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CONVERSION FACTORS

Multiply By To obtain

inch (in.) 2540 millimeter

foot (ft) 0.305 meter

square mile (mi?) 2.590 square kilometer
acre-foot (acre-ft) 0.001233 hectometer

cubic foot per second (fl3/s) 0.0283 cubic meter per second
pound (1b) 0.907 megagram

In this report, temperature is reported in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by
the following equation:

‘c=(F-32)1.8
ABBREVIATED UNITS FOR WATER CHEMISTRY

Chemical concentration and water temperature are given only in metric units. Chemical concentration in water is given
in milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the solute per
unit volume (liter) of water. One thousand micrograms per liter is equivalent to 1 milligram per liter. For
concentrations less than 7,000 milligrams per liter, the numerical value is about the same as for concentrations in parts
per million. Specific conductance is given in microsiemens per centimeter (uS/cm) at 25 C.

Dissolved—In this report, the term “dissolved” refers to constituents in a representative water sample that pass through
a 0.45-micrometer membrane filter or a 0.7-micrometer glass fiber filter for organic analysis. Determinations of
dissolved constituents are made on subsamples of the filtrate.

Whole water, recoverable—The term “total” used in this report means “whole water, recoverable,” which refers to
constituents in solution after a representative water-suspended-sediment sample is digested (usually using a dilute acid
solution). Complete dissolution of particulate matter often is not achieved by the digestion treatment, and thus the
determination represents something less than the “total” amount (that is, less than 95 percent) of the constituent present
in the dissolved and suspended phases of the sample. For inorganic determinations, digestions are performed in the
original sample container to ensure digestion of material absorbed on the container walls. To achieve comparability of
analytical data, equivalent digestion procedures would be required of all laboratories performing such analyses
because different digestion procedures are likely to produce different analytical results.

VERTICAL DATUM
Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—A geodetic datum

derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called “Sea
Level Datum of 1929.”
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Summary Statistics and Trend Analysis of
Water-Quality Data at Sites in the Gila
River Basin, New Mexico and Arizona

By Stanley Baldys, lll, Lisa K. Ham, and Kenneth D. Fossum

Abstract

Summary statistics and temporal trends for 19 water-chemistry constituents and for turbidity
were computed for 13 study sites in the Gila River basin, Arizona and New Mexico, from data
collected beginning as early as October 1972 through September 1987. A nonparametric statistical
technique, the seasonal Kendall tau test for flow-adjusted data, was used to analyze temporal
changes in water-chemistry data. For the 19 selected constituents and turbidity, decreasing trends
outnumbered increasing trends by more than two to one.

Decreasing trends were found for 49 data sets at the 13 study sites. Sites having the largest
number of decreasing trends were Gila River at Calva and Gila River above diversions, at Gillespie
Dam (eight each). Data for Gila River at Calva indicated decreasing values of hardness, dissolved
chloride, dissolved sodium, dissolved sulfate, dissolved solids, total phosphorus, dissolved lead,
and total manganese. Data for Gila River above diversions, at Gillespie Dam indicated decreasing
concentrations for hardness, dissolved chloride, dissolved sodium, dissolved sulfate, dissolved
solids, dissolved barium, dissolved lead, and total manganese. The largest number of decreasing
trends measured for a constituent was six for dissolved lead. The next largest number of decreasing
trends for a constituent was for total manganese and dissolved solids (five each). Dissolved
chloride, dissolved sodium, and hardness had decreasing trends at four of the study sites.

Increasing trends for the 19 water-chemistry constituents and for turbidity were found for 24
data sets at the 13 study sites. Pinal Creek at Inspiration Dam had the largest number (six) of
increasing trends—dissolved chloride, dissolved sodium, dissolved sulfate, dissolved solids, total
manganese, and dissolved chromium. Gila River near mouth, near Yuma had three increasing
trends—dissolved sulfate, total lead, and total ammonia plus organic nitrogen. The largest number
of increasing trends measured for a single constituent or property was for pH (four), dissolved
sulfate (three), dissolved chromium (three), and dissolved manganese (three). Increasing values of
constituents or turbidity generally were found in three areas in the basin—at Pinal Creek above
Inspiration Dam, at sites above reservoirs, and at sites on the main stem of the Gila River from
Gillespie Dam to the mouth.

INTRODUCTION

Water-resources managers are interested in
effectively evaluating and understanding short- and
long-term trends of water quality in streams in the
Gila River basin. The Gila River basin is a valuable
source of water for agricultural, industrial, and
municipal uses throughout central Arizona and

western New Mexico. In Arizona, the increased
population from 499,261 in 1940 to 3,605,700 in
1988 (Valley National Bank, 1988) has resulted in
increased demands on surface-water and
ground-water resources.

The U.S. Geological Survey (USGS), in
cooperation with the Arizona Department of
Environmental Quality (ADEQ), assessed
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temporal changes in water-chemistry data
collected at 13 sites in the Gila River basin. A
nonparametric statistical technique, the seasonal
Kendall tau test for flow-adjusted data, was
selected as the method used for trend analysis.
Water-chemistry data collected at several sites in
the Gila River basin, mostly by the ADEQ and the
USGS, were available for trend analysis.

Purpose and Scope

This report describes temporal and areal
variability of 19 water-chemistry constituents and
turbidity in samples collected at 13 streamflow-
gaging stations in the Gila River basin beginning as
early as February 1926 at one station through
September 1987. The chemical constituents and
turbidity used in computations of summary
statistics and analyses of temporal trends were
selected by joint agreement of the USGS and the
ADEQ on the basis of previous studies in which
increases occurred at one or more sites and
streamflow data suggested input from point- or
nonpoint-pollution sources. An attempt was made
to select those for which the State of Arizona had
developed or was developing quality standards for
surface waters. The 19 constituents selected were
pH, hardness, dissolved solids, dissolved sodium,
dissolved sulfate, dissolved chloride, total
ammonia plus organic nitrogen, total phosphorus,
dissolved arsenic, dissolved barium, total boron,
dissolved chromium, suspended copper, total
copper, dissolved lead, total lead, total manganese,
dissolved zinc, and total organic carbon. The study
sites were selected on the basis of availability of
historical data and the importance of the stream
segment to the Gila River basin. Six of the 13
gaging stations are on the main stem of the Gila
River. The remaining seven stations are on major
tributaries to the Gila River—one on the San
Francisco River, one on the San Pedro River, two
on the Agua Fria River, two on the Salt River, and
one on Pinal Creek, which is tributary to the Salt
River.

Previous Studies

Only a few appraisals have been done on the
quality of surface water in the Gila River basin.
Hem (1950) studied water-chemistry characteristics
of the Gila River basin above Coolidge Dam. Feth
and Hem (1963) did a reconnaissance study of the
water chemistry of headwater springs in the Gila
River basin. Robertson (1975) reported on
hexavalent-chromium concentrations in the ground
water in the northeastern part of the Phoenix area.
Kister and Hardt (1966) investigated salinity of
ground water in west Pinal County. Baldys (1990)
did a trend analysis on the Verde River. Smith and
others (1982a) defined water chemistry of surface
water in canals carrying water diverted at Granite
Reef Dam. Wilson (1988) reported on water
chemistry of base flow in the Agua Fria River in the
northern part of the Agua Fria River basin. Brown
and Pool (1989) studied the ground-water
chemistry in the San Carlos Indian Reservation.
Arizona Department of Health Services (1976,
1986) and Arizona Department of Environmental
Quality (1986, 1988, 1990, and 1992) reported on
the water chemistry of surface waters for the entire
State.

The seasonal Kendall tau test applied to
flow-adjusted data was used as the method of trend
analysis in this report. The test was described by
Kendall (1975), Hirsch (1981), Smith and others
(1982a), and Alley (1988). This method of trend
analysis has been used in several hydrologic
investigations (Smith and others 1982a; Buell and
Grams, 1985; Goetz and others, 1987; Smith and
others, 1987).

Basin Description

The Gila River basin lies within the boundaries
of three major water provinces of Arizona and New
Mexico—the Plateau uplands province, Central
highlands province, and the Basin and Range
lowland province (fig. 1). The drainage area for the
basin is about 57,950 mi? at streamflow-gaging
station, Gila River near mouth, near Yuma
(09520700). The two largest cities in
Arizona—Phoenix, with a population of 954,485
and Tucson, with a population of 412,590—are in
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the Gila River basin (Valley National Bank, 1988).
Land use has changed in these metropolitan areas;
land that was formerly used for agriculture has been
converted to urban use. The computer industry is
predominant in the basin (Valley National Bank,
1988), although some heavy industries such as
copper mines and associated smelters are in
Clifton-Morenci, Globe-Miami, Hayden-Keamy,
and San Manuel. A copper smelter at Douglas
discontinued operation in 1986.

The Central highlands water province includes
the central part of Arizona and the far western part
of New Mexico. The province consists principally
of rugged volcanic mountains. Some peaks are at an
altitude of about 11,000 ft above sea level and
include Mount Baldy near McNary, 11,403 ft;
Whitewater Baldy, 10,892 ft; and Reeds Peak,
10,001 ft. Whitewater Baldy and Reeds Peak are
north of Silver City, New Mexico. The Mogollon
Rim is an escarpment that consists mostly of
Paleozoic sedimentary rocks such as sandstone,
siltstone, claystone, and limestone (Arizona Bureau
of Mines, 1969). Along the base of the Mogollon
Rim, many springs issue from the Coconino
Sandstone and underlying Supai Formation of
Pennsylvanian and Permian age and Redwall
Limestone of Mississippian age (Arizona Bureau of
Mines, 1969).

The Central highlands receives the greatest
amount of precipitation in Arizona, partly because
of the orographic effect of the Mogollon Rim. The
Mogollon Rim forms much of the north boundary
of the water province. Average annual precipitation
at Hawley Lake in the White Mountains, part of the
Mogollon Rim, is 374 in. (Sellers and others,
1985). Average annual precipitation at Winkelman
near the southwest boundary of the water province
is 14.0 in. (Sellers and others, 1985).

The Gila River heads in the eastem part of the
Central highlands in western New Mexico where
the boundary of the province is the Continental
Divide. The Tularosa River in New Mexico and the
Blue River in Arizona join to become the San
Francisco River, which flows southward to join the
main stem of the Gila River near the city of Clifton.
Bonita Creek and Eagle Creek—major tributaries to
the Gila River—join the Gila River south of Clifton.
The Gila River then flows through Safford Valley
to Coolidge Dam where the San Carlos Reservoir is
formed. The usable capacity of the reservoir is

935,000 acre-ft. Water is released according to
needs of downstream users and seldom reaches the
Phoenix metropolitan area. The two largest
tributaries to the Gila River west of Clifton are the
Salt River and the Verde River. The average flow is
896 ft*/s at the Salt River near Roosevelt
streamflow-gaging station (09498500), which is
upstream from four reservoirs on the Salt River
(Garrett and Gellenbeck, 1991). The reservoirs—
Roosevelt Lake, Apache Lake, Canyon Lake, and
Saguaro Lake—have a combined usable capacity of
1,710,000 acre-ft. The average flow is 559 ft*/s at
Verde River below Tangle Creek, which is
upstream from two major reservoirs (Garrett and
Gellenbeck, 1991). The reservoirs below Verde
River below Tangle Creek—Horseshoe Reservoir
and Bartlett Reservoir—have a combined usable
capacity of 309,600 acre-ft.

The Basin and Range lowlands water province
is in the southern and southwestern part of Arizona.
The province is made up of broad alluvial-floored
basins bounded by high mountain ranges and
receives little precipitation (Arizona Bureau of
Mines, 1969). The highest peak in the Basin and
Range province is Mount Graham, 10,720 ft, near
Safford. Other peaks in the province include Mount
Lemmon near Tucson, 9,157 ft; Chiricahua Peak
near Douglas, 9,796 ft; and Baboquivari Peak west
of Tucson, 7,734 ft. The altitude of the Gila River
ranges from 1,950 ft above sea level at the Central
highlands boundary to 120 ft at the streamflow-
gaging station, Gila River near mouth, near Yuma.
Average annual precipitation is 7.0 in. at the
Phoenix airport and 3.4 in. in Yuma (Sellers and
others, 1985)

The mountains of the Basin and Range
lowlands are composed chiefly of granite, gneiss,
schist, and quartzite; some mountains are capped by
volcanic rocks that range from Precambrian to
Tertiary in age (Arizona Bureau of Mines, 1969).
The valleys are filled with unconsolidated deposits
that may be as much as 3,000 ft thick (Arizona
Bureau of Mines, 1969).

Major tributaries to the Gila River in the Basin
and Range lowlands to the east and south of
Phoenix include the San Simon, San Pedro, and
Santa Cruz Rivers. Mean annual flows in the three
tributaries are each less than 40 ft*/s; flows in the
San Simon and Santa Cruz Rivers seldom reach the
Gila River. The Agua Fria River is a major tributary
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to the Gila River west of Phoenix. Flow in the Agua
Fria River is regulated by Waddell Dam, which
forms Lake Pleasant. The usable capacity of Lake
Pleasant is 157,600 acre-ft. Flow in the Gila River
west of Phoenix is regulated by the earthen dam at
Painted Rock Reservoir, which has a usable
capacity of 2,492,000 acre-ft.

The Gila River basin encompasses a region
characterized by diverse temperatures and
vegetation. In the lower deserts, temperatures often
exceed 115°F during the summer months; in the
mountainous areas, subzero temperatures are
common during winter months. Vegetation types,
in general, follow patterns of rainfall and altitude in
the basin. Cactus and other types of desert shrubs
are found in the low-altitude and low-rainfall areas
of the basin. Chaparral and pinyon pine are found
between 3,500 and 7,000 ft (McDougall, 1973).
Mixed-conifer vegetation is found in areas that
receive large amounts of precipitation, generally
higher than 7,000 ft (McDougall, 1973).

Data-Collection History

Water-chemistry data were collected in the Gila
River basin beginning in February 1926, but
sampling for the constituents outlined in this report
did not begin at most of the study sites until the
mid-1970's or early 1980's (fig. 1, table 1). Much of
the early sampling was done only for water-
temperature and specific-conductance determina-
tions and did not include determinations of major
ions, nutrients, and metal concentrations. The
collection of the water-chemistry data used to
compute summary statistics and trends began
October 1972 through September 1987. Samples
were collected using methods developed by the
USGS and summarized by Sylvester and others
(M.A. Sylvester, hydrologist, USGS, written
commun., 1990). The method of sample collection
generally involved depth-integrating samples by
withdrawing water at several verticals in the stream;
the location of the verticals was determined by
dividing the stream into equal-discharge increments
or equal-width increments. Samples were processed
using standard methods of the USGS and sent to
laboratories in Atlanta, Georgia, or Denver,
Colorado, for chemical analyses.

Stage and discharge data were collected at all
13 study sites. The period of surface-water data
collection at a site generally exceeded the period of
water-chemistry data collection because surface-
water data collection began as early as 1910.
Mean-annual flow computed for each site ranged
from 12.3 ft3/s at Pinal Creek at Inspiration Dam,
near Globe (09498400) to 979 ft%/s at Salt River
below Stewart Mountain Dam (09502000).

METHODS

The methods of data analysis used in this study
have been used in previous studies and are well
documented. Summary statistics were calculated
for the 19 water-chemistry constituents and for
turbidity at each site using software programs
developed by Helsel and Cohn (1988). Data used in
this analysis are stored in the USGS National Water
Information System. Temporal trends in the
water-chemistry data were analyzed using the
seasonal Kendall tau test, standard statistical
software packages, and a low-adjustment procedure
by Smith and others (1982a).

Summary Statistics

Summary statistics calculated for the 19
water-chemistry constituents and for turbidity
included values of the mean, median, minimum,
maximum, standard deviation, and standard error of
the mean. Visual summaries of the distribution of
the data are shown in boxplots that are constructed
by ranking data from smallest to largest. A box is
drawn from the 25th percentile to the 75th
percentile; box length equals the interquartile
range. A center line between the 25th and 75th
percentiles is drawn across the box at the median
(50th percentile). “Whiskers” are then drawn from
the quartiles to two adjacent values. The upper
adjacent value is defined as the largest data point
less than or equal to the upper quartile plus 1.5
times the interquartile range. The lower adjacent
value is defined similarly. Values more extreme
than the adjacent values and within a range of 1.5 to
3.0 times the interquartile range are called outlier
values and are plotted with the letter “x.” Data
values greater than or less than three times the
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Table 1. Study sites for trend analysis, Salt and Gila River basins

Drainage Mean annual Date of collection
Station " area, streamflow, in
number Station name in square  cubic feet per From To
miles second

09431500 Gila River near Redrock, New Mexico 2,829 209 9-73 9-87
09444600 San Francisco River near Clifton 2,766 213 1-76 9-79
10-80 3-84

10-86 9-87

09466500 Gila River at Calva ..... rtetesrarene e nsennaaesanaaas 11,470 328 10-74 9-87
09470000 Gila River at Winkelman .............cooeeeeeeesmsessesssesseenes 13,268 1294 1-76 9-84
09473100 San Pedro River below Aravaipa Creek, near Mammoth .... 4,360 G 10-80 9-86
09498400 Pinal Creek at Inspiration Dam, near Globe .........coocesrscnnene 195 123 11-79 9-87
09498500 Salt River near ROOSEVELL .......cccoceceeriiemeerrcerrinreseesesenssnns 4,306 903 1-76 9-87
09502000 Salt River below Stewart Mountain Dam .........ccccceevcenermnen. 6,232 979 10-72 9-87
09512800 Agua Fria River near Rock Springs 1,130 88.3 1-82 9-87
09513600 Agua Fria River below Waddell Dam .................... 1,433 396.5 3-82 9-87
09518000 Gila River above diversions, at Gillespie Dam .........c.......... 49,650 404 674 9-87
09520500 Gila River near Dome ........coececercnreieressescesesnnsmvcscanessesnsnsnees 57,850 A 4-73 873
1-79 1-79

10-83 9-87

09520700 Gila River near mouth, near Yuma 57,950 * 10-72 9-84

! Adjusted for storage in San Carlos Reservoir, Arizona.
2Surface-water data collection less than 5 years.

