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QUALITY OF SURFACE WATERS OF THE
UNITED STATES, 1969

PART 2

INTRODUCTION

The water-quality investigations of the United States Geological Survey are concerned
with chemical and physical characteristics of surface- and ground-water supplies of
the Nation. The data herein deal with the amounts of matter in solution and in suspension
in streams, and represent that portion of the National Water Data System collected
by the U.S. Geological Survey in cooperation with State, municipal, and other Federal
agencies.

The records of chemical analysis, water temperature, and suspended sedimeént 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 concen-
trations of dissolved solids may be expected during periods of high flow then during
periods of low flow. Conversely, the suspended solids in some streams may change
materially with relatively small variations in flow, whereas for other streams the
quality of the water may remain relatively uniform throughout large ranges in di<charge.

The Geological Survey has published annual records of chemical 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 vo'umes in
1948 and in 1949, From 1950 to 1938, the records were published in 4 volum=s; from
1959 to 1963 in 5 volumes; from 1964 to 1967 in 6 volumes; and in 1968 in 10 volumes.
The drainage basins covered by the 10 volumes are shown in Figure 1. Th= shaded
area in Figure 1 represents the section of the country covered in this volum= for the
water year 1969 (October 1, 1968 to September 30, 1969).

To meet interim requirements, water-quality records have 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
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 downstream direction along
the main stream. All stations on a tributary entering above a mainstrear station
are listed before that station. A station on a tributary that enters between two main-
stream 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.

As an added means of identification, a station number has been assigned 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 listing gaging stations. The numbering system consists of an 8-digit number,
such as 02012500, The first 2 digits, "02" identifies the Part or hydrologit region
used by the Geological Survey for reporting hydrologic data. The next 6 digits is the

1
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station number which represents the location of the station in the standard downstream
order within each of the 16 parts (fig. 1). The complete number (02012500) appears
just to the left of the station name, The assigned numbers are in numerical order
but are not consecutive, Gaps are left in the numbers to allow for new stations that
may be established.

- Part 1, WSP 2141  Part , WSP 2145  Parts 9-10, WSP 2148
Part 3, WSP 2143 Part7, WSP 2146  Part 11, WSP 2149
.t o Parts 4-5, WSP 2144  Part 8, WSP 2147  Parts 12-16, WSP 2150

Figure 1.--Map of the United States showing basins covered by the 10
water-supply papers on quality of surface waters in 1969. The shaded
part represents the section of the country covered by this volume; the
unshaded part represents the section of the country cover=d by other
water-supply papers.

Descriptive statements are given for each sampling stationwhere chemical analyses,
temperature measurements, or sediment determinations have been made, These
statements include location of the station, drainage area, perlods of records available,
extremes of dissolved solids, hardness, specific conductance, temperature, sediment
loads, and other pertinent data, Records of discharge of the streams at or near the
sampling station are included in most tables of analyses,

During the water year ending September 30, 1969, the Geologizal Survey main-
talned 152 stations on 103 streams for the study of chemical and physical character-
istics of surface water. Samples were collected dally and month'ly at 140 of these
locations for chemical-quality studies. Samples also were collected less frequently
at many other points, Water temperatures were measured continuously at 33 and
daily at 55 statlons, All surface water samples collected and an~lyzed 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 dally samples.

At chemical-quality stations where data are continuously recorced 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 21.
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Quantities of suspended sediment are reported for 8  stations during the year
ending September 30, 1969, Sediment samples were collected one or more times
daily at most stations, depending on the rate of flow and changes in stage of the stream.
Particle-size distributions of sediments were not determined.

Some of the stations for which data are published in this volume are ircluded in
special networks and programs. These stations are identified by their ti'e, set in
parentheses, 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 conditicns. 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 physi-
ography, climate, and geology are similar tothose in the undeveloped bench-merk basin.

International Hydrological Decade (IHD) River Stations provide 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 ofwater in the principal river basins of the
conterminous United States and Alaska.

Irrigation network stations are water-quality stations located at or neer certain
streamflow gaging stations west of the main stem of the Mississippi River. Data
collected at these stations are used to evaluate the chemical quality of surface waters
used for irrigation and the changes resulting from the drainage of irrigated lands.
Prior to water year 1966, these data were published in the annual water-surply paper
series, "Quality of Surface Waters 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 streamrs 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-qualit7 stations
where additional samples are collected twice a year (at high and low f'ow) to be
analyzed for radioisotopes. The streams that are sampled represent major drainage
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 w'dely with
different 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 i8 much more variable than the distribution of solutes. It is necessary
to sample some streams at several verticals across the channel and espenially 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-weigl ted mean
concentration for the section.

The near uniformly dispersed ions of the solute load move with the velocity of
the transporting water. Accordingly, the mean section concentration of solutes de-
termined from samples is a precise measure of the total solute load. The mean
section concentration 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 greatest and because a significant part of the coarser particles in many
streams move in essentially continuous contact with the bed and are not redresented
in the suspended sediment sample. Hence, the computed sediment loads presented
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in this report are usually less than the total sediment loads. 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 ctemical analysis
are described by Brown, Skougstad, and Fishman (1970). No single method of com-
positing samples is applicable to all problems related to the study of water quality.
Composites are made on the basis of dissolved-solids content as indicated by measure-
ments of conductivity of daily samples, supplemented 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 mostofthe stations at the tim2 samples
were collected for chemical quality or sediment content. So far as practicable, the
water temperatures were taken at about the same time each day. Large streams have
a small diurnal temperature change while small, shallow streams ray 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.

