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Is nitrate harmful to humans? Are the current limits for
nitrate concentration in drinking water justified by science?
There is substantial disagreement among scientists over the
interprewation of evidence on the issue. There are two main
health issues: the linkage berween nitrate and (i) infant
methaemoglobinaemia, also known as blue baby syndrome,
and (ii) cancers of the digestive tract. The evidence for nitrate as
a cause of these serious diseases remains controversial. On one
hand there is evidence that shows there is no clear association
berween nitrate in drinking water and the two main health
issues with which it has been linked, and there is even evidence
emerging of a possible benefit of nitrate in cardiovascular
health. There is also evidence of nitrate intake giving protection
against infections such as gastroenteritis. Some scientists suggest
that there is sufficient evidence for increasing the permitted
concentration of nitrate in drinking water withour increasing
risks to human health. However, subgroups within a population
may be more susceptible than others to the adverse health
effects of nitrate. Moreover, individuals with increased rates of
endogenous formation of carcinogenic N-nitroso compounds
are likely to be susceptible to the development of cancers in
the digestive system. Given the lack of consensus, there is
an wsgent need for a comprehensive, independent study to
determine whether the current nitrate limit for drinking water
is scientifically justified or whether it could safely be raised.
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Is nitrate harmful to humans? Are the current limits for nitrate
concentration in drinking water justified by science? These
questions were addressed at a symposium on “The Nitrogen
Cycle and Human Health” held at the annual meeting of the Soil
Science Society of America (SSSA). Although they sound like old
questions, it became clear there is still substantial disagreement
among scientists over the interpretation of evidence on the
issue—disagreement that has lasted for more than 50 years.

This article is based on the discussion at the SSSA meeting and
subsequent email exchanges between some of the participants. It
does not present a consensus view because some of the authors
hold strongly divergent views, drawing different conclusions from
the same data. Instead, it is an attempt to summarize, to a wider
audience, some of the main published information and ro high-
light current thinking and the points of contention. The article
concludes with some proposals for research and action. Because of
the divergent views among the authors, each author does not nec-
essarily agree with every statement in the article.

Present Regulatory Situation

In many countries there are strict limits on the permissible
concentration of nitrate in drinking water and in many surface
waters. The limit is 50 mg of nitrate L™ in the EU and 44 mg
L~"in the USA (equivalent to 11.3 and 10 mg of nitrate-N L',
respectively). These limits are in accord with WHO recommen-
dations established in 1970 and recently reviewed and recon-
firmed (WHO, 2004). The limits were originally set on the basis
of human health considerations, although environmental con-
cerns, such as nutrient enrichment and eutrophication of surface
waters, are now seen as being similarly relevant. It is the health
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issues that are the main cause of disagreement; the conrrasting
views are sct out in the following two sections.

Nitrate and Health

There are two main health issues: the linkage between ni-
trate and (i) infant methaemoglobinaemia, also known as blue
baby syndrome, and (ji) cancers of the digestive tract. The
evidence for nitrate as a cause of these serious diseases remains
controversial and is considered below.

An Over-Stated Problem?

The link between nitrate and the occurrence of methae-
moglobinaemia was based on studies conducted in the 1940s
in the midwest of the USA. In part, these studies related the
incidence of methaemoglobinaemia in babies to nitrate con-
centrations in rural well water used for making up formula
milk replacement. Comly (1945), who first investigated what
he called “well-water methaemoglobinaemia,” found that the
wells thar provided water for bottle feeding infants contained
bacteria as well as nitrate. He also noted that “In every one
of the instances in which cyanosis (the clinical symptom of
methaemoglobinaemia) developed in infants, the wells were
situated near barnyards and pit privies.” There was an absence
of methaemoglobinaemia when formula milk replacements
were made with tap warer. Re-evaluarion of these original
studies indicate that cases of methaemoglobinaemia always
occurred when wells were contaminated with human or ani-
mal excrement and that the well water contained appreciable
numbers of bacteria and high concentrations of nitrate (Avery,
1999). This strongly suggests that methaemoglobinaemia,
induced by well water, resulted from the presence of bacteria
in the water rather than nitrate per se. A recent interpretation
of these early studies is thar gastroenteriis resulting from bac-
teria in the well warer stimulated nitric oxide production in
the gut and that this reacted with oxyhaemoglobin in blood,
converting it into methaemoglobin (Addiscorr, 2005).

The nearest equivalent to a present-day toxicological test
of nitrate on infants was made by Cornblath and Hartmann
(1948). These authors administered oral doses of 175 to 700
mg of nitrate per day to infants and older people. None of the
doses to infants caused the proportion of heamoglobin con-
verted to methaemoglobin to exceed 7.5%, strongly suggest-
ing that nitrate alone did not cause methaemoglobinaemia.
Furthermore, Hegesh and Shiloah (1982) reported another
common cause of infant methaemoglobinaemia: an increase
in the endogenous production of nitric oxide due to infec-
tive enteritis. This strongly suggests that many early cases of
infant methaemoglobinaemia attributed ar that time to nitrate
in well water were in fact caused by gastroenteritis. Many
scientists now interpret the available data as evidence that the
condition is caused by the presence of bacteria rather than ni-
trate (Addiscotr, 2005; Lhirondel and Lhirondel, 2002). The
report of the American Public Health Association (APHA,
1950) formed the main basis of the current recommended
50 mg L~! nitrate limit, but even the authors of the report
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recognized that it was compromised by unsatisfactory data
and methodological bias. For example, in many cases, samples
of water from wells were only taken for nitrate analysis many
months after the occurrence of infant methaemoglobinaemia.

About 50 epidemiological studies have been made since 1973
testing the link between nitrate and stomach cancer incidence
and moruality in humans, including Forman et al. (1985) and
National Academy of Sciences (1981). The Chief Medical Of
ficer in Britain (Acheson, 1985), the Scientific Commitree for
Food in Europe (Europcan Union, 1995), and the Subcommit-
tee on Nitrare and Nitrite in Drinking Water in the USA (NRC,
1995) all concluded that no convincing link berween nitrate and
stomach cancer incidence and mortality had been established.

A study reported by Al-Dabbagh et al. (1986) compared
incidence of cancers berween workers in a factory manufac-
turing nitrate fertilizer (and exposed to a high intake of nitrate
through dust) and workers in the locality with comparable
jobs bur without the exposure to nitrate. There was no signifi-
canr difference in cancer incidence berween the rwo groups.

Based on the above findings showing no clear association be-
tween nitrate in drinking warter and the two main health issues
with which it has been linked, some scientists suggest that there
is now sufficient evidence for increasing the permitted concen-
tration of nitrate in drinking water without increasing risks to
human health (Chirondel et al., 2006; Addiscort, 2005).

Space does nor permit here to discuss other concerns
expressed about dietary nitrate, such as risk to mother and
fetus, genotoxicity, congenital malfunction, enlarged thryroid
gland, early onset of hypertension, altered neurophysiological
function, and increased incidence of diabetes. For differing
views of other possible health concerns, see Lhirondel and
Lhirondel (2002) and Ward et al. (2006).

Nitrate is made in the human body (Green et al., 1981), the
rate of production being influenced by factors such as exercise
(Allen et al., 2005). In recent years it has been shown that body
cells produce nitric oxide from the amino acid L-arginine and
that this production is vital to maintain normal blood circula-
tion (Richardson et al., 2002) and protection from infection
(Benjamin, 2000). Nitric oxide is rapidly oxidized to form
nitrate, which is conserved by the kidneys and concentrated in
the saliva. Nitrate can also be chemically reduced to nitric oxide
in the stomach, where it can aid in the destruction of swallowed
pathogens that can cause gastroenteritis,

Evidence is emerging of a possible benefit of nitrare in cardio-
vascular health. For example, the coronaries of rats provided water
for 18 mo thar contained sodium nitrate becamne thinner and more
dilated that the coronaries of the rats in the control group (Shuval
and Gruener, 1977). Nitrate levels in water showed a negative
correlation coefficient with the standardized morrality ratio for
all cardiovascular diseases (Pocock et al., 1980). In healthy young
volunteers, a short-term increase in dietary nitrate reduced diastolic
blood pressure (Larsen et al., 2006). Based on these data, one could
hypothesize that nitrate might also play a role in the cardiovascular
health benefit of vegetable consumption (many vegetables contain
high concentrations of nitrate) (Lundberg et al., 2004).
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The Need for Caution

Although there is little doubt that normal physiological lev-
els of nitric oxide play a functional role in vascular endothelial
function and the defense against infections (Dykhuizen et al,,
1996), chronic exposure to nitric oxide as a result of chronic
inflammation has also been implicated, though not unequivo-
cally identified, as a critical factor to explain the association
between inflammation and cancer (Sawa and Oshima, 2006;
Dincer et al., 2007; Kawanishi et al., 2006). Nitric oxide and
NO-synthase are known to be involved in cancer-related events
(angiogenesis, apoptosis, cell cycle, invasion, and metastasis)
and are linked to increased oxidative stress and DNA damage
(Ying and Hofseth, 2007). Rather than nitrate, the presence of
numerous classes of antioxidants is generally accepted as the ex-
planation for the beneficial health effects of vegetable consump-
tion (Nishino et al., 2005; Potter and Steinmetz, 1996).

A recent review of the literature suggests thar certain subgroups
within a population may be more susceptible than others to the
adverse health effects of nitrate (Ward et al., 2005). Although there
is evidence showing the carcinogenity of N-nitroso compounds
in animals, data obmined from studies that were focused on hu-
mans are not definitive, with the exception of the tobacco-specific
nitrosamines (Grosse et al., 2006). The formation of N-nitroso
compounds in the stomach has been connected with drinking
water nitrate, and excretion of N-nitroso compounds by humans
has been associated with nitrate intake at the acceptable daily
intake level through drinking water (Vermeer et al., 1998). The
metabolism of nitrate and nitrite, the formation of N-nitroso
compounds, and the development of cancers in the digestive sys-
tem are complex processes mediated by several factors. Individuals
with increased rates of endogenous formarion of carcinogenic
N-nitroso compounds are likely to be susceptible. Known factors
altering susceptibility to the development of cancers in the digestive
system are inflammatory bowel diseases, high red mear consump-
tion, amine-rich diets, smoking, and dietary intake of inhibirors
of endogenous nitrosation (e.g., polyphenols and vitamin C) (de
Kok et al., 2005; De Roos et al., 2003; Vermeer et al., 1998). In
1995, when the Subcommittee on Nitrate and Nitrate in Drinking
Water reported that the evidence to link nitrate to gastric cancer
was rather weak (NRC, 1995), the stomach was still thought to be
the most relevant site for endogenous nitrosation. Previous studies,
such as those reviewed in the NRC (1995) report, which found
no link between nitrate and stomach cancer, concentrated on the
formation of nitrosamines in the stomach. Recent work indicates
that larger amounts of N-nitroso compounds can be formed in the
large intestine (Cross et al., 2003; De Kok etal., 2005).

