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he city of Gainesville, doing business as
I Gainesville Regional Utilities (GRU),
owns and operates two water reclama-
tion facilities that serve over 160,000 customers
within Gainesville and the unincorporated area
of Alachua County. As part of the water recla-
mation process, biosolids are generated and have
been beneficially recycled through sustainable
land application practices for over 27 years at
Whistling Pines Ranch (WPR), a 1,100-acre
farm west of the city of Archer in the southwest
part of the county (see Figure 1, page 6). The
biosolids replace or supplement inorganic fer-
tilizer used to grow a variety of forage and row
crops, and they also act as a soil amendment to
the typically sandy soils at the site.

GRU’s biosolids land application program
is permitted by the U.S. Environmental Protec-
tion Agency (EPA) and the Florida Department
of Environmental Protection (FDEP) through
Section 503 of Title 40 Code of Federal Regula-
tions and Chapter 62-640, Florida Administrative
Code (EA.C.). The biosolids program has been
recognized for its exemplary performance, and
GRU was awarded the EPA’s Most Outstanding
Biosolids Operation in the Southeast United
States in 2004. Also, the Kanapaha Water Recla-
mation Facility was awarded the FDEP 2009 Plant
Operations Excellence Award, which included a
section on biosolids program operations.

In addition to biosolids treatment for its
two water reclamation facilities, GRU provides
biosolids treatment and recycling services to
the University of Florida and the communities
of Hawthorne, High Springs, and Waldo. In
order to ensure the long-term capabilities of
providing these services, the Gainesville City
Commission approved the purchase of a por-
tion of WPR with the condition of obtaining
necessary permits. As a result of changes in
land use regulations, GRU requested a special
exception to the county’s Unified Land Devel-
opment Code to continue the beneficial use of
biosolids.

As a condition of the special exception ap-
plication process, GRU evaluated the potential
exposure to microconstituents in biosolids ap-
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plied at WPR. Microconstituents, as termed in
this article, include a number of trace organic
compounds of interest. Among them are those
identified as “endocrine disruptors,” pharma-
ceuticals, or personal care products.

The work to sample and evaluate micro-
constituents was termed Phase 1 and was devel-
oped in conjunction with the Alachua County
Environmental Protection Department and the
Florida Department of Health (FDOH)/Alachua
County. Phase 1 sampling and analysis for mi-
croconstituents was performed on the biosolids,
biosolids and soil mixture, and groundwater.

Phase 2 of the study evaluated exposure
pathways from WPR with regard to pathogens
and was developed in conjunction with the
County Environmental Protection Department.
Phase 2 consisted of sampling and analysis of (1)
bioaerosols for pathogens, (2) transmission of
soil metals and radionuclides to groundwater,
and (3) vectors (flies, mosquitoes, etc.).

Figure 1 is an aerial photograph of the farm
with field delineation. Local stakeholders typically
live in areas to the west of the WPR property.

The EPA has established strict rules for
the treatment of biosolids, sampling, analysis,
and disposal in 40 CFR Part 503
(http://yosemite.epa.gov/r10/water.nsf/
NPDES+Permits/Sewage+S825/$FILE/503-
032007.pdf). Guidance documents have been
added to simplify and aid in the compliance
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with the rule (EPA/625/R-92/013).

The guidance documents outline
methodologies for the appropriate analysis
and testing of biosolids to ensure that ade-
quate treatment has been performed. The EPA
is a significant proponent of the beneficial use
of biosolids and has designed the current stan-
dards exclusively to maintain the significant
benefits offered by biosolids reuse, while con-
tinuing its commitment to protecting public
and environmental health.

The 40 CFR Part 503 rule was based on
the results of extensive research, sampling, and
analysis, as well as multiple extensive risk as-
sessment studies. In these studies, the tradi-
tional risk assessment framework was
modified in order to include state-of-the-art
technology to evaluate the possible negative
health impacts of land-applied biosolids.

Research is ongoing, but to date no con-
clusive evidence has been provided that indi-
cates the 503 rule fails to protect public health
as it is currently written and enforced. Subpart
D of the 503 rule outlines the specific require-
ments for the reduction of pathogens within
biosolids, as well as their attractiveness to vec-
tors that may harbor additional pathogens.

Essentially the EPA essentially named two
classes of biosolids: Class A biosolids are not

considered to pose a risk to the general public
Continued on page 6
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through direct contact, while Class B biosolids
are treated to reduce pathogen levels signifi-
cantly but are not free of pathogens. To be clas-
sified as either Class A or Class B, sludges must
receive appropriate treatment to meet the spe-
cific requirements for reduction of pathogens.

For Class B biosolids application, natural
processes occurring in the soil (desiccation, pre-
dation, ultraviolet radiation, etc.) are utilized to
eliminate pathogens. In order to protect public
health and ensure natural die-off of pathogens,
EPA regulations restrict exposure to Class B
biosolids for prescribed waiting periods.

The Kanapaha and Main Street Water
Reclamation Facilities utilize aerobic digestion
to convert raw waste activated sludge into a
beneficially useable Class B biosolids product.

Methodology

Phase 1 - Microconstituents

The microconstituent sampling and
analysis plan was developed in fall 2007 to ad-
dress questions raised during public meetings
regarding potential exposure to these com-
pounds. Domestic wells present in the vicin-

ity of the WPR site are used for drinking water,
so impacts to groundwater were a priority of
this study.

At that time, EPA Methods 1694 and 1698
had not been finalized, and most commercial
laboratories had not validated these methods.
Columbia Analytical Services in Kelso, Wash-
ington, was the laboratory identified as having
validated these protocols for aqueous samples;
no commercial laboratory was identified with
validated methods for solid samples at that time.

The analysis of onsite groundwater sam-
ples provides information on current condi-
tions resulting from over 27 years of biosolids
land application practices at WPR. Future mi-
gration potential of microconstituents in sur-
face soil was evaluated using standard leach
tests, and the aqueous phase of the biosolids was
collected to identify a worst-case source term
for the soil-to-groundwater migration pathway.

Sample Location Selection & Protocol—
Groundwater, soil, and biosolids samples were
collected on January 31, 2008, and February 4,
2008, and analyzed for the microconstituents.
The Alachua County Environmental Protection
Department observed the sampling process.