At stations where continuously recording thermographs are preseut, the records
consist of maximum and minimum temperatures for eachday, and the moathly averages.

SEDIMENT

In general, suspended-sediment samples were collected daily with d=pth-integrating
samplers (U.S. Inter-Agency, 1963). At some stations, samples were collected at
a fixed sampling point at one vertical in the cross section. Depth-integrated samples
were collected periodically at three or more verticals in the cross section to determine
the cross-sectional distribution of the concentration of suspended sediment with
respect to that at the daily sampling vertical. In streams where transverse dis-
tribution of sediment concentration ranged widely, samples were taken at two or more
verticals to define more accurately the average concentration of the cross section.
During periods of high or rapidly changing flow, samples generally were taken several
times a day and, in some instances, hourly.

Sediment concentrations were determined by filtration-evaporation method. At
many stations the daily mean concentration for some days was obtecined by plotting
the velocity-weighted instantaneous concentrations on the gage-height chart. The
plotted concentrations, adjusted if necessary, for cross-sectional distribution were
connected or averaged by continuous curves to obtain a concentrat‘on graph. This
graph represented the estimated 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 or 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 concentration.
During extended periods of relatively uniform concentration and flow, samples for
a number of days were composited to obtain average concentrations and average
daily loads for each period. (See Expression of Results, p. 5.)

For periods when no samples were collected, daily loads of suspended sediment
were estimated on the basis of water discharge, sediment concentrations observed
immediately before and after the periods, and suspended-sediment loads for other
periods of similar discharge. The estimates were further guided by precipitation
records and sediment discharge at other stations in the same or adjacent basins.
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In many instances where there were no observationsfor several days, the suspended-
sediment loads for individual days were 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 suvspended
sediment for missing days in an otherwise 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 particle sizes of sediment are included. The particle sizes of suspended sediment
for many of the stations, and the particle sizes of the bed material for some of the
stations were determined intermittently.

The size of particles carried in suspension by streams commonly ranges from
colloids (finer than about 0.24 microns) to coarse sand (2.0 mm). The common methods
of particle-size analysis cannot accommodate such a wide range. Hence, it was
necessary to separate most samples into two parts, that part coarser than 0.062 mm
and that part finer than 0.062 mm. The separations were made by sieve o¥ by fall
velocity technique. The coarse fractions were classified by sieve separatidn or by
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 laboratory are measured
in either milligrams per liter or micrograms per liter. Milligrams per liter (mg/l,
MG/L) is a unit which represents the weight of solute per unit volume of water. A
microgram per liter (ug/l, UG/L) is one thousandth of a milligram per liter.

Milliequivalents per liter are not reported but they can be converted eas‘ly from
milligrams per liter data. A milliequivalent per liter (me/l) is one thousardth of a
gram equivalent weight of a constituent, Chemical equivalence in milliequivalents
per liter can be obtained by (a) dividing the concentration in milligrams per liter
by the combining weight of that ion, or (b) by multiplying the concentration (in mg/l)
by the reciprocals of the combining weights. Table 1 on page 6, lists the reciprocals
of the combining atomic weights based on carbon-12 (International Union of Fure and
Applied Chemistry, 1961).

The hardness of water is conventionally expressed in all 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 conventional terms of a
property of water. The actual presence of calcium 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 cerbonate
hardness; the hardness in excess of this quantity is called noncarbonate herdness.
Hardness or alkalinity values expressed in milligrams per liter as calcium cerbonate
may be converted to milliequivalents per liter by dividing by 50.

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 dissolved solids is given in tons per acre-foot as well as in milligrams
per liter.
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Table 1.--Factors for conversion of chemical constituents in milligrams per liter
to milliequivalents per liter
Multi- Multi-

Ion ply by Ion ply by

Aluminum (Al*3)*, ., ..., ., . 0.11119 lodide (I*)........... 0.00788
Ammoniaas NH*L , ., , ..., .05544 lron(Fe*3)* .......... .03372
Arsenic (As®8)*, . ... .... .04004 Lead (Pb*#2)* .. ........ .00905
Barium (Ba*2) ,,....... .01436 Lithium(Li®) ,........ .14l
Bicarbonate (HCO3-1). . . ... .01629 Magnesium (Mg#) ....... .08226
Bromide (Br-1). ........ .01251 Manganese (Mn+2)*. ... ... .03640
Cadmium (Cd*)*. . ., .. .. .01779 Mercury (Hg+)* .. ... ... .00997
Calcium (Ca*2) . ., . ... .. .04990 Nickel (Ni*2)*, ..., ...... .03100
Carhonate (CO3-2) . .. .. .. .03333 Nitrate(NOg1). . . ....... .0OI6I13
Chloride (C1-1) .\ . . . . . .. .02821  Nitrite (NO ). o 4 v v v v W v . 02174
Chromium (Cr#+6)* ., . ., ... 11539 Phosphate (PO;/%. . ... ... .03139
Cobalt (Co#3y*, . ., ., ..., .03394 Potassium (K1) ... .....
Copper (Cu*2)* ., . ... ... .03148 Sodium (Na+l). .........

Cyenide (CN-1) , . .. .. ... .03844 Strontium (Sr+2)*. ... .... 02283
Fluoride (F-1) . ... ..... 05264 Sulfate (SO;2) . . v v v v ... 02082
Hydrogen (H¥) . .. ... ... .99209 Sulfide(S-2). ... ....... 00238

Hydroxide (OH-Y) . . ... ... .03880 Zinc (Zn*2)* .. ........ .03060

* Constituent reported in micrograms per liter; multiply by factor and divide results
by 1,000.

