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Mission Accomplished

With no funding and scarce time, Virginia biosolids panel manages
to make recommendations for future regulations

I

n a final report released in January,
a biosolids expert panel assigned by
the Virginia General Assembly made
numerous recommendations, including
ways to handle complaints from residents near land application sites, but
did not add any new findings to the
current body of literature.

Despite the testimony of residents
who claimed their health was adversely
affected by their proximity to land application sites, the panel “uncovered no
evidence or literature verifying a causal
link between biosolids and illness, recognizing current gaps in the science
and knowledge surrounding this issue,”
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W

hat to do with sludge? This is a key
question in Orlando, Fla., as well
as in many other municipalities around
the country and much of the world. For
more than 25 years, the city has produced and land-applied Class B residuals, but lately the city’s land application
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program is facing numerous issues,
including
■■ lack of reliable wet weather application sites;
■■ restrictive local permitting requirements and new fees related to land
application sites;
■■ dwindling availability of qualified,
responsive contract haulers; and
■■ a significant decrease in Class B land
application sites in rural communities surrounding Orlando, similar to
many counties and regions across
the country.
For these reasons, the city decided
to install an innovative sludge oxidation process, supercritical water oxidation (SCWO), which is currently being
refined and improved at the Iron Bridge
Regional Water Reclamation Facility.
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it stated in the final report.
Some panel members, however,
dissented with the panel’s neutral
stance on the link between human
health and biosolids land application
and have expressed their desire for
stronger regulations for “health sensicontinued on p. 5

This article presents an analysis of the
costs and benefits of alternatives considered by the city and the reasons for
selecting SCWO.

Water and Carbon Dioxide
End Products
The concept behind SCWO for wastewater applications was invented and
patented by a professor of chemical engineering at the Massachusetts
Institute of Technology (Cambridge)
during the 1970s. While working for the
U.S. National Aeronautics and Space
Administration on waste treatment in
space, Michael Modell saw the need for
the complete recycling of water, oxygen,
and waste materials for a space colony
and concluded that the same principles
would apply to the environment on Earth.
SCWO is based on the principle that
when water is heated to 600ºC under
high pressure, it becomes a supercritical fluid, or a form of matter between
liquid and gaseous states. Organic
continued on p. 2
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materials (food, bacteria, hazardous
chemicals) that are normally insoluble in
water rapidly dissolve when mixed with
supercritical water and reform into simple
molecules, such as hydrocarbon gases
and alcohols. When oxygen is added, the
reformed organics are fully oxidized; they
bind with oxygen to form carbon dioxide
and pure water. Inorganic matter (minerals, salts, metals) form nonleachable
metal oxides and salt.
To initiate oxidation, sludge (8%
to 10% total solids) must be pressurized to about 26,000 kPa (3800 lb/in2)
and heated to about 250ºC to 275ºC
in a preheater. For wastewater sludge
applications, 250ºC is designated as the
SCWO “kindling” temperature, or the
temperature at which the heat released
by oxidation is greater than the rate of
heat loss. Once the kindling temperature
is reached, further heating (to supercritical conditions) occurs through the
heat liberated by oxidation of the organics contained within the sludge feed.
The maximum temperature reached in
the reactor is a function of the heating
value of the sludge feed, which, in turn,
depends on the solids content.
At the maximum desirable temperature of 600ºC, all organic compounds
are converted to carbon dioxide and
water within seconds, and yet this temperature is still low enough to avoid formation of nitrous oxide, making stackgas scrubbing unnecessary. Because
the process operates at temperatures
and pressures that far exceed previous
temperature- or pressure-based systems (such as wet-air oxidation), nearly
all of the organics entering the reactor
are destroyed. The need for downstream dewatering and odorous decant
tanks and the problems that have hindered previous wet oxidation processes
are eliminated.

Bulk reprinting of articles is prohibited.

Overview of the City’s Facilities

The Water Environment Federation assumes
no responsibility for opinions or statements of
fact expressed by contributors or staff, and
articles do not necessarily represent official
organization policy.

Orlando is a medium-size city that owns
and operates three water reclamation
facilities ranging in capacity from 28,400
to 151,000 m3/d (7.5 to 40 mgd) that
generate an average 0.0002 Mg of dry
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solids per cubic meter (1 ton per million gal) of wastewater treated. Flow is
collected throughout the service area
in a network consisting of 1477 km
(918 mi) of sewer lines and 210 lift stations. Given that the Central Florida area
is under an Orange County mandate
for zero discharge, the city has a 100%
reclaimed water (reuse) program requiring compliance with stringent effluent
standards. The city’s largest plant, Iron
Bridge, is a 151,000-m3/d (40-mgd),
five-stage Bardenpho biological nutrient
removal process attaining the following
effluent parameters:
■■ carbonaceous biochemical oxygen
demand, less than 1 mg/L;
■■ total suspended solids, less than
1 mg/L;
■■ total nitrogen, about 1.5 mg/L; and
■■ total phosphorus, about 0.3 mg/L.
Iron Bridge currently land-applies 113
to 136 wet Mg/d (125 to 150 wet ton/d)
of Class B residuals following lime stabilization of dewatered cake. The Water
Conserv II Water Reclamation Facility
processes and land-applies about 68 to
82 wet Mg/d (75 to 90 wet ton/d), and
the Water Conserv I Water Reclamation
Facility processes about 76,000 L/d
(20,000 gal/d) of thickened waste activated sludge that is hauled and dumped
in a lift station within the Iron Bridge collection system service area. The solidshandling operating and maintenance
costs are provided in the table (p. 3).

Disposal Options
The city contracted with Boyle
Engineering Corp. (now part of AECOM
Technology Corp.; Newport Beach,
Calif.) and Black and Veatch (Kansas
City, Mo.) to perform a study of viable
sludge management options. As a result
of the study, SCWO was recommended
as the technology with the potential to
best meet the city’s long-term sludge
management objectives. The city’s criteria for the technology included costeffective capital and operational costs;
reliable, nonweather-dependent operations; a minimal carbon footprint; and
the ability to produce “green” power.

Biosolids Technical Bulletin

Landfill Disposal
In the Orlando area, the closest landfill that will accept sludge is near Lake
Okeechobee. Transportation and tip
fees alone could approach $66 to
$77/wet Mg, or $514/dry Mg ($60 to
$70/wet ton, or $466/dry ton). Total
sludge program operational costs could
exceed $693/dry Mg ($629/dry ton)
when thickening, dewatering, and lime
stabilization costs are included. Unless
a city owns a landfill and chooses to
allow water into their landfill, disposing
of sludge in this manner is an expensive,
short-term option at best.

Incineration
Incineration is costly, consumes significant volumes of a valuable natural
resource (gas or fuel oil), and discharges an exhaust emission containing numerous pollutants. Compliance
with stringent air quality standards
has driven the cost of incineration to
exceed $660 to $770/dry Mg ($600
to $700/dry ton). Any city in Florida
trying to permit a “new” incinerator
(rather than replacing an old one) will
find it almost impossible to obtain state
and federal air permits. Environmental
groups tend to protest strongly the
issuance of air permits and often completely derail the permitting process.

Land Application
For Orlando, the regulations currently
being developed at the state level would
seem to make land application of limestabilized Class B sludge a short-term
option, with 2 to 5 years remaining at
best. The city’s current cost for land
application at the Iron Bridge facility
(including thickening, dewatering, lime
addition, hauling, and spreading) is
$399/dry Mg ($362/dry ton).

Pelletization
The percentage of nitrogen and phosphorus in pellets depends on the
contributors to the sewer system. In
Orlando, pellets would be close to 2%
to 3% nitrogen and 4% to 5% phosphorus, making them worth less, based
on fertilizer value, than pellets from
other areas with higher percentages.