Some scientists argue that there are plausible explanations for
the apparent contradictive absence of adverse health effects of
nitrate from dietary sources (Van Grinsven et al., 2006; Ward et
al., 2006). Individuals with increased rates of endogenous forma-
tion of carcinogenic N-nitroso compounds are more likely to be
at risk, and such susceptible subpopulations should be taken into
account when trying ro make a risk-benefit analysis for the intake
of nitrate. In view of these complex dose-response mechanisms, it
can be argued that itis not surprising that ecological and cohort
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studies (e.g., Van Loon et al., 1998) in general do not provide
statistically significant evidence for an association between nitrate
intake and gastric, colon, or rectum cancers. The experimental
design of most of these studies may not have been adequate to
allow for the determination of such a relationship.

Population studies have the problem that factors influenc-
ing health tend to be confounded with each other. This neces-
sitates molecular epidemiological studies aimed at improving
methods for assessing exposure in susceprible subgroups. This
approach requires the development of biomarkers that enable
the quantification of individual levels of endogenous nitrosa-
tion and N-nitroso compounds exposure and methods for
accurate quantification of exposure-mediating factors.

Nitrate, Food Security, and the Environment

It is beyond dispute that levels of nitrate and other N-con-
taining species have increased in many parts of the ecosystem
due to increased use of fertilizers and combustion of fossil
fuels. At present, 2 to 3% of the population in USA and the
EU are potentially exposed to public or private drinking warter
exceeding the present WHO (and USA and EU) standard for
nitrate in drinking water. The proportion of the exposed pop-
ulation in the emerging and developing economies is probably
larger and increasing (Van Grinsven et al., 2006).

The environmental impacts of reactive N compounds are seri-
ous, and continued research on agricultural systems is essential to
devise management practices that decrease losses and improve the
utilization efficiency of N throughout the food chain. At the same
time, the central role of N in world agriculture must be considered.
Agriculture without N fertilizer is not an option if the 6.5 billion
people currently in the world and the 9 billion expected by 2050
are to be fed (Cassman et al., 2003). Losses of reactive N com-
pounds to the environment are not restricted to fertlizers: losses
from manures and the residues from legumes can also be large (Ad-
discott, 2005). Research indicates that simply mandating a reduc-
tion in N fertilizer application rates does not automatically reduce
N losses because there is typically a poor relationship between the
amount of N fertilizer applied by farmers and the N uptake ef-
ficiency by the crops (Cassman et al., 2002; Goulding et al., 2000).
Instead, an integrated systems management approach is needed to
berter match the amount and timing of N fertilizer application to
the actual crop N demand in time and space. Such an approach
would lead to decreased losses of reactive N to the environment
withour decreasing crop yields. Many of the potential conflicts be-
tween the agricultural need for N and the environmental problems
caused by too much in the wrong place are being studied within
the International Nitrogen Initiatve (IN]; http://initrogen.org/), a
networking activity sponsored by several international bodies.

The adverse environmental impact of reactive N species (i.e.,
all N-containing molecules other than the relarively inert N,
gas that comprises 78% of the atmosphere) deserves arrention.
Some of these molecules, such as nitrogen oxides, come from
combustion of fossil fuels in automobiles and power plants. Agri-
culture, however, is the dominant source through the cultivation
of N,~fixing crops and the manufacture and use of N fertilizers
(Turner and Rabalais, 2003). Both have increased greatly over the
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last few decades, and the trend is set to continue (Galloway et al.,
2003; 2004). The subsequent N enrichment causes changes to
terrestrial and aquatic ecosystems and to the environmental ser-
vices they provide. Examples include nitrace runoff to rivers caus-
ing excessive growth of algae and associated anoxia in coastal and
estuarine waters (James et al.,, 2005; Rabalais et al., 2001) and
deposition of N-containing species from the atmosphere causing
acidification of soils and waters and N enrichment to forests and
grassland savannahs (Goulding et al., 1998). All of these impacts
can radically change the diversity and numbers of plant and ani-
mal species in these ecosystems. Other impacts almost certainly
have indirect health effects, such as nitrous oxide production,
which contributes to the greenhouse effect and the destruction
of the ozone layer, thereby allowing additional UV radiation to
penetrate to ground level with the associated implications for the
prevalence of skin cancers.

Losses of nitrate to drinking water resources are also associated
with leaky sewage systems. Leaky sewage systems need to be im-
proved for general hygienc considerations. This need is especially
important in developing countries and poor rural areas that do
not have well developed sewage and waste disposal infrastructure,

Returning Question

In considering the management of nitrogen in agriculture and
its fate in the wider environmenr, the debate keeps rerumning to
the original question: “Is nitrate in drinking water really a threat
to health?” Interpretations of the evidence remain very different
(Lhirondel et al., 2006; Ward et al., 2006). The answer has a signif-
icant economic impact. The current limits established for ground
and surface waters require considerable changes in practice by
water suppliers and farmers in many parts of the world, and these
changes have associated costs. If nitrate in drinking water is nota
hazard to health, could the current limit be relaxed, perhaps to 100
mg L™'? The relaxation could be restricted to situations where the
predominant drainage is to groundwater. Such a change would al-
low environmental considerations to take precedence in the case of
surface waters where eutrophication is the main risk, and N limits
could be set to avoid damage to ecosystem structure and func-
tion. Phosphate is often the main factor limiting algal growth and
eutrophication in rivers and freshwarer lakes, so a change in the
nitrate limit would focus attention on phosphate and its manage-
ment—correctly so in the view of many environmental scientists
(Sharpley et al., 1994). It is possible that a limitation on phosphate
might lead to even lower nitrate limits in some freshwater aquatic
environments to restore the diversity of submerged plant life
(James et al., 2005). It could be argued that setting different limits,
determined by health or environmental considerations as appropri-
ate, is a logical response to the scientific evidence.

Given the criticisms of the scientific foundation of present
drinking water standards and the associated cost-benefits of
prevention or removal of nitrate in drinking water, we pro-
pose the need to consider the following issues in discussing an
adjusrment of the nitrate standards for drinking water:

o  Nitrogen intake by humans has increased via
drinking water and eating food such as vegetables.
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e  There is circumstantial and often indirect evidence of
the enhanced risk of cancers of the digestive system after
an increase in the concentration of nitrate in drinking
water. There is an urgent need to synthesize existing data
and understanding, or to carry out additional research if
necessary, to reach clear and widely accepred conclusions
on the magnitude of the risk. This will require greater
collaboration berween scientists who hold opposing views
over the interpretation of currendy available data. The
possibility that subgroups within the population respond
differently requires quantification and critical examination.

e Nitrogen oxides have a functional role in normal
human physiology, but they are also involved in the
induction of oxidative stress and DNA damage. The
challenge is to quantify and evaluate these risks and
benefits of nitric oxide exposure in relation to the
intake of nitrate in drinking water. If humans have a
mechanism to combat infectious disease with nitric
oxide, produced from nitrate consumed in drinking
water and food, what are the long-term effects of the
nitric oxide benefits compared with the potential
negative health effects from higher intake of nitrate?

e If the evaluation of potential adverse health effects
from chronic exposure to nitrate levels in drinking
water above 50 mg L~' demonstrares that these
adverse effects can be considered minor compared
with other issues of health loss associated with air
pollution or life style, would the removal of nitrate
from drinking water to meet the current allowable
concentration standards be cost-cfficient relarive to
other potential investments in health improvement?

Although science may not provide society with unequivo-
cal conclusions about the relationship berween drinking water
nitrate and health over the short term, there are good reasons to
further explore the issue (Ward et al., 2005). Unfortunately, it re-
mains difficult to predict the health risks associated with chronic
nitrate consumption from water that exceeds the current WHO
drinking water standard. One complication is the endogenous
production of nitrate, which makes it more difficult than previ-
ously realized 1o relate health to nitrate intake in water or food.

Practical management strategies to overcome inefficient
use of nitrogen by crops and to minimize losses of nitrate and
other N-containing compounds to the environment have to
be developed for agricultural systems worldwide.

Given the lack of consensus, there is an urgent need for a
comprehensive, independent study to determine whether the
current nitrate limit for drinking water is scientifically justified or
whether it could safely be raised. Meta-analyses are valuable tools
for generating condusions about specific chronic health effects
(e.g:» stomach cancer, colon cancer, bladder cancer, specific repro-
ductive outcomes). Unfortunately, the number of suitable studies
for any particular health effect is likely too small to be detected
by meta-analyses (Van Grinsven et al., 2006). Empirical studies
focused on susceptible subgroups, development of biomarkers
for demonstration of endogenous nitrosation, and methods for
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accurate quantification of mediating factors may provide part of
the answers. Moreover, there is also a separate need for determin-
ing water quality standards for environmental integrity of aquatic
ecosystems. It is time to end 50 yr of uncertainty and move for-
ward in a timely fashion toward science-based standards.
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We present results from field studies at two central
Californie dairies that demonstrate the prevalence of
saturated-zone denitrification in shallow groundwater with 3/
*He apparent ages of <35 years. Concentrated animal
feeding operations are suspected to be major contributors
of nitrate to groundwater, but saturated zone denitrification
could mitigate their impact to groundwater quality.
Denitrification is identified and quantified using N and 0
stable isotope compaositions of nitrate coupled with
measurements of excess N;and residual NO;™ concentrations.
Nitrate in dairy groundwater from this study has 6"N
values (4.3—61%s), and 60 values (—4.5—24.5%) thet plot
with 8'80/8"5N slopes of 0.47—0.66, consistent with
denitrification. Noble gas mass spectrometry is used to
quantify recharge tempersture and excess sair content.
Dissolved N; is found at concentrations well above those
expected for equilibrium with air or incorporation of
excess air, consistent with reduction of nitrate to Na.
Fractionation factors for nitrogen and oxygen isotopes in
nitrate appear to be highly variable at a dairy site where
denitrification is found in a laterally extensive anoxic zone
5 m below the water table, and at a second dairy site
where denitrification occurs near the water table and is
strongly influenced by localized lagoon seepage.