Specific conductance is given for most analyses and was detevmined by mesans
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.
Specific conductance in micromhos is 1 million times the reciorocal of specific
resistance at 25°C. Specific resistance is the resistance 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. 19) and the temperature in degrees Celsius (C). Color is expressed in units of
the platinum-cobalt scale proposed by Hazen (1892). A unit of colrr is produced by
one milligram per liter of platinum in the form of the chloroplatinate 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 are arithmetical, time-weighted, or discharge-weighted; when
analyses during a year are all on 10-day composites of daily samples with no missing
days, the arithmetical and time-weighted averages are equivalent. 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 rivev each day for the
water year. A discharge-weighted average approximates the composition of water
that would be found in a reservoir containing all of the water passing a given station
during the year. A discharge-weighted average is computed by multiplying the discharge
for the sampling period by the concentrations of individual constituents for the corre-
sponding 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 times of high discharge the rivers generally have low concentrations of
dissolved solids.

A program for computing these averages by 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 th= concentration of
individual constituents expressed in tons per day. Concentrations ir tons per day are
computed the same as daily sediment loads.

The concentration of sediment in milligrams per liter is computed as 1,000,000
times the ratio of the weight of sediment to the weight of water-sediment mixture. Daily



COMPOSITION OF SURFACE WATERS 7

sediment loads are expressed in tons per day and except for subdivided d-ys, are
usually obtained by multiplying daily mean sediment concentrations in mg/1 by the daily
mean discharge in cubic feet per second, and the conversion factor, normally 0.0027,

For those days when the published sediment discharge value differs from t-e value
computed, the reader can assume that the sediment discharge for that day was c mputed
by the subdivided-day method,

Particle-size analyses are expressed in percentages of material finer than classified
sizes (in millimeters). The size classification used in this report agrees with recom-
mendations made by the American Geophysical Union Subcommittee on Sediment Termi-
nology. The classification is as follows:

Classification Size (mm) Method of analysis
Clay.. . 0.00024 - 0.004 Sedimentation

Silt ... e .004 - .062  Sedimentation.
Sand..... . 062 - 20 Sedimentation or sieve.
Gravel......... 2,0 - 64.0 Sieve.

The particle-size distributions given in this report are not necessarily represen-ative of
all the particle sizes of sediment intransportin the natural stream. Most of the organic
matter is removed and the sample is subjected to mechanical and chemical dirnersion
before analysis in distilled water, Chemical dispersion is not used for native-water
analysis (Guy 1969).

Prior to the 1968 water year, data for chemical constituents and concentretions of
suspended sediment were reported in parts per million (ppm) and water temperatures
were reported in degrees Fahrenheit (F). In October 1967, the U.S. Geological Survey
began reporting data for chemical constituents and concentrations of suspended s=diment
in milligrams per liter (mg/l) and water temperatures are given in degrees Celsius
(centigrade, °C). In waters with a density of 1.000 g/ml (grams per milliliter), parts
per million and milligrams per liter can be considered equal. In waters with a density
greater than 1.000 g/ml, values in parts per million should be multiplie1 by the
density to convert to milligrams per liter. (See table 2 on page 8.) Temperature,
in degrees Celsius may be converted to degrees Fahrenheit by using the table on
page 8.

COMPOSITION OF SURFACE WATERS

All natural waters contain dissolved mineral matter. The quantity of d'ssolved
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 bearing on water use. The
results of analyses generally include silica, ironm, calcium, magnesium, sodium,
potassium (or sodium and potassium together calculated as sodium), carbonate,
bicarbonate, sulfate, chloride, fluoride, nitrate, boron, pH, dissolved solids, and
specific conductance, Aluminum, manganese, color, acidity, dissolved oxygen, and
other dissolved constituents and physical properties are reported for certain streams.
Microbiologic (coliforms) and organic components (pesticides, total organic carbon)
and minor elements (arsenic, cobalt, cadmium, copper, lead, mercury, nickel, strontium,
zinc, etc,) are determined occasionally for some streams in connection with specific
problems and the results are reported. The source and significance of the d‘fferent
constituents and properties of natural waters are discussedin the following parazraphs.
The constituents are arranged in the order that they appear in the tables.
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Table 2.--Factors for conversion of sediment concentration in milligrams per liter
to parts per million*
(All values calculated to three significant figures)

Range of Range of Range of Pange of
concen- concen- concen- concen-
tration Di- tration Di- tration Di- tration Di-
in 1000 vide in 1000 vide in 1000 vide in 1000 vide
mg/1 by mg/1 by mg/1 by mg/1 by

0 - 8 1.00 201-217 1.13 411-424 1.26 €19-634 1.39

8.05- 24 1.0l 218-232 1.14 427-440 1.27 636-650 1.40
24.2 - 40 1.02 234-248 1.15 443-457 1.28 €52-666 L.41
40.5 - 56 1.03 250-264 1.16 460-473 1,29 €68-682 1.42
56.5 - 72 1.04 266-280 1,17 476-489 1.30 684-698 1.43
72,5 - 88 1.05 282-297 1.18 492-506 1.31 700-715 1.44
88.5 -104 1,06 299-313 1.19 508-522 1.32 717-730 1.45
105 -120 1.07 315-329 1.20 524-538 1.33 732-747 1.46
121 -136 1.08 331-345 1.21 540-554 1.34 749-762 1.47
137 -152 1.09 347-361 1.22 556-570 1.35 765-780 1.48
153 -169 1.10 363-378 1.23 572-585 1.36 782-796 1.49
170 -185 1,11 380-393 1.24 587-602 1.37 798-810 1.50
186 -200 1.12 395-409 1.25 604-617 1.38

*Based on water density of 1.000 g/ml and a specific gravity
of sediment of 2.65 g/cc.