Groundwater samples were collected from
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FIGURE 1: Whistling Pines Ranch Biosolids Land Application Site
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four onsite wells, as shown on Figure 2. These
include three of the eight irrigation wells used
for the farming operations and from the silo
well, which is used to mix water with the
biosolids before application. Wells were se-
lected based on depth because microcon-
stituent detection would be more likely from
the infiltrating water through sandy and
clayey-sandy soils. Table 1, see page 8, summa-
rizes the wells sampled that pump from the up-
permost portion of the Floridan Aquifer. The
wells sampled were chosen based on casing and
total depth construction characteristics.

Soil samples were collected from the
fields surrounding each well sampled. Soils
were collected from areas where the biosolids
have been applied and disked into the soil for
over 27 years.

Biosolids samples were collected from the
GRU Main Street Water Reclamation Facility
and the Kanapaha Water Reclamation Facility
and were composited into one sample.

Sample Analysis—All samples were ana-
lyzed by Columbia Analytical Services. The mi-
croconstituents analyzed for this study include:
é Estrogenic hormones and their metabolites

Continued on page 8

FIGURE 2: Whistling Pines Ranch Sample Locations



Continued from page 6
(17-a-ethynylestradiol, 17-a-estradiol, 17-
3-estradiol, Estriol, and Estrone)

6 Pharmaceutical-related compounds (fluox-
etine and Iopromide)

¢ Industrial/home products that potentially
can be estrogenic (Bisphenol A) and deter-
gent/surfactant compounds and their
metabolites (4-tert-Octylphenol,
Nonylphenol, Nonylphenol monoethoxy-
late, and Nonylphenol diethoxylate)

The detergent surfactant compounds and
metabolites were analyzed by gas chromatog-
raphy/mass spectroscopy/selected ion moni-
toring (GC/MS/SIM), while the remaining
microconstituents were analyzed by liquid
chromatography/mass  spectroscopy/mass
spectroscopy (LC/MS/MS).

Aqueous phase samples were obtained
from soils and biosolids for microconstituent
analysis. The soil samples were extracted using
the Synthetic Precipitation Leaching Proce-
dure (EPA Method 1312). The biosolids sam-
ple was centrifuged to separate the solid and
aqueous phases.

Sampling Procedures—All samples were
collected by a trained environmental techni-
cian experienced with environmental media
sampling. Groundwater and soil sampling
were performed in accordance with FDEP
Standard Operating Procedure DEP-SOP-
00/01 as required by FS 2200 and FS 3000, re-
spectively. Groundwater samples
collected in four 1-liter amber glass jars. Two
jars were unpreserved and two jars were pre-
served with sulfuric acid (H2S04) to a pH <2.

Groundwater quality assurance/quality
control (QA/QC) samples included a trip
blank, a duplicate collected from OSW-Silo, a
bottle blank, and a bottle of High Performance
Liquid Chromatography (HPLC) water. The
bottle blank was used in place of an equipment
blank because the water samples were col-
lected directly from the well taps without tub-
ing or sampling equipment. For the bottle
blank HPLC-grade sample, water was poured
directly into the sample bottles.
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The purpose of the bottle blank was to
determine if contaminants were transferred
from the laboratory to the sample container
before the samples were collected. An un-
opened bottle of the same HPLC-grade water
was sent for analysis to ensure that no con-
taminants were present in this water. The trip
blank was included in the sample kits and was
returned with the samples. The samples were
stored immediately in ice following sampling
and were shipped to the laboratory by
overnight delivery.

Four composite soil samples were col-
lected from the fields surrounding the wells
sampled. The sample locations are shown on
Figure 2. Each soil composite consisted of
three samples taken near the respective sam-
pled well. The locations corresponded to areas
of biosolids application.

Samples were collected approximately 0.5
to 1 foot below land surface—the depth of disk-
ing of the soil. A shovel was used to excavate a
hole approximately one foot deep, and samples
were collected from the side wall of the hole
that had not contacted the shovel. The soil
samples were stored immediately in ice. The in-
dividual soil samples were sent to the labora-
tory to be composited in equal proportions.

Soil QA/QC samples included a trip
blank and a jar blank. The jar blank was pre-
pared by pouring HPLC-grade water into
extra soil jars and emptying these into the one-
liter bottles sent to the laboratory.

One composite biosolids sample was col-
lected consisting of one sample from the Main
Street Water Reclamation Facility and one
sample from the Kanapaha Water Reclamation
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Facility. These samples were collected from the
gravity belt thickener conveyor belt using glass
sample jars.

Four 32-ounce wide-mouth jars (two un-
preserved and two preserved) were filled at
each facility. The samples were sent to the lab-
oratory to be composited as one-third from
the Main Street Water Reclamation Facility
and two-thirds from the Kanapaha Water
Reclamation Facility (proportional the ratio
sent to and applied at the site). Biosolids
QA/QC samples included a trip blank and a
jar blank collected using the same procedure
as the soil QA/QC samples.

Phase 2 — Pathogens
Exposure to pathogens through direct or

indirect contact with biosolids was assessed
based on previously published scientific stud-
ies and the analysis of GRU biosolids, biosolids
amended soils, and the dust/bioaerosols gener-
ated during land application. The methods for
sampling and analysis of pathogens and inter-
pretation of these results were developed based
on an extensive review of the literature. The
methods were selected and performed to eval-
uate health risks from exposure to biosolids.

Health Risks Associated with Direct
Contact with Biosolids or Biosolids-Amended
Soils—For as long as the practice of land ap-
plication of biosolids has existed, there have
been concerns regarding safety the and pro-
tection of public health. Class B biosolids typ-
ically contain a certain level of pathogens, but
upon their application into the soil, factors
such as desiccation, predation, ultraviolet in-
activation, and additional environmental
stressors result in a significant decrease in
pathogen and indicator levels.

Numerous scientific studies have been
performed and published in peer-reviewed lit-
erature to address the safety and sustainability
of the land application of biosolids (Brooks et
al., 2005a; Brooks et al., 2005b; Gerba et al.,
2008; Gerba and Smith, 2005; Pepper et al.,
2008; Tanner et al., 2008; and Zerzghi et al.,
2009). The overall consensus within the scien-
tific literature is that the current guidelines
and practices for the treatment and use of
wastewater biosolids are adequate in their pro-
tection of human and environmental health.
The EPA also has accepted this conclusion.

