecececncacsssenesesas ROIlA, Mo,
C. W. Lane....ccceverererareceseensensesess Helena, Mont,
K. A, Mac Kichan.........c.c.eeeueee... Lincoln, Nebr,
W. D. Mitchell,.....cceceereereneeneness...Champaign, Il1,
E. A, Moulder....cccceeeeeerencnceneseseneas . DENVEL, ColO,
J. E. Powell,.....cceeuveeereecereneceenes Huron, S, Dak,
L, A, Wiard.....cceeeseeenesconceseensensses.Cheyenne, Wyo,
S. W. WiitalaeieieererseesroresossesanssessclOWa City, lowa
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QUALITY OF SURFACE WATERS
OF THE UNITED STATES, 1967

Parts 5 and 6

INTRODUCTION

The quality-of-water investigations of the United States Geo-
logical Survey are concerned with chemical and physical charac-
teristics of the surface and ground water supplies of the Nation,
Most of the investigations carried on incooperation with State and
Federal agencies deal with the amounts of matter in solution and
in suspension in streams.

The records of chemical analysis, suspended sediment, and
temperature of surface waters given in this volume serve as a
basis for determining the suitability of waters for various uses,
The flow and water quality of a stream are related to variations
in rainfall and other forms of precipitation, In general, lower
concentrations of dissolved solids may be expected during periods
of high flow than.during periods of low flow, Conversely, the sus-
pended solids in some streams may change materially with rel-
atively small variations in flow, whereas for other streams the
quality of the water may remain relatively uniform throughout
large ranges in discharge.

The Geological Survey has published annual records of chem-
ical quality, water temperature, and suspended sediment since
1941, The records prior to 1948 were published each year in a
single volume for the entire country, and in two volumes in 1948
and in 1949, From 1950 to 1958, the records were published in
4 volumes; from 1959 to 1963 in 5 volumes; and since 1964 in
6 volumes, The drainage basins covered by the six volumes are
shown in Figure 1, The shaded area in Figure 1 represents the
section of the country covered in this volume for the water
year 1967 (October 1, 1966 to September 30, 1967),

To meetinterim requirements, water-quality recordshave been
released by the Geological Survey in annual reports, beginning
with the 1964 water year, by State, These reports are entitled,
"Water Resources Data for (State), Part 2, Water Quality

1



2 QUALITY OF SURFACE WATERS, 1967

Records." Distribution of these reports is limited and primarily
for local needs. Any revisions or corrections found necessary
to the records published in these annual State reports have been
made and published in this volume without reference,

The records herein are listed by drainage basins in a down-
stream direction along the main stream. All stationsona
tributary entering above a mainstream station are listed before
that station. A station on a tributary that enters between two
mainstream stations is listed between them. A similar order is
followed in listing stations on first rank, second rank, and other
ranks of tributaries, In the list of water-quality stations in the
front of this volume, the rank of the tributaries is indicated by
an indention, Each indention represents one rank,

This report

HAWAII

Figure 1.--Map of the United States showing basins
covered by the six water-supply papers on quality
of surface waters in 1967, The shaded part repre-
sents the section of the country covered by this
volume; the unshaded part represents the section
of the country covered by other water-supply papers.

A station number has been assigned as an added means of iden-
tification for each stream location where regular measurements
of water quantity or quality have been made. The numbers have
been assigned to conform with the standard downstream order of
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listing gaging stations., The numbering system consists of 2digits
followed by a hyphen and a 6-digit number, The notation to the
left of the hyphen identifies the Part or hydrologic region used
by the Geological Survey for reporting hydrologic data, Thenum-
ber to the right of the hyphen represents the location of the sta~
tion in the standard downstream order within each of the 16 parts
(Fig, 1). The assigned numbers are in numerical order but are
not consecutive, They are so selected from the complete 6-digit-
number scale that intervening numbers will be available for future
assignments to new locations, The identification number for each
station in this report is printed to the left of the station name and
contains only the essential digits, For example, the number is
printed as 4-0100for a station whose complete indentification num-
ber is 04-0100.00,

Descriptive statements are given for each sampling station
where chemical analyses, temperature measurements, or sedi-
ment determinations have been made, These statements include
location of the station, drainage area, periodsof records available,
extremes of dissolved solids, hardness, specific conductance, tem-
perature, sediment loads, and other pertinent data. Records of
discharge of the streams at or near the sampling station are in-
cluded in most tables of analyses.

During the water year ending September 30, 1967, the Geo-
logical Survey maintained202 stations on 119 streams for the
study of chemical and physical characteristics of surface water,
Samples were collected daily and monthly at 150 of these locations
for chemical-quality studies, Samples also were collected less
frequently at many other points, Water temperatures weremeas~
ured continuously at 37 and daily at 77 stations, All surface
water samples collected and analyzed during the year have not
been included, Single analyses made of daily samples before
compositing have not been reported, Specific conductance is
determined and reported for almost all daily samples.

At chemical-quality stations where data are continuously re-
corded at the stream site (monitors), the records consist of daily
maximum, minimum, and mean values for each constituent
measured, More detailed records (hourly values) may be obtained
by writing the district office listed under Division of Work on
page 28.

Quantities of suspended sediment are reported for 61 stations
during the year ending September 30, 1967. Sediment samples
were collected one or moretimesdaily atmost stations, depending
on the rate of flow and changes in stage of the stream, Particle-
size distributions of sediments were determined at 32 stations,

444-057 O - 71 - 2
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Some of the stations for which data are published in this
volume are included in special networks and programs, These
stations are identified by their title, set inparentheses, under the
station name,

Hydrologic bench-mark station is one that provides hydrologic
data for a basin in which the hydrologic regimen will likely be
governed solely by natural conditions. Data collected at a bench-
mark station may be used to separate effects of natural from
manmade changes in other basins which have been developed and
in which the physiography, climate, and geology are similar to
those in the undeveloped bench-mark basin,

International Hydrological Decade (IHD) River Stations pro-
vide a general index of runoff and materials in the water balance
(discharge of water, and dissolved and transported solids) of
the world. In the United States, IHD Stations provide indices of
runoff and the general distribution of water in the principal
river basins of the conterminous United States and Alaska.

Irrigation network stations are water-quality stations located
at or near certain streamflow gaging stations west of the main stem
of the Mississippi River, Datacollected at these stations are used
to evaluate the chemical quality of surface waters used for irri-
gation and the changes resulting from the drainage of irrigated
lands. Prior to water year 1966, these data were published in
the annual water-supply paper series, '"Quality of Surface Water
for Irrigation, Western States,"

Pesticide program is a network of regularly sampled water-
quality stations where additional monthly samples are collected
to determine the concentration and distribution of pesticides
in streams whose waters are used for irrigation or in streams
in areas where potential contamination could result from the
application of the commonly used insecticides and herbicides.

Radiochemical program is a network of regularly sampled
water-quality stations where additional samples are collected
twice a year (at high and low flow) to be analyzed for radio-
isotopes, The streams that are sampled represent major drain-
age basins in the conterminous United States,

COLLECTION AND EXAMINATION OF DATA

Quality of water stations usually are located at or near points
on streams where streamflow is measured by the U.,S, Geological
Survey. The concentration of solutes and sediments at different
locations in the stream-cross section may vary widely with dif-
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ferent rates of water discharge depending on the source of the
material and the turbulence and mixing of the stream. In general,
the distribution of sediment in a stream section is much more
variable than the distribution of solutes, Itisnecessaryto sample
some streams at several verticals across the channel and es-
pecially for sediment, to uniformly traverse the depth of flow.
These measurements require special sampling equipment to
adequately integrate the vertical and lateral variability of the
concentration in the section, These procedures yield a velocity-
weighted mean concentration for the section,

The near uniformly dispersed ions of the solute load move with
the velocity of the transporting water. Accordingly,themean sec-
tion concentration of solutes determined from samples is a pre-
cise measure of the total solute load. The mean section concen-
tration obtained from suspended sediment samples is a less
precise measure of the total sediment load, because the sediment
samplers do not traverse the bottom 0.3 foot of the sampling
vertical where the concentration of suspended sediment is great-
est and because a significant partof the coarser particles in many
streams move in essentially continuous contact with the bed and
are not represented in the suspended sediment sample, Hence,
the computed sediment loads presented in this report are usually
less thanthe total sedimentloads, For most streams the difference
between the computed and total sediment loads will be small, in the
order of a few percent.

CHEMICAL QUALITY

The methods of collecting and compositing water samples for
chemical analysis are described by Rainwater and Thatcher
(1960, 301 p,). No single method of compositing samples is ap-
plicable to all problems related to the study of water quality,
Although the method of 10-day periods or the equivalent of three
composite samples per month generally ispracticed, modifications
usually are made on the basis of dissolved-solids content as in-
dicated by measurements of conductivity of daily samples, sup-
plemented by other information such as chloride content, river
stage, weather conditions and other background information of the
stream.

TEMPERATURE

Daily water temperatures were measured at most of the sta-
tions at the time samples were collected for chemical quality or
sediment content, So far as practicable, the water temperatures
were taken at about the same time eachday. Large streams have
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a small diurnal temperature change while small, shallow streams
may have a daily range of several degrees and may follow closely
the changes in air temperature. Some streams may be affected
by waste-heat discharges, The thermometers used for determining
water temperature were accurate to plus or minus 0,5°F,

At stations where continuously recording thermographs are
present, the records consist of maximum and minimum tempera-
tures for each day, and the monthly averages.

SEDIMENT

In general, suspended-sediment samples were collected daily
with depth-integrating cable-suspended samplers (U.S. Inter-
Agency, 1963, and 1952,) from a fixed sampling point at one ver-
tical in the cross section, A hand sampler was used at many sta-
tions during periods of low flow, Depth-integrated samples were
collected periodically at three or more verticals in the cross
section to determine the cross-sectional distribution of the con-
centration of suspended sediment with respect to that at the daily
sampling vertical. In streams where transverse distribution of
sediment concentration ranges widely, samples were taken at two
or more verticals to define more accurately the average concen-
tration of the cross section. During periods of high or rapidly
changing flow, samples generally were taken two ormore times a
day.

Sediment concentrations were determined by filtration-
evaporation method, At many stations the daily mean concentra-
tion for some days was obtained by plotting the velocity-weighted
instantaneous concentrations on the gage-height chart, The plot-
ted concentrations, adjusted if necessary, for cross-sectional
distribution were connected or averaged by continuous curves to
obtain a concentration graph, This graph represented the esti-
mated velocity-weighted concentration at any time, and for most
periods daily mean concentrations were determined from the
graph., The days were divided into shorter intervals when the
concentration and water discharge were changing rapidly. During
some periods of minor variation in concentration, the average
concentration of the samples was used as the daily mean concen-
tration, During extended periods of relatively uniform concen-
tration and flow, samples for a number of days were composited
to obtain average concentrations and average daily loads for
each period,

For some periods when no samples were collected, daily
loads of suspended sediment were estimated on the basis of water
discharge, sediment concentrations observed immediately before
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and after the periods, and suspended-sediment loads for other
periods of similar discharge, The estimates were further guided
by weather conditions and sediment discharge for other stations,

In many instances where there were no observations for
several days, the suspended-sediment loads for individualdaysare
not estimated, because numerous factors influencing the quantities
of transported sediment made it very difficult to make accurate
estimates for individual days, However, estimated loads of sus-
pended sediment for missing days inanotherwise continuous period
of sampling have been included in monthly and annual totals in
order to provide a complete record, For some streams, samples
were collected weekly, monthly, or less frequently, and only rates
of sediment discharge at the time of sampling are shown,

In addition to the records of quantities of suspended sediment
transported, records of the particle sizes of sediment are in-
cluded. The particle sizes of the suspended sediment for many of
the stations, and the particle sizes of the bed material for some
of the stations were determined periodically,

The size of particles in stream sediments commonly range
from colloidal clay (finer than 0,001 mm) to coarse sand or gravel
(coarser than 1.0 mm). The common methods of particle-size
analyses cannot accommodate such a wide range in particle size,
Hence, it was necessary to separate most samplesinto two parts,
one coarser than 0,062 mm and one finer than 0.062 mm, The
separations were made by sieve or by a tube containing a settling
medium of water. The coarse fractions were classified by sieve
separation or by the visual accumulation tube (U.S, Inter-Agency,
1957). The fine fractions were classified by the pipet method
(Kilmer and Alexander, 1949) or the bottom withdrawal tube method
(U.S. Inter-Agency, 1943),

EXPRESSION OF RESULTS

The quantities of solute concentrations analyzed in the labora~
tory are measured by weight-volume units (milligrams per liter)
and for reporting, are converted to weight-weight units (parts per
million), For most waters, this conversion is made by assuming
that the liter of water sample weighs 1 kilogram; and thus milli-
grams per liter are equivalent to parts per million (ppm),

Equivalents per million are not reported, but they can be
calculated easily from the parts per million data, An equivalent
per million (epm) is aunitchemical combining weight of a constit-
uent in a million unit weights of water, Chemical equivalence in
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equivalents per million can be obtained by (a) dividing the con-
centration in parts per million by the combining weight of
that ion, or (b) multiplying the concentration (in ppm) by the
reciprocals of the combining weights, The table below lists
the reciprocals of the combining weights of cations and anions
generally reported in water analyses. The conversion factors
are computed from atomic weights based on carbon-12 (Inter-
national Union of Pure and Applied Chemistry, 1961).

Results given in parts per million can be converted to grains
per United States gallon by dividing by 17.12,

The hardness of water is conventionally expressedinall water
analyses in terms of an equivalent quantity of calcium carbonate,
Such a procedure is required because hardness is caused by
several different cations, present in variable proportions, It
should be remembered that hardness is an expression in conven-
tional terms of a property of water, The actual presence of cal-
cium carbonate in the concentration given is not to be assumed,
The hardness caused by calcium and magnesium (and other
cations if significant) equivalent to the carbonate and bicarbonate
is called carbonate hardness; the hardness inexcessof this quan-

Conversion factors: Parts per million to equivalents per million

Multi- Multi-

Ion ply by Ion ply by
Aluminum (AI'3)...... 0.11119 lodide (I'Y)...ccvveeree. 0,00788
Ammonia as NHj1 ..., .05544 Iron (Fe *3).,ccceeeieee. 05372
Barium (Ba*?).,........ .01456 Lead (Pb*?)....... verne .00965
Bicarbonate (HCOz! ), ,01639 Lithium (Li*!)......... 14411
Bromide (Br-1) ....... .01251 Magnesium (Mg +2),.. .08226
Calcium (Ca*?)......... .04990 Manganese (Mn*2),... .03640
Carbonate (COz2)...... .03333 Nickel (Ni*?),.......... .03406
Chloride (C1-1)......... .02821 Nitrate (NO3!)......... .01613
Chromium (Crt6)...... .11539 Nitrite (NO;! )...... .. 02174
Cobalt (Co #2) ........... .03394 Phosphate (PO33 ).... .03159
Copper (Cu*?).......... .03148 Potassium (K*!),...... .02557
Cyanide (CN1)......... .03844 Sodium (Na+l)....... S.. 04350
Fluoride (F-1).......... .05264 Strontium (Sr*2),...... .02283
Hydrogen (H*)......... .99209 Sulfate (SO2 )......... .02082
Hydroxide (OH™1)...... .05880 Zinc (Zn+*2)....ccceueuens .03060

tity is called noncarbonate hardness., Hardness or alkalinity val-
ues expressed in parts per million as calcium carbonate may be
converted to equivalents per million by dividing by 50.



EXPRESSION OF RESULTS 9

The value usually reported as dissolved solids is the residue
on evaporation after drying at 180°C for 1 hour, For some waters,
particularly those containing moderately large quantities of soluble
salts, the value reported is calculated from the quantities of the
various determined constituents using the carbonate equivalent of
the reported bicarbonate, The calculated sum of the constituents
may be given instead of or in addition to the residue, In the
analyses of most waters used for irrigation, the quantity of dis-
solved solids is given in tons peracre-foot as well as in parts per
million,

Specific conductance is given for most analyses and was de-
termined by means of a conductance bridge and using a standard
potassium chloride solution as reference, Specific conductance
values are expressed in micromhos per centimeter at 25°C, Spe-
cific conductance in micromhos is 1 million times the reciprocal
of specific resistance at 25°C, Specific resistance is the resist=~
ance in ohms of a column of water 1 centimeter long and 1 square
centimeter in cross section,

The discharge of the streams is reported in cubic feet per
second (see Streamflow, p. 25) and the temperature in degrees
Fahrenheit, Color is expressed in units of the platinum-cobalt
scale proposed by Hazen (1892), A unit of color is produced by
one milligram per liter of platinum in the form of the chloro-
platinate ion, Hydrogen-ion concentration is expressed in terms
of pH units, By definition the pH value of a solution is the
negative logarithm of the concentration of gram ions of hydrogen,

An average of analyses for the water year is given for most
daily sampling stations, Most of these averages arearithmetical,
time-weighted, or discharge-weighted; when analyses during a
year are all on 10-day composites of daily samples with no miss-
ing days, the arithmetical and time-weighted averages are equiv-
alent. A time-weighted average represents the composition of
water that would be contained in a vessel or reservoir that had
received equal quantities of water from the river each day for the
water year, A discharge-weighted average approximates the com-
position of water that would be found in a reservoir containing all
of the water passing a given stationduring the year, A discharge-
weighted average is computed by multiplying thedischargefor the
sampling period by the concentrations of individual constituents
for the corresponding period and dividing the sum of the products
by the sum of the discharges., For most streams, discharge-
weighted averages are lower than arithmetical averages because
at rimes of high discharge the rivers generally have low concen-
trations of dissolved solids,
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A program for computing these averages by electronic digital
computer was instituted in the 1962 water year, This program
extended computations to include averages for pH values expressed
in terms of hydrogen ion and averages for the concentration of
individual constituents expressed in tons per day. Concentrations
in tons per day are computed the same as daily sediment loads.

