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TABLE 1. Significance and occurrence of chemical constituents and characteristics
of the ground water for public-sup ply, livestock, and irrigation use

Limits accompanied by an asterisk (*) are primary (mandatory) limits and by a plus (+)
are secondary (recommended) limits as set forth by the U.S. Environmental Protec-
tion Agency (1976, 1977a, and 1977b). Limits without symbols are arbitrary limits
based on those suggested for public-supply, livestock, and irrigation uses (National
Academy of Sciences and National Academy of Engineering, 1973; Gough and
others, 1979). Limits for some constituents have not been established (). The unit,
milligram per liter (mg/L), is approximately equivalent to parts per million (ppm) for
water that contains less than 7,000 mg/L of dissolved solids.

Constituent
or
characteristic

Limits, in
milligrams
per liter

Number of wells

Total
analyzed
for con-
stituent’

Percent
exceeding
limit?

Significance and occurence

Silica (SiO5)

50

271

25

Forms hard scale in pipes and boilers and
may form deposits on blades of steam tur-
bines. Inhibits deterioration of zeolite-
type water softners. Not known to be a
health hazard. Concentrations of silica in
the water of the reservations range from
about 0.1 to 86 mg/L. One-quarter of the
wells contain water that exceeds 50 mg/L;
and most of these wells tap the bedrock
of the mountains and the surficial de-
posits that overlie the pediments.

Iron (Fe)

3+

171

20

Forms rust-colored sediment that stains
laundry, utensils, and fixtures a reddish
brown. Objectionable for food and bever-
age processing. Occurrences of iron that
exceed the secondary limit in ground
water are randomly distributed through-
out the reservations.Large iron concentra-
tions may be due not only to dissolution
of iron-rich rock minerals but also to cor-
rosion of well casing, tank, and pump
equipment.

Manganese (Mn)

.05+

139

19

Causes gray or black stains on porcelain,
enamel, and fabrics. Can promote growth
of certain kinds of bacteria. Present in
trace amounts in most water of the reser-
vations. Concentrations that exceed 0.05
mg/L were found in some wells that tap
the bedrock.

Calcium (Ca) and
Magnesium (Mg)

285

Cause most of the hardness and scale-form-
ing properties of water (see Hardness).
Concentrations of these constituents were
found to be larger in wells that tap the
bedrock than in wells that tap the basin-
fill deposits.

Sodium (Na)

270

285

Large amounts in the water limit the use for
irrigation, particularly in soil that contains
swelling-type clays. A high percentage of
sodium in this type of soil results in a dis-
persed condition that is unfavorable for
water movement and plant growth.
Sodium, in combination with chloride,
gives the water a salty taste. For the
population who require a moderately re-
stricted diet, 270 mg/L is a recommended
sodium-intake limit. Sodium concentra-
tions increase significantly toward the
centers of the basins, as shown by the dis-
tribution of the size and shape of the
chemical-quality diagrams (fig. 5), and is
due primarily to ion exchange of calcium
and magnesium for sodium. Much of the
sodium not held in solution is retained by
adsorption on the surface of the clay min-
erals that are prevalent in the basin-fill
deposit.

Bicarbonate
(HCO3)

295

In combination with calcium and magne-
sium forms carbonate hardness. High bi-
carbonate levels in water may induce
chlorisis in some plants where calcium
carbonate is low.

Sulfate (SO4)

250+

287

Sulfates of calcium and magnesium form
hard scale. Large amounts of sulfate have
a laxative effect on some people and, in
combination with other ions, give water a
bitter taste. Large concentrations of sul-
fate have been found in some wells that
tap both the bedrock and the basin-fill de-
posits. Large concentrations of sulfates in
the basin-fill deposits may be due to the
presence of evaporites interlayered with

_ other basin-fill deposits.

Chloride (Cl)

250+

292

Large amounts increase the corrosiveness
of water and, in combination with
sodium, give the water a salty taste. Limit
is based on taste preferences and not on
toxic considerations. Anomalously large
concentrations in wells that tap the basin-
fill deposits may be due to evaporites in-
terlayered with other deposits.