Introduction

High concentrations of nitrate, a cause of methernoglobin-
emia in infants (1), are a national problem in the United
States (2), and nearly 10% of public drinking water wells in
the state of California are polluted with nitrate at concentra-
tions above the maximum contaminant level (MCL) for
drinking water set by the U.S. Environmental Protection
Agency (3). The federal MCL is 10 mg/L as N, equivalent to
the California EPA limit of 45 mg/L as NOs~ (all nitrate
concentrations are hereafter given as NO;™). In the agricul-
tural areas of California’s Central Valley, it is not uncommon
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to have nearly half the active drinking water wells produce
groundwater with nitrate concentrations in the range con-
sidered to indicate anthropogenic impact (>13—18 mg/L)
{2, 4. The major sources of this nitrate are septic discharge,
fertilization using natural (e.g., manure) or synthetic nitrogen
sources, and concentrated animal feeding operations. Dairies
are the largest concentrated animal operations in California,
with a total heard size of 1.7 million milking cows (5).
Denitrification is the microbially mediated reduction of
nitrate to gaseous Ny, and can occur in both unsaturated
soils and below the water table where the presence of NOs~,
denitrifying bacteria, low O; concentrations, and electron
donor mﬂab!ﬁty exist. In the unsaturated zone, denitrifi-
cation is recognized as an important process in manure and
fertilizer management (6). Although anumber of field studies
have shown the impact of denitrification in the saturated
zane (e.g., 7, 8—11), pror to this study it was not known
whether saturated zone denitrification could mitigate the
Impact of nitrate loading at dairy operations. The combined
use of tracers of denitrification and groundwater dating allows
usto distinguish between nitrate dilution and denitrification,
and to detect the presence of pre-modermn water at two dairy
operations in the Central Valley of California, referred to
here as the Kings County Dairy (KCD) and the Merced County
Dairy (MCD; Figure 1). Detailed descriptions of the hydro-

- geologicsettings and dairy operations ateach site are included

as Supporting Information.

Materials and Methods

Concentrations and Nitrate Isotopic Compositions. Samples
for nitrate N and O isotopic compositions were filtered in
the field to 0.45 xm and stored cold and dark until analysis.
Anion and cation concentrations were determined by ion
chromatography using a Dionex DX-600. Field measurements
of dissoived oxygen and oxidation reduction potential (using
Ag/AgCl with 3.33 mol/LKCl as the reference electrode) were

. carried out using a Horiba U-22 water quality analyzer. The

nitrogen and oxygen isotopic compositions (3'*N and 4'°0)
of nitrate in 23 groundwater samples from KCD and MCD
were measured at Lawrence Berkeley National Laboratory's
Center for Isotope Geochemistry using a version of the
denitrifying bacteria procedure (12) as described in Singleton
et al. (13). In addition, the nitrate from 17 samples was
extracted by lon exchange procedure of (14) and analyzed
for 6'*N at the University of Waterloo. Analytical uncertainty

(10) is 0.3%o for 6'*N of nitrate and 0.5%e for 41%0 of nitrate. -

Isotopic compositions of axygen in water were determined
on a VG Prism isotope ratio mass spectrometer at Lawrence
Livermore National Laboratory (LLNL) using the CO. equili-
bration method (15), and have an analytical uncertainty of
0.1%e0.

Membrane Inlet Mass Spectrometry. Previous studies
have used gas chromatography and/or mass spectrometry
to measure dissolved N, gas in groundwater samples (16—
19). Dissolved concentrations of Nz and Ax for this study
were analyzed by membrane inlet mass spectrometry (MIMS),
which allows for precise and fast determination of dissolved
gas concentrations in water samples without a separate
extraction step, as described in Kana et al. (20, 21). The gas
abundances are calibrated using water equilibrated with air
under known conditions of temperature, altitude, and
humidity (typically 18 °C, 183 m; and 100% relative humidity).
A small isobaric interference from CO; at mass 28 (N,) is
corrected based on calibration with CO;-rich waters with
known dissolved Nz, but is negligible for most samples.
Samples are collected for MIMS analysis in 40 mL amber
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glass VOA vials with no headspace that are kept cold during
transport, and then analyzed within 24 h.

Noble Gases and H/He Dating. Dissolyed noble gas
samples are collected in copper tubes, which are filled without
bubbles and sealed with a cold weld in the field. Dissolved
noble gas concentrations were measured at LLNL after gas
extraction on a vacuum manifold and cryogenic separation
of the noble gases. Concentrations of He, Ne, Ar, and Xe
were measured on a quadrupole mass spectrometer. The
rato of *He to ‘He was measured on a VG5400 mass
spectrometer. Calculations of excess air and recharge tem-
perature from Ne and Xe measurements are described in
detail in Ekwurzel (22), using an approach similar to that of
Aeschbach-Hertig et al. (23).

Tritium samples were collectedin 1 L glass bottles. Tritium
was determined by measuring *He accumulation after
vacuum degassing each sample and allowing 3—4 weeks
accumulation time. After correcting for sources of *He not
related to*H decay (24, 25), the measurement of both tritium
and its daughter product *He allows calculation of the initial
tritium present at the time of recharge, and apparent ages
can be determined from the following relationship based on
the production of tridogenic helium (FHew:

Groundwater Apparent Age (years) =
-17.8 x In (1 + *Hey/°H)

Groundwater age dating has been applied in several
studies of basin-wide flow and transport (25-27). The
reported groundwater age is the mean age of the mixed
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sample, and furthermore, is only the age of the portion of
thewater that contains measurable tritium. Average analytical
error for the age determinations is £1 year, and
with *H that is too low for accurate age determination (<1
PpCi/L) are reported as >50 years. Significant loss of *He from
groundwater is not likely in this setting given the relatively
short residence times and high infiltration rates from
hrlgaﬁon Apparent ages give the mean residence time of
the fraction of recently recharged water in a sample, and are
especially useful for comparing relative ages of water from
different locations at each site. The absolute mean age of
groundwater may be obscured by mixing along flow paths
due to heterogeneity in the sediments (28).

Results and Discussion

Nitrate in Dairy Groundwater. Nitrate concentrations at KCD
range from below detection limit (BDL, <0.07 mg/L) to 274
mg/L. Within the upper aquifer, there is a sharp boundary
between high nitrate waters near the surface and deeper,
lownitrate waters. Nitrate concentrations are highest between
6and 13 mbelow ground surface (BGS) at all multilevel wells
(0.5 m screened intervals), with en average concentration of
98 mg/L. Groundwater below 15 m has low nitrate concen-
trations ranging from BDL to 2.8 mg/L, and also has low or
nondetectable ammonium concentrations. The transition
from high to low nitrate concentration corresponds to
decreases in field-measured oxidation—reduction potential
(ORP) and dissolved oxygen (DO) concentration. ORP values
are generally above 0 mV and DO concentrations are >1
mg/L in the upper 12 m of the aquifer, defining & more
oxidizing zone (Figure 2). A reducingzone is indicated below
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FIGURE 2 (A) Average excess N, and nitrate concentrations, {B) oxidation—reduction potential (ORP), and (C) dissolved oxygen in

multilevel monitoring wells at the KCD site,

12 mby ORPvalues as low as —196 mV and DO concentrations
<1.2 mg/L. Vertical head varies by less than 10 cm in the
upper aquifer multileve]l wells.

Nitrate concentrations at MCD monitoring wells sampled
for this study range from 2 to 426 mg/L with an average of
230 mg/L. Several wells (W-02, W-16, and W-17) located next
to alagoon and corral have lower nitrate but high ammonium
concentrations (Table 1 in Supporting Information). The
MCD wells are all screened at the top of the unconfined
aquifer except W98, a supply well that is pumped from
approximately 57 m BGS, Nitrate concentrations observed
for this deeper well are <1 mg/L.

Dissolved Gases. Nitrogen gas, the comparatively con-
servative product of denitrification, has been used as a natural
tracer to detect denitrification in the subsurface (16-18).
Groundwater often also contains N; beyond equilibrium
concentrations due to incorporation of excess air from
physical processes at the water table interface (23, 29, 30).
In the saturated zone, total dissolved N; is & sum of these
three sources: E

(N2)dissotved = N2 equitibrium + N2dexcass atr + (N2)genserincation

By normalizing the measured dissolved concentrations
as Nz/Ar ratios, the amount of excess N; from denitrification
can be calculated as

(N2 geniincation =
(GXE) ) ]‘NZqurﬂlhdum + szd:
measured \Muqulﬂ:ﬂum + Ar:n:suh e
where the N; and Ar terms for equilibrium are calculated
from equilibrium concentrations determined by gas solubil-
ity. The Np/Ar ratio is relatively insensitive to recharge
temperature, but the incorporation of excess air must be
constrained in order to determine whether denitrification
has shifted the ratio to higher values (19). Calculations of
excess N; based on the N,/Ar ratio assume that any excess
air entrapped during recharge has the ratio of N2/Ar in the
atmosphere (83.5). Any pardal dissolution of air bubbles
would lower the Ny/Ar ratio (30, 31), thus decreasing the
apparent amount of excess Na.
For this study, Xe and Ne derived recharge temperature

and excess air content were determined for 12 of the
monitoring wells at KCD and 9 wells at MCD. For these sites,

excess N; can be calculated directly, accounting for the |

contribution of excess air and recharge temperature, Site

representative mean values of recharge temperature and
excess air concentration are used for samples without noble
gas measurements. Mean annual air temperatures at the KCD
and MCD sites are 17 and 16 °C, respectively (32), and the
Xe-derived average recharge temperatures for the KCD and
MCD sites are 19 and 18 °C. Recharge temperatures are most
likelyhigher than mean annual air temperature because most
rechargeis from excess irrigation during the summer months.
The average amount of excess air indicated by Ne concen-
tatonsis 2.2 x 1073 c®(STP) /g H:0 for KCD and 1.7 x 1073
am’(STP)/g H:0 for MCD. From these parameters, we
estimate the site representative initial Na/Ar ratios including
excess air to be 41.2 for KCD and 40.6 for MCD. Measured
Na/Ar ratios greater than these values are attributed to
production of N; by denitrification.