The concentration of sediment in partsper millionis computed
as 1,000,000 times the ratio of the weight of sediment to the
weight of water-sediment mixture, Daily sediment loads are
expressed in tons per day and except for subdivided days, are
usually obtained by multiplying daily mean sediment concentrations
in parts per million by the daily mean discharge in cubic feet per
second, and the conversion factor, normally 0,0027,

Particle size analyses are expressed in percentages of
material finer than classified sizes (in millimeters), The size
classification used in this report agrees closely with recommen-
dations made by the American Geophysical Union Subcommittee
on sediment terminology (Lane and others, 1947). The particle
size distributions given in this report are not necessarily rep-
resentative of the particle sizes of sediment in transport in the
natural stream, Most of the organic matter is removed and the
sample is subjected to mechanical and chemical dispersion before
analysis of the silt and clay,

COMPOSITION OF SURFACE WATERS

All natural waters contain dissolved mineral matter, The
quantity of dissolved mineral matter in a natural water depends
primarily on the type of rocks or soils with which the water has
been in contact and the length of time of contact. Ground water
is generally more highly mineralized than surface runoff because
it remains in contact with the rocks and soils for much longer
periods., Some streams are fed by both surface runoff and
ground water from springs or seeps. Such streams reflect the
chemical character of their concentrated underground sources
during dry periods and are more dilute during periods of heavy
rainfall, The dissolved-solids content in a river is frequently
increased by drainage from mines or oil fields, by the addition
of industrial or municipal wastes, or-~in irrigated regions--by
drainage from irrigated lands,

The mineral constituents and physical properties of natural
waters reported in the tables of analyses include those that have
a practical bearingonwater use, The resultsofanalyses generally
include silica, iron, calcium, magnesium, sodium, potassium (or
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sodium and potassium together calculated as sodium), lithium,
carbonate, bicarbonate, sulfate, chloride, fluoride, nitrate, boron,
pH, dissolved solids, and specific conductance. Aluminum, man-
ganese, color, acidity, dissolved oxygen, and other dissolved con-
stituents and physical properties are reported for certain streams,
Phenolic material and minor elements including strontium, chrom -
ium, nickel, copper, lead, zinc, cobalt, and other trace elements
are determined occasionally for a few streams in connection with
specific problems and the results are reported. The source and
significance of the different constituents and properties of natural
waters are discussedinthe following paragraphs, The constituents
are arranged in the order that they appear in the tables,

MINERAL CONSTITUENTS IN SOLUTION
Silica (SiOZ)

Silica is dissolved from practically all rocks, Some natural
surface waters contain less than 5 parts per million of silica and
few contain more than 50 parts, but the more common range is
from 10 to 30 parts per million, Silica affects the usefulness of
a water because it contributes to the formation of boiler scale; it
usually is removed from feed water for high-pressure boilers.
Silica also forms troublesome deposits on the blades of steam tur-
bines,

Aluminum (Al)

Aluminum is usually present only in negligible quantities in
natural waters except in areas where the waters have been in con-
tact with the more soluble rocks of high aluminum content such as
bauxite and certain shales, Acid waters often containlarge amounts
of aluminum, It may be troublesome in feed waters where it tends
to be deposited as a scale on boiler tubes,

Iron (Fe)

Iron is dissolved from many rocks and soils, On exposure to
the air, normal basic waters that contain more than 1 part per
million of iron soonbecome turbid with the insoluble reddish ferric
oxide produced by oxidation, Surface waters, therefore, seldom
contain as much as 1 part per million of dissolved iron, although
some acid waters carry large quantities of iron in solution, Iron
causes reddish-brown stains on porcelain or enameled ware and
fixtures and on fabrics washed in the water,

Manganese (Mn)

Manganese is dissolved in appreciable quantities from rocks
in some sections of the country, It resemblesironin its chemical
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behavior and in its occurrence in natural waters, However, man-
ganese in rocks is less abundant than iron, As a result the con-
centration of manganese is much less than that of iron and is not
regularly determined in many areas, Itisespeciallyobjectionabie
in water used in laundry work and in textile processing., Concen-
trations as low as 0.2 part per millionmay cause a dark-brown or
black stain on fabrics and porcelain fixtures, Appreciable quan-
tities of manganese are often found in waters containing objec-
tionable quantities of iron,

Calcium (Ca)

Calcium is dissolved from almost all rocks and soils, but the
highest concentrations are usually found in waters that have been
in contact with limestone, dolomite, and gypsum, Calcium and
magnesium make water hard and are largely responsible for the
formation of boiler scale, Most waters associated with graniteor
silicious sands contain less than 10 parts per million of calcium;
waters in areas where rocks are composed of dolomite and lime-~
stone contain from 30 to 100 parts per million; and waters that
have come in contact with deposits of gypsum may contain several
hundred parts per million,

Magnesium (Mg)

Magnesium is dissolved from many rocks, particularly from
dolomitic rocks. Its effect in water is similar to that of calcium,
The magnesium in soft watersmay amounttoonly 1 or 2 parts per
million, but water inareasthatcontainlarge quantities of dolomite
or other magnesium-bearing rocks may contain from 20 to 100
parts per million or more of magnesium,

Strontium (Sr)

Strontium is a typical alkaline-earth element and is similar
chemically to calcium, Strontium may be present innaturalwater
in amounts up to a few parts per million much more frequently
than the available data indicate, In most surface water the amount
of strontium is small in proportion to calcium. However, in sea
water the ratio of strontium to calcium is 1:30,

Sodium and potassium (Na and K)

Sodium and potassium are dissolved from practically all rocks,
Sodium is the predominant cation in some of the more highly min-
eralized waters found in the western United States, Natural waters
that contain only 3 or 4 parts per million of the two together are
likely to carry almost as much potassium as sodium. As the total
quantity of these constituents increases, the proportion of sodium
becomes much greater. Moderate quantities of sodium and potas-
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sium have little effect on the usefulness of the water for most
purposes, but waters that carry more than 50 to 100 parts per
million of the two may require careful operation of steam boilers
to prevent foaming. More highly mineralized waters that contain
a large proportion of sodium salts may be unsatisfactory for
irrigation,

In this report, sodium and potassium valuesthat are calculated
and reported as sodium are indicated by footnote,

Lithium (L)

Data concerning the quantity of lithium in water are scarce,
It is usually found in small amounts inthermal springs and saline
waters, Lithium also occurs in streams where some industries
dump their waste water, The scarcity of lithium in rocks is re-
sponsible more than other factors for relatively small amounts
present in water,

Bicarbonate, carbonate and hydroxide (HCOS,COS, OH)

Bicarbonate, carbonate, or hydroxide is sometimes reported
as alkalinity, The alkalinity of a water is defined as its capacity
to consume a strong acid to pH 4.5, Since the major causes of
alkalinity in most natural waters are carbonate and bicarbonate
ions dissolved from carbonate rocks, the results are usually re-
ported in terms of these constituents. Although alkalinity may
suggest the presence of definite amounts of carbonate, bicarbonate
or hydroxide, it may not be true due to other ions that contribute
to alkalinity such as silicates, phosphates, borates, possibly fluo-
ride, and certain organic anions which may occur in colored
waters, The significance of alkalinity to the domestic, agricultural,
and industrial user is usually dependent upon the nature of the
cations (Ca, Mg, Na, K) associated with it, However, alkalinity in
moderate amounts does not adversely affect most users,

Hydroxide may occur in water that has been softened by the
lime process. Its presence in streams usually can be taken as an
indication of contamination and does not represent the natural
chemical character of the water,

Sulfate (SO 4:)

Sulfate is dissolved from many rocks and soils--in especially
large quantities from gypsum and from beds of shale, It is formed
also by the oxidation of sulfides of iron and is therefore present
in considerable quantities in waters from mines, Sulfateinwaters
that contain much calcium and magnesium causes the formation of
hard scale in steam boilers and may increase the cost of softening
the water,
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Chloride (C1)

Chloride is dissolved from rock materials in all parts of the
country, Surface waters in the humid regions are usually low in
chloride, whereas streams in arid or semiarid regions may con-
tain several hundred parts per million of chloride leached from
soils and rocks, especially where the streams receive return
drainage from irrigated lands or are affected by ground-water-
inflow carrying appreciable quantities of chloride, Large quan-
tities of chloride in water that contains a high content of calcium
and magnesium increases the water's corrosiveness,

Fluoride (F)

Fluoride has been reported as being present in some rocks to
about the same extent as chloride, However, the quantity of fluo-
ride in natural surface waters is ordinarily very small compared
to that of chloride, Investigations have proved that fluoride con-
centrations of about 0.6 to 1.7 ppm reduced the incidence of den-
tal caries and that concentrations greater than 1.7 ppm also pro-
tect the teeth from cavities but cause an undesirable black stain
(Durfor and Becker, 1964, p. 20). Public Health Service, 1962
(p. 8), states, "When fluoride is naturally present in drinking
water, the concentration should not average more than the
appropriate upper control limit (0,6 to 1,7 ppm), Presence of
fluoride in average concentration greater than two times the op-
timum values shall constitute grounds for rejectionof the supply.”
Concentration higher than the stated limits may cause mottled
enamel in teeth, endemic cumulative fluoroesis, and skeletal effects.

Nitrate (NOS)

Nitrate in water is considered a final oxidation product of
nitrogenous material and may indicate contamination by sewage or
other organic matter, The quantities of nitrate present in surface
waters are generally less than 5 parts per million (as NO3) and
have no effect on the value of the water for ordinary uses,

It has been reported that as much as 2 parts per million of
nitrate in boiler water tends to decrease intercrystalline cracking
of boiler steel. Studiesmadeby Faucettand Miller (1946), Waring
(1949) and by the National Research Council (Maxcy, 1950)
concluded that drinking water containing nitrates in excess of
44 parts per million (as NOS) should be regarded as unsafe for
infant feeding. U,S, Public"Health Service (1962) sets 45 ppm
the upper limit,

Phosphate (P 04)

Phosphorus is an essential element in the growthof plants and
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animals, Some sources that contribute nitrate, such as organic
wastes are also important sources of phosphate, The addition of
phosphates in water treatment constitutes a possible source,
although ‘the dosage is usually small, In some areas, phosphate
fertilizers may yield some phosphate to water, A more important
source is theincreasinguse of phosphatesindetergents, Domestic
and industrial sewage effluents oftencontain considerable amounts
of phosphate,

Boron (B)

Boron in small quantities has been found essential for plant
growth, butirrigation water containing more than 1 part per million
boron is detrimental to citrus and other boron-sensitive crops,
Boron is reported in Survey analyses of surface waters in arid and
semiarid regions of the Southwest and West where irrigation is
practiced or contemplated, but few of the surfacewaters analyzed
have harmful concentrations of boron.

Dissolved solids

The reported quantity of dissolved solids--the residue onevap-
oration--consists mainly of the dissolved mineral constituents in
the water, It may also contain some organic matter and water of
crystallization, Waters with less than 500 parts per million of
dissolved solids are usually satisfactory for domestic and some
industrial uses, Water containing several thousand partsper mil-
lion of dissolved solids are sometimes successfully used for
irrigation where practices permit the removal of soluble salts
through the application of large volumes of water on well-drained
lands, but generally water containing more than about 2,000 ppm
is considered to be unsuitable for long-term irrigation under
average conditions,

Chromium (Cr)

Few if any waters contain chromium from natural sources,
Natural waters can probably contain only traces of chromium as
a cation unless the pH is very low, When chromium is present in
water, it is usually the result of pollution by industrial wastes,
Fairly high concentrations of chromate anions are possible in
waters having normal pH levels, Concentrations of more than
0.05 ppm of chromium in the hexavalent form constitute grounds
for rejection of a water for domestic use on the basis of the
standards of the U,S, Public Health Service (1962).

Nickel and Cobalt (Ni, Co)

Nickel and cobalt are very similar in chemical behavior and
also closely related to iron, Both are present in igneous rocks in
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small amounts and are more prevalentinsilicic rocks, Any nickel
in water is likely tobein small amounts and could be in a colloidal
state. Cobalt may be taken into solution more readily than nickel,
It may be taken into solution in small amounts through bacterio~
logical activity similar to that causing solution of manganese,
However, few data on the occurrence of either nickel or cobalt in
natural water are available,

Copper (Cu)

Copper is a fairly common trace constituent of natural water,
Small amounts may be introduced into water by solution of copper
and brass water pipes and other copper-bearing equipment in
contact with the water, or from copper salts added to control algae
in open reservoirs. Copper salts such as the sulfate and chloride
are highly soluble in waters with a low pH but in water of normal
alkalinity these saltshydrolyze and the copper may be precipitated.
In the normal pH range of natural water containing carbon dioxide,
the copper might be precipitated as carbonate, The oxidized
portions of sulfide-copper ore bodies contain other copper com-
pounds, The presence of copper in mine water is common,

Copper imparts a disagreeable metallic taste to water, As
little as 1.5 ppm can usually be detected, and 5 ppm can render
the water unpalatable, Copper is not considered to bea cumulative
systemic poison like lead and mercury; most copper ingested
is excreted by the body and very little is retained, The patholog-
ical effects of copper are controversial, but it is generally be-
lieved very unlikely that humans could unknowingly ingest toxic
quantities from palatable drinking water. The U.S. Public Health
Service (1962) recommends that copper should not exceed 1,0 ppm
in drinking and culinary water,

Lead (Pb)

Lead is only a minor element in most natural waters, but
industrial or mine and smelter effluents may contain relatively
large amounts of lead, Many of the commonly used lead salts are
water soluble, :

Traces of lead in water usually are the result of solution of
lead pipe through which the water has passed. Amounts of lead of
the order of 0.05 ppm are significant, as this concentration is the
upper limit for drinking water in the standards adopted by the
U.S. Public Health Service (1962). Higher concentrations may be
added to water through industrial and mine-waste disposal, Lead
in the form of sulfate is reported to be soluble in water to the
extent of 31 ppm (Seidell, 1940) at 25°C. In natural water this
concentration would not be approached, however, since a pH of
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less than 4.5 would probably be required to prevent formation
of lead hydroxide and carbonate, It is reported (Pleissner, 1907)
that at 18°C water free of carbon dioxide will dissolve the equiv-
alent of 1.4 ppm of lead and the solubility is increased nearly
four fold by the presence of 2,8 ppm of carbon dioxide in the solu-
tion, Presence of other ions may increase the solubility of lead,

Zinc (Zn)

Zinc is abundant in rocks and ores but is only a minor con-
stituent in natural water because the freemetal and its oxides are
only sparingly soluble. In most alkaline surface waters it is
present only in trace quantities, but more may be present in acid
water, Chlorides and sulfates of zinc are highly soluble, Zinc is
used in many commercial products, and industrial wastes may
contain large amounts,

Zinc in water does not cause serious effects on health, but
produces undesirable esthetic effects, The U,S, Public Health
Service (1962, p. 55) recommends that the zinc content not exceed
5 ppm in drinking and culinary water,

Barium (Ba)

Barium may replace potassium in some of the igneous rock
minerals, especially feldspar, and barium sulfate (barite) is a
common barium mineral of secondary origin, Only traces of
barium are present in surface water and sea water, Because
natural water contains sulfate, barium will dissolve only in trace
amounts, Barium sometimes occurs in brines from oil-well
wastes,

The U,S, Public Health Service (1962) states that water con-
taining concentrations of barium in excessof 1 ppm is not suitable
for drinking and culinary use because of the serious toxic effects
of barium on heart, blood vessels, and nerves,

Bromide (Br)

Bromine is a very minor element in the earth's crust and is
normally present in surface waters in only minute quantities,
Measurable amounts may be found in some streams that receive
industrial wastes, and some natural brines may contain rather
high concentrations. It resembles chloride in that it tends to be
concentrated in sea water,

Iodide (I)

Iodide is considerably less abundant both in rocks and water
than bromine, Measurable amounts may be found in some streams
that receive industrial wastes, and some natural brines may con-
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tain rather high concentrations, It occurs in sea water to
the extent of less than 1 ppm., Rankama and Sahama (1950)
report iodide present in rainwater to the extent of 0.001 to
0,003 ppm and in river water in about the same amount, Few
waters will contain over 2,0 ppm.

PROPERTIES AND CHARACTERISTICS OF WATER

Hardness

Hardness is the characteristic of water that receives the
most attention in industrial and domestic use, It is commonly
recognized by the increased quantity of soap required to pro-
duce lather., The use of hard water is also objectionable be-
cause it contributes to the formation of scale in boilers, water
heaters, radiators, and pipes, with the resultant decrease in
rate of heat transfer, possibility of boiler failure, and loss
of flow,

Hardness is caused almost entirely by compounds of cal-
cium and magnesium. Other constituents--such as iron, man-
ganese, aluminum, barium, strontium, and free acid--also cause
hardness, although they usually are not present in quantities
large enough to have any appreciable effect,

Generally, bicarbonate and carbonate determine the propor-
tions of "carbonate" hardness of water, Carbonate hardness
is the amount of hardness chemically equivalent to the amount
of bicarbonate and carbonate in solution, Carbonate hard-
ness is approximately equal to the amount of hardness that is
removed from water by boiling,

Noncarbonate hardness is the difference between the hard-
ness calculated from the total amount of calcium and mag-
nesium in solution and the carbonate hardness, If the car-
bonate hardness (expressed as calcium carbonate) equals the
amount of calcium and magnesium hardness (also expressed
as calcium carbonate) there is no noncarbonate hardness., Non-
carbonate hardness is about equal to the amount of hardness
remaining after water is boiled, The scale formed at high
temperatures by the evaporation of water containing noncar-
bonate hardness commonly is tough, heat resistant, and difficult
to remove.

Although many people talk about soft water and hard water,
there has been no firm line of demarcation., Water that seems
hard to an easterner may seem soft to a westerner, In this
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report hardness of water is classified as follows:

Hardness range

(calcium carbonate Hardness description
in ppm)
0-60 Soft
61-120 Moderately hard
121-180 Hard
more than 180 Very hard

Durfor and Becker, 1964, p, 23-27,

Acidity (H™

The use of the terms acidity and alkalinity is widespread in
the literature of water analysis andisa cause of confusion to those
who are more accustomed to seeing a pH of 7.0 used as a neutral
point, Acidity of a natural water represents the content of free
carbon dioxide and other uncombined gases, organic acids and
salts of strong acids and weak basesthathydrolyze to give hydro-
gen jons, Sulfates of iron and aluminum in mine and industrial
wastes are common sources of acidity., The presence of acidity
is reported in those waters which have a pH below 4,5,

Sodium adsorption ratio (SAR)

The term "sodium adsorption ratio (SAR)" was introduced
by the U.S, Salinity Laboratory Staff (1954). It isa ratio express-
ing the relative activity of sodium ions in exchange reaction with
soil and is an index of the sodium or alkali hazard to the soil.
Sodium adsorption ratio is expressed by the equation:

Na+

SAR = ==
/Ca+++l\/lg++
2

where the concentrations of the ions are expressed in milliequiv-
alents per liter (or equivalents per million for most irrigation
waters).

