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PREFACE

This report was prepared by the U.S. Geological Survey in cooperation with
the State of California and other agencies, by personnel of the Water Resources
Division, E. L. Hendricks, chief hydrologist, G. W. Whetstone, assistant chief hydrologist
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:

R. S. Lord...cccccvvnveriininninenn. fereererrnseneesenetterenenintany Menlo Park, Calif.
S. F. KapusStKa....i.veeeeeiieieiiiieneieeacnsnsiecassensarnensacasnsas Portland, Oreg.
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vI WATER—QUALITY STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS
ARE PUBLISHED
{zatters after station name designate type of data: (c) chemical, (t) water temperature, (s) sediment]

PACIFIC SLOPE BASINS IN CALIFORNIA
SANTA MARGARITA RIVER BASIN

Santa Margarita River near Fallbrook, Calif. (C).....scuivevencecvunrersnracenens
Santa hrgarita River at Ysidora, Cnlii (hending ONIY)evreneenuonnoanenroncnnn
SAN JUAN CREEK BASIN

San Ju-n Creek near San Juan Capistrano, Calif, (t8)..........cccv0vusse een

Arroyo Trabuco near San Juan Capistrano, Calif, (ts). e
SANTA ANA RIVER BASI

Santa Ana River at E Street, near San Bernardino, Calif. (t),....
Santa Ana River at Colton, Calif, (€)...vun.vivrerncenoneannnsnns
Santa Ana River at Riverside Narrows, near Arnngton Calif. (et)
Santa Ana River at Auburndale Bridge, near Coronma, ca1if, (ct)...

Santa Ana River below Prado Dam, Calif. (ct).....
Santa Ana River at Santa Ana, CALIZ. (£8)s.uvvvrrveerenenrerannnnns
SAN GABRIEL RIVER BASIN

San Gabriel River at Azusa powerhouse, at Azusa, Calif,
San Gabriel River at Whittier Narrows, Calif, (c)..........
LOS ANGELES 1

RIVER BASIN
Los Angeles River at Los Angeles, Calif. (€)......cvoveervevacnnns
Rio Hondo:
Mission Creek below Whittier Narrows Dam, Calif. {C).....euieeeicecereuroneroceeersnancossssnnnnns
SANTA CLARA RIVER BASIN

Santa Clara River:
Sespe Creek near Wheeler Springs, Calif. (t).
Sespe Creek near Fillmore, Calif. (cts)......
Santa Clara River near Santa Paula, Calif. (c).
Santa Paula Creek near S:nta Paula, Calif, (c)...
Santa Clara River at Saticoy, Calif. (t8)..........cevvunnn
VENTURA RIVER BASIN
Matilijs Creek (head of Ventura River) above reservoir, near Matilija Hot Springs, Calif. (¢).........

Ventura River near Ventura, Calif. (c)...... Ceerenrenns e trecsecscesonoer s raseracebsnssesanoatasstont
SANTA MARIA RIVER BASIN

Cuyama River (head of Santa Maria River) below Twitchell Dam, Calif. (€)....ccvuuiurnrrricnsrnnnaccns ..
ARROYO GRANDE BASIN

Arroyo Grande above Phoenix Creek, near Arroyo Grande, Calif,

Lopez Creek near Arroyo Grande, Calif., (t8).........c0vuveness
BIG SUR RIVER BASIN
Big Sur River near Big Sur, Calif, (£)......ucirieerneeanroseressosoeresssasactsascasosssnncsaasancanns

SALINAS RIVER BASIN
Salinas River:
Cienega Creek (head of Santa Rita Creek):

Santa Rita Creek tributary near Templeton, Calif. (ts)..

Santa Rita Creek near Templeton, Calif. (t55

Nacimiento River near Bryson, Calif, (ts).

San Antonio River near Lockwood, Calif, (ts .

Arroyo Seco near Greenfield, Calif.
Salinas River near Chualar, Calif,
Salinas River near Spreckels, Calif.
PAJARO RIVER BASIN
Pajaro River:

Carnadero Creek:

Uvas Creek above Uvas Reservoir, near Morgan Hill, Calif. (ts).
Pajaro River at Chittenden, Calif. (c)..
SOQUEL CREEK BASIN
Soquel Creek at Soquel, Calif. (t)..
SAN LORENZO RIVER BASIN

(c).

