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ABSTRACT: From 1994, the City of Los Angeles applied Class B biosolids from the
Hyperion Treatment Plant (HTP) atits Green Acres Farm in Kern County, California. In re-
sponse to local regulations, since October 2002 HTP has produced Exceptional Quality
(EQ) biosolids by thermopbhilic anaerobic digestion. EQ biosolids comply with the most
stringent limits in the U.S. EPA 40 CFR Part 503 Rule for pollutants (503.13), pathogen re-
duction (503.32) and vector attraction reduction (503.33) and are considered to be as
safe as any other fertilizer. In a further effort to protect the public and the environment, the
City of Los Angeles conducted an evaluation of the potential impact of biosolids land ap-
plication on the groundwater quality. A literature review of the fate and mobility in soil of
biosolids constituents indicated a potential for the leaching of nitrate from biosolids.
However, this potential is minimal because of the Part 503 Biosolids Rule requirement of
land application of biosolids at nitrogen-based agronomic rates. Leaching of other
biosolids constituents to groundwater is relatively insignificant because of immobiliza-
tion in soil (phosphorus, heavy metals, some organic pollutants), biodegradation or vol-
atilization to the atmosphere (some organic pollutants), or inactivation (pathogens). This
was confirmed by a review of groundwater monitoring data from several land application
sites in the USA with over 10 years of biosolids application. Elevated nitrate concentra-
tions in groundwater were sometimes observed, however, an unequivocal correlation
between nitrate in groundwater and the land application of biosalids could not be estab-
lished. The presence of other biosolids constituents in groundwater has never been re-
ported. Groundwater monitoring at the Green Acres Farm in Kern County over
1990-2002 did not indicate any effect of biosolids land application on the groundwater
quality. This can possibly be attributed to a combination of two factors: a) low concentra-
tions of pollutants in HTP biosolids; b) limitation of the biosolids application rate to the
agronomic rate as calculated from the nitrogen needs of the crops cultured on the Green
Acres Farm. Overall, this study confirms the findings of the 2002 reviews of the Part 503
Biosolids Rule by the National Research Council that there is no scientific evidence that
the Part 503 Biosolids Rule has failed to protect public health or the environment. How-
ever, additional scientific work has been recommended.

INTRODUCTION

HE City of Los Angeles applied Class B biosolids

from the Hyperion Treatment Plant (HTP) at its
Green Acres Farm in Kern County, California, from
1994. The biosolids were produced by mesophilic an-
aerobic digestion. In response to Kern County “s regula-
tions, since October 2002 HTP has produced Excep-
tional Quality (EQ) biosolids by thermophilic
anaerobic digestion. EQ biosolids comply with the
most stringent limits for pollutants (503.13), pathogen
reduction (503.32) and vector attraction reduction
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(503.33) in the U.S. EPA Part 503 Biosolids Rule and
are considered to be as safe as any other fertilizer (U.S.
EPA, 1993 and 1994). Although the City of Los An-
geles received Kern County’s permit for land applica-
tion of EQ biosolids after conducting several full-scale
tests at HTP (Iranpour et al., 2002, 2003a and b, 2004a
and b), there still is concern about the potential impact
of biosolids land application on the groundwater qual-
ity. Biosolids constituents that may have an impact on
groundwater include nutrients such as nitrogen and
phosphorus, heavy metals, organic pollutants and
pathogens (WERF, 2002a).

The risk assessments for the Part 503 Biosolids Rule
analyzed the risks to humans, animals, plants, and soil
organisms from exposure to pollutants in biosolids
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through 14 different exposure pathways (U.S. EPA,
1995¢). Exposure pathway 14 considered exposure of
humans to pollutants through groundwater (e.g.,
biosolids — soil — groundwater — human). This path-
way assumed a depth to groundwater of one meter,
which can be considered conservative because ground-
water levels often are deeper. Pathway 14 was not the
limiting pathway in establishing the current limits of
Part 503 Biosolids Rule because other exposure path-
ways potentially had a greater risk.

The U.S. EPA requested the National Research
Council (NRC) to conduct independent evaluations of
the methods and approaches used in establishing the
chemical and pathogen standards for biosolids. This
was in response to the Clean Water Act requirement to
periodically reassess the scientific basis of the Part 503
Biosolids Rule and to address increasing public health
concerns. In relation to groundwater contamination, a
1996 study concluded that land application of biosolids
according to existing guidelines and regulations will
not have a significant impact on groundwater (NRC,
1996). A 2002 study evaluated leaching calculations
and predictions of groundwater concentrations con-
ducted by the U.S. EPA (NRC, 2002). This study iden-
tified several limitations:

» The partition coefficients used by EPA were not nec-
essarily representative of the range of conditions that
exist in the U.S.