Continued on page 10
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Brooks et al. (2005b) assessed the risk of
aerosols on communities adjacent to sites
where biosolids were being land-applied. In the
study, aerosols of indicator microorganisms
(bacteria and viruses) were generated, and their
survival and travel through the air was moni-
tored at different conditions and distances.

The study concluded that the conservative
estimated distance of 30.5 meters (assumed to
be nearest adjacent residences) downwind
from the application site, resulted in risks of in-
fection of 1:100,000 to the more realistic
1:10,000,000 per exposure. Conservative an-
nual risks were calculated to be no more than
7:100,000, whereas a more realistic risk was no
greater than 7:10,000,000. Overall, the viral risk
to residences adjacent to land application sites
appears to be considerably low, both for one-
time and annual probabilities of infection.

Few of the studies to date have looked at
the potential risks of the land application of
aerobically digested biosolids (the type of
biosolids that GRU produces) compared to
anaerobically digested biosolids (Brooks et al.,
2005a; Brooks et al., 2005b; Gerba et. al., 2008;
Gerba and Smith, 2005; Pepper et al., 2008;
Tanner et al., 2008; and Zerzghi et al.; 2009).
Aerobically digested biosolids generally con-
tain, on an average, fewer pathogens and thus

pose an even lower risk than those of anaero-
bically treated ones (Farrah and Bitton, 1983).

To better determine risks associated with
the land application of biosolids in any one par-
ticular environment, data are needed on the con-
centrations of pathogens and indicators in
wastes, the effectiveness of treatment processes,
the dilution and survival following land applica-
tion, the standardization of detection method-
ology, and better quantification of exposure.

Health Risk from Direct Contact & Inges-
tion of Biosolids—Models for the assessment
of risks of infection from Salmonella have been
developed by Haas et al. (1999) and Gerba et al.
(2008). It is assumed that ingestion of biosolids-
amended soil occurs via contamination of the
hand, followed by ingestion and/or inhalation,
followed by swallowing. Gerba et. al. (2008) es-
timated that it is safe to ingest anywhere be-
tween 50 and 480 milligrams (mg) of
biosolids-amended soil during an eight-hour
period, but conditions such as the individual’s
age, health, and type of activities he or she en-
gages in ultimately dictate this risk.

Many scientists have utilized quantitative
microbial risk assessment to calculate the risk
of exposure to potentially pathogenic microor-
ganisms and hazardous scenarios. This assess-
ment is based on a specific framework
developed by the National Research Council
and refined by Haas et al. (1999). In general, risk
assessment is based on 1) hazard identification,
2) exposure assessment, 3) dose-response as-
sessment, and 4) risk characterization.

Quantitative microbial risk assessments
were not performed using the data collected in
this study, but the potential risk of exposure
and infection for the purposes of this study is
based on the reported infectious dose of the
pathogens tested for (Salmonella and enteric
viruses) and the levels that were detected or
were absent in the biosolids, the biosolids-
amended soils, and the bioaerosol sampling
conducted in this study.

Health Risk from Inhalation of
Bioaerosols—In order for a risk to be esti-
mated for bioaerosols, it must be assumed that
the bacteria are being aerosolized and trans-
ported. The results of the current study, as well
as others, indicate that most pathogens either
are not aerosolized at all or are inactivated
during aerosolization and transport through
the air; therefore, only extremely conservative
estimates can be made with regard to the as-
sociated risks when bioaerosol data are used
for exposure assessment.

The most stringent estimates of risk must
assume 100 percent aerosolization and 100
percent survival. In order to stay consistent
with previous risk assessment studies (Brooks
et al, 2005a and 2005b) based on aerosoliza-
tion and pathogen transport, a setback dis-
tance of 33.5 meters (100 feet) downwind
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from the site of biosolids application was used
for this study’s air sample collection.

Air Sampling—Air samples were col-
lected during a wind event using BioSampler®
(SKC, PA) liquid impinger air samplers. The
air samples were concentrated in a liquid
medium and analyzed for bacterial indicators
and pathogens. These samplers are highly effi-
cient in bioaerosol and bio-particle capture.
They have been used in many previous studies
(Baertsch et al., 2007 and Paez-Rubio et al.,
2005) and were specifically acquired for this
project to duplicate previous study efforts.

Fecal Contamination Indicators—The
objective of this study was to evaluate the
prevalence of pathogens in the soils and
bioaerosols generated from the land applica-
tion of biosolids. In addition to pathogen
monitoring, it is usually necessary to sample
for fecal indicator organisms to provide a
thorough assessment of the microbiological
quality of an environmental sample. Indica-
tors are not pathogenic, but they are found in
the same environments as pathogens.

Fecal indicator organisms are present in
high numbers in fecal material and are easy to
detect; their presence can sometimes be an indi-
cation of more-difficult-to-detect pathogens that
are present in much lower numbers. This type of
monitoring is a low-cost, conservative method
for predicting the presence of pathogens and
protecting public health; however, it does not al-
ways correlate to presence of the pathogens.

In contrast to fecal indicator organisms,
vast numbers of bacteria are present naturally in
the environment that are necessary for a variety
of reasons, including nutrient cycling and biore-
mediation, etc. The presence of these microor-
ganisms is essential to life on earth, as they are
essentially the bottom link in the food chain.
Without indigenous environmental bacterial
flora, the natural decay process would not occur,
many plants would be unable to take up nutri-
ents such as nitrogen from their environment
and would thus not survive, and many drugs
(including many antibiotics) would not exist.

In the laboratory, this large group of organ-
isms is referred to as “heterotrophic plate count”
bacteria, or heterotrophic plate counts (HPCs).
HPCs are bacteria that need an outside organic
carbon source in order to grow, as opposed to
photosynthetic organisms that make their own
high energy carbon molecules using inorganic
carbon dioxide (CO») and the energy of the sun.
The HPCs are made up of thousands of species
of bacteria that grow on standard microbiologi-
cal media at standard biological conditions.

Usually absolute numbers of HPC bacte-
ria are not indicative of human health risk. In
fact, high HPC counts are likely the result of
an actively metabolizing environment that is
thriving and thus providing a strong founda-

Continued on page 12
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tion for plant and animal life.

In this study, HPCs were monitored as an
internal recovery control mechanism because
of the fact that bioaerosol sampling inherently
is insensitive. By monitoring for HPCs, it was
possible to make the observation that organ-
isms aerosolized in dust indeed were being
captured and detected. This provides stronger
evidence that negative (pathogen) results ob-
tained in the bioaerosol samples were most
likely due to the absence of these organisms
and not an inability to detect them.