Pellet plants are being built by many of
Orlando’s peer communities in Florida.
Costs to produce and market pellets
can range from $440 to $880/dry Mg
($400 to $800/dry ton). Many cities
wind up landfilling a portion of the pellets they produce because of the limited market demand. Every year, more
communities investigate pelletization to
comply with current and future regulations, decreasing the demand and value
of pellets.

Composting
Pick up any gardening magazine and
it will extol the benefits of gardening
with compost to build the soil structure
and provide nutrition to the plants. But
good compost requires ingredients
that will result in a high-quality product.
When composting sewage sludge, the
objective is disposal of a waste in as
short a period as possible because of
the volumes involved. Compost costs
can range from $440/dry Mg ($400/dry
ton; open air, no odor control) to $770/
dry Mg ($700/dry ton; in-vessel, odorcontrolled system). Composting relies on
finding end users who can reliably use
the entire quantity produced.

SCWO
The primary product of SCWO — clean
water — can be reused or safely
released into a receiving body of
water. Other byproducts of SCWO
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can be purified to commercial-grade
products (carbon dioxide, clean
sand, and recovered metals) with
established markets. The most desirable end products of SCWO waste
treatment are carbon dioxide, water,
minerals, and metals. The process
also generates a significant amount of
heat energy that can be captured and
used to generate electricity. SCWO
holds promise as the next generation
of sludge treatment technology. Cost
estimates for SCWO treatment range
from $330 to $440/dry Mg ($300 to
$400/dry ton) without energy recovery
or carbon dioxide capture; with energy
recovery and capture, cost estimates
range from $165 to $220/dry Mg
($150 to $200/dry ton).

The Orlando SCWO Process
The full-scale SCWO process at Iron
Bridge Regional Water Reclamation
Facility was designed and constructed
through a public–private venture
between the City of Orlando, Boyle/
AECOM, and SuperWater Solutions LLP
(Wellington, Fla.). The sludge feed (at
10% solids content) is macerated and
recirculated to a holding tank (see figure, p. 4). A portion of the recirculated
flow is drawn off and pressurized to
26,000 kPa (3800 lb/in2) with a sludge
pump. Liquid oxygen is drawn from a
storage tank and mixed with the pressurized feed sludge after being pumped

Table. Solids Processing Operation and Maintenance Costs
Process area
Water Conserv I

Cost per
wet ton

Cost
per dry ton

Gravity belt thickening

$66,205

$3.63

Hauling and disposal

$69,432

$3.80

$95.11

Total

$135,637

$7.43

$185.80

Gravity belt thickening

$161,887

$1.77

$31.68

Anaerobic digestion

$334,141

$3.66

$65.38

$324,518

$13.85

$115.47

Water Conserv II Belt filter press dewatering
Hauling and disposal

$90.69

$399,866

$17.06

$142.27

$1,220,412

$36.34

$354.80

Gravity belt thickening

$331,579

$5.68

$37.85

Belt filter press dewatering

$660,406

$11.31

$75.39

Total

Iron Bridge

Annual
cost

Lime stabilization

$440,221

$7.54

$50.25

Hauling and disposal

$1,737,006

$28.06

$198.29

Total

$3,169,213

$54.27

$361.78
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to 26,000 kPa (3800 lb/in2) and vaporized. The combined stream is fed to
a reactor assembly, which is a tubular
system of constant pipe diameter used
for the combination preheater, reactor,
and cool-down heat exchanger. High
velocities and the smooth transitions
from each of these three processes
help minimize solids settling and scale
buildup. Scale formation in the preheater
is removed periodically by mechanical
cleaning devices.
The energy required for preheating
the feed–oxygen mixture is obtained
from the cooling of the reactor effluent.
Pressurized pure water carries the heat
from the effluent to the preheater. The
recirculating heat-transfer loop approximates an adiabatic subsystem; that is,

the fluid leaving the cool-down exchanger
is near the adiabatic flame temperature of
the feed–oxygen mixture. The steam or
hot water generators are thus capable of
recovering virtually all of the heating value
of the feed–oxygen mixture.
The process also features oxygen
and carbon dioxide recovery. By cooling
the reactor effluent and separating the
phases before depressurization, a gas
phase of carbon dioxide, oxygen, nitrogen gas, and small amounts of water
and nitrous oxide are obtained. Upon
depressurizing this gas phase from 25
MPa, most of the carbon dioxide is liquefied. It is possible to obtain a highly
purified carbon dioxide byproduct with a
cryogenic distillation column. The overhead from the distillation is rich in oxy-
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gen and can be recycled after purging
nitrogen gas and nitrous oxide from the
system via a vent.
The Orlando SCWO project is currently in the debugging and startup
phase. All subsystems are being
brought on-line and fully tested prior to
bringing the entire process on-line. At
press time, the project team anticipated
completion of this phase by March and
then beginning a 90-day performance
test by early summer.
David S. Sloan is director of environmental
services and Roy A. Pelletier is a wastewater project consultant for the City of Orlando,
Fla. Michael Modell, Ph.D., is the director
of technology at SuperWater Solutions LLC
(Wellington, Fla.).

Figure. Flowsheet of an SCWO Process for Orlando
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Mission Accomplished
tive individuals” and “pollution sensitive sites.”
The 25-member biosolids expert
panel met 12 times between Sept. 18,
2007, and Nov. 19, 2008, to discuss
topics ranging from the link between
health complaints and biosolids land
application to the potential for biosolids
contaminants to accumulate in food
crops and livestock. The panel was
assigned the task of answering specific
questions (see sidebar, p. 6).
Increasing complaints about the land
application of biosolids and the illnesses
allegedly caused by them prompted the
Virginia General Assembly in 2007 to
form the expert biosolids panel, which
included doctors and health experts, forestry and wildlife experts, civil engineers,
environmental scientists, academics,
agricultural scientists, and biosolids generators. The Virginia secretary of natural
resources and the secretary of health
and human resources served as cochairs of the panel.
As a result of the panel’s report
and recommendations, the General
Assembly introduced two bills related to
biosolids this year. However, one was
not moved out of committee and was
effectively killed, while the other, which
was related to public notice for permit
changes, passed.

Helpful Discussion
Because it was unfunded and panel
members were given a short time
to complete their tasks, the panel
depended mostly on existing scientific
studies and testimonies. However, panel
members say they believe the exercise
was still worthwhile.
“I do believe that the work of the
panel helped us better understand the
current state of the science, gaps that
exist, and the panel discussions and recommendations will feed nicely into DEQ’s
current revision of the biosolids regulations,” said Jeff Corbin, Virginia assistant
secretary of natural resources.
The expansive nature of the panel
members’ expertise also helped, according to Christopher Peot, manager of

continued from p. 1

the biosolids management division at
the District of Columbia Water and
Sewer Authority. “The panel successfully
brought many of the controversial issues
to light with very spirited — and important — discussion,” he said.
“As you might imagine, there was
disagreement on some of the issues,”
Peot continued. “[But] each panel
member had the opportunity to bring
research in for discussion that supported their argument, and we compiled
a list of hundreds of research papers
and articles.”

Some Frustrated Members
Two panel members, Alan Rubin and
Henry Staudinger, wrote their dissenting
opinion of the panel’s health recommendations in a separate document,
Objections to the Expert Panel Report.
Although he doesn’t doubt the safety
of biosolids on crops, having been one
of the writers of the 40 CFR 503 regulations, Rubin says the panel “glossed over
this one big issue.”
“I really believe there is an impact out
there,” Rubin said.
In their 5-page report, Staudinger and
Rubin state: “By inference or by omission of information, the Report ignores
and/or at best understates the potential
impact from exposure to biosolids on
Health Sensitive Individuals and incorrectly leaves the impression that this is
the view of the Panel.
“Through verbal and written submissions, citizens of Virginia provided vivid
and compelling accounts of their illnesses, which they said occurred and
continue to occur following repeated
exposure to biosolids at land application
sites.”
Rubin said he hopes these issues can
be resolved through a technical advisory
committee that DEQ is forming as the
next step.
An informational Web site with links
and information on the panel’s meetings, communications, and resources,
including the final report, is available
at www.deq.state.va.us/info/biosolidspanel.html.
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Biosolids Expert Panel: Q & A
Below is a summary of biosolids expert panel recommendations, as listed in the final report’s Executive Summary.