3Average discharge at station, 09513000, Agua Fria River at Waddell Dam, Arizona.
“Not calculated because of many diversions, storage reservoirs, and other uses upstream from station.

interquartile range are called extreme values and are
plotted with a circle.

Standard statistical procedures were used to
calculate the statistics for data sets that did not
contain “less than” values, which are also referred
to as censored data. Censored data are values
reported from analytical techniques as less than the
minimum reporting level (MRL). Some data sets
contain multiple MRL’s. This study used the
logarithmic-probability regression method devel-
oped by Helsel and Cohn (1988) to compute
summary statistics for data sets of constituents that
contained “less than” values.

Seasonal Kendall Tau Test on
Flow-Adjusted Data

The seasonal Kendall tau test is a
distribution-free test that is not affected by the
problems that affect ordinary least-squares (OLS)

regression analysis (water-chemistry constituent
against time), with the exception of serial corre-
lation. The major advantage of distribution-free
tests is that the underlying probability distribution
of the random variable is immaterial (Smith and
others, 1982a). This test accounts for the effects of
discharge on the concentration of a particular
water-chemistry constituent. The seasonal Kendall
tau test is preferred over other methods of trend
analysis, such as regression analysis, because it can
be applied to data sets containing outlier values
(nonnormal distributed data sets), gaps or missing
data, data reported as below reporting limits, and
data correlated in time (seasonality). The seasonal
Kendall tau test used in this study was derived by
Hirsch (1981) from the method presented by
Kendall (1975).

The seasonal Kendall tau test on flow-adjusted
data is done in two steps. In the first step,
water-chemistry data are flow adjusted using OLS
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regression analysis to remove some of the
variability of the water-chemistry data. Most
water-chemistry data in a mathematically
untransformed state when regressed against time do
not have residuals from the regression that satisfy
the assumptions of normality and homogeneity of
variances needed for regression analysis. These
assumptions are not met because the seasonal
variability of the data is likely to be distributed
nonuniformly. A method to remove some of the
variability is to use an exogenous variable; in the
case of water-chemistry constituent concentrations,
the exogenous variable generally is instantaneous
discharge. In the OLS regression analysis, the
water-chemistry variable in question is regressed
against instantaneous discharge. An example of this
method is the regressing of concentrations of
dissolved sodium against instantaneous discharge
for data from the San Francisco River near Clifton

(09444600; data transferred to base-10 logarithmic
units; fig. 2). The equation used for the regression is

f(ci)=Bo+Blf(Q,') +e’, ¢))
where
¢; = instantaneous concentration of
the water-chemistry constituent,
Q; = instantaneous water discharge,
By = regression parameters, and
e’ = sample residual (error) in

regression.

The instantaneous-discharge value, Q;, can be
transformed mathematically by a number of
methods in order to produce a better model. This

LOGARITHM OF DISSOLVED-SODIUM
CONCENTRATIONS, IN MILLIGRAMS PER LITER

1 I A |

1.0 — 1 il 1
1.25 1.50 1.75 2.0

2.25 2.50 2.75 3.0 3.25

LOGARITHM OF INSTANTANEOUS DISCHARGE, IN CUBIC FEET PER SECOND

Figure 2. Logarithms of concentrations of dissolved sodium and instantaneous discharges resulting
from regression equation for San Francisco River near Clifton.
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study used the following transformation functions
of f(Q,)

Transformation Type
RO)=0; Linear (LIN)
RQi=logl(Q) Logarithmic (LOG)
RO)=1/0; Inverse (INV)
RO)=1/(1 + BQ) Hyperbolic (HYP)

(B of the hyperbolic transformation is equal to
10[(-2.5)(1og10(@,))+X] where X varies from 10%3
to 10> by increments of 10%.)

The hyperbolic transformation was used by
Buell and Grams (1985) in their investigation of
temporal trends in selected water-chemistry
constituents and turbidity for streams in Georgia.
The constituent concentrations (c;) were used in
either their raw format f{c;) - c;or as a logarithmic
base-10 transformed value fic;)-log10(c;). Using
these transformations, several regression equations
were computed. The equation with the best residual
plot showing a normal distribution and with a
coefficient of determination (%) greater than 0.100

was selected to define the relation between
discharge and the concentration of the constituent in
queston. The r? value for the regression line in
figure 2 is 0.946, which shows high correlation
between concentration and discharge; however, the
residuals from this equation show little correlation
with instantaneous discharge (fig. 3). This relation
was used to provide a conditional expected value of
concentration for every discharge value.

Equation 1 was checked for normmality of
residuals, If residuals were normally distributed and
the r? value for equation 1 was greater than 0.100,
the residuals were renamed flow-adjusted con-
centrations and the seasonal Kendall tau test was
applied. In cases where the regression relations
were poor (r?<0.100), the estimated conditional
expected concentration was defined as the mean
concentration of the data set of the water-chemistry
variable. The flow-adjusted concentration for these
cases in which the mean concentration was
substituted was defined as the actual concentration
minus the mean concentration of the data set.
Values for r2 are reported in percent for the
remainder of this report. An r? value of 0.100 is
considered equivalent to 10 percent.

5.0 T T T T T l T
.
7} 25 L4 -
-
< (]
8 o o oo
» "o ° . -
&’ . o0 o (XX} . oo oo
P 0.0+ e o e eeooo (X} * o ]
o (X)) o o ) . )
7}
17} ° . . ] . °
'&J . . -
uOJ [
o 2.5+ . ]
[ ]
| ]
5.0 ] 1 ] ] ] ] 1
1.25 1.50 1.75 2.0 2.25 2.50 2.75 3.0 3.25

LOGARITHM OF INSTANTANEOUS DISCHARGE, IN CUBIC FEET PER SECOND

Figure 3. Sample residuals from the regression of the logarithms of dissolved-sodium concentrations and
instantaneous discharges for samples collected at San Francisco River near Clifton.
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In the second step of the method, which is the
application of the seasonal Kendall tau test, all
possible pairs of data values within a season are
compared. In the seasonal Kendall tau test, the year
is divided into 12 segments (monthly). If more than
one sample value is collected during the same
month of the same year, the first value collected
was used in the analysis. Only data pairs that occur
during the same month of the year are compared in
the analysis, which reduces the problem of
seasonality that generally occurs in water-
chemistry data. If the later value (in time) is greater,
a plus is scored,; if the later value is smaller, a minus
is scored; and if the values are equal (tied), a zero is
scored. The null hypothesis of no significant trend
is accepted if the number of pluses is about the same
as the number of minuses. Many more pluses than
minuses indicate an increasing trend, and
conversely, a dominance of minuses indicate a
decreasing trend (Smith and others, 1982b).

The seasonal Kendall tau slope estimator,
which is an extension of the seasonal Kendall tau
test, estimates the magnitude of the trend of the
water-chemistry constituent. The estimate is
defined by Smith and others (1982b) as the median
of the differences (expressed as slopes) of the
ordered pairs of data values that are compared in the
seasonal Kendall tau test. The difference of each
pair of data points is divided by the number of years
separating them and recorded in place of a minus or
plus. The values of the differences divided by the
number of years are ranked, and the median value is
accepted as the change per year of the water-
chemistry constituent.

The seasonal Kendall tau test was applied to
flow-adjusted concentration (FAC) data for the
19 selected constituents and for turbidity at the
13 data-collection sites. The p value was calculated
for the seasonal Kendall tau test on the FAC data.
The p value is the probability of rejecting the null
hypothesis of no trend in the water-chemistry
constituent. This report considers a p value of
0.1000 or less to be statistically significant and a
rejection of the null hypothesis; hence, a trend in the
water-chemistry constituent exists. A p value of
greater than 0.1000 would indicate that the null
hypothesis was true and that no trend exists in the
water-chemistry constituent.

The magnitude of the trend in question is
reported as a constant rate of change per year for

computations that did not use a logarithmic
transformation of data. When a logarithmic
transformation of data is used, the change measured
in the raw (retransformed) data is not constant per
year but is exponential with time because the
change in log units is linear over time (E.J. Gilroy,
mathematician, USGS, written commun., 1989).
Hence, values for the trend measured by the
seasonal Kendall tau test on FAC data where
logarithmic transformation of the water-chemistry
data were made represent only the amount of
change for 1 year. The change is not consistent over
the period of data collection of the constituent. The
magnitude of the trend of the constituent is not
calculated where more than 50 percent “less than”
values occur in the data set.

SUMMARY STATISTICS AND TREND
ANALYSES

From approximately 110 constituents sampled
at each site, 19 constituents and turbidity were
selected for trend analysis. The constituents and
turbidity were selected by joint agreement of the
USGS and ADEQ, and attempts were made to
include those for which State of Arizona quality
standards existed or were being developed. The
constituents included pH, hardness, dissolved
solids, dissolved sodium, dissolved sulfate,
dissolved chloride, total ammonia plus organic
nitrogen, total phosphorus, dissolved arsenic,
dissolved barium, total boron, dissolved chromium,
suspended copper, total copper, dissoived lead,
total lead, total manganese, dissolved zinc, and total
organic carbon. The data for these constituents and
turbidity were sufficient for statistical and trend
analysis.

The chemical constituents and turbidity were
compared with Federal quality criteria for water,
Federal primary and secondary drinking-water
regulations and health advisories, and State of
Arizona quality standards for surface water (U.S.
Environmental Protection Agency, 1986, 1991,
1993; State of Arizona, 1992). Maximum
contaminant levels (MCL’s) are the U.S.
Environmental Protection Agency (USEPA)
maximum permissible levels of contaminants in
unfiltered water that is delivered to any user of a
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public water system. Secondary maximum
contaminant levels (SMCL’s) are USEPA
nonenforceable guidelines that indicate upper
aesthetic limits for certain constituents in unfiltered
water. Higher concentrations of the constituents
may or may not pose health risks. A drinking-water
equivalent level (DWEL) is a lifetime exposure
concentration protective of adverse, noncancer
health effects, that assumes all of the exposure to a
contaminant is from a drinking-water source. The
State of Arizona has developed water-quality
standards for each stream segment on the basis of
the unique use of the water in that segment. Six
main uses are identified—full body contact,
incidental human contact, aquatic and wildlife,
agricultural irrigation, agricultural livestock
watering, and domestic water sources. The State
has identified, on a site-specific basis, waters
classified as unique for which standards generally
are more stringent and as effluent dominated for
which standards are not as stringent.

Summary statistics and trend analysis for each
of the water-chemistry constituents and turbidity
analyzed are described in this section, and the
associated tables are presented at the end of this
report. The summary-statistics table for each
constituent or property by study site shows the
number of samples analyzed; the mean, median,
minimum, and maximum values; and the standard
deviation and standard error of the mean of each
data set. The trend-analysis table shows the type of
transformations used in the flow-adjustment
procedure, the median value of the data set, the
calculated amount of increasing or decreasing
concentrations per year, and the statistical
significance (p value) of the seasonal Kendall tau
test on flow-adjusted data.

pH

The pH of a water sample is used to define the
amount of hydrogen-ion activity in the sample and
is a measure of acid-base equilibrium achieved by
various dissolved compounds, salts, and gases.
Because pH is a major influence on the degree of
toxicity and solubility of many compounds, pH is a
useful index of the status of equilibrium reactions in
which the water precipitates (Hem, 1985). The
SMCL for pH of drinking water is 6.5 to 8.5 (U.S.
Environmental Protection Agency, 1993). The
State quality standards for surface water are shown
in the table below (State of Arizona, 1992).

Values of pH were similar at the 13 study sites
(fig. 4). Median values ranged from 7.9 at Gila
River near Dome (09520500) and Gila River near
mouth, near Yuma to 8.4 at Agua Fria River near
Rock Springs (09512800; table 2, at the end of this
report). The highest value of 9.8 was reported at
Gila River at Calva (09466500) where irrigation-
return flow occurs. The lowest value of 5.7, which
was well below the Arizona minimum standard of
6.5, was recorded at Pinal Creek at Inspiration Dam.
The Pinal Creek basin is affected by a contaminant
plume from mine drainage (Eychaner and others,
1989).

Increasing values of pH were reported for 4 of
the 13 sites (table 3, at the end of this report). Three
of these sites were on the Gila River—at Calva
(09466500; 0.029 units/yr); at Winkelman
(09470000; 0.040 units/yr); and above diversions,
at Gillespie Dam (09518000; 0.058 units/yr). The
fourth increasing value of pH was reported for
samples collected at Salt River below Stewart
Mountain Dam (09502000; 0.044 units/yr). An
increasing value of pH represents an increase in the
hydroxyl component and a decrease in the quantity

Domestic Full bod Partial Aquatic Agricultural use
Allowable limits, pH water oomac'y body and
source contact wildiife irrigation Livestock
Maximum ......ccueesmensessesesnsenseneessensenanes 9.0 9.0 9.0 9.0 9.0 9.0
MiNIMUIM.....cconnien s nceenneessssasesnion 5.0 6.5 6.5 6.5 45 6.5
Maximum change due to human
ACHVIHES ...cnvurairiemersnraninsesasaseesssnnersnns ) 5 5 5 ) )

No standard.
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of hydrogen ions; that is, water is becoming more
alkaline and less acidic. The increasing values did
not exceed the 0.5 pH unit change that is the State
standard. Decreasing values of pH were not found.
The flow-adjusted procedure was not effective for
pH and was used at only 3 of the 13 sites; at these
3 sites, r? values were less than 13 percent.

Turbidity

Turbidity is suspended matter, which could be
natural or human induced. Sources of suspended
matter include clay, silt, finely divided organic and
inorganic matter, insoluble organic compounds,
and microscopic aquatic organisms. All of these
contribute to the turbidity of the water, which can
be detrimental to aquatic life and interfere with
recreational use and aesthetic enjoyment of the
water. The Federal criterion for freshwater fish and
other aquatic life reads:

“Settleable and suspended solids should

not reduce the depth of the compensation

point for photosynthetic activity by more

than 10 percent from the seasonally

established norm for aquatic life”
(U.S. Environmental Protection Agency, 1986).
The Federal MCL for safe drinking water is 0.5-1.0
nephelometric turbidity units (NTU; U.S. Environ-
mental Protection Agency, 1993). The State has a
quality standard for turbidity of 50 NTU for rivers,
streams, and other flowing waters and 25 NTU for
lakes, reservoirs, tanks, and ponds (State of
Arizona, 1992).

Turbidity values varied throughout the study
area and were affected mostly by reservoirs
(table 4, at the end of this report). Median values
ranged from 1.0 NTU at Agua Fria River near Rock
Springs to 40 NTU at Gila River at Calva. The
lowest maximum value of 31 NTU was measured at
Agua Fria River below Waddell Dam (09513600),
and the highest maximum value of 21,000 NTU was
measured at Gila River at Calva. Overall, low
turbidity values were found at sites downstream
from a dam, indicating that sediments are caught
and held upstream from the dam. Four sites—Gila
River near Redrock, New Mexico (09431500); Gila
River at Calva; San Pedro River below Aravaipa
Creek, near Mammoth (09473100); and Agua Fria
River near Rock Springs—had a minimum value of

<0.01 NTU. These sites also had the highest
maximum values, which indicate that these streams
have a large fluctuation of suspended material, as
evident by large interquartile ranges. The State
quality standard of 50 NTU was not exceeded by
median values at any of the study sites.

An increasing turbidity trend (0.09 NTU/yr)
was found in only 1 of the 13 data sets, Agua Fria
River near Rock Springs (fig. 5). A decreasing
turbidity trend of -0.12 NTU/yr was calculated for
Salt River below Stewart Mountain Dam. The
flow-adjusted procedure worked well with
flow-adjustment equations used at 12 of the 13 sites
(table 5, at the end of this report). The r? values
ranged from 14.6 to 70.8. The Salt River near
Roosevelt site was the only site where the
flow-adjustment procedure was not used (no
correlation between discharge and turbidity).