¢ The model did not account for rapid transport of
biosolids contaminants through preferential flow
paths in soil and for enhanced transport of contami-
nants bound to organic constituents in soil particles.

» Some dilution and attenuation factors used by U.S.
EPA were found to be inaccurate.

In spite of these uncertainties, it was concluded that
there was no documented scientific evidence that the
Part 503 Biosolids Rule has failed to protect public
health. Howeyver, it was also concluded that additional
scientific work is needed to reduce persistent uncer-
tainty about the potential for adverse human health ef-
fects from exposure to biosolids.

Early field studies focused on the effect of biosolids
application on the quality of run-off water from agricul-
tural land (Duningan and Dick, 1980; Bruggeman and
Mostaghimi, 1993). Recent studies have focused on
several factors potentially relevant to groundwater con-
tamination by biosolids constituents:

* nitrogen availability (WERF, 2002a);

* mineralization of organic nitrogen from biosolids af-
ter land application (NRC, 1996; Crohn, Internet doc-
ument; Sanden, Internet document);

» nitrogen-based application rates of biosolids (Moss et
al.,, 2002; U.S. EPA, 1995b; U.S. EPA, 1995c;
WERF, 2002a);

« phosphorus availability (Binder et al., 2001; Jenkins
et al., 2000; Moss et al., 2002; NRC, 1996; WERF,
2002a and b);

* immobilization of heavy metals in the topsoil layer
(Emmerich et al., 1982; Joshua et al., 1998; NRC,
1996; WERF, 2002a; Yingming and Corey, 1993);

 immobilization of organic pollutants bound to the or-
ganic matter present in biosolids (NRC, 1996); sorp-
tion of pathogens to biosolids and soil organic matter
and/or destruction in soil (NRC, 1996; U.S. EPA,
1995a and 2000).

The general goal of this review was to evaluate labo-
ratory experiments and field trials regarding the impact
of constituents typically present in biosolids on ground-
water. The specific objectives were to determine and
evaluate:

« the fate and mobility of biosolids pollutants/constitu-
ents in soil;

» the impact of biosolids land application on ground-
water at sites with long-term land application pro-
grams;

» the potential impact of land application of HTP’s EQ
biosolids on the groundwater quality at the Green
Acres Farm.

APPROACH

The first part of this review is a literature survey of
the mechanisms of transport and immobilization of
constituents typically found in biosolids. Information
was categorized per class of constituents, i.e.,
macronutrients (nitrogen and phosphorus), heavy met-
als, organic pollutants, and pathogens. Also, a 1993
WERF study of ten long-term biosolids programs in the
U.S. was reviewed and summarized. Six of these
biosolids programs extensively monitored the ground-
water and the agencies were requested to provide addi-
tional and more recent groundwater data.

The second part of this review is an evaluation of the
biosolids land application program at the City of Los
Angeles’ Green Acres Farm. This included evaluation
of thirteen years of groundwater quality data (BSK,
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2002), and the contents of pollutants, pathogens, and
nutrients present in HTP biosolids, which are analyzed
on a monthly basis.

‘ RESULTS
Literature Review

Biosolids versus other soil amendments. The
amounts of biosolids produced and land applied are
very small compared to the amounts of manures and
fertilizers (Table 1). Biosolids are currently applied to
less than 1% of the U.S. agricultural acreage. Conse-
quently, the contribution of biosolids to the total
amount of nitrogen or phosphate supplied to agricul-
tural land is negligible (Table 1). Although biosolids
land application is strictly regulated by the Part 503
Biosolids Rule (Iranpour et al., 2004c), similar regula-
tions do not exist or are still being developed for ma-
nures and fertilizers (Table 2).

Heavy metals. Laboratory studies have demon-
strated that heavy metals from biosolids form insoluble,
stable complexes with organic matter, carbonates and
other components in soil, which minimizes their poten-
tial for leaching to groundwater (Emmerich et al.,
1982). Metals in general accumulate in the upper soil
layer, and transport of heavy metals to groundwater is
very unlikely (NRC, 1996; WERF, 2002a). This has
been confirmed in field studies (e.g., Figure 1). Metal
immobilization is a long-term process (Binder et al.,
2001; Joshuaetal., 1998; Yingming and Corey, 1993).

Organic pollutants. The National Research Council
(NRC, 1996) reported that organic pollutants are not
likely to contaminate groundwater because their con-
centrations in biosolids are low, because they are vola-
tilized (PCBs) or biodegraded (phthalates, detergents
and surfactants) after land application, or because they
are strongly sorbed to soil (PCBs, phthalates).