Table 3.--Degrees Celsius (C) to degrees Fahrenheit (F)*
(Temperature reported to nearest 0.5°C)

o C 0F OC o F OC OF OC o F OC OF
0.0 32 10.0 50 20.0 68 30.0 86 40.0 104

.S 33 10.5 S1 20.5 69 30.5 87 40.5 105
1.0 34 11.0 52 21.0 70 3L.0 88 41.0 106
1.5 35 11,5 53 21,5 71 3L.5 89 41.5 107
2.0 36 12.0 54 22.0 72 32.0 90 42.0 108
2.5 36 12.5 54 22.5 72 32,5 90 42.5 108
3.0 37 13.0 55 23.0 73 33.0 91 43.0 109
3.5 38 13.5 56 23.5 74 33.5 92 43.5 110
4.0 39 14.0 57 24.0 75 34.0 93 44.0 111
4.5 40 14.5 58 24,5 76 34.5 94 44.5 112
5.0 41 15.0 59 25.0 77 35.0 95 45.0 113
5.5 42 15.5 60 25.5 78 35.5 96 45.5 114
6.0 43 16.0 61 26.0 79 36.0 97 46.0 115
6.5 44 16.5 62 26.5 80 36.5 98 46.5 116
7.0 45 17.0 63 27.0 81 37.0 99 47.0 117
7.5 45 17.5 63 27.5 81 37.5 99 47.5 117
8.0 46 18.0 64 28.0 82 38.0 100 48.0 118
8.5 47 18.5 65 28.5 83 38.5 101 48.5 119
9.0 48 19.0 66 29.0 84 39.0 102 49.0 120
9.5 49 19.5 67 29.5 85 39.5 103 49.5 121

*C =5/9 CF - 32) or °F = 9/5 (C) + 32,
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MINERAL CONSTITUENTS IN SOLUTION
Silica (S10,)

Silica is dissolved from practically all rocks. Some natural surface waters contain
less than 5 milligrams per liter of silica and few contain more than 50 mg/1, but the
more common range is from 10 to 30 mg/l. 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 turbines. However, it is not physiologically significant to hrmans,
livestock, or fish, nor is it of importance in irrigation water,

Aluminum (Al)

Aluminum is usually present only in negligible quantities in natural waters except
in areas where the waters have been in contact with the more soluble rocks of high
aluminum content such as bauxite and certain shales. Acid waters often contair large
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 air, normal basic waters
that contain more than 1 mg/l of iron soon become turbid with the insoluble r=ddish
ferric compounds produced by oxidation. Surface waters, therefore, seldom contain as
much as 1 mg/l 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 onfabrics washed inthe water. The highest desirable level of concentrations
of iron in culinaryanddrinking-water is 0.1 mg/1 (100 ug/1) with a maximum permissible
level of 1.0 mg/1(1000ug/1). (International Standards for Drinking- Water (ISD-W), 1971).

Manganese (Mn)

Manganese is dissolved in appreciable quantities from rocks in some se~tions
of the country. It resembles iron in its chemical behavior and in its occurrerce in
natural waters. However, manganese in rocks is less abundant than iron. As a result
the concentration of manganese is much less than that of iron and is not regilarly
determined in many areas. It is especially objectionable in water used in laundry work
and in textile processing. Concentrations as low as 0.2 mg/1 (200 ug/1l) may cause
a dark-brown or black stain on fabrics and porcelain fixtures. Appreciable quantities
of manganese are often found in waters containing objectionable 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 granite or silicious sands
contain less than 10 mg/1 of calcium; waters in areas where rocks are composed of
dolomite and limestone contain from 30 to 100 mg/l; and waters that have come in
contact with deposits of gypsum may contain several hundred mg/1.

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 waters may
amount to only 1 or 2 mg/l, but water in areas that contain large quantities of dolomite
or other magnesium-bearing rocks may contain from 20 to 100 mg/l or more of
magnesium.

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 mineralized waters found in the western
United States. Natural waters that contain only 3 or 4 mg/1 of the two together are
likely to carry almost as much potassium as sodium. As the total quantity of these
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constituents increases, the proportion of sodium becomes much greater. Moderate
quantities of sodium and potassium have little effect on the usefulness of the water
for most purposes, but waters that carry more than 50 to 100 m~/I 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,

Bicarbonate, carbonate and hydroxide (HCO, ,C03, OH)

Bicarbonate, carbonate, or hydroxide is sometimes reported as alkalinity. The
alkalinity of a water is produced by anions or molecular species 0 weak acids which
are not fully dissociated above a pH of 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 reported in terms of these constituents. Although
alkalinity may suggest the presence of definite amounts of cartnnate, bicarbonate
or hydroxide, there are other ions that contribute to alkalinity such as silicates,
phosphates, borates, possibly fluoride, 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 catio~s (Ca, Mg, Na, K)
associated with it. 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.

Sulfide (S)

Sulfide occurs in water as a result of bacterial and chemical processes. It usually
is present as hydrogen sulfide. Variable amounts may be found in waters receiving
sewage and (or) industrial wastes, such as from tanneries, papermills, chemical plants,
and gas manufacturing work (California State Water Quality Control Board, 1963).

