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Water-Quality Trends in the Santa Ana River at MWD
Crossing and below Prado Dam, Riverside County,

California

By Carmen A. Burton, John A. Izbicki, and Katherine S. Paybins

ABSTRACT

The Santa Ana River, located in an exten-
sively urbanized basin, drains about 2,670 square
miles near Los Angeles, California. Almost all
flow in the river, about 200,000 acre-feet annually,
is diverted to ponds where it infiltrates and
recharges underlying aquifers. About 2 million
people are dependent on these aquifers for water
supply. In recent years, base flow in the river has
increased as a result of increased discharge of
treated municipal wastewater, and high flows have
increased as a result of increased precipitation and
urbanization. Trends in water quality were calcu-
lated for two sites—at the Metropolitan Water Dis-
trict (MWD) Crossing (an upstream site) and
below Prado Dam (a downstream site)—using the
computer program ESTREND. Water-quality data
for these sites were collected by the U.S. Geologi-
cal Survey from 1969 to 1995. At MWD Crossing,
flow-adjusted downward trends of -1.1 microsie-
mens per centimeter (LS/cm) per year and -1.6
milligrams per liter (mg/L) per year were calcu-
lated for specific conductance and dissolved sol-
ids, respectively. In contrast, a flow-adjusted
upward trend of 2.2 puS/cm per year for dissolved
solids was calculated for the Santa Ana River
below Prado Dam. Specific conductance and dis-
solved solids in the Santa Ana River below Prado
Dam had downward unadjusted trends (not
adjusted for streamflow) of -8.3 uS/cm per year
and -6.0 mg/L per year, respectively. For the Santa
Ana River below Prado Dam, downward unad-
justed trends were calculated for ammonia (-0.04

mg/L per year) and total organic carbon (-0.19
mg/L per year); flow-adjusted upward trends were
calculated for nitrite plus nitrate (0.15 mg/L per
year), total dissolved nitrogen (0.39 mg/L per
year), and orthophosphate (0.03 mg/L per year).
Statistically significant unadjusted and flow-
adjusted trends were not obtained for organic
nitrogen, ammonia plus organic nitrogen, phos-
phorus, and dissolved organic carbon. Data for
selected trace elements and organic compounds
collected between 1970-94 also are summarized in
this report.

INTRODUCTION

The Santa Ana River drains about 2,670 mi? of
the densely populated coastal area of southern Califor-
nia near Los Angeles (fig. 1). Almost all flow in the
Santa Ana River, more than 200,000 acre-ft of water
annually, is diverted to ponds where it is allowed to
infiltrate and recharge underlying aquifers (Orange
County Water District, 1996a). Pumpage from these
aquifers is the primary source of supply for about 2 mil-
lion people in Orange County, California (Orange
County Water District, 1996a). In recent years, only
water from the largest storms discharges to the Pacific
Ocean.

Base flow in the Santa Ana River is maintained
almost entirely by discharges of treated municipal
wastewater. Large quantities of water recharged during
stormflows in the winter improve the overall quality of
water recharged from the Santa Ana River. However,
because these stormflows include runoff from urban
and agricultural areas, they may contain high concen-
trations of inorganic and organic constituents and bio-

Introduction 1





























































































than seasonality or changes in streamflow, which were
not addressed in the trend analysis, such as the length
of time since the last storm or the storage of water
behind Prado Dam, also may affect constituent concen-
trations and create nonmonotonic trends.

EFFECT OF ANTECEDENT CONDITIONS
ON WATER QUALITY

Trend calculations indicate generalized changes
in water quality with time, with changes in streamflow,
and during different seasons. Because the Santa Ana
River is highly developed and intensively managed for
flood control, water supply, and water quality, actual
changes in the water quality (especially short-term
changes during stormflows) are often complex and dif-
ficult to predict. The changes are difficult to predict
because they may depend on antecedent conditions,
such as time since the last storm or the presence or
absence of water stored behind Prado Dam. These con-
ditions cannot be directly incorporated into the trend
analyses. However, an increased understanding of how
antecedent conditions increase variability in water
quality may increase the understanding of trends pre-
sented earlier in this report.

Hourly specific-conductance data collected from
the Santa Ana River below Prado Dam were evaluated
for the rising limb of hydrographs of 58 storms that
occurred during water years 1988 to 1995. Although
changes in specific conductance for most of the 58
storms occurred on the falling limbs of the hydro-
graphs, the rising limb was selected for analysis to sim-
plify interpretation of the data. Eight first storms of the
season, and several storms affected by the storage of
water behind Prado Dam, were evaluated.