Fluoride (F)

1.4*

287

30

Reduces tooth decay when optimum
fluoride content is present in drinking
water, but excessive fluoride in drinking
water causes dental fluorosis and mottling
of teeth in children. Concentrations of
more than 5.0 mg/L are toxic to lambs.
On the basis of an annual average
maximum daily air temperature of 84°F
for the reservations, the maximum conta-
minant level is 1.4 mg/L. Areas of the re-
servations where water has been found to
exceed the limit are shown in figure 5.

Nitrate (NO3)

Nitrate
(NO3 as N)

45*

10*

247

Concentrations of more than 45 mg/L or 10
mg/L as N may be injurious when used in
feeding infants. Concentrations in ground
water that exceed the maximum conta-
minant levels generally are attributed to
pollution from water percolating to the
well from livestock pens, sewage-disposal
sites, or fertilized farmland.

Boron (B)

75+

113

10

Essential to plant growth but may be toxic
to crops when present in excessive con-
centrations in irrigation water. Sensitive
plants may show damage when irrigation
water contains more than 0.75 mg/L, and
even tolerant plants may be damaged
when boron exceeds 2.0 mg/L. Concen-
trations range from a trace to 16.0 mg/L.
The highest boron levels appear to be
concentrated in the clay-rich basin-fill de-
posits near the centers of the basins.

Dissolved solids
(DS)

500 +

285

33

The concentrations of dissolved solids may
affect the taste of water. Some dissolved
mineral matter is desirable, otherwise the
water would have a flat taste. Water that
contains more than 500 mg/L is not re-
commended for human consumption,
and more than 1,000 mg/L is unsuitable
for many industrial uses and may have
adverse effects on many crops.

Hardness as
CaCO3

180

262

41

Related to the soap-consuming power of
water; results in formation of scum when
soap is added. May cause deposition of
scale in boilers, water heaters, and pipes.
Hardness equivalent to the bicarbonate
and carbonate in water is called carbo-
nate hardness; hardness in excess of this
amount is called noncarbonate hardness.
Water that has a hardness of less than 61
mg/L is considered soft; 61-120 mg/L,
moderately hard; 121-180 mg/L, hard;
and more than 180 mg/L, very hard. The
hardest waters of the reservations are typ-
ically found in wells that tap the bedrock.
The water becomes less hard toward the
centers of the basins as the calcium and
magnesium ions are exchanged for the
sodium ion.

Aluminum (Al)

1.0+

17

No known necessary role in human or ani-
mal diet. Nontoxic in the concentrations
normally found in natural water supplies.
Concentrations greater than 1.0 mg/L
may reduce yields of some crops. The ap-
proximate limit for livestock is 5.0 mg/L.
No known occurrences on the reserva-
tions exceeded the maximum contam-
inant level.

Arsenic (As)

.05*

160

11

No known necessary role in numan or ani-
mal diet; is toxic. A cumulative poison
that is slowly excreted; can cause nasal ul-
cers; skin cancer; damage to the kidneys,
liver, and intestinal walls; and death.
Concentrations that exceed 0.1 mg/L may
be detrimental to plant growth. Arsenic
concentrations in the water of the reser-
vations range from a trace to almost 1.0
mg/L in most wells that tap the basin-fill
deposits. Areas of the reservations with
water that exceeds the limit are shown in
figure 5. The two largest areas are as-
sociated with thick, clay-rich basin-fill
deposits.

Barium (Ba)

1.0*

81

Toxic; used in rat poison. Moderate to large
concentrations can cause death; smaller
amounts cause damage to the heart,
blood vessels, and nerves. No known oc-
currences on the reservations exceeded
the maximum contaminant level.

Cadmium (Cd)

.01*

93

A cumulative poison of high toxic potential.
Not known to be either biologically essen-
tial or beneficial. Believed to promote
renal arterial hypertension. In animal ex-
periments, concentrations of 0.1 to 10
mg/L for 1 year caused liver and kidney
damage; larger concentrations cause
anemia, retarded growth, and death. The
domestic well at Vaya Chin is the only
known occurrence on the reservations
where the concentration in the water ex-
ceeded the maximum contaminant level.

Chromium
(Cr+¢)

.05%

83

No known necessary role in human or ani-
mal diet. In the hexavalent form is toxic
leading to intestinal damage and to ne-
phritis. Concentrations ranged from a trace
to less than 0.05 mg/L.

