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EXECUTIVE SUMMARY

The 1987 Budget Act directed the State Water Resources Control
Board to prepare this report on nitrate contamination of drinking
water in the State of California. The report documents that
nitrate contamination poses a quantitative threat to the supply
of drinking water (primarily ground water resources) that is
equal to or exceeds that of the toxics issues which have received
so much public attention. For example, the Metropolltan Water
District of southern California estimates it is losing four
percent of its drinking water supply annually to nitrate and
total dissolved solids (primarily nitrate). Comparatively, it
further reports that, to date, less than one-half percent of its
drinking water supply has been lost because of toxic organic
contamination.

Another example is the Salinas Valley where local officials
estimate that by the year 2000 the ground water contained in most
of the unconfined aquifers of the Salinas Valley will exceed the
drinking water standard for nitrate.

The first part of this report identifies the nitrate situation in
California by geographic area. It further identifies the actual
or probable sources of this nitrate contamination of drlnklng
water, and describes the health, environmental, and econonic
consequences of nitrate contamination. The signlflcant sources
of nitrate problems identified by this research include
fertilizer use (mostly by agriculture), large concentrations of
confined animals, individual waste disposal systems, and to a
minor extent, municipal wastewater treatment. Natural areas of
high nitrate are of local but minor importance.

The second part of this report addresses the sources of data that
are available regarding nitrate 'in drinking water and the
deficiencies in this data. Data sources used in the compilation
of this information included State and Federal agencies, county
agencies (principally the environmental health departments),
public and private water suppliers, and pertinent literature that
was immediately available. The ease with which nitrate data can
be obtained, and the adequacy of that data are reviewed, and the
-shortcomings of th data are pointed out. Chief among these
shortcomings are t - lack of knowledge or exchange of existing
nitrate data and the inadequacy of sampling systems directed
toward nitrate problem identification.

The third part of this report contains workplans. The first is
to develop remedies for the deficiencies found in the data. The
second is a workplan to develop solutions to the current nitrate
problems in drinking water supplies, and the third is a workplan
to develop approaches or actions that will eliminate or reduce
the ongoing threat that nitrate poses to drinking water supplies.
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The data deficiencies workplan prescribes actions that would more
comprehensively assess the extent of nitrate problems in

california and that would develop solutions to the data exchange
and inadequate sampling systems. -

The problem solution workplans prescribe an evaluation of
possible actions to address current and future nitrate problems.
Protection, remedial action, and cleanup possibilities would be
considered in both volunteer and regulatory context.
Investigation of possible incentives to perform would also be
included. These evaluations would focus on the primary sources

of nitrate problemns, fertilizer, confined animals, and individual
waste disposal systems.
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CHAPTER I
INTRODUCTION - AUTHORITY FOR REPORT

The 1987 Budget Act forwarded to the Governor by the Legislature
included a request that the State Water Resources Control Board

(State Board) prepare a report on nitrate contamination of
drinking water.

The supplemental language (Item 3940-001-001 of the Supplemental
Report of the 1987 Budget Act) specified that the report be
submitted to the Legislature by October 1, 1988, that the
Departments of Health Services and Food and Agriculture assist
the State Board with the report, and that the report include, but
not be limited to:

A. An identification of the problems associated with elevated
nitrate levels in drinking water supplies,

B. An identification of the sources of these elevated levels in
drinking water supplies,

C. To the extent that information exists, an evaluation of the
impact of different sources of nitrate, as they occur both
naturally and as a result of human activity, in regards to the
contamination of State drinking water supplies,

D. In the event that existing information is not adequate to
allow formulation of general observations, then a proposal
identifying what steps should be taken to obtain more detailed
information shall be developed, and

E. A report on regulatory actions which can be taken by the
public sector, and voluntary actions which can be taken by the
private sector, to negate or reduce the problems associated
with elevated nitrate levels in drinking water supplies.

The State Board has investigated the extent of nitrate problems
in drinking water sources and the probable sources of those
problems based on current information. The adequacy of the
current information was assessed, and workplans for approaches to
solve deficiencies in the current information base-and to solve
the actual nitrate problems in drinking water were developed.

The results of this effort are presented in the attached report.






CHAPTER IT
BACKGROUND ON NITROGEN

A. Nitrate and Nitrogen

There are four major reservoirs of Nitrogen which both man
and nature access to create nitrate directly and indirectly.
The atmosphere is one, the ocean another, terrestrial soils
are a third, and the underlying geology is the fourth.
These reservoirs, while important conceptually, are not
problematic in and of themselves, in fact, life evolved in
their presence and is dependent on them. On a planetary
scale, nitrates in drinking water supplies represent only
tiny amounts of nitrogen in transit through ground water,
lakes, and rivers, but their importance to human health and
well being magnifies their importance.

The atmosphere primarily consists of Nitrogen and Oxygen
gases and as such, is a reservoir of pure nltrogen gas.

Other forms of nltrogen exist in the atmosphere in small
amounts.

The ocean also contains all forms of nitrogen, as dissolved
ions, dissolved gases, and organic matter. Dissolved
nitrogen gas is most prevalent. The nitrate and ammonium
ions are also present in substantial amounts, as well as
dissolved and particulate organic matter.

Soils contain all forms of nitrogen, as dissolved ions, in
terrestrial and dissolved gases, and organic matter.

Organic nitrogen in the humus is most prevalent, followed by
living tissues of plants, microbes, and animals.

Geologic reserves of nitrogen are found primarily in igneous
rocks, sedimentary rocks, and coal. These reserves are

largely inert, with only minor amounts reaching the active
nitrogen cycle in a year.

A number of processes are considered sources of nitrate in
that they access the four reserv-irs to convert nitrogen
into nitrate. These can be imp ‘ant globally or locally.
Natural sources of fixed nitrog. : are biological nitrogen
fixation and lightning. The other substantive sources
result from man's activities, either directly or indirectly,
as a result of application of fertilizers, waste disposal,
wood burning and fossil fuel combustion, industrial
processing of nitrogen (e.g., into manufactured products),

nitrogen released by domestic animals, and nltrogen fixation
induced by agriculture.



Nitrate is the name given to both the solid and dissolved
compound’ of nitrogen and oxygen which has the chemical
symbol NO3~. Its high solubility and its stability in most
aqueous environments make dissolved nitrate difficult to
physically remove from potential sources of drinking water.
Wherever man-made solid forms of nitrate (i.e., fertilizer)
are introduced into the enviromment, they readily dissolve
and under the proper conditions are easily carried to water
supplies, often at high concentrations.-

Bacteria play a primary role in the creation and
transformations of "Fixed Nitrogen" which refers to all
compounds of Nitrogen, except Nitrogen itself, an element
that cannot be created or destroyed. "Fixed Nitrogen" is
essential to all living things in small concentrations,
although life-threatening in larger concentrations.
Nitrogen transformations are dependent on prevailing
conditions, for example, whether they take place in an
oxygen-rich (aerobic) or oxygen-poor (anaerobic)
environment, as well as the presence or absence of
specialized forms of bacteria.

The pertinent microbiological processes that directly
include the nitrate ion are nitrification, assimilation, and
denitrification. The formation of nitrate from ammonia is
called nitrification, primarily requiring specialized
bacteria and excess oxydgen. The ammonia used to create
nitrate can itself be created from a number of other
processes, e.g., ammonification of organic nitrogen in
sewage. The elimination of nitrate through incorporation of
nitrates into organic material such as plant growth is
called assimilation. Organic nitrogen, however, in part
remains in soil and can easily be transformed back into
nitrate. Denitrification is the process that eliminates
nitrate from a soil or water environment, with the loss
often permanent since some of the end products, Nitrogen Gas

(N,) and Nitrous Oxide (N,0), move readily into the
atmosphere.