San Lorenzo River at Big Trees, Calif. (t)........cv0vvuunne Cesrearanen cbreeocccerrrttatirartnonosnnns
PESCADERO CREEK BASIN
Pescadero Creek near Pescadero, Calif, (t)......c.covevane. PR feeesesrsersesaienn rtieesareennonn

COLMA CREEK BASIN
Colma Creek at South San Francisco, Calif, (s).....

Spruce Branch at South San Francisco, Calif. (s).
COYOTE CREEK BASIN
Coyote Creek near Gilroy, Calif, (ts),.
ALAMEDA CREEK BASIN
Alameda Creek:

Arroyo Valle near Livermore, Calif, (t).....
Alameda Creek near Niles, Calif, (ts).........
BUENA VISTA LAKE BASIN

Kern River near Quaking Azpen Camp, Calif, (t).........cevuuseccancanscss

Kern River Canal No., 3 near Kornville, Calif, (t).....

Kern River at Kernville, Calif, (t8)........

Borel Canal below Isabella Dam, Caii?. {t)

TULARE LAKE BASIN
Tulare lake:

Tule River below Success Dam, Calif. (€)............. D e

Middle Fork Kaweah River:

Marble Fork Kaweah River at Potwisha Camp, Calif. (t).........
Kaweah River at Three Rivers, Calif, (t).
Kaweah River below Terminus Dlll Calif,
Kings River above North Fork, near Trimmer, caiiz. (t)..

North Fork Kings River above Dinkey Creek, at Balch Cmp, Calitf,
Kings River below North Fork, near Trimmer, Calif.
Kings River at Peoples Weir, near Klngsbnrg, Calif,

SAN JOAQUIN RIVER BASIN
San Joaquin River:

Big Creek below Huntington Lake, Calif. (t)....

Willow Creek at mouth, near Auberry, Calif. (t)
SanuJoaquin River below Kerckhoff powerhouse, near Prather, Calif.

Merced River at Happy Isles Bridge, near Yosemite, Calif. (ct

Tuolumne River:

Clavey River:

Lily Creek near Pinecrest, Calif, (t)
Tuolumne River at Modesto, Calif. (t).
Middle Fork Stanislaus River at Hells Half
Stanislaus River below Goodwin Dam, near Knights Ferry, Calif. (t)

San Joaquin River near Vernalis, Calif. (cts) ..... eeerrrseesereaecaoarsonns




WATER-QUALITY STATIONS, IN DOWNSTREAM ORDER

PACIFIC SLOPE BASINS IN CALIFORNIA--Continued
SAN JOAQUIN RIVER BASIN--Continued
Calaveras River:

Stockton Ship Canal at 1ight 40, near Stockton, Calif, (C)......ce.0v.s
Delta-Mendota Canal above Tracy pumping plant, near Tracy, Calif. (c)..
Delta-Mendota Canal near Mendota, Calif. (c),
Mokelumne River near Mokelumne Hill, Calif, .
Mokelumne River below Camanche Dam, Calif. (ts).
Mokelumne River at Woodbridge, Calif. (ct) .....

Cosumnes River at Michigan Bar, Calif, (cts)..

San Joaquin River at Antioch, Calif, (€)........vevrunen
SACRAMENTO RIVER BASIN
Sacramento River near Mount Shasta, Calif. (t)..........

Sacramento River at Delta, Calif. (ct)..........
North Fork Pit River:

South Fork Pit River near Likely, Calif. (c).
Pit River near Canby, Calif. (ctS).................
Pit River near Montgomery Creek, Calif. (c)........

McCloud River above Shasta Lake, Calif. (c)...

Sacramento River at Keswick Dam, near Keswick, Calif. (c Freeeaseaan
Clear Creek near Igo, Calif. (). ... ieerneinvnnnuinerneneennacrocencennas
Cow Creek:

South Cow Creek near Millville, Calif.
Cow Creek near Millville, Calif, (t)........
Middle Fork Cottonwood Creek near Ono, Calif.
Cottonwood Creek near Cottonwood, Calif. (¢)........
Battle Creek below Coleman Fish l-htchery, near CottonWood Cah! Tls)

Sacramento River at Bead, Calif, (cts)..........