In this simplified, idealized response, specific-
conductance values decreased as streamflow increased
(fig. 8). However, other responses to changes in stream-
flow also are possible. For example, specific-conduc-
tance values may increase as streamflow increases
because soluble, colloidal, or particulate material is
washed from the basin. In some areas, this response
occurs after extended dry periods and is referred to as
the "first flush." However, it also is possible that there
may be no change in constituent concentrations during
stormflow or that concentrations may change in a com-
plex manner that cannot be readily explained by
changes in streamflow.

Each of these responses (increases, decreases, no
change, or a complex change) was observed during the

58 storms studied. Specific-conductance values
decreased as streamflow increased during 24 of the 58
storms (about 40 percent). Specific-conductance values
increased during 10 storms, showed no change during
16 storms, and during 8 storms showed a complex
increase and (or) subsequent decrease on the rising
limb of the hydrograph. The mix of responses to storm-
flow observed for all 58 storms was not greatly differ-
ent from the mix of responses observed for the first
storms of the season (8 storms) or for storms that
occurred after a long period, more than 2 months
between storms (11 storms). This suggests that the first
storm of the season and storms that occur after
extended dry periods, do not necessarily create a first
flush with respect to specific-conductance values in the
Santa Ana River below Prado Dam. In contrast, the
response of specific conductance to stormflow was dif-
ferent for storms that occurred less than 1 week apart.
Under these conditions, almost one-half of the storms
showed no change in specific conductance with
increases in streamflow—probably because most of the
water released from Prado Dam during these storm-
flows was water already in storage behind the dam.

The single most important factor controlling
changes in specific conductance during stormflows is
the presence or the absence of water stored behind
Prado Dam. If little or no water was stored behind
Prado Dam (pool height less than 480 ft above sea
level), specific-conductance values decreased during
about 70 percent of the storms. Another factor is the
size and duration of the storm. Streamflow and hourly
specific-conductance data show that large storms are
more likely to produce changes in specific conductance
than are small storms—especially when large volumes
of water are stored behind Prado Dam. These results
are consistent with the increased variation between
streamflow and specific conductance observed for the
Santa Ana River below Prado Dam during trend analy-
sis.

Although it is not possible to apply conclusions
made on the basis of hourly specific-conductance val-
ues to other constituents, these data indicate that there
may be considerable variation in water quality related
to antecedent conditions (such as storage and subse-
quent release of water by Prado Dam). Additional data
are necessary to determine how other constituents
change in the Santa Ana River in response to anteced-
ent conditions.
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Table 4. Summary of selected trace-element and organic-compound data for the Santa Ana River below Prado Dam,
Riverside County, California

[All concentrations in micrograms per liter. —, no data or not applicable. Selected trace elements filtered through a 0.45 micron pore-sized membrane filter.

Selected organic compounds unfiltered. EPA, Environmental Protection Agency; <, actual value is less than the value shown]

Number of
Number of Num U.S. EPA samples
Constituent Period of record sampies Reﬁz‘ritting above :eeéc- cg:aat:::::amnt m::?rr‘:: m o onr::::\Tr:'t'llon
analyzed tion limit ievel? contaminant
levei
Selected trace elements
Arsenic 10/71-5/91 112 1 100 50 0 35
Barium 5/73-9/94 83 100 0 2,000 0 <100
Beryllium 11/82-5/91 39 25 0 4 0 <25
Cadmium 10/71-591 110 1 39 5 6 34
Chromium 5/73-9/94 83 1 22 100 0 10
Cobalt 10/91-9/94 118 50 0 — — <50
Copper 10/71-5/91 112 50 22 31,000 — 40
Iron 12/67-9/94 227 10 187 3300 6 1,700
Lead 10/71-5/91 112 10 9 415 9 580
Manganese 5/73-9/94 9 10 96 350 89 510
Molybdenum 11/82-9/94 51 100 3 — — 20
Nickel 1/80-9/94 69 100 0 100 0 <100
Selenium 5/73-9/94 96 1 2 50 0 3.0
Silver 5/73-9/94 82 1 0 3100 0 1
Vanadium 11/82-9/94 51 1 51 — — 9
Zinc 11/71-5/91 112 10 85 35,000 0 110
Selected organic compounds