This flow of "Fixed Nitrogen" through the natural
environment is called the Nitrogen Cycle and is illustrated
in Figure 1. It should be emphasiz 1 that "Fixed Nitrogen"
moves through the environment at d: .=2rent rates, dependent
on prevailing conditions and the form it takes. For
example, nitrate may move only a few feet in deep ground
water over thousands of years, while nitrate released by

decay of organic material can be carried to the ocean before
being reassimilated.

Figure 1 emphasizes human activities and how they affect the
nitrogen movement. Typically it is these activities that
are of concern because, although natural processes are the
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largest source of nitrate in the environment on a global
level, man's activities will exceed the natural production
of nitrate both locally and regionally. These activities
include promotion of the natural process of nitrogen
fixation (e.g., growing legumes), application of industrial-
made fertilizers, consumption of products that contain fixed
nitrogen (e.g., food), and energy use (e.g., driving an
automobile).

B. Measurement of Nitrate in Water

Nitrogen is present in ground water almost entirely as the
nitrate ion, but minor amounts of nitrite or the ammonium
ion may be present. A dual and often confusing system of
reporting the nitrogen content in water is used and the
utmost care must be used to insure a proper understanding of
the laboratory analyses.

Nitrate can be expressed (1) on the basis of ionic weight
per unit of volume or (2) as the weight of the nitrogen
content. The former case yields a result nearly 4.4 times
higher than the latter for the same guantity of nitrate.
Therefore, the California drinking water standard or maximum
contaminant level (MCL) of 45 mg/l of nitrate (NO3™) is
nearly the equivalent of the Environmental Protection Agency
(EPA) Safe Drinking Water Act Interim Health Standard cf 10
ng/l for nitrate as nitrogen (NO3~ - N). Frequently,
results are reported in both values in the same text, or
they are clarified as being as nitrate or as nitrate
nitrogen.

In this report, data from all sources are discussed in the
terms of the State of California drinking water standard
which is 45 mg/l as nitrate.

C. ©Public Health Concerns of Nitrate

While the relationship between excessive nitrate
concentrations in drinking water and the total effects on
public health have been subject to controversy, it is
unequivocal that excessive levels will result in
methemoglobinemia in infants. Part of t¥ reason for
controversy has been that while nitrate : itself may be
relatively harmless to adults in less tha.. large quantities,
the reduction of nitrate to nitrite in the stomach and the
subsequent formation on N-nitrosomines appear to have the
capability of adverse health effects. Definitive cause and
effect relationships have, however, not been documented to
this time.

The public health standards that were established for
nitrate in drinking water in 1962 are based on the
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relationship between high nitrate in ground water and infant
methemoglobinemia (the blue baby syndrome). No cases of
this disease have been reported in the United States (U.S.)
when the water contained less than 45 mg/l1 nitrate, while
some reported incidents have occurred when the nitrate
content has been as low as 50 mg/l. The references dealing
with this subject are voluminous and will not be discussed
here. A list of references is given in Appendix A of this
report, "Evaluation of the Nitrate Drinking Water Standard
with References to Infant Methemoglobinemia and Potential
Reproductive Toxicity".

In a very simplified form, the popularly called blue baby"
syndrome is caused by the conversion of nitrate to nitrite
in the stomach of the infant (or the direct ingestion of
nitrite), and the subsequent reaction of the nitrite with
hemoglobin in the blood to form methemoglobin which has a
reduced capacity to carry oxygen. It is generally believed
in the U.S. that levels of nitrate above 45 mg/l in drinking
water can cause infant methemoglobinemia with potentially
fatal results. 1In addition, the most recent evaluations of
this health standard have shown that this standard protects
against this hazard and should not be altered.

Two other health hazards which have been loosely related to
high nitrate water are cancer and birth defects. To date,
however, direct linkage between these hazards and nitrate
has been inconclusive.

Of concern in these studies is the interaction of nitrite
(again a reduction product of nitrate) with secondary amines
present in the stomach to form N-nitrosoamines, certain
forms of which are among the most potent carcinogens known.
Almost all N-nitroso compounds tested in animals have been
shown to be carcinogenic, but there is no direct evidence
implicating them as human carcinogens. Of further concern
is that wells which have high nitrate levels are also often
the most vulnerable to pesticide contamination, and many
pesticides have secondary amine structures which can
theoretically react with nitrites.

Geographic investigations have been performe in Europe, the
mid-western U.S., and in Asia on the possibl relationship
between areas where high nitrate drinking wauver is present
and the prevailing cancer rates with inconclusive results.
The difficulty in establishing any relationship stems in
part from the lengthy induction period of most cancers and
the relatively low exposure levels of nitrate in drinking
water. 1In addition, the heavy use of fertilizers leading to
nitrate pollution began in the relatively recent past which
complicates the issue, as do the migratory habits of people
in general who may have been exposed in the last decade.
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In summary, there is well documented evidence of the
relationship between methemoglobinemia and nitrate
concentrations of over 45 mg/1l in drinking water, but for
other health outcomes (i.e., cancer, reproductive toxicity,
etc.) there are as yet no definitive answers. As all the
elements which constitute the basis for health threats seem
to be present, a surge of interest has been generated by
State, Federal, and worldwide organizations which may result
in answers to some of the outstanding questions.

D. Economic Consequences of High Nitrate

The economic consequences of high levels of nitrate

in drinking waters within California have not been
comprehensively studied or estimated. Tangible costs are
easily recognized however, including well relocation or
deepening, nitrate removal wellhead treatment, and imported
water costs for blending or replacement. Less tangible
costs include land use restrictions, denial of loans for
lack of a suitable water supply, and a reduced tax base.

When the nitrate level in a public water supply well reaches
or exceeds the State MCL, positive steps must be taken to
reduce the nitrate to an acceptable level. This may be done
by blending with water from another source, either imported
or from a well that delivers water that meets the State
standard. The goal of lower nitrate levels may also be
accomplished by deepening the well if lower nitrate levels
are to be found at greater depths, or by replacing the well
with a new one where nitrate levels are acceptable. The
decision may also be made to close the well and reduce the
supply. Deeper wells and special surface seals are being .
required by some county regulatory agencies where nitrate
has been found to be a threat.

All of the above are expensive to the water district or
supplier and the costs are subsequently passed on to the
public. For example, wellhead treatment processes for
nitrate removal have been estimated by the Orange County
Water District to cost about $375 per million gallons.

Tt is not unreasonable to conclude that many mi ions of
dollars a year are spent to accomplish various chods of
nitrate remedial measures. As an example, the total
monetary funds requested of the Department of Health
Services in 1986 by small and large public water systems
(Table 1) for remedial measures because of nitrate
violations totals $48,706,000.00. The total funds expended
because of nitrate problems are substantially larger as many
water systems resolved their own problems and did not apply
for funding.



The less tangible costs, generally associated with land use
restrictions in whatever form they take, are not easily
determined. Septic tank restrictive prohibitions generally
involve sewage treatment plant construction costs and sewer
line construction or the tax base will be reduced from its
maximum potential by restricted development. The same
applies to high nitrate areas supplied by non-public water
systems where proven suitable water supplies must be located
before the issuance of building permits.

The economic aspects of nitrate contamination have not been
analyzed to date. It would most probably prove illuminating
if the overall costs to the public were examined, either as
direct increased operating costs for water supplies or as
indirect public expenses.