Copper (Cu)

1.0+

167

Essential to metabolism; copper deficiency
in infants and young animals results in
nutritional anemia. Large doses of copper
are toxic and may cause liver damage.
Some people can detect the taste of as lit-
tle as 1 to 5 mg/L of copper. Concentra-
tions ranged from a trace to about 0.6
mg/L. No known occurrences on the re-
servations exceeded the maximum con-
taminent level.

Lead (Pb)

.05*

79

A cumulative poéison, toxic in small quan-
tities. Can cause lethargy, loss of appe-
tite, constipation, anemia, abdominal
pain, gradual paralysis of the muscle, and
death. Occurrences in water of the reser-
vations were found to be minimal. The
domestic well at Chuwut Murk and the
range well north of Pisinimo, however,
contained concentrations that exceeded
the maximum contaminant level.

Lithium (Li)

2.5+

36

Reported as probably beneficial in small
concentrations (0.250 to 1.25 mg/L). Re-
portedly may help strengthen the cell wall
and improve resistance to genetic dam-
age and disease. Lithium salts are used to
treat certain types of psychosis. Most
water on the reservations contained con-
centrations of less than 0.2 mg/L; how-
ever, the test well at Artesa was found to
contain 2.5 mg/L.

Mercury (Hg)

.002*

80

No known essential or beneficial role in
human or animal nutrition. Liquid metal-
lic mercury and elemental mercury dissol-
ved in water are comparatively nontoxic,
but some mercury compounds, such as
mercuric chloride and alkyl mercury, are
highly toxic. Toxic effects of mercury
compounds include chromosomal abnor-
malities, congenital mental retardation,
progressive weakening of the muscles,
loss of vision, impairment of cerebral
function, paralysis, and death. Elemental
mercury is readily alkylated, particularly
to methyl mercury, and concentrated by
biological activity. No known occurrences
on the reservation above 0.0005 mg/L.

Selenium (Se)

.01*

80

Essential to human and animal nutrition in
minute amounts, but even a moderate ex-
cess may be harmful or potentially toxic if
ingested over long periods of time.
Selenium poisoning in livestock can cause
loss of hair, weight, and hooves; abnor-
mal hoof growth; liver, kidney, and heart
damage; lowered disease resistance; and
death. In humans, selenium can interfere
with the normal function of the pancreas
and other organs and can produce
changes in the insulin requierments of
people with diabetes mellitus. Concentra-
tions ranged from a trace to 0.013 mg/L.

Silver (Ag)

.05*

74

Causes permanent bluish darkening of the
eyes and skin (argyria). Toxic in large
dosages. Concentrations ranged from a
trace to 0.1 mg/L. Occurrences of silver in
well water above the detection limit of
0.03 were found in the vicinity of
Pisinimo and Kom Vo (Santa Cruz).

Vanadium (V)

I+

36

Not known to be essential to human or ani-
mal nutrition but believed to be beneficial
in trace amounts. May be an essential
trace element for all green plants. Large
amounts may be toxic. Limits are based
on plant sensitivities. Concentrations
ranged from a trace to about 0.07 mg/L.
No known occurrences on the reserva-
tions exceeded the maximum contami-
nant level.

Zinc (Zn)

5.0+

157

Essential and beneficial in metabolism; defi-
ciency in young children or animals will
retard growth and may reduce resistance
to disease. Seems to have no ill effects
evenin fairlylarge amounts (20 to 40 mg/L)
but can impart a metallic taste or milky
appearance to water. Zinc in water com-
monly is derived from galvanized coatings
of piping; unfortunately, contaminants
used with zinc in galvanizing are cadmium
and lead.

or characteristic.

Total number of wells in which the water was analyzed for the indicated constituent

?Percentage of total wells in which water exceeded the limit for the indicated con-
stituent or characteristic.
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FIGURE 5.—Chemical quality of ground water.
CHEMICAL QUALITY OF GROUND WATER Classification Dissolved solids
The importance of the various chemical constituents in water depends frritgrans e )
not only on the amount of constituent present but also on the use of the Water for which no detrimental effects
water. On the reservations, ground water is used for irrigation, public are usually noticed . . . . ... ... Less than 500
supply, and livestock. Water used for public supply has the most stringent Water that can have detrimental effects
water-quality criteria. on sensitive crops. . . . . . . . . . . 500-1,000
The U.S. Environmental Protection Agency (1977a, 1977b) has Water that can have adverse effects on
established national regulations and guidelines for the quality of water many crops; requires careful
provided by public water systems. Primary (mandatory) drinking-water management practices. . . . . . . . 1,000-2,000
regulations govern constituents in drinking water that have been shown to Water that can be used for tolerant
affect human health. Secondary (recommended) drinking-water plants on permeable soils with
regulations apply to constituents that affect esthetic quality. The primary careful management practices. . . . . 2,000-5,000