1. Are citizen-reported
health symptoms
associated with the land
application of biosolids?
In early discussions, the panel agreed
that addressing the questions surrounding citizen-reported health symptoms should be its highest priority. In
the past 18 months, the panel uncovered no evidence or literature verifying
a causal link between biosolids and
illness, recognizing current gaps in
the science and knowledge surrounding this issue. These gaps could be
reduced through highly controlled epidemiological studies relating to health
effects of land-applied biosolids, and
additional efforts to reduce the limitations in quantifying all the chemical
and biological constituents in biosolids.
While the current scientific evidence
does not establish a specific chemical or biological agent cause-effect
link between citizen health complaints
and the land application of biosolids,
the panel does recognize that some
individuals residing in close proximity
to biosolids land application sites have
reported varied adverse health impacts.
In response to its findings related to
this question, the panel recommends:
The Department of Environmental
Quality (DEQ) formalize a process that
clearly defines the roles and responsibilities of agencies in addressing concerns to land applications on the basis
of individual health.
Additional research should be conducted on the potential relationship
between human health and exposure
to biosolids.
An incident response protocol
should be used to systematically collect data regarding citizen complaints.
A communication plan should
be used to improve communication
among all parties involved in or poten-

tially affected by biosolids land application, especially those who believe
that their health has been or may be
affected by biosolids land application.

2. Do odors from biosolids
impact human health and
well-being and property
values?
Panel members agreed that there is a
perceived relationship between odor
and health issues and that reducing odor issues will likely reduce
concerns about health impacts. The
panel recognizes that odors from
biosolids could potentially impact
human health, well being and property values, but could not confirm
such an impact or the extent of such
an impact based on the current body
of scientific literature and information
presented directly to this panel.
In response to its findings related to
this question, the panel recommends:
The technical advisory committee
should examine the DEQ regulations
pertaining to odor, including considering that municipal biosolids generators
be required to have odor control plans.
Municipal wastewater treatment
facilities should voluntarily implement
an environmental management system
to address quality control issues such
as odor.

3. To what degree do
biosolids-associated
contaminants accumulate
in food (plant crops and
livestock)?
The response to this question is closely
aligned with the additional directive that
the panel “evaluate the toxic potential
of biosolid constituents derived from
land application to humans, agricultural
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products, soil organisms, and wildlife.”
The panel responses are summarized
here simultaneously.
As long as biosolids are applied in
conformance with all state and federal law and regulations, there is no
scientific evidence of any toxic effect
to soil organisms, plants grown in
treated soils, or to humans (via acute
effects or bio-accumulation pathways)
from inorganic trace elements (including heavy metals) found at the current
concentrations in biosolids.
Whether there are longer term
chronic effects from bioaccumulation
of pharmaceutical and personal care
products and other persistent organic
compounds that might be applied in
biosolids is more difficult to measure,
and has not been rigorously studied to
date. There are gaps in the research
to characterize the composition, fate,
and effects of these constituents in
biosolids, as well as in other products, materials and the environment.
Furthermore, the relative importance
and risk of these constituents, which
have not been fully assessed, and
their potential for bioaccumulation in
plant crops and livestock are the subject of ongoing research.
In response to its findings related to
these questions, the panel recommends
regular review of the research that pertains to biosolids and its fate and transport to livestock and plant crops, with
summaries developed that would document any significant new findings.

4. To what degree do
biosolids-associated
contaminants affect water
quality?
The effect of biosolids land application
on water quality depends on the rate,
timing, and location of application and
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can be minimized or eliminated if
applications are made using practices
that are in conformance with all state
and federal laws and regulations.
A certain amount of nutrient loss,
whether through surface runoff or
groundwater leaching, is inevitable in
farming systems, including those that
use biosolids. Nutrient management
planning has developed as a means
of minimizing potential nutrient losses
while maintaining an economically
viable farming operation. Virginia biosolids regulations require the use of
a nutrient management plan to determine the nitrogen and phosphorus
applications. Some sites are considered more “environmentally sensitive”
to nitrogen losses than other sites
and have even more stringent timing
requirements.
Much of the research to date
has been focused on nutrients, pH,
and metals, thus much is known
regarding how to control the associated water quality effects. However,
there is very little research to date
on other constituents, their transport
mechanisms, and how they might
affect water quality. While certain
contaminants have been found in
land applied biosolids, mere presence will not in itself cause water
quality impacts without a means to
reach ground and surface waters.
Additionally, presence does not
indicate danger without a toxic concentration. Transport mechanisms of
inorganic nutrients have been studied
extensively, but transport of other
constituents have not.
In response to its findings
related to this question, the panel
recommends:
The technical advisory committee
should examine the DEQ regulations
regarding environmentally sensitive

sites, mined and disturbed land
reclamation, and the methods
used to determine the phosphorus
application rate.
Review and consolidation of recent
information on water quality impacts
other than those from nutrients. The
panel notes there is ongoing research
on this topic.

5. What are the effects
of an accumulation of
biosolids-associated
contaminants in wildlife?
The evidence concerning the impact
of biosolids on wildlife is mixed,
with some studies indicating a positive effect on wildlife populations as
a result of the use of biosolids to
restore wildlife habitat, as well as
minimal impact on forest small mammal populations due to heavy metal
contamination from the application
of biosolids for silvicultural purposes.
However, other studies have suggested potential long-term negative
health, reproductive, behavioral and
population viability impacts from the
exposure to compounds and contaminants that are ubiquitous in multiple
environmental media including biosolids. There are few studies or field
trials that have investigated the above
listed impacts of these contaminants
on wildlife from biosolids land application.
In response to its findings related
to this question, the panel recommends research to investigate potential acute and chronic health impacts
of biosolids on wildlife. Additionally,
research should be regularly reviewed
that pertains to biosolids and its
effects on wildlife, with summaries
developed that would document any
significant new findings.

7
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The Carbon Footprints of Various
Biosolids Treatment Processes
William P.F. Barber

A

wide variety of processes are capable of treating biosolids to comply
with pathogen reduction requirements
as defined by 40 CFR 503 regulations.
However, within Europe, long-term
sustainability and carbon impacts are
becoming more influential, including
economic incentives in the form of taxes
and levies to prevent the release of
greenhouse gases (GHGs). GHGs have
been classified by the Intergovernmental
Panel on Climate Change to include,
among others, carbon dioxide, methane,
nitrous oxide, tetraflouromethane, sulfur
hexafluoride, hydrofluorocarbons, and
chlorofluorocarbons.
There is an implicit link between
power consumption and a carbon footprint; consequently, the power sector is
responsible for 37% of all anthropogenic
carbon dioxide. In the United Kingdom,
the water industry accounts for 3% of all
power consumed. Most of this power is
used to run processes and pump water.
Determining a carbon footprint involves
measuring the GHGs emitted during a
process and converting the data to a
carbon dioxide equivalent. For example,
the equivalent for methane is 21, implying that 1 unit of methane has the same
global warming potential as 21 units of
carbon dioxide.
This article presents the results of a
model developed to calculate the carbon
footprints of several biosolids treatment
processes. Results show that Class A
systems are more carbon-intensive than
Class B equivalents. In addition, processes with anaerobic digestion have far
smaller carbon impacts due to reduced
quantities of biosolids for downstream
processing and the production of renewable energy. The benefits of composting
due to fertilizer displacement are also
significant.