An AMSA survey in 2001 indicated that the average
concentration of dioxins in biosolids was 48.5 ppt

Table 1. Production and land application of soil
amendments in the U.S. (WERF, 2002a).

Applied
Produced (Million dry tons/year)
Soil (Million dry
Amendment tons/year) Product Nitrogen Phosphorus
Manure 133 120 6 3.6
Fertilizer 50 50 11 4.4
Biosolids 6.9 2.8 negligible negligible

TEQs (WERF, 2002a). Table 3 shows that this is in the
same range of the dioxins content found in mineral fer-
tilizers. No information is available on dioxins in ma-
nure. Due to the strong sorption of dioxins to humic
substances in soil, it is expected that only minimal
amounts of dioxins may leach to groundwater from
biosolids-amended soil, unless soil particles containing
dioxins are themselves transported through erosion,
channeling, and movements through cracks and fis-
sures (Carpenter, 2000). In addition, on October 17,
2003, U.S. EPA has made a final decision not to regu-
late dioxins in land-applied biosolids. After five years
of study, including outside peer review, it was deter-
mined that dioxins from land applied biosolids do not
pose a significant risk to human health or the environ-
ment (U.S. EPA, 2003).

Recently, some have expressed concern on the pres-
ence of brominated diphenyl ethers, pharmaceuticals,
and endocrine disruptors (surfactants and estrogens) in
biosolids (WERF, 2002a). However, there is no evi-
dence that these constituents have contaminated
groundwater under fields where biosolids have been ap-
plied.

Pathogens. The presence of pathogens in biosolids is
only relevant for Class B biosolids, since Class A
biosolids are pathogen-free. In general, the possibility
of contamination of groundwater with pathogens such
as viruses, bacteria, and helminth ova is insignificant
because pathogens are strongly sorbed to biosolids or
destroyed in soil (NRC, 1996; U.S. EPA, 2000). In ad-
dition, helminth cysts are probably too large to be trans-

Table 2. Regulations on soil amendments (WERF, 2002a).

Soil Amendments

Criterion Biosolids Manures Macronutrient Fertilizers  Micronutrient Fertilizers
Pathogen Limits Established Regulations None Not applicable Not applicable
Metal Limits Established Regulations Developing Regulations ~ Developing Regulations Developing Regulations
N-based Application Rates  Established Regulations Developing Regulations None None

P-based Application Rates None Developing Regulations None None
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Figure 1. Metal recovery in soil from land applied biosolids (a):
Sloan et al., 1998; (b); Yingming and Corey, 1993).
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ported through soil (NRC, 1996). Overall, pathogen
contamination of groundwater by biosolids has not
been demonstrated (WERF, 2002a).

Nitrogen. An important issue with regard to nitrogen
content in biosolids is that most of nitrogen is present in
an organic form, which must be mineralized before it is
available to plants. The conversion of organic nitrogen
to ammonium and nitrate is a gradual process, which is
why nitrogen from biosolids is sometimes referred to as
“slow release” (WERF, 2002a). Another important is-

Table 3. Dioxins concentration in soil amendments
(WERF, 2002a).

Metal Dioxins (ppt TEQ)
Manures NA
Fertilizers
Bulk/packaged (11 products) 0-35
Micronutrients (14 products) 0-27
Micronutrients (2 products) 140-340
Biosolids (average) 48.5

TEQ: toxic equivalent;

NA: not available

Note: On 10-17-2003, U.S. EPA announced not to regulate dioxins in
biosolids, because dioxins in biosolids do not pose a significant risk to hu-
man health or the environment.

sue is the difference in mobility of ammonium and ni-
trate through soil. When water infiltrates the soil,
nitrate from biosolids moves readily with water to
deeper parts, thereby possibly contaminating under-
ground waters. Conversely, ammonium, being a cation,
would be held at exchange sites on soil colloids.

Several field studies have demonstrated the ability of
nitrate to infiltrate soil. In a field trial in Goulburn, Aus-
tralia, dewatered sludge cake was applied to three types
of soils (Joshua et al., 1998). Movement of nitrate to a
depth of 50 cm in duplex soils and 70 cm in sandy Red
Earths was observed over a period of one and a half
years. However, the biosolids application rates in these
trials were 2 to 10 times higher than the usual rate of
about 10 dry tons/ha.year. In another field study,
biosolids land application for over 10 years caused 50
mg/l nitrate in the groundwater down to 15 m below the
surface (Welby, Internet document). Nitrate concentra-
tions further increased for two more years after stop-
ping land application. Elevated nitrate concentrations
reported by Welby seemed to be correlated to the pres-
ence of irregularly distributed shallow groundwater in
the studied field.

