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2 EXTENSION CIRCULAR NO. 107

DOMESTIC WATERS
The amount of total soluble salt allowable in drinking water

depends in large part upon the nature of the salts present. Or-
dinarily water does not show a salty taste or become unpalatible
until a concentration of 700 to 1,000 parts per million is reached.
While not desirable, there is little danger in drinking a water that
analyzes as high as 2,000 parts per million of the common salts
after one has become accustomed to it. However this is not advis-
able as a permanent practice.

Calcium (item 2, page 1) and lime are terms that are used
synonymously. When in nature calcium is combined with car-
bonate (item 5, page 1), it is limestone, and when combined with
sulphate (item 8, page 1), it is gypsum.

Water that is relatively high in calcium and magnesium is called
"hard," while water that is low in these elements is called "soft."
Soft water is better for domestic and industrial uses, while hard
water is preferable for irrigation. Ordinarily water analyzing
below 30 parts per million calcium (item 2) and magnesium
(item 3) is considered soft. From 30 to 60 is fairly hard and above
60 it is hard. When hardness in the water is caused by calcium
bicarbonate and magnesium bicarbonate, the water is said to be
"temporarily hard," as this kind of hardness can be removed by
boiling the water. This boiling converts the calcium bicarbonate
to calcium carbonate which is practically insoluble in water and
explains the formation of scale in boilers and teakettles. When
the hardness is due to calcium sulphate or gypsum, the water is
called "permanently hard," as it can only be softened by chemical
treatment. A hardness of 250 parts per million is the upper limit
for domestic water.

Hardness is often expressed in degrees. One degree hardness is
equivalent to one grain of calcium carbonate per gallon of water.
In order to calculate degrees of hardness from parts per million,
multiply ppm of calcium (item 2) by 2.5 and ppm of magnesium
(item 3) by 4.1, then add the two together. This gives the calcium
carbonate equivalent in parts per million. Divide this figure by
17.1 and the result will be grains per gallon or degrees of hardness.
For example in the analysis given on page 1

120 (Ca) x 2.5 = 300
60 (Mg) x 4.1 = 246

Total 546
546 -T-17.1 = 31 grains per gallon

Hardness is in reality a measure of the soap-consuming power
of a water. Calcium (Ca) and magnesium (Mg) precipitate soap
as an insoluble compound which rises to the surface of the water
as a scum. Soap will not produce a lather or suds and will have
little cleansing power until all the calcium and magnesium have
combined with the soap. Such waters cause an enormous waste
of soap in sections where no soft waters are available or where no
softening treatment is used.
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Sodium (item 4) usually occurs in water as sodium chloride,
sodium sulphate, or sodium bicarbonate. Occasionally sodium
carbonate may be present and such waters are black alkali waters.

Many Arizona waters contain fluorine, an element which causes
mottled teeth in children. It is not considered dangerous until a
concentration of 0.8 parts per million or more is present.

Odor or yellow to brown color in water usually comes from
decaying animal or vegetable matter and often indicates an un-
healthy condition.

IRRIGATION WATERS

Because of the wide variation in the tolerance of different crops
for salts commonly present in water and also the equally wide
variation in the kind of salts present in them, it is not possible to
draw any "hard and fast" line of distinction between good and
poor water for irrigation of crops. It can be definitely stated
that a good water is one low in total soluble salt of which a large
proportion is calcium (item 2). That is less than 500 parts per
million total salt in which more than 60 per cent of the bases are
calcium and magnesium.

The following classification of water on the basis of total salt
is suggested as reasonable.

0 to 500 ppm very good
500 to 1,000 ppm good

1,000 to 1,500 ppm fair
above 2,000 ppm poor

Chlorides are more injurious than sulphates, and the following
classification is suggested for further interpretation of irrigation
water analyses.

0 to 175 ppm chloride (Cl) good
175 to 290 ppm chloride (Cl) fair
above 290 ppm chloride (Cl) poor

0 to 350 ppm sulphate (SO4) good
350 to 600 ppm sulphate (SO4) fair
600 to 900 ppm sulphate (SO4) poor

Bicarbonates are usually considered of secondary importance,
but carbonates are bad if present, since only a trace shows black
alkalinity.

The bases calcium (Ca), magnesium (Mg), and sodium (Na)
should be interpreted primarily on the basis of the effect they will
have on the physical condition of the soil. Permanent productivity
of irrigated lands and the penetration (rate at which soils will
take water) of irrigation water are almost entirely dependent
upon these bases and the proportions present in the irrigation
water. Waters in which 65 per cent or more of the bases are
sodium are of poor quality, those between 50 and 65 per cent are
of doubtful quality, while those of less than 50 per cent are satis-
factory. For example the ratio of bases in the water analysis
given on page 1 is as follows:



EXTENSION CIRCULAR NO. 107

ppm Na 82
-;;r = 31 P e r cent

ppm Na + ppm Ca + ppm Mg 82+120+60

This water is therefore a good irrrigation water.
One should keep in mind the fact that it is not the amount of

salt in the water that injures the crops but rather the amount of
salt in the soil solution. Instances are known where water con-
taining 4,000 parts per million or even more have been used for
irrigation without injury by preventing an increase in the salt
concentration of this water after it becomes a part of the soil
solution. In a dry climate all the water lost by evaporation and
a part of that taken up by the crop and transpired through the
leaves deposit dissolved salt in the soil. Thus major attention
should be given to the salt in the soil solution rather than to that
in the irrigation water. It should be recognized also that the
drier the soil the greater the amount of salt in the soil solution
and that this will be reduced temporarily by each irrigation only
to again increase in concentration preceding the next irrigation.
Thus the amount of soluble salt in the soil solution is continually
changing and affecting plant growth even though the actual
amount of salt in the soil may change very little.

In addition to the above, the soil type influences the magnitude
of the injury from salt. For example, the amount of salt in the
soil solution that causes injury in a sandy soil may have no visible
effect in a clay soil.

With a knowledge of these factors and the manner in which
they alter the injurious nature of salts in irrigation water and the
soil solution, it is easy to understand why no "hard and fast" rule
can be drawn between a good and a poor irrigation water. Much
depends upon the soil type, the crop being grown, the irrigation
program, and the fertility of the soil. It is advisable to remove
accumulated salts from the soil by occasional successive floodings
unless a very good water is being used,

UNITS OF WATER MEASUREMENT AND DEFINITIONS

The following units of measurement and definitions are of in-
terest to all water users,

L One acre-foot of water is 43,560 cubic feet or 325,850 gallons
and will cover an acre 1 foot deep.

2. One second-foot of water is the quantity that will fill a space
1 cubic foot in 1 second or 86,400 cubic feet in 24 hours.

3. One second-foot equals 7.48 gallons per second or 448.83
gallons per minute,

4. To convert second-feet to acre-feet per day multiply bytauia
5. To change parts per million soluble salts in water to pounds

per acre-foot multiply by 2.7225.
6. To change acre-feet to gallons multiply by 43,350 and then

multiply this by 7.5,
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7. One second-foot provides 1 acre-foot of water per acre in 12
hours.

8. One acre-foot provides a 3-inch irrigation for 4 acres, a 4-inch
irrigation for 3 acres, and a 6-inch irrigation for 2 acres.

9. One miner's inch equals 11.2 gallons per minute.
10. A 40-inch head of water, 1 hour, covers an acre 1 inch.
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