United Utilities
United Utilities (Warrington, England)
owns and operates more than 700 water

and wastewater treatment works, 32,000
electricity substations, and about 120,000
km of water pipes, sewers, and electric
cables in the northwest region of England.
It is a major service provider in the industrial water and wastewater market and
has 3.1 million household and business
accounts serving 7 million customers.
Based on recent records, United Utilities
produces approximately 202,500 Mg
of biosolids per year, 70% of which are
digested and primarily land-applied. The
remaining biosolids are treated with lime
prior to land application. A small fraction
(12%) of the biosolids is incinerated.
The latest estimate of United Utilities’
carbon footprint puts it at 401,500 Mg
carbon dioxide equivalent per year. It is
clearly evident that process technologies
play a vital role in United Utilities’ carbon footprint and contribute nearly 90%
of the total (70% from power and 19%
from emissions). Therefore, any carbon
reduction strategy will have to involve
process optimization and measures
to reduce power consumption further.
However, increasingly strict legislative
targets are being imposed on the water
industry in the United Kingdom, with
implications for greater energy use. For
example, tightening a biochemical oxygen demand concentration limit from
25 to 5 mg/L increases energy demand
by three times and GHG emissions by a
factor of five.

Calculating the Water Industry
Carbon Footprint
Generally, determining a carbon footprint
mostly entails calculating the inputs.
The inputs (power, transport, chemical consumption, quantity, and type of
building material used) are then multiplied by emission or conversion factors. The most well-known attempts to
determine a water industry carbon footprint in the United Kingdom were made
by U.K. Water Industry Research Ltd.
(London), which has developed a model,
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Workbook for Quantifying Greenhouse
Gas Emissions (www.ukwir.com/content/default.asp?PageId=54897).

Methodology
There are two fundamental differences
between the model presented here
and previous attempts. The first difference is that the current model adds
a layer of calculation that performs
all the necessary mass and energy
balances—previous models required
the outputs of a mass and energy balance as an input (for example, kilowatthours consumed). This allows inputs
to be simpler; for instance, by entering
the throughput, biochemical oxygen
demand, and ammonia concentrations
and expected dry solids output from a
dewatering device, the model automatically calculates the power required for
dewatering and liquor treatment and the
chemicals (both polymer and alkalinity for total nitrogen removal) and then
converts them into a carbon footprint.
The second difference is that the model
has been designed to easily benchmark
whole solutions (for instance, all biosolids processing, transport of biosolids
from the works, and land application),
rather than individual process unit items.
It calculates different biosolids solutions
based on the same basic inputs, which
enables a quick comparison.

Anaerobic Digestion
Central to the model is the impact of
anaerobic digestion on downstream processing. For mesophilic anaerobic digestion (MAD), a volatile solids destruction
figure is input into the model, which then
calculates the biogas generated, number of combined heat-and-power (CHP)
engines required, and surplus waste-heat
recovery potential (both hot water and
steam) after accounting for space heating and convective heat losses. Based
on external conditions and temperature,
the model calculates additional heat
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Digestion
Generally, advanced digestion processes
generated low carbon footprints due
to a combination of renewable energy
generation, less biosolids transport, and
lower methane and nitrous oxide emissions when applied to land. In terms of
renewable energy generation, there was
little difference between technologies.
Thermal hydrolysis has been shown to
generate more biogas than other similar
processes, however; it has a parasitic

Figure 1. Operating Carbon Footprint for Class A Processes
Liming
Composting

Class A liming
Lime + supplemental heat
Composting
Thermal hydrolysis + MAD

Digesting

Series acid phase + MAD
TAD-MAD
ATAD

Pasteurization
Drying

Pre-MAD pasteurization
Liquid pasteurization
Raw drying
Digested drying
Raw incineration

Incineration

Digested incineration
50,000

40,000

30,000

Advanced digested incineration
20,000

Only the results of operating carbon
footprints are discussed below for the
treatment of 50,000 Mg of sludge, not
those associated with carbon release
during manufacture and maintenance of
the plant (known as “embodied carbon”).
Detailed work on a number of solutions
for embodied energy was performed in
an earlier study, where it was found that
over 30 years of operation, the construc-

Generally, processes that do not generate renewable energy in the form of
biogas, such as untreated biosolids
options, and processes consuming large
quantities of power (for example, drying,
ATAD, and incineration) are the most
carbon-intensive.
The lowest carbon footprint coincides with composting, if the benefits
of fertilizer production displacement
are counted. The benefits for composting biosolids are especially large due
to fertilizer displacement from not only
the biosolids but also the green waste
added to it. The vast majority of the
carbon footprint of composting — nearly
50% — comes from transporting the large
quantities of green waste required to
meet optimal dry solids and carbon-tonitrogen ratios. Aeration contributes less
than 15% of the footprint.

10,000

Results

Class A Processes

0

Much in the same way that biogas can
be used to displace fossil fuels, a fertilizer benefit was calculated, based on the
fertilizer value of the biosolids and the
energy required to manufacture an equivalent quantity of fertilizer. In this study, it
is assumed that only half of the displacement benefit is counted to account for
nutrient availability when applied to the
field. The model also accounts for differences in crop yields between fertilizer
and biosolids for sequestering effects.
However, in this article, it is assumed
that crop yields are similar.
The model calculates an operating
carbon footprint by subtracting the carbon footprint benefits (renewable energy
generation from biogas, energy generation from biosolids incineration, and displacement of fertilizer) from the factors
that contribute to carbon (power consumption, chemical usage, and biosolids
transport).

After composting, the lowest carbon
footprints were associated with land
application from advanced digested biosolids treated with the following technologies (in order of lowest to highest carbon footprint): thermal hydrolysis, series
acid-phase digestion, and thermophilic
digestion. (In this study, the influence of
potential pathogen regrowth following
centrifugation had not been considered.
Processes exhibiting regrowth would
require further treatment, which would
increase the carbon footprint.)

-10,000

Fertilizer

tion and maintenance carbon footprints
of the solutions contributed typically less
than 2% of the whole-life carbon.

-20,000

requirements if required for thermophilic
anaerobic digestion (TAD), liquid pasteurization, and autothermal thermophilic
aerobic digestion (ATAD). The additional
heat required for ATAD is calculated
after exothermic heat release has been
determined, based on the strength of the
biosolids and hydraulic retention time. For
thermal hydrolysis, the model determines
the steam required for the pretreatment
plant and compares it to the steam available from the CHP plant. It then redirects
biogas from the CHP plant toward a
boiler to make up the deficit. Finally, for
MAD combined with drying, the model
can be run to redirect biogas into the
dryer or to use biogas for energy generation and use natural gas for drying.
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Mg CO2 e/y
MAD = mesophilic anaerobic digestion.
TAD = thermophilic anaerobic digestion.
ATAD = autothermal thermophilic aerobic digestion.

n	 No digestion
n	 With digestion
n	 Additional footprint of biogas
not used for drying

Note: For “Digested drying,” the height of the blue bar is the carbon footprint when biogas is used for drying. The height of
red bar is the carbon footprint when biogas is used for electricity generation and natural gas is used for drying.

9

Biosolids Technical Bulletin

demand for biogas. This study found
that the parasitic demand cancelled out
the increased generation, making it no
better or worse than other pretreatment
technologies with respect to energy generation. However, with respect to carbon, thermal hydrolysis still had a major
advantage due to better dewaterability.
The advantage of thermal hydrolysis also
increases with processes of increasing
complexity downstream of digestion,
such as drying or incineration, and also
with increasing transport.
Pre-MAD liquid pasteurization to
70°C had a far larger footprint due to
a large energy consumption that contributed nearly half of its footprint, even
though the biosolids were preheated
to 45°C. In fact, if it weren’t for biogas
generation, the carbon footprint of this
option would have more than doubled
from 15,000 to about 35,000 Mg carbon dioxide equivalent.
Of the digestion options, ATAD generated the largest footprint, which even
rivaled that generated from untreated
biosolids incineration. ATAD lacks the
carbon benefit of all the other digestion options — fossil-fuel displacement
due to renewable energy generation.