In contrast to HPCs, Escherichia coli (E.
coli) are a fecal indicator organism that makes
up approximately 90 percent of the fecal col-
iform population in a wastewater or fecal sam-
ple. E. coli are used as fecal indicator
organisms because they inhabit the intestines
of warm-blooded animals, therefore making
them an indicator of fecal pollution.

Bacterial Enumeration—Indicator bac-
teria in liquid from the air samplers were
quantified by EPA-approved Standard Meth-
ods using membrane filtration employing 47-
millimeter (mm) cellulose acetate filters with a
nominal pore size of 0.45 micron (um). Total
HPC bacteria were enumerated on nutrient
agar plates (Becton Dickinson, Sparks, MD) at
25 degrees Celsius (°C) for 96 hours. Fecal co-
liform bacteria were enumerated on mFC agar
for 24 hours at 44.5°C in a water bath.

Blue colonies were enumerated as fecal
coliforms. E. coli (ATCC 9637) were used as
the positive control for all coliform measure-
ments. E. coli were cultured on modified
mTEC agar. Plates were incubated at 35°C for
3 hours followed by 21 hours at 44.5°C.

Magenta colored colonies were enumer-
ated as E. coli. Presumptive Clostridium per-
fringens isolated on mCP agar
(Acumedia Manufacturers, Inc.). Plates were
transferred to gas pack bags (BBL GasPak;
Becton Dickinson) and sealed.

After 24 hours of anaerobic incubation at
45°C, colonies were exposed to ammonium
hydroxide fumes. All of the yellow/straw-col-
ored colonies that turned pink/magenta were
counted. Clostridium perfringens (ATCC

were

13124) were used as a positive control.

Biosolids and soil bacteriological analysis
were conducted by ABC Research Laboratories
in Gainesville. Fecal coliforms were enumer-
ated by Standard Method 9221E, E. coli by
AOAC 966.24, and Clostridium perfringens by
AOAC 976.30. Salmonella spp. was analyzed
according to the Bacteriological Analytical
Manual for Food. The bacteria were reported
as most probable number (MPN) per gram of
dry weight.

Enteric Viruses—Liquid waste activated
sludge, biosolids, and soil samples were
processed according to American Society for
Testing Materials (ASTM) methodology
(ASTM 4994) and EPA/600/R-95/178. Sam-
ples processed were examined for cytopathic
effect development on mammalian tissue cell
culture as per EPA methodology. MPN deter-
minations were performed using EPA-released
software (Most Probable Number Calculator
version 4.04; http://www.epa.gov/microbes/
other.htm).

Helminth Ova—In the current study, the
analysis for helminth ova was not requested by
the agencies overseeing the study because of the
acknowledgement that their large size renders
them unlikely to be aerosolized and thus trans-
ported offsite. Even though the analysis for
helminth ova was not recommended, BCS labo-
ratories did analyze the biosolids from the water
reclamation facilities for their presence. No vi-
able helminth ova were detected in any of the
biosolids samples collected (data not presented).

Sample Location Selection & Protocol—
This study evaluated the presence of
pathogens and indicator organisms related to
GRU’s biosolids land application program at
the WPR farm. The study included analysis of
untreated waste activated sludge and biosolids
(digested waste activated sludge) from the
Main Street Water Reclamation Facility and
the Kanapaha Water Reclamation Facility.
Also, analyses were performed on biosolids-
amended soils and air samples taken during
the land application and soil incorporation
(via disking) of the biosolids.

Two sets of biosolids-amended soil sam-
ples were collected: one that had received
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biosolids within approximately one hour, and
one that had received biosolids three months
earlier. Air samples were collected at 100 feet
downwind from the tractor during biosolids
application and disking operations. These
samples are intended to represent a reasonable
worst-case exposure of what a neighbor of the
site would experience.

Also, to test extreme conditions, air sam-
ples were collected 65 feet downwind during
biosolids surface application and 42 feet
downwind from the disking operation. At that
distance, during the disking operation the
sampling equipment and personnel were en-
gulfed in a dust cloud as the tractor passed by.
Background air samples (negative controls)
were collected a significant distance away from
and upwind of the biosolids operations.

Other Testing
Additional investigations and data gath-

ering were undertaken to address questions
raised by area residents, including the follow-
ing.

Soil Metals—Soil metals sampling was
performed by the FDOH/Alachua County at
18 locations around the parameter areas of the
site on the surface soil to gather data on po-
tential wind event dust components. Soil
metal concentrations were compared to resi-
dential FDEP Soil Cleanup Target Levels. Also,
soil evaluations to a depth of seven inches were
performed to confirm soil series, soil texture,
and “estimated season high water table.”

Biosolids Testing for Radionuclides—
Biosolids were sampled, sent to the FDOH,
and tested for radionuclides; a comparison was
made to site exposures from usual natural and
manmade exposures. The FDOH radiological
sample results are the detectable radionuclides
in biosolids. These data were evaluated using
the protocols presented in Interagency Steer-
ing Committee on Radiation Standards (IS-
CORS) Technical Report 2004-04: ISCORS
Assessment of Radioactivity in Sewage Sludge:
Recommendations on Management of Radioac-
tive Materials in Sewage Sludge and Ash at Pub-
licly Owned Treatment Works (ISCORS, 2004).

Entomologist Inspection—A University



of Florida entomology professor and graduate
students inspected the site for flies/vectors.
Offsite  Groundwater/FDOH—O(ffsite
groundwater testing by the FDOH included
some Primary Drinking Water Standard scans,
microbiological indicators, and nitrate levels.
Additional Data—Testing of dioxin, ura-
nium, and aluminum was also investigated.

Results & Discussion

Phase 1 - Microconstituents

Whistling Pines Ranch Soil & Ground-
water—None of the microconstituents of in-
terest were detected in any of the groundwater
or soil leachate samples collected from the
WPR site. Based on the QA/QC results, analy-
ses demonstrate that these microconstituents
were not present in the samples at concentra-
tions above the method detection limit.

Biosolids—Estrogenic hormones, plasti-
cizers, and surfactants were not detected in the
GRU biosolids sample. Only one of the 12 mi-
croconstituents analyzed, fluoxetine (Prozac),
was detected. The concentration of fluoxetine
detected was 110 nanograms per liter (ng/L).