Waters containing sulfides, especially hydrogen sulfide, may be considered un-
desirable because of their odor. The toxicity to aquatic organisms differs significantly
with the species and the nature of associated ions.

Sulfate (SO,)

Sulfate is dissolved from most sedimentary rocks. Large quantities may be
derived from beds of gypsum, sodium sulfate deposits, and some types of shale.
Organic material containing sulfur adds sulfate to the water as a phase of the sulfur
cycle. Innatural waters, concentrations range froma few mg/1 to several thousand mg/1.

ISD-W (1971) recommends 200 mg/l as the highest desireble level of sulfate
concentration in drinking and culinary water.

Sulfates are less toxic to crops than chlorides.
Chloride (Cl)

Chloride is dissolved from rock materials in all parts of tte country. Surface
waters in the humid regions are usually low in chloride, whereas streams in arid or
semiarid regions may contain several hundred mg/l 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 quantities of chloride in water that contains a high content of calcium and
magnesium increases the water's corrosiveness. The presence of abnormal concen-
trations of chloride and nitrogenous material together in water supplies indicates
possible pollution by human or animal wastes.

Fluoride (F)

Fluoride has been reported as being present in some rocks to about the same
extent as chloride. However, the quantity of fluoride in naturcl surface waters is
ordinarily very small compared to that of chloride. Investigations have proved that
fluoride concentrations of about 0.6 to 1.7 mg/1 reduced the incidence of dental caries
and that concentrations greater than 1.7 mg/l also protect the teeth from cavities
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but cause an undesirable black stain (Durfor and Becker, 1964, p. 20), Public Health
Service, 1962, states, "When fluoride is naturally present in drinking wa‘er, the
concentration should not average more than the appropriate upper control limit (0.6 to
1.7 mg/1). Presence of fluoride in average concentration greater than two times the
optimum values shall constitute grounds for rejection of the supply.” Concentration
higher than the stated limits may cause mottled enamel in teeth, endemic cun ulative
fluorosis, and skeletal effects.

Bromide (Br)

Bromine is a very minor element inthe earth's crust and is normally present in sur-
face waters inonly minute quantities, Measurable amounts may be found in some streams
that receive industrial wastes, and some natural brines may contain rather hivh con-
centrations. It resembles chloride in that it tends to be concentrated in ses water.

Iodide (1)

lodide is considerably less abundant both in rocks and water than bromine. Measur-
able amounts may be found in some streams that receive industrial wastes, ard some
natural brines may contain rather high concentrations. It occurs in sea water to the
extent of less than 1 mg/l. Rankama and Sahama (1950) report iodide present in
rainwater to the extent of 0.00l1 to 0.003 mg/1 and in river water in about tte same
amount. Few waters will contain over 2.0 mg/1.

Nitrogen, organic (N)

Organic nitrogen includes all nitrogenous organic compounds, such as amino acid,
polypeptides, and proteins, It is present naturally in all surface waters as the result
of inflow of nitrogenous products from the watershed and the normal biological life
of the stream.

Organic nitrogen is not pathologically significant but is sometimes an indication
of pollution,

Nitrogen, ammonia (NH p 88 N)

Ammonia nitrogen includes nitrogen in the formsof NH, and NH +1. As a coriponent
of the nitrogen cycle, it is often present in water, but usually in only small armounts.
More than 0.1 mg/1 usually indicates organic pollution (Rudolph, 1931).

There is no evidence that ammonia nitrogen in water is physiologically significant
to man or livestock. Fish, however, cannot tolerate large quantities.

Nitrite (NO,)

Nitrite is unstable in the presence of oxygen and s, therefore, absent or present
in only minute quantities in most natural waters under aerobic condition. The presence
of nitrite in water is sometimes an indication of organic pollution.

Recommended tolerances of nitrite in domestic water supplies differ widely. A
generally accepted limit s 2 mg/1, butaslittle as 0.1 mg/1 has been proposed (California
State Water Quality Control Board, 1963).

Nitrate (NOS)

Nitrate in water is considered a final oxidation product of nitrogenous material
and may indicate contamination by sewage or other organic matter, such as agricultural
runoff, or industrial waste. The quantities of nitrate present in surface waters are
generally less than 5 mg/l (as NOS) and have no effect on the value of the water for
ordinary uses,

It has been reported that as much as 2 mg/l of nitrate in boller water tends to
decrease intercrystalline cracking of boller steel, Studies made by Faucett and Miller
(1946), Waring (1949) and by the National Research Council (Maxcy, 1950) concluded
that drinking water containing nitrates in excess of 44 mg/1 (as NO,) should be regarded
as unsafe for infant feeding, ISD-W (1971) sets 45 mg/l as the upper limit,
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Phosphorus (P)

Phosphorus is an essential element in the growth of plants and gnimals. It occurs
in water as organically bound phosphorus or as phosphate (PO,). Some soirces
that contribute nitrate, such asorganic wastesare also important sources of phosphorus.
The addition of phosphates in water treatment constitutes a possikle source although
the dosage is usually small. In some areas phosphate fertilizers may yield some
phosphorus to water. Another important source is the use of phosphates in detergents.
Domestic and industrial sewage effluents often contain considerable amounts of
phosphorus. Concentrations of phosphorus found in water are not reported to be toxic to
man, animal, or fish, However, the element can stimulate the growth o€ algae, which may
cause taste and odor problems in public water treatment and esthetic problems in
recreation areas.