NOTES:

(1) Data and Print of Well Locations derived from EPA STORET SYSTEM 1968
{2) Each Symbol may represent more than one analysis at same Well

FIGURE 3

WELL LOCATIONS WHERE NITRATE LEVELS
HAVE BEEN RECORDED WITHIN THE RANGE
OF 20 THROUGH 44 mg/l DURING THE
PERIOD 1975 THROUGH 1987

SCALE OF MILES
a 20 40 a0 20 100 120

100 HILEE PR DN







MCL for nitrate. The loss of ground water production
for domestic use from increased total dissolved solids
and nitrate, the majority of which is nitrate, is about
43,000 acre-feet/year, or about 4 percent of the annual
production of this area. This may be contrasted with
the highly publicized organic chemical spills which have

reduced the ground water production in the area about
0.5 percent to date.

With the decline of intensive agriculture and installa-
tion of sewage systems and treatment plants to serve a
more urban population, this trend of ground water
degradation may be arrested in time. Contrarily, should
the population increase and consequent water demand
continue without available additional imported supplies,

dependence on the already contaminated ground water may
increase.

a. Orange County - In Orange County the nitrate problem
has been recognized early and action has been
initiated by the Orange County Water District.
Nitrate concentrations exceeding the State MCL of
45 mg/l affect about 250,000 acre-feet of ground
water underlying about 22 square miles. The high
nitrate ground water is found primarily in shallow
aquifers underlying Westminster, Garden Grove,
Tustin, Fullerton, Anaheim, and Irvine. Ninteen
eighty-seven (1987) data shows that an estimated 51
municipal wells have been shut down because of high
nitrate and about 13 other wells produce water which
must be blended for use as municipal supplies.

The primary source of nitrogen loads into Orange
County is from wastewater treatment plant
discharges, dairy runoff, and rising ground waters
originating in the upper Santa Ana Basin. Other
suspected contributors within Orange County to the
high nitrate problem include other human activities,
e.g., sewage leachfields, industrial operations,

dairies, landscaping, and other fertilizer-intensive
agricultural operations.

The Orange County Water District is constructlng a
wellhead nitrate removal facility in Tustin with an
expected completion date of September 1988. This
facility will consist of an Ion Exchange Process and
a Reverse Osmosis Process and will produce about
3,000 acre feet/vear of blended water at an
estlmated cost of $220 an acre-foot including
capital and operation and maintenance costs. In
addition, the District plans to set up a similar
facility in Garden Grove utilizing two more Reverse

16



Osmosis plants and two more Ion Exchange plants it
has acquired from DWR.

The Upper Santa Ana Watershed - The Upper Santa Ana
River watershed is located in the southwest corner
of San Bernardino County, in western Riverside
County, and the very eastern part of Los Angeles
County. It includes the prominent Chino, Riverside-
Arlington, Temescal, Elsinore, and Bunker Hill
ground water basins which have historically been

heavily utilized for agriculture and municipal
purposes.

(1) The Bunker Hill Basin in San Bernardino County
has nitrates in ground water exceeding the
State MCL in the historically agricultural
areas of San Bernardino, Redlands, Highlands,
East Highlands, Loma Linda, and adjacent to the
Santa Ana River. Studies by the USGS have
implied that past agricultural practices and
sewage treatment facilities are primarily
respon51b1e for the elevated nitrate levels
found in the upper ground water zones (less
than 500 feet deep). Acceptable levels of
nitrate were found to be present in the lower
ground water zones (more than 500 feet deep).
The City of Riverside, which relocated its
wells to this area because of nitrate in the
Riverside Basin, has again had some impact from
nitrate which requlred replacement wells.

(2) The Riverside-Arlington and the lower Temescal
ground water basins are characterized totally
by poor quality ground water as a result of
past agricultural use and reuse. Nitrate
exceeds 45 mg/l throughout the basins and the
City of Riverside has closed most of its
production wells for municipal uses and now
derives 80 percent of its water from the
Bunker Hill Basin. The City of Corona is about
50 percent dependent on ground water from the
Temescal Basin and must buy imported water to
blend with its supply to achieve an acceptable
quality. The upper Temescal and Elsinore
‘Basins still have very good quality water with
the exception of one small area found to have
exceeded the State nitrate standards.

Within the Riverside, Temescal, Arllngton and
Elsinore basins 64 out of the remaining 141

municipal wells exceed the State MCL for total
dissolved solids and nitrate in drinking water.

17



Of the 64 wells, 39 have been closed, 11 are
used with blended water, nine are for non-
potable uses, four are operated above drinking
water standards, and one is on standby. It is
estimated that the water districts will have to
buy an additional 12,000 acre-feet/year of MWD
imported water. A proposed desalting plant is
to be built in the Arlington Ground Water Basin
for the recovery of ground water resources to
assist in relieving this extra demand. Five
large water systems have requested financial
aid under the Safe Drinking Water Bond Law of
1986 because of nitrate.

(3) The Chino Basin is an adjudicated basin in
the western part of San Bernardino County and
the northwestern part of Riverside County.
Currently, ground water supplies 100 percent of
the agricultural need and almost 90 percent of
the municipal and industrial uses for the
cities of Upland, Montclair, Ontario, Chino,
Norco, and Fontana. Nitrate levels exceeding
drinking water standards occcur in 89 of 860
wells in the basin however only three were
closed. Municipal wells have been replaced
elsewhere in the basin or blending has occurred
to produce acceptable water. The high nitrate
levels in the northern part of the basin are
attributed to historic agricultural uses and
practices, and the excessive nitrate in the
southern part of the basin are attributed to
the extensive dairy industry. Projections for
nitrate values for the Chino Basin as provided
through ground water modeling sponsored by MWD
suggest that approximately one~half of the
basin will have nitrate levels exceeding the
State MCL of 45 mg/l by the year 2045, with or
without a proposed conjunctive use ground water
storage program. At present, however, though a
large part of the basin contains nitrate in
excess of the State MCL, costly replacement
wells are still possible and the production of
water suitable for blending is feasible.

Los Angeles County Basins - The Los Angeles County
basins, which include the upper Los Angeles River
Basin, the San Gabriel Basin, the Raymond Basin, the
Claremont Heights, Live Oak, Pomona, and Spadra
Basins, and the Santa Monica, Beverly Hills,
Central, and West Coast Basins, have been affected

18



with water from 108 municipal wells exceeding the
State MCL for nitrate. Six large water systems have
requested financial aid to renovate their works.

(1) In the upper Los Angeles River Basin, the
Verdugo Subbasin which underlies parts of
Glendale, La Cresenta, and Los Angeles is
strongly affected by nitrate. Thirteen
municipal wells currently must use imported
water for blending. An ion exchange plant is
proposed to recover the poor quality water and
in part replace the 1mported water. This in-
situ poor quality water is believed to have
been caused by past septic tank practices.

(2) The large scale use of septic tank disposal
systems is also the source of high nitrate
waters in the La Canada and Altadena areas in
the Raymond Basin. Fifteen municipal wells

have been affected and blending water is
prevalent.

(3) Approximately one-gquarter of the San Gabriel/
Puente Basin contains ground water exceeding
the State MCL for nitrate, which affects 55
municipal wells in Alhambra, San Marino,
La Puente, and Covina. As there are presently
no unsewered areas or agricultural activities,
it is suspected that past practices of both are
the cause. Blending with imported water and
replacement wells installed in other parts of

the basin are the remedial measures used
presently.

(4) Large areas where nitrate exceeds the State MCL
are present in the Pomona and Live 0Oak Basins
with a somewhat less area in the Claremont
Heights and Spadra Basins. These are believed
to be the result of a long history of
agricultural activities. Twenty municipal
wells in Pomona, La Verne, and Claremont have

been affected and blending is required to meet
drinking water standards.

(5) The Los Angeles Central, the Santa Monica,
West Coast, and Beverly Hills Basins are
essentially free of nitrate problems. One
small area of nitrate from an unknown source is
present in the Montebello Forebay area.