!\'(Indsan village)
Al

" o

RDsg
rak Wua(mg
s

e
=X =

| -!-{tm peria/)ﬁ?ﬁey.&_ l

[ s {-—x— B
< \ \ \ o & .

\!7!' + N3

PRSI A S RN,

PUAZ .

. DS=64 -

) 210 3 ! Foih -_.WU&_I 3

S Y 7)) 4
A et P, ¥
3 2 13 :

\L ‘,
;"q‘r.'\.
R
= ,.>| .'( N \{\, 4
PISINIM o /,‘i X B
GﬁAsz o . o 'G‘i,’A}k\ «}'\J,Kui Tatkv
 DISTRICT ~ * ( Jid vk g
: / = (&) \ 3 ,.__;{ Ed
JCCEN T e
T ‘:.’u'g > Fal (r
: o : & &aihon Kug 4
ds=asd : Rz
. | 2 TH !
%, {5 .
\:\ \\’7_}' r'\.\x é LR
A =1580 Py
2000
B e il

regulations are enforceable either by the Environmental Protection Agency
or by the States; in contrast, the secondary regulations are intended as
guidelines and are not Federally enforceable. The regulations express
limits as “maximum contaminant levels,” where contaminant means any
chemical, biological, or radiological substance or matter in water. Many of
the limits shown in table 1 are based on these criteria. In general, water
from wells that tap the bedrock is primarily of calcium magnesium
bicarbonate ionic composition; whereas water from wells that tap the
basin-fill deposits is primarily of sodium bicarbonate ionic composition (fig.
5). For a few wells that may tap evaporites in the basin-fill deposits,
analyses indicate a sodium chloride sulfate ionic composition with large
concentrations of dissolved solids. Study of 613 analyses from 297 wells
shows that most well water is acceptable for human consumption, mine,
livestock, or irrigation use. The concentrations of the major ions that
comprise the waters are depicted in figure 5 by the differing shapes and
sizes of the chemical-quality diagrams.

The maximum recommended contaminant level for dissolved solids in
public water supplies is 500 mg/L (milligrams per liter), as proposed in the
secondary drinking-water regulations of the U.S. Environmental Protection
Agency (1977b, p. 17146). Dissolved-solids concentrations range from
178 to 4,880 mg/L; most public water supplies within the reservations
contain less than 500 mg/L of dissolved solids (fig. 5).

The maximum contaminant level for dissolved solids in irrigation water
is not as easily defined as that for public supplies. For the classification. of
salinity hazards in irrigation water, the dissolved-solids limits are arbitrary
because it is related not only to the total dissolved solids but to individual
ions, type of soil, crop, and reduction in crop yield. The following
guidelines for dissolved-solids values for irrigation water are modified from
the National Academy of Sciences and National Academy of Engineering
(1973, p. 335).

Generally, the irrigable soils of the reservations are fine grained and
poorly drained. Large concentrations of sodium and bicarbonate ions in
water can further impair the physical structure of the soils and reduce the
permeability. Therefore, use of water with large sodium and bicarbonate
concentrations for irrigation necessitates more careful soil-management
practices than is indicated by the relatively low dissolved-solids
concentrations.

The concentrations of individual constituents discussed in table 1 vary
widely throughout the reservations; however, some general trends are
evident. Water in wells that tap the bedrock generally has larger
concentrations of trace metals and silica and contains significantly more
dissolved solids than water in the basin-fill deposits. The ionic exchange
of calcium and magnesium for sodium as the water passes from the
bedrock of the mountains to the basin-fill deposits reduces the hardness.
Arsenic and fluoride tend to be concentrated in particular areas of the
reservations (fig. 5). High arsenic levels are mainly in a few basin areas
where wells probably tap thick sequences of basin-center clay. Large
concentrations of fluoride, unlike those of arsenic, tend to have a wider
distribution; however, no particular rock type or reservation area is
indicated as the source for the fluoride in the water.
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SUMMARY AND CONCLUSIONS

The maps presented in this report are intended to provide a general
description of the geohydrologic conditions in the Papago, San Xavier,
and Gila Bend Indian Reservations—lands of the Papago Tribe of
Arizona—and to provide information useful in developing and using the
ground water.