Note that there was some interference in
the analysis of this source sample, potentially
from the presence of some particulates or
other dissolved materials in this matrix. Based
on the QC review, this concentration may
overestimate the dissolved concentration of
this compound.

The lowest therapeutic dose for fluoxetine
is 20 milligrams per day (mg/day), or
20,000,000 ng/day, for adults. One would need
to consume over 48,000 gallons of this biosolid
liquid to intake the equivalent of one pill.

This therapeutic dose also is used to esti-
mate a “predicted no-effects concentration”
(Schwab et al., 2005) by adding safety factors
that consider sensitive receptors and a con-
centration with no observable adverse effects.
For drinking water, this concentration is
42,000 ng/L. The liquid phase of the GRU
biosolids tested is over 350 times lower than
the predicted no effects concentration.

The evaluation of the concentration of
microconstituents in water does not explicitly
address potential exposures from dust; how-
ever, laboratory data from the liquid phase
testing can be used to estimate dust concen-
trations. Using the liquid phase fluoxetine
concentration, the solid phase concentration
was estimated conservatively at 8.8 micro-
grams per kilogram (ug/kg) (dry weight).

Note that the material safety data sheet
from Eli Lilly indicates the Log Kow for esti-
mating partitioning is pH dependent (Log
Kow: 1.0, 1.8, 2.6 [pH 5, 7, 9]). To roughly es-
timate a solids concentration, the following as-
sumptions were used: Log Koc of 2; 2.5
percent solids, fraction of organic carbon (foc)

of 0.8).

The 8.8 ug/kg (dry weight) is lower than
the maximum concentration of 1,500 ug/kg re-
ported in the U.S. Geological Survey biosolids
study (Kinney et. al., 2006). At the estimated
concentration of 8.8 ug/kg, a person would
have to consume over 5,000 pounds of dry
biosolids to ingest a 20-mg dose of fluoxetine.

Dust exposure is intermittent and typically
represents only a small amount of material. A
soil screening value for fluoxetine of 227 mil-
ligrams per kilogram (mg/kg) was estimated
using the residential soil land use equation for
incidental ingestion of soil for noncarcinogens

(EPA, 2009) using the ADI of 0.0029 mg/kg/day
(Schwab, 2005). This equation assumes inci-
dental ingestion of 200 mg/day of soil by a child
living on a residential property.

The 8.8 ug/kg (0.0088 mg/kg) estimated
biosolids concentration is far below the soil
screening value for residential property, and
adjacent residents would not be exposed at
levels assumed for an onsite child resident.
Also, fluoxetine was not detected in the soils at
the WPR site.

The use of comparisons of biosolids lig-
uid and solid phases with drinking water cri-

Continued on page 14
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Continued from page 13

teria or residential soil criteria illustrate ex-
tremely conservative safety factors for han-
dling biosolids. Much lower concentrations
would be present in WPR soils, dust, and/or
groundwater from mixing and other attenua-
tion mechanisms. This is supported by the re-
sults of testing completed on the WPR site soil
and groundwater.

Phase 2 — Pathogens
As shown in the resulting data summa-

rized in Table 2, see page 14,, which provides a
comparison of the waste activated sludge re-
sults with the biosolids results, the pathogens
and indicator bacteria present in biosolids are
reduced significantly by the process of aerobic
digestion at the GRU water reclamation facil-
ities. With the exception of Clostridium per-
fringes, the inactivation was >90 percent.
Clostridium perfringes is ubiquitous in
the environment and is a poor indicator of
fecal pollution and the treatment process. The
EPA does not utilize Clostridium perfringes as
an indicator for the monitoring of water,
wastewater, or biosolids quality. This microor-

ganism was included in this study under the
direction of the Alachua County Environ-
mental Protection Department and is used as
an internal recovery control as described pre-
viously.

Also, soil samples collected from a remote
area not receiving biosolids contained approx-
imately 10? colony forming unit per gram
(cfu/gram) of Clostridium perfringes (data
not shown). The aerobic digestion process
used at GRU’s water reclamation facilities re-
sults in biosolids that meet Class B EPA and
the FDEP regulatory criteria for land applica-
tion.

Two sets of biosolids-amended soil sam-
ples were collected, one that had received
biosolids within approximately one hour, and
one that had received biosolids three months
earlier. As indicated in the biosolids-amended
soil samples, once the biosolids from the GRU
water reclamation facilities are land applied as
a soil amendment at the Whistling Pines
Ranch farm, the numbers of recovered
pathogens and indicators are further substan-
tially reduced.

Also, three months following land appli-

cation, the pathogens are further reduced due
to a variety of factors that include heat inacti-
vation, desiccation, predation, ultraviolet in-
activation, oxidation, etc. Note in Table 2 that
the one-hour and month-month biosolids-
amended soil sample results show that these
samples meet the microbial criteria of Class A
biosolids (biosolids of exceptional microbial
quality).

As shown in Table 2, analysis of air sam-
ples downwind from sites of soil amendment
with biosolids and/or disking activities indi-
cated the absence of all pathogens and fecal in-
dicators. The study was conducted on a dry
day, with steady winds (average wind speed of
400 feet per minute [ft/min] or approximately
4.5 miles per hour [mph]).

Both the 100-foot-setback air samples
and the close-proximity air samples did not re-
cover any of the pathogens or indicator bacte-
ria present at low levels in the biosolids prior
to land application. The close-proximity sam-
ple results are presented in Tables 3 and 4.

The only organism groups detected in
both the background air sampling and the
downwind aerosolized particulate air sam-

TABLE 2: Average concentration of enteric pathogens and bacterial indicators in waste activated sludge,
biosolids, biosolids-amended soils, and air samples following the application of biosolids to the soil.