Waters are divided into four classes with respect to sodium
or alkali hazard: low, medium, high, and very high, depending
upon the SAR and the specific conductance, At a conductance of
100 micromhos per centimeter the dividing points are at SAR
values of 10, 18, and 26, butat5,000 micromhos the corresponding

444-057 O - 71 - 3
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dividing points are SAR values of approximately 2.5, 6.5, and 11.
Waters range in respect to sodium hazard from those which can
be used for irrigation on almost all soils to those which are
generally unsatisfactory for irrigation,

Specific conductance (micromhos per centimeter at 25°C)

Specific conductance is a convenient, rapid determinationused
to estimate the amount of dissolved solids inwater, It is a meas-
ure of the ability of water to transmit a small electrical current
(see p. 9). The more dissolved solids in water that can transmit
electricity the greater the specific conductance of the water, Com-
monly, the amount of dissolved solids (in parts per million) is
about 65 percent of the specific conductance (inmicromhos), This
relation is not constant from stream to stream or from well to
well and it may even vary in the same source with changes in the
composition of the water (Durfor and Becker, 1964 p. 27-29).

Specific conductance of most waters in the eastern United
States is less than 1,000 micromhos, butinthe arid western parts
of the country, a specific conductance of more than 1,000 micro-
mhos is common,

Hydrogen-ion concentration (pH)

Hydrogen-ion concentration is expressed in terms of pH units
(see p. 10)., The values of pH often are used as a measure of the
solvent power of water or as anindicator of the chemical behavior
certain solutions may have toward rock minerals,

The degree of acidity or alkalinity of water, as indicated by
the hydrogen-ion concentration, expressed as pH, isrelatedto the
corrosive properties of water and is useful in determining the
proper treatment for coagulation that may be necessary at water-
treatment plants, A pH of 7.0 indicates that the water is neither
acid nor alkaline, pH readings progressively lower than 7.0
denote increasing acidity and those progressively higher than 7.0
denote increasingalkalinity, The pH of mostnatural surface waters
ranges betweenn 6 and 8, Some alkaline surface waters have pH
values greater than 8.0 and waters containing free mineral
acid or organic matter usually have pH values less than 4,5,

The investigator who utilizes pH data in his interpretations of
water analyses should be careful to place pHvalues in their proper
perspective,

Color

In water analysis the term '"color" refers to the appearance
of water that is free from suspended solids, Many turbid waters
that appear yellow, red, or brown whenviewed in the stream show
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very little color after the suspended matter has been removed,
The yellow-to-brown color of some waters is usually caused by
organic matter extracted from leaves, roots, and other organic
substances in the ground, In some areas objectionable color in
water results from industrial wastes and sewage, Clear deep
water may appear blue as the result of a scattering of sunlight by
the water molecules, Water for domestic use and some industrial
uses should be free from any perceptible color, A color less than
15 units generally passes unnoticed (U.S, Public Health Service,
1962). Some swamp waters have natural color in excess of 300
units,

The extent to which a water is colored by material in solution
is commonly reported as a partofawater analysis because a sig-
nificant color inwatermay indicate the presence of organic mater-
ial that may have some bearing on the dissolved solids content,
Color in water is expressed in terms of units between 0 and 500
or more based on the above standard (see p.9).

Oxygen consumed

Oxygen consumed is a measure of the amount of oxygen re-
quired to oxidize unstable materials in water and may be corre-
lated with natural-water color or with some carbonaceous organic
pollution from sewage or industrial wastes,

Tolerances for oxygen consumed in feed water for low- and
high-pressure boilers are 15 and 3 ppm, respectively (Northeast
Water Works Association, 1940), Wash water containing more
than 8 ppm has been reported to import a bad odor to textiles;
concentrations for water used in beverages and brewing range
from 0.5 to 5.0 ppm (California State Water Pollution Control
Board, 1952, 1954).

Dissolved oxygen (DO)

Adequate dissolved oxygen is necessary for the life of fish
and other aquatic organisms and is an indicator for corrosivity
of water, photosynthetic activity, and septicity. It is one of the
most important indicators of the condition of a water supply
for biological, chemical and sanitary investigations (Rose, 1965).

Biochemical oxygen demand (BOD)

Biochemical oxygen demand is a measure of the oxygen re-
quired to oxidize the carbonaceous organic material usable as a
source of food by aerobic organisms,

Chemical oxygen demand (COD)

Chemical oxygen demand indicates the quantity of oxidizable
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compounds present in a water and will vary with water com-
positions, concentration of reagent, temperature, period of
contact, and other factors,

Organics

Phenols,~-Phenolic material in water resources is invariably
the result of pollution, Phenols are widely used as disinfectants
and in the synthesis of many organic compounds, Waste products
from oil refineries, coke areas, and chemical plants may contain
high concentrations, Fortunately, phenols decompose in the pres-~
ence of oxygen and organic material, and their persistence down-
stream from point of entry is relatively short lived, The rate of
decomposition is dependent on the environment,

Very low concentrations impart such a disagreeable taste to
water that it is highly improbable that harmful amounts could be
consumed unknowingly, Reported thresholds of detection of taste
and odor range from 0,001 to 0,01 ppm,

Coliform organisms,~-A group of bacteria usedasanindicator
of the sanitary quality of the water, The number of coliform col-
onies per 100 milliliters of water is determined by the imme-
diate or delayed incubation membrane filter method, Most prob-
able number (MPN) is also a method of determining a direct
count of coliform colonies per 100 milliliters of water,

Detergents (MBAS).--Anionic surfactants (methylene blue
active substance, MBAS) in detergents resist chemical oxidation
and biological breakdown, Their persistence in water over long
periods of time contributes to pollution of both ground water and
surface water, Some of the effects produced from detergent
pollution are unpleasant taste, odor, and foaming (Wayman,
and others, 1962). Although the physiological implications of
MBAS to human beings is unknown, prolonged ingestion of this
material by rats is believed to be nontoxic (Paynter, 1960).
The U.S. Public Health Service (1962) recommends that MBAS
should not exceed 0,5 ppm in drinking and culinary waters,

Temperature

Temperature is an important factor in properly determining
the quality of water, This is very evident for such a direct use
as an industrial coolant, Temperature is also important, butper-
haps not so evident, for its indirect influence upon aquatic biota,
concentrations of dissolved gases, and distribution of chemical
solutes in lakes and reservoirs as a consequence of thermal
stratification and variation.

Surface water temperatures tend to change seasonally and
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daily with air temperatures, except for the outflow of large springs.
Superimposed upon the annual temperature cycle isadaily fluctu-
ation of temperature which is greater in warm seasons than in
cold and greater in sunny periods than with a cloud cover, Natu-
ral warming is due mainly to absorption of a solar radiation by
the water and secondarily to transfer of heat from the air,
Condensation of water vapor at the water surface is reported to
furnish measurable quantities of heat, Heatloss takesplacelargely
through radiation, with further losses through evaporation and
conduction to the air and to the stream-bed, Thusthe temperature
of a small stream generally reaches a maximum in mid- to late
afternoon due to solar heating and reaches aminimum from early
to mid-morning after nocturnal radiation,

Temperature variations which commonly occur during summey
in lakes and reservoirs of temperate regions resultin a separation
of the water volume into a circulating upper portion and a non-
circulating lower portion, Separating the two is a stratum of
water of variable vertical thickness in which the temperature
decreases rapidly with increasing depth, This physical division
of the water mass into a circulating and a stagnant portion is the
result of density differences in the water column associated with
the temperature distribution, Knowledge of the stratification in a
body of water may result in increased utility by locating strata of
more suitable characteristics, For example, the elevation of an
intake pipe may be changed to obtain water of lower temperature,
higher pH, less dissolved iron, or other desirable properties.

Temperature is a major factor in determining the effect of
pollution on aquatic organisms., The resistance of fish to certain
toxic substances has been shown to vary widely with temperature,
The quantity of dissolved oxygen which the water can contain is
also temperature dependent, Oxygen is more soluble incold water
than in warm water, hence the reduction of oxygen concentrations
by pollution is especially serious during periods of high temper-
ature when oxygen levelsare already low, Increasedtemperatures
also accelerate biological activity including that of the oxygen-
utilizing bacteria which decompose organic wastes, These pol-
lutional effects may be especially serious when low flow con-
ditions coincide with high temperatures, Summary temperature
data of water are essential for planning multiple uses of water.,

Turbidity

Turbidity is the optical property of a suspension with refer-
ence to the extent to which the penetration of light is inhibited by
the presence of insoluble material, Turbidity is afunctionon both
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the concentration and particle size of the suspended material,
Although it is reported in terms of parts per million of silica, it
is only partly synonymous with the weight of sediment per unit
volume of water,

Turbid water is abrasive in pipes, pumps, and turbine blades,
In process water, turbidities much more than 1 ppm are not tol-
erated by several industries, but others permit up to 50 ppm or
higher (Rainwater, Thatcher, 1960, p, 289), Although turbidity
does not directly measure the safety of drinking water, it is re-
lated to the consumer's acceptance of the water, A level of 5 units
of turbidity becomes objectionable to a considerable number of
people (U.S, Public Health, 1962).

Sediment

Fluvial sediment is generally regarded as that sediment which
is transported by, suspended in, or deposited by water, Suspended
sediment is that part which remains in suspension in water
owing to the upward components of turbulent currents or by
colloidal suspension, Much fluvial sediment results from the
natural process of erosion, which in turn is part of the geologic
cycle of rock transformation, This natural process may be
accelerated by agricultural practices, Sediment is also contrib~
uted by a number of industrial and construction activities. In
certain sections, waste materials from mining, logging, oil-field,
and other industrial operations introduce large quantities of
suspended as well as dissolved material,

The quantity of sediment, transported or available for trans-
portation, is affected by climatic conditions, form or nature of
precipitation, character of the solid mantle, plant cover, topog-
raphy, and land use, The mode and rate of sediment erosion,
transport, and deposition is determined largely by the size dis-
tribution of the particles or more precisely by the fall velocities
of the particles in water. Sediment particles in the sandsize
(larger than 0,062 mm) range do not appear to be affected by
flocculation or dispersion resulting from the mineral constituents
in solution, In contrast, the sedimentation diameter of clay and
silt particles in suspension may vary considerably from point to
point in a stream or reservoir, depending on the mineral matter in
solution and in suspension and the degree of turbulence present,
The size of sediment particlesintransport atany point depends on
the type of erodible and soluble material inthe drainage area, the
degree of flocculation present, time in transport, and character-
istics of the transporting flow. The flow characteristics include
velocity of water, turbulence, and the depth, width, and roughness
of the channel. As a result of these variable characteristics, the
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size of particles transported, as well as the total sediment load,
is in constant adjustment with the characteristics and physical
features of the stream and drainage area,

STREAMFLOW

Most of the records of stream discharge, used in conjunction
with the chemical analyses and in the computation of sediment
loads in this volume, are published in the Geological Survey
water-supply paper series, "Surface Water Supply of the United
States, 1966-70." The discharge reported for a composite sample
is usually the average of daily mean dischargesfor the composite
period. The discharges reported in the tables of single analyses
are either daily mean discharges or discharges obtained at the
time samples were collected and computed from a stage-discharge
relation or from a discharge measurement,

PUBLICATIONS

Reports giving records of chemical quality and temperatures
of surface waters and suspended-sediment loads of streams in the
area covered by this volume for the water years 1941-67, are
listed below:

Numbers of water-supply papers containing records for
Parts 5 and 6, 1941-67

Year WSP Year WSP Year WSP Year WSP

1941 942 1948 1132 1955 1401 1962 1943
1942 950 1949 1162 1956 1451 1963 1949
1943 970 1950 1187 1957 1521 1964 1956
1944 1022 1951 1198 1958 1572 1965 1963
1945 1030 1952 1251 1959 1643 1966 1993
1946 1050 1953 1291 1960 1743 1967 2013
1947 1102 1954 1351 1961 1883  e==-  ----

Geological Survey reports containing chemical quality, tem-
perature, and sediment data obtained before 1941 are listed
herein, Publications dealing largely with the quality of ground-
water supplies and only incidentally covering the chemical
composition of surface waters are not included. Publications
that are out of print are preceded by an asterisk,
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*135.

*479,
770,

*108.

*161,

*193.
*236,

*237.
*239,
*273,

*274.

*339.
*363.
*418,

*596-B.
*596-D,
*596-E.
*636-A,
*636-B.
*638-D,
*839.

*889-E,
*998.
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PROFESSIONAL PAPER

Composition of river and lake waters of the United States,
1924,

BULLETINS

The geochemical interpretation of water analyses, 1911,
The data of geochemistry, 1924,

WATER-SUPPLY PAPERS

Quality of water inthe Susquehanna River drainage basin,
with an introductory chapter onphysiographic features,
1904,

Quality of water in the upper Ohio River basin and at
Erie, Pa,, 1906,

The quality of surface waters in Minnesota, 1907,

The quality of surface waters in the United States,
Part 1, Analyses of waters east of the one hundredth
meridian, 1909,

The quality of the surface waters of California, 1910,

The quality of surface waters of Illinois, 1910,

Quality of the water supplies of Kansas, witha prelimin-
ary report on stream pollution by mine waters in
southeastern Kansas, 1911,

Some stream waters of the western United States, with
chapters on sediment carried by the Rio Grande and
the industrial application of water analyses, 1911,

Quality of the surface waters of Washington, 1914,

Quality of the surface waters of Oregon, 1914,

Mineral springs of Alaska, with a chapter onthe chemical
character of some surface waters of Alaska, 1917,

Quality of water of Colorado River in 1925-26, 1928,

Quality of water of Pecos River in Texas, 1928,

Quality of the surface waters of New Jersey, 1928,

Quality of water of the Colorado Riverin1926-28, 1930,

Suspended matter inthe Colorado Riverin1925-28, 1930,

Quality of water of the Colorado Riverin1928-30, 1932,

Quality of water of the Rio Grande basin above Fort
Quitman, Tex,, 1938,

Chemical character of surface water of Georgia, 1944,

Suspended sediment in the Colorado River, 1925-41,
1947,
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1048, Discharge and sediment loads in the Boise River drainage
basin, Idaho, 1939-40, 1948,

1110-C, Quality of water of Conchas Reservoir, New Mexico,
1939-49, 1952,

Many of the reports listed are available for consultation in the
larger public and institutional libraries, Copies of Geological
Survey publications still in print may be purchased at a nominal
cost from the Superintendent of Documents, Government Printing
Office, Washington, D,C. 20402, who will, upon request, furnish
lists giving prices.

COOPERATION

Most of the water-quality investigations in this report were
made as part of the program of the United States Department of
the Interior for the development of the Missouri River basin,
Investigations under this program were at the request of other
Federal agencies with funds provided directly to the U,S, Geo-
logical Survey,

Municipal, State, and Federal agencies assisted in collecting
records for these quality-of-water investigations, Many of the
investigations were supported by funds appropriated directly to
the U.S. Geological Survey. The State,local, and Federal agencies
that cooperated in these quality-of-water investigations are
listed below:

Illinois-~Illinois State Department of Public Works and
Buildings, F, S. Lorenz, director, through Division of Water-
ways, J. C. Guillou, chief waterways engineer,

Iowa--Iowa Geological Survey, H, G, Hersey, director and
State geologist; Agriculture Experiment Station, lowa State
University; Soil Conservation Service, U,S. Department of
Agriculture,

Kansas--Kansas Department of Health, Environmental Health
Services, J. L. Mayes, chief engineer and director; Kansas
Water Resources Board, K, S, Krause, executive secretary.
Corps of Engineers, U,S. Army.

Minnesota--Minnesota Department of Conservation, Division
of Waters, Soils, and Minerals, E, R, Gere, director,

Missouri--Missouri Department of Public Health and Wel-
fare; Missouri Water Pollution Board, J, K, Smith, executive
secretary,
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Montana--Montana Fish and Game Commission, A, N,
Whitney, chief of Fisheries Division,

Nebraska--Soil Conservation Service, U.S. Department of
Agriculture,

North Dakota~-U.S, Department of State,

Sogth Dakota~-South Dakota Water Resources Commission,
J. W, Grimes, chief engineer; East Dakota Conservancy Sub-
District, V., W, Butler, manager-engineer,

Wisconsin--Wisconsin Department of Natural Resources,
Division of Conservation, L, P, Voigt, administrator; Uni-
versity of Wisconsin, Geological and Natural History Survey,
G. F. Hanson, State geologist and director.

Wyoming--Wyoming Department of Agriculture, G. J.
Hertzler, commissioner; Wyoming State Engineer, F. A,
Bishop; Wyoming Natural Resources Board, M, W, Goodson,
chief of water development, Bureau of Land Management
and Bureau of Reclamation, U,S. Department of the Interior,

DIVISION OF WORK

The quality-of-water work was performed by the Water
Resources Division of the Geological Survey, E. L. Hendricks,
chief hydrologist, and under the direction of the district chiefs
listed in the preface,

Correspondence regarding the records in this report or
any additional information should be directed to the district
chief of the appropriate Geological Survey-Water Resources
Division indicated in the following table.

State ‘District Office Address
Colorado Denver 80225 Bldg. 25, Denver
Federal Center
Illinois Champaign 61820 P. O, Box 1026
605 N, Neil St,
Iowa Iowa City 52240 1041 Arthur St,
Kansas Lawrence 66044 P. O. Box 768

19th and lowa Sts,
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State District Office Address
Minnesota St, Paul 55101 1033 Post Office Bldg.
Missouri Rolla 65401 103 W, 10th St,
Montana Helena 59601 P, O, Box 1696

421 Federal Bldg.
Nebraska Lincoln 68508 lel)oillx 127, Nebraska
a

901 Nozrth 17th St,

North Dakota Bismarck 58501 P. O. Box 778
Room 348, New
Federal Bldg,
Third St, and Rosser
Ave,

South Dakota Huron 57350 P. O, Box 1412
Room 231
Federal Bldg,

Wisconsin Madison 53706 Room 200
1815 University Ave,

Wyoming Cheyenne 82001 P, O, Box 2087
2nd Floor, Blue Cross
Bldg,
215 East Eighth St

LITERATURE CITED

American Society for Testing Materials, 1954, Manual on indus-
trial water: Am, Soc, for Testing Mat,, Philadelphia, Pa.,
p. 356.