Furthermore, as it destroys a quantity
of biosolids, fewer biosolids are then
applied to land, resulting in a concomitantly lower fertilizer-displacement
benefit. ATAD also has a heavy power
demand, even though heating requirements are negligible or nonexistent.

■■

increases GHG emissions during
transport.
Finally, plant data has shown that
a combination of lime and electrical
heat can cause more moisture to
evaporate from the biosolids, further
reducing emissions from transport.

Lime Treatment

Drying

The lime-with-supplemental-heat system, known as the “RDP process,” was
found to be more carbon-friendly than
systems relying on overdosing lime to
achieve required pasteurization temperatures. The supplemental heat system
generated a carbon footprint approximately a third smaller than its lime-only
equivalent (see Figure 1, p. 9) due to
three factors:
■■ The carbon footprint of the additional
lime was greater than the footprint
of providing electricity to heat the
biosolids to the same temperature. A
large quantity of energy is required to
separate lime from calcium carbonate, and carbon dioxide is released
during separation.
■■ The larger quantity of lime required
by the lime-only process adds more
bulk to the biosolids, which, in turn,

Drying of untreated biosolids generates
more than twice the carbon footprint of
drying biosolids after anaerobic digestion. This is due to having to dry more
biosolids and the lack of biogas generation. Power accounts for more than half
of the carbon footprint of untreated biosolids drying. Figure 2 (below) shows the
impact of volatile solids reduction (VSR)
and use or nonuse of biogas for drying.
At 45% VSR — typical of U.K. performance — 4.0 MW of electrical power is
generated from digesting 50,000 Mg of
sludge. This drops to 2.1 MW if biogas
substitutes for natural gas for drying,
which reduces the carbon footprint.
Sensitivity analysis of the data shows
that the benefit of using the biogas
decreases as VSR increases. This is
due to a smaller energy demand but
also to the difference in emission factors between fossil-fuel displacement by
CHP and natural gas. When natural gas
is burned, it emits 0.206 kg carbon dioxide equivalent per kilowatt-hour during
drying, but when converted to power via
CHP, it displaces an equivalent quantity
of fossil-fuel-generated power, which
emits 0.523 kg carbon dioxide equivalent per killowatt-hour. By default, as
VSR increases, the carbon benefits from
CHP also increase, so diverting biogas
to the dryer reduces the benefits of the
whole solution.

Figure 2. Influence of Use (Green) and Nonuse (Blue) of
Biogas and Volatile Solids Reduction on Carbon Footprint
for Mesophilic Anaerobic Digestion Plus Drying
18000
16,000

Carbon footprint (Mg/CO2 e/yr)
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14,000
12,000
10,000

Incineration

8,000
6,000
4,000
2,000
45%

55%

60%

Volatile solids reduction
n	 Use biogoas

n	 Buy natural gas
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As expected, being a more complex
process, incineration involves a larger
number of components to make up its
operating carbon footprint. The carbon
impact of incineration, when preceded
by anaerobic digestion, is half that of
when there is no digestion. A holistic
energy balance including both incineration and upstream digestion shows that
more energy is recovered when incinera-
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tion is combined with digestion, even
though energy generation at the incineration plant is lower for digested biosolids.
Additionally, the energy demand (and
hence carbon footprint) of incineration is
far lower with digestion, along with most
operating requirements, such as combustion air, flue-gas scrubbing chemicals, and natural gas. If fewer biosolids
are burned, then the incinerator demand
for consumables is inherently smaller.
The benefits of digestion prior to
incineration include
■■ better overall energy recovery,
■■ lower overall energy demand,
■■ lower GHG emissions (both in the
incinerator and during downtime when
biosolids are applied elsewhere), and
■■ lower operating requirements (all
resulting in a lower carbon footprint).
There is no technical reason why a
new incineration plant should be built
without upstream digestion. When thermal hydrolysis precedes digestion, the
benefits increase further, and the carbon footprint is just over a third that of
untreated solids incineration. The carbon
impact is similar to that of pre-MAD pasteurization. The reason thermal hydrolysis further reduces the carbon footprint is
due to water, or more correctly, the lack
of it. Sensitivity analysis has shown that
dry solids are the most influential parameter, even more so than the volatile solids percentage, when burning biosolids.
When incinerated, biosolids must be in
excess of 35% dry solids to be autothermic. Otherwise, natural gas must be
burned with the biosolids to enable their
processing.
With respect to composition, the
carbon footprints of both untreated and
digested biosolids incineration are mainly
similar, with power and direct process
emissions (of nitrous oxide) accounting
for approximately 30%. The one noticeable difference occurs during downtime,
when biosolids are recycled to land.
In this case, untreated solids generate a higher quantity of GHGs than do
digested biosolids.

Class B Processes
Generally, Class B equivalents of Class
A processes had smaller carbon foot-

prints. Less lime is required for Class B
systems, as pasteurization temperatures
are not required. The reduction in lime
influences both the carbon footprint from
the lime itself and transport emissions,
as there are fewer biosolids (plus lime).
The overall impact of lime reduction is
approximately a one-third smaller carbon
footprint. Interestingly, this is similar to
the carbon footprint of the Class A with
lime-plus-supplemental-heat process.
As for the liming processes, the carbon footprints of anaerobic digestion
are also lower, as pasteurization is not
required. When compared with thermophilic digestion, the carbon footprint of
MAD was 30% lower, even though the
Class A process was assumed to generate more energy. If energy generation
in the TAD–MAD process decreases to
the level of standard MAD, the carbon
footprint would increase from approximately 5750 to more than 13,300 carbon
dioxide equivalent per year — more than
three times higher.
When looking at Class A and Class B
acid phase in series followed by MAD,
the opposite happens. The Class B process generates more biogas energy than
the Class A equivalent, and this has been
demonstrated at full-scale where the
Class A version destroys 50% of volatile
solids. A combination of lower energy
demand (once again, as pasteurization
is not required) and increased biogas
production makes the carbon footprint
of the Class B configuration as much as
60% smaller than the Class A version.
After composting, series acid-phase
digestion followed by MAD is the most
favorable option for emissions to achieve
Class B status.
The carbon footprint of Class B ATAD
was approximately 10% smaller than that
generated by a Class A ATAD system.
Aeration requirements were identical for
both; however, the Class A configuration required supplementary heat to
accommodate the combination of time
and temperature used in this study.
The Class B option had far higher mixing requirements due to the size of the
plant needed to accommodate a 40-day
hydraulic retention time, but mixing
power was still lower than the energy
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for heat needed for Class A. The study
shows that, depending on VSR and
retention time required, the carbon footprint generated from ATAD varies little
between Class A and Class B status.
With regard to composting, pathogen-kill requirements had a negligible
impact on carbon footprint. This was
mainly due to the influence of transport
emissions. For both cases, regardless
of process configuration, similar quantities of green waste would be required.
For the composting process, GHG
generation also would be similar, as an
identical quantity of biosolids is treated;
however, the period of time over which
the GHGs are emitted differs depending on whether the process was set up
to provide Class A or Class B biosolids.
Finally, fertilizer displacement would
also be similar due to the addition of
identical quantities of green waste. It is
possible to alter the carbon footprint of
composting by selecting different green
wastes, but this work was not done for
this study.