Enteric ViFuses | Fecal Coliforms E. Culi HPFC ! Closiriiam Suferoweiia
(MPNMd drye | (CFUVdry gor | (CFU dry g | (CFLY val, Fe;.f’r.iugm‘ (CFLUY (CFUSdry 4g
Type of Sample ar vl of mirk vl of wir) or vol. of nir) uf mir) dry g or val of air) or vl of nir)

o ete Activated 615 &6 % 10° 29x10° | Mot Done 71 % 10" 154 8
Basalids 4.9 1010 4.5 % 107 Mat Do T3% 1 Maoan-Deteet *
Rac=alids Amended . 2 't
Soil (1 hour) 013+ 504 * G0 x 10 Mot Dhane 1.2 % 1 0nxe
gl'fl‘:‘i"i:ﬂ;:'h‘;:“"ﬂ <[,03 * 1% * 1% Mot Dane . Nan-Detect . Non-Detect *
Air Samples ' Mon-Deteet ! Mon-Detect Mon-Dhetect 200/ 137 Beon-Dhetee
110D i set hock) G4 B Livers 3.4 Liters 5.4 Liters 1.8 Liters 1.8 Liters 5.4 Liters
Air Samples ' Mon-Deteet ! Mon-Detect ! Mon- Detect o/ nii/ Pwon-Dhetect
i Backpround) 172.5 Lifers 19,2 Laters 9.2 Lifers 1.8 Liters 1.8 Liters 197 Lifers

« Mo value has been established for the maximum limit of Closridsa perfringens in hiosolids; this microorganism is not recognized by the EPA as m indicator of fecal
podlution or water quality, is ubiguitous in the environment and is & spore former, thus, it servives for prolonged penods of time in very harsh environmants and is
resistant w0 mos comveniional wastewater weatment. The presence of Clostridia perfringens at - 1 gram is typical for subtropical seils. The dececied numbers per

pram of drv weighi are below the infectious dose of 107 cfu of bacteriz. A search of the lilermure indicated that accepisblde levels are mound i

oo,

10" CFL ‘gram af

= [0 O N s ol air ab a 100-Tnod sethack from disking opserations would hive been inhaked sed all @ dost swalbowed o any one Gime i be avpesed 1o the

petentially infacious dose

= IO DHHE, THHD liers ol air ar Background condities wowhd Bave oo B2 inhinlal and alll the dust swallowed avone time g0 e exposed o the potenially nlecions

dnse.

- A typecal braemnan cossames about 7,200 liers of alr per day; therefore, 2 human weuld have we consume a volume of abon 3.8 yeors of alran once frem g 100
fi sethack 4o be epoded oo potentislly infections dose
# These samples nezet the microbial criveria of Class & Biosolids (Class A Biosolids are of exceptional quality aned safe for baman confact as determined by the

EFA).

" The air quality hased on the microbiological daia colleceed indicane thm air collected from mm area 1860 feet downwind from a biosolids application site is
statistically the samwe w= air from an area nol impacted by hiosolids application or disking. Bactground air samples were collected in the northeast comer of the

. property akomez adjpcend properics.

° Infectious doses for E. eoli (main constissent of hinsolids associted Rl colifames) based on published lieratore ane osually -1,
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pling were HPC and Clostridium perfringens.
Clostridia perfringens are ubiquitous in the
environment and are very common in soils;
and as indicated previously, are not recognized
by the EPA as an indicator organism.

disking operations. The absence of this species
would be indicative of the sterility of the envi-
ronment, which is not a plausible scenario, or
the failure of the sample collection and analy-
sis procedures.

In order to provide additional perspective
on the level of potential hazard associated with
biosolids handling and land application, the
amount of material that would need to be con-

Continued on page 16

Also, HPC bacte-
ria were detected in all
the samples tested as
expected. This micro-
bial group was incor-
porated as an
indication of the suit-
ability and appropriate-
ness of the methods
selected for sampling
and analysis. HPC are
indigenous  bacteria
that are present in high
numbers on all living
and environmental sur-
faces. They are gener-
ally harmless and are
often considered bene-
ficial microorganisms
that are part of every
living ecosystem.

As expected for
the air samples, the val-
ues are increased with
the higher dust content
of samples adjacent to

TABLE 3: Analysis of air samples for the presence of infectious enteric viruses in airborne
particles/aerosols at setback distance much closer than the 100-foot setback distance. Multiple
tractor passes during biosolids application and disking, and at higher speeds than usual during
disking operations, were conducted to simulate extreme-case scenarios (8/6/2008).

Sam e Siee Tutal Air Valwme Enteric ViFuses
FBCS 1 Adr HlmE wite I:Imrigli:-n A.El}'j'l'l] IMIFN]
GRLU AIE Sample-1 Twn trnceor pass: First samyple 000 it dowrvind :
i n e i pass i, ' T | Mon-Dietect
Hi 58 0BRSS durmng hosslids srfeee appdiaiom; sagomd al 65 feet
S . {apprasimabely 25 st laferal disance from
[ - fuppraximalel; :
Iﬂllu :fi!“ w:;:_';'l"""‘t application path) BT Poi-Detec
T " Mates This i an extrene-cise secnarin of expossre
GRU AIR Sample-X | Two briscior pass First sample 10011 chrwanwam] From ST Mon-letee
FCSAOROEN] 7 trnctor disking surfoce applied biosolids ( Thric )
secoind fracior pecss an 40 el (epprosamately 15 lea
N lateral dhstands Tromn dgplication pathl
i 5 . p .
L :J'f“t H“:'""“I' Ieath equipment and personnel were engulied in doss | Bdon-Detec
BCSAROEN R
cloud.
Pinbe: This i an @ lreme-cise senario of eaposang
GRU AR Ssmple-11 - ,
: T |_|5:r_|r:-;;|1-'\. 5751 Mon-Detee
T — Megative Comtrol Sample: Somple collecred m ME
LR AR Sample-1T . I
RS A-CRORI S Carer of Fropemy JTAL Mon:Depec
—_— == [Aackground Mo Biosolads Application)
GRLU AR Sample=13% 575 Non-Dietedt
HCS A CRIRI2S S LA

FLORIDA WATER RESOURCES JOURNAL « JUNE 2010« 15



TABLE 4: Analysis of air samples for the presence of cultivable fecal indicator organisms and bacterial pathogens in captured
airborne particles and bioaerosols at setback distance much closer than the 100 ft setback distance. Multiple tractor passes dur-
ing biosolids application and disking, and at higher speeds than usual during disking operations, were conducted to simulate

extreme-case scenarios (8/6/2008).