Sacramento River near Red Bluff, Calif, (t).., .
Mill Creek at mouth, near Los Molinos, Calif. (c).
Thomes Creek at Paskenta, Calif. €cts).........

Sacramento River near Hamilton City, Calif. (c).
Big Chico Creek near Chico, Calif. (€)...ovvuiiivnvnnnnsns
Stony Creek:

Little Stony Creek above East Park Reservoir, near Lodoga, Calif. (t).,
Stony Creek below Black Butte Dam, near Orland, Calif. (c)......
Butte Creek near Chico, Calif. (ct)....... .

Sacramento River below Wilkins Slough, near Grimes, Cnlif.

Sacramento River above Colusa Trough, at Knights Landing, Cale (c)
Colusa Trough near Colusa, Calif, 00Dy nnnnrrrrnnsnsenen
Middle Fork Feather River near Clio, Calif. (t)..........
Middle Fork Feather River near Merrimac, Calif. (t).........
Feather River:

North Fork Feather River:

Indian Creek (head of East Branch of North Fork Feather River):

Little Grizzly Creek near Genesee, Calif. (t)...........

Indian Creek near Crescent Mills, Calif. (t)..............
North Fork Feather River at Pulga, Calif. (t)...

West Branch Feather River near Paradise, Calif,

Lake Oroville:

Thermalito afterbay release to Feather River near Oroville, Calif. (t).
Feather River at Oroville, Calif, (cts).......
Feather River near Gridley, Calif. (ts).
Feather River at Yuba City, Calif. (ts).

Middle Yuba River (head of Yuba River)

Oregon Creek near North San Juan, Calif, [

North Yuba River below New Bullards Bar Dam, near North San’ Juan "Calif.

South Yuba River at Jones Bar, near Grass Valley, Calif. (ts).
Yuba River at Marysville, Calif. (t).................
Be.r River near Wheatland, Calif. (c).

Feather River near Nicolaus, Calif. (t).
North Fork American River at North Fork

Middle Fork American River:

Canyon Creek near Georgetown, Calif.
South Fork American River near Kyburz,
South Fork American River near Lotus, Calif.

American River at Fair Oaks, Calif, (tJ....
Sacramento River at Sacrameato, Calif. (ts) ...
Sacramento River at Freeport, Calif, (ct)....,.

Yolo Bypass:

Clear Lake (head of Cache Creek):

Adobe Creek:

Highland Creek below Highland Creek Dam, near Kelseyville, Calif.

Cache Creek above Rumsey, Calif., (ts)......

Cache Creek near Capay, Calif. (c).,..

Putah Creek near Guenoc, Calif., (ts). .

Putah Creek near Winters, Calif, (t)........

Sacramento River at Rio Vista, Calif. (c).......
NAPA RIVER BASIN

t)evaea.n

Wil

(ts).

Napa River near St, Helema, Calif. (t).....euirneinirnoenoinnunneananesssennrnonesrsioonemnnesociosens
BOLINAS LAGOON BASIN

Pine Creek at Bolinas, Calif. (£8).......eeiiniiiiniiiiii vttt innaannsseinsensaasoansssensennnnans
SALMON CREEK BASIN
Salmon Creek at Bodega, Calif., (t)...o.iieiinnirouronnrvorvens feeresrrrrienans P
RUSSIAN RIVER BASIN
Russian River near Ukiah, Calif. (ts)........... T esearereaas

East Fork Russian River near Calpella, Caliz (tsd 11010000

Lake Mendocino near Ukiah, Calif. (t8),..............
East Fork Russian River near Ukiah, Calif. {ts)......
Russian River near Hopland, Calif. (f)..
Russian River near Cloverdale, Calif.
Big Sulphur Creek near Cloverdale,
Russian River near Healdsburg, Calif.
Dry Creek near Cloverdale, Calif,
Dry Creek near Geyserville, Calif. .
Russian River near Guerneville, Calif, (ts)..........
GARCIA RIVER BASIN
Garcia River near Point Arena, Calif, (t).......
NAVARRO RIVER BASIN