Use of Results
United Utilities’ attempt to calculate its
carbon output was used to determine
the long-term sustainability of a biosolids
strategy for 52,000 Mg of dry solids of
biosolids. The existing solution of liming
biosolids prior to land application was
not considered sustainable. As reliance
on land application was considered
a high risk due to legislation, a solution combining advanced digestion and
incineration was developed. The solution
allowed flexibility, with the ability to either
apply advanced treated biosolids to land
or send the biosolids down a pipeline for
incineration. Use of the model to calculate carbon footprints played a pivotal
role in the development of the new strategy. The result has been a fundamental
change to a $250 million biosolids program and a reduction of 32,500 Mg carbon dioxide equivalent per year in United
Utilities’ carbon footprint — a reduction of
8%, based on 2008 figures.
William P.F. Barber, Ph.D., is a biosolids technical specialist at United Utilities
(Warrington, England).
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Drought Tolerance: Another Biosolids Benefit

C

rops planted in biosolids-amended
soil seem to weather droughts better than crops in fields without biosolids.
Now, researchers at Virginia Polytechnic
Institute and State University (Blacksburg)
think they’ve figured out why.
The answer is indole acetic acid. This
compound, which is also called auxin, is
a plant hormone that spurs plants to use
their excess energy to grow new roots.
Indole acetic acid is produced in biosolids as the bacteria degrade organic matter, according to Erik Ervin, an associate
professor of turf grass physiology who
has been conducting this research.
If sufficient auxin is available, the
plant grows roots that are more fibrous,
or “adventitious,” and greatly expands
the surface area of its roots. In drought
conditions, “there’s more root density to
take more of the available moisture up
from the root zone,” Ervin explained.
“We’ve always known there was some
difference, but we’ve never really known
why,” said Chris Peot, biosolids division manager at the District of Columbia
Water and Sewer Authority (WASA).
The prevailing wisdom was that
biosolids add extra organic matter,
which gives the soil greater waterholding capacity, Peot said. “But if
you do the math, there’s not enough
organic matter there to hold enough
water to make that big of a difference.” WASA is supporting Ervin’s
research in collaboration with Bucknell
University (Lewisburg, Pa.) through the
Metropolitan Washington (D.C.) Council
of Governments.

Odorous Roots
The idea for the study began at Bucknell
with odor research conducted by Matt
Higgins, an associate professor of civil
and environmental engineering. While
indole acetic acid is not an odorous
compound, it is related to indole, a
compound commonly associated with
biosolids odors, Higgins said.
“We were doing a little research and
some literature review seeing the pathways for forming indole and then saw

these other ones where you can go to
indole acetic acid,” Higgins said.
Another member of the Bucknell
research team, Yen–Chih Chen, an
assistant professor of environmental engineering at Pennsylvania State University–
Harrisburg, had previously studied plant
pathology and recognized that auxins
in biosolids could provide some benefit
when land-applied, Higgins said.

Research Plan
From this observation sprouted the
idea for a three-phase research project.
Phase 1 examined whether biosolids
degradation could increase auxin levels.
The researchers dosed three samples
of biosolids cake with tryptophan, an
amino acid that is a precursor of indole
acetic acid. Two samples had been
digested, and one had been lime-stabilized. After letting the biosolids incubate
for 60 days at room temperature, Ervin
measured the indole acetic acid concentration. The dosed biosolids contained
about 41 ppm of indole acetic acid, and
the control samples, which were not
dosed but incubated for 60 days, contained about 3 ppm, Ervin said.
Phase 2 moved into a greenhouse
to see how these biosolids would affect
drought resistance. Researchers applied
the auxin-boosted and control biosolids to patches of tall fescue grass. The
greenhouse tests also included two other
test groups: One received only synthetic
fertilizer to provide nitrogen, while the
other received synthetic fertilizer, as well
as a synthetic auxin — indole butyric
acid — to confirm the effects of auxins
on the grass, Ervin said.
“The data came out pretty clear,”
Ervin said. “When we matched the
amount of auxin from the biosolids to
the auxin from the synthetic source, the
results in terms of increases in rooting
and increases in wilting tolerance pretty
much mirrored each other.”
The grasses treated with the control biosolids showed some increase in
drought resistance, but the degree of
resistance was not nearly as dramatic
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and sometimes was statistically insignificant, Ervin said.
Ervin added, “I would bet money that
something like wheat or rice, which are
cool season grasses like tall fescue,
would probably see similar results.”
However, for summer grasses, such
as corn, that already have deeper root
structures, auxins may not show an
effect, he said.
Phase 3, which will be conducted
this summer, consists of field studies in
which auxin-boosted biosolids will be
applied to plots of tall fescue, as well as
field-grown corn.
“We know now that the auxins are
there and that it works in the greenhouse, but we’re trying to show that it
actually happens in the real application,”
Peot said.

Significant Consequences
If this summer’s tests confirm that auxins
are how crops in biosolids-amended soil
survive drought, Peot said he looks forward to having concrete research to back
up what many farmers already know.
“In this age of climate change, where
you don’t know from one summer to the
next whether you’ll have flood conditions or drought conditions, this is really
important to farmers,” Peot said.
However, Peot said he sees the public as the main audience for this news.
He stressed the importance of this type
of proactive research to educate the
public on the benefits of land-applied
biosolids, instead of research designed
to dispel negative claims.
WASA’s Blue Plains Wastewater
Treatment Plant produces about 1100
Mg/d (1200 ton/d) of lime-stabilized
biosolids and land-applies 100% of the
material that passes inspection, Peot
said. (In 2008, less than 91 Mg [100 ton]
of WASA’s biosolids failed inspection;
this material was sent to a landfill.)
But land application is more than
a disposal method for biosolids, Peot
said. “I tell people that with every truck
that leaves the plant, we’re exportcontinued on p. 16
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Saving Drinking Water and Costs

Isotope tracing nudges one utility to drop chemical fertilizers and go full time with biosolids
David J. Heckler, Somnath Basu, Jeremy Bowser, and Holly Weatherhead

A

negative aspect of land application is the potential for groundwater
contamination by various pollutants.
Digested biosolids contain high concentrations of ammonia, both in free and
ionized forms. Upon land application,
aerobic soil bacteria oxidize the ammonia to nitrate ions that dissolve in water
from rain or irrigation sources. As this
water gradually seeps through the soil,
it ultimately may reach the groundwater
table. Any excess nitrate ions left after
the uptake by the plants are also transported down with the seeping liquid
toward the groundwater table.
Scientists and engineers in the field of
groundwater hydrogeology increasingly
have been using isotope distributions
of nitrogen and oxygen as tracers to
determine sources of contamination with
good success. However, to the best of
the authors’ knowledge, this technique
has never been applied to monitor the
fate of nitrogen originating from the land
application of digested treatment plant
residuals for farming. In a recent study,
the authors determined the source of
nitrates in groundwater in Ohio. This
led to the elimination of chemical fertilizers, and the use of biosolids solely on
feed crops has allowed the Tri-Cities
Authority (TCA) near Dayton, Ohio, to
cut costs and risks and reduce groundwater contamination.

Isotope Tracers
Isotopes of an element have the same
atomic number, but they differ in their
atomic weights. Radioactive isotopes
are unstable and decay to new elements or isotopes while emitting radiation. Stable isotopes do not undergo
any radioactive decay. Many elements
occur in nature as mixtures of their
stable isotopes. For example, nitrogen
and oxygen exist as mixtures of 14N and
15
N, and 16O, 17O, and 18O, although
the lighter isotopes exist in much more
abundance than the heavier ones. Due