Boron (B)

Boron in small quantities has been found essential for plant grcwth, but irrigation
water containing more than 1 mg/1 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 surface waters analyzed have harmful concentrations
of boron.

Dissolved solids

The reported quantity of dissolved solids--the residue on evavoration--consists
mainly of the dissolved mineral constituents in the water. It may also contain some
organic matter and water of crystallization. Waters withlessthan 50C mg/1 of dissolved
solids are usually satisfactory for domestic and some industrial uses Water containing
several thousand mg/] 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 coataining more than
about 2,000 mg/] is considered to be unsuitable for long-term irrigation under average
conditions.

Arsenic (As)

Arsenic compounds are present naturally in some waters, but the occurrence of
quantities detrimental to health is rare. Weed killers, insecticides and many industrial
effluents contain arsenic and are potential sources of water pollution. The upper limits
of arsenic concentration in drinking-water should not exceed 0,05 mz/1 (50 ug/1) and it
would seem wiser to keep the level as low as possible (ISD-W, 1971). Concentrations
of 2-4 mg of arsenic per liter are reported not to interfere with the self-purification
of streams (Rudolfs and others, 1944) but concentrations in excess of 15 mg/1 may
be harmful to some fish.

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,

Barium concentrations in excess of 1.0 mg/lisnot suitable for drinking and culinary
use because of the serious toxic effects of barium on heart, blood vessels, and nerves.

Cadmium (Cd)

This element is found in nature largely inthe form of the sulfide, and as an impurity
in zinc-lead ores. The carbonate and hydroxide are not very solubls in water and will
precipitate at high pH values; the chloride, nitrate, and sulfate are soluble and remain
in solution under most pH conditions.

The extensive use of the element and its salts in metallurgy, electrcplating, ceramics,
and photography make it a frequent component of industrial wastes.
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The results of animal studies suggest that very small amounts of cadmium can
produce nephrotoxic and cardiovascular effects, The reproductive organs of animals
are specifically affected after parenteral administration of very small amounts of
cadmium salts. The level of cadmium concentration proposed for water use is 0,01 mg/1
(10 ug/1) or the lowest concentration that can be conveniently measured (ISD-W, 1971).

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.
Concentrations of more than 0.05 mg/1 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).

Cobalt (Co)

Cobalt occurs in nature in the minerals smaltite, (Co,Ni)As,, and cobaltite, CoAsS.
Alluvial deposits and soils derived from shales often contdin cobalt in the form of
phosphate or sulfate, but other soil types inay be markedly deficient in cobalt in any
form (Bear, 1955). Ruminant animals may be adversely affected by grazing on land
deficient in cobalt.

For domestic water supplies, no maximum safe concentration has been estallished.
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 the salts hydrolyze 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 compounds. The presence of copper in mine water is
common,

Copper imparts a disagreeable metallic taste to water. As little as 1.5 mg/1 can
usually be detected, and 5 mg/1 can render the water unpalatable, Copper is not con-
sidered to be a cumulative systemic poisonlikelead and mercury; most copper irgested
is excreted by the body and very little is retained. The pathological effects of copper
are controversial, but it is generally believed very unlikely that humans could unkncwingly
ingest toxic quantities from palatable drinking water. The U.S. Public Health fervice
(1962) recommends that copper should not exceed 1.0 mg/1 (10 ug/l) in drinking and
culinary water. ISD-W, 1971 gives 0,05 mg/1 (50 ug/1) as the highest desirable level.

Lead (Pb)

Lead seldom occurs in most natural waters, but industrial mine and smelter ef’luents
may contain relatively large amounts of lead which contaminates the streams. Also,
atmospheric contamination which is produced from several types of engine exhausts
has considerably increased the availability of this element for solution in rzinfall,
resulting in contamination of lead in streams (Hem, 1970).

Lead in the form of sulfate is reportedto be soluble in water to the extent of 31 mg/1
(Seidell, 1940) at 25°C. In natural water this concentration would not be approiched,
however, since a pH of 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 equivalent of 1.4 mg/l of lead and the solubility is
increased nearly four fold by the presence of 2.8 mg/1 of carbon dioxide in the so'ution.
Presence of other ions may increase the solubility of lead. Reports on human tolerance
of lead vary widely. U.S. Public Health Service (1962) states that lead shall not exceed
0.05 mg/1 (50 ug/l) in drinking and culinary water on carriers subject to Federal
quarantine regulations. ISD-W, 1971 gives 0.10 mg/1 (100 ug/l) as the upper limit.
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Lithium (L1)

Lithium {s present in some minerals but i{s not abundant in nature, From available
information, most fresh waters rarely contain lithium of concen:rations exceeding
10 mg/l, but larger quantities may be present in brines and thermal waters, Lithium
is used in metallurgy, medicinal water, and some types of glass and storage batteries,
Waste from such industries may contaln lithium,

Mercury (Hg)

Mercury 1is the only common metal which is liquid at ordinary temperatures,
It occurs free in nature but its chief source is cinnabar (HgS), M:rcury compounds
are virulent culminative polsons which are readily absorbed throurh the respiratory
and gastrointestinal tracts or through unbroken skin (Weast and Selby, 1967).

The main source of high concentrations of dissolved mercury in water, in the form
of highly toxic methyl mercury, Hg(CH,).,,, comes from waste discharges from industrial
users of mercury and from mercurial pesticides.