Hardness

Hardness commonly is defined by the presence
of calcium and magnesium and is reported as
calcium carbonate in this report. Hardness is
computed by multiplying the sum of
milliequivalents per liter of calcium and
magnesium by 50 (Hem, 1985). The degree of
hardness has been classified into four categories
according to the amount of calcium carbonate
(CaCO,) in the water sample (U.S. Environmental
Protection Agency, 1986).

Concentration of calcium
carbonate, in milligrams per
liter

Classification

0-75 Soft
75-150 Moderately hard
150-300 Hard

300 and higher Very hard

The softer the water is, the less calcium and
magnesium present. Limestone is a natural source
of hardness. Federal and State drinking-water
regulations for hardness have not been established.
The State has not established quality standards for
hardness in surface waters.
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sites, flow-adjusted procedures were used that
resulted in 72values ranging from 10.9 to 74.5.

Dissolved Zinc

Dissolved zinc is essential for plant and animal
metabolism; however, large concentrations can be
toxic to aquatic life. The SMCL for zinc in drinking
water is 5,000 pg/L (U.S. Environmental Protection
Agency, 1993). The State quality standard for total
zinc is 5,000 ug/L in water used as domestic-water
sources (State of Arizona, 1992).

Summary statistics were computed for 12 of the
13 study sites (table 38, at the end of this report).
Data for dissolved zinc were not collected at
AguaFria River near Rock Springs. Maximum
concentrations of dissolved zinc ranged from
40.0 ug/L at Agua Fria River below Waddell Dam
to 1,280 pg/L at Gila River near Redrock. Of the 12
sites, 10 had a minimum concentration below the
analytical reporting limit. The median concen-
tration of dissolved zinc ranged from 8.0 ug/L at
two sites 10 20.0 ug/L at two sites. Boxplots show
that the data for Gila River at Calva; Gila Rivernear
mouth, near Yuma; and Gila River near Redrock
(maximum 1,280 upg/L) contain several extreme
values (fig. 22); however, median concentrations
were well within the State quality standard for
surface water.

Decreasing trends in concentrations of
dissolved zinc were found at three sites—
San Francisco River near Clifton (-0.53 (ug/L)/yr);
San Pedro River below Aravaipa Creek
(-2.50 (ug/L)/yr); and Salt River near Roosevelt
(-1.67 (ug/L)/yr; table 39, at the end of this report).
Analyses for trends in concentrations of dissolved
zinc at Agua Fria River near Rock Springs were not
done because samples for dissolved zinc were not
collected. Trends in concentrations of dissolved
zinc were not found at the remaining study sites.
Flow-adjusted equations were used for 6 of the
12 data sets, and r?> values ranged from 10.3 to

15.3 ug/L.

Total Organic Carbon

The measurement of total organic-carbon
concentrations allows an approximate determina-

tion of the total concentration of organic material in
aqueous systems (Hem, 1985). Organic matter can
have significant effects on the chemical properties
of aqueous systems. Water containing certain
organic solutes can be unsuitable for use by human,
aquatic, and other life forms. Federal and State
regulations for total organic-carbon concentrations
have not been established.

Summary statistics for concentrations of total
organic carbon were compiled for 10 of the 13 sites
(table 40, at the end of this report). Minimum
concentrations of total organic carbon ranged from
0.50 mg/L at San Francisco River near Clifton
t0 540 mg/L at Gila River above diversions,
at Gillespie Dam (excluding the one sample
collected at Gila River near Dome). Median total
organic-carbon concentrations ranged from
2.40 mg/L at San Francisco River near Clifton to
11.0mg/L at Gila River above diversions, at
Gillespie Dam. The maximum total organic-carbon
concentration (300 mg/L) was recorded at Gila
River at Calva. More values above 50 mg/L
occurred at sites in the upper half of the basin than
in the lower half (fig. 23). Statistics were not
compiled at Agua Fria River near Rock Springs and
Agua Fria River below Waddell Dam because total
organic-carbon data were not collected. Only one
sample was collected at Gila River near Dome;
therefore, summary statistics were not computed
for this site.

Trend analyses were not performed for 5 of the
13 sites because of insufficient data. Total organic-
carbon concentrations were found to be increasing
at a rate of 0.26 (mg/L)/yr at Salt River below
Stewart Mountain Dam. The remaining seven sites
showed no trend (table 41, at the end of this report).
Streamflow is poorly correlated with total organic-
carbon concentrations at all the study sites; the 72
values ranged from 12.5 to 51.1. The flow-
adjustment procedure was effective only at Gila
River near mouth, near Yuma (r=51.1).

SUMMARY

Water-resources managers are concerned with
effectively evaluating and understanding short- and
long-term trends of water quality in streams in the
Gila River basin. The Gila River basin is a valuable
source of water for agricultural, industrial, and
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municipal uses throughout central Arizona and
western New Mexico. In Arizona, the population
increase from 499,261 in 1940 to 3,605,700 in 1988
(Valley National Bank, 1988) has resulted in
increased demands on surface-water and
ground-water resources. Resource managers and
planners are concerned that the quality of water is
degrading with time as a result of stresses on the
hydrologic system.

Nonparametric trend-analysis techniques were
used to assess temporal changes in water-chemistry
data collected at 13 sites in the Gila River basin. A
nonparametric technique, the seasonal Kendall tau
test for flow-adjusted data, was selected as the
method used for trend analysis. Water-chemistry
data collected at several sites in the Gila River
basin, mostly by the ADEQ and the USGS, were
available for trend analysis. This report describes
temporal and areal variability of water-chemistry
constituents collected from sampling sites at 13
streamflow-gaging stations in the Gila River basin.

From approximately 110 constituents sampled
at each site, 19 constituents and turbidity were
selected for trend analysis: pH, hardness, dissolved
solids, dissolved sodium, dissolved sulfate,
dissolved chloride, total ammonia plus organic
nitrogen, total phosphorus, dissolved arsenic,
dissolved barium, total boron, dissolved chromium,
suspended copper, total copper, dissolved lead,
total lead, total manganese, dissolved zinc, and total
organic carbon. Six of the 13 gaging stations are on
the main stem of the Gila River. The remaining
seven stations are on major tributaries to the Gila
River—one on the San Francisco River, one on the
San Pedro River, two on the Agua Fria River, two
on the Salt River, and one on Pinal Creek, which is
tributary to the Salt River.

Increasing trends generally were found in three
areas in the basin—at Pinal Creek above Inspiration
Dam, at sites above reservoirs, and at sites on the
main stem of the Gila River from Gillespie Dam to
the mouth. Median concentrations of hardness,
dissolved solids, dissolved sodium, dissolved
sulfate, and dissolved chloride were larger at sites
above reservoirs especially at Gila River at Calva
and Salt River near Roosevelt than at downstream
sites. Median concentrations of hardness, dissolved
solids, dissolved sulfate, suspended and total
copper, and total manganese were greater at Pinal
Creek than at other sites. The sites at and

downstream from Gillespic Dam seem (o be
affected by irrigation-return flow. Median
concentrations of hardness, dissolved solids,
dissolved sodium, dissolved chloride, dissolved
arsenic, dissolved barium, and total boron were
greatest at these sites. In addition, the Gila River at
Gillespie Dam site, which is affected by sewage
effluent, had the greatest median concentrations of
ammonia plus organic nitrogen and total
phosphorus. The median concentration of dissolved
chromium was greatest at the Gila River near the
mouth, near Yuma.,

Increasing trends in concentrations were found
for 24 data sets at the 13 study sites. Pinal Creek at
Inspiration Dam had the largest number (six) of
increasing trends: dissolved solids, dissolved
sodium, dissolved sulfate, dissolved chloride,
dissolved chromium, and total manganese. Gila
River near mouth, near Yuma had three increasing
trends: dissolved sulfate, total ammonia plus
organic nitrogen, and total lead. The largest number
of increasing trends measured for a constituent was
for pH (four), dissolved sulfate (three), dissolved
chromium (three), and total manganese (three).

Decreasing trends were found for 49 data sets at
the 13 study sites. Gila River at Calva and Gila
River above diversions, at Gillespie Dam (eight
each) had the most decreasing trends for individual
sites. Data for Gila River at Calva indicated
decreasing concentrations of hardness, dissolved
solids, dissolved sodium, dissolved sulfate,
dissolved chloride, total phosphorus, dissolved
lead, and total manganese. Data for Gila River
above diversions, at Gillespiec Dam indicate
decreasing concentrations of hardness, dissolved
solids, dissolved sodium, dissolved sulfate,
dissolved chloride, dissolved barium, dissolved
lead, and total manganese. The largest number of
decreasing trends measured for a constituent was
six for dissolved lead. The next largest number of
decreasing trends for a constituent was for
dissolved solids and total manganese (five each).
Decreasing trends were found in concentrations of
hardness, dissolved sodium, and dissolved chloride
at four of the study sites.

For the 19 selected constituents and turbidity,
decreasing trends outnumbered increasing trends
by almost two to one. Possible explanations for the
increasing trends are that Pinal Creek is influenced
by mine drainage, Gila River near Calva is
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influenced by irrigation-return flows, and the reach
of the Gila River from Gillespie Dam to the mouth,
near Yuma is influenced by irmrigation-return
flows, and effluent from near Gillespie Dam is
influenced by municipal wastewater-treatment
plants. Increasing trends in concentrations were
not found for constituents whose median con-
centrations were larger than the quality standards
for surface waters set by the State of Arizona.
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Table 2. Summary statistics for pH data used in time-trend analysis

[Dashes, no value computed]
pH, in stsndard units
Number Standsrd Stsndard
Station name snd number of . devi tic: error of
ssmples  Mean  Medisn  Mini-  Msxi- @O themean
mum mum

Gila River near Redrock, N. Mex.

(09431500) ..u.eeeerercerernrrnaeesenesenensenas 191 — 8.20 6.90 9.10 —_— _—
San Francisco River near Clifton

(09444600) ......cccvueereernenrnrsersscrssanssnnnns 105 — 8.20 6.90 9.60 — —
Gila River at Calva (09466500)............. 133 -— 8.20 6.80 9.80 - —
Gila River at Winkelman 1

(09470000) ..o creeeressseen 84 - 8.20 7.30 8.80 -— —
San Pedro River below Aravaipa

Creek, near Mammoth

(09473100) ......cocccenrrrcnerisntssasssenene. 38 - 8.30 7.80 8.90 - -—
Pinal Creek at Inspiration Dam,

near Globe (09498400) ...........c.......... 98 — 8.00 5.70 8.40 —-- -
Salt River near Roosevelt

(09498500) .......ccorernesncssnranesinssansnesnanes 149 - 8.20 6.90 9.20 — , -—
Salt River below Stewart Mountain

Dam (09502000) .....cccecveeveriimsanseeranen. 130 -— 8.00 6.40 8.70 — -—
Agua Fria River near Rock Springs

(09512800) .....ceeivirminrnansinsinsissessesscenns 81 - 8.35 6.90 8.70 --- —
Agua Fria River below Waddell Dam

(09513600) .....cecueeverrsrirnsesscecssnnsesiianns 38 —— 8.10 7.10 8.60 -— -
Gila River above diversions, at

Gillespie Dam (09518000) ................ 146 - 8.10 6.50 9.20 —— -
Gila River near Dome

(09520500) .....coceoercerercciasensscnsnnnen. 69 — 7.90 7.30 8.30 .- -
Gila River near mouth, near Yuma

(09520700) ......coeieeceeeereeectaccssiessns e 180 — 7.90 7.40 8.40 -— .-
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Tabie 3. Results of seasonal Kendall tau test on flow-adjusted pH

[Results follow the general linear model form f(c)=B,+p;*f(Q)+€, where f(c)(LIN) or f(c) = In(c) (LOG) and £(Q) is one of the following functions
of water discharge: lincar (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+BQ); NR=No
relation between pH and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry constituent; <,
less than; dashes, data are not flow adjusted]

Ordinary least-squares
regression analysis Seasonal Kendall tau test on
using pH as s function flow-adjusted pH data
of dischsrge
Station name and number
Medisn, St
f(c)/KQ) P, in instan- it p vsiue
percent dsrd per
units year

Gila River near Redrock, N. Mex. (09431500)...........ccoumeucucce. LOG/HYP 12.8 8.20 0056 0.1310
San Francisco River near Clifton (09444600) ............cceeevreneee LOG/NR - 8.20 <.001 1.000
Gila River at Calva (094665000 ..........ccocecerrmmrecsscrmnrereevoseonss LOGMNR 8.20 029 0234
Gila River at Winkelman (09470000) .....cccccoarerrcerenrmncrrserennanas LOG/NR ———— 8.20 040 0012
San Pedro River below Aravaipa Creek, near Mammoth

(09473100) 110 ciiissininnnnnseerennerensassssesnssssssssssssasssssssansessanasnasess LOG/NR ——- 8.30 <.001 1.000
Pinal Creek at Inspiration Dam, near Globe (09498400).......... LOG/NNR 7.98 013 3371
Salt River near Roosevelt (09498500)........ccocmmmiernrerirserarensenes LOGNR - 8.21 013 2335
Salt River below Stewart Mountain Dam (09502000).............. LOG/NR - 8.00 044 0017
Agua Fria River near Rock Springs (09512800)....................... LOG/NR —-- 8.35 -010 4818
Agua Fria River below Waddell Dam (09513600) ................... LOG/NR ——- 8.10 <.001 8283
Gila River above diversions, at Gillespie Dam

(09518000) ...ceeet et sras st sst e sns e s sn s LOG/LOG 12.7 8.10 058 .0940
Gila River near Dome (09520500).......cccomncnimmmnriniinnencesassenass LOG/NR — 7.90 <.001 1.000
Gila River near mouth, near Yuma (09520700) .........ccccoovcren.e. LOG/LOG 12.5 7.90 <.001 1.000
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Table 4. Summary statistics for turbidity used in time-trend analysis

[<, less than]
Num- Turbldity, in nephelometric turbidity units Standard
ber of Standard
Station name and number error of
sam- " Medi Minl- MaxI|- deviation mean
ples ean an mum mum
Gila River near Redrock, N. Mex.
(09431500) ....ooeereeerrrmereerncreenne 64 158 10 <0.01 6,500 819 102
San Francisco River near Clifton
(09444600) ......ccceecvercrenennninrenans 31 87.7 5.5 .60 1,500 272 48.8
Gila River at Calva (09466500)...... 101 472 40 00 21,000 2,310 230
Gila River at Winkelman
(09470000) ....cceeeeeeeeceersrrnr e anenne 29 216 24 6.00 4.800 888 165
San Pedro River below Aravaipa
Creek, near Mammoth :
(09473100) c.ceccmnnecerrcrrceriesacreennees 38 631 10 <01 12,000 2,280 370
Pinal Creek at Inspiration Dam,
near Globe (09498400) ................ 64 20.6 3.2 20 140 329 412
Salt River near Roosevelt
(09498500) .........ocorenerrinrcnernserennes 69 86.6 9.0 S0 2,400 315 A 379
Salt River below Stewart
Mountain Dam (09502000).......... 89 545 3.0 40 540 7.55 .80
Agua Fria River near Rock
Springs (09512800) ......cccceoeeceeee 80 283 1.0 00 17,000 1,920 215
Agua Fria River below Waddell
Dam (09513600) ...cccceecceivvrriiranns 38 7.61 5.8 .60 31.0 6.03 98
Gila River above diversions, at
Gillespie Dam (09518000)........... 94 449 26 1.60 480 68.8 7.10
Gila River near Dome
(09520500) ......0covveceeemmeremrcenanans 39 13.7 3.0 50 140 27.0 433
Gila River near mouth, near
Yuma (09520700)......cccccccerrevernrn. 42 38.5 5.0 10 720 112 17.3
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Table 5. Results of seasonal Kendall tau test on flow-adjusted turbidity

[Results follow the general linear model form f(c)=P,+B,*f(Q)+€, where f(c)(LLIN) or f(c)=In(c) (LOG) and £(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+8Q); NR=No
relation between concentrations and discharge. NTU, nephelometric turbidity units. The p value is the probability of rejecting the null hypothesis
of no trend in the water-chemistry constituent. Dashes, data are not flow adjusted)

Ordinary leaat-squarea
regreaalon analyals ualng Seasonal Kendall tau test on
turbidity aa a function of flow-adjuated turbldity data
. discharge
Station name and number
Turbidity,
Kc)1(Q) 7, in Medlan, .\ NTU p value
percent in NTU
per year

Gila River near Redrock, N. Mex.