The Part 503 Biosolids Rule requires that biosolids
are land applied at nitrogen-based agronomic rates in
order to prevent leaching of nitrate to groundwater. The
studies reported by Joshua et al. (1998) and by Welby
(Internet document) did not specify whether biosolids
application was indeed at nitrogen-based agronomic
rates. In contrast, very little leaching of nitrate and pen-
etration of only 1.2 m deep were observed during appli-
cation of biosolids at agronomic rates in a field test con-
ducted in Nebraska (Binder et al., 2001).

The calculation of biosolids application rates should
consider the mineralization of organic nitrogen. Nitro-
gen mineralization is a slow process taking place over
several years, hence, the mineralization rate is difficult
to accurately estimate. A U.S. EPA manual provides
calculations for estimating the rate of mineralization of
organic nitrogen as well as calculations for leaching of
nitrate as a function of various parameters (U.S. EPA,
1995b). However, a field study conducted in the San
Joaquin Valley, California, indicated that nitrogen min-
eralization in land applied biosolids is highly variable
and probably site-specific (Sanden, Internet docu-
ment). Land application sites would need to be assessed
on an individual basis for proper management regard-
ing maximizing the crop yield and minimizing the pos-
sibility of groundwater pollution by nitrate. The poten-
tial for excess nitrogen application can further be
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reduced by use of Nutrient Management Plans that
better predict nitrogen application requirements
(CWEA, 1998; Moss et al., 2002).

Another concern is the potential of nitrate leaching
from biosolids field storage, which can impact local
wells or cause pollution of surface waters. In a field
study conducted in a gravel pit reclamation site, stock-
piling of biosolids contributed significantly to ground-
water contamination with nitrate, but biosolids land ap-
plication at the same site did not (McDowell et al.,
2002). In order to prevent nitrate leaching from
biosolids field storage, water management practices
that include impermeable lining and catch basins have
been recommended by U.S. EPA (2000).

Phosphorus. Phosphorus in biosolids is in excess
over nitrogen. Therefore, there is a possibility of phos-
phorus accumulation in the topsoil layer because inor-
ganic phosphorus is relatively water insoluble. This
may cause phosphorus contamination of surface waters
by soil erosion and runoff (Binder et al., 2001; NRC,
1996; WERF, 2002a). Phosphorus from biosolids also
is less soluble in water than phosphorus from inorganic
fertilizers (Moss, 2002; WEREF, 2002b). Jenkins et al.
(2000) hypothesized that the amount of leachable and
extractable phosphorus in biosolids and biosolids/soil
mixtures is controlled by the formation of insoluble alu-
minum phosphate (AIPO,) and iron phosphate
(FePO,). Thus, based on this hypothesis, the leachable
phosphorus in biosolids is strongly related to the
[PY/([AI] + [Fe]) molar ratio. Figure 2 shows that there
is a linear relationship between the amount of leachable
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Figure 2. Leachable phosphorous as a function of [P][([Fe]+[Al])
molar ratio (Derived from Kyle and McClintock (1995) by Jenkins et
al. (2000)).

phosphorus and this molar ratio. The additions of alu-
minum and iron to enhance sedimentation and the addi-
tion of iron to control H,S during anaerobic digestion
may decrease the leachability of phosphorus from
biosolids (WERF, 2002b), and, consequently, the possi-
bility of phosphorus contamination of groundwater,

It should also be noted that phosphorus leaching from
biosolids is not as relevant as nitrogen, because phos-
phorus in drinking water is not a health concern as is ni-
trate (U.S. EPA, 2000). Nutrient Management Plans
recommended by U.S. EPA (2000) will also help to pre-
vent phosphate leaching from biosolids.

WERF field study. This study documented 10
biosolids programs with over 10 years of land applica-
tion (WERF, 1993). Geographic locations and summa-
ries of these programs are provided in Figure 3 and Ta-
ble 4, respectively. Six programs with extensive
groundwater monitoring provided additional and more
recent data (up to 2002), which have also been included
in Table 4. In general, these field studies confirmed the
general results found in the literature review:

* Groundwater pollution by organic contaminants and
heavy metals from biosolids has not been reported.
¢ Migration of pathogens to groundwater has not been

reported.

*» Elevated levels of nitrate in groundwater have been
found at a few locations, sometimes causing
exceedance of the nitrate limit for drinking water (10
ppm as nitrate-N). However, it was not possible to es-
tablish an unequivocal correlation between the high
levels of nitrate and the land application of biosolids.

