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hardness, calcium, magnesium, potassium, chloride
and sulfate were higher in the agricultural areas than
in the non-agricultural areas. In contrast, tempera-
ture, pH-field, pH-lab and fluoride (Figure 5) were
significantly higher in non-agricultural areas than in
agricultural areas.

Differences Among Irrigation Districts - Analytical
results were compared among groundwater samples
collected in three irrigation districts: CAIDD, MSIDD
and SCIDD. Since the HIDD and SCIDD have some-
what intermingled boundaries and both are north of
the groundwater ridge dividing the Eloy sub-basin, the
samples collected in the HIDD were combined with
those collected in the SCIDD to reflect conditions in
the northern section of the Eloy sub-basin.3

Groundwater depth, temperature, pH-field and
pH-lab were higher in the CAIDD and MSIDD than in
SCIDD. TDS, SC-field, SC-lab, hardness (Figure 6),
calcium, magnesium, potassium, chloride, sulfate,
TKN and boron were higher in the SCIDD than in
CAIDD and MSIDD. Unique patterns were found
with seven constituents: sodium and oxygen (MSIDD
& SCIDD > CAIDD), bicarbonate (SCIDD >
CAIDD), arsenic and radon (MSIDD > SCIDD), fluo-
ride (MSIDD > CAIDD) and deuterium (MSIDD >
CAIDD & SCIDD).

Differences Among Groundwater Zones - Analytical
results were compared among groundwater samples
collected in the three water zones within the Eloy and
Maricopa-Stanfield sub-basins: lower main water
zone, upper main water zone and local water zones. 

Well depth, groundwater depth, temperature, pH-
field and pH-lab were higher in the lower main water
zone than in upper and local water zones. TDS, SC-
field, SC-lab, hardness, calcium, magnesium, sodium,
chloride, sulfate and nitrate (Figure 7) were higher in
the upper and local water zones than in the lower
main water zones. Potassium, TKN and boron were
higher in the upper main water zone than in the lower
main water zone.

CONCLUSIONS

Of the water quality patterns found, the most
numerous are those involving groundwater zones and
irrigation districts. Several factors contribute to these
water quality patterns, including evaporate deposits
such as gypsum, salt and gypsiferous mudstone, but
their specific impacts are difficult to quantify.3 The
most important factor however, appears to be the
effect of salts and calcite concentrated by evaporation
during irrigation and then recharged to the upper
main or local water zones.6

Figure 5 – Fluoride concentrations are significantly higher in non-irri-
gated areas than in irrigated areas within the Eloy and Maricopa-
Stanfield sub-basins (Kruskal-Wallis test, p <_ 0.05). In the box plot
diagram, the central vertical line marks the median, the length of
the box shows the range within which the central 50 percent of
values fall and the box edges are the first and third quartiles. The
asterisks represent “outside values” and empty circles represent “far
outside values”.

Figure 6 – Among irrigation districts, hardness concentrations are
significantly higher in the San Carlos than in either Central Arizona
or Maricopa-Stanfield (Kruskal-Wallis with Tukey test, p <_ 0.05).
The San Carlos district appears to have been more heavily impacted
by saline recharge from irrigation applications because of the short
distance this water has to percolate before contacting shallow
groundwater.6
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Since water from the Gila River is the main source
of irrigation for the SCIDD, its importation maintains
relatively shallow groundwater levels in this irrigation
district. Thus, there is little lag time before the highly
saline recharge from irrigation applications percolates
to the aquifer and impacts groundwater quality in the
SCIDD. 

In contrast, before 1987, the CAIDD and the
MSIDD used groundwater as the sole source of irri-
gation water. This has led to declining groundwater
depths in these districts, but has probably protected
the groundwater from the full impacts of saline
recharge from irrigation applications because of the
increased distance necessary for this water to percolate
to the aquifer.6

This ADEQ study revealed that 70 percent of the
86 sites sampled did not meet health-based Primary
MCL water quality standards. Previous assessments of
groundwater quality in the Pinal AMA indicated that,
aside from a few wells having high concentrations of
nitrate and fluoride, there were no major issues
affecting water quality.2 Much of the disparity
between these two assessments can be attributed to
the lowering of the arsenic standard from 0.05 mg/l to
0.01 mg/l in 2006, a change that resulted in
exceedances at 33 sites—instead of one site—for
arsenic in the ADEQ study. 

Another important facet of this study revealed no
significant differences involving nitrate concentrations
between non-irrigated portions of the Eloy and
Maricopa-Stanfield sub-basins and areas in irrigated
agricultural production. Previous assessments had
characterized the non-irrigated portions of these
sub-basins as having lower contaminant levels.4 This
finding appears to indicate that nitrate concentrations
are the result of both agricultural sources, such as
crop fertilizer and confined animal feeding operations,
and non-agricultural sources such as on-site waste-
water septic systems.
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Figure 7 – Nitrate concentrations are significantly higher in the local
and upper water zones than in the lower water zone (Kruskal-Wallis
with Tukey test, p <_ 0.05). The elevated nitrate concentrations
found in the local and upper water zones are likely the result of
several sources, including saline recharge from irrigation that also
carries nitrates as a result of nitrogen fertilizer applied to crops.6
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