(09431500) ...ccevreeenreenrceerereermecrsnsaereannene LOG/LOG 164 10 -0.04 0.3418
San Francisco River near Clifton

(09444600) .......oouevereeerirere e enemrsersresaeneas LOG/LIN 70.8 5.5 14 2301
Gila River at Calva (09466500)....................... LOG/LOG 45.0 40 -02 9470
Gila River at Winkelman (09470000)............. LOG/LIN 21.0 24 -.06 3502
San Pedro River below Aravaipa Creek,

near Mammoth (09473100) .......cccccvenrennse LOG/LOG 639 10 26 5085
Pinal Creek at Inspiration Dam, near

Globe (09498400) ........ccceeeererrncecrerrnrnsneneane LINHYP 549 3.2 -01 8191
Salt River near Roosevelt (09498500) ........... LIN/NR —--- 9.0 -38 3177
Salt River below Stewart Mountain Dam

(09502000) ..ceoverveeeercrermrerissnesassessasnesesseseans LIN/LIN 61.0 3.0 -12 0325
Agua Fria River near Rock Springs

(09512800) .....cecrcrereerernrenmesesseesresesnssassnses LOG/HYP 232 1.0 09 .0849
Agua Fria River below Waddell Dam

(09513600) .....ovvveereecmreernerrereeereesesrsnsnecreses LIN/LIN 14.6 5.8 06 7527
Gila River above diversions, at Gillespie

Dam (09518000) ....coorcemrceerneneeneevenensananee LIN/LIN 57.6 26 -01 5255
Gila River near Dome (09520500)........c.ccov... LINHYP 69.2 3.0 .03 8345
Gila River near mouth, near Yuma

(09520700) ......ecvveererremmmreeneeertereseeerasnsanenens LOG/LOG 70.8 5.0 38 3567
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Table 6. Summary statistics for hardness used in time-trend analysis

Hardness, in milligrama per liter as Stan-
Num- calcium carbonate Stan- dard
ber of dard
Station name and number error
aam-~ Mini- Maxi- devia- of
ples Mean Median mum mum tlon mean
Gila River near Redrock, N. Mex.
(09431500)......ccoeeevnemmanecreniieraeseenesnesenanse 141 115 120 46.0 180 25.7 2.16
San Francisco River near Clifton
(09444600) ........coeerveerreesecerereresnreresseeseesens 109 221 230 70.0 440 68.8 6.58
Gila River at Calva (09466500) .........cccceecrueee 142 521 420 63.0 1,300 _330 27.7
Gila River at Winkelman (09470000).............. 85 255 220 110 650 93.5 10.1
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) .......cccoeveveeennnee. 37 311 330 160 390 64.8 10.6
Pinal Creek at Inspiration Dam, near Globe
(09498400) ......ccovcvrveirerrreceierrnsnscrsassensesressens 96 1,860 1,900 830 2,400 231 23.6
Salt River near Roosevelt (09498500) ............ 145 242 250 70.0 440 93.8 7.79
Salt River below Stewart Mountain Dam
(09502000) ......ccoececerreeririirinnearesesreseensenans 130 165 170 130 220 21.0 1.84
Agua Fria River near Rock Springs
(09512800) oot cee e 80 228 230 130 280 300 3.36
Agua Fria River below Waddell Dam
(09513600).......coecrenmreenimmrecisriecensecsesreressens 38 180 180 130 230 20.5 332
Gila River above diversions, at Gillespie
Dam (09518000) ......cccvrevreerirsreererceseesenns 127 745 750 81.0 1,400 269 239
Gila River near Dome (09520500)............cc0... 44 628 540 190 2,000 369 55.6
Gila River near mouth, near Yuma
(09520700) ....cceeeerirenereeneercesrenssnseesressesens 183 573 610 190 890 153 113
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Table 7. Results of seasonal Kendall tau test on flow-adjusted hardness

[Results follow the general linear model form f(c)=f,+B,f(Q)+€&, where f(c}LIN) or f(c)=In(c) (LOG) and £(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbohic (HYP), f(Q)=1/(1+B Q); NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constituent. Dashes, data are not flow adjusted]

Ordinary least- squsres

regression snalysis using Seasonal Kendsil tsu test on
hsrdness ss s function of flow-adjusted hardness data
discharge
Station name and number Hardness,
Median, in miiil-
A in miili- grams per
Keyi(Q) in percent grsmsper liter peryear p value
iiter ss celcium
carbonste
Gila River near Redrock, N. Mex.
(09431500) ... rererererreanmeee e e cecrannas LIN/HYP 73.1 120 -0.03 0.2332
San Francisco River near Clifton
(09444600) .....cconrvemrrrisercrensrrreaeeseessseacroseens LIN/INV 84.3 230 -04 3486
Gila River at Calva (09466500) ........ccccecveune LIN/HYP 69.4 420 -07 .0088
Gila River at Winkelman (09470000) ............ LOG/HYP 48.7 220 -18 0041
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) ......ccccoonneiccnnneen LOG/HYP 60.9 330 1.56 1229
Pinal Creek at Inspiration Dam, near
Globe (09498400) ........coceveercrrereernrersnsnesesasse LOG/HYP 67.7 1,900 18 4463
Salt River near Roosevelt (09498500)............ LOG/LOG 80.5 250 .08 3847
Salt River below Stewart Mountain
Dam (09502000) ...ccceverereecrrerarecersrnesnncesens LIN/NR ———- 170 00 7990
Agua Fria River near Rock Springs
(09512800) ...cceeerieerrieeescerresnennscensneseecasanss LIN/HYP 53.9 230 -13 0199
Agua Fria River below Waddeil Dam
(09513600) ...cccoueneemererrneerrrrnresensmsnssessnssene LIN/LIN 214 180 -.05 .5995
Gila River above diversions, at Gillespie
Dam (09518000)...........ccccoevemmemeernmernsssesoseee LIN/LOG 63.4 750 -.07 0072
Gila River near Dome (09520500) .......cc.couee.. LIN/LOG 65.7 540 -.10 7500
Gila River near mouth, near Yuma
(09520700) .....ooeemnnreeercmmrccrrmmraneesrsrseceaseens LOG/LIN 814 610 .16 .2064
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Table 8. Summary statistics for dissolved solids used in time-trend analysis

Num- Dissoived solids, in milligrams per liter

ber Stan- Stan-
Station name and number of dard dard
sam- Mean Median Minl- Maxi- devia- error of
ples mum mum tion mean
Gila River near Redrock, N. Mex.
(09431500) .......cocevrerreieareereenee e eaesaees 89 221 229 68.0 349 51.6 547
San Francisco River near Clifton
(09444600)...........coeveeeereerre e 109 676 630 178 1,830 324 31.0
Gila River at Calva (09466500) ............... 142 2,060 1,700 244 4,680 1,360 114
Gila River at Winkelman (09470000)...... 85 752 628 234 2,890 390 423
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) .................. 37 754 838 322 960 214 35.2
Pinal Creek at Inspiration Dam, near
Globe (09498400) .......cooceversirrrerssserenes 100 2,970 3,000 1,310 3,600 355 35.5
Salt River near Roosevelt (09498500) ..... 143 1,070 984 146 2,830 624 52.2
Salt River below Stewart Mountain Dam
(09502000) ......coveereereannnreesnnennvnsnearnes 130 482 464 287 855 135 11.8
Agua Fria River near Rock Springs
(09512800) ....eoeeerveeerereenensecrereereeerseseans 81 367 380 218 484 52.0 5.78
Agua Fria River below Waddell Dam
(09513600)......cceeeereerverstesinnenreeesereens 38 296 298 217 390 38.0 6.17
Gila River above diversions, at Gillespie
Dam (09518000) .....cocevcevvnncerriernecennes 127 2,560 2,570 202 4,700 974 86.4
Gila River near Dome (09520500)........... 67 2,300 2,270 546 5,870 1,260 154
Gila River near mnouth, near Yuma
(09520700).....cccermemcearcrerissarrreneeneseescnns 181 1,870 2,000 528 2,730 521 38.7
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Table 9. Restults of seasonal Kendall tau test on flow-adjusted dissolved solids

[Results follow the general linear model form f(c)=B,+8,*f(Q)+&, where f(c)(LIN) or f(c)=In(c}LOG) and f(Q) is one of the following functions of
water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+BQ); NR=No
relation between concentrations and discharge. <, less than. The p value is the probability of rejecting the null hypothesis of no trend in the
water-chemistry constituent. Dashes, data are not flow adjusted]

Ordinary leaat-squares
regresaion analysis uaing
concentration of dissolved

solids as a function of

Sessonal Kendall tau test on
flow-adjuated concentration data

discharge
Station name and number
Median, Concen-
2, in inmigi-  'rationa, in
fe)y(Q) percent grams milligram p vaiue
liter per liter
per per yesr
Gila River near Redrock, N. Mex. (09431500) .... LIN/LOG 59.4 229 -0.45 0.0492
San Francisco River near Clifton (09444600)...... LIN/INV 894 630 -2 A708
Gila River at Calva (09466500) .........cceeivereevrannn LIN/LIN 79.5 1,700 -5 0439
Gila River at Winkelman (09470000) .................. LOG/LIN 274 628 -20 0279
San Pedro River below Aravaipa Creek, near
Mammoth (09473100} ....ccccoerverrninercrsaecrsrersnranes LIN/HYP 72.7 838 22 1393
Pinal Creek at Inspiration Dam, near Globe
(09498400) ......ccoccrrercrerercrecrrrnnrsnsecsesssssssesessaces LOG/HYP 66.2 3,000 49 <.0001
Salt River near Roosevelt (09498500)............c...... LOG/LOG 91.2 984 .01 9337
Salt River below Stewart Mountain Dam
(09502000) ..coveevrrrraencenrrencrnesnssesssnsrsrassasanenes LIN/NR - 464 -.30 9824
Agua Fria River near Rock Springs
(09512800)...cccinurecccrererenrarsssensssssrrassessnsannans LIN/HYP 564 380 -.30 <.0001
Agua Fria River below Waddell Dam
(09513600) ...c.cccenirecerimrerenneseenesessersseesesosssanesens LOG/LIN 234 298 -.01 9164
Gila River above diversions, at Gillespie Dam
(09518000) ......coceeeeeeeerreccreneressensnennrrasssessenaes LIN/LOG 71.1 2,570 -.08 .0366
Gila River near Dome (09520500) ......cccccceernenencee LOG/HYP 494 2,270 .14 6178
Gila River near mouth, near Yuma
(09520700) .oeevrrererrrenrarreerreriunsaesnseesenmessnssnessnenes LOG/LIN 83.6 2,000 13 1840
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Table 10. Summary statistics for dissolved sodium used in time-trend analysis

Num- Dissolved sodium, in milligrams per liter Stan- Stan-
ber of dard dard
Station name and number sam- " Mo Mini- Maxi- devia- error of
ples ean lan mum mum tion mean
Gila River near Redrock, N. Mex.
(09431500) ....c.ueeeeieeereecereeene s smneaanenes 139 28.7 31.0 780 44.0 8.00 0.68
San Francisco River near Clifton
(09444600) .......ccovieeeceree e 83 142 130 170 420 84.5 9.27
Gila River at Calva (09466500) .............. 142 525 425 250 1,200 364 30.6
Gila River at Winkelman (09470000)..... 49 184 160 16.0 790 138 19.7
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) .........ccoecveee 37 125 140 29.0 170 429 7.05
Pinal Creek at Inspiration Dam, near
Globe (09498400) ......cveveeeeverereieraenane 96 67.5 67.0 250 89.0 10.6 1.09
Salt River near Roosevelt
(09498500) ..o neeeneerevrarrnresereeesearsnnenes 114 286 240 250 950 202 19.0
Salt River below Stewart Mountain
Dam (09502000) .......ccoevereererireernrncernnnen 130 106 100 43.0 230 44.4 3.89
Agua Fria River near Rock Springs
(09512800) ......ooeeerrreeecrerrerree e rnaesenaes 81 42.0 45.0 17.0 56.0 8.44 94
Agua Fria River below Waddell Dam
(09513600) ....vveeceecerrereerrarreenrirerseecnnnes 38 333 34.0 230 43.0 5.45 88
Gila River above diversions, at
Gillespie Dam (09518000)..........cceeuen. 127 598 610 250 1,100 245 21.7
Gila River near Dome (09520500).......... 45 425 400 82.0 920 225 334
Gila River near mouth, near Yuma
(09520700) ..ccoreeirierercene e cenesesesseeneanes 183 437 470 110 610 12.5 9.27
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Table 11. Results of seasonal Kendall tau test on flow-adjusted dissoclved sodium

[Results follow the general linear model form f(c)=f,+B, *f(Q)+€, where f(c)}(LIN) or f(c)=In(c) (LOG) and £(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); mverse (INV), £(Q)=1/Q; hyperbolic (HYP), £(Q)=1/(1+BQ); NR=No
relation between concentrations and discharge. Dashes, data are not flow adjusted]

Ordinary least-squares
regression ansiysis using
concentrstion of dissolved

sodium ss a function of

Seasonai Kendsii tau test on
flow-adjusted concentration dats

discharge
Station name and number
Concen-
Medisn, trstions,
A in in miili- in mliii-
HeykQ) percent grsms grams per p vsiue
per iiter iiter per
year
Gila River near Redrock, N. Mex. (09431500)......... LIN/LOG 79.6 31.0 -0.05 0.0002
San Francisco River near Clifton (09444600) .......... LOG/LOG 94.6 130 -.10 2648
Gila River at Calva (09466500)..........ccccecunsrnsrscannes LINHYP 81.3 425 -04 0725
Gila River at Winkelman (09470000) ........cceeeeneene. LOG/LIN 26.2 160 -.08 4863
San Pedro River below Aravaipa Creek, near
Mammoth (09473100) .....ccoveerniicmececirnceccesseenns LINHYP 759 140 A7 0778
Pinal Creek at Inspiration Dam, near Globe
(09498400).....c.cccieeceeeerrecrecresresesssesoenssseseessesessens LIN/LIN 212 67.0 A8 <.0001
Salt River near Roosevelt (09498500).........c.ccoveeene. LIN/INV 84.8 240 01 3367
Salt River below Stewart Mountain Dam
(09502000) ......ccooievirririrrenerecntsssecsersnneneessnesesssasens LIN/NR —— 100 <.01 1.000
Agua Fria River near Rock Springs
(09512800) ......covercecerreerecennsnscesereessinssesessnessnssnes LIN/HYP 70.9 45.0 -28 <.0001
Agua Fria River below Waddell Dam
(09513600) ......ccccerriniireiireneesesenssersnsssessssesenssessense LIN/LIN 15.8 34.0 32 1152
Gila River above diversions, at Gillespie Dam
(09518000) .....ovvureremriccarsessasseresmmsmssrsassnsenssesonsasenns LIN/LOG 69.6 610 -.05 .0776
Gila River near Dome (09520500) .......cococvvvcemrncnnee LOG/HYP 578 400 =21 .6569
Gila River near mouth, near Yuma .
(09520700) ....eevceemriramneemriseesnsstssesssiasssessesssssseassns LIN/HYP 694 470 04 2848
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Table 12. Summary statistics for dissolved sulfate used in time-trend analysis

Num- Dissoived suifata, in milligrams per iiter Stan- ?’taarr:’-
ber of dard
Station name and number sam- Mink- Maxl- devia error
plea Mean Median mum mum tion of
mean
Gila River near Redrock, N. Mex.
(09431500) ....cccecerevemeerecrreerirnenmesnnres 141 328 34.0 <1.0 49.0 8.07 0.68
San Francisco River near Clifton
(09444600) .......ccccovevreeeenreeeirrneeseasnnennes 109 30.6 30.0 2.0 79.0 991 95
Gila River at Calva (09466500) .............. 142 341 280 30.0 810 236 19.8
Gila River at Winkelman (09470000)..... 85 138 120 56.0 530 70.6 7.65
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) .................. 38 314 350 99.0 450 102 16.6
Pinal Creek at Inspiration Dam, near
Globe (09498400) .......cocvrrrrrmmmnneeecaecns 100 1,790 1,800 760 2,200 232 23.2
Salt River near Roosevelt (19498500).... 145 94.5 94.0 6.0 200 454 3.77
Salt River below Stewart Mountain
Dam (09502000) ......cccvemrevrervernnreerseenens 130 55.8 55.0 38.0 220 16.5 1.44
Agua Fria River near Rock Springs
(09512800) ..oovereerrrceseerienesrinrnren e 80 74.9 72.0 38.0 120 18.1 2.03
Agua Fria River below Waddell Dam
(09513600).....cocviercecrirerrrcririeer e enenan 38 573 56.0 40.0 80.0 9.4 147
Gila River above diversions, at
Gillespie Dam (09518000)................... 126 556 555 220 1,100 246 219
Gila River near Dome (09520500).......... 46 415 415 83.0 830 207 30.5
Gila River near mouth, near Yuma
(09520700)........cccvvervenirieseneansernessersrans 183 444 480 100 650 132 9.77
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Table 13. Results of seasonal Kendall tau test on flow-adjusted dissolved sulfate