The excess N; concentration can be expressed in terms
of the equivalent reduced nitrate that it represents in mg/L
NO;~ based on the stoichiometry of denitrification. Con-
sidering excess N; in terms of equivalent NOy~ provides a
simple test to determine whether there is a mass balance
between nitrate concentrations and excess N;. From Figure
2, there does not appear to be a balance between nitrate
concentrations and excess N; in KCD groundwater, since
nitrate concentrations in the shallow wells are more than
twice that of equivalent excess N; concentrations in theanoxic
zone. There are multiple possible causes of the discrepancy
between NO,~ concentrations and excess N; concentrations
including (1) the NOy~ loading at the surface has increased
over time, and denitrification is limited by slow vertical
transpon into the anoxic zone, (2) mixing with deeper, low
initial NOy~ waters has diluted both the NO;~ and excess Nz
concentrations, or (3) sorne dissolved N has been lost from
the saturated zone. All three processes may play a role in N
cycling at the dairies, but we can shed some light on their
relative importance by considering the extent of denitrifi-
cation and then constraining the time scale of denitrification
as discussed in the following sections.

Isotopic Compositions of Nitrate. Large ranges in 8N
and 8'*0 values of nitrate are observed at both dairies (Figure
3). Nitrate from KCD has 6'N values of 4.3—61.1%0, and
§'"®0 values of —0.7-24.5%0. At MCD, nitrate ¢"*N values
range from 5.3 to 30.2%s, and §'®0 values range from —0.7
10 13.1%.. The extensive monitoring well networks at these
sites increase the probability that water containing residual
nitrate from deniwification can be sampled.

Nitrate §'°N and 4'®0 values at both dairies are consistent
with nitrification of ammonium and mineralized organic N
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FIGURE 3. Oxygen and nitrogen Isotoplc composition of nitrats In
dalry groundwater from multilevel monitoring wells at KCD and
first ancounter wells at MCD. The shadad region indicates s slope
of 05 for a range of starting compositions. Calculated slopes for
linear fits to multilevel wells at KCD and first encounter wells at
MCD range from 0.47 to 0.68.

compounds from manure-rich wastewater, which is stored
and used as a fertilizer at both dairy sites. At some locations,
nitrification has been followed by denitrification. Prior to
nitrification, cow manure likely starts out with a bulk N
value close to 5%o, but is enriched in "N to varying degrees
due to'volatile loss of ammonia, resulting in 6N values of
10—22%o in nitrate derived from manure (33, 34). Culture
experiments have shown that nitrification reactions typically
combine 2 oxygen atoms from the local pore water and one
oxygen atom from atmospheric Oz (35, 36), which has a %0
of 23.5%o (37). Different ratios of oxygen from water and
atmospheric O; are possible for very slow nitrification rates
and low ammonia concentrations (38), however for dairy
wastewater we assurne that the 2:1 relation gives a reasonable
prediction of the starting 4'*0 values for nitrate at the two
dairles based on the average values for 4"°0 of groundwater
at each site (~12.6%e- at KCD and —9.9%- at MCD). Based on
this approach, the predicted initlal values for §!*0 in nitrate
are —0.7%o at KCD and 1.1%- at MCD. Samples with the
lowest nitrate 6"*N values have 6'*0 values in this range, and
are consistent with nitrate derived from manure. There is no
strong evidence for mixing with nitrate from synthetic
nitrogen fertilizers, which are used occasionally at both sites,
but typically have low §**N values (0—5%s) and 4'%0 values
around 23%o (39).

Denitrification drives the isotopic composition of the
residual nitrate to higher 6'*N and 4'®*0 values. The stable
isotopes of nitrogen are more strongly fractionated during
denitrification than those of oxygen, leading to a slope of
approximately 0.5 on a 6'%0 vs !N diagram (34). Nitrate
6"*N and &80 values at individual KCD multilevel well sites
are positively correlated with calculated slopes ranging from
0.47 to 0.60; the slope of first encounter well data at MCD
is 0.66 (Figure 3). These nitrate 4'*N and 3'*0 values indicate
that denitrification is occurring at both sites. Because a wide
range of fractionation factors are known to exist for this
process (40), it is not possible to determine the extent of
denitrification using only the isotopic compositions of nitrate
along a denitrification trend, even when the initial value for
manure-derived nitrate can be measured or calculated,
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Extent of Denitrification. The concentrations of excess
N: ahd residual nitrate can be combined with the isotopic
composition of nitrate in order to characterize the extent of
denitrification. In an ideal system, denitrification leadsto a
regular decrease in nitrate concentratons, an increase in
excess Nz, and a Raylelgh-type fractonation of N and O
isotopes in the residual nitrate (Figure 4). In the Rayleigh
fractionation model (41) theisotopic composition of residual
nitrate depends on the fraction of initial nitrate remaining
in the system (f = C/Guuu), the initial 6'°N, and the
fractionation factor (a) for denitrification:

6"N = (2000 + 6" Nyyy0) £ — 1000

The fractionation factor o is defined from the isotopic ratios
of interest (R ='*N/“N and *0/%Q):

o = Brodus

mnnmm

This fractionation can also be considered as an enrichment
factor (¢) in %o units using the approximation ¢ =~ 1000 In a.
The extent of denitrification can be calculated as 1 — f. Rather
than relying on an estimate of initial nitrate concentration,
the parameter fis determined directly using field measure-
ments of excess N; in units of equivalent reduced NO;s™:

£= Cro,-/(Crvo, + Cosce 2

Heterogeneity in groundwater systems can often com-
plicate the interpretation of contaminant degmdat{on using
aRayleigh model (42). Denitrified water retains a proportion
of its excess N concentration (and low values of f) during
mixing, but the isotopic composition of nitrate may be
disturbed by mixing since denitrified waters contain ex-
tremely low concentrations of nitrate (<1 mg/L). The sample
from 1S with a fvalue close to zero and a 6N value of 7.6%o
was likely denitrified and is one example of this type of
disturbance. However, in general, groundwater samples from
the same mubilevel well sites at KCD fall along similar
Rayleigh fractionation curves, indicating that the starting
isotopic composition of nitrate and the fractionation factor
of denitrification vary across the site (Figure 4).

Values of 6N and f calculated from nitrate and excess
N; fall along Rayleigh fractionation curves with enrichment
factors (¢) ranging from —57%o to —7%. for three multilevel
well sites at KCD and first encounter wells at MCD. As
expected for denitrification, the enrichmentfactorsindicated
for oxygen are roughly half of those for nitrogen. The
magnitude of these enrichment factors for N in residual
nitrate are among the highest reported for denitrification,
which typically range from —40%o to ~5%o (34, 40). Partial
gas loss near the water table interface at MCD could
potentially increase the value of f, resulting in larger values
of e. Gas loss is unlikely to affect fractionation factors atKCD
since most excess N; is produced well below the water table.
Considering the large differences observed for denitrification
fractionation factors within and between the two dairy sites,
it is not sufficient to estimate fractionation factors for
denitrification at dairies based on laboratory-derived values
or field-derived values from other sites. The appropriate
fractionation factors must be determined for each area, and
even then the processes of mixing and gas loss must be
considered in the relation between isotopic values and the
extent of denitrification. Nevertheless, direct determination
of the original amount of nitrate using dissolved N; values
significantly improves our ability to determine the extent of
denitrification in settings where the inirial nitrate concentra-
tions are highly variable.
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Time Scale of Denitrification. Moder water (i.e., ground-
water containing measurable tritium) is found at all multi-
level wells completed in the upper aquiferat KCD, the deepest
of which is 20 m BGS. The upper aquifer below KCD bas
*H/*He apparent ages of <35 years, Atwell 1D1 (54 m BGS),
thelower aquifer hasno measurable NO,~ and tritium below
1 pCi/L, indicating a groundwater age of more than 50 years.
The sum of nitrate and excess N; is highest in the young,
shallow dairy waters at KCD. Samples with "H/*He ages >29
years were below the MCL for nitrate prior to denitrification.
Theseresults are consistent with an increase in nitrate loading

at the surface, which followed the startup of KCD operations
in the early 1970s.

The extent of denitrification at KCD is related to both
depth and groundwater residence times based on *H/°He
apparent ages (Figure 5). There is a sharp transition from
high nitrate waters to denitrified waters between 11 and
13 m depth across the KCD site. This transition is also related
to the apparent age of the groundwater, as the high nitrate
waters typlcally have apparent ages of between 0 and 5 years,
and most samples with ages preater than 8 years are
significantly or completely denitrified. There are five samples
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that do not follow this pattern. These outliers are from sites
3S and 45 where the shallow groundwater has much higher
*H/*He apparent ages due to slow movement around clay
zones at the screened intervals for these samples. The
existence of older water that is not significantly impacted by
denitrification indicates that it is the physical transport of
water below the transition from oxic to anoxic conditions
rather than the residence time that governs denitrification
in this system.

At the MCD site, groundwater *H/*He apparent ages
indicate fast transit rates from the water table to the shallow
monitoring wells, Most of the first encounter wells have
apparent ages of <3 years, consistent with the hydraulic
analysis presented by Harter et al. (5). The very fast transit
times to the shallow monitoring wells at MCD allow for some
constraints on minimum denitrification rates at this site.
Based on the comparison of the calculated ages with the
initial tritium curve, these shallow wells contain a negligible
amount of old, 3H-decayed water. In shallow wells near
lagoons (e.g., W-16 and V-21), the observed excess N,
(equivalentto 71 and 40 mg/L of reduced NO5™) accumulated
over a duration of less than 1 year, indicating that denitri-
fication rates may be very high at these sites. Complete
denitrfication of groundwater collected from well W-98
(excess N equivalent to 51 mg/L NOs~) was attained within
approximately 31 years, but may have occurred over a short
period of time relative to the mean age of the water.