(6) In a rural area in the northern part of
Los Angeles County known as Agqua Dulce, nitrate

19



has become a concern in ground water. Of the
seventeen small water system wells, five
exceed the State MCL and if historical trends

continue as indicated, eleven will exceed the
MCL within three years.

San Diego County —~ San Diego County has probably
least noticed the effects of nitrate contamination
for the very reason of its strong dependence on
imported surface water supplies. Degradation of
ground water is occurring but unless the impact is
felt by public water system users, it may pass
unnoticed for lengthy periods of time. In 1987,

nine public water systems exceeded the State MCL
for nitrate.

The small coastal basins are very vulnerable to
ground water degradation, a measure of which has
already occurred. Three areas have experienced
nitrate contamination at such a degree that new
water well ordinances enacted function as potential
prohibitions for building permits. These areas are
the San Marcos-Twin Oaks Valley area, Escondito-
San Pasqual Valley area, and parts of the

Ramona Basin. Additional areas where nitrate has
been found to exceed the State MCL are in the
Tijuana Basin, the El1 Cajon Basin, the San Luis Rey
Bonsall Basin, the Poway Basin. the Morena and
Carmel Valleys, and the Vista Hydrographic subarea.

No specific source investigations have been
accomplished in any of these areas, however, they
have all had historic land uses of agricultural
food crops, poultry ranches, and dairies. Public
water and sewer services are available in the more
urbanized areas; however, in several basins, ground

water is utilized as a water source and septic tanks
for waste disposal.

Ventura County - The main basins in Ventura County,
the Ventura River Basin, the Santa Clara River
Basin, the Los Posas, Santa Rosa, and the Oxnard

- Plain, all have experienced elevated nitrate

problems. Isolated wells in the Ojai area in the
Ventura River Basin have exceeded State action
levels for nitrate, as have wells near Santa Paula
and Fillmore in the Santa Clara Basin. The

Los Posas Basin has only isolated instances of
elevated nitrate near Moorpark and Somis, however,
the Santa Rosa Basin must limit ground water
extraction for drinking water purposes because of
high nitrate and total dissolved solids. In the

20



Oxnard Plain, both the upper and lower aquifer have
experienced elevated nitrate in the area of Oxnard.

It is expected that as wells go out of service
because of nitrate, an additional 3,000 acre-feet of
imported water will be required for blending or for
replacement purposes teo meet State water quality
standards for drinking water. Four Ventura County
small water systems have applied for funds to
rehabilitate their systems because of nitrate.

San Joaquin Vallev: The San Joaquin Valley is the
southern part of the Great Valley of California and
is found in all or parts of the following counties:
San Joaquin, Stanislaus, Merced, Madera, Fresno, Kings,
Tulare, and Kern. 1In general, the Valley has two major
ground water units; a shallower unconfined system along

the eastern border, and a deeper confined system in the
central and western poxrtion.

The eastern border of the valley generally has sandier,
more permeable soils than the central and western part
of the valley. These eastern areas first developed an
agricultural base utilizing surface water supplies where
possible. Later agricultural development spread to the
drier, less permeable soils in the central and western
parts of the Valley utilizing the confined ground water
as an irrigation source. As the largest changes in
ground water elevations have been found in the confined
aquifer, and as it also has the most econcmic
importance, this aquifer has a degree of priority in
monitoring programs. However, it has been shown many
times in California and nationwide that nitrate problems
are primarily found in the shallower wells and that with
exceptions, decrease with depth into the water table.
Those exceptions are generally where improper well
construction allows the shallow water to be drawn
downward into the lower aquifer or where unusually deep
pumping cones of depression draw the upper waters
downward to mix with lower waters.

The possibility exists that with somewhat biased
monitoring in the San Joaquin Valley, an accurate
picture of the nitrate problem in the San Joaquin Valley:
might not be evolving. Selective nitrate studies in the
San Jecagquin Valley initiated by special requests have
all shown that a larger nitrate problem than previously
thought exists in each of those areas. Examples are the
Delano Investigation (DWR-Bulletin 143-6), the Hilmar
Investigation in progress (Central Valley Regional

Board), and the Kern County Ground Water Quality Report
(KCWA-March 1982).
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San Joaquin County - Nine small water systems in
this county exceeded the State maximum contaminant
level for nitrate during the year 1987. Corrective
actions were initiated and alli users notified.

Three small water systems applied to DHS for funds
to assist them in reaching compliance with their
systems. During this same year (1987), the EPA data
files show three violations occurring in San Joaquin
County.

Nitrate exceeding the State maximum contaminant
level in San Joaquin County appears to be more
concentrated in the vicinities of Lodi, the
Manteca/Ripon/Escalon area, and the Tracy area on
the west side of the Valley. The San Joaquin Health
District, Division of Environmental Health has set
restrictions on well construction in Tracy and

Manteca requiring well sealing by surface grouting
to greater depths.

The causes of the elevated nitrate levels have not
been determined but are suspected to be related
to the application of chemicals and fertilizers by
agricultural interests and to poultry and dairy

wastes.

Stanislaus County - Twenty five small water systems
and four large water systems requested financial aid
from Department of Health Services in 1987 to remedy
nitrate problems. These requests for aid come from
such varied sources as cities, trailer parks, and
schools. Twenty three of these requests are in the
area along State Highway 99 from Modesto through _
Turlock and to the east from Denair through Hughson
to Oakdale. One reguest was from the west side of
the San Joaquin Valley at Patterson. On the west
side of the Valley, nitrate exceeding the State MCL
has aiso been recorded near Wesliey and Crows
Landing. It is believed that most of these
occurrences are the result of agricultural

activities in the sandy soil and high water table
zone.

Merced County - In Merced County only three small
public water systems have applied to DHS for
financial aid to solve their nitrate problems,
however, information from the Merced County
Department of Environmental Health shows that in
recent years no less than 19 public water systems

have had to take remedial measures to meet drinking
water standards.



Existing problems appear to be most pronounced
along and on both sides of Highway 99 through the
County. Atwater, Winton, Livingston, Delhi, and
Hilmar have all been affected by high nltrate ground
water. A study of the Hilmar area being conducted
by the Regional Water Quality Control Board has
shown that within an approximately 30 square mile
area, about 60 percent of the 69 wells sampled
exceed the State MCL for nitrate. These high
nitrate levels are tentatively attributed to
leachate from dairy wastes and from agriculture.

On the western side of Merced County, nitrates
exceeding the State MCL has been found from Newman

to Guistine, around Los Banos, and near scuth
Dos Palos.

Madera County - There appear to be fewer problems in
Madera County from elevated nitrate. Three areas
which have nitrate levels well above background
levels are to be found around the Chowchilla area,
the Dairyland/Berenda area, and along the border of
the San Joaquin River near Ripperdan. Identification

of the socurces for the elevated nitrate has not been
nade.

Fresno County - Local ground water analyses having
nitrate values that range from above background
levels to above the State MCL have been recognized
in Fresno County for many yvears. Numerous small
and generally unrelated studies deallng with
nitrate problems have been made in the Fresno-Clovis
area for various academic purposes, but no single
countywide evaluation has been made for the purpcse
of determining the occurrence and sources of
elevated nitrate in ground water.

Past studies of the Fresno-Clovis areas show that
elevated nitrate levels are present throughout the
city and to the west. These studies have
independently targeted septic tanks, winery wastes,

use of fertilizers, and urban runoff wells as
nitrate sources.