HTP Biosolids and Green Acres Farm Studies

The Green Acres Farm with almost 5,000 acres is lo-
cated in Kern County, California, about 27 km miles

Figure 3. Geographic locations of Biosolids Land Application Pro-
grams (WERF, 1993).




ouwlayyosaw €002 - V¥ Ssej|D uonejueg

€e uoneoldde ageuns  paysabip Ajjesiqoleeue ove o€ ‘v661 - g SSBiD Y661 vO ‘Alunon uwiay 10 neaing sajabuy so

Aypioed uoneweosy

19-2¢ uoneolidde soeuns  pajsabip Ajjesiqoleeue 18 ve—61 g sse|n 6161 AN ‘sysedg J9YBM\ SMOPESI 89XoNni|

ousia

2’120 uoneoydde eoepns  pesebip Aesiqolse 81 se g sse|n ¥.61 1 ‘pleybuudg Areyues onspy piaybuuds
(v sseiD) soepns (vsseD) gL VSSBID %0L G661} -V SSeD

- (g sse|D) uonosful  peysebip Ajleoiqolee o1 (gsseiD) s gsselD %0E ‘0861 - 8 SSEID ON ‘ublejey ybiarey

2L uopoalul eoepnsgns pezjjiqels aw)| S oL v sse[0 2861 IN ‘uoIsH Hod uoJeH yod

obeoy) Isyesin
Jo 101381Q UOHEWEROSY

S uoneoydde aoeuns  paysabip Ajjesiqoiseue 0SS €9 g ssen 061 T ‘obBesiyn Jarep uepjodosnsiy

1PISIQ UoleWERIOSY

se-¢ uogeoljdde eoeuns  pejsebip Ajjesiqoleeue oL 9l g sse|D 6.6l 0D ‘eausqg JOYEMBISEM ONOIN

p B e

S+ uonosful aoeunsqns  peysebip Ajjesiqoioeue oe g's g SSe|) vi6l I\ ‘UosIpeiy 1omag ueyijodonsy uosipep

101181 UoHENURS

oL-s uopeoldde aoeuns  pajsabip Ajesigolseur 8l 0z g ssep 861 VA ‘yoeag eluibipn SpeoYy UoNLEH

GE-0E uonos(uy aoeunsqns  peysebip Ajjeoiqosseue 9z e g sse|n 1961 WN ‘enbianbnqyy anbisnbnq)y

Li—L - snoueA 8. - - 0861 ZV ‘euni HOAL-DV

(4A/ey/uoy A1p) poylop uopes)ddy adAL Rep/suoy lig SL% Aujenp pauelS JBdA uone’07] a0jeo|jddy
oey spijosotg

uones|jddy pue sploso|g Aouaby

(uonzejiues jo neaing sajabuy so7 jo Ao pue (£661) 443M) swesboid uonesyidde puej spijosolq jo Arewwns “p 9jqer

R. IRANPQUR, F. ALATRISTE-MONDRAGON, H. H. J. COX and R. J. KEARNEY

258




259

Hyperion Plant Biosolids Land Application and Effect on Groundwater Quality

uolelUES
Jeyempunolb uo pedwi oN 1Ajaou0 oe sah aulexe Apybys vD ‘AJuno) uiay| jo neaing sajebuy so
uonesijdde spijisoiq 0} pajealIod aq Ajjoeq uonewejoay
10U p|nod Inq ‘epuojyd pue ajeljiu ui ybiH - Sv-L2 ou (Juawipas ayej) Aejo Yis AN ‘syiedg JBJEM SMOPESIN 89X0N4]
J8juim pue jey ousiag
ui syead yum spluojyo pue ajeipu i ybiy  aA/sewn ¢ 6-9 seh sweo) Aejo Jjis 71 ‘preybunds Areyueg onsy piaybundg
Buiyoes
ajeniu Ul paynsal sieal g 1an0 uonesidde
aAejnwwng uj aseosy Jad N Jo 6 0pggz  JA/seumy £ g< Ajjeisusb sak Aepo DN ‘ybiejey ybiajey
UOHJBWIONI ON - - ou Aejo Anesy ‘painixa) aui JIN ‘uciaH Hod uoIsH Hod
obeoiyn 1e3e8In
uonesyidde spijosoiq o} JO JOISIg UONBWElDaY
pajejel Ayjenb ssyempunolb ul sbueys oN JA[soun} ¢ gg-2l sak Aigeiwssd eyerepowt 71 ‘obeoiyn Jayep usyjodoney
paysi|qeisa ag jou pinood uon JoM}SIg UonRWERDSY
“BUJWEUOD JO 32IN0S INq ‘ajeipu Ul ybiy - £81-6 ou jlos Apues Aejo 0D ‘1IeAusg JBJeMaISepA ONo|
2INUBW [BWIUE PUE JOZ|[IJS} [BIOISWIWOD
Buisn says Jayjo 0} saoualeyIp Juesyiubis sl
OU Inq ‘9pUOoJYD PUE BJBJ}U U} SOSESIOU| 1Ajaouo 0e-81 sah Ageiwsad ajelspow I ‘uosipepy J19Mag uejijodojapy UOSIPBN
SUOJJBIJUSOU0D
wnjuowwe pue ejesju punosb PuIsIg
-yoeq ybiy ‘syempunoif uo joedwi oN - - sak Apues ‘Aejo Areay VA ‘yoeag eiuibnp uonejuRg SpEoY UojweR
(/6w 011 <-59) wnip
-0s 10} 1daoxa sayempunoib uo joeduw) oN Ikjaou0 092 sak - WN ‘enbianbnqg)y anbianbnqpy
uoljeuliojul oN - - - - Zv ‘Buinp HO3L1-BY
sniels Kouanbaiy (w) ssgempunosn Bupoyuop Auadoad j10s 10 adAL uoneso Jojesijddy
Bunoyuoly - jo yidaqg ebeiany  Jejempunoln
i9)emMpunoly 10 Aouaby