Occurrence of Denitrification at Dairy Sites. The depth
at which denitrified waters are encountered is remarkably
similar across the KCD site. This transition is not strongly
correlated with a change in sediment texture. The denitrified
waters at all KCD wells coincide with negative ORP values
and generally low dissolved O; concentrations. Total organic
carbon (TOC) concentration in the shallow groundwaters
range from 1.1 to 15.7 mg/L at KCD, with the highest
concentrations of TOC found in wells adjacent to lagoons.
The highest concentrations of excess N; are found in nested
well-set 25, which is located in a field downgradient fromthe
lagoons. However, sites distal to the lagoons (35 and 45) that
are apparently not impacted by lagoon seepage (43) also
show evidence of denitrification, suggesting thatdirect lagoon
seepage is not the sole driver for this process.

The chemical stratification observed in multilevel wells
at the KCD site demonstrates the importance of character-
izing vertical variations within aquifers for nitrate monitoring
studies. Groundwater nitrate concentrations are integrated
over the high and low nitrate concentration zones by dairy
water supply wells, which have long screened intervals from
9 to 18 m BGS. Water quality samples from these supply
wells underestimate the actual nitrate concentrations present
in the uppermost oxic aquifer. Similarly, first encounter
monitoring wells give an overestimate of nitrate concentra-
tions found deep in the aquifer, and thus would miss entirely
the impact of saturated zone denitrification in mitigating
nitrate transport to the deep aquifer.

Monitoring wells at MCD sample only the top of the
aquifer, so the extent of denitrification at depth is unknown,
except for the one deep supply well (W98), which has less
than 1 mg/L nitrate and an excess N; content consistent
withreduction of 51 mg/L NOy™ to N;. This supply well would
be abovethe MCL for nitrate without the attenuation of nitrate
by denitrification. The presence of ammonium at several of
thewells with excess N; indicates a component of wastewater
seepage in wells located near lagoons, where mixing of oxic
waters with anoxic lagoon seepage may induce both nitri-
fication and denitrification. Wells that are located in the
surrounding fields have high NO;~ concentrations, and do
not have any detectable excess Ny, a result consistent with
mass-balance models of nitrate loading and groundwater
nitrate concentration (5).

764 » ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 41, NC. 3, 2007

While dairy operations seem likely to establish conditions
conducive to saturated zone denitrification, the prevalence
ofthe phenomenon is not known. Majoruncertainties include
the spatial extent of anaerobic conditions, and transport of
organic carbon under differing hydrogeologic conditions and
differing nutrient management practices. Lagoon seepage
may also increase the likelihood of denitrification in dairy
aquifers. The extent to which dairy animal and field opera-
tions affect saturated zone denitrification is an important
consideration in determining the assimilative capacity of
underlying groundwater to nitrogen loading associated with

dairy operations.
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Description of Dairy Sites

Study Site 1:

Study Site #1 is located at a dairy operation in Kings County, CA (KCD). Manure
management practices employed at KCD, with respect to corral design, runoff capture
and lagoon management are typical of practices 'empluyed at other dairies in the region.
KCD has close to the 1000-cow average for dairies in the area, and operates three clay-
lined wastewater lagoons that receive wastewater after solids separation. Wastewater is
used for irrigation of 500 acres of forage crops (corn and alfalfa) on the dairy and on
neighboring farms; dry manure is exported to neighboring farms.

KCD is located in the Kings River alluvial fan, a sequence of layc;'ed sediments
transported by the Kings River from the Sierra Nevada to the low lying southern San
Joaquin Valley of California (/, 2). The site overlies an unc_onﬁned aquifer, which has
been split into an upper aqiﬁfer from 3m to 24m below ground surface (BGS) and a lower
aquifer (>40 m BGS) that are separated by a gap of unsamratcd sediments. Both aquifers
are predominantly composed of unconsolidated sands with minor clayey sand layers. The
lower unsaturated gap was likely caused by intense regional groundwater pumping, and a
well completed in this unsaturated zone has very low gas pressures. There are no
persistent gradients in water table levels across the KCD site, but in general, regional
groundwater flow is from the NW to SE due to topographic flow on the Kings River fan.
The water table is located about 5 m BGS. Local recharge is dominated by vertical fluxes
from irrigation, and to a lesser extent, leakage from adjacent unlined canals. Transient

cones of depression are induced during groundwater pumping from dairy operation wells.
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The regional groundwater is highly impacted by agricultural activities and contains

elevated concentrations of nitrate and pesticides (3, 4).

KCD was instrumented with five sets of multi—lt;:vcl monitoring wells and one
“up-gradient” well near an irrigation canal. These wells were installed in 2002, and
sampled between Feb. 2002 and Aug. 2005. The multi-level wells have short (0.5 m)
screened intervals in order to detect heterogeneity and stratification in aquifer chemistry.
One monitoring well was screened in the lower aquifer, 54m BGS. The remaining
monitoring wells are screened in the upper aqujfer from 5m to 20m BGS. In addition,
there are eight dairy operation wells that were sampled over the course of this study.
These production wells have long screens, generally between 9 to 18 meters below

ground surface (BGS).

Study Site 2:

The second dairy field site is located in Merced County, CA. The Merced County
dairy (MCD) lies within the northern San Joaquin Valley, approximately 160 km NNW
from the KCD site. The site is located on the low alluvial fans of the Merced and
Tuolumne Rivers, which drain the north-central Sierra Nevada. Soils at the site are sand
to loamy sand with rapid infiltration rates. The upper portion of the unconfined alluvial
aquifer is comprised of arkosic sand and silty sand, containing mostly quartz and
feldspar, with interbedded silt and hardpan layers. Hydraulic conductivities were
measured with slug tests and ranged from 1x 10 m/s to 2 x 10 m/s with a geometric

mean of 5 x 10 m/s (5). Regional groundwater flow is towards the valley trough with a
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gradient of approximately 0.05% to 0.15%. Depth to groundwater is 2.5 m to 5 m BGS.
The climate is Mediterranean with annual precipitation of 0.5 m, but groundwater
recharge is on the order of 0.5-0.8 m per year with most of the recharge originating from
excess irrigation water (3). Transit times in the unsaturated zone are relatively short due
to the shallow depth to groundwater and due to low water holding capacity in the sandy
soils. Shallow water tables are managed through tile drainage and groundwater pumping
specifically for drainage. The MCD site is instrumented with monitoring wells that are
screened from 2-3 m BGS to a depth of 7-9 m BGS. The wells access the upper-most part
of the unconfined aquifer, hence, the ﬁlost recently recharged groundwater (6). Recent
investigations showed strongly elevated nitrate levels in this shallow groundwater
originating largely from applications of liquid dairy manure to field crops, from corrals,
and from manure storage lagoons (6). For this study, a subset of 18 wells was sampled. A
deep domestic well was also sampled at MCD. This domestic well is completed to 57 m

BGS, and thus samples a deeper part of the aquifer than the monitoring well network.
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Figure S1. Groundwater *H/He apparent ages from multilevel monitoring wells at KCD.

Error bars show analytical error.
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1. Executive Summary

To protect beneficial uses of surface waters and groundwater, the Central Valley Regional Water
Quality Control Board adopted a general Waste Discharge Requirements order for dairies (the
General Order) in May 2007. Approximately 1,600 dairies were initially covered under the General
Order which established a timeline for operators to develop and implement both a waste
management plan (WMP) and a nutrient management plan (NMP). The General Order includes a
monitoring and reporting program (MRP) that identifies mandatory sampling and reporting. The
General Order also requires that registered professionals perform specified tasks. To comply with
the General Order, dairy operators have become much more sophisticated at using the nutrients in
manure to match crop needs.

CDFA analyzed the costs of compliance with the General Order by interviewing dairy operators
and their consultants. Dairy operators are incurring significant costs to comply with the General
Order requirements for a NMP, WMP, and MRP. Future costs related to groundwater monitoring
and infrastructure improvement are uncertain at this time but will significantly increase compliance
costs in 2011 and beyond. These costs are not offset by the increased efficiency of using manure
for crop production, although some financial and technical assistance is available to operators to
help them comply with the General Order and offset some of the initial costs of implementation.

Results from the survey show that from 2007 - 2010 total compliance costs for individual dairy
operators (not including additional groundwater monitoring) in the Central Valley vary widely from
$11,768 to $162,804 with an average of $54,975. One time costs range from $2,250 to $34,000
with an average of $11,575 without additional groundwater monitoring. The average annual
estimated costs of compliance is $14,136.

/ Casey Walsh Cady is Staff Environmental Scientist, Division of Marketing Services, Califomia Department of Food and Agriculture.
Mike Francesconi, is Supervising Auditor, Dairy Marketing Branch, California Department of Food and Agriculture. Corresponding
author: ccady@cdfa.ca.gov



The amount spent ranges widely based on dairy size location, number of fields, herd size and
other factors. This report was prepared in response to a November, 2009 request from the
California Department of Food and Agriculture (CDFA).

2. Introduction and Background

The Central Valley of California is over 500 miles long and extends from the Oregon border to the
Tehachapi Mountains south of Bakersfield. The region currently has approximately 1,400 dairies.
Herd size (mature cows) for dairies permitted under the General Order vary widely, from 58 to
10,925 Nitrates and salts from dairies can result in contamination of surface water and
groundwater, and so dairies are regulated by the Central Valley Regional Water Quality Control
Board (RB5). Other sources of nitrate such as irrigated agriculture and septic systems are also
regulated by RBS.