Other areas in Fresno County where nitrate exceeds
the State MCL have been found on the east side of
the valley in the Raisin City-Carruthers area, Laton
through Kingsburg, and throughout the Reedley-
Orange Cove areas. The most probable sources of
these occurrences are agricultural activities.
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Areas in Fresno County on the west side of the
valley where nitrate is above the State MCL are the
Mendota-Firebaugh area, Kerman, the Cantua Creek
area, and the Coalinga area. These, also, have most
probably been influenced by agricultural activities
although there are deposits of naturally occurring
high nitrate soils along the western edge of the
Valley in Fresno County.

Kings County - Kings County appears to be relatively
free of high nitrate concentrations with the
exception of historic isolated occurrences around
the Hanford-Lemoore areas and in the Avenal area on
the west side of the Kettleman Hills.

Tulare County - Along the eastern border of that
part of the San Joaquin Valley in Tulare County is
a discontinuous belt of high nitrate ground water
which extends from Reedley in Fresno County
southward through Tulare County past Delano-
McFarland-Bakersfield in Kern County. This ill-
defined belt appears to be associated with orcharqd,
citrus, and other agricultural crops in Tulare
County and a zone of loose, permeable sandy soils.
Thirty-three small and one large public water
systems in Tulare County have been in violation of
drinking water standards because of nitrate within
- the general boundaries of this zone. Ten have

applied to DHS for financial aid in renovating their
systens.

Areas which have been affected include Dinuba,
Yettem, Lemon Cove, Woodlake, Lindsey, Strathmore,
Porterville, Ducor, and Richgrove. Other isolated
areas of high nitrate in Tulare County have occurred
near Traver, Goshen, Visalia, and Tulare.

Kern County - The continuation of the discontinuous
belt of high nitrate waters as described in Tulare
County continues through Kern County. Ground waters
containing nitrate, some of which are more than
twice as high as the State MCL, are found through
Kern County near Delano, McFarland, Wasco-Shafter,
Famosa, Rosedale, Bakersfield, Arvin-Edison, Lamont,
and along the southern border of the Kern Lake bed.
Very high nitrate levels have also been found along
the western border of the Buena Vista Lake bed near
Maricopa and Taft and northwest of Lost Hills.

Thirty—four small public water systems have exceeded
the State MCL for nitrate at one time or another, of
which 19 continue to exceed the standards. Fourteen
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small water systems and two large water systems in
Kern County applied to DHS in 1987 for financial
assistance to remedy their nitrate problems.

In a 1982 ground water quality study performed by
the Kern County Health Department and the

Kern County Water Agency, it was shown that the
areas of greatest nitrate concentration in the
unconfined ground waters were found to be in the
sandy soils along the east side of the basin where
the agricultural development began many years ago.
Areas where nitrate levels approach or exceed the
State MCL increased in size from an estimated

49 square miles in 1958 to 372 square miles in 1979.

Nitrate contaminated areas are found also in the
confined aquifer system near the eastern edge of the
confining clay layer where intercommunication of the
upper and lower ground water bodies is most apt to
occur. In 1979, ground waters in the confined
aquifer underlying 45 square miles were approaching
or had already exceeded the State MCL for nitrate.

Sacramento Valley: The impact of irrigated agriculture
has been intensively studied in the Great Central Valley
of which the Sacramento Valley constitutes the northern
part. For this report, this area consists of all or
part of the following counties: Tehama, Butte, Glenn,
Lake, Colusa, Sutter, Yolo, and Sacramento. USGS
studies (1984) of about 700 wells in this area, of
which 62 with long-term records were statistically
analyzed, have concluded that nearly one-third of the
wells in the Sacramento Valley may be undergoing
significant increases in nitrate concentrations. Data
suggests the following are the most possible sources:
1) surface contamination in shallow wells; 2) pollution

from septic systems; and 3) leaching of fertilizers

applied to croplands, particularly orchard areas.

All of these counties were considered by the USGS to
contain potential elevated nitrate concentrations with
the exception of Lake County. Nitrate concentrations
exceeding drinking water standards have severely
impacted Chico and Sutter City, and less severely
impacted the Knights Landing/Arbuckle, Yuba City-
Gridley, Williams, Red Bluff, and Corning areas.

To prevent further contamination in the Chico area of
Butte County, an action plan has been enacted limiting
development and restricting the use of septic tank
systems for sewage disposal until expansion of the
existing sewer systems has been accomplished.
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In Sutter County in 1986, about 20 small public water
well systems had nitrate levels over the State MCL of

45 mg/1l. Some of these wells were shallow, but others
were as deep as deemed safe, for deeper wells in parts
of this county may encounter arsenic and other problems.
In 1986, six public water systems applied to DHS for
financial assistance to remedy nitrate problems. A
limited sampling of the numerous private wells in use in
Sutter County was conducted by the Sutter Environmental
Health Department and indicated that about 75 percent of
the sample group were over the State MCL.

In Tehama County, nitrate exceeding the State MCL has
been found in the Red Bluff suburbs on the east bank of
the Sacramento River. The critical problem area is not
extensive at this time, however, continuing development
with additional housing and individual waste disposal
systems is occurring. In a DWR study of this area,
"Antelope Ground Water Study," evidence was presented of

recycling taking place between individual wells and
waste disposal systems.

Four small public water systems in Yolo County applied
to DHS in 1986 for assistance in solving nitrate
problens.

There appears to be no immediate threat to drinking
water supplies from nitrate pollution in Sacramento
County. EPA printouts of nitrate violations for the

. Years 1982 and 1983 show that several small water
systems serving motel and trailer parks were in
violation. No violations have been recorded in either
EPA or DHS data banks since that time.

The Central Coastal Area: The Central Coastal Area is
defined as the counties of Santa Cruz, San Benito,
Monterey, San Luis Obispo, and Santa Barbara.

a. Santa Cruz County - A study of the Pajarc Valley
initiated by University of California Santa Cruz
students in 1972 with follow-ups by the Santa Cruz
County Environmental Health Department show that a
significant part of the Valley contains ground water
in which nitrate exceeds State MCL. It has been
suggested that over-fertilization in sandy soils
combined with improper well construction and
abandonment may be responsible for the larger part
of the ground water degradation. It has been
suggested by the County Environmental Health
Department that about one well in four in this area
exceeds the MCL of 45 mg/l for nitrate. The public
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is notified by the Environmental Health Department

in Santa Cruz County if it is suspected they are at
risk.

Other areas in Santa Cruz County which have
experienced elevated nitrate levels are the

San Lorenzo Valley, an area in mid-county served by
the Central Water District, and the Scotts Valley
area. These areas are most probably experiencing

high nitrate levels from septic tank waste disposal
systems.

A generalized background picture of the nitrate
problem is not available for Santa Cruz County to
determine the significance of what may be occurring.

San Benito County - Information on only one
occurrence of nitrate above the State MCL was found
in San Benitc County. This was at the site of a
former turkey ranch east of Hollister. This ranch,
and the site of a neighboring explosive testing
firm, were both formerly dairy operations. Nitrate
levels at these sites ranged from 482 to 570 mg/1
and are above 100 mg/l at a distance of 3/4 of a
mile. This area services no public water system at
present and has not been considered a public risk by
the County Sanitary Engineer.

Monterey County - The Salinas River Valley
communities in Monterey County have been severely
impacted by elevated nitrate in ground water as have
been other communities in the northern end of the
county. As very little surface water is used to
supply drlnklng water in Monterey County, the major
source is from ground water. The County also has
more small water systems than any other county in
California which increases the vulnerability of the
supply. 1In the event of ground water degradation,
small water systems seldom have the options
available to large systems without government
financial assistance. 1In 1986, twenty-two small
water systems from Monterey County applied to DHS

for financial assistance under the Safe Drinking
Water Bond Law.