Air Heterstriphic Frecal E, vali amwil | Closfridfum
Sample Site Vaolume Flate Csunt eodifnrm Sulmaelle | perfrlngens
RO 1D Air Sample Site Besoriptisn Analyred JCFL {CFL {CFLUy {CFL
GRU ATR Twa I.l.'&lﬂ.l}r pabtﬂ.: ["in.l '!Hl.lﬂ..' T4H) Finet
Sampli-1 doswrawingd during bicsalids ssrfnce 541 280 Mon-Dieteet | Nan-Dietect el
RS g 088015 application: second at 65 feet
- (approaimatdy 25 lizel Faneral distance
GRU AR fren nppdication path) . B .
Snmple-2 Sotez This is an exirem e-case 4L A Momeleiet | hons=Detect f
BCSE:0RIRD IS scemarin of exposure
Twa tracior pass; First sample 100 feer
'ﬁj]-l'l'.l AlR damwind from irmctor disking sarfoce B
Sample-3 applied bicsalids § L secomd tracior 48L 430 Mon-Dhleel | ®an-Dietect 18 *
BCSOBMBONT | noee i 42 feet, (approximmely 15 feet
lateral distance from application paih)
GRU AR Bh ﬁqulpmn:m.ar'd pero] were
Sample-4 _ cngilfed in dust clowd 451 520 Non-Deteet | Non-Detect | 200
B S OR0800 & Motz This i am extreme-case
_ sexmario sl eyposun
GRLU AlR
Samiple-11 45 L 2640 Mom-Delert | kon=Detect 1
B S8 EIROTS
) © # ME Corner of Praperty - . . .
mﬂ;rﬁ;;‘q (Background Ares - Mo Biosolids 48 L 204 Momelletert | Man-Detect | Man=Dietect
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Samuple-13 45 L 30 MomDeiert | Ron=Detect | Maon-Detect
| _ERCSE:ORIB0TS

*Even thedigh dicse sodip k= desmiodismaled slighily highes soait than W ofier sanples oallectiad, e deliited sisibein gar gram of &y weighl an: e Below die

infsctinie dose of 197 ofe of bacteria. A search of the loeanee indicamed that soospishle kevels are ground 190

FIGURE 3: Bioaerosol Sampling during Surface Land
Application of Biosolids {Field C}

Continued from page 15

sumed directly at one time by an individual to
potentially cause illness was calculated. These
were calculated based on the levels of enteric
viruses detected in the samples and published
values for infectious dose. Table 5 shows that a
person would have to consume roughly 10

ounces of digested biosolids or 18.5 pounds of
dried biosolids-amended soils (one-hour), or
45.4 pounds of dried biosolids-amended soils
(three-month) at one time to potentially be-
come ill.

No pathogens or fecal indicators were de-
tected in the downwind aerosolized dust air

16 - JUNE 2010 » FLORIDA WATER RESOURCES JOURNAL

19" cfadgram of Tood

FIGURE 4: Bioaerosol Sampling during Disking Operation (1-
Day) [Northwest] {Field C}

sampling. The levels of the detected Clostridia
numbers per gram of dry weight are below the
infectious dose of 108 cfu of bacteria; therefore,
even if the Clostridia perfringes levels were to
be used as indicator of pathogens, 100,000,000
liters of air at a 100-foot setback from disking
operations would have be inhaled at one time



and all the dust in the air swallowed to be ex-
posed to the potentially infectious dose.

Also, a typical human consumes approx-
imately 7,200 liters of air per day; therefore, a
human would have to consume a volume of
about 3.8 years of air at once from the 100-
foot setback to be exposed to a potentially in-
fectious dose. Based on the data, the exposure
to a potentially infective dose could not be per-
ceived, and thus dust inhalation could not be
recognized as a realistic infectious pathway.

Figures 3 and 4 are photographs of
bioaerosol sampling taken during biosolid ap-
plication and disking operations, respectively.

Other Testing
Biosolids-Amended Soil Metals—Results

showed all below residential Soil Cleanup Tar-
get Levels, as shown in Table 6.

Biosolids Radionuclides—Biosolids sam-
ples were collected and sent to the FDOH. Ra-
diological sample results provided are the
detectable radionuclides in biosolids. These
data were evaluated using the protocols pre-
sented in ISCORS Technical Report 2004-04:
ISCORS Assessment of Radioactivity in Sewage
Sludge: Recommendations on Management of
Radioactive Materials in Sewage Sludge and Ash
at Publicly Owned Treatment Works  (IS-
CORS, 2004).

For this evaluation, the reported concen-
trations are converted from picocuries per liter
(pCi/L) to picocuries per gram (pCi/g) dry
weight at approximately 1.5 percent solids. Es-
timated exposures in millirem per year
(mrem/yr) for an onsite resident at an agri-
cultural biosolids application site were calcu-
lated for each of the detected radionuclides.

These estimated exposures can then be
compared to typical background exposures of
about 300 mrem/yr natural and 70 mrem/yr
man made. Natural potassium 40 and TI-201
concentrations were below the screening con-
centration (1 mrem/yr for the most conserva-
tive exposure scenario of incineration).

For a resident at an agricultural site, these
exposures were calculated to be about 0.00913
mrem/yr for potassium 40 and no additional
radiation exposure for T1-201. The contribu-
tion from I-131 for the land application sce-
nario was 1.18E-15 mrem/yr.

As stated in the ISCORS document, the
National Council of Radiation Protection and
Measurements (NCRP, 1993) determined 1
mrem per year is a negligible individual dose.
The estimated potential dose for biosolids ap-
plication is orders of magnitude below this level.

University of Florida Entomologist In-
spection—The report stated that flies were
typical of farm and local area land uses, and
from both onsite and offsite activities. Fly
problems can be solved by best management
practices.

TABLE 5: Calculated risk analysis conclusions for waste activated sludge, biosolids,

biosolids-amended soil, and air sample.

Type of Sumple

Calenlated Sumple Ampunt Consumed ot & Single Time to
Comstituie & Potentiol Infections Dose [Inyﬂtlﬂlur]nhll.ed'l *

Waste Activaied Sludpe {5

37 fluid sunees

Riosalids [Eansapaha)

102 fluid ounces

Bicsalids (Mdain Sineer)

Wo Epteric Vinses Were Detegned

Rinsolids Amended Sail

18.5 1
{1 hourp 5 pounds
Biosolids amended Soil -

45 4
{5 incmth 54 pounda

Adr Sample' Aerosalized Dus
{100 it down wind tracior

Mo Pathopens or Indicwors Detecied

* The calculations ane based om the level of vishle enieric vinuses detecied in the samples and the worsi-case scenanio
sszampiion that wilizes rotavines i 8 viral modal, The assamption therefore maumes all vinses dececied are the

hiahly infectioes retovines. Rotavies his baen Shouwn b heve o of e lowes mfsoive desss ahong vinises {10
infoctirs unitah thergfom ® & used in risk sssesamand studies o domomsimie worst-saee seesaning of exposers and
nak.