[Resulis follow the general linear model form f(c)=B,+B; *f(Q)+€, where f(c)(LIN) or f(¢)=In(c)(.LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+p Q) NR=No
relation between concentrations and discharge. <, less than. The p value is the probability of rejecting the null hypothesis of no trend in the
water-chemistry constituent. Dashes, data are not flow adjusted]

Ordinary ieast-squarea
regression analysls using
concentration of dissolved

sulfate as a function of

Seaaonal Kendall tau test on
flow-adjusted concentration data

discharge
Station name and number
Concen-
2 Median, trations,
s N in miili- n mitil-
fe)Q) percent grama grams p value
per liter per liter
pert year
Gila River near Redrock, N. Mex. (09431500).. LIN/HYP 30.6 34.0 -0.09 0.0013
San Francisco River near Clifton (09444600) ... LINHYP 10.0 30.0 -02 .6058
Gila River at Calva (09466500).......ccccovverenen. LIN/HYP 75.5 280 -.05 0679
Gila River at Winkelman (09470000) ............... LOG/LOG 25.7 120 -.05 2139
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) ....ccocoveaveeenurivnnne LOG/HYP 72.0 350 1.34 0153
Pinal Creek at Inspiration Dam, near
Globe(09498400) .........cccvrrrmecrerreneecirereesnenes LOG/LIN 60.5 1,800 55 .0023
Salt River near Roosevelt (09498500)................ LOG/LOG 74.0 94.0 10 2322
Salt River below Stewart Mountain Dam
(09502000) .....coecoeeeveermrirecernieereenserasesessansanenne LIN/NR --- 55.0 -.07 .8286
Agua Fria River near Rock Springs
(09512800)..c0cceiitirvinirremrerscressrenstssansnerasssserens LIN/HYP 22.5 72.0 -44 <.0001
Agua Fria River below Waddell Dam
(09513600) ......c.iiireerereereree e emeeaesssnrnemneeesnsnaes LIN/LIN 13.6 56.0 -.19 4623
Gila River above diversions, at Gillespie Dam
(09518000) ...creeeeecrrreecerreseerenernscsssrnameesseseennns LIN/LOG 70.8 555 -.08 0202
Gila River near Dome (09520500).........cccu...... LOG/HYP 80.8 415 02 9032
Gila River near mouth, near Yuma
(09520700) ......ceecvevvrirerceennreecsnnirernes eereereeeens LIN/LOG 77.5 480 a2 0572
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Tabie 14. Summary statistics for dissolved chloride used in time-trend analysis

Num- Dissolved chloride, in milligrsms per liter Stan- ?‘t:r;
Station name shd number ber of dsrd err:'»r
sam- Minl- Msxi- devis-
ples Mean Median mum mum tion of
mean
Gila River near Redrock, N. Mex.

(09431500).......ceeeeereecr e reerreeees v reene 141 11.8 12.0 2.0 440 5.02 042
San Francisco River near Clifton ' .

(09444600) .........cuooeeereeeeeeceerreeneeerresnenneens 83 257 230 16.0 870 172 18.8
Gila River at Calva (09466500).................. 145 786 590 31.0 2,200 606 503
Gila River at Winkelman (09470000)......... 49 255 210 11.0 1,200 218 31.1
San Pedro River below Aravaipa Creek,

near Mammoth (09473100) ......cceccrveeenenee 37 41.1 48.0 9.6 59.0 153 2.52
Pinal Creek at Inspiration Dam, near

Globe (09498400) ....ccccceveeccerrrnneen. areneee 99 753 710 31.0 110 204 2.05
Salt River near Roosevelt (09498500)........ 113 465 390 33.0 1,500 324.0 30.5
Salt River below Stewart Mountain Dam

(09502000} .......cceceerreecerrivercereersnesseessssenss 130 164 160 37.0 360 71.1 6.24
Agua Fria River near Rock Springs ,

(09512800) ......ccceeemrereriransinnnrrreeeseessnsaens 80 31.8 33.5 12.0 50.0 8.66 97
Agua Fria River below Waddell Dam

(09513600) ......ceeeeerererirnnrrntecsanreseenesneeene 38 24.7 24.0 16.0 40.0 5.31 86
Gila River above diversions, at Gillespie

Dam (09518000) ......ccocerveerirnrersecenereenes 128 903 920 20.0 1,600 348 30.7
Gila River near Dome (09520500).............. 45 689 610 70.0 1,600 436 65.0
Gila River near mouth, near Yuma

(09520700) ......cocrvrermeerceneaeeesrrcresesenenenneas 184 597 630 150 1,200 192 14.1
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Table 15. Results of seasonal Kendall tau test on flow-adjusted dissolved chloride

[Resulis follow the general linear model form f(c)=B,+ B, *f(Q)+€, where f(c)(LIN) or f(c)=In(c)(LOG) and £(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=1n(Q); inverse (INV), £(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+BQ); NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constiuent. Dashes, data are not flow adjusted]

Ordinary ieast-aquarea
regression analysis using
concentration of
diaaoived chioride aa a

Seaaonal Kendall tau teat on
flow-adjusted concentration data

function of diacharge
Station name and number Co
Median,  -thoon
rationa, in
fle)yf(Q 7, in I r;n “2- mtill- value
(e/Q) percent m grama P -
per per ilter
liter
per year
Gila River near Redrock, N. Mex. (09431500)......... LOG/HYP 47.1 12.0 0.07 0.0220
San Francisco River near Clifton (09444600) .......... LIN/INV 88.2 230 -01 8491
Gila River at Calva (09466500).........cccceeuervecennene. LIN/HYP 76.7 590 -07 0054
Gila River at Winkelman (09470000) ...................... LOG/LOG 15.6 210 -12 2653
San Pedro River below Aravaipa Creek, near
Mammoth (09473100) ....ccceccrininiinninencsenniessenens LIN/HYP 67.1 48.0 A1 5085
Pinal Creek at Inspiration Dam, near Globe
(09498400) ...couerreenrsecrmnecrsecreasacsrassesnssnssessaesasssernases LOG/HYP 214 770 1.76 <.0001
Salt River near Roosevelt (09498500)........ccccccvueeu.n. LIN/INV 83.0 390 03 0123
Salt River below Stewart Mountain Dam
(09502000) ..cvvrereeeerecnrranrersersrcaneneeresssssrosesasessenns LIN/NR —— 160 00 1.0000
Agua Fria River near Rock Springs
(09512800) .eeueemmrerseerrrsrecnssrnsonsasssnsassassassarsesssesaeres LIN/HYP 48.2 335 -36 <.0001
Agua Fria River below Waddell Dam
(09513600) ..cceverrernererinrresreaesnceerasstersscsessesenssssssenns LIN/LIN 14.1 24.0 06 1.000
Gila River above diversions, at Gillespie Dam
(09518000) .....cccorererrecersnscerarssnsseaserssmnesenssnscassanes LIN/LOG 69.5 920 -.05 0241
Gila River near Dome (09520500)......cccecvreeeeerncenees LIN/HYP 48.7 610 -02 7972
Gila River near mouth, near Yuma
(09520700) ..oovoneeeemrecerinene e cssasneee e s sesanes LOG/LIN 77.1 630 .16 .1805
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Table 16. Summary statistics for total ammonia plus organic nitrogen used in time-trend analysis

[<, less than]

Total ammonia piua organic

Num- nitrogen (ss nitrogen), in miliigrama Stan- Stan-
ber per liter dard dard
Station name snd number of devia- error
asm- Minl-  Maxi-  tlon of
plea  Mean Median mum  mum mean
Gila River near Redrock, N. Mex.
(09431500) .....cceeeeecercrcrereemece e emesen e ameersenenaaenes 77 0.80 0.47 0.10 11.0 1.52 0.17
San Francisco River near Clifton
(09444600) ......0oreerreremcracarerraesersnsesesssasssnsassnesseseens 83 1.08 40 .01 18.0 2.82 31
Gila River at Calva (09466500)........c.ccceenerrereeneenenes 142 2.01 .80 10 74.0 6.62 56
Gila River at Winkelman (09470000)...........c.cocvrenn 81 132 .85 .10 11.0 1.72 .19
San Pedro River below Aravaipa Creek, near
Mammoth (09473100) ....cccoevevecrerrenrcnnsensesessecsenas 37 4.80 .80 .30 47.0 11.8 194
Pinal Creek at Inspiration Dam, near Globe
(09498400) ....covecerrrreccesnmnnererresnearsseessssseesssssssenseseas 84 64 .60 <.01 2.00 35 04
Salt River near Roosevelt (09498500)........... eresuene 148 57 40 01 3.50 53 .04
Salt River below Stewart Mountain Dam
(09502000) ....c.c0rieereeesrermrsrsnsceesscraerssssesssarassasssnssenns 119 50 40 03 2.90 43 04
Agua Fria River near Rock Springs
(09512800) ...eeveevererrereressnorerersscnessrssssesmsnssesnssssssans 81 64 40 10 6.20 1.04 A2
Agua Fria River below Waddell Dam
(09513600) .....cerrrrerensrssrisrireniesnsrerassssssssmssssestsanaas 38 .60 50 30 1.40 26 .04
Gila River above diversions, at Gillespie Dam
(09518000) ......cccereermrmrerimserensmrneresrasassssmssesssessssnens 125 4.56 3.70 .60 17.0 2.94 26
Gila River near Dome (09520500)........ccceccenmirvernnne 62 72 .60 10 2.00 36 .05
Gila River near mouth, near Yuma
(09520700) .....ouverierarriesinesnsnesriramsansessasssasssssssssansnes 82 a7 67 18 3.80 52 06
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Table 17. Results of seasonal Kendall tau test on flow-adjusted total ammonia plus organic nitrogen

[Results follow the general linear model form f(c)=8,+ B,f(Q)+¢, where f(c)(LIN) or f(c)=In(c}LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), £f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+ B Q); NR =No
relation between concentrations and discharge. <, less than. The p value is the probability of rejecting the null hypothesis of no trend in the
water-chemistry constituent. Dashes, data is not flow adjusted]

Ordinary least-squares

regression analysis using
concentrstion of total Sessonsi Kendall tsu test on
ammonia plus organic fiow-adjusted concentrstion data

nitrogen (as nitrogen) aa a
function of disoharge

Station nsme and number

Concen-
2 Median, trations,
, in inmilil~  in milli-
feyt(Q) percent grsms grsms P vsiue
per iiter  per liter
per year
Gila River near Redrock, N. Mex. (09431500).. LIN/LIN 10.6 0.47 -.01 0.7041
San Francisco River near Clifton (09444600).... LIN/NR ——- 40 02 0660
Gila River at Calva (09466500) ..........ccercveecnnne LIN/NR - .80 <01 9095
Gila River at Winkelman (09470000) ............... LIN/NR - .85 -02 5273
San Pedro River below Aravaipa Creek, near
Mammoth (09473100) .....cccevivvrnnrreneerccaccnnns LOG/HYP 49.3 .80 .05 2843
Pinal Creek at Inspiration Dam, near Globe
(09498400) .......cccvvrrrnercrrrreeirssennnansrensesesons LIN/NR - .60 -03 4786
Salt River near Roosevelt (09498500) ............... LIN/NR -——-- 40 <01 7527
Salt River below Stewart Mountain Dam
(09502000) ....000c0ereereeeiiersesmsceesresaanenceanesassenns LIN/NR ——--- 40 <.01 7356
Agua Fria River near Rock Springs
(09512800) ....ccuecirerceeneeeecessnesssecesas e s e sannnens LIN/HYP 12.5 40 -02 8159
Agua Fria River below Waddell Dam
(09513600)......ccocecerereceercseesetesmeneresnssneeae LIN/NR —— 50 -05 0281
Gila River above diversions, at Gillespie
Dam (09518000) ......ccccevervreevnnineecesreesenrenesaeens LIN/NR - 3.70 -04 5287
Gila River near Dome (09520500) .......ccccceueeenne LIN/LOG 13.3 .60 06 2963
Gila River near mouth, near Yuma
(09520700) .....oveeceeceenreenenraerensteenessnsssssnnnes ‘ LIN/HYP 14.6 .67 10 0639
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Table 18. Summary statistics for total phosphorus used in time-trend analysis

[<, less than]
Num- Total phosphon:lst,elrn milligrams per Stan- ?’tan-
ber of dard srd
Station name and number error
iy Mink  Maxt- S0V of
ples Mean Median mum um tion mean
Gila River near Redrock, N. Mex.
(09431500)......cccoreeeeirrecrerirerseeserseeseseesensnssnsernes 77 0.25 0.09 0.02 4.40 0.73 0.08
San Francisco River near Clifton
(09444600) ......ccorerrieerrceccenrerarsassionssnssesnssenaneens 82 S0 10 01 7.90 1.48 .16
Gila River at Calva (09466500)...........cceceverenenen 146 98 19 01 21.0 2.75 23
Gila River at Winkelman (09470000).............c.. 85 37 16 <.01 7.30 1.00 11
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) .........cccevriccevannns 37 2.25 08 02 400 7.73 1.27
Pinal Creek at Inspiration Dam, near Globe
(09498400) .....cvveveiveecermrieernrrressserearessssesassnesasans 84 10 07 <.01 66 10 01
Salt River near Rooseveit (09498500).........cvnc.. 149 14 .06 <01 3.80 34 .03
Salt River below Stewart Mountain
Dam (09502000) .........cceeervemsninenssussemssessensssseses 120 A1 03 01 8.30 75 07
Agua Fria River near Rock Springs
(09512800) ..eeoeerereeireserrrene s e reesnesnses sesasseensones 81 69 .06 01 39.0 4.39 49
Agua Fria River below Waddell Dam
(09513600) ....cceerereerenrecersnorecerenssessrarsesasesesasansens 38 06 06 01 16 .03 01
Gila River above diversions, at Gillespie Dam
(09518000) ......ccuveerererereemsensrrsesrnsnesassssesrerassesasses 130 193 1.70 10 5.00 1.03 09
Gila River near Dome (09520500)......ccccceeververanee 62 10 02 <01 2.00 28 04
Gila River near mouth, near Yuma
(09520700) c.ecorvrnererererereressesrersesasnsessessssrassessenesns 86 10 .06 <01 1.00 15 .02
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Table 19. Results of seasonal Kendall tau test on flow-adjusted total phosphorus

[Results follow the general linear model form f(c)=b + b,*f(Q)+e, where f(c)(LIN) or f(c)=In(c)}(LOG) and £(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), £(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+ b Q) NR=No
relation between concentrations and discharge. <, less than. The p value is the probability of rejecting the null hypothesis of no trend in the
water-chemistry constituent. Dashes, data are not flow adjusted]

Ordinary least-aquarea
regreasion analysia uaing
concentration of total flow-adjusted concentration data
phoaphorua aa a function of s
diacharge
Station name and number
Median,  Concen-
2 in in migi-  'retiona, in
f(c)/K(Q) per,cen t grama milligrama p value
per liter per iiter
per year
Gila River near Redrock, N. Mex.
(09431500) .....coccecrirvmreecemrsnsnrscrnnrencsiscesensonenes LIN/LIN 42.6 0.09 -0.01 0.1043
San Francisco River near Clifton
(09444600) ......cccocennrrninrririranssscrmsnrensnsscesens LOG/LOG 14.6 .10 -05 0266
Gila River at Calva (09466500)............ccceveueenene LOG/HYP 39.1 19 -.06 0333
Gila River at Winkelman (09470000) ............... LOG/LOG 17.6 16 -13 0447
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) ........ccovenvenerrncnnnee. LOG/LOG 63.2 .08 -22 1220
Pinal Creek at Inspiration Dam, near Globe
(09498400) ....cccuureeeecriecrccrnemrerrasaresecsscsssnsenas LIN/LIN 48.5 07 -.06 1140
Salt River near Roosevelt (09498500)................ LOG/LOG 134 .06 -.05 1948
Salt River below Stewart Mountain Dam
(09502000) .....oceenreereneriernenmresensresesressnsasssessans LIN/NR — .03 <-.01 1017
Agua Fria River near Rock Springs
(09512800) ....ucceirvevcnnrannsesnesiresnenienesenenesissenans LOG/LOG 14.5 .06 -01 9073
Agua Fria River below Waddell Dam
(09513600) ......oocreeeecereeeteerencee e rsaesesanecaconas LIN/LIN 23.6 .06 .03 7527
Gila River above diversions, at Gillespie Dam
(09518000) ... ceecrreeerenrerrsrtinmnees e cercrseesmnanaesens LOG/HYP 22.8 1.70 -.05 1139
Gila River near Dome (09520500) .................... LIN/LIN 68.1 02 -05 5309
Gila River near mouth, near Yoma
(09520700) ..crveveverreeaenemsecsnnenntonssensionisssseeenss LIN/LIN 49.5 .06 01 7442
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Table 20. Summary statistics for dissolved arsenic used in time-trend analysis