Durfor, C. N, and Becker, E., 1964, Public water supplies of the
100 largest cities in the United States; 1962: U,S. Geol,
Survey Water-Supply Paper 1812, p, 20,

California State Water Pollution Control Board, 1952, Water-
quality criteria: California State Water Pollution Control
Board, pub. 3., pp. 291-292, 377-378,

1954, Water-quality criteria: California State Water Pol-
lution Control Board, pub, 3, Addendum no, 1., p, 291-292.
Faucett, R. L., and Miller, H, C,, 1946, Methemoglobinemia



30 QUALITY OF SURFACE WATERS, 1967

occurring in infants fed milk diluted with well waters of
high nitrate content: Jour. Pediatrics, v. 29, p. 593.

Hazen, Allen, 1892, A new color standard for natural waters
Am, Chem, Jour., ., 12, p, 427-428,

International Union of Pure and Applied Chemistry, 1961, Table
of Atomic weights based on carbon-12: Chem. and Eng.
News, v, 39, no, 42, Nov, 20, 1961, p. 43.

Kilmer, V, J, and Alexander, L, T., 1949, Methods of making
mechanical analyses of soils: Soil Sci., v, 68, p. 15-24,

Lane, E, W., and others, 1947, Report of the Subcommittee on
sediment terminology: Am. Geophys, Union Trans., v. 28,
no, 6, p. 936-938,

Magistad, O, C,, and Christiansen, J. E,, 1944, Saline Soils,
their nature and management: U, S, Dept,, Agriculture
Circ. 707, p. 8-9,

Maxcy, K. F., 1950, Report on the relation of nitrate concentra-
tions in well waters to the occurrence of methemoglobine-
mia: Natl, Research Council, Bull, Sanitary Eng. and
Environment, App. D., p. 271.

Northeastern Water Works Association, 1940, Progress report,
Committee on quality Tolerances of Water for Industrial
Uses: Northeast Water Works Assoc, Jour,, v, 54,

Paynter, O, E,, 1960, The chronic toxicity of dodecylbenzene
sodium sulfonate: U,S, Public Health Conference on Phys-
iological Aspects of Water Quality Proc., Washington,
D.C., Sept, 8-9, 1960, p, 175-179,

Pleissner, M., 1907, Uber die L8slichkeit eimiger Bleiverbin-
dungen in wasser: Arb, Kais, Gesundeitsamt, v, 26, p.
384-443,

Rainwater, F, H., and Thatcher, L, L., 1960, Methods for col-
lection and analysis of water samples: U.S. Geol, Survey
Water-Supply Paper 1454, 301 p.

Rankama, K., and Sahama, T, G., 1950, Geochemistry: Chicago
Univ, Press, Chicago, I11,, p. 767.

Riffenburg, H, B,, 1925, Chemical character of ground waters of
the northern Great Plains: U,S, Geol, Survey Water-Supply
Paper 560-B, p, 31-52,

Rose, Arthur and Elizabeth, 1965, The condensed chemical
dictionary: Reinhold Pub. Corp,., New York, Sth ed,, p. 412,

Seidell, Atherton, 1940, Solubilities of inorganic and metal or-
ganic compounds, 3d ed., v. 1, D. van Nostrand, New
York. p. 1409,

U.S. Inter-Agency Committee on Water Resources, Subcommittee
on Sedimentation, A study of methods used in measurement
and analysis of sediment loads in streams, Published by the
St. Anthony Falls Hydraulic Laboratory, Minneapolis, Minn,



LITERATURE CITED 31

1943, A study of new methods of size analysis of sus-
pended-sediment samplers, Rept, 7.

1952, The design of improved types of suspended-sediment
samplers: Rept, 6,

1957, The development and calibration of visual accumu-
lation tube: Rept 11.

1957, Some fundamentals of particle size analysis: Rept. 12,

1959, Federal Inter-agency sedimentation instruments and
reports: Rept. AA,

1963, Determinations of fluvial sediment discharge:

Rept. 14,

U.s.

1963, A summary of the work of the Inter-agency sedi-
mentation project: Rept. S.
Public Health Service, 1962, Drinking water standards:
U.S, Dept. Health, Education, and Welfare, Public Health
Service: Pub, no, 956,

U.S. Salinity Laboratory Staff, 1954, Diagnosis and improvement

of saline and alkali soils: U.S, Dept. Agriculture, Agri-
culture Handb, 60, p. 1-160,

Waring, F, H., 1949, Significance of nitrates in water supplies:

Am, Water Works Assoc, Jour,, v, 41, no, 2,, p. 147-150,

Wayman, C, H., 1962, Limitations of the methylene blue method

for ABS determinations: U.S, Geol, Survey, Prof, Paper
450-B, art, 49, p. B117-B120,

Wayman, C, H,, Robertson, J, B., and Page, H. G., 1962, Foaming

characteristics of synthetic-detergent solutions: U.S. Geol.
Survey, Prof. Paper 450D, art, 178, p. D198,



QUALITY OF SURFACE WATERS, 1967

32

€ [8°9/¥6 0* |¢ 8y ¥SL L0°* | 0% 00° |0° [0° ¥ ST 0 z8 CHEES L°E eriere |t 9g Teececegr f
. . . . gt *3deg
S |9°Ljo6 I'0 {0 S¥ 9°¢¥ £0°0 | 6¥ 00°0{%°0 |0°0 |8°0 0°'g 0 o] 8°2 | ¥ T _w.n 2T | 00°0 [2°2 oge ©*1961 ‘zT Aine
umys
3]
amomwms on -uoq | 28 fo | Sy | wormar (*00H)
10 -oxopm)|_g 0 -xeo ww&& I2d zad | Tod (a) |Con)| (@) o) o] o0 @)
qoo| B4 | s 00" -uoy | L | swor| WA | uox |eyen|epra 1) | Cos) o W ame @y |oms| O ea) |Com)  (s10) B
- - 9pLIO] - - -
..._.n_ﬂ_% wnrp -og | ~In Fonpg| ®PHOTHD | SyERINS -muow -1e0 ._HN npos -wwwa -rep | MO [BoTIS| o31ewosTa apeq
btyroadg | "% ‘ooe) s (0.08T 3® onpysax) -1
4 889UpIeH SPI[OS PaAoSSI r
1961 Joquajdag 03 9961 J2903d0Q Jed2L Jarem ‘uorirtw xod spaed uf 'sosSA[BUB [BOTWLYD

“8T *AON 03 9g '300 paddoys Iapx0daY--*SHUVNIY
*1rxdy o3 JaquwaaoN Sutanp siep Afusw uo jurod Surzeosay ‘wunmrurm (6T ‘8T ‘9T ‘ST Sny A.¥9 ‘unuixel nmmuswhmgoauhmawsll.hwlowﬁﬁ ‘ SENTYLXH
*196T Ioquajdeg O} 96T I9q03d0 :Saanjeaadud) Ieyey--ATAVIIVAV SAUOOTH
*saTTW 2awnbs ¥ Ig--'VIYV FOVNIVIA
*qqeg Jo 3somyjnos

soTTm TT pue ‘}Ied TRUOTIEN JSTIBTD ‘A3UNCD JSTOBTD ‘ISTOBTD AUBN 3B ‘32T3IN0 8jET JUSLANDIFIAS 3B UOT3e}S Sutded e ©,0Z.6€.8TT Suol ‘.0T.8P.8% 38T~--"NOILVIOT

(uoT3els yIew-youaq [eOTSOTOIPAH Pu® UOTIBIS ISATY OPEOSQ TeOTB0TOIPAH TERUOTIBUISIUT)
*INOK ‘HIIOVTID ANVH LIV XIFUD INTHINOLAIMS “SPTO-$

NISVE HAAIY NVAIHOLVASYS
SNISVE HIAIM IddISSISSIN ¥dddn GNV AVd NOSANH ‘¢ luvd
YEQHO WVIMISNMOQ NI SNOILVIS KLITVAD-dIIVA



33

HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS

G -=|26 | ¥G|¥G | GG vy [ 6]SG | 44|96 | 96|94 | 95|96 [ 94|99 | 959G | ¥G (6% |GG [LS [ L5 |RSG | BY |LG | bY |44 |14 [BS |66 - wnwius

A -=| %G | 9G| LS | LG|96 | ¥S|LG | L9[8S | 65|bs | BG |bS | 95 (96 | LS (L6 | L9 |96 [BS |68 |65 |69 | 09 (19 |29 {65 |65 66 |19 * WUWIKEN
Faquarda:
(33 66166 | BG|89 | BS|uG | BG[6S | 66|09 | 09129 | ¢Y |9 | 19129 129 |19 {09 09 |05]65 |86 |86 |84 |09 |66 (86 |8S |LS [LS .. E:M::_z S

19 €909 | €516 | 19109 | 65(CO | 19|19 | €9(€9 | %9 |99 | £5 (%9 | %9 |£9 [ €9 {29 | <9 (¢9 |15 |6y | 0919 |09 |19 |19 |65 |66 . F:._E__%nz
sngny

€6 868G | 86 By | 26|0s | LG 84S | 99[6G | 96166 | 46|96 | 96 (66 | wG 166 | G (¢S | 06 |06 | 04 |TS | 16|16 | 16106 |6% 6% 6% - wnwiurpy

95 66(09 | 09109 | L[ CY | 09{bG | 85 (L6 | G546 | 96|99 | L& (BS [ 8S (LS (LS |24 |66 {24 (<5 (25 (25 (25 (¢S (¢s |E5 (25 |1& * wWnwIXep
Amnf

% —=18Y | 6% |LYy | Lu|G% | Yh %Yy | €y |9h | EY LY | Y| %Y | QY |Gy | LY |TY |29 (€Y | 2% |eY [ 29 (2% | 1% (0% |v€ |BE |6t |bE | 6F *C wnwiuTpy

by =-| V6| DGl 6% | o¥|L% | LY 9% | QY iah | 99|99 | G%19% | 9hlay | 9u ey | eH 16y | ¥y |87 | Y% €% | 2% 1% |1y (6 | 0% [0% |bE * WNWIXEW
sunf

SE 6F| 0% | 19|0% | 68| 8 | GE 6t | Le|L8 | LE[LE | 9e 9€ | GF |We [ ve|ve | ke |t | €€ (Y€ | Y& [%E | HE (€€ | €€ €€ €€ |et | €€ - wowsuiy

9 O, T% | 29|29 | %1% | bE|LE | 6L [6E | bL|tE [ 6L |LE | 9E [YE | L |VE | % [¥E | ¥€ |YE | vt |9E | ¥E [9F | %E [%F | %€ [ve | %€ ** WNWIXe
AN

2€ —- €€ | FE{YE | HE/€E | v |2t | 2E[CE | ZE(bE | FEEE | £E |EE €€ (EE [ €€ [EE | L€ [dE | £E (FF | ZE 2t |J€ € | 2E (2E | 2¢ ** WOWIUIA

1232 —=lwE | vE|vE | Y| wE | YR Ve | BE|YE | ¥E|EL | BE | YE | EE | HE Ve [€E | 9L €€ | FE|FE | FE|FE | €€ €8 | EE 2¢ |2€ |[£E€ €€ * WnWiXew
. T1ady

2f €€/ 2€ | 26|2¢ | CE| 2% | CE|Ck | CE|e® | 2RiCE | 2E|CE | CE|EE | € |2E |ZE€ (2 | €€ [CE | |CF | 2E %€ |2E |2% [CE et | (< © wnwiur

(43 €E|€E | 2F |2 | ¢e|2f | Qv Q€ | 2¢|2% | Zv |t | ge|2f | vE|€€ | €€ (ZE | CE|eE | e |€E | ZE |ZE €t €€ |Zy |EE |t€ |CE |T¢€ . E:EWNME
P

2¢ --|-=1 -=|2¢ | 2€{dt | 2€|2t | 2ej2¢ | 2L (2% | 2L |LE | 2€lde | L€ |¢E |2E(|2€ |2E|2E |t |2€ |7t |f g |2t |?¢ [t |2¢ ©r WnwioT

(43 ==l == | =-2t | ¢E|28 | fe|ct | 2€l2% | 2L |ct | ZE|2E | 2k |dt | Q€ |dE |2E|d¢ | 2% |2t |<f (l€ |ZE |2 |2€ [2€ |2t [2€ [2¢€ [ E:E-sz
Arenaqag

[43 Z€)2¢ | 2€l2€ ] Ce| 28 | €|t | e |2 | CE|QE | ZE [t | e |dt |2 |2E | 2€(2€ |2t ¢t |ZE{2F | vE |EE | 2€ |Z€ |2t (2t |2¢ -+ wnwuny

(43 €€ 26 | 2€|2€ | €2k | EE|LE | € |l€ | Ctj2L | 2€|2¢ | €L |tk | 2€|ZE | 2T [2€ | 2F [2¢ | €€ €€ | € [€€ | €€ [Zf | ZE |Z€ | €€  WNWIXEA
Arenuef

2¢€ €£712€ | 2e|te | 2e|€E | L[ 2t | 2€|¢t | Zt|ct | ZE|ZE | CE |2 | 2E€{28 | 2% |lk | ZE|TE | EE €€ | CE|CE | & |2t |ZE |ZE | €€ * WWIUTy

(43 CE[€F | €€ FL | ce|bh | Er|2€ | €L Q€ | 2E|2€ | ¢L|CE | CEiCE |2 [¢t | CE2E | ZF |EF | €t (€€ | €€ |2F |2€ |2€ |2€ €€ [EE ** WNWIXE
12quidag

-- --| E€ | Cf 2t | ZE|(E | CE[QE| €E|RE | €E|LE | BE |- | mm o= | o= == | == fem | oo mm | o e | o s | e e | e o © 0 WnWIuI

-- Ei AN IR RSN A R A S R R L I N I A R el e Bt e el Bt Bl e B el e e e I el Al Bl * ¢ WNWIXEA
13qWIAON

6¢ —=| == e == == m= | LE|GE | HE|YE | WE|SE | GE(9E | LY |LE | Be [6€ [ OY|1H | ZY (1Y | Y (€Y | GY|SY | SV oy [ sY |l | LY St WnWiuTp

1y === === |~ -= | oE|Le | SL|SE | GL|GE | Lb|LE | BE 6L | UV |0y [ 2% |2y | 2% (eYy | Yy |S% | L% LY | 8% (L% | 8Y |6% | 6% * WOWKe
13q010Q

LE |0€|6C 8T |42 |9C ST(vT|€C|CT|LT 0T 6L 8L |LL|QL|SL|[pvL{ELICL|LL|OL| 6 |8 |L |9 |S |V | E|T]| L
ageraay Yauow
Aeq

L96T soquordeg 01 996T J9G03ID0 JedL J03eM ‘I03eAM FO (d,) Sanjeraduar

PoONUTIUOY--*INON ‘YIIOVID ANV LV MITUD INIWHNDLAIMS

PONUEIUOD-~NISVH HIATY NVMITHOLVISYS

“SPT0-¢



QUALITY OF SURFACE WATERS, 1967

34

0F |G*L|0ETT |S°T [29T |%L¥ 91 TI°T | 218 62 [T°T |¥° %4 182 | 0 |&Le ST} 4L ¥s | ooT| -~ 0g| 0°eL *8ny-6¢ AInp
ob |8°2|020T |9°T |61 |gov L6€ 00°T |9€L 1z |8 |e° 9% 65z |0 | pee v WL og | o8 |-- 9g| 002 £inp
1e l9crjo6L  |T°T |geT |9ze 68¢ vL® | £BC oz* |8 |&° 91 €61 |0 | 8¥g | ey gg | 89 |- 0z zo¥ Atnp
28 |L°2loeot |p°T |68T |egw 628 20°T | 82 cz* |9 |e* 44 06z |0 |ozge ¥ 69 ¥ 26 | -~ £g| oge Anp
ot |e°L|906 P°T |92T | age VLY 98° | pe9 gz |8 |- 0z 8% |0 |92 g1 @9 op | sL|-- gg| L8 sunp
12 |L-L|sos  {L* |99 |oTg £c8 9% |oge et [e0 |g° |v°9 g1t |0 |sLt £ €% ez | 9% |- g  0v6 sunp
1e |z:2]188  |¢° [te  |otr 698 gz |est 90 [g° |T° |o°g ¢ {0 |96 (g9 Tt | 9g |-~ oY 89LT sunp
-- |9°2j16L |£°T |£0T |[vOE 88 gL | ees gre o e €2 68T |0 | GS¥g ot] g ze | 89 |-- Lt e8¢ sung
9z |g-L|oseT |[T°z |9gz |ssg LLT og't {e6g6v  |9g* |e* |e° 9¢g sty [0 |zee st| zrr 69 | orr|-- |e°8 |¥'g9 ‘€T ounp-gz ABN
-- l6°slozeT |6°T |8ez |LiS »0P 62T |zg6 ger (e |v° ge wv [0 o »1|  TOT g9 [ oorl-- |o'e| 2ot *bg-6T e
-- l0°g|o6gT |0°z |62C |96% £6% 12°1 | L6 oz* |e° |v° 9€g 0¥ |0 |gee »T| got €9 | g6 g0 |T°g | geT ceeegr Ael
-- |g-LjooeT |g'z |v1g | €9% 9g9 82°T |8e6 ger |L° |®° 6¢ wv [0 |eog PT|  TIT 19 | g8 |-- sTj  68% LT fwfi~gz ady
og {9-2|voL |e°T [6£T |s8g 216 gLt |1eg 1Tt |98 |e° 2z 80z [0 |esT 1| og ee | g9 |- 9T| 9g9 cererpgmgT tady
9z |8-L|6s8  |g-T |s8cT |oee [-1:34 28* | 009 9T* |9°g |&° 12 gez [0 |gee et| €9 ve | aL |-- ot 9T cereeryTog ady
ST |vL|TOg 2T (g9 |v6T 203 og* |oze 80 |£°% |&- ST zer |0 [ucT gT| 0% 0z | b |L0° er|  20g . cerep ady
-- | 2lssy  |o°T {6% [T9T 862 2¥* | sog 60° |6°¢ |8° 1 oot [0 |61 | og 9T | 8g [-- 1t sce cerececpar ady
9¢ |T°Lltee  [9° |eg |sTI z8c 8z, | voe 80° {o'g |g- |9°L gg |o |seot zr| ot 1| 6z |-- |g'6 £69 1E-vg *IeN
ov |0°glzzs  |¢°T {26 |16% L1 gL* |9gg 0z* [6°c [e* sz g6l |0 |¥ve 6Tl 09 €| 89 |-- 9T| ogt *£2-gg " JIeN
8v |9°Lleee  |1°T [gs  leLt | 9'cz gp* | vEE ot |g*9 |g* 0z 20T |0 |¥sT 91| ¢t 8T | @b |-- 01| 2°¢T seesepg-gr caEN
ot |t*gloesr |o'e |19z |629 | z-gT £9°1 |ogeT  |8e’ |19 |¥° 28 206 |0 |6bP at| ot vL | oer|-- cg|L e -2
-- le*Llos9e |e'v |Lev |ze6 |Lee 9,7z |0£0z |89’ |6°9 |9° LET o8 |0 |e89 zg| o1g £2T| g6T{ -~ 8gl9° - aeN
ot {g-rloege [L-¢ |ese {ovotr |zE'C v9°z |0ov6T  |0g |z°e |g° 60T g9L o |to8 6T| TLE 9TT| 92%|-- 1g{0°T 8¢ "qod-8T ‘uer
or [6°4108T2 £t |Tbe |88 | 9°%T 81°z [009T  |[gB* |2 |¥° 18 069 |0 |909 0z| 612 2ot| 89T|-- zg|v e L96T ‘LT ‘uep
-g1 *08q
oT 06LT 96C | 9L9 £ 1e cL°T |o6gT  |2¥° |t | £9 sLe |0 |gov 0z| TLT L8| LBI]-- L1}0°6 - Z1-T *98a
- L1z 209 | 0°9¢ 99°1 [oger |.8° |[P° |¥° 1L €0S |0 |69¥ 91| 6LT ¥9 9eT|~- Lt{orLT . 0g-T *AON
s 0gg |¥8¢ | 0°9% €9°T |00gT |ve’ |€° |¥° 1L 815 |0 |zEw sT| £8T oL | srr|-- ST|g ¥ ceec-TE-8T °300
ST 91z leog | z-ez 09°t |01t |ue” (g {g° €L oo (o |oeg¥ ¥r| o8I 99 | 8IT{$0°0 | 9T{0"L weeserslT 2300
-- 88T |¥bS [£c°8 $S°1 |OETT  |9£°0{g*0 |£°0 %9 oLy |0 PED ¥I| LT 99 | oOTI|-- 12(8°¢2 996T ‘9T-T °320
wnyg
ope 100}
-au K uotm