TABLE 6: Biosolids - Amended Soil Metals

FIMEF Saqil Clennop | FIMIH Sodl Sample
Parameter Target Levels™ Results™*
Arserne, mg'ka 21 .2
Cadmiuwm, |ng-TkE B2 0z
Chromium, mgkg 210 2.1
Copper, mpkp*** | 50 34
Sercury K} LLEKS
Mickel, mg'kg 340 1.3
Lesd. mp'kp 44 2.2
Relendam., mp'kg 40} 5
Liive, mghg e vl 1.4

* Re=identisl werestricted use

** Besed on mverage of 18 sample sites - Sampling and anabysis and by Florida

[eparimeni of Heakh
=% Considered microsstnenis

Off-Site Groundwater Evaluation by
FDOH—FDOH sampled over 30 area private
wells for nitrate and pathogens. Nine wells
were tested for all primary drinking water
standards, which were met in all wells except
two that exceeded the maximum contamina-
tion level for nitrate. Uranium was found in
one well but was likely naturally occurring, ac-
cording to the FDOH (see results below for
uranium and aluminum).

Historically, GRU has sampled area resi-
dents’ wells for nitrate and found that levels
were very low. According to the University of
Florida Institute for Food and Agricultural
Sciences (IFAS), elevated nitrate is common in
agricultural areas, and nitrates concentrations
above 20 parts per million (ppm) have been

found near farms in North Florida.

Additional Data

Dioxin—After a five-year EPA evaluation
of dioxin in biosolids, they will not be regu-
lated by the EPA as of a news release by the
Agency on 10/17/2003, “EPA Makes Final De-
cision on Dioxin In Sewage Sludge used in
Land Applications” (http://yosemite.epa.gov/
opa/admpress.nsf/b1ab9f485b098972852562¢
7004dc686/209dab87e¢1b0a8b785256dc20050¢
977t0OpenDocument).

Also, based on earlier testing from a Mid-
west Research Institute report, GRU dioxin test
results Toxicity Equivalent (TEO) in parts per
trillion (ppt) for the Kanapaha Water Reclama-

Continued on page 18
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TABLE 7: Results of Uranium and Aluminum

biosolids are relatively low
and that they pose minimal

risk through direct exposure.
Furthermore, based on the

application of the biosolids
to the soil at the sites tested

during the observed opera-
tions, the risk to adjacent

U ramium Aluminwm
(mg/kg) (mgkg)
GRU Biosolids 013 130
Matural Soil Ni-1.4 B0y — 3,300
{Background)
Continued from page 17

tion Facility are a minimum of 1.96 and maxi-
mum of 8.78, and for the Main Street Water
Reclamation Facility are a minimum of 22.2
and a maximum of 25.3—all well below the
previously proposed regulatory limit of 300 ppt.

Uranium & Aluminum—Uranium and
aluminum in GRU biosolids are well below
background levels (Table 7).

Conclusions

Phase 1 - Microconstituents
Based on the analytical results, the fol-
lowing summary and conclusions are pre-
sented:
6 The soil and groundwater data are most rel-
evant for evaluating potential exposures to
residents near the WPR.
¢ None of these microconstituents were
detected in the four groundwater samples
tested at the WPR site.

¢ None of the microconstituents were de-
tected in the four composite soil leachate
samples from the WPR site. Soils do not
appear to be a potential future source of
these microconstituents in groundwater.
6 Biosolids were analyzed to provide infor-
mation on potential source concentrations.
¢ Eleven of the 12 microconstituents were
not detected in the biosolids sample liq-
uid phase.

¢ One of the twelve parameters, fluoxetine
(Prozac), was reported at a concentration
of 110 ng/L in the biosolids liquid phase.
Over 48,000 gallons of the biosolids lig-
uid or over 5,000 pounds of dry biosolids
would need to be consumed to equal one
therapeutic dose of 20 mg.

6 The results of this testing program show the
GRU biosolids are not a significant source
of microconstituents at the WPR site.

Phase 2 — Pathogens
This study provides the additional site-

specific information requested by the residents
and the Alachua County Environmental Pro-
tection Department, directly addressing the
WPR land application of biosolids from the
Main Street Water Reclamation Facility and
the Kanapaha Water Reclamation Facility in
Gainesville. The data indicate that pathogen
and indicator organism levels in GRU

communities is considered
extremely low.

Analysis of the current data set alongside
existing risk assessment studies indicates a
very low risk to human health from both di-
rect contact and inhalation of bioaerosols gen-
erated from the application site. It is our
conclusion that based on the current data,
fields amended with GRU biosolids confer no
greater risk of enteric pathogen disease to in-
dividuals in adjacent communities than to
those living adjacent to fields that are not cur-
rently receiving biosolids.

Other Testing
é Biosolids-Amended Soil Metals—All soil

metals are well below residential Soil
Cleanup Target Levels.

é Biosolids Radionuclides—Site exposures
were found to be orders of magnitude
below usual natural and manmade expo-
sures.

6 University of Florida Entomologist In-
spection—The report generally stated that
the flies and vectors were typical of farm
and local area land uses.

é Off-site groundwater was tested by
FDOH—No pathogen or indicator organ-
isms, and nitrate levels typical of ground-
water on farms in North Florida.

¢ Dioxin—Dioxin will not be regulated by
the EPA, and GRU biosolids dioxin test re-
sults were well below the regulatory levels
proposed previously.

¢ Uranium and Aluminum—Uranium and
aluminum in GRU biosolids are well below
background levels.

¢ Epidemiological Survey—The FDOH per-
formed an epidemiological survey of the
area surrounding the biosolids land appli-
cation site. No incidents of epidemiological
anomalies were found.

The future of land application of Class B
biosolids on the WPR is under review by local
governmental authorities and regulatory agen-
cies. The scientific evidence collected during
this study indicates that the WPR land applica-
tion process with Class B site restrictions is as
safe as that of Class A processes from the stand-
point of microconstituents and pathogens.
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