Prior to May 2007, most of the approximately 1,600 dairies operating in the Central Valley were not
regulated under a formal order issued by RB5. In May 2007, RB5 adopted Order R5-2007-0035
“Waste Discharge Requirements General Order for Existing Milk Cow Dairies” (the General Order).
The General Order applies to dairies that submitted a complete Report of Waste Discharge
(ROWD) by October 17, 2005, have not expanded their herd size by more than fifteen percent
since they submitted their ROWD, do not discharge wastes that originate outside the dairy, and do
not discharge manure or process water to waters of the State. The purpose of the General Order
is to regulate the discharge of wastes from the dairy production area and associated cropland.
Such wastes are generated from the storage and use of manure, and may transport nutrients,
pathogens, and/or salts that can adversely affect the quality of surface water and groundwater.

The General Order applies to both the dairy production area and land application area. The
General Order defines requirements for land application of manure based on nutrient budgets
developed in a site-specific Nutrient Management Plan (NMP) and requires dairies to have
sufficient storage capacity to contain all wastewater generated at the dairy, including rainfall runoff
that has contacted manure or feed, until the wastewater can be applied to cropland pursuant to an
NMP or is otherwise properly managed. Wastewater is not allowed to be discharged to waters of
the State unless the dairy obtains a National Pollutant Discharge Elimination System (NPDES)
permit that allows certain discharges following storms that exceed a 25-year, 24-hour storm event.
However, stormwater runoff from cropland where manure was applied pursuant to an NMP may
also be allowed if receiving water is not significantly affected. The General Order also prohibits
further degradation of groundwater, but does not address the cleanup of groundwater degraded by
past dairy operations.

The General Order incorporates a phased compliance schedule that gives operators time to make
necessary changes in their facilities and practices, take advantage of opportunities for education,
and obtain funding for needed facility improvements. The General Order imposes complex
requirements on dairy operators including submission of annual reports; development and
implementation of an NMP with annual updates, development and implementation of a WMP; daily,
weekly and monthly monitoring; and specific sampling of process wastewater, manure, irrigation
water, plant tissue, soils, supply wells, tile drainage, etc.. The General Order requires each dairy to
fully implement their NMP and WMP by July 1, 2011. More information on the requirements in the
General Order is presented below along with an analysis of the compliance costs.

This report examines the cost of complying with the General Order based on data for some of the
approximately 1,400 dairies that are covered by the General Order. The data covers the years
when facility assessments, planning, and implementation first began. It is anticipated that for most



dairies these costs will increase as the monitoring program is implemented and infrastructure
upgrades are made.

3. Study Scope and Methodology

No two California dairies are exactly alike; dairy operators have different resources and production
facilities. Therefore, this report provides a range of compliance costs based on a number of factors
including dairy herd size, location, number and size of crop fields, facility wells, age of the dairy,
physical layout, lagoon size, options for nutrient export, choice of consultants, soil types, etc.
Where appropriate, average compliance costs are presented.

This report evaluates the cost of compliance for dairy operators covered under the General Order.
It does not analyze costs for dairies covered under National Pollutant Discharge Elimination
System (NPDES) permits or covered under individual Waste Discharge Requirements (WDR)
orders (e. g., dairies that did not file a ROWD by October 17, 2005 or those that have expanded
their herd size more than fifteen percent after October 17, 2005).

To prepare this report, CDFA staff interviewed personnel from eight consuliting firms (one of these
firms also provides engineering services), two agricultural laboratories and two engineering firms.
These firms work with approximately 77% of the dairy operators in the Central Valley. CDFA also
collected information on time spent on compliance and infrastructure costs from 62 dairy operators
who participate in CDFA’s Cost of Production studies. They represent 4% of Central Valley dairy
operators and 5% of Central Valley milking cow population.

4. Dairy Production in California’s Central Valley

Milk and associated dairy products (cheese, dry milk powder, butter, ice cream etc.) are
California's top grossing agricultural products and California leads the nation in milk production
(CDFA, 2010). California produces 21% of the nation’s milk supply (CDFA, 2010) and the Central
Valley houses an estimated 89% of California’s dairy cows. However, in 2009, dairy operators in
California were faced with historic low prices for milk and unusually high cost of production,
including the cost of compliance with environmental regulations. There was a net loss of 100
dairies across California in 2009, eighty one dairies were located in the Central Valley (CDFA,
2009).

California dairies are complex, advanced operations, especially those facilities with a large herd
size. Most all the dairies are family run, and the operators strive for production efficiencies through
use of advanced technologies in genetics, nutrition, reproduction, animal housing, and animal
welfare. Because the California dairy industry is so large, various entrepreneurs have developed
niche markets to provide assistance to dairy operators. So instead of relying on employees, many
dairy operators hire consultants who specialize in providing information, services, or trouble
shooting. That option doesn’t exist in most other states.

5. Consultants Addressing the General Order

The General Order has an intensive monitoring and reporting program. Operators may choose to
do none, some, or all of the monitoring on their own, or hire consultants to do it. Components of
the WMP such as storage capacity calculations and flood protection must be signed off by a
appropriately registered professional. Likewise, only a trained professional can sign off on
backflow prevention on well heads. Some components of the NMP such as the Sampling and



Analysis Plan and Nutrient Budget must be signed off by a Professional Soil Scientist, Professional
Agronomist, or Crop Advisor certified by the American Society of Agronomy, or by a Technical
Service Provider certified in nutrient management in California by the Natural Resources
Conservation Service.

Consultants have varied knowledge and understanding of dairy operations. Some consultants
have been conducting nutrient management at dairies for years. Other firms are new to nutrient
management. Some consulting firms have a long history of service to the dairy industry, including
addressing compliance with regulations. Some consultants provide all required services, while
others provide only limited services. Some firms serve 300 or more dairies while others may serve
fewer than 15 dairies.

This report presents a range of compliance costs that reflect different approaches on structuring
services and fees. Some consultants charge a flat fee, while others charge based on herd size.
Some focus on a particular aspect of the General Order — such as the record keeping or preparing
an NMP or WMP,

6. Requirements of the General Order
The General Order requires that each dairy operation accomplish the following tasks:

Inspection of dairy production area

Annual report (submitted annually, July 1)

Sampling and analysis of wastewater, plant tissue, solid manure, irrigation water , and soil
Sampling and analysis of unauthorized off-site discharges, supply wells, tile drains, some
tailwater discharges, and stormwater discharges

Nutrient management plan (completion date July 1, 2009)

Waste management plan (completion date July 1, 2010)

Additional groundwater monitoring (some dairies ordered to begin February 1, 2010)
Implementation of the NMP and WMP by July 1, 2011
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In this analysis various compliance costs were examined, including:

Reporting and documentation required by RB5

Dairy operators (and staff) time associated with implementing the General Order
Fees paid to consultants

Laboratory costs

Infrastructure | Upgrades to dairy

Annual fees paid to RB5

A. Monthly Inspections/Servicing of Samples
The General Order requires a number of inspections of production and land application areas by

the dairymen or a consultant, including:

Inspection of waste storage areas (weekly or monthly depending on the time of year);
Inspections of storm water containment structures (after significant storm events);
Pond inspection with photo documentation showing current freeboard (monthly).
Inspections of land application areas when process wastewater is being applied (daily).



Many of the consultants report that operators do the daily, weekly, and monthly inspections
themselves. For the consultants who do this service, the fee is typically bundled with annual
reporting and/or an NMP. Also some consultants charge a separate fee to travel and conduct
water and soil sampling (see Subsection C below). These costs are termed “servicing of samples”.
Six consultants provided cost data for monthly inspections. Costs range from $600 to $9600 per
year with an average annual cost of $5,148.

B. Annual Report
An annual report (AR) is due by July 1 of each year, and includes a General Section, Groundwater

Reporting Section, and a Storm Water Reporting Section. Table 1 provides a comprehensive list
of the AR requirements.

Six consultants provided cost data for AR preparation. Costs range from $150 to $3,000. Some
consultants reported that in general the costs to prepare the annual report increase with an
increase in the number of fields utilized by the dairy. Larger dairies tend to have more fields for
land application of manure.

Each application of nutrients, water, or soil amendments to each field for each crop must be
tracked, recorded and data submitted within the AR. Some consultants report that they have been
able to lower the fees for the AR as their staff have increased their proficiency, and some
consultants alter their fee structure based on herd size. Consultants report that larger dairies may
have more skilled staff who are more proficient at handling the paperwork requirements. Some
consultants have raised their fees to address poor record keeping. Consultants with numerous
clients generally achieve an organizational structure that permits rapid entry and review of all
required data.



Table 1 - Annual Report Requirements
An annual monitoring report is due by 1 July of each year and represents activities from the previous calendar year.

A. General Section:
Information on crops harvested
An Annual Dairy Facility Assessment (an update to the Preliminary Dairy Facility Assessment
Number and type of animals, whether in open confinement or housed under roof,
Estimated amount of total manure and process wastewater generated by the facility,
Estimated amount of total manure and process wastewater applied — with calculations of the nitrogen,
phosphorus, potassium and tfotal salt content.
Estimated amount of total manure and process wastewater transferred to other persons — with calculations of
the nitrogen, phosphorus, potassium and total salt content.
Total number of acres for all and actual application areas used during the reporting period for application of
manure and process wastewater;
8. Summary of all manure, process wastewater discharges from the production area
9. Summary of all storm water discharges from the production area
10. Summary of all discharges from the land application area to surface water
11. A statement regarding NMP update
12. Copies of all manure/process wastewater tracking manifests and written agreements for transfer of process
wastewater
13. Copies of laboratory analyses of all discharges
14. Tabulated analytical data for samples of manure, process wastewater, irrigation water, soil, and plant tissue
15. Results of the Record-Keeping Requirements for the production and land application areas
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B. Groundwater Reporting Section

Laboratory data for annual results from supply well and subsurface (tile) drainage systems. Additional sampling and
reporting is required once groundwater monitoring wells are required and installed. For those dairies that currently have
groundwater monitoring results shall be included with the annual reports.

C. Stormwater monitoring resuits

The report shall include a map showing all sample locations for all land application areas, rationale for all sampling
locations, a discussion of how storm water flow measurements were made, the results (including the laboratory analyses,
chain of custody forms, and laboratory quality assurance/quality control results) of all samples of storm water, and any
modifications made to the facility or sampling plan in response to poliutants detected in storm water.