to their mass differences, stable isotopes behave differently in physical and
chemical transformation processes. For
example, in a simple gas–liquid transfer
process of a volatile compound, the
lighter isotope will tend to move more
quickly to the gas phase, leaving behind
the heavier isotope in the liquid. This
behavior is called “fractionation,” or
“isotope discrimination.”
Nitrogen transforms into various
forms through physicochemical and
biochemical processes, which constitute the “nitrogen cycle.” The impact of
isotopic discrimination on nitrate ions in
groundwater can be understood by considering the transformation of nitrogen in
the biosphere.
Various organic nitrogen compounds
of animal origin break down into ammonia. Since ammonia is volatile, when a
solution of ammonia in water evaporates, the ammonia in vapor phase contains a lower ratio of 15N to 14N isotopes,
compared to the ratio in the original
solution. In other words, if the 15N:14N
ratio in the molecules of a given compound is denoted as R, then the R value
in the ammonia molecules of an ammonia–water solution will be larger than the
corresponding R value of ammonia in
the vapor phase. On the other hand, the
R value of ammonia in the liquid solution
left behind will be larger than that in the
original solution.
After application of digested biosolids, a fraction of the ammonia in the
liquid volatilizes into air. The ammonia
remaining in solution seeps into the
ground. Because of nitrification by
microbes, this ammonia in the liquid is
converted into nitrate ions rich in 15N.
This kind of fractionation is typical of
nitrate derived from ammonia–N originating from human or animal wastes.
However, nitrate ions derived from
ammonia–N of fertilizer origin or from
soil background nitrogen undergo fractionation with a baseline 15N:14N ratio
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that is lower than that of human and
animal wastes. This difference is due
to two main reasons. One is that as
nitrogen moves gradually up through the
food chain, the heavier isotope becomes
more and more enriched. Thus, human
and animal tissues contain more 15N
than plant tissues. The second reason is
that the commercial fertilizer is manufactured using atmospheric nitrogen, and,
therefore, the 15N:14N ratio of commercial
fertilizer is close to that of air, which is
the standard in nitrogen isotopic fractionation analyses.
These differences in R values have
been applied to groundwater analyses
successfully in previous studies to differentiate between contaminations by
nitrate ions originating from human or
animal wastes and those from fertilizer
or soil background nitrogen. Rair, the
15
N:14N ratio in air, is a constant whose
value is 0.0036765. The abundance of
the heavier nitrogen isotope in a given
sample (Rsample), compared with the
same ratio for air (Rair), is expressed in
terms of a parameter “relative abundance” and noted by the Greek symbol
. It is expressed in parts per thousand
or per mil:
15N = [(Rsample – Rair)/Rair] × 1000

(1)

Hydrogeologists have used 15N values to determine the source of nitrate in
groundwater. Therefore, the 15N value
for nitrogen in air is zero.
The nitrogen in commercial fertilizers originates from air, as opposed to
nitrogen in manures, which originates
from human or animal wastes, or both.
Therefore, in groundwater, if the 15N
value of nitrogen in nitrate ions is less
than 10, then it is from background nitrogen in soil or from chemical fertilizers. On
the other hand, if the 15N value is in the
range of 10 to 20 parts per thousand,
the source of contamination is human or
animal waste.
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Study Facility
This study was conducted at the
42.2 million-L/d TCA North Regional
Wastewater Treatment Plant, which
serves the cities of Huber Heights,
Vandalia, and Tipp City near Dayton,
Ohio. The treatment train consists of grit
removal, primary clarifiers and trickling
filters for biochemical oxygen demand
and total suspended solids treatment,
and tertiary-treatment trickling filters to
remove ammonia. Effluent is discharged
to the Great Miami River, and the
residuals are combined and stabilized by
anaerobic digestion before disposal by
land application as a Class B product.
The biological solids produced in the
two trickling filters are recycled and “cosettled” with the primary sludge in primary clarifiers. The combined residual is
stabilized in a primary digester, followed
by two secondary tanks. Methane gas
is used onsite as fuel for internal-combustion engines that pump raw wastewater and generate electrical power.
The facility can remove supernatant from
the secondary digesters periodically to
reduce volume and increase the stored
concentration.

Biosolids Program
Class B pathogen status is achieved with
Alternative 2, Process to Significantly
Reduce Pathogens, anaerobic digestion.
Sludge must reside in the absence of air
for 15 days at 35°C to 55°C and for 60
days at 20°C. Currently, the anaerobic
digestion facility has a mean cell residence time of 57.7 days at 35.0°C.
Class B vector attraction reduction is
achieved via two methods. Option 1 is
used to reduce the volatile solids mass
by a minimum of 38%. Currently, TCA is
achieving a 62.49% reduction. Option 10
employs immediate incorporation of stabilized biosolids during land application.
TCA’s dedicated land application
sites are leased by farmers for grain
crops used for livestock feed. The
facility’s biosolids (2.5% solids) are
pumped through a dedicated pipeline
nearly 11 km (7 mi) to one of seven
storage tanks distributed throughout
the 289-ha application area, divided
into 24 fields over three farms. Nearly

two-thirds of this land is used for application each year, while the remaining
one-third receives no land application.
All land is farmed on the typical crop
rotation (beans, corn, wheat, etc.). Half
of the land application is performed in
September, October, and November,
with the remainder completed in March
and April. A dragline application system
is utilized, enabling the digested biosolids to be pumped continuously from the
nearest storage tank, through a hose,
and then to the tillage–application tool.
Biosolids are first spread on the surface and then immediately incorporated
into the top 76 mm (3 in.) of soil. This
method allows for fracturing of the soil
while keeping the biosolids from being
injected at depths that could cause
more immediate leaching into the water
table. During 2007, an average of 1610
kg/d of digested biosolids was pumped
to the storage tanks.

Soils Monitoring Program
Routine nutrient monitoring in the soil
is an important program at TCA. Since
TCA’s biosolids contain minimal amounts
of potassium, and its phosphorus levels
are not elevated enough to limit application, nitrogen becomes the limiting factor for land application. A multiplier of
0.64 kg of nitrogen per bushel of crop
produced has become the standard
for determining loading rates. Organic
nitrogenous compounds from decay
of biomass and vegetation are broken
down first to ammonia and then, through
nitrification, are converted to nitrate ions
that form the baseline nitrate level in
groundwater.
Prior to land application, each of the
24 fields is soil-sampled utilizing geographic positioning system precision
mapping. A boundary of each field is first
made, which then allows 1.21-ha grids
to be created within the boundaries.
Within each of these grids, seven core
samples are pulled and mixed together
before being sent to a laboratory for
analysis. Each sample is analyzed for
phosphorus using the Bray P1 method,
potassium, calcium, magnesium, organic
matter, Cation Exchange Capacity
(C.E.C.), and pH.
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Groundwater Monitoring Program
During the planning phase of the treatment plant, the background geology
and groundwater quality were studied
by the Water Conservation Subdistrict
of the Miami Conservancy District. The
purpose of this was to determine the
effect of land application of biosolids on
the groundwater characteristics on a
continuous basis. Based on the results,
a groundwater monitoring program was
developed for the biosolids application
area. This included identifying the locations of 16 monitoring wells and developing a sampling and analysis plan.
Since the inception of the monitoring plan, the monitoring locations have
expanded to more than 17 monitoring
wells. The wells include two private wells,
one out-of-production municipal well,
and one district monitoring well. The
two river sites are upstream and downstream of land application areas, while
the creek, field tile, and spring sites are
located within the land application area.
When the monitoring program was
first implemented in 1986, well monitoring was conducted four times per year. In
2000, well monitoring dropped to once in
the spring and once in the fall. The sampling protocol calls for using a 10-mmdiameter submersible pump driven by a
portable generator to pump each well.
For a representative sample, each well is
purged of standing water in the casing.
This typically is accomplished by rejecting three times the volume of the water in
the casing. Samples are analyzed in the
field for pH, oxidation-reduction potential,
conductivity, alkalinity, and temperature.
Samples are also collected for analysis of
chloride, dissolved solids, fecal coliform,
and ammonia by the North Regional Lab,
while other samples are preserved and
sent to a contract laboratory for analysis
of nitrate, total phosphorus, total organic
carbon, and total potassium.

Analytical Methods for
Isotope Distribution
In addition to the above analyses, TCA
also analyzed the isotopic distribution
of samples withdrawn in spring 2003.
Two different analytical methods were
used by the two contract laboratories.

Biosolids Technical Bulletin

May | June 2009

selected for nitrogen isotope analysis.
The results of the isotopic analyses from
both laboratories have been compiled
together in tables 2 through 4 (p. 16).
From the results, it has been concluded that the groundwater table in
the areas surrounding the digested biosolids application sites is contaminated
with nitrate. These nitrate ions originate
from the bacterial oxidation of ammonia
released from commercial and chemical fertilizers and from decomposing
vegetation. The results of the isotopic
study demonstrated that the contamination was not due to the land application of biosolids.