Hn.-dom it .Sm -wmma .—W—.M (&) [oN)| (1) o) Anoonmv &) @) e 83, UoR}0a1100
X0 -uoy | TR suog, suor | 57 | yor |me ARt (*0s) | ae .ﬂ« wnys| (en) | wgs | (20) (ad) |Co1S) wwA 30) onoRTY
100 -red L SIBD P | gprromp | evenng | -uoq [ TU9Y |-gwy | wnypog | -eu | MM oy feoppg) PBIEUOSIP 10

-od | -IN Fontd| - —ren| "I | og -ge | TEQ ueaN ayeq
f00ED 8% g
ssauprEl SPI[0S POATOSSIQ

pPAUTWIS}SP SY3 WOIF PIJBRINOTED

L96T Joquajdag 03 9961 JI9Qq03100 JBSL J9)BM ‘UOTTIIW Jod sjged UT ‘sesATeue TBOTWSY)

-o3xeydstp £q pojrsodwod STsA{BUB TBOTWOYD JOoI soldwes A1TEJ °POIOU SSTAISYIO SSOTUN SIUSN}TISUCO
aae wdd 000 °‘T ueyj 2Jomw santes pue ‘JH,08T e senprsad axe wdd 000 ‘T UeY) SSOT SPTIOS PSATOSSEP JOF poryodsx sanytep--*SHYVNIH
*YoJIBN 03} JIqUSAON Butanp sAep Auew uo jurod Burzooiy ‘umwrutu gz A(nr J.62 ‘wnmrxel :ssanjeradmel JI9}BM
‘9T SuUNP SOYWOJXOTW 9T ‘ATTep WNWIUTW {gZ °*gaj SOUWOIDTW 006°Z ‘ATTEp WNWIXEN :90UBIONPUOD OTFroads
*6T-gT ounp wdd OTT ‘wnuwrutm {gZ °qad o3 QT *uepr wdd O¥0‘T ‘ummyxen :SSouUpIBH
*6T~-¢T ouny wdd ggT ‘wnmyutw T *JBN wdd 0g0‘¢ ‘WNWTIXEN ‘SPTTOS POATOSSTQ--°*19-996T ‘SINIULXT
‘1961 Jaquejdeg 03 9961 I9q0320Q :saanjeradwal ID3BM
© 1961 x9querdeg 03 9961 I9Q03d0 ‘9g6T Sunp O3} ¢GHT 3sndny  S9SATEUE TedTWAYD-- *HTIEAVIIVAY SAHOOTH
*8utinqrajuoduocu A[qeqosd ST SOTTU SIBNDS (6C UY2TUM FO ‘sortw axenbs 080 ‘g-- vIUV IOVNIVEQ
*josa) 9doTe3UY WOIF WESI}SUMOP SITTW 4 PUB ‘AJunc) PUBTYOTY ‘oIqUOIOLSQY FO }Som

~Y3J0U SOITW Z°g ‘wep AJIUOSEW SIQQNI WOXF WeSI}Sdn STTW g'p ‘o3pTiq Leaydty L3unoo 3® wotlers Surdeld I® ‘L00.LP.96 BUOT ‘,80.8Z.9% I®I-—*(PISTASI) NOILVIOT

‘MV@ N ‘IIGNO¥O¥IEY VAN HIAIY FOIY QTIM "0£S0-S

NISVE HL¥ON FHI 40 ¥IAIY gFY



35

HUDSON BAY._AND_UPPER MISSISSIPPI RIVER BASINS

v ==-]eS [ 15106 | 06(6S [ L6|LS | 8S5]6G6 | 0949 | 1919 [ 09(09 | 09|09 | 19{29 | 09|19 | S9|L9 | L9|69 ) 69{ %9 [ €9]|€9 | €9 .....uvn_EBmvw
69 Y969 | 99(99 [ L9(89 | LL]8BY | L9(99 [ 89|69 (890, | SL(%L |€L|€s [ 1L|OL [ 89|LS | 69|0L | 69(0L |0L|OL | €L|LL | 8L “sn8ny
<L LL)GL | LWL | wLi%L | LL|9L | 8L)6L (YL|LL | SL L | TL(OL UL |BY 1 69|14 | 2L|CL | TL|OL | 6989 | 99|99 | S9|L9 | 0L sor e Lnf
59 ~~|oL | 69|49 [ 99(L9 | %9|¥9 | 59[69 [ 19|69 | 8989 [ 99(%9 | €929 [ €9(29 | ¥9(s9 | 29|¢9 | 99[L9 [ 29|L9 | 99(s9 | 69 |+ -+ aunf
137 S5 [49 | 99|99 | 99]99 | L9195 | 09|Ls | 65|SS | 86|09 | 65{94 | 25/0S | 6%|6% | 6%|CS | Ca|0S | 1S|L% | €9]0Y | LE[6E | 4%
A4 “=fLlY | by |LY [ Lh|vy | e |6E | BEOE | SY|L¥ | €Y (0% | O |26 | 1S |LYy [ 9% 9% €% |1y [Zy|ey | B8E|6€ [ 2¥|6E | LE(LE | %E
tE BE(OY | SE[Ye | YClve | 9 |ve | £e|Et | LE|CE | €€ |2 | CE{CE [ CE/2€ | CE|€E | €€|€E | vE|Z€ | 2c|ee | €e|€€ | Le2e |2¢ [* "y
(47 “-]-= i -=-]Ct | Cejct | Ct|2¢ | ¢E|ct | CE|ge [2¢c|ce | ¢e|2e |2e|2e | cejce | ce|ce | 2€|ce | 2€|2¢€ [ 2¢€{ce |2e|2E [ 2L "t ..buaﬁu
A3 CT|Ce | €|l | L2k | 2B Tt | Ce |28 | CE|CE | ¢L12E | CE|2E | €L |CE | 2t|2% | 2E|CE | 2€|2E | 2€|2E | 2e|2¢ | 2E|2€ | € |*rer agcanm.
e dejee [ celee |ee|ce |ee|ce | eejce | 2e|2e {ee|2e | ee|€e |2e(2¢€ | 2e|c€ | ce|ee |2€(2e | ¢e|2¢€ |2c|2¢c | 2¢e|ee | 2e | " BdqUdAQ
(49 --|CE | eE|kE | t€ e | €€ |EE | CE e | CE|EE | £E|2€ |¢E €€ | eE|€E | Ee|g€ | 2e|e€ | gej2e | 2€(ce | €E[€€ | HE|vE | 9¢ |+ I3qWIAON
== |ox |1y |eo|en [ev[ey [ 2v|1y | €v|oy [ Ssyley | Ty[ey | Oh |-~ | -~ Rt el I Rl I R B R I R e I B I EEERRARE L SR
LE| 0 (6T 18T |£Z|9C|ST|vT|€T(TT|IT|OCT (6L |8L [LL[QL|SL|vL[EL{TZL[LL|OL|6 (B L |9 S|V |ElT L
8e YIuoW
-33AY feq
1961 Joquezdes 01 996T Jog01d0 JBSA I93BA ‘I2)BA JO (d,) @xnjeradwal
0% Z1- Tiieieees-eee-gT KER
vL* gg’ ©erL96T ‘¥ cxdy
18°0 23°0 ©*996T ‘LT "320
Yod se
ajeydsoyd Tuﬁwm UOT3ISTIOD FO d3BQ
Zoy3a0 ossuBIuBl
uotTrTH xod sjred UT °SUOTIBUTWISISP TBUOTITPPY
. ‘ Bn}10¥ JO SABP GCE JOF o3JIBYOSTp uEBSm (sSLep G9E UO pasBq adaeyosip uBaN 4
syo 83T ‘MoTF TP ¥ *g3USNITISUOD pouTwIa}ep WOXF Pa3IeInd[E] V
R —_— . - -fep xad suolL
S D R . _ - - corolg o lt°0 |12 ZL -~ los (1384 6T [as Te e°s
. 1Ll -- 12 9z1d v 2pFBIDAB
-- 12°2]00eT {¥°% (08T [&LS |- - 080T 1g°0/8°T [¥°0 4 9E¥ 42 9T 8ET L9 6 peyy3Tom-amTL
- »es2p3vI0AR
. . - ge | @9 |- sT °
- |#oz|ese  |e°T [sTT |66z 68T vL*0 | LbS 9t-0{2'g |g'0 | 1% 802 ozz et <9 po3usToM
= N PO *1deg
" P P T sr| 96 6g 80T| - 12]0°8 vz :
0E | 4°L{063T 8°T |9.LT f444 [1) 84 6Z°T | 8¥6 €ge e'1T |g (4> £9€ 0 oT¥ oot .N.N.MM .WM«
. . . eT] €8 98 goT) -~ 82} L°22
gg |9°L]002T 9°1T [¥LT ({334 G ES 6L°T |EL8 [5>4 8°T |¥p* 92 60¢ ] 88t H

444-057 O - 71 - 4



QUALITY OF SURFACE WATERS, 1967

36

ov €1 0121 0€0t 0001 (1834 888 0601 (o1 ¥4 09%2 0061 0€LT - ofvroay

- otet 0211 - 06€1 - 11:13 - o162 0661 - osLl *

0RET oleT ottl 0601 08¢l 09%1 S9€ - 06%2 0602 0091 08L1 M

(321 00£1 0Tl 0%01 08¢l 08%1 ¥2€ - oLye 0102 0191 0sL1 *

08€1 0621 o111 Y16 09¢t osel (X474 0062 01s2 0zo0Z 0091 0021 M

oLet 0621 ottt 126 O%€ET oLzt 162 0682 ozy2 0102z 0961 oyt M

09¢€1 0821 o11Y 206 0SET 01%1 6§62 0882 0Eve otet 0601 ozl -

o9€el 0821 0011 506 0S€l o111 £4:14 0182 o€y 2 0€1Z 0991 0€LT M

09€1 0821 0801 226 0zel o1 69¢ 0582 osy2 ootz 0691 ozL1 -

©9e1 0L21 0s01 8z8 O€€T 9t6 928 0682 [ 24 0902 o%LT oy¥Lt *

ovel 0921 0€01 269 0zel 8¢9 228 0582 0zZyzZ 0681 o¥91 0sL1 *

0SET 0521 oto01 YL osel 189 AZA S 0582 (4224 0981 0681 osLt .

ovel 0221 166 164 0zel oLL Ly 0182 0zy2 o%61 ocet o2l -

(234 o2zt 01017 1€y O£€l 9zL 26t 0182 oeve o%0Z 0861 0891 *

0s €T 0zzZ1 0201 %92 0621 989 88¢€ (L 2% (324 020z ozel 0691 *

05€1 0271 588 992 oszt 992 [ 733 0912 os¥2 0161 0€6T oTL1 *

00¢1 0121 1lL 691 0821 886 €09 092 06%2 0581 0902 - *

oveT 0021 602 %22 og21 416 009 0692 0152 o¥eT 0902 - i

oyl 0021 9¢€9 161 ogz1 856 LEY 0L9Z 0€s2 0%61 0€81 -

ovel coz1 8%8 00%1 ovel 1%6 hadl 0592 o152 oe61 0891 -

0S€T 0611 0801 oyHy1 o%€E1 £€6 828 0692 0ese 0zZ61 0891 - -

ohel 0611 ot11 0841 0sEl L6 2¢e8 0592 o062 o081 0691 -

ovel c81t ottt 08%1 ceel %88 ov8 1 0192 0852 0281 oyLt -

OEET 0511 oottt 041 0seT »s8 06L1 0192 09s2 081 otLt -

0ceT 0sT1 0801 0EY T 01€1 168 09Lt 0292 0zez 0161 0861 -

(233 (4281 0101 0EH T 09zZ1 €8L 09L1 o192 01se 0191 oost -

CEE 0yt 001 0EYT o611 €29 ov1e 0€92 0642 0081 o0est -

(1294 ov1l 0L01 ozy1 o811 109 0692 oLs2 06%2 0081 0081 0291

CEET (281 0801 0T+t 0811 19¢ 0692 0152 oey2 0081 0Z81 -

0zZel ov1t 0801 [ 8431 09171 *19 0€£92 0652 [ A7 0€L1 0€81 -

(821 0ETT 0011 00%1 00€T ¥y 0142 0€52 08€2 0861 0061 -

(83 o0z11 0011 00%1 08¢el vy 0692 0€62 00€2 0861 oLy -
soquaydag| sndny Apf aunf ey Tudy yorel | Lreniqag | Atenuef |Joquedaq|IaquidsoN| 1240320

1961 Joquaidsg 031 996T ISQO1ID0 Jesh Jalem ‘(J.G¢ 3B SOUWOIOTW) SDUBIONPUOD OTFroedg

penutiucd-~"Jyd N ‘IIGHO¥O¥AAV HVAN ¥IAIH HOIY¥ dTIM °0€SO-€

PoNUTIUCD~-NISVE HL¥ON THL JO dIATY ad¥



37

HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS

g L|68y v |es 92 €°LL oy |16 - = e |- 8% o |88 |-- ¥I == - |=- --lg-86 seergI-1 3deg
g°Llvee [ £92 08T vp*  |9ze R Rl R B 19 o |02 |-- 81 -- - |- --| ¥og sereTg~YT Sny
L1 |v90 - les 80€ 29¢ 6g  [zew T S G B ozt | 0 |w¥e8 |-- 62 -- ol e --| €% *++0y -8ny-9z AInp
6°L|¥69 8° lsg gog 001T 19° |3S¥ €x* (g7 |(e° |o°s ¥ 0 |[voz [9°2 ve 6c | 85 [00° 61| <06 reereecesiegy ATnp
S2]689 g* |66 g1E 0g9T |09 |6E® EER COT EER et | o |6s3 |-- 43 -- - |-- --| szse1 ¥g ATnp-gg ounp
6°L|6¥¢ - |es (414 0¢zz og* [oze - == = |- 11t | o |00z |-- 8T - -~ |-- --| oszz e eepg-gg ounp
8L |v0¥ ¥ |99 v81 00L€ 9e° |g93 R S EE R B 98 0 [PFL -~ vi el --| go1g tete1Z-g1 ounp
0°8(8L¥ ¢ |ve L12 0goe w°  |zoe R e e 08 o |66T [-- 8t -- e -~ ewee cevecrre)T-gY ounp
6°L|8y  |e° |82 1€3 098 6c- |68z R Sl EE B Ly o feez |-- 91 e --| gort teretecstpI-T ounp
g L|L19 9° |v8 262 03sT €g* |sg6g -— | = |- 61T o {vez [-- 4 -- - == --| oser R o |
¥ |69 8- |ozr |so0g o¥ez z9° |sgy - |- |- |- 991 o |62z |-- =3 - - |- --1 ®g0g g AeW-cg -ady
€°2lsL9 L* |ger  |e0g 082¥ €9°  |09¥ - | |- |- 88T o |t61 |-- 82 -~ i --{ ww¥e **pg-8T cady
v-L|evs g 8L 62 osct Ly |6¥E o e el e 20T o |60z |-- 61 -~ - - -=| 99%1 ceerLT-p cady
£°LTo¥ voo[L9 207 00LT  [ov  |[c62 g0* [0°% |z° |6°% 88 o |ozx le's ¥T (44 9% |{10° £T| 0818 reretieeg cady
AL € |es cLT 0082 €e°  |€¥2 R o EE i B 29 o |ogt [-- |9°6 -- == 1-- --| gige c+g tady-og ‘Ien
v-L|vee € |1z 9gT ogst 63" |£1g L ER EE P 134 o |v9T |-- |86 -= e --| oowz cetrectgZ-LZ dEW
gL frze Lt |6t 921 62¢ 12°  |961 R E T EE i P 34 o |ogr |-- Lt - -= |- --| o001 . +9Z-cg “aeN
§2 /608 - |12 8ve £9¢ I¥"  |00E et R C R 67 o |z |-- L1 - - |- --| sv¥ sereenstppaT cauy
9°2 |96% CRE 8ve 00g gc°  |zsz R el ol 12 0o |esz |-- |8°6 — == |- --1 wée “wep
1L |vLy s |8 9€3 vze ¥ [g0g g0° [z [e- |o°e 9% o |ez |8°% | o1 1c ¥ |-- vI| o06g uep
6°2|96% v olex i ¢ 0g€e 6g°  |e8e i L C N R 143 o lesg |-~ €t -- == |-- --{ 6w¥ L96T' 07" ueL-1°25q
28 |pee ¢ Joc |ose STy v |eze R R C R B €9 o |soz |-- 8T -~ - |- -=| oav "reet0g-T "AoN
6°L01S i {114 1344 65V i4 0ze - - - - 8¢ 0 082 - ST - == |=- - TEeS ****IE-8T °319°0
£°8 16Tp e s 602 60€ se*  |1ve 20°0]2°0 (g0 [8°% ¥Z 9 |eez [6°c |e'm os ¢e [z0°0 TI| ey tresereLT 0300
11 [8EP €°0 |ST (1144 <82 g0 (982 - - - - 9% 0 082 - o1 - == |- - (454 "996T ‘9T-T °390