C. Sampling and Analysis of Wastewater, Manure, Plant Tissue, Soil and Irrigation Water,
Supply Well, Storm Water Discharges and Unauthorized Discharges
The General Order calls for a significant amount of sampling and analyses. — including

Domestic and agricultural supply wells
Subsurface (tile) drainage systems

e Sampling of solid manure

e Process wastewater (liquid manure)
e Irrigation water

e Plant fissue

e Soil

L]

Discharge Monitoring
¢ Unauthorized discharges of manure or process wastewater
e Stormwater discharges to surface water from production area
e Stormwater discharges to surface water from land application area
e Tail water discharges to surface water from land application area



For a detailed list of sampling frequency and minimum analyses required, see guidance from the

California Dairy Quality Assurance Program
(http://www.cdga.org/docs/1.4 sampling_requirements crib_sheetv3d 9-30-07.pdf).

The General Order identifies sample handling procedures, completion of chain-of-custody
documents, and approved analytical methods.

Some dairy operators hire consultants to collect samples and record appropriate information others
collect samples and deliver them to the laboratory for analysis. CDFA interviewed two laboratories
that conduct sampling. The reported annual costs for sampling and analysis range from $1,500 per
year for a smaller dairy to $15,000 per year for very large dairies. The reported average annual
cost was $3,350.

One of the primary factors influencing the cost of the sampling is irrigation water source. Those
dairies that are served by canal water may use data from irrigation districts (if available). For those
dairies with multiple wells, each well must be sampled annually.

D. Nutrient Management Plan

The NMP is a collection of documents detailing how nutrients will be managed to prevent
contamination of groundwater or discharges of nutrients to surface water. All dairies under the
General Order were required to certify their NMP completed in the AR due 1 July 2009. The NMP
is not required to be submitted to RB5; however, operators were required to submit numerous
statements of completion during the first 30 months after the adoption of the General Order and to
maintain documents and all records at the dairy for at least five years. The NMP must be made
available to RB5 staff upon request during an inspection. Updates to the NMP are required when
changes are made in manure management practices, including changes to crop rotation.

One of the key objectives of the NMP is to ensure that nitrogen application rates do not exceed 1.4
times the nitrogen removal rates of crops and thus be protective of groundwater quality. According
to the General Order:

The purpose of the NMP is to budget and manage the nutrients applied to the land
application area(s) considering all sources of nutrients, crop requirements, soil types,
climate, and local conditions in order to prevent adverse impacts to surface water and
groundwater quality. The NMP must take the site-specific conditions into consideration
in identifying steps that will minimize nutrient movement through surface runoff or
leaching past the root zone (RB5, 2007).

Required information in the NMP includes:

a) Land application area map identifying: each field, application of solid manure or process
wastewater, infrastructure for irrigation, nearby water conveyances and waterways, etc.,

b) Written agreements for third parties receiving wastewater (including updates in each annual
report),

c) Sampling and analysis plan that documents protocols for sample collection, identifies
material to be sampled and frequency of sampling, and identifies the field and laboratory
data required,

d) Nutrient budgets for each field with planned rates of nutrient applications for each crop.
Nutrient budgets include: 1) rate of manure and process wastewater for each crop in each
field; 2) application timing, 3) method of application of manure and process wastewater; and
4) review of P and K application rates to avoid build-up of these nutrients in the soil,

e) Setbacks, buffers and other alternatives to protect surface water,



f) Field risk assessment to evaluate the effectiveness of management practices used to
prevent off site discharges of waste constituents,

g) Detailed record keeping,

h) Nutrient management plan review.

The Sampling and Analysis Plan and the Nutrient Budget require signatures of a certified nutrient
management specialist.

CDFA interviewed eight consultants who prepare NMPs. Some of the consultants bundled the
cost of the NMP with annual reports and monthly monitoring, particularly for the annual NMP
updates; while others treat the preparation of an NMP as a separate service. The cost of NMP
varies by the size of the dairy and the number of fields that receive manure applications. Reported
costs for the NMP range from $250 to $7,000 for a dairy with 25 fields. The average cost of an
NMP is $3,295. In addition to the cost to prepare the NMP are costs for sampling and record
keeping associated with the NMP.

NMP updates may trigger additional costs. Because the NMP was required in 2009 and updates
are only required if changes are made, there is insufficient data at this time to determine those
costs. However some consultants estimate that 20% of the NMPs need an update and will charge
on a time and material basis. One consuitant reports that they have had 5 or 6 dairies update their
plans in mid-2010. The costs for these revisions ranged from approximately $450 on the low side
to $1600 on the high side.

As operators become more adept at implementing their NMP, they may experience some
economic benefit from improving manure management. Optimizing the use of manure as a
fertilized may result in less purchase of synthetic fertilizers or more sale of manure to neighboring
farms. This report does not consider the economic benefits that may accrue.

E. Waste Management Plan
The General Order also calls for each dairy to submit a WMP. Initially, the WMP was to be
submitted in July 2009; however, RB5 allowed an additional year to meet this deliverable.

The Waste Management Plan is a comprehensive document with many components, including:

a) Facility information summary;

b) Updated maps of structures, milking parlor, other buildings, corrals, ponds settling basins,
etc.;

¢) Documentation of lagoon capacity (requires Registered Professional signature);

d) Evaluation of flood protection (may require Registered Professional signature);

e) Evaluation of design and construction of the production area;

f) Operation and maintenance plan;

g) Backflow prevention implementation by July 1, 2010 (trained professional signature).

Some engineering firms are partnering with dairy consulting firms for WMP completion. Other
engineering firms are contracting directly with operators. Some consultants charge a flat fee for
the WMP, while others charge a range. In addition to the costs to prepare the WMP, there will be
costs to make any necessary improvements to implement the WMP. For example, if pond capacity
is inadequate for storage of process water, there will be design and construction costs for
additional storage. Because the General Order requires additional analysis for dairies located in a
flood zone, most firms assess an extra fee for such dairies. The costs of implementing the NMP



also vary with the amount of information previously collected and with the number of wells that
require backflow certification.

Engineering consultants report that the WMP will be highly site-specific and that the herd size of
the dairy is not a significant factor in the cost of the WMP, though the size of the production area is.
The following factors will affect the cost of WMP development:

* The amount of data needed to be collected (to save money, some operators may conduct
that data collection themselves)

« Flood protection evaluations (Depending on the terrain and creeks in the vicinity of the
dairy, this can be a significant cost component. No guidance was provided to consultants
regarding the information to be included in the evaluation, so costs are difficult to predict.),

¢ The need to use more sophisticated modeling software.

Reported costs of the WMP vary widely from $2,000 for a smaller dairy not in a flood zone up to
$27,000 for a large dairy located in a flood zone.

F. Additional Groundwater Monitoring

The General Order calls for additional groundwater monitoring beyond the monitoring discussed in
Section 6(D) above. The purpose of this additional monitoring is to confirm that the facility,
including cropland, wastewater retention system and the production area, is in compliance with the
groundwater limitations. Operators must install a sufficient number of monitoring wells to
characterize:

e Groundwater flow direction and gradient beneath the site;
« Groundwater quality upgradient of the dairy (water that is not affected by the dairy
operations, but that may have been affected by upgradient activities);
» Groundwater quality down gradient of the corrals, retention ponds, and land application
areas.
This means that a minimum of three wells will be necessary, and perhaps many additional wells
will be needed depending on site characteristics. The depth to groundwater is a major factor that
can increase costs. If both shallow aquifer and a deeper aquifer must be monitored, costs can
increase dramatically.

The General Order calls for phased implementation of additional groundwater monitoring. At this
time, based on an evaluation of the dairies’ threat to water quality, 100 to 200 dairies per year may
be directed by RB5 to submit a monitoring well installation plan, install monitoring wells, and
sample those wells.

The first group of dairies ordered to install groundwater monitoring wells were those who did not
complete the NMP by 1 July 2009 and had nitrate-nitrogen levels of 10 mg/l or more detected in a
well or subsurface drainage system in the vicinity of the dairy.

RB5 will further prioritize groundwater monitoring requirements based on a number of factors
including the location of the production area or land application area relative to California
Department of Pesticide Groundwater Protection Area; the distance of production area or land
application area from an artificial recharge area; the distance from the dairy production area or land
application area and the nearest off-property domestic well; the distance from dairy production



area or land application area and the nearest off-property municipal well; the number of crops
grown per year per field; and Whole Farm Nitrogen Balance.

A registered engineer or geologist must prepare the monitoring well installation plan and submit it
for approval by RBS. Initial estimates for the cost of Individual Groundwater Monitoring developed
by Dairy CARES (an association of dairy operators and dairy industry representatives) are $42,500
for upfront costs (well plan, drilling of at least 3 wells, annual sampling and analysis), and $5,000
per year for reporting.

Alternative Representative Groundwater Monitoring Program

The General Order also allows for establishing an alternative groundwater monitoring program in
lieu of each producer installing monitoring wells and conducting sampling. Representatives of
Dairy CARES, Western United Dairymen and other industry associations are actively developing
an alternative plan which is subject to approval by the Executive Officer of the RBS.

As of September, 2010, the Altemative Representative Groundwater Monitoring Program has not
been approved by RB5. In addition there are some dairies that will not be included in the program.

The current draft of the alternative plan includes establishing a nonprofit organization with a Board
of Directors to manage clustered groundwater monitoring program and collect fees from enrolled
dairy operators to support the monitoring. This approach would allow operators to enroll in the
groundwater monitoring organization and pay a fee. The collected fees will support the installation
of groundwater monitoring wells and associated sampling, analyses, and reporting requirements
on a select group or groups of dairies.

Table 2 includes estimates for the representative groundwater monitoring network developed by
Dairy CARES. The fee estimate is based on the number of dairymen who enroll in the
representative monitoring program and this cost range is based on estimates of 60% to 80% of the
industry participating. The 5-year total cost for the representative monitoring program could range
$3,320 to $4,860 including well installation, sampling, analysis, and reporting). Compared to
groundwater monitoring by individual dairies, the representative monitoring plan is considerably
less expensive — especially given that the monitoring will continue into the future.

The final cost list (Table 3) includes both the representative groundwater program and the
individual monitoring since there is uncertainty regarding the final structure of this requirement. If
this program is not approved and implemented then costs for individual dairy operators to develop
and install wells will increase significantly.