Navarro River near Navarro, Calif. (t).....uuuuiiuuunnusroiurronsnrasacacnaconsoonesionsossocaaasonnnn
NOYO RIVER BASIN
Noyo River mear Fort Bragg, Calif. (t).....ue.uiuuunrnranernrnennrnaeseneeuennnnssnesoonrnsesnncnaanns

TENMILE RIVER BASIN
Tenmile River:
Middle Fork Tenmile River near Fort Bragg, Calif. (t)....c..uiiieiieinnnurrennniarssenannaosananenns

vII



VIII WATER-QUALITY STATIONS, IN DOWNSTREAM ORDER

PACIFIC SLOPE BASINS IN CALIFORNIA--Continued

MATTOLE RIVER BASIN
Mattole River near Petrolia, Calif. (Ct).......ocivevnnssocacaannnss
EEL RIVER BASIN
Eel River:
lake Pillsbury near Potter Valley, Calif, (t)........o....
Eel River below Scott Dam, near Potter Valley, Cllil (t).
Potter Valley Puwerhouse tajilrace near Potter Valley, Calif, (t!)
Eel River near Dos Rios, Calif, (cts),..
Outlet Creek near Lonzv-la, Calif, (ts).
Eel River above Dos Rios, Calif, (t).
Middle Fork Eel River above Black Butte River,
Black Butte River near Covelo, Calif, (cts)...
Middle Fork Eel River below Black Butte River,
Elk Creek near Hearst, Calif. (ts)............cco0nnunn
Middle Fork Eel River near Dos Ilios, Calif, (ts),.
Eel River at Fort Seward, Calif. (ts).
Eel River at South Fork, Calif, (c)..
South Fork Eel River near Branscomb,
Elder Creek near Branscomb, Calif. (ct) ..
South Fork Eel River at Leggett, Calif, (t)....
South Fork Eel River near Miranda, Cllif (ct)
Eel River at Scotia, Calif., (cts) .
Van Duzen River near Dinsmores, Calif. (t).
Van Duzen River near Bridgeville, Calif. (ct)
MAD RIVER BASIN
Mad River near Forest Glen, Calif. (ts),..
Mad River near Kneeland, Calif.
Mad River near Arcata, Calif.
REDWOOD CREEK BASIN
Redwood Creek at Orick, Calif, (t).............
KLAMATH RIVER BASIN
Williamson River (head of Klamath River):
Crater Lake near Crater Lake, Oreg. (ct) .......
Klamath River below Iron Gate Dam, Calif, (ct)
Cottonwood Creek at Hornbrook, Calif. (t)
Shasta River near Yreka, Calif, (ct), ....
Scott River near Fort Jones, Calif. (c).
Klamatb River near Sejad Valley, Calif.
Salmon River at Somesbar, Calif. (t)....,
Klamath River at Orleans, Calif. (cts)..
Trinity River at Lewiston, Calif. (ct),
South Fork Trinity River:
Hayfork Creek near Hyampom, Calif, (t)......
South Fork Trinity River below Hyampom, Calif,
Trinity River at Hoopa, Calif. (cts).
Blue Creek near Klamath, Calif. (t)
Klamath River near Klamath, Calif, (ct
SMITH RIVER BASIN
Smith River near Crescent City, Calif, (ct)........... ..
Analyses of samples collected at miscellaneous sites (cs), .

Cali.










COLLECTION AND EXAMINATION OF DATA 3

Quantities of suspended sediment are reported for 57 stations during the year
ending September 30, 1968. 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 determined at 54 stations.

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 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 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 physi-
ography, climate, and geology are similar tothose in the undeveloped bench-mark 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 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. 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-supply paper
series, "Quality of Surface Water for lrrigation, 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 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 widely 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 is much more variable than the distribution of solutes. It is necessary
to sample some streams at several verticals across the channel and especially 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, 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 represented
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 chemical analysis
are described by Rainwater and Thatcher (1960) and by Brown, Skougstad, and Fishman
(1970). No single method of compositing 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 measurements 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 most of the stations 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 each day. Large streams have
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.

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

SEDIMENT

In general, suspended-sediment samples were collected daily with depth- 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 obtained 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 concentration 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.