{Dashes, no value computed]
Num- Dissolved araenlﬁ,t ;r: mlcrograms per Stan- s;t;.;-
ber of dard
Station name and humber error
sam- Mini- Maxle devia- of
ti
ples Mesn Median mum mum on mean
Gila River near Redrock, N. Mex.
(09431500) ....eeceeeeereieerreeerre e emaensasasrseeses 45 1.74 2.0 <1.0 4.0 1.02 0.15
San Francisco River near Clifton
(09444600) .........oeverecemererrersierasiireessrnsasasssees 25 2.40 20 1.0 40 76 15
Gila River at Calva (09466500)..........ccccrnvenrnene 88 4.38 4.0 <1.0 8.0 1.27 14
Gila River at Winkelman (09470000)................ 1 ---- —_— 7.0 7.0 ---- ----
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) ........ceeeveeerereenns 22 4.47 50 <1.0 7.0 1.53 33
Pinal Creek at Inspiration Dam, near
Globe (09498400) ......cvvvereereerereersssrassasesossens 24 A Q) <1.0 1.0 ) Q)
Salt River near Roosevelt (09498500).............. 48 3.55 35 <1.0 6.0 1.56 22
Salt River below Stewart Mountain Dam
(09502000) .......ceererrerrmencrmrassssnsmssnssnoressssessens 70 2.93 3.0 2.0 6.0 a5 .09
Agua Fria River near Rock Springs
(09512800) ......ococervercerrecarnssarmmmnrossernesraenvesses No data collected at this site.
Agua Fria River below Waddell Dam
(09513600) ...c.coeererrrrrensnccrneessieesessnassessnsnases 38 11.1 i1 7.0 16 2.54 41
Gila River above diversions, at
Gillespie Dam (09518000).......c.cccrvcrnceerrarennee 80 9.02 9.0 4.0 14 1.86 21
Gila River near Dome (09520500)........ecovsvsrre 1 6.91 60 40 10 221 67
Gila River near mouth, near Yuma
(09520700) ....ccceeercreerecrnrrensacsnenmierecsassssessesnaas 35 6.63 10 4.0 20 3.28 56

IData set consists of more than 50 percent of values reported as less than values.
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Table 21. Results of seasonal Kendall tau test on flow-adjusted dissolved arsenic

[Results foliow the general linear model form f(c)=B,= B,*f(Q)+€, where f(c) (LIN) or f(c)=In(c) (LOG) and £(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), £(Q)=1/(1+BQ) NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constituent. Dashes, data are not flow adjusted]

Ordinary ieaal-squares

regression analysla ualng Seasonal Kendall tau test on
concentration of dissolved fiow-adjuated concentration
araenic aa a function of data
discharge

i d b
Station nhame and number Median, Concen-

2 in trationa,
y in micro- In micro-
feyH(Q) perceni grama grama p vaiue
per per liter
ilter per year

Gila River near Redrock, N. Mex.

(09431500) .....ccoerrmneerurenrcnsrrseecsecaeraesaesseessssssessesnsas LIN/NR —— 2.0 <0.01 0.4328
San Francisco River near Clifton

(09444600) ...ccverrerrerernrirnrrrerreseesassasrrsssnsessassesasseesans LOG/LOG 473 2.0 37 5403
Gila River at Calva (09466500) ...ccccccvecvecererervensensarnnne LIN/LIN 15.2 4.0 04 .1003
Gila River at Winkelman (09470000)......ccccerneeeereesecen Insufficient data.
San Pedro River below Aravaipa Creek, near

Mammoth (09473100) ......ecveererrirciirrenrecnreninnsnneneenas LOG/LIN 68.3 5.0 -.57 2207
Pinal Creek at Inspiration Dam, near Globe

(09498400) ......ccourerremmmcererssnesssessnsnesssrssssssasssssssenssnass ) Q) e M )
Salt River near Roosevelt (09498500) ........cccceerecne. LOG/LOG 65.6 35 -14 5482
Salt River below Stewart Mountain Dam

(09502000) .....oeeerecrrcrrcerreeseessssntecnsasseasssseanasnsesenns LIN/NR --- 3.0 <.01 2189
Agua Fria River near Rock Springs

(09512800) .....eeveeerriinrienreeneerasnseneeenessessasseseenessssaesns No data collected at this site.
Agua Fria River below Waddell Dam

(09513600) ......cccereireeeicicinriecresnssnerecraesnerassessteanes LIN/NR —— 11 .50 1304
Gila River above diversions, at Gillespie Dam

(09518000) .....cccevtereerrrenenrrressussrasnssesnsssrssesnsssassassssens LOG/LOG 242 9.0 .01 9604
Gila River near Dome (09520500) ......cccoveimmemmcencrnans LIN/LIN 18.1 6.0 50 3261
Gila River near mouth, near Yuma

(09520700) ...t cteiee e sissetesesenesaassanennes LOG/INV 36.8 10 -15 4831

Data set consists of more than 50 percent of values reported as less than values.
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Table 22. Summary statistics for dissolved barium used in time-trend analysis

[<, less than]
Num- Dissolved barlum, in microgrsms S Stsn-
ber per liter d""" dsrd
ard

Ststion nsme snd humber of devie- error

88" \lean Medisn Minl-  Msxi- tion of
pies mum mum mean

Gila River near Redrock, N. Mex.

(09431500) ...t ctanesre s s aeas 41 235 20.0 6.0 50.0 10.1 1.58
San Francisco River near Clifton

(09444600) ....ccovmvererrmeeeicrrtesres s e ssre v aanas 24 40.0 34.0 120 100 211 4.30
Gila River at Calva (09466500).......cccccceceererruanens 75 959 56.0 15.0 600 92.1 10.6
Gila River at Winkelman (09470000).................. No data collected at this site.

San Pedro River below Aravaipa Creek, near

Mammoth (09473100) ..o e eeeenenvenreemeemeesenns 22 664 63.0 29.0 130 21.6 4.61
Pinal Creek at Inspiration Dam, near Globe

(09498400) ...ccuvceierreereenrimamirssarvesssarsessassssssnnenes 24 478 26.8 12.0 200 48.9 9.98
Salt River near Roosevelt (09498500)................. 47 477 . 394 15.0 200 32.6 4.76
Salt River below Stewart Mountain Dam

(09502000) ........cccurevrrreveenserserrossnereeseesssmsssanens 61 575 52.0 37.0 240 314 4.03
Agua Fria River near Rock Springs

(09512800) ...ueccrerrirreiricreeenaeesisseeseseesenssesessens No data collected at this site.

Agua Fria River below

Waddell Dam (09513600).......cc.coceeirererenienersnnne 38 564 57.0 38.0 81.0 8.98 1.46
Gila River above diversions, at Gillespie ,

Dam (09518000) ......cocenerceerrierneenennenesseesacssasens 72 100 100 <10 500 84.7 9.98
Gila River near Dome (09520500)........cccceeeeveenene 11 128 100 55.0 200 69.6 21.0
Gila River near mouth, near Yuma

(09520700) ..ecciureeerrirereecereasereesresnsesasssmsssesannsaes 20 137 100 60.0 500 121 27.1
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Table 23. Results of seasonal Kendall tau test on flow-adjusted dissolved barium

[Results follow the general linear model form f(c)=P+ B,f(Q)+&, where f(c)(LIN) or f(c)=In(c)(LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+ B Q); NR=No
relation between concentrations and discharge. <, less than. The p value is the probability of rejecting the null hypothesis of no trend in the
water-chemistry constituent. Dashes, data are not flow adjusted]

Ordinary leaat-squarea
regreaaion analysia uaing
concentration of diaaocived

barium as a function of

Seaaonal Kendall tau test on
fiow-adjusted concentration data

discharge
Station name and number Concen-
2 Median, trationa, in
, in in micro- micro-
HevkQ) percent grams grama per p value
per liter iiter per
year

Gila River near Redrock, N. Mex.

(09431500) .....ccceereeceereirrnennreeesnesssesarsessesssanaans LOG/HYP 16.9 20.0 -0.10 0.1830
San Francisco River near Clifton

(09444600) ........ccocvevirverrnrrenresresressessississasaensens LIN/INV 833 34.0 23 2888
Gila River at Calva (09466500).......c.ccccoeveerunennne LOG/LOG 58.9 56.0 -01 9712
Gila River at Winkelman (09470000) .................. No data collected at this site.
San Pedro River below Aravaipa Creek, near

Mammoth (09473100) ........cccoverrvmrcrrnrerereereerenne LOG/HYP 30.1 63.0 <.01 1.000
Pinal Creek at Inspiration Dam, near

Globe (09498400) ......cccocuerervevenrenseccresecsensennnans LIN/NR -—--- 26.8 <01 2482
Salt River near Roosevelt (09498500)................... LOG/LOG 18.3 39.4 -20 .0461
Salt River below Stewart Mountain Dam

(09502000) ....ceeeurneecrririnreneenrenresnesesssssssensenseeenes LOG/HYP 17.1 52.0 -06 1458
Agua Fria River near Rock Springs :

(09512800) .....ccoccerreerrneeeneereceaserrersersssssessnssessanes No data collected at this site.
Agua Fria River below Waddell Dam

(09513600) .....eervreveerereinnensererssnssnessssasonsssssssnnsas LOG/LIN 13.1 57.0 -.20 1722
Gila River above diversions, at Gillespie Dam

(09518000).......ccoeverreeirerenrrrcercanae s ssessesraennenes LIN/NR - 100 -3.57 0485
Gila River near Dome (09520500) ........ccooevvennnneee LIN/HYP 63.4 100 <01 1.000
Gila River near mouth, near Yumna (09520700) ... LOG/LIN 123 100 -.16 4473
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Table 24. Summary statistics for total boron used in time-trend analysis

{Dashes, no value computed]
Num- Total boron, in micrograms per liter s Stan-
ber- tan- dard
dard
Station name and number of Mini Maxi devia- error
aam- Mean  Median sl axi- don of
ples mum mum mean
Gila River near Redrock, N. Mex.
(09431500).........cooiceeceerieinenceeteesresessnemas 2 40 40 40 40.0 - -
San Francisco River near Clifton
(09444600) .......cccerrcrerrereemrerseesnnsssessnsasens 45 151 150 50 270 47.6 7.09
Gila River at Calva (09466500) ...........cc.e-.- 64 674 705 110 1,300 355 444
Gila River at Winkelman
(09470000) .......cccerereeree e ereseninrerseceesnensanens 43 249 230 80 810 144 219
San Pedro River below Aravaipa
Creek, near Mammoth (09473100)........... 7 273 250 220 330 43.1 16.3
Pinal Creek at Inspiration Dam,
near Globe (09498400) ........ccceeeieeeieeinnnne 12 99 105 60 130 20.2 5.83
Salt River near Roosevelt
(09498500) .......cceviirmerrrrnisennecsnnesneceniees 65 275 230 30 3,300 398 49.4
Salt River below Stewart Mountain
Dam (09502000) ....ccorremvemnriecrnscerreesereennas 2 185 185 140 230 ceaee memen
Agua Fria River near Rock Springs
(09512800) ....cceeveurrerecreesverinssneraessncsnnsnns 79 155 160 <10.0 300 51.6 5.81
Agua Fria River below Waddell
Dam (09513600) .....crveerericrmrmnarerrsessmsnivenes 38 115 110 60 200 29.8 4.84
Gila River above diversions, at
Gillespie Dam (09518000).........ccocvvovunnne 38 2,310 2,000 180 22,000 3,380 548
Gila River near Dome (09520500).............. No data collected at this site.
Gila River near mouth, near Yuma
(09520700).....c00e e ceereereeinasinenessessranssneaeas 11 618 710 270 930 226 68.0
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Table 25. Results of seasonal Kendall tau test on flow-adjusted total boron

[Results follow the general linear model form f(c)=B,+ B, *f(Q)+€, where f(c)(LIN) or f(c)=In(c}LOG) and f(Q) is one of the following functions
of water discharge: linear (LLIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+ B Q); NR=No
relation between concentrations and discharge. <, less than. The p value is the probability of rejecting the null hypothesis of no trend in the
water-chemistry constituent. Dashes, data are not flow adjusted]

Ordinary leaat-aquares
regreasion analysis using Seasonat Kendaii tau teat on
concentration of totai boron flow-adjusted concentration data

aa a function of discharge

Station name and number Concen-
Median, trations
2, in in micro-  in micro-
Ke)ykQ) percent grams grama p vaiue
per liter per liter
per year
Gila River near Redrock, N. Mex.
(09431500) ......oeeeeeccerececcccerreceeeresescescanenennes Insufficient data.
San Francisco River near Clifton
(09444600) .........ooovirecierrecenrccereserccenseasnasnnesenans LIN/INV 514 150 0.24 0.5163
Gila River at Calva (09466500)........cccccuereecereernnns LINHYP 65.0 705 -02 .6235
Gila River at Winkelman (09470000)............c.ccu.. LOG/LIN 242 230 -30 0315
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) ......ccevemveccrerrcreneancee Insufficient data.
Pinal Creek at Inspiration Dam, near Globe
(09498400) ......coreverecrcreceecccrernensennesseecrsesasnseseenes Insufficient data.
Salt River near Roosevelt (09498500) .................... LOG/LOG 554 230 -12 2450
Salt River below Stewart Mountain Dam
(09502000) .....ccouereecereenrrarcaennrssaseesessenseassssnsasanes Insufficient data.
Agua Fria River near Rock Springs
(09513800) .....ccrverererecnrenereaseaereceessansecsessassaennans LIN/HYP 19.9 160 -29 <.0001
Agua Fria River below Waddell Dam
(09513600).....cccoereeurcrrenrecriecsesnanssessisasasensasnase LIN/LOG 10.5 110 -11 1722
Gila River above diversions, at Gillespie Dam
(09518000) ......c.cerrereeeeaerenerenesanersnesessanesassesassnsees LOG/LOG 61.2 2,000 06 .6692
Gila River near Dome (09520500) ...........ooevevenenee No data collected at this site.
Gila River near mouth, near Yuma
(09520700) ..o ceceeem e msmemesseemeaneneeseaens LIN/LIN 87.6 710 -17 TJ728
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Table 26. Summary statistics for dissolved chromium used in time-trend analysis

[<, less than]

Num- Dissolved chromium, in microgrsms s Stan-
ber per liter dtsr:’- dsrd
Station nsme and number of d :\:is- error
sam- Mini- Msxi- of
ples Mean Medisn mum mum tion mean
Gila River near Redrock, N. Mex.
(09431500) ......ccorreeirrr et cereasstrasesmesessanssseens 36 0.41 0.02 <1.0 10.0 1.65 0.28
San Francisco River near Clifton
(09444600) ........eeceeeerrcrrceeeesesrssetssaeneeesesimsesnas 24 78 .67 <1.0 2.0 45 .09
Gila River at Calva (09466500)..........cccecevuernenne 85 1.59 .56 <1.0 10.0 2.81 30
Gila River at Winkelman (09470000).................. 24 1.32 42 <1.0 10.0 2.20 45
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) ....ccocevevnvrreerenrencan. 30 1.22 31 <1.0 10.0 2.50 548
Pinal Creek at Inspiration Dam, near
Globe (09498400) ...eceeverrenenecrnncnneseenseseesens 36 1.81 1.20 <1.0 5.0 1.30 32
Salt River near Roosevelt (09498500)................. 72 94 53 <1.0 10.0 1.35 .16
Salt River below Stewart Mountain
Dam (09502000) .....cc.ccevreruirnvennerseramarseesnaseerean 55 .68 24 <1.0 10.0 1.50 20
Agua Fria River near Rock Springs
(09512800) ..eeccrrrenerrineenecccrnenreresmsmennaesaeseresaces No data collected at this site.
Agua Fria River below Waddell Dam
(09513600)....civeieennernrnrecrerienresersnsssesceesnesnaes 38 1.99 1.01 <1.0 10.0 2.62 43
Gila Rjver above diversions, at
Gillespie Dam (09518000)........ccccovevioenemsessrnnns 83 2.19 1.00 <1.0 20.0 3.17 35
Gila River near Dome (09520500)..........cccoevreeene. 11 132 14 <1.0 10.0 295 .89
Gila River near mouth, near Yuma
(09520700) ... ccenaerre et sreese s msssnessesasssnenas 20 5.70 3.98 <1.0 20.0 4.53 1.01
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Table 27. Results of seasonal Kendall tau test on flow-adjusted dissolved chromium

[Results follow the general linear model form f(c)=P,+ B, *f(Q)+€, where f(c)(LIN) or f(c) = In(c}LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (AINV), f(Q)=1/Q; hyperbolic (HYP), £(Q) = 1/(1+ B Q); NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constituent. Dashes, data are not flow adjusted]

Ordinary least-squsres
regression snalysis using
concentrstion of dissolved
chromium as a function of

Sessonsi Kendsll tau test on
fiow-adjusted concentration data

dischsrge
Station nsme snd number
Concen-
2 Median, trstions in
, in in micro- micro-
feyHQ) percent grams grsms per p value
per liter liter per
year

Gila River near Redrock, N. Mex.