(082 fopea] @ |Ton | & 1007

soyu| —u - 8p - uopTrur
H..wusv uop) "o e | 0d ST 1ed (00) (02| (3) Bw)
_dxos) e (a) |CoN)| () v aE (D) , (839) UOR0eT10D
d o | suog sreq (10) (*0s) | e wnisf (eN) | s (24) |(018)

HA | soue | 7 -uoN -Te0 suox, uoJ | 3jBx}| apya apraomD | eyerms | -uog -uoq -5} | mnypog | -au | WO uoa] [evrTrg] a3reyosTp Jjo

“P% lomp -od | -IN [ontd -1en| ~T® | _ogq e | "TBO uBaN a1Ea

suﬂwnm -og | “ooep s (0,081 1% onprsod) -

#80UpIeH SPITO8 PIATOSSYQ

/96T docquozdag 03 99461 4900300 J8d4 Jojem ‘uor[[tiw Jod sjyxed ul ‘sosA[eue [BOTWAYD

*a8aryostp

£q po3isodwod sSysA[euUR [BOIWOYD JoF soyduwes A[Teq °(}) umissejod opn{out jou Op pur SISATRUBR AQ POUTWISISP OIB (BN) UMTPOS JOF pajtodos sonTeA--°SHUVWIY

*6G6T pu® 9G¢6T UT SAep Auew uo J.€¢ ‘umutuIw {p9GT pue ‘096T ‘LC6T UT SABP [BIOAdS UO 4,28 ‘UNWIXBN :Seinjeladwel Jojey
*z961 ‘1T cady soywoaotw gzz ‘A[Tep UNUTUT® {RCET ‘9 ABK SOYWOJIOTW 096 ‘ATTIEp UNUIXBY :o0UB]ONPUOD JTFIdodg
*Z96T ‘21-9 -ady wdd grT ‘wnurutw ‘8¢6T ‘-9 ABW wdd ogp ‘unwIXeN :SSauUPIBH
*gG6T ‘g-T "ooq wdd 2T ‘umwiutw ‘86T ‘6-9 Aey wdd og9 ‘umwrxeW (L9-6G6T ‘8S-CG6T) SPTIOS POATOSSTA--"19-GC6T ‘SHNIYLXH
*yoJB O3 Joquedsg Surinp sfep AuBW uo J,Gf ‘umuwtutw {22 A[np .62 ‘Unuyxel sSoanjesodmol J93BM
*9g °JBY SOUUWOJDTW gHZ ‘ATTEP UNWFUTW QT AN, SOUWOIOTW GFy ‘ATFep UMWIXBY :90UB3ONpuod OSTFIoodg
*9z-gz °*Jel wdd 9zY ‘umwiutuw {pg A(np o3 ¢z ounp wdd Zrg ‘umWIXeN :Ssaupley
*9g-gg “JeN wdd 96T ‘unwyutw {pz-81 -ady wdd 09F ‘wnUTXEN :SPTIOS POATOSSIQ--'19-9961 ‘SANIULXT
-296T doqueideg 03 GGET I8Q03d0 ‘SeaniBraduis) JI93BM
©,961 Joquejdeg 03 GGET X8Q03d0 sosATeUB TBOTWOUD~- HTEVIIVAY SqUODIY
*A1o3eurxoadde ‘soTTu aJenbs 008°9-- VIUV ADVNIVEQ
*ggy OTTw 3 pue ‘JI2ATY

ouuofoyg FO yynow woly uweexisdn seTTE gz ‘4juno) ssep ‘0Saed UL ‘S ‘3§ UIp uo juerdiojem £3T0 e uworleis SurfeS 3B £,00.L¥.96 SUOT ‘.0¥.IS.9% 3IBI--°NOLLVIOT

“¥va °N ‘ODuvd IV HL¥ON JHL 40 ¥¥ATH dd¥ *0¥S0-S



QUALITY OF SURFACE WATERS, 1967

38

9 158

-- L5 Ly | 69(29 | 29129 69199 | S9189 (5969 [49[v9 | v9vs | sa[s9 [59[99 [89{69 [69[89 |L9]99 | La[ro [ 89 [+ " soquardag
el | 89169 | UL Ll edi€L | €L\TL | TL|TL V€LYl | L |wL [ SLivL | weles |22f2s | Ra|1L [ 2LieL [wi|eL |€L{el | SLleL | 8L {++++ -+ 2sngny
€L | 9llwl 6284 |6L|¥L |BL|LL [ 8L[u2s |8L|9L |¥L|€L | TL|TL [OL{TL |TL|€L | €222 [04[0L |0L|89 [ 89|89 | 69|14 [0L {srveeeee-fnf
L9 | =1L [ GL{oS 69189 | 99149 | 69102 |0L|0L |0L[89 | GL|{29 {29|Ls | 99|99 | 19|59 | L9]|L9 | 89|69 | 89|99 | 99]59 [ g9 |+++++svevv qunf
G4 | LS|L9 | 99|59 | 95|aS | ¢y|uy | 65|65 | 69|65 |69]8S | 9s|Ss |es|es | €s|is | 1s|2s | gs|1s | 0s{0s | 2y |8y [ 8y|8% | 6y [rr-eeeriii e
9% | ==us L 6Y By | Ly |9y | 9% |9y [ BY sy |6y |6Y | by 6y | 6718y | BY |9 [Lviiv sy lsy | 9|6y | €y vy | vy ley | e€|LE | 98 [ceeeereeiimdy
Ge [ Le|9k | 9t vt | 9E|9E | e (ot | 9EILE |Le|2€ | 9€|LE |st|st | 9€(Le [9€]9€ | 9€[9€ | e [s€ |se[cE [ SE|SE |se|sE | S€ [t yomep
S | ==f-= | -=lot | St|Se | SE|GE | SE|9E | Se(SE | SEfse | S€|SE |Se|oe | Se|9€ |9e[se [se[se |se|se | 9€|9€ [ge|se | s€ |-orer-Aenigag
st | 6€|SE | 9€|9€ | 9E|uE | o€ |Gk | G€|9E |y |SE |SE|GE |GE|SE |GE (€ | GE€|SE | SE[SE | SE[SE | SE|SE [ SE|SE |SE[LE | 9E |veer e Lrenuef
6t | 6E|ot |Gk (5t |9k |JE | G |9E | SE|GE | SE[9E | 9% |9E | 9€|9€ | 9E|9€ | 9€|9€ | 9€|S€ | 9€|9€ | 9€|9€ | 9€|9€ | 9€ [9€ | 9 | ** - aquadseq
Le [ --]S€ | 9E|9e | 9€|9¢ | 9¢|LE | 9€|9E |Le (L€ | 9¢ |9 | 9€|9¢ |9 |9€ | 9€|9€ | 9€|L€ | 9€|9€ | Le|0¥ | Ov|6€ | 0% |14 | €4 |-+ * 30qussoN
ve | Sv|uy | 9vigy | Ly lar | aviay | Uy iy LUy Ly | Ly ley | 0615 | €5lvs | us|ve | €566 | 1619 | S5 145 | S516s | 96|95 | BS [+oevere Jaqoadp
LE|0E|6T|8T|LT|9C|ST|ve|eg|cTiLz|oT|6L gL [ZL{9L SL{rLjeL|eLLL(oL|é6 (|8 |Z |9 |Silv |e|T |1
a8e ruop
-JaAy feq
L96T JoquojdoS§ O3 9961 X2(old0 JIesh Iajem ‘Io3eM JO (d,) SIN}eradual
. 00" T e viigg Ainp
29 ot* tretteL96T ‘g tady
%% 0 00°0 ©°tt996T ‘LT *3920
k2
Od se
(un) WOTFIDTTO>
WWM“MWM—.—Q NMNEHMQHS 30 83eq
uofTyTH Jod sjaed UT ‘SUOTIBUTWIAIEP TEUOTITPDPY
—_— | == - - - -— - - - —-_— - —— I€2 - 168 —— 9% - -— ] == =z| - ** - fep xad suol
o'ulees  |oo {Lp  |ssz | -- - e — i - |- P - | o8 |- LT . |t umu:wmwnwwwﬁ
grL{¥es (S0 |69 [6ST 6£8 87°0 |€£SE i el R L6 -- legg |-~ 6T bl B R === a3exoae pajuSTep
L°L|20S v LE 182 (498 oy- L6T - - - - 15 0 192 - ST i -—|-- - o¥T ”.....MOmme “paww
9°Li86% V"0 {0% 8%C £°1¢ 0¥°0 (162 - -- - - S [ j444 - L4 - e --|¢"6¢ 2961 ‘gz-9T *3dag
wmnys
(0,82 | o i 300}
Jel -au £Lep uoTTywm
e soyu - -
% sounl o | -woa | 0| e saoe | “7HT F00) (OO (3p) o) uopasrie:
1) grog ~TB2 ¢ aod (@) {CoN)| (@) ™ e | 2 lomg| (en) | wms | ®0) | aq) l¢org)| . ) 0RI9T[00
d wngo suoy, freg (10) 0g) | o 18t (eN A d) {(Cors]
Hd | sowe | o7 -uoN 1o suof, o | 298N} | 9PLI | oueoius | sjermg | -uoq | "1 |-gey | wmppog | ~eu | TR oy [eotnis ajreqasp 1]
P ey ~of | ~IN [onlg —zep| 1% | og _gep | “EO weo areq
-uoo -
binooag| "5 | fooeose (5,08T 32 onprsax) e
ssaup.Iey SPTI08 PoATOSSI

ponuIluUo)--2961 Joquairdsag 03 9961 I8(q0320 JIe2L Jajem

‘uorTTTW Jod sjxed ur

‘sosdTeue TedTWLQD

pPenuUI3uod~-"¥yd N ‘ODYVd 1V HLHON THL 40 ¥IAIY QI¥ °*0PS0-¢

pPenuiluo)-~NISVE HLYON HHL 40 YIAIY qay



39

HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS

L:1:A4 419 19 005 129 8865 ey a8y sLY 16% €25 55% afetoay
- v6Yy €69 - azs - 0LE - 9Ly €Ly - 89
106 16% 969 96¢ 29 20L (332 bl kA4 0zs 10¢ 186
T6% €8y 0oL %09 6%s 40L z2€ - 9Ly 28% 58% 84S
26% Y8y 104 %19 €96 989 2%¢ Y6y 08y 65% 18% 109
Z6% 88y 1L €09 €96 004 924 v6% Yy 06% 18% 516
B6Y 6% o1L %65 €46 0oL 642 26y 20% 6Ly 256 6%
7?06 00s Y69 0ze9 9L 929 vhy 06y 66% 89y 96% 2ty
%05 €S B8Z4L 665 6LS 469 69% 18% Siy 99% Si1%y oLy
106 €25 91L 156 86 €69 16% 18% 69% Yy €15 1344
%05 (417 €lL £0¢ 26¢ 649 T€S Y8y 19% oLy €6y 92%
26% 165 969 244 £09 1€9 G0L y8Yy vy 69% [1:34 0zy
064 156 199 80% z19 819 €89 G684 9% YLy 565 00%
98y 9€S L€9 86¢€ yeS 821 88y »8Y A4 48y 106 €0%
%84 0%s 219 €LE LE9 2l wey %8y 69% 68y 21s 10%
484 $447 4186 %8¢ 8€9 £€9 1% v8Yy 9y 21s €66 614
98% €56 189 0€9 149 119 89% 18% k234 08 09% (284
a8y €46 SYL 80% 6€9 9€9 89% 08y yeYy €84 855 8T%
oy 1844 €69 89y 8%9 599 254 18% s 88y 896 61%
Y8y (449 €59 (434 1459 899 61y 6LY €LY 184 695 [444
[ol:34 L:247 869 6%Y €€9 0€s €8Y 284 8Ly 06% 956 €2y
o1:44 %96 29% 9y 559 €8y 9Ly 984y 58% 0zs %05 L1y
84 666 249 09% 619 95y 9Ly 184 114 €eS L6Y L1y
84 996 589 994 €49 £5Y 8% 189 08% €9S 91¢ 12y
IRY 195 889 99% 89 199 88% 18% Sly 6€S 98Y YeY
98y k2% 1 €69 Wy 069 594 564 $1:34 199 0zs 08y 9¢Yy
ey SLS 669 2Ly %19 89% 86% 984 994 99 (249 veEY
oLy 909 169 S8y 869 159 90% Y8y Ty 9%¢ 34 [434
/A4 Y49 12z ¥64 869 15% 906 984 21y s1% 295 124
98y 059 %9 20% 0B9 5% 209 98y 9% %16 846 ogYy
B8R Y oLe 966 606 619 vy 86% ¥8Yy [3:34 B80S €LS A434
106 869 969 s16 L9 90% 00s 984 €Ly Ly 08s 2ey
saquaydag | 1sndny Apf aunf Awpy ady yodwly | Areniqoy | Asenusf | soquidda(y|saquidaop | fagojaQ Leq
L96T xaquajzdag 03 9961 49Q0300 JBIL J03BM ' (D,GZ 3B SOUEOJIOTW) 20UBZONPUCD OFFTo2ads

PONUTINOD-~*AVQ ‘N ‘ODYVA LV HLUON THL JO ¥IAIE QI °*OPSO-S

PonuE3uUO)--NISVE HLUON FHL J0 HIAIH dIH



QUALITY OF SURFACE WATERS, 1967

410

6°.1080T |TI°% |0 29z |09°9 g6° | 00L og* |g° |¥ 81T 8.1 |0 |szv |0°6 | ST ve | 6v|60" [s°L|s°€ sesecseeep s3ny
9-z|o6zT [9°¢ |0 96z | o°LT 0z°T | 618 e A -~ o e |-- zzz | -- — |- |-z cerescTg-g AT0L
L*sloovt [9°¢ |0 ozg | o°89 Z€°T | 896 N - |o |ees |-- ogz | -- -—|-- |-- |o'9z *4, ATnp-gg sunp
z-glotel (1'% |0 oze 8¥1 SI'T |vv8 - |- |- |- goz |0 |ses |-- oLt | -- -~ 1-- |-- |o'ge “4eteug-pz ounp
1°glover |T°% [0 oge | L'8¥ ST'T |v¥8 E L E -- o {ses |-- oLt | -- — |- |- |12 seeeeVgg-g ounp
z'glover  2°% |0 61¢ 901 SI°T |ov8 N e - (o |sos |-- pLT |- -~ |-- |- |o'9¥ -+z ounr-gz AeN
8-41090T [9°€ {0 6.2 otz 16° |v1 - |- |- |- - o |egov |-- o¥T | -- e 60T s+++gg-9T AR
8-.v88 |T°€ |0 95z vog 18° |66 6t |v* |z* eT ¥ |0 |eze |96 | TII 6z | v |so0° 9T, 88T criegT AN
1-8|v¥6  {e'€ |0 yez 10% €8* |ore e - fo |®ee [-- zzr | -- B e LV ceeeepT-g AR
8°LJ9EL v'g |0 812 Z9T €9° {I8F el e ke - [ 98e | -- €8 -- - |- - seT trey Kep-p cady
6°Llery  |9°1 |0 vzl ez 9g* |9z e o El - o e |-- W |- -— |- |- 62€ cerrrergeg tady
vrliee  |eex (o 00T gop 16t |tee g0 |8°¢ |e* lz°9 19 |o |ear or| o¢ | zz |er- o1l ¢¥L . ez cady
veLlgsz  |ToT (¥ 06 159 9z* | o6r e - |o |sor |-- v |- = |- |- 08gT | ' *ady-0f °IER
vorlpzz |11 |0 v z6¢ vz* | 08T g0 |o'v |e* |6°¢ zv |0 |oor |l 1z |z'8 ot |-- |1°8 | wo08 seectgE-LZ CTEH
g-.lo6z [0t |0 06 €T 1z° | 96T -— - |- |- ¢ |o |wIr |-- e | -- - |- |- 8%z R A
zeglper |1z |0 1c2 101 6L |osg - |- |- - e8 lo luee |-- 8L | -- — == |-- |¥8e seetrgz-6T “JEN
z'glot,  le°T |o 86z |TL°S 09" |z¥¥ - |- |- |- - lo |8 |-- s |- - |- i=- |8¥ 8T “IeN-9T *qod
T'gleye  |¢°T fo oge [64°9 gLt |8vs - - |- |- - |o |esw |-- ¥ |- - |- |- je¥ SeeeeegIoT caed
z2°'8j018 ST |0 oze £€6°V 69° 608 - - - - -- 0 (444 e 29 - === - 9°€ L96T ‘Tg~T cuep
9-slve |zt |o yez |g6°€ 6v° |8ge 60" |6° |z* |[8°8 e |o Joez |e'v| ce |66 og |-- 0zl 1% EERR R R
1°8fe8  |zz |o o6z | 0-or oL |1se — |- |- |- -~ lo |esp |-- 88 |-- - |== == e 0€ "AON-8Z 390
1-glges  |1°¢ |o ¥8z | .o ¥8° |6I9 R e e -~ 1o lzev |-- 0zT | -- -~ == |-- |ozz “eett1g-Tg 390
0-gleos  |e7g o 91z | 2-e1 ¢8° |czo R - |o jes¥ |-- cer | -- - |- |-- le's eeee0z-pT 390
ggltor  [6°T o 6vz [€5°9 19°  |6¥y ot-oleo |eto | z1 o, |ve |zze lo'e | 19 ez | 8c |eoto | er|¥-c sereereegl 300
o'gleve  [1°g o 112 |€6°9 £8°0 |219 e b = jo |ww |-- ozt | -- - |- {-- lz'w 9961 ‘ZI-T *390