EXPRESSION OF RESULTS 5

In many instances where there were no observations for 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 suspended
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 or by fall
velocity technique. The coarse fractions were classified by sieve separation 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 milligrams per liter. Milligrams per liter (mg/1, MG/L) is a unit which represents
the weight of solute per unit volume of water.

Milliequivalents per liter are not reported but they can be converted easily from
milligrams per liter data. A milliequivalent per liter (me/1) is one thousandth 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/1)
by the reciprocals of the combining weights. Table 1 below, lists the reciprocals
of the combining atomic weights based on carbon-12 (International Union of Pure and
Applied Chemistry, 1961).

Table 1.--Factors for conversion of chemical constituents in milligrams per liter
to milliequivalents per liter

Multi- Multi-

lon ply by lon ply by

luminum (A1) . . ... ... 0.11119 lodide (I-1) . . .. ....... 0.00788
Ammonia as NH®L ., . . .. . .05544 Iron (Fe*3) . ... .. oo .. 03372
Arsenic (As®) . . ... . o.. 04004 Lead (Pb*2). . . ... e . oo 00965
Barium (Ba*2) . ........ .01456  Lithium (Li#t) . ........ .144l1
Bicarbonate (HCOz1). . . ... .01639 Magnesium (Mg+#) . ... ... .08226
Bromide Br-1). . ... ... . .01251 Manganese (Mn+2) . . ..... .03640
Cadmium (Cd*2) .. ...... .01779 Mercury (Hg+2) . . . . . . .. .7 .00997
Calcium (Ca*2) . . . ... ... .04990 Nickel (Ni+2) . . . ... .. .. .03406
Carbonate (CO3~2) . ... ... .03333 Nitrate (NOg1), . ... .. ... .0I6I3
Chloride (CI71) . . . v\ ... . 02821 Nitrite (NO, . . v v v 0w v .. 02174
Chromium (Cr+). . ...... .11539 Phosphate (PO, . . .. .... .03159
Cobalt (Co+3) . . . ... .... .03394 Potassium (K+1) .. ...... .02557
Copper (Cu*2). . ... .. ... 03148 Sodium (Na+1), . .. .. .. .. .04350
Cyanide (CN-1) . , .. ... .. .03844 Strontium (Sr+2). . . ..... .02283
Fluoride (F-1) ., ... .. ... .05204 Sulfate (SO2). . . . . e e ... 02082
Hydrogen (H*1) . . . ... e 299209 Sulfide (§-2). . . ... .. ... 06238

Hydroxide (OH-1), ., ... .. .05880 Zinc Zn*?)........... .03060
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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 carbonate
hardness; the hardness in excess of this quantity is called noncarbonate hardness.
Hardness or alkalinity values expressed in milligrams per liter as calcium carbonate
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.

Specific conductance is given for most analyses and was determined by megns
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 micrombos is 1 million times the reciprocal 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 color 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 river 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 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 milligrams per liter is computed as 1,000,000
times the ratio of the weight of sedimentto 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 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 the value
computed, the reader can assume that the sediment discharge for that day was computed
by the subdivided-day method.
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Particle-size analyses are expressed in percentages of material finer than
classified sizes (in millimeters). The size classification used in this report agrees
with recommendations made by the American Geophysical Union Subcommittee on
Sediment Terminology. The classification is as follows:

Clay: Smaller than 0.004 mm

Silt: Between 0.004 and 0.062 mm
Sand: Between 0.062 and 2.0 mm
Gravel: Between 2.0 and 64.0 mm

The particle-size distributions given in this report are not necessarily representative 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.

Prior to the 1968 water year, data for chemical constituents and concentrations of
suspended sediment were reported in parts per million (ppm) and water temperatures
were reported in degrees Fahrenheit CF). In October 1967, the U.S. Geological Survey
began to use the metric system; data for chemical constituents and concentrations of
suspended sediment are now reported in milligrams per liter (mg/1) and water tem-
peratures 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 multiplied by the density to convert to milligrams per
liter. (See table 2 on page 8 .) To convert temperature in degrees Celsius to degrees
Fahrenheit see table 3 on page 8.

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 contactand 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, iron, 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 different
constituents and properties of natural waters are discussed in the following paragraphs.
The constituents are arranged in the order that they appear in the tables.