(uonejiues jo neaing sapabuy so7 jo Auo pue (£661) 443IM) sweisboud uoneoydde puej spijosolq jo Arewwng “(panunuod) ¢ ajqel




260 R. IRANPOUR, F. ALATRISTE-MONDRAGON, H. H.J. COX and R. J. KEARNEY

southwest of Bakersfield and about 1.5 km northeast of
Lake Buena Vista (Figure 4). The farm was acquired by
the City of Los Angeles in Spring 2000 from private
ownership. Since 1994, the farm has received biosolids
from the City of Los Angeles Hyperion Treatment
Plant, and reclaimed water from the City of Bakersfield
for the cultivation of wheat, corn, alfalfa, and sudan
grass. Biosolids application rates are calculated on the
basis of the agronomic nitrogen requirements of the
crops as determined by an independent contractor. Ad-
ditional information on the Green Acres Farm biosolids
program is included in Table 4. In the following sec-
tions the characteristics of the HTP biosolids is dis-
cussed, followed by a discussion of the groundwater
studies conducted at the Green Acres Farm.

HTP Biosolids quality. The City of Los Angeles
routinely monitors the biosolids quality to evaluate
compliance with the Part 503 Biosolids Rule and the
Kern County Ordinance. In this section, HTP biosolids
quality data obtained from January 2002 to August
2003 are presented.

Pollutants. Table 5 shows that the average concentra-
tions of heavy metals in HTP biosolids are well below
the limits specified in the Part 503 Biosolids Rule and
the Kern County Ordinance for EQ biosolids. Hence,
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Figure 4. Sampling wells and groundwater flow at Green Acres
Farm location (Kern County, CA).

the possibility of groundwater contamination by metals
from HTP EQ biosolids is very unlikely. Although
PCBs and dioxins in biosolids are not regulated in the
Part 503 Biosolids Rule, the Kern County Ordinance
has set limits of 50 ppm and 10 ppb, respectively. The
concentrations of dioxins and PCBs in HTP biosolids
were well below these limits as both chemicals were be-
low the limit of detection limits (<0.026 ppm and

Table 5. Pollutant concentrations in HTP biosolids.

HTP Part 503 Limits®
P — Kern County Ordinance

Pollutant mg/dry kg™ mg/dry kg Requirement
Heavy metals Same as Part 503 limits

Arsenic 7.12 41 Same as Part 503 limits

Cadmium 14.4 39 Same as Part 503 limits

Chromium 104 n.a. Same as Part 503 limits

Copper 844 1500 Same as Part 503 fimits

Lead 38.7 300 Same as Part 503 limits

Mercury 2.23 17 Same as Part 503 limits

Molybdenum 23.0 n.a. Same as Part 503 limits

Nickel 82.4 420 Same as Part 503 limits

Selenium 7.46 100 Same as Part 503 limits

Zinc 1030 2800 Same as Part 503 fimits
Organic Pollutants

Dioxin (2,3,7,8-TCDD) NDR) n.a. 10 ppb

PCBs ND na. 50 ppm
Pathogens/indicators

Salmonella <1.7 MPN/4 g dry wt®® 3 MPN/4 g dry wt 3 MPN/4 g dry wt

OR AND
Fecal Coliforms <22 MPN/g dry wt® 1,000 MPN/g dry wt 1,000 MPN/g dry wt

Enteric viruses
Viable helminth ova

<1 PFU/4 g dry wt®
<1 ova/4 g dry wt®

<1 PFU/4 g dry wt
<1 ova/4 g dry wt

<1 PFU/4 g dry wt
<1 ova/4 g dry wt

“’Average concentration: January — December, 2002

(Z)Monthly analyses ranged from <0.011 ppb (<11 ppt TEQ) to <0.084 ppb (<84 ppt TEQ)

®)observed densities: January - August 2003
440 GFR 503.13 (Table 3)

n.a. = not applicable

ND = not detected
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<0.034 ppb, respectively). The low pollutant levels in
HTP biosolids can be attributed to the Industrial Dis-
charge Pre-treatment Program implemented by the City
of Los Angeles. As an example, the heavy metal dis-
charge in HTP’s effluent has steadily been reduced over
the past 25 years (Figure 5).