Aldrin 12/70-9/86 96 0.01 17 50.05 0 0.01
Atrazine 11/95-8/78 7 .05 0 3 0 <.05
Chlorodane 12/70-9/86 96 1 0 2 0 1
Diazinon 12/70-9/86 95 01 72 514 0 3
Dieldrin 12/70-9/86 96 01 35 3,05 0 02
Endosulfan 1/79-9/86 36 01 18 — — 01
Lindane 12/70-9/86 96 1 1 2 0 11
Malathion 12/70-9/86 96 01 32 160 0 3
Mirex 1/79-9/86 36 01 17 — — 01
Parathion 12/70-9/86 96 01 20 330 0 .03
Perthane 12/70-9/86 36 1 0 — 0 <1
Silvex 12/70-9/86 90 01 20 50 — 01
Simazine 8/76-8/78 6 1 0 4 0 <1
DDT 12/70-9/86 96 05 1 — 0 .06
DDE 12/70-9/86 96 03 3 — — 03
DDD 12/70-9/86 96 .05 0 — 0 <01
PCB’s Total 11/72-9/86 82 1 0 — — 1
24-D 12/70-9/86 90 01 65 70 0 75

Uf detection limit has changed through time because of changes in analytical techniques, the higher detection limit is used in this table.
2From California Department of Water Resources (1995), unless noted otherwise.

3Us.EPA Secondary Maximum Contaminant Level (SMCL) from California Department of Water Resources (1995).

4U.S. EPA action level (at tap) from California Department of Water Resources (1995).

SCalifornia Department of Health Services action level from California Department of Water Resources (1995).
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TRACE ELEMENTS AND ORGANIC COM-
POUNDS INTHE SANTA ANA RIVER

Trends were not calculated for trace elements
and organic compounds in the Santa Ana River below
Prado Dam because most of the values for these con-
stituents were less than analytical detection limits and
because changes in sample collection, handling, and
laboratory methods may have affected the comparabil-
ity of the data for some constituents. Trace-element and
organic-compound data collected for this study, how-
ever, are included in this report (table 4) so that the data
could be compared with water-quality standards and
with data collected as part of future studies. Although
additional data are available from other agencies, a
summary of these data was beyond the scope of this
report.

Trace-element data presented in table 4 show
that cadmium has exceeded the U.S. Environmental
Protection Agency's (1994) maximum contaminant
level (MCL) of 5 pug/L for drinking water in about 5
percent of the samples. No flow-adjusted trend in cad-
mium concentrations was observed in the Santa Ana
River below Prado Dam for water years 1974-81 by
Smith and others (1987). However, a significant
upward flow-adjusted trend in cadmium concentrations
was calculated for the same period in nearby Los Ange-
les River basin (Smith and others, 1987) which also is
highly urbanized. Important sources of cadmium to the
environment include fossil fuel combustion, primary-
metals manufacturing, electroplating, and solid-waste
disposal (Delos, 1985). Lead also has exceeded the
U.S. Environmental Protection Agency (1994) action
level (15 pg/L at tap) for drinking water in about 8 per-
cent of the samples (table 4). No trend in lead concen-
trations was observed in either the Santa Ana or the Los
Angeles Rivers by Smith and others (1987) between
1974 and 1981. Prior to 1981, gasoline was a large
source of lead to the environment (Ethyl Corporation,
1982). Lead from gasoline decreased after 1981 when
unleaded gasoline was introduced. Neither cadmium or
lead have been detected in the Santa Ana River below
Prado Dam at concentrations greatly above their
respective detection limits since 1981—this indicates
that, at present, these metals may not be important
water-quality concerns.

Iron and manganese concentrations have
exceeded the U.S. Environmental Protection Agency’s
(1994) secondary maximum contaminant level
(SMCL) of 300 pg/L and 50 ug/L, for drinking water 3
percent and 90 percent of the time, respectively. The

SMCLs are primarily for esthetic purposes and are not
enforceable by law. Although iron concentrations have
not exceeded the U.S. Environmental Protection
Agency’s SMCL since 1976, manganese concentra-
tions commonly exceed the SMCL throughout the
entire period of record.