MINERAL CONSTITUENTS IN SOLUTION
Silica (Si02)

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
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Table 2.--Factors for conversion of sediment concentration in parts per million to
milligrams per liter *
[ All values calculated to three significant figures]

Range of Range of
concentration Multi- concentration Multi-
(ppm) ply by (ppm) ply by
0 - 15,900 1.00 322,000 - 341,000 1.26
16,000 - 46,800 1.02 342,000 - 361,000 1.28
46,900 - 76,500 1.04 362,000 - 380,000 1.30
76,600 ~ 105,000 1.06 381,000 - 399,000 1.32
106,000 - 133,000 1.08 400,000 - 416,000 1.34
134,000 - 159,000 1.10 417,000 - 434,000 1.36
160,000 - 185,000 1.12 435,000 - 451,000 1.38
186,000 - 210,000 1.14 452,000 - 467,000 1.40
211,000 - 233,000 1.16 468,000 - 483,000 1.42
234,000 - 256,000 1.18 484,000 - 498,000 1.44
257,000 - 279,000 1.20 499,000 - 514,000 1.46
280,000 - 300,000 1.22 515,000 - 528,000 1.48
301,000 - 321,000 1.24 529,000 - 542,000 1.50

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

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

°C °F °C °F °C °F °C °F °C °F
0.0 32 10.0 50 20.0 68 30.0 86 40.0 104

5 33 10.5 51 20.5 69 30.5 87 40.5 105
1.0 34 11.0 52 21.0 70 31.0 88 41.0 106
L5 35 11.5 53 21.5 71 31.5 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 16.5 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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feed water for high-pressure boilers, Silica also forms troublesome deposits on
the blades of steam turbines. However, it is not physiologically significant to humans,
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 contain 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 reddish
ferric compounds produced by oxidation. Surface waters, therefore, seldom contain as
much as 1 mg/1 of dissolved iron, although some acid waters carry large quantities of
iron in solution, lron causes reddish-brown stains on porcelain or enameled ware and
fixtures and on fabrics washed in the water. Concentrations of more than 0.3 mg/1 are
not acceptable for drinking and culinary use. (U.S. Public Health Service, 1962).

Manganese (Mn)

Manganese is dissolved in appreciable quantities from rocks in some sections
of the country. It resembles iron in its chemical behavior and in its occurrence 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 regularly
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 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/]l 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/l.

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/l1 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
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 S50 to 100 mg/1 of the two may
require careful operation of steam boilers toprevent foaming. More highly mineralized
waters that contain a large proportion of sodium salts may be unsatisfactory for
irrigation,

Bicarbonate, carbonate and hydroxide (HC03,C03, OH)

Bicarbonate, carbonate, or hydroxide is sometimes reported as alkalinity. The
alkalinity of a water is produced by anions or molecular species of weak acids which
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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 carbonate, 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 cations (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 U.S. Public Health Service (1962) states that
water on carriers subject to Federal quarantine regulations shall have no objectionable
taste or odor. The toxicity to aquatic organisms differs significantly with the species
and the nature of associated ions.

Sulfate (SO 4)

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.

The U.S. Public Health Service (1962) recommends that the sulfate concentration
not exceed 250 mg/l in drinking and culinary water on carriers subject to Federal
quarantine regulations.

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

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 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 natural 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
but cause an undesirable black stain (Durfor and Becker, 1964, p. 20). Public Health
Service, 1962, 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 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 cumulative
fluorosis, and skeletal effects.
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Bromide (Br)

Bromine is a very minor element in the 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 high con-
centrations. It resembles chloride in that it tends to be concentrated in sea water.

lodide (1)

Iodide is considerably less abundant both in rocks and water than bromine. Measur-
able amounts may be found in some streams that receive industrial wastes, and 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 0.001 to 0.003 mg/l and in river water in about the 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 4 a8 N)

Ammonia nitrogen includes nitrogen in the forms of NH, and NH +1. As a component
of the nitrogen cycle, it is often present in water, but usually in only small amounts.
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 is, 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 is 2 mg/1, but as little 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/1 (as N03) 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 boiler water tends to
decrease intercrystalline cracking of boiler 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. U.S. Public Health Service (1962) sets 45 mg/1 as the
upper limit.