Surface-water resources are not of sufficient quantity to be of use for
irrigation, mining, and public supply. Some surface water, however, is
used for livestock.

The main water-bearing unit in the three reservations is the basin-fill
deposits. A saturated volume of sediment more than 200 ft thick in a zone
of the basins where the basin fill ranges from 500 to 2,000 ft thick
generally will yield more than 2,000 gal/min of ground water to properly
designed and constructed wells. About 12 million acre-ft of ground water
is available from the uppermost 100 ft of the saturated basin fill. Ground-
water availability from the basin centers is variable, but generally is reliable
for small villages and livestock uses. Surficial deposits that overlie the
pediments generally are not a reliable source of ground water.

Water is available from the bedrock, but the bedrock generally does not
provide a dependable source of water supply because of seasonal
availability, high variability in water yields, and poor chemical quality.

Pumping of ground water on the reservations has been minimal
Pumping in areas adjacent to some parts of the reservations, however, has
resulted in significant water-level declines on the reservations.

The chemical quality of the water from the basin-fill deposits generally
is acceptable for public supply except in areas where fluoride and arsenic
concentrations exceed established limits. Large sodium and bicarbonate
¢oncentrations in the ground water used for irrigation may require careful
soil-management practices to preclude detrimental alteration of soils.
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EXPLANATION
(Seetable 1 forsignificance and
occurrence of chemical properties)
Basin-fill deposits—Clay, silt, sand, and gravel and small amounts of
s %on, evaporites; main water-bearing unit
=&/ Hondo
- B A Bedrock of the mountains—Crystalline and interlayered sedimentary
AR, ST Sy p " T
) SR rocks; includes some shallow sedimentary deposits in narrow
L < Cam mountain passes and valleys
7 mardiria e
anfe— Approximate area in which fluoride concentration in the ground water is
2s | ¥ 3 T, more than 1.4 milligrams per liter
W e 20
S, s g D .
NN oagy //// Approximate area in which arsenic concentration in the ground water is
[ ~%ss 111°30 7
S W more than 0.05 milligram per liter
73%‘f N 7 TS
E_ & s oP Well from which water sample was collected in 1978-81—L etter, P, indi-
anCE;u v:\ o - cates sample was collected prior to 1978. Data are shown for selected
FXaad P = . &
:2}3 : 6"&‘\ 2 wellsin areas of high well density
= TN S
g wel>=
‘Q‘;’ o Chemical-quality diagram—Shows major ionic chemical constituents in
: milliequivalents per liter. The diagrams, by their differing shapes and
L N\ & sizes, graphically depict the different amounts of cations and anions
A that characterize the ground water
7 om,
& F T.
22 Milliequivalents per liter
- - 5. Cations Aanions
31°30° .30 2 1 0 10 20 3
R7E sabe Sodium 0 0\ T 0 Chloride
' \& Calcium % < Bicarbonate
R8E Magnesium 2 Sulfate

Multiply milliequivalents per liter by factor (F) to obtain milligrams per
liter

Sodium, F=23
Calcium, F=20
Magnesium, F=12

Chloride, F=35.5
Bicarbonate, F=61
Sulfate, F=48

DS=1885 Dissolved solids—Number, 1885, is dissolved solids in milligrams per

liter

== — Reservation boundary

—-—-— Grazing-district boundary—Papago Tribe of Arizona administrative
districts

CONVERSION FACTORS
For readers who prefer to use the International System of Units (SI)
rather than inch-pound units, the conversion factors for the terms
used in this report are listed below:

Multiply inch-pound unit By To obtain (SI) unit
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
square mile (mi?) 2.590 square kilometer (km?)
acre-foot (acre-ft) 0.001233 | cubic hectometer (hm?)
gallon per minute 0.06309 liter per second
(gal/min) (L/s)
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