(0.5 |oped| 2 |Ton® 1003

Lo torm) won| 2 |3y | san |0 | ¢00)|[(OM)| (3 @)

- _ren 9

10! ud | sowe | SOH -uoy | TR suoL suog, | S¥Ed M_mw Mn.vnzv oiw (10) (*os) | e .mw« ums| (eN) | wns | O) | o) |eomg)| 1) uoRoeed
09 -pe -Ted L VeN 3N | oprromyp | erening |-uog | U0 |-gey | winjpog | -eu | TMP | uoy feapng| P2FEIOSW o

-ﬂ%% wngp -og | -IN Fonid _ren| "™ | Log ey | "TEO weay ayeq

oroadg| 5 | f00®O sE (2,081 3% enpIsad) e

v ssaupIey SpII0S paAtossIq r

| E—

1,961 Iaquajdog 03 996T 19q0300 JBaL xazem ‘uoryyrw xod sixed ur ‘sesdTeur TEdTWIYD

*o3I18YyOSIpP
£q pe3Tsodwoo sysA[eue [eOjWwOYd JOF Sorduwes Arreq °()) uwnissejod 9PNTOUT 30U Op pur STSATBUR AQ POUTWIS]}SP SJIE (BN) UMPOS JIOF pojtodsx sSanTBA--SHYVHNIY
“syzuom 193utA Suranp sfep Auew uo jutod BUTZeSLy ‘UnWIUTW ‘GGET ‘T2 ATNP 40,98 ‘(L9-9961 ‘¥9-C96T ‘29-9961 ‘GS-TIG6T) wnuTxeN soanjelodwuo) Iajey
*£96T ‘8T "JBN SOUWOIOTW Z6T ‘ATTEP umuwiurét {QGEY ‘T Q94 SOYWOXDTW OF6 ‘T ‘ATTBp WNWIXel :oduejonpuod OTFroadg
*096T ‘6-¢ ‘ady wdd Y, ‘umwrutw {6G6T ‘02 °JeN wdd gpg ‘umwyXeN sSsoupiey
*096T ‘6-¢ ‘ady wdd QgT ‘uwnututw {ggeT ‘€z-Tz ‘JeW wdd 0gg‘Y ‘unwIxeN (SPTIOS POATOSSTQ--°L9-1661 ‘SANAULXT
*z ‘1T ‘AoN jurtod Sutzeeay ‘umwtutw QY *Suy ‘gz ‘02 AINP J.I8 ‘UnWixel :soanjeiadwal Ja3 By
*0g *JIBJ SOYWOIOTW g7 ‘ATTep WnUTUTW {9 ‘§ AINP SOQWOJDTW OFp ‘T ‘ATTEP WNWIXBY [S0UB3ONPUOD OFFroadg
*62-22 *aeN wdd 2 ‘unururw igI-T *qad wdd ggg ‘umwiXel SSOUPIBH
*62-1.2 °JeN wdd o8I ‘unwrutw {y Aynp o3 gz Sunp wdd g9 ‘wnuIXeN SPITOS POATOSSTQ--'L9-9961 ‘SENIULXA
*L96T Joquajzdeg 03 96T I2q0390 ‘96T xaquerdsg 03 €961 19003100 ‘Z96T Jaquajdag 03 TG6T AJBnuepr sdxnjeiaadual Iajey
*296T taqueldag 03 TGET AJenuer :sesATeue [BOTWLYD~- HTAYTIVAV STHOOIH
«Suranqrajuoouou Afqeqoxd ST so1Fw otenbs QIg‘I INOQe YOoTYm JO ‘Arejemixoxdde ‘sorTw oxenbs 0.0 ‘Z--'VIUV IDYNIVUQ
“43uno) AppE ‘NOTMJIBY JO YINOS soTTw ¢'g ‘oFpTaq AvaySty 3B UOTlels SurSel 3® ‘. LG.2¥.86 SUOT ‘.0Z .8¥.LP 3BT-~ NOILVOOT

¢:o«usum HIOM}SU UOTIRBTIIT)
"AVA N “MOIMUVM VAN HEAIY ANNIAIHS °0950-¢

PONUTIUO)--NISVH HILUON FHL 4O HHUAIH ddH



41

HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS

09 == LS | 69|96 | €5 [9s [95[96 | GG |-~ | 64|C9 | 09|65 | -~ |09 [ 65[{6S [09{€9 | =~[~- [89|~~ [ 9969 | 0L|OL | ¥9|%»9 | 59
1L L9189 | Q5|65 | =~ |L9 [L9|EL | €189 | 69 (~-~- | TL|¥L | 82|08 | 18|08 | -=|vL | SL|2L | 99|89 | OL|== | =-=-f€L | 89|0L | €2
L Lol [ ==|€l [ LL|BL | SL|LL | 6L|18 |0B{18 |6L|b6L |~=|-= | 14|22 |0QL[L9 | 2L|S2 | 9L 8L | 9|22 |0L|OL | S9|%9 | -
a9 w-lel [ el {12 [ OL(VL [ ==]|99 | -~}69 [BI|29 |e9[2L [22({-- (89199 [ 69([69 | 89169 | 0L{S9 | c9{L9 | 89]|--|--169 | 89
9s L9|L9 | 89|69 | 29| 1L [ 24|12 | 69[¢9 | -~[6S | 89|09 | L5|GS | €G|== | ==|LY | 9% |G% | QS |6% | ~~|=~ | ¥ 6€ | LE|LE | ~=
- = | € v [ R Ce | = |LE | WY |9% [ Go|1h | ~—|9% [ ==(SH [~ |BY | 9y |&y | ¥y |-~ | 2H|6E | 6E| 1Y | LE|9E | GE
9 tE|PE [ B |6C | 9€ |-~ | 9€|bE | == |9E [ -~ |9E | =~ |8€ | Le|Gt | L€|9E | 9€E|9E [ HE|L€ | O%|6E | SC|GE [ 9€|-- | BE[BE | LE [**" "ty
- ==|== | ==|6% | =~|9¢ | Se|SE | SE|GE | GE|~- | -~ [%E | L€ |HhE | wE |-~ [O9|9€ | --[€€ | vE[CE | 9€|G€ | G€|~-- | 9¢|S€E | == |°* .bs?ﬁum
9t | 9|6k | --|¥E | 9€ |Gk | 9t|-- | 9¢ |-~ | GE|GE | HE|¥E | o€ |-~ | —~|9¢ | BE[LE | BE|LE | GE[LE | ~—|GE | 6£(BE | Le[LE | LE |**rer e ~Arenuef
Gt ~=|Ll% | Le|BE | 9e (€€ [ ~—[9¢ | BE[=~ | LE|BE | LE|BE | bE|bE | -~ |LE | LE|9E | 9E|SE | GE |-~ | 9€[—— | L€{9€ | G€[LE | G€ |**°"" IdQWIRJ
- -=|se | se[~-- | uy|6E [ O%|-~ | BE|-= [ 1¥]|6€ | --|8E€ | LE|6E |BE[BE [BE|BE | ~~]€€ | Lt[¥vE | 9€ |-~ | €E|-~ | ve|CE | 2€ |* * 33qW2A0N
—= L= fus iy e e- | =iy == )T | SY LY | oy |9y | GY (Y [ -=|G6Y | -~ |6% | 06(€% | -=|9S | ~~|€S | 1S|6% | 09[-- | 0G [* * 32010
LE|OE (6T 8T |LT|9C|ST|vT|ETjzT|Le|oT |6t (8L ZL[QL[SL|vL(EL|TLfLL(OL|6 |8 |Z |9 |S |V |e|T |l
a8e IuOW
BEVNYS keq
1961 Iaqusldag 03 9061 I19Q0300 JI8SA Joj3em 'JojeMm JO (d,) oInjetadua)
%" c0° seeseeseceeigy AN
88" 61" seeeceei96T ‘7 - xdy
S¥°0 $0°0 * **"9961 ‘€T *390
*oq se (uK)
a3 eydsoyd e, UOT308TT00 JO 838d
~oy3a0 assusduel
uolTiTe Jad sjxed Ul ‘SUOCTIBUTWISISP TBUOTITPPY
- - - - - - - - - - -— - ge - [} - - |- - - *fep asd suolL
184:3 0 +1:14 - - 41444 - - -~ - - L6¢ - 86 - - |- - 6°1g ¢+ -aduxase
palySTom-autL
»29 o 8LT 0°8¢g 96°0 [IT¥ hd - |- - -- |8vz |-- ZL -- -— -— == ERRREY L EIN
Pa1ydtan
928 T |0 961 (400 cv° gee - - - - o] ese - I3 4 -= - - 9°'T ° og-g *3deg
969  |¥°Z [0 €1z |63°I 09 |6g¥ i e e -~ lo |stg |-- zg |- i R R 4 ¢ z -3deg-1g -Sny
2¥6 _ lu°e 1o oSz |L¥°2 €8°0 [E£T9 - i b o LI |- 9gT | -- - |- Rl i ¢ L96T ‘0g-g 3ny




QUALITY OF SURFACE WATERS, 1967

42

8F S 948 0621 0s21 0zo1 - €29 - 208 oLs - - a3vioAy
- 849 0801 -- 0sZ1 - siz - 89L - - BEG
%06 €59 0L01 0141 o€zt - 652 - oL LLs 216 -
Hly 129 - 08¢l 0ZZt 1sL 192 - - €9 oLe €€6
€15 s89 0101 0%€1 otz - \Z%4 899 €8 22s - 6lé
£1g - 0811 oret 0021 - 992 - 898 209 2st 6L6
50s 102 0021 ozel 0611 [2X:} - 2L9 €1 €59 261 -
516 fEL 0s11 - 0611 “6L sL2 989 958 - 811 - hddad T4
218 8L 0611 oozt 0LTY 628 662 029 - 029 - 196 creetyZ
L0S 08L 0911 - 0% 11 - - 929 €98 90% - - seeemgl
- T o€zl 0611 118 61L 60% 129 - - - 826 MAAAE X4
0% 1S 0s2t 0021 e vl - <99 118 0Zs - 826 bR £
155 - 021 0611 0€01 61L 0El1 - £98 12s et 226 atad X4
0L 2¢€9 0821 oozt 166 80L - - €LL %29 - 8z6 veertel
22s 418 o1gt 0z2zZ1 0s6 169 152 0L 9889 68S - 116 el
- 199 - 0221 216 - 289 699 $96 919 0%6 296 AR 4 {
1zs 826 - - %88 1€9 ott1 0L hd 18% -— 956 ceeet91
615 €€6 O€ET o1zy %88 -— 889 1z6 - - - - seseegy
91¢ 216 o4%el 0z21 - L09 orL -= 108 20% - €56 srrrtyl
916 - 09€T [ 144 hod — 889 6L 1841 26% b 104 secetel
128 %56 0se1 0921 oL6 29s s0L €28 598 i8s 8SL 156 seeve21
- bL6 09¢€1 oLzt 566 655 s0L - Lis 165 - e AR B ]
- 9L6 08€1 0821 G556 2es 5L 998 %18 266 - e *eeee01
%S 868 0151 0621 206 108 oL 658 618 09s - - hARAAs )
- 2is [1k4 2 0L21 598 b €sL 128 618 - 818 016 seeccg
9hs $86 0T%1 092t - €£9% LzL 6L - 26 108 - el
oLs - 0%%1 0921 - 454 e €Ll 129 bt - 206 cescc9
%66 - 021 oz21 26 [244 801 9LL 11 €L9 006 ceectg
865 0501 0751 - 0€6 915 - - 969 F449 - 106 ceerty
896 286 0241 - %16 68¢€ 0€L 0801 089 115 196 106 serceg
809 09071 (U2 29 0921 2z6 L€ SSL 568 619 86s 0%6 - eererz
€9 080T - 0L21 - €9¢ 958 - 1€9 099 556 [213:] ooty
asoquiaydag | jsndny Amf aunp Loy pady yorey | Lxenaqag | Axenuef q q | 109 N 0120 Leq@

L96T xoqua}dag o0} 9961 120300 JBIL I93BM (.82 3e SOUWOID W) JOUB}ONPUOD OFFTOadg

panutjuc)

panutjuc)--NISVE HLYON FHL 40 HIAIY q¥y

*Mva N MOIMHVA HVEN HIATH ENNAKAHS 09§05



43

HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS

*¥0d s® a3wydsoydoyixo wdd gg*Q sepnioul @
*Jurrdwes Jo aury 38 23IBYOSIQ O
*S1USN]TISUOD POUTWIIIP WOLF PajeIndre)d g
*¥0d se sjeudsoydoyirro mdd gg*(Q sepniour y

-~ 197410801 0°z 18 9LE veL ¥r° [e°¢g ¥ 6¢ vee [ 09¢ zgp 88 09 e | — |-- 8’8 0‘z J ‘Le *adeg
L% | 6°L{ 0EOT 8°1 TL 9Le 069 ¥L* [€°€ e° 1€ €02 ] TLE 12 8L g 09 - - It ¥ o} "62 "3ny
% | 6°L| L88 v°1 8¢ £ve 0z9 LS S z2° k214 €91 ) 8%E 1:14 09 144 g9 - - Le .j servetey c3ny
-~ Ll 1es €1 €9 €3¢ 9ge 01" {9° z* [44 981 4] LTE ¥e €g §34 29 - - €e 9 stettccg AInp
-= [ 28] 86 9°T 154 00% 099 €1° je° [ 82 LS 0 :144 (14 2L 0g 8L == == L 21 Srecctry eunp
-~ | L4 80L 6° 29 182 ey L0° [0°F% € 0z ¥l 0 L92 13 e 8¢ (113 00° [€0° €T 66 °°a g1 fen
== 19" 069 (AR ;34 8S¢C 85V L0 ¢ ¢ 1 (38 81T 0 214 0% k3 4 €g 514 - - ST TI0LD | "°°" "6 LeN
-= | 1°L 622 g* 9€ 6L ¥e1 €0 (e°g T 0°L Ly 0 (44 0°6 |¥°6 T°L 0e - - v°c 91 O | L96T ‘Sz "aeW
== 10°8| 0€8T 0°z 00T ovL 01218 L1 1| & €9 €ie 0 08L (44 gzl €01 9gt| -~ - zE| ¥0° tettL to8q
== | 6"L 896 g1 9V £9¢ ¥€9 g1° (¥°'C 1 €e LT 0 188 :14 L9 8% L9 - - 0T} oL” ceTecL *AON
== | L7L] 9621 €1 6¢€ 062 80¢ it° |e* 1° 14 LeT 0 20¢ k<4 (44 8¢ €g - - 0°9 8y *trLE 390
8% | 674 €6L v 1 o€ 68C 81g 21" (2~ € LT o€ ) 9t1e (44 €g 6€ (44 ¥1°0j 90°0 8°c %°S VET °390
== | 9°Z] 26L €1 1€ 263 S0S 11°0]2°0 g0 5 621 0 81¢ 97| g 6€ €9 - - ([ 1'g 9961 “ZI *390
(0,82 | opex | o8 |wmisau

je soqw [ woy | -uoq | -Sew |(D,081 1® (FoN)| (&) (fo0)|(fooR) (M) (B | (ep) | (umW) (v)

10 | gd -o1o1w) | -dios | -480 | ‘umpo | anprsaa) () [oyen| apma (10) (*os) 9)e |ajeueq) umis| (BN) wnis | wnro| 9sou | (d34) | wmu (°o1s) (s1) UOT}03TI00
-100 adue -pe | -UON | -TeD | spifos |uoiod| -1y [-onyg |@Pla0TuD | a3eymg | -uoq| -a¥d | -sey | wmipog | -3u | -pen| -B3 | uoa | -rur|edrps| 931EYISIQ Jo areq
-3oNpuod| ympog |~ ‘00D S [PIATOSSIA -aep| -1@ | -od -3el -wen| -0y uBsH
o1roadg SSOUpIEH
L9961 Jaquwa3dag 03 9961 I2Go3d0 FCENS J33EeM Wﬁc.ﬂHHME xad MGHNQ ufr .m&mhﬂ.ﬂﬂ.ﬂ TedTwayd -

*MVA ‘N ‘X¥N34 SHO¥NHD ¥vaN FITN00 DI *¥950-¢

©L961 Ioqueldag 03 HCEI dunp

PONUTIUO)~~NISVE HLYON EHL JO HIAAIY ady

:SeSATRUER T[BOTWRUD-- *TTAVIIVAV SQHOOFY

*Buringrauoduou Lf1qeqoad sy soyTuWw axenbs Qg9 InOqe YoTyM Jo ‘Arojewtxoadde ‘soTrw axenbs OIg‘z--VINY FOVNIVHA
"f3uno) uosuayg ‘Aaxsd

SYOANY) JO YINOS SSTTW 9 pue ‘99[NOD ST33TT WOXF WedIISUMOP STTW [ ‘I8z Aemy3ty °*S'n U0 93pTaq 3¢ uoy3els 3urBed 3e ‘,CT.£1.66 BUOT “,0¥.0T.8% 1¥I--'NOLLYOIOT