Samples from each location were split
into two equal parts after collection and
sent to the two laboratories for isotope
analyses. This was done because the
laboratories follow two different protocols for the same test, and both are
valid. This was done in order to ensure
the quality of the results and also to
avoid any possibility of error resulting in
faulty conclusions.

Results of Analysis
As stated earlier, this study was conducted in two phases — the first from
2003 through 2005 and the second
starting in 2006. The first consisted
of monitoring groundwater nitrate in
samples from the monitoring wells, while
the second evaluated the impact of land
application on groundwater nitrate and
the agronomic value of soil. The results
of the two phases are reported below.

Phase 2 Results
Because corn requires the greatest
amount of nitrogen for its growth, TCA’s
contract farmer used to add additional
amounts of anhydrous ammonia to all
cornfields. However, due to the Phase 1
study results, TCA management placed
a total ban on the application of commercial fertilizers containing nitrogen and
phosphorus starting in 2006. External
supplementation of potassium, however,
continued as before.
While corn yield essentially remained
at about the same level after the withdrawal of commercial fertilizer, within
the normal variance, the wheat yield

Phase 1 Results
The nitrate analysis results reveal
consistently high nitrate levels in the
samples (see Table 1, below). This led to
the expansion of the analytical program
involving nitrogen isotope analyses,
as described earlier, to investigate the
potential sources of nitrate. The samples
that recorded nitrate concentrations
higher than 1 mg/L were subsequently

increased. Soybean yield also remained
about the same, within the normal variances, although this does not indicate
any impact of the withdrawal of commercial fertilizer due to the plant’s ability to uptake nitrogen from the natural
environment.
The cost of fertilization, however,
dropped drastically, despite the rise in
the cost of corn production from 2007
to 2008. Increased costs are due to a
threefold rise in the price of 0-0-60 formulated potash fertilizer during this time.
Wheat, however, requires no additional
potash and hence its fertilization costs
dropped to zero. TCA has saved approximately $15.69/ha annually for corn from
2005 to 2008 as a result of the total
elimination of commercial nitrogenous
fertilizers, without compromising the level
of production by the farms. No significant change in this trend is observed
for both corn and wheat as a result of
withdrawal of commercial fertilizers and
total dependence on digested biosolids.
In fact, while the wheat yield per hectare
almost matched the state average, the
corn yield exceeded the state average
from 2007 to 2008.
After the withdrawal of chemical fertilizers, the nitrate levels in all the samples
except for those from three wells are on
a declining trend. Although the samples

Table 1. Nitrate Ion Concentrations in Groundwater
Monitoring Well Samples from Land Application Sites
NRSF
2

3

4

5

7

11

15

Spring 2001

0.03

4.37

19.5

25.6

9.87

35.1

0.91

1.79

18

15

3.29

Fall 2001

0.04

5.52

18.9

22

15.8

37.4

0.26

1.37

2.81

22.3

2.23

Spring 2002

<0.02

8.59

23.5

12.4

11.3

28.4

4.5

2.83

23

12.6

4.96

Fall 2002

<0.02

7.41

15

9.57

11.6

24.9

22.7

1.11

1.41

16.3

Spring 2003

Spring 1 Spring 2

Tile 2

1

0.03

4.85

11.3

11.5

15.8

27.2

30.8

2.99

25

12.8

1.87

<0.02

11.5

18.8

20

11.8

28.6

8.4

2.42

29

16.5

3.74

Spring 2004

0.07

11.5

12.9

1.73

11.5

24.4

17.9

3.15

22.7

10.1

3.28

Fall 2004

0.06

8.11

9.16

9.88

11

18.9

20.7

1.56

7.44

9.8

10.2

30.6

9.74

1.68

22.5

11.5

4.46

<0.02

8.1

7.89

12.6

10.4

19.5

11.9

3.01

27.9

22.6

4.89

Spring 2006

0.02

7.76

14.6

11.1

12

23.1

12.7

1.36

16

6.28

Fall 2006

0.047

7.57

10

9.87

11.2

20.5

6.28

3.38

16.2

27.1

9.31

Spring 2007

0.515

2.19

5.36

7.39

12.6

19.2

6.1

3.98

27.6

9.77

10.9

Fall 2003

Spring 2005
Fall 2005

NRSF = North Regional Sludge Farm
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Table 2. Results of Nitrogen Isotope Distribution
Studies in Groundwater Nitrate Samples
University of Waterloo
Sample Location

15

 N
Result
(o/oo)

Boston University

Repeat Run 15
 N Result
1 Result
(o/oo)
(o/oo)

Repeat
Run 1
(o/oo)

Repeat
Run 2
(o/oo)

NRSF 2

7

5.12

5.61

NRSF 3

5.34

3.51

4.53

4.6

NRSF 4

5.29

NRSF 5

8.37

5.57

5.96

5.72

NRSF 7

8.91

11.2

11.25

NRSF 11

12.24

12.38

18.5

18

NRSF 12

6.21

6.2

11.36

10.96

7.67

8.87

8.4

NRSF 13
NRSF River 1

10.35

8.81

8.22

NRSF River 2

10.5

6.92

6.77

Motza Farm 1

8.86

6.31

NRSF Spring 1

7.09

3.06

NRSF Spring 2

7.65

5.83

Vandalia Public Well 5

8.74

6.73

7.12

NRSF Taylorsville 15

7.45

NRSF River 4

4.12

3.39

4.99

6.65

Peptone (Standard)

7.29

7.22

Glycine (Standard)

10.77

10.73

7.45

NRSF = North Regional Sludge Farm

Table 3. Results of Nitrogen Isotope Distribution
Studies in Groundwater Nitrate Samples
15N Result
(o/oo)

Repeat Run Result
(o/oo)

NRSF 2

6.28

6.26

NRSF 3

6.52

NRSF 4

20.72

NRSF 5

10.92

NRSF 7

9.34

NRSF 11

11.75

NRSF Creek 1

21.26

Taylorsville Spring 1

6.94

Taylorsville Spring 2

8.54

OSWC8

20.84

Motza Farm

9.58

NRSF Tile 2

9.84

NRSF Tile 3

11.9

NRSF Taylorsville 15

8.62

NRSF River 1

13.32

NRSF River 2

13.03

Sample Location

May | June 2009

Table 4. Result of Nitrogen
Isotope Distribution Studies
in NRSF 4 Groundwater
Nitrate Samples
Sample Location
15

NRSF 4

 N Result (o/oo)

6.48

Repeat Run
Result (o/oo)

6.33

from these three wells do not truly represent groundwater nitrate concentrations in TCA’s land application area, TCA
continues to collect samples from these
wells and monitor and report their nitrate
concentrations, as required by the Ohio
Environmental Protection Agency.
Treatment plant residual properly stabilized by anaerobic digestion is an excellent resource for use as a fertilizer for
crops. It is possible to minimize the use
of chemical fertilizers, leading to saving
the operational cost associated with their
use and the risks associated with their
transport, shipping, and handling.
David J. Heckler is general manager of
the Tri-Cities North Regional Wastewater
Authority (TCA; Dayton, Ohio). TCA’s facilities are operated and maintained under a
10-year full-risk contract with Veolia
Water North America (Chicago). Holly
Weatherhead is Veolia’s project manager,
and Jeremy Bowser is Veolia’s satellite operations manager assigned to the TCA contract. Somnath Basu is a senior process
specialist at CDM (Cambridge, Mass.).

continued from p. 12
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NRSF = North Regional Sludge Farm
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ing energy,” he said. Although it takes
energy to treat, dry, and transport biosolids, he acknowledges, inorganic fertilizers also require enormous amounts of
energy to produce.
Biosolids also sequester carbon,
which helps control greenhouse gas levels, and now this research shows that
biosolids help address climate change
issues, Peot said.
“I think it’s extremely important, and
we’re hoping to do more research like
this,” Peot said.
— Steve Spicer, BTB