Data for 18 organic compounds collected from
1970 to 1986 show that none of these compounds were
detected at concentrations above their respective MCLs
(table 4). However, 12 of those compounds (aldrin,
diazinon, dieldrin, endosulfan, lindane, malathion,
mirex, parathion, and silvex, DDT, DDE, and 2,4-D)
have been detected at least once in the Santa Ana River
below Prado Dam. Because of changing regulations
and changes in the use of many of these organic com-
pounds, some of these compounds, such as DDT, may
not be present in the Santa Ana River under present-day
(1997) conditions. However, six compounds (butylben-
zyl phthalate, DEHP, diazinon, di-n-butylphthalate,
methoxychlor, and simazine) were detected in samples
of stormflow runoff collected by the U.S. Geological
Survey at Imperial Highway in December 1995 and
January 1996 and analyzed by Orange County Water
District (Orange County Water District, 1996b). These
data suggest that organic compounds may be important
water-quality concerns in the Santa Ana River. Addi-
tional data are necessary to characterize the concentra-
tion of selected organic compounds present in
stormflow runoff in the Santa Ana River.

When interpreting trace-element and organic-
compound data from the Santa Ana River, it is impor-
tant to remember that water from the Santa Ana River
is not used directly as a source of public supply but
rather as a source of recharge for aquifers that are
pumped for public supply. As a result, trace elements
and organic compounds may be sorbed and organic
compounds may be degraded before the water is
pumped.

SUMMARY

The Santa Ana River drains an extensively
urbanized area of about 2,670 miZ near Los Angeles.
Population in the area has increased rapidly since the
1940's and in 1990 was about 4.5 million. About 2 mil-
lion people in Orange County are dependent on the
Santa Ana River as a source of recharge for aquifers
that are pumped for water supply.

In recent years, base flow in the Santa Ana River
has increased as a result of the discharge of treated
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municipal wastewater, and high flows have increased as
aresult of increased precipitation and urbanization and
its resultant runoff. Against this complex background
of climatic and man-made influences, it is difficult to
interpret trends in terms of cause and effect. Instead,
the results of trend calculations presented in this report
are intended to illustrate overall changes in the concen-
trations of selected constituents through time.

For the Santa Ana River below Prado Dam, con-
centrations of nitrite plus nitrate, total dissolved nitro-
gen, and phosphorus were generally lower during the
wetter seasons and higher during the dryer seasons. In
contrast, concentrations of ammonia, organic nitrogen,
ammonia plus organic nitrogen, total organic carbon,
and chemical oxygen demand were lower in the dryer
seasons and higher during the wetter seasons. Although
some seasonal variations were present, concentrations
of orthophosphate and dissolved organic carbon did not
show large seasonal changes. For the Santa Ana River
at MWD Crossing, statistically significant relations
with streamflow were calculated for specific-conduc-
tance values and dissolved-solids concentrations. For
the Santa Ana River below Prado Dam, statistically sig-
nificant relations with streamflow were calculated for
specific-conductance values and for dissolved-solids,
nitrite plus nitrate, total dissolved nitrogen, phospho-
rus, and orthophosphate concentrations. These rela-
tions were used to calculate flow-adjusted trends.

At MWD Crossing, significant, flow-adjusted
downward trends of -1.1 uS/cm per year and -1.6 mg/L.
per year were calculated for specific conductance and
dissolved solids, respectively. In contrast, below Prado
Dam, flow-adjusted upward trends of 2.2 uS/cm per
year and no flow-adjusted trends were detected for spe-
cific-conductance values and dissolved-solids concen-
trations, respectively. Specific-conductance values and
dissolved-solids concentrations in the Santa Ana River
below Prado Dam, when not adjusted for changes in
streamflow, had statistically significant downward
trends of -8.3 uS/cm per year and -6.0 mg/L per year,
respectively. For the Santa Ana River below Prado
Dam, statistically significant downward trends (not
adjusted for streamflow) were calculated for ammonia
(-0.04 mg/L per year) and total organic carbon (-0.19
mg/L per year); statistically significant, flow-adjusted
upward trends were calculated for nitrate (0.13 mg/L
per year), nitrite plus nitrate (0.15 mg/L per year), total
dissolved nitrogen (0.39 mg/L per year), and ortho-
phosphate (0.03 mg/L per year); statistically significant
trends were not obtained for nitrite, organic nitrogen,

ammonia plus organic nitrogen, phosphorus, and dis-
solved organic carbon.

Although data were insufficient to calculate
trends for trace elements and organic compounds, the
concentrations of cadmium and lead occasionally
exceeded their respective maximum contaminant levels
for drinking water in the Santa Ana River below Prado
Dam. Of the 18 organic compounds for which data are
available for 1970 to 1986, none were detected at con-
centrations above their respective MCLs.
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