QUALITY OF SURFACE WATERS, 1967

44

o¢ |e-Llotor |z°z |9 zzg oy v6* |ze9 w |et e 61 12z |o |ese |v6| orr 9t | 69 |90° 81| ocz seeeteTg-gT fEp
o€ |1°L|896 |L°% |9 862 £99 68 |Le9 9T |9° |e* 6T w0z |0 |sce |88 | g0t ¥e | €9 |c0° il g9t cereretcolT fep
w2 |8-L|208 {173 |TF  |goOE 899 g8 |zz9 gt (1T |%° 8T 90z |0 |81g |0°6 | ¥8 ve | g9 |c0° L1l see 9T AeW-27 -ady
1z |8-rloze |1z |pL  |egz 080T [99° |88p ot [¢°% |2 1 00z |0 |61 |88 | €2 9z | z¢ |ot* 91| 618 teev-9z-pg cady
8z |6°L|199 [9°T |66 |8%% 98% 09" |T¥b e e T |3° zt ¢pT |0 |o0ez ot| gg ¥ | 2 |L0° L] sop eeeeT-TT *ady
2y [vorlsse  |z°T |3T et oot |se- |usz 80° |6°T |2° |z°L . |0 |esr ot| og et | og |1r° €T| 08pT | vvcrrr0T-g cady
z€ |z°L|8SE  |0°T |28  |0%T 0911  |BE* |¥e? 90° |¥°¢ | |€°9 oo |o |osr |86 | ¢z z1 | 8z |o1* 0EBT | "evrttiteg ady
6e |LoL|see  |g°T |og ozt 0T |zg* |sez 80 |0°9 |z oL v |o |zt |86 | 6z gt | 8¢ |1t LL6T | T -ady-0f “xeM
-~ |z Llgpe |o°T |8z |soT €28 ze* |zee 80° |6°9 |0° |L'S v. (o |26 |s8l| %z | gz |-- cgg “<ve-gg-g7 ‘IEW
- le-r|tee = e |err 123 e |82z ot |pre |10 |T°% 9. |o |66 |68 | € |96 62 |- ory seetr1g-97 taER
-~ lovz|ste |6* et |zor et 8z°  |807 80 |09 |1 [8°g 6s |0 |%1 |2°6| 12 |06 9z |ot° | cez ceetvgz-pg taER
-=- [8°L |38V €°T {03 9ET 9°8S v"° 00€ TIT® |$°6 |T° 8°9 16 0 T oT 9g 1T 9g |-~ ET|S°CL t*tctEZ-TT “Jaep
-- |z-8|sz8_ |97 o €08 | L°0% gLt |veg 81 |L°% |a° 9T ¢tt {o |e9g |6°8 | g9 6z | WL |- 15| €85 oo tTg-6T taeR
-- |t-8oszT |83 |0 189 | gt 19°T |oggy |9g* | gz|%- 68 08z |0 |g¢8 81| 69T zL | ver|ez- o0g|0° 1t eeeegT-gT “JEN
z |6°Llogor [6°T |0 88g | L'z 06° |z99 Lt |61 |2° 1z %1 |0 |o08% |c'8 | 98 ge | z6 |er* 23|z 3T ‘PT *JeR-T *qod
¢ lo*slogor oz |0 06€ | £°08 26° |veo et* |aoT | 7z gvT |0 loev |p'z | e8 g | 6 |%0- valz tT 196T ‘Ig-T *uep
ot |g-zlo9tT fo°z |0 cgv | 0°%E £0°T |09 oz* |8°1 |g- 2z 2t (o |wes |scL | 16 ¢y | oot|g0 0z|9°91 SeeleeTgeT tosq
v |8-zlges 67T [T zse | §-0€ cg* |ve9 g |8 le- 61 9¢T |0 |zz¥ |e'L | o8 8¢ | 8L |¥0° 9| T°8T s+ e0g-T Ao
-- |z*8|906 |1°z |0 eTe | 7°g¢ 8L |wee gT* |g fe* 0z gsT. |0 |ese |pcL | 98 ce | 89 |g0° eT|v v seeeeTE=LT +300
-~ lz-sleee |tz |o gag | g9t 18°0 | 568 91-0|z°0 |g'0 | &T cet o [z0¥ lo-2 | 8 ce | L |30°0 | wI|s'zg 996T ‘9T-T *120
wnys

(0,82 |oppea] 1€ 100§

7e soyu| “HEI _yoq | -oU Aep -axop | UOHTIX (00H)
d0| |romomm)| goR g0 BN | dod ) oy sd g ey () (00 e | B S (#50) uoRoorI0s

HA | sowe | 008 -uoy | TR suoL, suoy | S¥Bd | uox |sen| e (10) (*0s) | e | wnis| (en) | wmis (a) o) ¥ ES

100 -yonp | P® “TeD * U0 | ZIE P | spraomp | syenng [-uoq | 199 |-swy | mngpog | -eu | T uoyp [eorps) BIEHOSW ¥

—woo | MNP €| I oty -ren| T | -oq -gew | “TEO weay 2R

btyroadg -0g 0De) se (2,081 1% anprsag) ]

B S83uUpIel SPI0S POAOSSIQ

1961 Joquolrdag 01 996T 12q031d0 Jeak Jolem ‘uorrrIw Jad sjaed ur ‘sasfreue TedTwey)

‘yoxel o3 JoqueaoN Suranp sAep Auem uo jurod Surzesay ‘ummrurw (gL °*Sny ‘gg ‘I AIne J.8. ‘wWnurxXeR
*gZ "Je SOYUWoJIDTW QTE ‘ATTep wnmTuTW (T “Je} SoymoJIdTw OrI°g ‘ATTep unWIXeR

*196T Joqueldag 01 996T 12qo1d0 ‘0961 Iaquajdag 01 GG6T 1990320
*3urynqraijuoduou Afqeqoad ST SeTTw aJenbs 00z ‘g YO TYm Jo ‘Arojeurxoadde ‘sayru

*a3aeyosIp 4Aq pajrsodwmod sIsAyeue [edTwayd JoJ safdures ATved--°SHYVNAY

*gg-¥2 ‘aey wdd zoT

*f3uno) s88tap ‘umo3siadoo) Fyo 1se8 SO[IW § PUE ‘odpraiq A3UNOD WOJIF WESIJSUMOP 30997 OGT uorjels 3ursed e ‘.g¥y,10.86 Juoy

"AVA "N ‘NMOLSHAJOOOD UVIN ¥IAIY ANNHAHHS ‘0LSO-S

panutiuo)-~NISYd HLYUON FHL 40 ¥IATY QI¥

issanjeasaduwa) JIajey
190UB1ONPUOD DTFTOadg
‘unmuwyutm fgT-gT *JeW wdd 189 ‘unmrxel
*gz-¥z *Jel wdd g0z ‘unmrutm f@T-gT ‘Jel wdd gz ‘T ‘unurixey
"196T Iequaides 03 9961 18003120

isssupied
ISPTTOS POATOSSTIQ--°29-996T ‘SAWITULXT
!seanjeJeduwe} Joajlem
:sosATeue TEDTWAYD--"ATAVIIVAY STH¥0OIY
oenbs 0Ly ‘9--"(POSTASI) VANV IOVNIVHQ
uT0.9Z.L¥% 3¥T~- "NOILYOOT



45

ud | -=|uy | 9|99 [ve|-- | 0S|us [ -- 09 [ 19[19 | 29|29 | =~|%9 | ¥9 (29 | 99]|-- [ 99[99 | 99|99 [ 99|99 | 99|99 | 99{99 | -- ++ saquiazdag
6% | 95|99 | 99|69 | --|69 [ OLf-~ | UL]|69 | 69|CL | ==[~=~ | ci|%L |8L|9L | --|eL | CL|eS |59[99 | 99|89 | --|89 | 02{0L | 0L v+ -35n8ny
12 | weled Jueler [ ==|vL | 94|92 | 9o|6L | BLf9L | 2L|2L | cL|oL [ -=|o2 |2a|-=|aL|ee | --|99 | 99|-~ | 89|99 |%9|49 | 2L seveser o fmf
89 | --|--lei|oL |89|~-|%9(e9 | 09|€9 |69[89 |89[uL |89 -~ | 99|99 | 99|49 | 29|-- | 99|%9 | 29|09 | 99|99 | 89|-~ | ¥9
95 | 99199 | 99|49y | --199 | 95|95 | €9|19 [ 6s|-- [(9|es | u9jes |usjes | ——|0s | 89 s | 84|~- | 05|~ | 4%|2% | 6€|8E | 8E
¢y | omf-= | w9y [ 2w |- | 19 uv | LE|BE | 69|99 | —~{0% | 0v|S% | B9[Sy | 9% |9 | 9|2y | 8u|8%y | €v|ow | 1¥|0v | BE|LE | L€
== | ur|uy [ 9% |ve | eelee | ve|ve | ce|€€ | €ef-- | €€|ee | --[2€ | ¢e|€e | ¢e€|2€ [ 2€|-- | 2€|~= | -=|-~ | 2€|~-- | 2€|2€ | 2C
== el e | o [ e | oo | 2o |~ |2 | ~-j2€ | == |-~ | €E|9E | =~|-~ | -—|2€ | zE|2E | 2€|~~ | v€|2€ | -~
== | ¢E|ek | eelee | --|¢E [ ckjct | 2ei-- | €E|CE | € |-~ | 2€{~~ | 2€|2€ | CE|%E | ¢E|-~ | Z€ |-~ | --|2E | -~| - | €€|€E | 2€
€€ | wef2e | we|ce [cefet | -=|ve | ~-[bE | -~|2E | yE|¥E | €€|9C | GE[€E | 2€|vE | --|€E [ €€[€€ | vE| -~ | vE|-~ | 2€|e€ [ 2€ |***** Pquadng
€6 | --f¢e | ot |kt | YE[9E | 9¢|9E | SE|CE [ E|€E | €E|€C | ~—|€E€ | we |CE€ | €€|ck | 2€|6€ | ve|2E [ v€|2€ | 9€[%E | vE|ve [ -- -+ 1qQUIBAON
-- |0y [uy|iy | 19|y | 29fUy |2y ey | vefey |09 |E9 | 99 [~= | —=|29 | ~= |- | ~=| = | =] == | | mm | =] == | |~ | -- RRRRE =11 ve
Le|oc|é6z|8T|LT|92|SC|vT|€eT|zT|lT|Oz|6L (8L |(ZL(QL|SL|vL|ELfZL|LL|OL|6 [B | |9 |Ssiv | e|T ]!t
age Yruopw
-3y feq

L96T aoquejdeg 03 9961 1970300 IBaf Jojem ‘Iolem JO (d,) sanjesoduwog

£p° ¥0* A
96° 6z° 1961 ‘g *ady
S¥*0 L8°0 tct*996T ‘9T-T °*3°0
Yod se
o3eydsoyd mwmmww:as UOT3I9TTOO FO 93eQ
~0Y43I0

UOTTTTW Jod s3aed uf ‘SuoTjBUTWILISP TBUOTITPPY

*S3USN]TISUOD POUTWAIDIIP WOIF Poj3BINOTE) V

HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS

B e - - -= -- ¥0°0{0°T [T°0 | 4°¥ €g -~ | &8 =21 €z 6°8 8T {g0'0 | 4°¢ | —- fep a9d suol
6.6 . -- -
L €'z |8 seg 159 12°0|9°T [g°0 61 LT | ~- | ctv |9°8 96 9g 9L | zo°0 13 6€T *+coFerese
Po3yIrom-ouL]
2 . B
99 L°1 |92 T2 291 09°0 | g%¥ g1°o[ L7z |€'0 43 ZvT | -- | .82 | ¥°6 29 ve 8% [80°0 sy -~ ¢ +a3ea0A®
Po3u3ToM
2¥6 . . . s B
ceor |EE 8T Zeg |erle 68" | ¥99 g (v e 8T 98T |0 |ou [e2| 96 | 8s|co- ¢z z-g seeeegg-T -3deg
001r et |9 goe s mm.ﬁ 569 6g: |17 |e° 12 10z |0 80v |6°8 X3 ve s9 | 60° 82| T°9 teereTg-gl *3ny
090t |g°¢ |o ore oot T0°T |8¥2 2g [E°T | 154 90z |0 vrv | 8°6 9T 9g oL |20° 82| L°61 IT -3ny-gI Ane
001t [8°z |o a3 Lot 96° 1602 N N L 12 06T |0 oSy (g8 vET 8¢ ¥9 | v0* 0z| 0°9¢ seerepI-T ATInp
oett lo-e |9 e 1 20°T [8vL o S 61 Tz |0 ISy (276 121 ov %L [ g0 1% T°SL ©crccQg-gl sunp
SO°T | GLL sz* |z € 61 ¥ |0 v (86 ¥er 6¢ 89 0" ¥T  ofT TrertUIT-T sung




QUALITY OF SURFACE WATERS, 1967

46

L6 0%01 0801 ot11l 696 €65 626 - - 0011 s86 - afuroay
- asot 0L01 - 0201 - 89¢€ -— 166 0901 ot 698 cecetle
268 0501 o111 - 0L0T - €1€ - 1.6 0501 oTtY 8s8 erect0t
088 0%01 0601 0901 0501 8y8 GYE - 596 (12024 0601 098 AR T4
298 0501 oott 001 o%o1 Leg 62¢ 286 166 0€0T 0801 €18 hadad X4
598 - - 0601 - 928 (413 - - 0€01 0201 ogs seeelz
- 0501 o111t -- 0001 - L5¢ bt 596 oeot 001 188 seecc97
o101 0501 oTtl 0601 166 89L ore - %66 - 0LOT 818

%06 - 0011 0L01 886 BEL €1€ -_ 0201 0€0T 080T 268

- 0201 o111 0601 886 zeL 102 - 0s0¥ - 0011 818

856 0%01 ottt 0601 0001 819 152 - - oeot1 0601 818

166 0zot o111 0601 0001 we 0001 166 0001 - 0601 968

126 0%01 ottt 0011 - osL - €88 166 o%oT1 0801 %06

0s6 - ootY 0601 o101 - 0%0T1 - 166 ¥66 0901 Y68

598 - 0801 o111 €16 160 oLre L66 - 0011 001 %68

- 886 0011 oz1t 896 8y - - 586 0901 - %68

[a4:] 126 0801 - 9€6 092 0802 %66 - 0€ll orot -

166 886 - o€l zz6 LiL o018l i 586 0LOT 0001 -

orot osot 0001 o%11 :37) 9€9 0%91 - 0Z01Y o%11 168 €26

906 - 0501 o%11 - 166 ozzl 6L6 0zot oreY 886 -

- 0501 - 0s11 Ly6 016 0911 0001 0501 o111 666 -

0501 0s0T1 0901 0911 256 92Zs 0201 - 0s0T1 - 9¢6 -

0f01 0901 0501 - 96 68y -- -_ - oLIY €06 -

ogot olo01 - oLl 56 Yhy 0eT1l - 0%01 0811 L8 -

0zox 0801 0801 0911 - ()34 - 0001 - 0%e1 €58 -

0zot o801 0801 0911 16 98¢ - 686 - 0621 168 -

o0zor 0LoY - o¥11 - 09¢ - €L6 0€0T - 668 ot

0e01 - 0801 0€11 0€6 (433 916 96 - o€zt 998 -

oe0t olo1 0901 o1t 0eé 09¢ - - - -— 658 -

0€01 olot 0901 (2884 668 19¢ 196 0L6 0€01 0671 558 -

0%01 o101 0801 - %88 8se €68 ooot o€otl 0011 8v8 -

- or01 0401 0801 968 19¢ 886 - 0€01 0%01 - -—

aaquisydag| jsnSny Anr aunf Lo ady yourepy | Arenuqog | Liemusf | Joquiada( |IaquidaAo)| 1940320
1961 Ioquaidag 03 9961 I2Q03d0 JeaL I93em ‘(D,GZ 3B SOYWOIDTW) 9OUBLDNPUQD 313t00d8



47

HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS

S°L|018 G°T j0€x £ee €°8L gL’ SES - - - - 81 0 8%2 - ¥9 - - - €798 setrrrQg-L dunp
v L(S29 ¥°T j9¢ 032 €ST eg* j a4 - - - - 9€T 0 002 - 8Y - == (234 sererecg-g ounp
2°L|86¢S €°T |T¢ (454 ¥6¥ 2s° 6LE - - - - SZT o S6T - k44 - == - £8% **p aunp-g1 ABN
0°8|5¢€9 €°T |2S viz €89 6G° €0% 60" |9°2 |2° LT 8¢€T (o] 86T 8°g L1 4 €2 8% | ¥0° TIT 9€9 cerreccceyT AR
z°L(vs9 2 T B 4] 92¢ 598 86" k44 - - - - (4% [} 012 - og - b == 6% Terrrrror-L Aen
gz Livi9 S°T |LE 1454 0921 gg” 0% - - - - 61T 0o 91T == 0g - == == 9911 **9 feN-9z ‘ady
LoLIPSL L°T |9 L92 090T 19° 06¥ - - - == 29T 4 ¥¥C == €9 - - - 208 *tergZ-8T ‘ady
LoL|gLe 0°z |22 ¥ET Q191 8¢ " 1444 - == == == €31 Q 692 - 69 - === - £0%T A A
8°L|029 9°T (8% S1IZ S92 sg* ¥o¥ - - - == ¥CT o €02 - €s - == |- - E¥3 Trrerergep cady
I°8 (109 9°T |s¢€ ¥02 j4144 (4 z8¢ 60" |0°C |g° 6T PIT 0 902 €°6 (4] 1c Ly | LO° 8°L TIT Trerrrectg tady
8°L|S€9 L°T |32 L1z €€¢e cg* L0¥ - - - - 61T o 8€C - 6¢S - === == €0¢ 'z *ady-g9g °IeW
S LILIL 8°T 12T 8€3 STL 89" Qog €T* |€g° ¥ 6T £%LT [+] 9.2 2T <s9 L2 TS |9€°0 |S°9 0gs Tecsteregz “IBHN
¥°L|TSL Q°C |PT 9€3 20% 19° 6¥% - - - == ¥ol o 1Le - 69 - === - age Sttt epz-1 CaEN
8°L (€06 1°2 (6 162 <sge 6L° 8LS - - - == 6ST (1] 1ce - €8 == == |- - 802 ccrtrgg-LT tqad
1°81L06 I°g |12 zog eIt 6L" €8¢ - - - - $9T V] (445 - 8 it - - g TL R ) o G X §
6°L)€98 0°z |ST 182 T0T vL® 9vg - - - - oSt Q vie - LL - i R - 2°89 L96T ‘Ig “uer
=L1 °98d
L°L(8¥6 £°¢ |08 gLe €eT L8 op9 81°0[2°0 |¢°0 8¢ 89T V] 9gg T 6 :14 29 |-- '€ LL TrecTtorg9T t0Rd
0°8|096 0°z |PL vve L21 £€8° 209 - - - == 6LT 0 62¢€ - 28 - i - voLL ST °08Q-Ig ‘aON
1°8[0S0T 0°s |LL 8S€E 8°8Y% 26" 9.9 - - - - LT o cve - 88 - i - 8°92 *°*°r°0g-1 *aON
6°L|9%L L°T |L€ 082 1Sy $9°0 | 69¥% - ov L [ 092 - 29 - = == - L'SE 9961 ‘I€-T *320
wnys
Lol 72 [ aen |29 o S
uopy -8eN aad 2ad 00) oD (3m)
-oxotm)| -JIED xad 13
01 ud| aoue )-daos -woy | MNP | suoL suoy, | SVed me AuO«zv uﬁw (19) (Cos) |y | T jame @n) |wms | G| @) cos) 4 65) ToR9aTe0
100 -pe -1 2180 W | oprionyy | ojesms | -uoq | M09 | -gey mngpog | -au |<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>