Fish from streams and lakes subject to mercury contamination have been found to
contain amounts of mercury above the safe limits for food consimption, The U.S,
Public Health Service has proposed that the upper limits of dissolved mercury in water
for domestic use should not exceed 5 micrograms per liter (0.005 mg/1). ISD-W,
1971 recommends 0.0l mg/1 (1 ug/1) as the upper limits of concentration.

Nickel (Ni)

Elemental nickel seldom occurs in nature, but its compounds are found in many
ores and minerals. Many nickel salts are quite soluble and may contribute to water
pollution, especially when discharged from metal-plating industries.

No set limit of nickel concentration has been established for public water supply.
Strontium (Sr)

Strontium is a typical alkaline-earth element and is similar chemically to calcium.
Strontium may be present in natural water in amounts up to a few mg/1 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.

Zinc (Zn)

Zinc is abundant in rocks and ores but is only a minor constituent in natural water
because the free metal 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 commer-
cial products, and industrial wastes may contain large amounts.

Zinc in water does not cause serious effects on health, but produces undesirable
esthetic effects, ISD-W, 1971 gives 5 mg/1 (5000 ug/1) of zinc coatent as the highest
desirable level for drinking water and 15 mg/1 as the maximum permissible level.

PROPERTIES AND CHARACTERISTICS OF WATER
Dissolved solids

Theoretically, dissolved solids are anhydrous residues of the dissolved substances
in water,

All solutes affect the chemical and physical properties of the wa*er and result in an
osmotic pressure. Water with several thousand mg/1of dissolved solids is generally not
palatable, although those accustomed to highly mineralized water may complain that less
concentrated water tastes flat, The U.S, Public Health Service (1962) recommends that
the maximum concentration of dissolved solids not exceed 500 mg/l in drinking and
culinary water on carriers subject to Federal quarantine regulations, but permits 1,000
mg/1 if no better water is available, ISD-W (1971) recommends 500 mg/1 as the highest
desirable level and 1500 mg/1 as the maximum permissible level. Reported livestock
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tolerances range from 3,000 mg/l (Colorado Agricultural Experiment Statior, 1943)
to 15,000 mg/1 (Heller, 1933).

Industrial tolerances for dissolved solids differ widely, but few industrial prc~esses
will permit morethan 1,000 mg/1. The Geological Survey classifies the degree of ralinity
of these more mineralized bodies of water as follows (Swenson and Baldwin, 1965):

Dissolved solids (mg/1) Degree of salinity

Lessthan 1,000 . . .. ...
1,000t03,000. .. .....
3,000t010,000. . . .. ...
10,000t0 35,000, . . . ...

Nonsaline,
Slightly saline.
Moderately saline,
Very saline.

“ e e =

Hardness

Hardness is the characteristic of water that receivesthe most attention in indstrial
and domestic use. It is commonly recognized by the increased quantity of soap required
to produce lather. The use of hard water is also objectionable because 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 calcium and magnzsium.
Other constituents--such as iron, manganese, aluminum, barium, strontiur, 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 proportions of "carbonate”
hardness of water. Carbonate hardness is the amount of hardness chemically equ‘valent
to the amount of bicarbonate and carbonate in solution. Carbonate hardness is aoprox-
imately equal to the amount of hardness that is removed from water by boiling.

Noncarbonate hardness is the difference between the hardness calculated from
the total amount of calcium and magnesium in solution and the carbonate hardness.
The scale formed at high temperatures by the evaporation of water containinr non-
carbonate 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 scft to a
westerner. In this report hardness of water is classified as follows:

Hardness range
(calcium carbonate in mg/1) Hardness description

0-60 . .. v v v v e v e e, Soft

61-120, . . ..... ... ... Moderately hard
121-180 . . .+ ¢+ v+ 4. ..., Hard

More than 180, ... .. ... . Veryhard

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

Actdtty (H™)

The use of the terms acidity and alkalinity is widespread in the literature of water
analysis and is a 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 bases that hydrolyze to give hydrogen ions. Sulfates of iron and alurminum
in mine and industrial wastes are common sources of acidity.

Sodium adsorption ratio (SAR)

The term 'sodium adsorption ratic (SAR)' was introduced by the U.S. Salinity
Laboratory Staff (1954), It is a ratio expressing the relative activity of sodiur~ ions
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in exchange reaction with soil and is an index of the sodium or clkali hazard to the
soil. Sodium adsorption ratio is expressed by the equation:

Na+

/ CaH?ngH
2

where the concentrations of the ions are expressed in millieqiivalents per liter.

SAR

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 spzcific conductance.
At a conductance of 100 micromhos per centimeter the dividing points are at SAR
values of 10, 18, and 26, but at 5,000 micromhos the corresponding 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 determination used to estimate the
amount of dissolved solids in water. It is a measure of the ability of water to transmit
a small electrical current (see p. 6). The more dissolved solic's in water that can
transmit electricity the greater the specific conductance of the water. Commonly,
the amount of dissolved solids (in mg/1) is about 65 percent of the specific conductance
(in micromhos). This relation is not constant from stream to stream or from well to
weil 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 ¢onductance of most waters in the eastern United States is less than 1,000
micromhos, but in the arid western parts of the country, a specific conductance of
more than 1,000 micromhos is common.

Hydrogen- ion concentration (pH)

Hydrogen-ion concentration is expressed in terms of pH units (see p. 6). The
values of pH often are used as a measure of the solvent power of water or as an
indicator of the chemical behavior certain solutions may have toward rock minerals.