Within the County, 113 of 1,207 wells of the small
public water systems (under 200 connections) were in
violation of drinking water standards for nitrate
during the year 1986. Six of 180 wells serving
large water systems (over 200 connections) were
closed because of nitrate. New real estate
developments are required to furnish proof of
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adequate water to the County Health Department prior
to the issuing of building permits.

Data from studies prepared by the Monterey County
Flood Control and Water Conservation District show
that, at present, 48 percent of all monitored wells
in the unconfined aquifer areas of the Salinas
Valley exceed the drinking water standard of 45 mg/1l
for nitrate. Further, based on the trend of the
last ten years, they project that the mean nitrate
concentration will exceed the drinking water
standard by 1.9 to 4.4 times in all the Salinas
Valley unconfined aquifer subareas by the year 2000.
Probable sources are attributed in most part to
agriculturally related activities.

A directive by the County Board of Supervisors in
1985 initiated a ground water quality study in the
Prunedale area. Of the 154 private and public
wells serving the area, 27 percent exceeded the
maximum contaminant level of 45 mg/l, 3 percent were
between 40-45 mg/l, and 17 percent were between
30-40 mg/l. Contamination was occurring in both

private and public water systems and in both shallow
and deep aquifers.

Data from the County Environmental Health Department
show high nitrate in the Salinas River Valley in the
areas of San Ardo toc San Lucas, the King City area,
Greenfield/Soledad/Gonzales on the east of the
river, Soledad to Salinas on the west of the river,
areas surrounding Salinas, and in the vicinities of
Santa Rita, Prunedale, Moss Landing, and Los Lomas.

San Luis Obispo - Areas in San Luis Obispo County
where the nitrate levels have been found exceeding
the State drinking water standards of 45 mg/1
include Arroyo Grande, Oceano, Tri-Cities Mesa,

Grover City, Morro Bay, Los Osos, Baywood, Cayucos,
Pismo Beach, and Cuyama.

In the area of Arroyo Grande/Oceano/Grover City,
nitrate levels commonly are higher than the State
drinking water standard. The past use septic tanks
and the widespread application of commercial
fertilizers are believed to be major sources. A
large portion of the Arroyo Grande, Oceana, and
Grover City areas are now served by community sewer
systems. Poorly constructed shallow wells and past
well abandonment practices appear to allow
continuing degradation. Septic tank use
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prohibitions which act as land use restrictions are
in effect within the County.

e. Santa Barbara County - In Santa Barbara County,
the Santa Maria and the Santa Ynez River Valleys
have received the most impact from elevated nitrate
levels. The Santa Maria Valley, both up and
downstream of the City of Santa Maria, contains
ground water which substantially exceeds the MCL
for nitrate. This has been attributed by USGS to
both non-point agricultural sources and to point
sources such as industrial and municipal returns.
Of the 20 County permitted small water systems in
the Santa Maria Basin, six have shown elevated
levels of nitrate and three are being treated for

exceeding the State drinking water standards for
nitrate.

In the Santa ¥Ynez River Basin, ground waters
containing nitrate in excess of the State MCL have
been found in the past in the areas of Lompoc,
Buellton, Scolvang, and Los Olivos. Currently, no
small water systems in these areas exceed the State
MCL. Agricultural activities have been named by the
USGS as the primary causes although with a shifting
emphasis to urbanization, individual waste disposal

systems will become relatively more significant in
the future.

The San Francisco Bay Area: The Bay Area counties which
consist of Sonoma, Marin, Napa, Solano, Contra Costa,
Alameda, Santa Clara, San Mateo, and San Francisco have
historically, with the exception of the latter, been
partially to wholly agricultural but are rapidly
becoming urbanized. They are served by a multiplicity
of large and small water systems and individual domestic
wells. Sewer systems and treatment plants handle the
bulk of sewage from the urbanized areas however some
commuter suburbs are still served by septic tanks.

a. Sonoma County - Areas in Sconoma County where nitrate
.values exceed the State MCL are in west and east
Petaluma, east Rohnert Park, and south Sebastopol.

The west Petaluma area became the subject of a DWR
study (1982) after the diagnosis of a case of
infant methemoglobinemia (blue baby). The Petaluma
study was to determine the source and magnitude of
the nitrate problem. It was determined that ground
water contamination was caused by the leachate from
the wastes of an extensive historic poultry and
dairy industry. The present day individual
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ranchettes were served by shallow individual
domestic wells which drew water from the
contaminated zone.

Tn the east Rohnert Park area ongoing studies may
result in building moratoriums or additional well
sealing requirements should nitrate problems
continue or accelerate. The east Petaluma and
Sebastopel areas have had . historic land use similar
to that of west Petaluma (dairies and poultry
farms), and are also exhibiting elevated nitrate
levels in ground water. Isclated instances have
been noted elsewhere in Sonoma County where septic
tank waste disposal is the probable cause.

Napa County - In Napa County, isolated areas of
nitrate which exceeds the State MCL have been found
in the Napa Valley proper from south St. Helena to
Rutherford. Continued monitoring is scheduled in

1988-89 for this area, and additional monitoring
will be expanded County-wide.

Solano County - In Solano County, areas east of
Vacaville and Winters were found in the past to

.contain ground water in which nitrate exceeded the

45 mg/l State MCL. No specific causes have been
determined, but the land uses of these areas have
historically been agriculture and orchards. Similar
isolated instances are to be found around Vallejo,
Benecia, and south and east of Fairfield.

Contra Costa County - Nitrate exceeding State
drinking water standards has been a continuing
problem in the Brentwood-Byron-Knightsen
agricultural areas, necessitating closing some of
the large water system wells and requiring blending
with imported water in others. In the Knightsen
area, over 90 percent of the shallow wells tested
contain excess nitrate, however, deep wells (over
150 feet deep) have low nitrate values. Isolated
occurrences of excessive nitrate have been recorded
in the Concord/Clayton Valley/Walnut Creek areas,
however few individual domestic wells are still used
for drinking water purposes. Contra Costa County
has received funding for two projects to remedy
nitrate problems in the Knightson area.

Alameda County - There are two primary areas where
the nitrate levels in ground water exceed the State
MCL in Alameda County. These areas are the
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Livermore Valley and the eastern shore of

San Francisco Bay from Fremont north through
San Leandro.

The Livermore Valley area of high nitrate extends
from Altamont Pass west through Livermore and south
into Arroyo Mocho, with several other small areas
extending from Pleasanton to Dublin. The main
contributors to these high nitrate ground water
zones are two fold; past agricultural practices and
the historical presence of individual septic tank
disposal systems. However, the effects of the
disposal of effluent and sludge between 1926 and
1959 at the old Livermcore sewage treatment plant
appears to have affected the water quality of the
upper and lower aquifers. One well in the near
vicinity has been shut down by the purveyor due to
nitrate concentrations. Water from two other wells

in the area is being blended to reduce nitrate
concentrations.

The other major area in Alameda County, the eastern
San Francisco Bayshore, was hlstorlcally devoted to
row-crop agriculture and orchards prior to low
intensity housing development utilizing septlc tank
disposal systems. While intense urbanization is now
present, accompanied by the development of sewer

systems and treatment plants, the presence of high
nitrate ground water remains.

Santa Clara County - Santa Clara County has had a
history of high nitrate levels in the southern part
of the county. The two most impacted areas are near
0ld Gilroy and Morgan Hill. Suspected causes are
septic tank waste disposal in high water table areas
and the agricultural history. Random occurrences
are found to occur northward into the San Jose area.
EPA records show that the City of Morgan Hill water
system has wells which have repeatedly been in
viclation of the State MCL for nitrate since at
least 1982. Two water companies have applied to DHS
for financial assistance to rehabilitate their

water systems because of nitrate exceeding drinking
water standards.