(Y B0 LIN/NR 0.02  None! 0.8445
San Francisco River near Clifton

(09444600) ......ooeevreeecerssressssssssesseresesseans LIN/NR 67  Nonel 1336
Gila River at Calva (09466500)...............cccco.... LIN/NR 56  None! 9542
Gila River at Winkelman (09470000) .............. Insufficient data.
San Pedro River below Aravaipa Creek,

near Mammoth (09473100).......ccceeeevneerennne. LIN/NR 31  None! 8700
Pinal Creek at Inspiration Dam, near

Globe (09498400).......ocorvesreensescosssessresens LINHYP 215 120  Increasing 0005
Salt River near Roosevelt (09498500).............. LIN/NR 53 None! 8030
Salt River below Stewart Mountain Dam

(09502000) .......o.oesererersseenssssenssssnasnessssnnces LIN/NR 24  Increasing’ 0592
Agua Fria River near Rock Springs

(09512800) ..o eeaersrenr e e No data collected at this site.
Agua Fria River below Waddell Dam

(09513600) ...voeeervenrienersarennesssenssssesssssssssssenns LIN/NR 101  None! 2644
Gila River above diversions, at

Gillespie Dam (09518000).............ccoomrserrvenens LIN/NR —— 100  Increasing' .0549
Gila River near Dome (09520500) ................... Insufficient data.
Gila River near mouth, near Yuma

09520700) .....oooverereerserersnseesenssessasssssssssssns LIN/NR 398  None! 7303

ITrend-slope estimate not reported because of more than 50 percent less than values in the data set.
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Table 28. Summary statistics for suspended copper used in time-trend analysis

[<, less than]

Num- Suspended copper, in micrcgrsms per Stsn-
ber liter Stsn- dsrd
Staticn name of dard error
and number .. ] devia-
SSM"  Mean  Median  Mini- Maxi- tion of
pies mum mum mean
Gila River near Redrock, N. Mex.
(09431500) ..coouiveeviemermrcrneesceetesiintassaeeecnaeas 16 404 10.0 <1 410 101 25.2
San Francisco River near Clifton
(09444600) ........evrerieceeseecerrenesre e 6 27.7 22.0 3.0 63.0 21.5 8.77
- Gila River at Calva (09466500) .........cccccvreune 31 137 20.0 <5 1,500 317 56.9
Gila River at Winkelman (09470000)............. 8 20.2 18.0 10.0 310 7.34 2.60
San Pedro River below Aravaipa Creek, near
Mammoth (09473100)......ccccccvverecnericrennnees 8 6.75 55 <1 16.0 6.09 2.15
Pinal Creek at Inspiration Dam, near
Globe (09498400) ....c.coevreeererenecsereesesancnenes 8 155 76.0 40.0 490 171 60.5
Salt River near Roosevelt (09498500).............. 4 45.7 45.0 23.0 70.0 228 114
Salt River below Stewart Mountain Dam
(09502000) ...ueririremsveccermsmsccssmssssssresirnsasaees 26 531 3.0 <1 19.0 5.26 1.03
Agua Fria River near Rock Springs
(09512800) .....cceevrrerrmrennrenerenesssssssnsareensanas No data collected at this site.
Agua Fria River below Waddell Dam
(09513600) ......ccovcereruerenmrmeesennrnsesnsnsessesnsnane 17 6.58 4.0 <1 26.0 7.20 1.75
Gila River above diversions, at Gillespie
Dam (09518000).....cccreeeenerrcinieniiisinnenncaenne 26 19.2 10.0 <1 170 33.8 6.63
Gila River near Dome (09520500).................. No data collected at this site.
Gila River near mouth, near Yuma
(09520700) .......coovvercrenecrerinrensescsssnesneseenns 27 23.6 7.0 <1 440 834 16.1
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Table 29. Results of seasonal Kendall tau test on flow-adjusted suspended copper

[Results follow the general linear model form f(c)=B + B, *f(Q)+€, where f(c)(LIN) or f(c) = In(c)(LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), £(Q) = Q; logarithmic (LOG), f(c)=In(Q); mverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1 + B Q); NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constituent. Dashes, data are not flow adjusted]

Ordinary leaat-squarea
regression analyais uaing
concentration of suspended
copper as a function of

Seaaonai Kendaii tau teat on
flow-adjuated concentration data

discharge
Station name and number
Concen-
Median, trationa
2 in In micro-  In micro-
HeyHQ) percent grams grama p vaiue
per iiter per iiter
per year
Gila River near Redrock, N. Mex.
(09431500) ...eeeeeeececmrerecrncrirnens e recaeenses LIN/LIN 39.5 10.0 0.01 1.000
San Francisco River near Clifton
(09444600) ......coceriiveeccrenccnnsiarseensernsacensaes Insufficient data,
Gila River at Calva (09466500)..................... LOG/HYP 64.3 20.0 .06 .8882
Gila River at Winkelman (09470000) ........... Insufficient data.
San Pedro River below Aravaipa Creek,
near Mammoth (09473100)......cccccorvreereee. Insufficient data.
Pinal Creek at Inspiration Dam, near Globe .
(09498400) .....ccocnrenrecrenseernrnesssisnssasecnsecsesans Insufficient data.
Salt River near Roosevelt (09498500)........... Insufficient data.
Salt River below Stewart Mountain
Dam (09502000).....000c0mveeeerssrecscsmrusssecaccn LIN/NR ——n- 3.0 <.01 7237
Agua Fria River near Rock Springs
(09512800) ..cooeeeeecrnrceereccenereneeereraesenses No data collected at this site.
Agua Fria River below Waddell Dam
(09513600) .......cconenremernanmeressunresesracesnessansons LIN/NR —--- 4.0 -75 4884
Gila River above diversions, at Gillespie
Dam (09518000)........cccoememeeceeecerceacnrarnne LOG/HYP 10,7 10.0 -11 4636
Gila River near Dome (09520500) ................ No data collected at this site.
Gila River near mouth, near Yuma
(09520700) ....eeeenrerereciecrecrirr s tenneee LIN/NR -—-- 7.0 -.88 2587
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Table 30. Summary statistics for total copper used in time-trend analysis

[<, less than]
Num- Total copper, In micrograms per liter S Stan-
tan-
ber dard dard
Station name and number of error
sam- Mean Median Min}- ::z::; d::i: of
ples mum mean
Gila River near Redrock,
N. Mex. (09431500) ......ccccevrneene 19 372 7.76 3.0 420 94.9 21.8
San Francisco River near
Clifton (09444600).........oe..eovnee.. 110 229 265 <1 10,000 1,060 101
Gila River at Calva (09466500)..... 124 152 43.0 <1 3,200 361 324
Gila River at Winkelman
(09470000) ........coneererrcreneranannnee 83 712 30.0 <1 1,500 202 22.2
San Pedro River below Aravaipa
Creek, near Mammoth
(09473100) ..cncereereerceree e 22 159 14.5 <1 3,100 657 140
Pinal Creek at Inspiration Dam,
near Globe (09498400) .............. 98 269 95.0 <1 2,000 411 41.5
Salt River near Roosevelt
(09498500) .....coecreverernnsssenrserenens 147 323 12.0 <1 700 67.6 5.58
Salt River below Stewart
Mountain Dam (09502000)........ 62 7.86 6.0 <1 220 478 .61
Agua Fria River near Rock Springs
(09512800) .....ccocceeeremrneeennnnnnas 80 63.0 7.0 2.0 2,900 357 399
Agua Fria River below
Waddell Dam (09513600).......... 38 103 9.0 4,0 33.0 5.90 96
Gila River above diversions, at
Gillespie Dam (09518000).......... 128 25.8 15.0 <1 170 309 2.73
Gila River near Dome
(09520500) .....ccoceveecrnnrne s No data collected at this site.
Gila River near mouth, near
Yuma (09520700)........ccocvveevrene. 29 23.7 7.0 2.0 440 80.3 14.9
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Table 31. Results of seasonal Kendall tau test on flow-adjusted total copper

[Results follow the general linear model form f(c)=f,+ B, *f(Q)+€, where f(c)(LIN) or f(c)=In(c)(1LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c}=In(Q); mverse (INV), f(Q)=1/Q; hyperbolic (HYP), f{Q)=1/(1+ B Q); NR =No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constituent. Dashes, data are not flow adjusted]

Ordinary ieast-squares

regression anslysis using Seasonal Kendsli tau test on
concentrstion total copper ss s flow-adjusted concentrstion data
function of dischsrge
Station nsme and number Concen-
R Median, trations,
, In in micro-  In micro-
KeyfQ) parcent grsms grams p vslue
per liter per liter
per year
Gila River near Redrock, N. Mex.
(09431500) ...cceoeeeevrereeecrererrrneraeeceraernens LIN/LIN 413 7.76 0.01 0.6674
San Francisco River near Clifion
(09444600) ......coceveeeerecnesrerrrennrnmenee e LOG/LOG 17.0 26.5 .05 3266
Gila River at Calva (09466500).................... LOG/HYP 434 43.0 -.04 4196
Gila River at Winkelman (09470000) ......... LOG/LOG 14.6 30.0 05 7701
San Pedro River below Aravaipa Creek,
near Mammoth (09473100)..................... LOG/HYP 48.5 14.5 .63 .6056
Pinal Creek at Inspiration Dam, near
Globe (09498400).......ccccconrenreverenmsansnssenns LIN/HYP 35.3 95.0 -04 0597
Salt River near Roosevelt (09498500)......... LIN/NR -—-- 700 -.15 .6184
Salt River below Stewart Mountain
Dam (09502000)........co00000ereememeeceectanenses LIN/NR ——- 6.0 08 5815
Agua Fria River near Rock Springs
(09512800) ........ocvrreeeceremmrrmrreseeresneneesenes LOG/HYP 23.7 7.0 <01 9073
Agua Fria River below Waddell Dam
(09513600) ...covvnrriercrisinrencnssnnnesesisasasans LIN/NR - 9.0 -.63 .0327
Gila River above diversions, at
Gillespie Dam (09518000)......cccccoureeuencee LIN/NR ——- 15.0 -04 1001
Gila River near Dome (09520500) .............. No data collected at this site.
Gila River near mouth, near Yuma
(09520700) ....ocevcerrncrmnenrrsrennrreneeerrneasenss LIN/NR -—-- 7.0 -1.25 .0001
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Table 32. Summary statistics for dissolved lead used in time-trend analysis

[<, less than. Dashes, no value computed)

Num- Dissolved lead, in micrograma per liter Stan- Stan-
ber d ar:’ dard
Statlon name and number of , ar error
Mini- Maxi- devia-
aam- Mean Median i of
ples mum mum tion mean
Gila River near Redrock, N. Mex.
(09431500) ....orvveveremreeerrerrmasrrenrererrisnnssnseneses 41 1.39 1.00 <1.0 5.00 1.07 0.17
San Francisco River near Clifton
(09444600) ..cvuemmrenrcnrenernesersersersonersassassssneses 61 152 1.00 <1.0 12.0 1.86 24
Gila River at Calva (09466500)......c.ccoeveeeevereunnen 95 341 1.00 <1.0 70.0 8.78 91
Gila River at Winkelman
(09470000) «.cueiverrerirrereerrrsrresreressessasessessssnenns 37 1.69 1.00 <1.0 11.0 2.30 38
San Pedro River below Aravaipa
Creek, near Mammoth (09473100)..........cccuou.-. 33 1.46 1.00 <1.0 5.00 1.20 21
Pinal Creek at Inspiration Dam, near
Globe (09498400) .....cceceeerrcrarerrarrreerneneseesesases 60 1.53 1.00 <1.0 7.00 1.59 20
Salt River near Roosevelt (09498500)................. 84 1.76 1.00 <1.0 12.0 2.04 22
Salt River below Stewart Mountain
Dam (09502000)....cc.cccecrurerrnrrresrnecrcensanensensesnans 64 2.92 1.00 <1.0 60.0 7.69 96
Agua Fria River near Rock Springs
(09512800) ....cocerveeirirrrnrereasmsaseresesssessanessnenns No data collected at this site.
Agua Fria River below Waddell Dam
(09513600) ......cocvcverrerereeserereraecre e ensseennesnens 38 1.62 1.00 <1.0 16.0 2.66 43
Gila River above diversions, at
Gillespie Dam (09518000) ......c..oceeeerennecssassanes 98 1.27 .66 <1.0 120 1.73 17
Gila River near Dome (09520500).........cccocennvenne. 11 - - <1.0 7.00 ——— ————-
Gila River near mouth, near Yuma
(09520700) ..ceomeemeerirerererrerenrnesmeenssssssssnemssms e 25 6.30 2.0 <1.0 74.0 152 3.04
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Table 33. Results of seasonal Kendall tau test on flow-adjusted dissolved lead

[Resulis follow the general linear model form f(c) = B, + B;+f(Q) + &, where f(c) (LIN) or f(c) = In(c) (LOG) and £(Q) is one of the following
functions of water discharge: linear (LIN), f(Q) = Q; logarithmic (LOG), f(c) = In(Q); inverse (INV), f(Q) = 1/Q; hyperbolic (HYP), f(Q) = 1/(1 +
B Q) NR = No relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the
water-chemistry constituent. Dashes, data are not flow adjusted]

Ordinary least-squsres
regression snslysis using Sessonsi Kendsii tau test on
concentrstion of dissoived flow-sdjusted concentration data
lead ss s function of dischsrge

Station name and number

Medisn,  Conco™
2 in in micro- ’
f(c)/i(Q) in micro- p vsiue
percent grams
¢ fitet grsms per
pe ilter per year

Gila River near Redrock, N. Mex.

(09431500) ...uv.veveerrvmsrsccmsmmsassssmnssssesssesses LIN/NR 100  None! 0.3580
San Francisco River near Clifton

(09444600) .........oeoorererennireseersisssrsssssissas LIN/NR 1.00 Decreasing! .0005
Gila River at Calva (09466500).................. LOG/LOG 12.0 1.00 Decreasing! 0095
Gila River at Winkelman (09470000) ......... LIN/NR 1.00 None! 1.000
San Pedro River below Aravaipa Creek, ,

near Mammoth (09473100) ........cceeeseervrenes LIN/NR 1.00 None! 8918
Pinal Creek at Inspiration Dam, near Globe

(09498400) ......ouvvevvernereerermnmsesssssessessaens LIN/NR 1.00 Decreasing’ 0003
Salt River near Roosevelt (09498500).......... LIN/NR - 1.00 Decreasing’ 0190
Salt River below Stewart Mountain Dam

(09502000) ......oveureerrnirnremsvessrenesssssessasesanns LIN/NR 1.00 Decreasing! 0320
Agua Fria River near Rock Springs

(09512800) ...cuvvrrrrerrerrerrrennerneseeseonsssoseens No data collected at this site
Agua Fria River below Waddell Dam

(09513600) ....cceererrnesceessrmsiamarssesnnsssanns LIN/NR — 1.00 None! 9087
Gila River above diversions, at

Gillespie Dam (09518000).........coccovevenene. LIN/NR .66 Decreasing! 0171
Gila River near Dome (09520500) .............. Insufficient data.
Gila River near mouth, near Yuma

(2 RF24 {11 J O LIN/NR 2.00 None! 1007

Trend-slope estimate not reported because of more than 50 percent less than values in the data set.
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Table 34. Summary statistics for total lead used in time-trend analysis

[<, less than]
Num- Total lead, In micrograms per liter Stan- Star:’-
ber of dard dar
Station name and number aam- toan Median Mini- Maxi- devia- er:f:r
pies mum mum tion mean
Gila River near Redrock, N. Mex.
(09431500) ....ccoeiurirreeninrmcecenneeessnsresennen e smmssesens 23 20.1 50 <1.0 330 67.8 14.1
San Francisco River near
Clifton (09444600)........c.cocvvrcrvrrervmersrenrenreersserenenns 75 11.8 55 <2.0 84.0 164 1.89
Gila River at Calva (09466500)......cccovernirrereescennne. 121 26.6 8.0 <1.0 400 54.5 495
Gila River at Winkelman
(09470000) .....co.coeemerrerenrereeeemree e ssesesaserenssassasseasens 49 48.5 8.0 <1.0 700 128 183
San Pedro River below Aravaipa
Creek, near Mammoth (09473100)............ccoceeunn. 14 94.6 50 <1.0 790 234 62.5
Pinal Creek at Inspiration Dam, near
Globe (09498400) ......ccceccecemrrrrerracnenericrnsseesesansans 64 8.68 34 <1.0 60.0 129 1.61
Salt River near Roosevelt (09498500).........ccccoveue.en 113 133 4.1 <1.0 200 26.7 2.51
Salt River below Stewart Mountain
Dam (09502000) .....ccccrvrverernrrnsrnererrnssrasessesnnsessens 62 6.04 2.7 <1.0 98.0 14.0 1.78
Agua Fria River near Rock Springs
(09512800) ..cvvverervereecerrassssessasesiassossscsscneravasseseseas 81 17.1 2.0 <1.0 930 104 11.6
Agua Fria River below Waddell Dam
(09513600) .....eccueiereerererraesensreeeaerennsnssaressessssssesenes 38 4.89 3.0 <1.0 77.0 12.3 2.00
Gila River above diversions, at
Gillespie Dam (09518000).........ccecevrenccenrensccennne 100 149 4.2 <1.0 440 50.0 5.00
Gila River near Dome (09520500).......cccoececveerrernens No data collected at this site.
Gila River near mouth, near Yuma
(09520700) ......eeeerceeveerereemeereeceremne e st saereasssseees 29 15.0 72 <1.0 200 364 6.76
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Table 35. Resuits of seasonal Kendall tau test on flow-adjusted total lead