Phosphorus (P)

Phosphorus is an essential element in the growth of plants and animals. It occurs
in water as organically bound phosphorus or as phosphate (PO,). Some sources
that contribute nitrate, such asorganic wastes are also important sourcés of phosphorus.
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
phosphorus to water. Another important source is the use of phosphates in detergents.
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Domestic and industrial sewage effluents often contain considerable amounts of
phosphorus. Concentrations of phosphorus found inwater are not reported to be toxic to
man, animal, or fish. However, the element can stimulate the growth of 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 growth, but irrigation
water containing more than 1 mg/l 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 evaporation--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 mg/1 of dissolved
solids are usually satisfactory for domestic and some industrial uses. Water containing
several thousand mg/1 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 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 U.S. Public
Health Service (1962) states that the concentration of arsenic in drinking water on
carriers subject to Federal quarantine regulations should not exceed 0.01 mg/1 and
concentrations in excess of 0.05 mg/1 are grounds for rejection of the supply. Concen~
trations 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,

The U.S. Public Health Service (1962) states that water containing concentrations
of barium in excess of 1.0 mg/l is not 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 soluble 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, electroplating, ceramics,
and photography make it a frequent component of industrial wastes,

The U.S. Public Health Service (1962) established as grounds for rejection any water
containing more than 0.01 mg/1 of cadmium,

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
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chromium is present in water, it is usually the result of pollution by industrial wastes.
Concentrations of more than 0.05 mg/l 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 may 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 established.
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 containothercopper 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/1can render the water unpalatable. Copper is not considered
to be a cumulative systemic poison like lead and mercury; most copper ingested is ex-
creted 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 unknowingly
ingest toxic quantities from palatable drinking water. The U.S. Public Health Service (1962)
recommends that copper should not exceed 1.0 mg/1 in drinking and culinary water,

Lead (Pb)

Lead seldom occurs in most natural waters, but industrial mine and smelter
effluents 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
rainfall, 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 approached,
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/1 of lead and the solubility is
increased nearly four fold by the presence of 2.8 mg/1 of carbon dioxide in the solution.
Presence of other ions may increase the solubility of lead. Reports on human tolerance
of lead vary widely, but the U.S. Public Health Service (1962) states that lead shall
not exceed 0.05 mg/l in drinking and culinary water on carriers subject to Federal
quarantine regulations.

Lithium (Li)

Lithium is present in some minerals but is not abundant in nature. From available
information, most fresh waters rarely contain lithium of concentrations exceeding
10 mg/1, 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 contain lithium,

Mercury (Hg)

Mercury is the only common metal which is liquid at ordinary temperatures.
It occurs free in nature but ite chief source is cinnabar (HgS). Mercury compounds
are virulent culminative poisons which are readily absorbed through the respiratory
and gastrointestinal tracts or through unbroken skin (Weast and Selby, 1967).
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The main source of high concentrations of dissolved mercury in water, in the form
of highly toxic methyl mercury, Hg(CH,),, comesfrom 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 consumption. 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).

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,

The U.S. Public Health Service (1962) has not placed a limit on nickel concentration
in public water supplies,

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. The U.S. Public Health Service (1962, p. 55) recommends that the
zinc content not exceed 5 mg/1 in drinking and culinary water.

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 water and result in an
osmotic pressure. Water with several thousand mg/10of 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. Reported livestocktolerances range from 3,000 mg/1
(Colorado Agricultural Experiment Station, 1943) to 15,000 mg/l1 (Heller, 1933).

Industrial tolerances for dissolved solids differ widely, but few industrial processes
will permit more than1,000 mg/1. The Geological Survey classifies the degree of salinity
of these more mineralized bodies of water as follows (Swenson and Baldwin, 1965):

Dissolved solids (mg/1) Degree of salinity

Less than 1,000 . . . . . . . . Nonsaline,
1,000t03,000 . . . . ... .. Slightly saline.
3,000 0 10,000. . . . . . ... Moderately saline.

10,000 t0 35,000. . . . . ... Very saline,
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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 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 magnesium.
Other constituents--such as iron, manganese, aluminum,