Table 2. Estimated Costs for Representative Monitoring Program

One time Sign Up Fee $500

Annual Membership Fee $664 - $972
(estimate)

Total 2010 $1164 - $1472

Dairy CARES - Jan 2010

7. Dairy Operators’ Time
One cost factor that must be evaluated is the dairy operators’ time dedicated to fulfilling the
General Order requirements. CDFA Dairy Marketing Branch collects cost of production information



from approximately 10 percent of the dairies located in the Central Valley. CDFA surveyed 62
operators to determine how much time an employee or manager spent on the General Order on a
monthly basis to maintain records, taking samples, etc. Estimates of the amount of time operators
dedicated to complying with the General Order range from 1 to 28 hours per month. Additional
time is needed to attend classes, read reports, and review documents.

The average hourly wage for employees working on a dairy in 2009 was $28.00 (CDFA, 2010).
This average wage value and estimates of time spent was used to establish the cost of complying
with the General Order. The annual cost ranges from $336 to $9,408 with an average of $3,148.

8. Capital Investment

Capital investment upgrades to dairy facilities and structures are another cost operators have to
incur to comply with the General Order. At this time we are only noting that these costs are
occurring but we have no way of determining a representative cost to apply, so they are not
included for this study, however it is likely that these are significant costs. Since every dairy
facility is designed and operated differently, each facility had a different set of issues they had to
deal with for their NMP and WMP. Infrastructure improvements related to NMPs and WMPs in
many cases have not yet been implemented and are not required to be completed until 2011.
Capital investment for infrastructure may include expanding retention ponds, exporting nutrients
offsite, adding equipment to process manure on site for export, installation of irrigation delivery
systems and related equipment such as flow meters, and installation of flood/runoff control
structures such as berms and tailwater return systems.

Interviews with operators show that some had made no capital improvements while others have
invested up to $350,000 in facility improvements. However, in many cases it is difficult to
distinguish between general facility improvements and improvements necessary to comply with the
General Order. Facility upgrades that were completed include back flow prevention, raising stand
pipes, upgrading irrigation pipes, installing concrete silage pads, installing rain gutters, corral
grading, adding a new lagoon, and expanding an existing lagoon.

9. Technical and Financial Assistance

Both technical and financial assistance is available to dairy operators to help them understand and
implement the General Order. The CA Dairy Quality Assurance Program (CDQAP) is a
partnership among California’s dairy industry, federal, state and regional government agencies and
the University of California Cooperative Extension. CDQAP provides technical assistance to
operators and helps them understand and comply with the regulations. A range of services is
provided including educational workshops targeted at consultants to provide detailed information
and greater understanding of compliance requirements. Producer workshops have focused on
providing updated information and immediate deliverable requirements. The curriculum developed
has been reviewed by RB5 staff. When possible, example documents and templates have been
created to assist operators and their consultants to comply with the General Order. Lastly, CDQAP
also provides a voluntary evaluation program with certification available for facilities and managers
meeting local, state and federal environmental requirements.

RB5 also provided funding to Merced County to create and maintain on-line forms tailored to meet
annual reporting requirements.
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Limited financial assistance is also available for dairy operators for planning and implementation on
a cost-share basis. The USDA Natural Resources Conservation Service (NRCS) Farm Bill
conservation programs are a key funding source.

From 2008 — 2010, NRCS invested $32.5 million for 1,064 contracts with California dairy and other
livestock farmers to implement conservation practices that will help them comply with regulations,
manage and use the manure from their animals to fertilize their crops, and improve water quality.
The key farm bill programs are Environmental Quality Incentives Program (EQIP), Cooperative
Conservation Partnership Initiative (CCPI), and the Agricultural Water Enhancement Program
(AWEP - a partnership program with Western United Dairymen).

These programs provide funds on a cost-share basis. Most operators must provide 50% of the
cost in order to receive funds. Some of the common practices are concrete stacking pads which
reduce leaching to groundwater; manure transfer pipelines which increase the ability to evenly
distribute liquid manure to land; flow meters and other devices so that manure applications can be
precisely measured; mechanical separators which reduce solids getting in to ponds and tail-water
return systems which capture drainage water and return it to the field. Waste management plans
are also a cost-share practice; in 2009, NRCS was able to fund the development of more than 600
waste management plans.

Dairy trade associations have also been awarded funds through Farm Bill programs mentioned
above. In addition, the California Dairy Campaign received $750,000 in NRCS Conservation
Innovation Grant funds to provide compliance assistance.

Limited assistance was also available through Proposition 50 grant funds administered by the
State Water Resources Control Board. Both Western United Dairymen and the California Dairy
Campaign had programs to assist dairy operators obtain grant funding for necessary
improvements in manure management.

The amount of financial assistance that an operator receives varies widely. Because funds are
limited, screening and ranking criteria for the programs are subject to change each year and not all
operators apply for or receive funding; these funds are not included as a potential offset in the total
costs table below. However, it is important to know that funds may be available for those who
apply, and that funding is critically important.

However even with the significant amount of funds available, supply is insufficient to meet current
demand. In 2010, the NRCS EQIP dairy programs were largely over-subscribed with 200
applicants placed on waiting list or placed in the pool for following year's application. From 2008 —
2010 only 50% of funding applications for these programs were approved.

10.  Analysis and Conclusions

Table 3 presents a total of all the costs of compliance with the General Order. Again it should be
emphasized that these costs are estimates and that they are likely to rise in the 2011 and beyond
when groundwater monitoring is fully implemented and dairies invest in capital improvements
identified in the WMP’s,

The table is divided into one-time costs and annual (reoccurring) costs. One-time costs are those

associated with specific deliverables such as the NMP and the WMP. Annual costs occur each
year as long as the dairy is in operation and has a permit from RB5.
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As discussed above there is uncertainty about the additional groundwater monitoring program.
Table 3 below includes estimated for both the representative and individual approaches. If the
representative program is approved, we expect a majority of dairy producers to join this program;
due to its significantly lower costs.

Not including the costs for additional groundwater monitoring, the average one-time costs for
operators range from $2,750 to $35,984 with an average of $12,567. Average annual costs range
from $3,006 to $42,440 with an average of $14,136. Groundwater monitoring will add significantly
to the cost of the program. Total one-time compliance costs including individual groundwater
monitoring will range from $45,250 to $77,984 with an estimated average of $55,067 with annual
compliance costs of $8,006 to $47,440 with an average cost of $19,136.

Based on the data in Table 3, and using 2007 as the beginning date when compliance costs
began, an “average” dairy of 1,000 cows has spent approximately $55,000 in compliance costs;
while a larger dairy with more crop fields may have spent $160,000 or more.

In 2007, estimates of the cost of compliance with the General Order were made by Dairy CARES
and RB5 as the General Order was being developed. Dairy CARES estimated that the cost of
compliance would be $49,780 for one-time costs and $33,570 for costs that will occur annually for
as long as the dairy is producing.

In 2007, RB5 estimated $41,700 for up-front costs and $33,300 reoccurring. While it appears that
CDFA's estimates are lower - direct comparisons to Dairy CARES and RB5 are problematic
because of differences in study methodology.

While this paper provides compliance costs for water quality concerns, dairy operators are also

faced with air quality regulations and associated compliance costs from the San Joaquin Valley Air
Polition Control District. CDFA will examine these regulations and costs in future studies.
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Table 3. Range of Cost Estimates for Central Valley Dairy Operators to Comply with WDR.

ONE-TIME COSTS ' . ANNUAL COSTS?
LOW HIGH AVERAGE LOW HIGH AVERAGE
SESSESs S e St o eSS
Existing Conditions Report &
Preliminary Dairy Facility
Asseasment (2007) $500 $1,484 $982 n/a na n‘a
Waste Management Plan
| (2010) $2,000 $27,000 $8,280 a nia n/a
Nutrient Management Plan
(2008) $250 $7,000 $3,205 n/a na n'a
Monitoring and Reporting
Program
Laboratory Sampling and
Analysis n'a n'a n'a $1,500 $15,000 $3,350
Monthly Inspections n/a n/a na $600 $9,600 $5,148
Annual Report n/a n/a n/a $150 $3.000 $610
Rwoca Annual Discharge
Fee’ n'a n/a n'a §420 $5,600 $1,680
Dairy Labor* n/a - ga : nfa $338 $9,240 $3,148
. suBtOTAL | s2750 | - $35.484 $12,567 | $3006 | $42240 | $14138
Rapmmhtm Groundwater
Monitoring Program® $500 $500 $500 $664 _$972 $818
Additional Groundwater
Monltorlr_ln |Indlv1dulll' $42.500 $42 500 $42 500 $5,000 $5,000 $5,000
Pn_:gram _}_s_,gsn $35984 - | . 313,067 -] $3670 | 843412 | - $14,954
TO‘IAL GDMPU&NCE cosTs | ! e ; iy 7 B RRaT R _
-lndmdual Groundwater 3 i : i s 3 ks
d ‘Monitoring | : $45,250 377,984 - $55067 | $8,006. | 547,440 $19,436
! One-time costs meet specific deliverables in the General Order.
2 Annual costs will re-occur each year
* Work done on e on dairy by employee and/or managers taklgg samg&s filling out reports, etc.
S Estimated enrollment and annual fees for Representative Program
© Estimated cost ($42,500) well plan, drilling of at least 3 wells, annual sampling and analysis, and $5,000 per year for
| reporting.

Table 4. Total Cost Estimates of General Order by RB5 and CARES, 2007

Requirement RBS RB5 CARES Estimate |CARES Estimate
Upfront Annual Upfront Annual
(one-time) (reoccurring) {one-time) (reoccurring)

Existing Conditions Report $2,100 $0.00 $2,000 $0

Waste Management Plan $11,400 $0.00 $9,400 $0

Nutrient Management Plan $800 $3,800 $2,700 $3,500

Monitoring and Reporting $27,400 $29,500 $35,680 $30,070

Total Costs $41,700 $33,300 $49,780 $33,570

Cost Range $12,000 to $56,000 $30,000 to $36,000

RBS, 2007 and CARES 2007
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