Pathogens. Class B biosolids were applied at the
Green Acres Farm from 1994 to September 2002. How-
ever, as discussed in the previous section, pathogens are
not a significant concern for groundwater because they
are sorbed to organic matter or rapidly destroyed in soil.
Also, the restrictions for land use of Class B biosolids,
specified in the Part 503 Biosolids Rule, assure that
pathogens are inactivated in the environment before hu-
man exposure to land applied biosolids. Furthermore,
since October 2002, HTP biosolids fully met the Class
A limits for fecal coliforms, Salmonella sp., enteric vi-
ruses and viable helminth ova (Table 5). It should be
emphasized that the bacteriological requirements in the
Kern County Ordinance are stricter than those in the
Part 503 Biosolids Rule since it requires compliance
with both bacteriological criteria. Since HTP biosolids
do not contain pathogens, contamination of groundwa-
ter by pathogens is no longer an issue.

Nutrients. Table 6 shows that the total nitrogen and
phosphorus concentrations measured in HTP biosolids
are about the same as in most other types of biosolids.
The biosolids application rate at the Green Acres Farm
is calculated from the actual nitrogen content in HTP
biosolids and the agronomic nitrogen requirements, as
required by the Part 503 Biosolids Rule. Agronomic
phosphorus requirements are yet not defined as they are
currently being developed. Phosphorus leaching from
HTP biosolids, however, may strongly be reduced by
the addition of iron in several processes at HTP, as dis-
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Figure 5. Melal discharges in HTP effluent (1977-2000).

Table 6. Nutrient concentrations in biosolids.

Total Total
Nitrogen Phosphorus

Biosolids (% dry weight) (% dry weigth)
HTP()

Therm. Anaerobic digestion 4,7 3.5
AMSA 1998 Survey@

Alkaline stabilized (class A) 1 0.4

Alkaline and digested liquid 53 2.2

Alkaline and digested cake 4.1 1.9

Heat dried 6 3.1

mAverage concentration: December 2001-November 2002
@WERF (2002a)

cussed in the previous section. The [P)/([Al] + [Fe])
molar ratio in HTP biosolids is by estimation 0.972. In
Figure 2 it can be seen that at such low a ratio the
leachability of phosphorus is minimal.

Groundwater description. Since 1990, the ground-
water at the Green Acres Farm has routinely been moni-
tored by several local and state agencies, including the
City of Bakersfield, Kern Delta Water District
(KDWD), Kern County Water Agency (KCWA), and
California Department of Water Resources (DWR). In
addition, an extensive survey of the groundwater condi-
tions at the farm and its vicinity has been conducted in
2002. Locations of the wells are shown in Figure 4.

Regional groundwater. Based on KCWA Spring
2001 data, the depth to groundwater in the 780 km? re-
gion surrounding the farm ranged from approximately
10.7 m below ground surface (bgs) to greater than 61 m
bgs. The depth to the aquifer generally decreased from
north-central to southwest-central parts of the region.
The groundwater surface elevation in the region sur-
rounding the farm ranged from approximately 46 m
above mean sea level (msl) to greater than 88 m above
msl in Spring 2001. The groundwater surface elevation
decreased laterally from a hydraulically upgradient
ridge, extended from the west-central to the northeast of
the region. The groundwater surface elevation also de-
creased laterally toward hydraulically downgradient ar-
eas near the southeast, east central and northwest por-
tion of the region. The groundwater flow direction
beneath the region was generally toward hydraulically
downgradient areas at the southeast and northwest por-
tions of the region (Figure 4).

Site groundwater. The depth to groundwater beneath
the farm in Spring 2001 generally ranged from between
18-21 m bgs at the northwest part of the field to be-
tween 36—40 m bgs at the southeast part. The ground-
water surface elevation ranged between 55 (southeast)
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and 73 m above msl (northwest). The groundwater flow
direction beneath the farm in Spring 2001 was gener-
ally from hydraulically upgradient areas near the north-
west portion of the farm toward downgradient areas at
the southeast portion of the site (Figure 4).