San Mateo, San Francisco, Marin Counties - With the
exception of the Pescadero area in San Mateo County,
nitrate does not appear to be a problem in these
counties. During 1974, tests of Pescadero well
systems showed that 41 percent of the systems
produced water containing nitrate in excess of the
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State MCIL. Public notices alerting the citizens
have been distributed by the Environmental Health
Department of San Mateo County explaining the
nitrate problem and the consequences of drinking
these waters. The suspected causes are failures of
old septic tank waste disposal systems and
fertilizers.

North Coast Area: Generally the north coast area,
consisting of Del Norte, Humboldt, Mendocino, and
Trinity counties, has relatively few nitrate problems.
The most probable reasons for this are that little
intensive irrigated agriculture is practiced, a

relatlvely high rainfall prevails, and a low population
base is present.

In Humboldt and Del Norte Counties all public water
systems have been sampled for nitrate by both the DHS
and the county health department. No elevated nitrate
levels have been found. Little attention has been

- focused on coastal ground water basins because of the
limited quantity of ground water and the marginal water
quality because of the presence of iron and manganese.
. The exception to this is the Smith. River ground water.
basin where nitrate levels recently measured by the
Regional Water Quality Control Board have exceeded the
drinking water standards in 14 percent of the domestic
wells sampled. These wells are shallow, may not have
surface seals, and are generally in the immediate

vicinity of either heavily fertilized 1ily bulb fields
or dairy operations.

Somewhat elevated nitrate levels were also noted by the
county health department near an experimental fish
composting operation in Mendocino County.

Basic ground water guality data is not abundant for the
north coast region other than that gathered for the
public water systems being monitored by DHS and the
county health departments. The small coastal basins are
particularly vulnerable to nitrate contamination however
should intensive development occur without accompanying
sewage treatment plants, or should intensive nitrate ‘
contributors such as feedlots, poultry ranches, dairies,
or fertilizer intensive agriculture enter the basins.

Northeastern Counties: The northeastern counties of
Slsklyou Modoc, Shasta, Lassen, and Plumas have had
only minor occurrences of nitrate problems which have
been usually related to septic tank waste discharge
systems. With development, further problems of the same
nature can occur as much of this area is covered by

32



10.

shallow soil overlying permeable volcanic rocks thus
allowing neither adequate time nor filtered travel
distance for adequate waste discharge treatment.

The area of east Quincy in Plumas County is experiencing
nitrate problems from septic tank systems, as is the
east shore of Lake Almanor from the same cause. In
Lassen County, nitrate problems have been experienced
near Eagle Lake, Honey lake, and Doyle. The problem of
septic tank use with shallow water tables at Eagle Lake
has been under review by government agencies for
sometime and has led to prohibitions. Building
moratoriums and other options have also been considered.
In Siskiyou County, three areas near Yreka, Weed, and
Macdoel have been cbserved for some time and have been
contained through septic tank and land use restrictions.
An individual occurrence has been reported in Modoc
County near Likely.

Mountain Counties: Part or all of the following
counties fall into the mountainous terrain of the
Sierra Nevada Range: Sierra, Nevada, Placer,

El Dorado, Amador, Alpine, Calaveras, Tuolumne,
Mariposa, Madera, Fresno, Tulare, and Kern. As gocod
quality surface water is generally the source of
drinking water for public water systems in the
mountains and private domestic wells are not commonly

sanpled and tested, little information is available on
ground water guality.

The STORET printout of geographic locations where
nitrate has been recorded as exceeding drinking water
standards shows that no nitrate violations were
recorded in these mcocuntainous areas. Similarly, no
requests were filed with DHS for assistance in

rehabilitation, treatment, or replacement of any public
water systems.

Some instances of excessive nitrate in ground water
were furnished by the County Environmental Health
Directors COffices. 1In Tuolumne County, in the area of
Chinese Camp west of Jamestown, wells in which nitrates
have consistently exceeded the State MCL of 45 mg/l
have been identified since at least 1979. A new well
was drilled for a school and bottled water is furnished
at a mill. Elevated nitrate levels which are thought
to be naturally occurring are present in the vicinity
of Angels Camp.

Desert Areas: The desert areas which are defined as
all or parts of the counties of Mone, Inyo, northern
Los Angeles, San Bernardino, eastern Kern, eastern
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Riverside, eastern San Diego, and Imperial have
isolated nitrate problems. Most are probably related
to one or more causes; septic tank and seepage pit
practices, intensive dairy/feedlot operations, and
agricultural practices. Golf courses which are
fertilizer intensive and generally follow development
nust also be considered as a source of nitrate in the
ground water.

In San Bernardino County, nitrate contamination related
to septic tank practices is present in the Crestline
area, the Halloran Springs area, and the Yermo area.
Along the Mojave River, nitrate levels which exceed
drinking water standards are related to dairy wastes.
However, the largest threat to degradation of drinking
water exists in the Victor Valley area where a

90-100, 000 population resides in a concentrated area on
small rural unsewered lots. It has been estimated that
20 percent of the recharge to the aquifer is from
sewage effluent. A current USGS/State Board study is
underway to determine the effects of the existing

septic tank and seepage pit practices on the ground
water quality.

Other reported areas where nitrate has exceeded
drinking water standards are the Littlerock area south
of Palmdale in northern Los Angeles County, and along
the Mojave River in San Bernardine County. In eastern
Riverside County, the Hemet area and the Moreno area
have been affected by high levels of nitrate which
exceed drinking water standards, probably from past
agricultural practices. Cathedral City near

Palm Springs has historically had wells from which
water sample test results exceed the State MCL for
nitrate. This is believed by the Colorado River Basin
Regional Board to be caused from the septic tank sewage
disposal metheds practiced there. Sewage disposal
practices are also believed to be responsible for high
nitrate levels in ground water in the Romoland-Homeland
area of Riverside County. Small areas of high nitrates
have been mapped near dairies and poultry farms south
of the Winchester area. The Anza-Borrega area in
eastern San Diego County has nitrate in well water
which exceeds the State MCL for drinking water.

Agricultural practices and septic tank practices are
the suspected cause.
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summary of Scurces of Nitrate

Nitrate in Surface Waters: A summary printout was
extracted from the STORET data base of the surface
waters in California which had at any time since 1975
exceeded the drinking water standards for nitrate. Tt
would appear that very few streams in northern
California have ever exceeded these standards. More
streams, though still relatively few in number, have
exceeded this standard in the southern half of the
State. The more important of these are the Santa Ana
River and the Los Angeles River in the Los Angeles
Basin, the Santa Margareta River in San Diego County,
the Salinas River in Monterey County, the Santa Clara
River in Ventura County, and the Chowchilla River in
Madera County. While most or all of these rivers are
sources of recharge to the ground water body, and
thereby ultimately affect the drinking water source, it

is doubtful if any are utilized as direct sources of
drinking water.

The sources of excessive nitrate in surface streams

can be commonly attributed to one or more of the
following: 1) effluent from sewage treatment plants;
2) agricultural effluent runoff, either from surface or
from underground drain systems; 3) the strean receiving
exfiltration from a high nitrate content ground water
body; and 4) industrial and municipal runoff.