The degree of acidity or alkalinity of water, as indicated !~ the hydrogen-ion
concentration, expressed as pH, is related to the corrosive prorerties 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 increasirg acidity and those
progressively higher than 7.0 denote increasing alkalinity. The pH of most natural
surface waters ranges between 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 pH values in their proper perspective,

Temperature

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

Surface water temperatures tend to change seasonally and daily with air temperatures,
except for the outflow of large springs. Superimposed upon the annual temperature cycle
is a daily fluctuation of temperature which is greater in warm seasons than in cold
and greater in sunny periods than with a cloud cover. Natural 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 measur-
able quantities of heat. Heat loss takes place largely through radiation, with further
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losses through evaporation and conduction to the air and to the streambed. Thus the
temperature of a small stream generally reaches a maximum in mid- to late aftexrnoon
due to solar heating and reaches a minimum from early to mid-morning after nozturnal
radiation.

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 when
viewed in the stream show 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 groind. 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 part of a water apalysis because a significant color in water may indicate the
presence of organic material 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 besed on
the above standard (see p. 6).

Turbidity

Turbidity is the optical property of a suspension with reference to the extent t¢ which
the penetration of light is inhibited by the presence of insoluble material. Turbidity is a
function of both the concentration and particle size of the suspended material. It is
reported in terms of mg/1 of silica or Jackson turbidity units (JTU).

Turbid water is abrasive in pipes, pumps, and turbine blades. Although turbidity
does not directly measure the safety of drinking water, it is related to the consumer's
acceptance of the water. The highest desirable level of turbidity for drinking water is
5 JTU with a maximum permissible level of 25 JTU (ISD-W, 1971).

Density at 20°C

Density is the mass of any substance per unit volume at a designated standard
temperature. Density should not be confused with specific gravity, which is a mass-
to-mass relation.

The density value has some use in industries that utilize brines and whose basic
unit of concentration of dissolved material is density. Density is used primarily by
the chemist in the computation of milligrams per liter for highly mineralized waters.

Dissolved oxygen (DO)

Oxygen dissolved in water is derived from the air and from the oxygen given off
in the process of photosynthesis by aquatic plants,

Dissolved oxygen in water has no adverse physiological effect and actually increases
the palatability of the water. No minimum concentration of dissolved oxygen reauired
to support fish life has been listed because the oxygen requirements of fish vary with
the species and age, with temperature, and with concentration of other substarces in
the water,

Dissolved oxygen is responsible for many of the corrosion problems in incustry.
Chemical oxygen demand (COD)

Chemical oxygen demand is a measure of the chemically oxidizable material in
the water, and furnishes an approximation of the amount of organic and reducing
material present. The determined value may correlate with natural-water color or
with carbonaceous organic pollution from sewage or industrial wastes.
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Biochemical oxygen demand (BOD)

Biochemical oxygen demand is a measure of the oxygen requ'red to oxidize the
organic material usable as a source of food by aerobic organisms.

Blological and microbiological information

Biological and microbiological information is an important aspect in the evaluation
of water quality. The kinds and amount of aquatic biota in a stream or lake can be
useful "indicators" of environmental conditions and particularly of the degree of
pollution of water with organic wastes (Doudoroff and Warren, 1957). Biological
information includes qualitative and quantitative analyses of plankton, bottom organisms,
and particulate inorganic and amorphous matter present. Microbiolagical information
includes quantitative identification of certain bacteriological indicator organisms.

Chlorophyll (plant pigment).--The concentrations of photosynthetic pigments in
natural waters vary with time and changing aquatic conditions. Concentrations of
chlorophyll a, b, and c (spectrophotometric determination) are ured to estimate the
biomass and photosynthetic capacity of phytoplankton (blue-green alga=). Ratios between
the different forms of chlorophyll are thought to indicate the taxonomic composition
or the physiological state of the algae community (Slack, 1970).

Plankton.- - Plankton is the floating (or weakly swimming) animal or plant life in
a body of water consisting, chiefly of minute plants (as diatomes and blue-green algae)
and of minute animals (as protozoan, entomostracans and various larvae). Algae are
known to cause tastes and odor in water supply.

Plankton population in water is obtained by count level (the number of organisms
per milliliter).

Coliform bacteria.-~Coliform organisms have long been used as indicators of
sewage pollution, although the group includes bacteria from diverse natural sources
and habitats. For example, members of the coliform group are indigenous to soil
and vegetation as well as feces. Standards for drinking-water quality provide definite
minimums as to number of samples examined and the maximum rumber of coliform
organisms allowable per 100 milliliters (ml) of finished water (Slack, 1970). The
coliform population of water is determined either by the most probable number (MPN),
or by the incubation membrane filter method, a direct count of col*form colonies per
plate.

Fecal coliform bacteria.--Fecal coliform is that portion of the coliform group
that is present in the intestinal tract of warm-blooded animals and is capable of
producing gas from lactos in suitable culture medium at 44.5°C, Organisms from
other sources generally cannot produce gas in this manner. (American Public Health
Assoc, and others, 1965). Thus, in general, the presence of fecal coliform organisms
indicates recent pollution (Slack, 1970),

Organics

Phenols.-- Phenolic material in water resources is invariably the result of pollution,
Phenols are widely used asdisinfectants and inthe synthesis of many crganic compounds,
Waste products from oil refineries, coke areas, and chemical plants may contain high
concentrations, Fortunately, phenols decompose in the presence of oxygen and micro-
orgenisms, and their persistence downstream from point of entry is relatively short
lived. The rate of decomposition is dependent on the environment.
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