{Results follow the general linear model form f(c)=B+ 8, *f(Q)+€, where f(c)(LIN) or f(c)=In(c)(LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c) = In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+ § Q); NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constituent. Dashes, daia is not flow adjusted]

Ordinary leaat-squares
regression analysla using Seasonal Kendali tau test on
concentration of total iead flow-adjuated concentrstion data
as a function of diacharge

Station name and numbsr Concen-
Median, trations,
2 In in micro-  in micro-
f(cy Q) percent grams grams p value
per iiter per liter
per year
Gila River near Redrock, N. Mex.
(09431500) ...c.uiirecncrenrneraeeereseesessanasen s sssertasssesnnas LOG/LOG 139 5.0 0.19 0.0610
San Francisco River near Clifton
(09444600) ..o eemerirnrneenirssessirsssmeesseasssrsesssssens LOG/LOG 27.0 5.5 .05 7056
Gila River at Calva (09466500)........cccoeeererrevervensnns LOG/HYP 36.0 8.0 .05 6662
Gila River at Winkelman (09470000) ..........ccouue..... LOG/LIN 23.6 8.0 04 7115
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) .......ccvvvemvernrnniensecrens LOG/LOG 62.6 5.0 -41 1017
Pinal Creek at Inspiration Dam, near
Globe (09498400) ..........cvcvvernereaimeecninrineseeranesnasens LIN/LIN 44.8 34 -.06 0395
Salt River near Roosevelt (09498500)...............cucu... LIN/NR - 4.1 -.29 1921
Salt River below Stewart Mountain
Dam (09502000) ........veeeomesssoesmectssaseseessssesesssssans LIN/NR 2.7 None! 3241
Agua Fria River near Rock Springs
(09512800) .....ccneerreenreeeeccrmesesssneseeessesovnesaeesens LOG/HYP 17.6 2.0 -.05 4150
Agua Fria River below Waddell Dam
(09513600) .......ccr e e irmrraenseseesncesisreessaesesaaessenses LIN/NR -—- 3.0 -32 5216
Gila River above diversions, at Gillespie
Dam (09518000) ........cceverrencmssereenveesssessssssesansnssness LOG/LIN 31.4 4,2 -.07 .1393
Gila River near Dome (09520500) .....c..ccecevcenecnnnnne. No data collected at this site.
Gila River near mouth, near Yuma
(09520700) ...uoonreceireeremeneecreenseesiesseessesasesssssasans LOG/HYP 17.6 72 41 0178

1Trend-slope estimate not reported because of more than 50 percent less than values in the data set.
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Table 36. Summary statistics for total manganese used in time-trend analysis

[<, less than]
Num- Total manganese, in micrograma per liter s Stan-
ber tan- dard
dard
Station name and number of Mini Maxi devia- error
sam- Mean Median ni- axi- i of
plea mum mum on mesn
Gila River near Redrock, N. Mex.
(09431500).....ccevrermurereereerrrenriennas 19 685 40 8.0 11,000 2,500 574
San Francisco River near Clifton
(09444600) .....coveeeerareaeanrracrrrssenns 69 321 110 10.0 3,900 751 904
Gila River at Calva (09466500)..... 116 953 300 80 11,000 1,920 178
Gila River at Winkelman
(09470000) .......ccoeeeeerrerencccsnennens 36 706 245 20.0 11,000 1,830 305
San Pedro River below Aravaipa
Creek, near Mammoth
(09473100) .......occorreeceesennccconaanans 8 1,730 120 40.0 13,000 4,550 1,610
Pinal Creek at Inspiration Dam,
near Globe (09498400) ............... 52 19,900 21,500 680 41,000 11,700 1,630
Salt River near Roosevelt
(09498500) ......cccrecrereeccrnnanecnnsens 101 324 220 <10 5,200 551 54.8
Salt River below Stewart Mountain
Dam (09502000) ........cccccunearrrvanne 63 39.1 300 <10 170 314 3.95
Agua Fria River near Rock Springs
(09512800) ..c.oeeececrirnrnsnenansenseccenns 81 729 30.0 10.0 35,000 4,120 458
Agua Fria River below Waddell
Dam (09513600) ...cccceeeerernrniacns 38 214 205 70.0 490 120 194
Gila River above diversions, at
Gillespie Dam (09518000)........... 88 237 170 40.0 1,800 247 263
Gila River near Dome
(09520500) ......coemecrennccmenennnaeanas No data collected at this site.
Gila River near mouth, near
Yuma (09520700) .......ccocrerreene-. 29 737 730 150 1,400 302 56.1
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Table 37. Results of seasonal Kendall tau test on flow-adjusted total manganese

[Results follow the general linear model form f(c)=B+B,*f(Q)+¢€, where f(c)(LIN) or f(c)=In(c)(1.OG) and f(Q) is one of the following functions of
water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(i+ B Q); NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
canstituent. Dashes, data are not flow adjusted)

Ordinary least-squares
regression anaiysis using
concentration of totai
manageae aa a function of

Seasonal Kendall tau test on
flow-adjusted concentration data

diacharge
Station name and number Concen-
2 Median, trations,
, in in micro- in micro-
fe)#(Q) percent grama grams per p value
per liter liter per
year
Gila River near Redrock, N. Mex.
(09431500) ..eeveereerererrrmrecennnencsenesnecssssesenasessann LOG/LOG 204 40 0.04 0.4818
San Francisco River near Clifton
(09444600) ......cceorcreeerivnrenerecrsveraesiastseneesessannes LOG/LIN 210 110 -15 0971
Gila River at Calva (09466500).........c.cooeeeeruenne LOG/HYP 30.1 300 -.10 0050
Gila River at Winkelman (09470000) ................. LOG/HYP 11.6 245 04 6025
San Pedro River below Aravaipa Creek, near -
Mammoth (09473100) .....c.cccecrmemsisssseriernonnecennse Insufficient data.
Pinal Creek at Inspiration Dam, near
Globe (09498400) .....cc0eueeereccerivaransinassanssenecses LIN/INV 42.6 21,500 70 <.0001
Salt River near Roosevelt (09498500) LIN/NR -—--- 220 35.0 0076
Salt River below Stewart Mountain
Dam (09502000) .......cccvervrieeerenssnencereeresasancsens LIN/NR --- 30.0 -2.50 0029
Agua Fria River near Rock Springs
(09512800) .....cceereeeeeermrerirennnnssssrisnsssssnsssesenseses LIN/HYP 17.0 30.0 01 0074
Agua Fria River below Waddell Dam
(09513600) ....coeeerernrerricrrrensacrsersnesssessisecsssasseses LIN/HYP 10.9 205 -.03 7527
Gila River above diversions, at
Gillespie Dam (09518000)......cccccemnurcerrcrnninnene LOG/LOG 15.8 170 -22 0068
Gila River near Dome (09520500) ......ccuuecneeenee. No data collected at this site.
Gila River near mouth, near Yuma
(09520700) .cveeerrrreerrireccrrersressenssesrenesacssasens LOG/LOG 745 730 -44 0031
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Table 38. Summatry statistics for dissolved zinc used in time-trend analysis

[<, less than]
Num- Dissolved zinc, in microgrsms per liter Stan- Stsn-
ber dard dsrd
Station name and number of Min] Maxi devia- etror
sam- Mean Median nk axi- 1 of
plos mum mum on mean
Gila River near Redrock, N. Mex.
(09431500) ...t icee e sme e 44 11.8 8.0 <3.0 1,280 114 1.72
San Francisco River near Clifton
(09444600) .......ccovereeeecrrrrrrnrrersnsssanns 65 . 327 10.0 <3.0 600 82.2 10.2
Gila River at Calva (09466500)........... 96 20.5 11.5 <3.0 210 26.0 2.65
Gila River at Winkelman (09470000).. 36 12.0 10.0 <3.0 50.0 9.38 1.56
San Pedro River below Aravaipa
Creek, near Mammoth (09473100).... 31 17.8 11.0 4.0 60.0 14.1 2.53
Pinal Creek at Inspiration Dam, near
Globe (09498400) ..........cooverieereenrenns 84 29.2 20.0 100 120 16.6 1.81
Salt River near Roosevelt
(09498500) ......coceriererrmrrremenreseeseneenans 96 13.5 10.0 <30 100 15.1 1.54
Salt River below Stewart Mountain
Dam (09502000) ......coccommeerrinrresarenrons 67 134 8.0 <30 120 17.8 2.17
Agua Fria River near Rock Springs
(09512800) ....occevveeerirmrrrncenecerneeineanes No data collected at this site.
Agua Fria River below
Waddell Dam (09513600).................. 38 114 10.0 <3.0 40.0 7.20 1.17
Gila River above diversions, at
Gillespie Dam (09518000)..........c.crc.. 77 17.5 20.0 <3.0 60.0 11.2 1.46
Gila River near Dome (09520500)....... 11 15.3 10.2 <10.0 50.0 12.8 3.86
Gila River near mouth, near Yuma
(09520700) ..o ceerreeeanene 29 28.5 10.0 <3.0 430 77.8 14.4
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Table 39. Results of seasonal Kendall tau test on flow-adjusted dissolved zinc

[Resulis follow the general linear model form f(c)=B+ B, *f(Q)+€, where f(c)(LIN) or f(c)=In(c)(LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), {(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1= B Q); NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constituent. Dashes, data are not flow adjusted]

Ordinary ieast-aquares
regression analysis using
concentrstion of dissolved zinc
ss a function of dischsrge

Sessonal Kendsll tsu test on
flow-sdjusted concentration dats

Ststion nsme snd number Concen-
Medisn, trstions,in
A2 in in mioro- micro-
KoykQ) percent grsms grams per p value
per iiter iiter per
yesr

Gila River near Redrock, N. Mex.

(09431500) ....cccevereeeecerreerccnrenaenrenseenessnene LIN/LOG 133 8.0 -0.03 0.4706
San Francisco River near Clifton

(09444600) ........cocreeerreeeececsseeneerrresssessssaans LOG/LIN 153 10.0 -53 0014
Gila River at Calva (09466500)............ccoveeene. LIN/NR -—- 11.5 -.63 3080
Gila River at Winkelman (09470000) ............... LIN/NR —— 10.0 1.0 1.0000
San Pedro River below Aravaipa Creek,

near Mammoth (09473100) ....c.vccevervrvencccnennr LIN/NR - 11.0 -2.50 0102
Pinal Creek at Inspiration Dam, near

Globe (09498400)......ccceoveireeeinnrrnnsnricnsieennns LIN/NR ---- 200 <.01 3032
Salt River near Roosevelt (09498500) ............... LIN/NR ---- 10.0 -1.67 0001
Salt River below Stewart Mountain

Dam (09502000) ........cccveriinreerivnnnnnsesreasessennne LOGHYP 10.7 80 23 .1882
Agua Fria River near Rock Springs

(09512800) ...ccurreenecrrrrrerrssnesscnsnssesscoassesanans No data collected at this site,
Agua Fria River below Waddell Dam

(09513600) ......cennterrernemsemmsinionnaneemssssnonsaseenas LOG/INV 15.0 10.0 -27 4623
Gila River above diversions, at Gillespie

Dam (09518000) .....c.covceiviiirinsccecnnineceeeecanns LIN/NR - 20.0 <01 5826
Gila River near Dome (09520500) ..........cconune. LOGHYP 10.3 10.2 .83 3261
Gila River near mouth, near Yuma

(09520700) ...cooocrrarirrcerrrenreeeinnneeesessrsnsanens LOG/HYP 153 100 19 .6568
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Table 40. Summary statistics for total organic carbon used in time-trend analysis

[Dashes, no value computed]
Num- Total organlc carbon, in mliligrams per Stan-
ber iiter ?’ta:: dard
Ststion name and number of d ar error
sam- Mini-  Maxl- eV a- of
ples Mean Medlan mum mum tion mean
Gila River near Redrock, N. Mex. .
(09431500) ....eecieireeerceeceeeeeeeests srvesmemmeeneeas 27 6.64 3.80 1.90 54.0 10.6 2.03
San Francisco River near Clifton
(09444600).......coreeeeeeeeeceetnesncorer e e e 43 721 2.40 .50 87.0 16.8 2.57
Gila River at Calva (09466500)..................... 59 19.9 8.00 3.60 300 43,7 5.69
Gila River at Winkelman (09470000)............ 31 184 8.70 1.70 140 29.3 5.26
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) ..........cccceveeeenne 7 17.0 6.10 1.70 74.0 259 0.78
Pinal Creek at Inspiration Dam.l near
Globe (09498400) ........cccccvreverererecmmnreseanns 11 5.84 4.90 3.20 10.0 2.61 .79
Salt River near Roosevelt (09498500)........... 99 592 3.60 .50 50.0 7.23 73
Salt River below Stewart Mountain
Dam (09502000) .....ccecerreeenrceesennareesessnrsanens 36 5.10 4.70 2.20 18.0 2.74 46
Agua Fria River near Rock Springs
(09512800) ....cooueevvvmrmnrrmenncrsessnnsiansassnssneans No data collected at this site.
Agua Fria River below Waddell
Dam (09513600) .....ccccemmemeneencrrveseersnsessesnnas No data collected at this site.
Gila River above diversions, at
Gillespie Dam (09518000)...c.c.ccoureerimmrensanass 45 134 11.0 5.40 37.0 7.02 1.05
Gila River near Dome (09520500).......ccc0ceue. 1 --- --- 7.50 7.50 - ---
Gila River near mouth, near Yuma
(09520700)......occeeeieeeererieresinneserenas e e snnses 35 4.99 2.90 1.80 16.0 391 .66
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Table 41. Results of seasonal Kendall tau test on flow-adjusted total organic carbon

[Results follow the general linear model form f(c)=f+ B *f(Q)+&, where f(c)(LIN) or f(c)=In(c)(LOG) and f(Q) is one of the following functions
of water discharge: linear (LIN), f(Q)=Q; logarithmic (LOG), f(c)=In(Q); inverse (INV), f(Q)=1/Q; hyperbolic (HYP), f(Q)=1/(1+p Q); NR=No
relation between concentrations and discharge. The p value is the probability of rejecting the null hypothesis of no trend in the water-chemistry
constituent. Dashes, data are not flow adjusted]

Ordinary ieaat-aquares
regreaaion anaiysis uaing
concentration of totai
organio carbon aa a function

Seasonal Kendall tau teat on
fiow-adjusted concentration data

of discharge
Station name and number Concen-
trationa,
forQ 2,1n Mﬁg"“’ ™ i miiii- vait
o)}/KQ) percent m rgirif::s grama p value
pe per iiter
per year
Gila River near Redrock, N. Mex.
(09431500).....cccmminncrecinnenresseraseeseresrasnesesssnns LOG/INV 18.7 3.80 0.14 0.6967
San Francisco River near Clifton
(09444600) .....c.eoee et ssasassnsna s LOG/LOG 18.0 2.40 .01 8984
Gila River at Calva (09466500)..........c.ccceevurenne LIN/HYP 16.3 8.00 02 2083
Gila River at Winkelman (09470000) ............... LOG/HYP 12.5 8.70 -.16 2801
San Pedro River below Aravaipa Creek,
near Mammoth (09473100) ..........cccceceecerurneee Insufficient data.
Pinal Creek at Inspiration Dam, near
Globe (09498400) .....cccoueevereerecerecerreseseenaes Insufficient data.
Salt River near Roosevelt (09498500)............... LIN/NR - 3.60 04 .8301
Salt River below Stewart Mountain
Dam (09502000) .......cocemmmeverresensernennssssnssenssans LIN/NR - 4.70 26 0790
Agua Fria River near Rock Springs
(09512800) ....ccoviinrrcnccreerene s eesre s esesssesnssssnes No data collected at this site.
Agua Fria River below Waddell
Dam (09513600) .....cocciemmrerecierreenninnecessseecesnnns No data collected at this site.
Gila River above diversions, at
Gillespie Dam (09518000)........ccccscvemsnrcccrenns LIN/NR - 11.0 .09 9559
Gila River near Dome (09520500) ..........c.c....... Insufficient data.
Gila River near mouth, near Yuma
(09520700) ....ooocrerirrericrmnmecnserereresensssnnsssraces s LOG/LOG 51.1 2.90 - <.01 1.000

86 Summary Statiatics and Trend Anaiyais of Water-Quaiity Data at Sites in the Gila River Baain