Nitrate in Ground Water: The major sources of the
nitrate found in california's ground water drinking
water supply are generally accepted to be the following:
leachate produced from agricultural activities and
animal and poultry wastes, individual septic tank waste
disposal systems, effluent from sewage treatment plants,
and municipal and industrial runoff and effluent.
Several areas in the State where the soil and water have
natural high nitrate contents are known but these are of
minor importance as sources of drinking water. 1In
nearly all areas of the State where drinking water
contains nitrate above State MCL, the cause may be
attributed to one or more of the above human activities.

a. Agricultural Activities - The largest sources of
nitrate in California ground water are those related
to agricultural activities, in particular those
which utilize the application of nitrogen
fertilizers in one form or another. The dilemma
which confronts the general public and governmental
agencies is that public health concerns would be
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best served with little or no nitrogen in the
drinking water source (of which the largest
percentage is ground water), and that the farmer is
best served by applying an adequate supply of
nitrogen to his growing crops with some unavoidable
leachate percolation carrying nitrogen as nitrate to
the ground water body. In some areas, nitrate has
accumulated in the ground water to the degree that
farmers reportedly nc longer need apply fertilizer
to satisfy crop needs. Meanwhile, these same waters
have been competing as drinking water sources in the
municipal domain and can no longer meet State
drinking water standards. Nearly all ground water
basins in the central and coastal parts of

California have this competing demand on ground
water supplies.

The consumption of fertilizers dramatically
increased after 1950 as did the number of acres of
productive farmland. California use of fertilizer
(nitrogen) rose from 342,142 tons in 1965 to a high
of 631,065 tons in 1980 (a figure which is similar
to the nationwide use in 1945), since which
fertilizer use has more or less stabilized. It has
been estimated that about 35 percent of this applied
nitrogen is removed by leaching and runoff, the
larger portion by leaching downward into the ground
water body. Since nitrate ions (NO3~) have a
negative charge they are not attracted to the soil
particles which also have a negative charge.
Accordingly, nitrate is both extremely mobile in
downward percolating water and exhibits little
change in the ground water body. Research has shown
that marked changes in fertilizer application rates
at the surface may require up to 60 years for the
soil leachate to reach and affect the ground water

body, implying that worse conditions than now exist
may be yet to come.

The production and infiltration of nitrogen leachate
is also associated with variables other than
fertilizer application rates. These include the-
agricultural product and its utilization of nitrogen
(i.e., citrus, cotton, alfalfa), soil types (i.e.,
sand, clay loam), permeability, irrigation
practices, and others such as subsurface soil
organic content. Research which considers these
variables shows that not unexpectedly the highest
potential for subsurface transfer to the ground
water of surface applied nitrogen will occur in high
permeability loose sandy soils of low organic
content with heavy irrigation. Conversely, should
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intermittent low permeability lavers exist near the
surface in sandy soils, denitrification might occur
and little nitrate reach the ground water body.

A Master of Science Thesis in Environmental
Management from the University of San Francisco
summarized statewide ground water and crop data from
238 wells with confirmed nitrate contamination to
produce a cursory ranking of which agricultural
activities appeared to produce the highest nitrate
in ground water. The results were as follows,
listing first the activity, followed by the average
ground water nitrate value in parenthesis:

Seed Production(104 mg/1l)
Greenhouses (103 mg/1)
Vegetable Crops( $8 mg/1)
Dairies/Feedlots( 93 mg/1)
Vineyards( 74 mg/1)
Orchards( 73 mg/1)

Fruit Crops( 72 mg/1)

Similar data has been produced by others with
somewhat comparable results.

The practice of over-irrigation is equally a factor
in the production of nitrate bearing leachate moving
downward to the ground water body. The reduction of
excess applied water would correspondingly reduce
the water available for transport of nitrate.

Dairy, Feedlot, and Poultry Wastes - Agriculturally
related activities such as confined animal
facilities, dairies, and poultry/turkey ranches are
also large contributors of nitrate to the ground
water body. For example, animal wastes, wash water,
and runoff from dairy facilities have been strongly
implicated as the major contributor to the
degradation of the Chino ground water basin in
southern California and the Hilmar area in the

San Jocaquin Valley among others. A recent study by
the USDA Soil Conservation Service states that past
impacts on the Chino study area of 27,500 acres by
the dairy industry have increased NO3-N from six to
16 mg/1 (nitrate 26.4-70.4 mg/l) between 1969 and
1986. It further states that since dairying was
begun in the area, ground water quality has degraded

from acceptable levels in 100 percent of the wells

to only 60 percent of the tested wells meeting
drinking water standards, and that if the present
rates of degradation continue, within about 25 to
30 years none of the ground water in the study area
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presently tapped by wells will meet drinking water
standards because of nitrate.

Poultry ranch wastes, which accumulated prior to
urbanization in the Petaluma area, were held
responsible for the high nitrate values in the

ground water body which later led to an incident of
infant methemoglobinemia.

Septic Disposal Systems - About 25 percent of the
U.S. population lives in areas where septic tank
disposal systems are the norm, and it is estimated
that these figures are also relatively true for
California. It has been estimated that nationwide
about 6 percent of the nitrogen pollution occurs
through the use of these waste disposal systems.
For practical purposes, a large part of the nitrogen
entering a septic tank system is delivered to the
ground water body. This is of little significance
in sparsely populated areas, but becomes relatively
important with the resulting increase in density of
such systems brought about by urbanization.

Effluent from such systems has been estimated to
contain up to 70 mg/l of nitrate and/or ammonium
nitrogen. In areas where the natural treatment
capacity of the soil may be overwhelmed because of
high water tables, insufficient treatment area or
lot sizes, or sheer numbers of systems, this

effluent entering the ground water bedy will nearly
inevitably lead to pollution.

Urban Runoff - The nitrate loading of urban runoff
has been estimated to be about one-half or less than
that from agricultural lands. Lawn and garden
fertilizers, pet excreta, leaves, litter, and

fallout of soil particles all form varying patterns
which make prediction difficult.

Municipal Waste Treatment - On a national scale,
municipal sewage treatment is not a large part of
the nitrogen input to waters, but locally where the
surface or ground water body is already overloaded
with nitrogen, it can be very important as in the
Santa Ana River in Riverside County.

At best, a conventional primary-secondary treatment
plant achieves noct more than 30 to 40 percent
nitrogen removal. Advanced EPA demonstration plants

indicate that nitrogen removal percentages of 90 to
95 are feasible.
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CHAPTER IV
EVALUATION OF EXISTING PROGRAMS

A. Resource Identification

1.

Current Programs Addressing Nitrate: There are no
current ongoing programs that specifically address the
causes and the areal extent of the statewide occurrence
of nitrate in drinking water. Mandatory sampling
programs which are regulated by the DHS monitor
violations of the standards for nitrate in drinking
water for public water systems. These programs do not
make evaluations of that portion of the ground water
body lost for beneficial use as drinking water or of the
underlying causes of contamination. No State, Federal,
or local program attempts to quantify the volume or the
percentage of the ground water which has become
contaminated by excessive nitrate and is unsuitable for
drinking water purposes. Additionally, no program
exists which has attempted to quantify the contribution
to nitrate pollution from each of the many various
sources. In large part, the lack of progranmns
specifically addressing nitrate problems is caused by

the setting of priorities for the competing uses of
limited resources.

Some specific programs relating to nitrate contaminaticn
are presently being carried out by the Regional Water
Quality Control Boards. These include the Merced County
Hilmar study by Central Valley Regional Board, the Del
Norte County Smith River Plain study by North Ccast
Regional Board, and the San Bernardino County Victor
Valley seepage pit and leachfield study being conducted
by the USGS and Lahontan Regional Board (Victorville
Branch Office). The scope of Santa Ana Regional Board's
efforts include not only an intensive review of the
nitrogen waste load allocation for the Santa Ana River
using a surface water quality model, but also the
calibration and verification of a ground water quality
model for nitrate. None of the above programs are
directed to guantify nitrate problems outside their
specific area of investigation.

The DHS monitoring programs of public water supplies may
be the largest single source of in-coming data of which
nitrate analyses are a part. The use of this program to
quantify nitrate problems is misleading, however, for
two reasons.

First, in reporting only violations, it assumes no
problem exists if there ig no violation. For example,
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