Site shallow groundwater. The subsurface geologi-
cal and geochemical data did not allow for a differentia-
tion between near-surface groundwater associated with
the aquifer and accumulations of groundwater whose
downward movement is restricted by strata of low per-
meability (commonly referred as “perched” water).
However, contamination of shallow groundwater was
not a concern because piezometric data indicated a con-
sistent absence of shallow groundwater at the farm
since 1991.

Groundwater quality. Groundwater samples were
collected from five wells in July 2002. The results in
Table 7 indicate that nitrate was below the detection
limit (0.2 mg/l N-NO,) in most of the samples. One out
of five groundwater samples contained nitrate, but at a
concentration of 1.1 mg/l, which still is almost ten
times below the Primary Maximum Contaminant
Level (MCL) drinking water standard of 10 mg ni-
trate-N/1 adopted by the California Department of
Health Services (DHS), Title 22 California Code of
Regulations (CCR) §64431. The 2002 data also demon-
strate that:

1. none of the groundwater samples contained chlo-
ride at a concentration that equaled or exceeded the
upper Secondary MCL drinking water standard for
chloride of 500 mg/l (California DHS , 22 CCR
64449);

2. none of the groundwater samples had an electrical
conductivity (EC) equal or above the upper Second-
ary MCL drinking water standard of 1600
micromhos (California DHS, 22 CCR 64449),

Figures 6, 7 and 8 show the average nitrate and chlo-
ride concentrations and the electrical conductivity of
groundwater samples from 1990 to 2002. These param-
eters have been well below the standards for drinking
water. It is also clear that land application of biosolids,
initiated in 1994, has not promoted an increase of ni-
trate concentrations in the groundwater below the farm,
In fact, by comparing the average data of summer
months in 1990 and 2002, it appears that the groundwa-
ter quality has slightly improved. For example, the av-
erage N-NO, concentration in groundwater samples
has decreased by at least 20%, from 0.5 mg/L in 1990 to

Drinking Water qundnrd for Nitrate-N = 10 mg/L.

12 ‘

Nitrate-N, mg/L
3
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Figure 6. Nitrate concenlrations in groundwater at Green Acres
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Table 7. Analytical results of groundwater samples
collected at and near the Green Acres Farm (well
locations in Figure 4; July 16, 2002).

Well Number Cl NO; (as N) pH EC
3 15 ND 9.1 250

7 38 1.1 7.6 700

9 18 ND 8.8 370

10 16 ND 9.1 330

10A 19 ND 8.9 340

ND: Not Detected

less than 0.4 mg/L in 2002. Similarly, the average EC
and chloride concentration have decreased over the
same period of time by 18% and 62%, respectively.

CONCLUSIONS

1. Groundwater parameters at the Green Acres Farm
(e.g., nitrate, chloride, pH, and electrical conductiv-
ity) indicate that 8 years of continuous biosolids land
application have not impacted the quality of ground-
water.

2. The possibility of groundwater pollution by HTP
EQ biosolids land application at the Green Acres
Farm is in general minimal:

* The industrial discharge pre-treatment program
conducted of the City of Los Angeles has greatly
reduced the concentrations of heavy metals and or-
ganic pollutants in HTP biosolids.

» HTP EQ biosolids do not contain pathogens and
fecal coliform levels are very low (about 100 times
less than the Class A limit).

» The addition of iron during the wastewater treat-
ment processes at HTP may cause the formation of
insoluble phosphates (FePO4), thereby minimiz-
ing the possibility of groundwater contamination
by phosphorus. '

e HTP biosolids application at agronomic rates
eliminates the possibility of nitrate leaching.

3. The literature review supported the conclusions of
the evaluations at the Green Acres Farm:

» Nitrogen-based application rates of biosolids are
an important factor to prevent leaching of nitrate.

* Implementation of improved nutrient manage-
ment programs, that account for field-specific
mineralization of organic nitrogen, will further re-
duce the possibility of nitrate leaching.

» Phosphorus is less water-soluble than nitrogen and
accumulates in the topsoil layer.

» Addition of Al and Fe during wastewater treat-

ment processes may cause the formation of insolu-
ble phosphates (AlPO,, FePOQ,), thereby further
reducing the possibility of groundwater contami-
nation by phosphate.

* Heavy metals accumulate in the topsoil layer
through long-term immobilization mechanisms.

¢ Organic pollutants may be present in biosolids, but
in very low concentrations and they are strongly
bound to the organic matter.

» The possibility of contamination of groundwater
with pathogens is very unlikely since they are
strongly retained by the biosolids organic matter
or they are destroyed in soil.
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