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Summary: Land Application of Biosolids and

Industrial Residuals

WHAT WE FOUND

Regulations generally protect human health and water quality

Land application of biosolids and industrial residuals poses some risk to human health

and water quality, but the risk is low under current state regulations. This conclusion

is based on the best available scientific evidence, but
more research could reduce uncertainty.

Even though risk is low, risk is sometimes slightly ele-
vated during land application for nearby residents,
who may inhale aerosolized contaminants. During
land application, small particles of material become
airborne. This material can be inhaled, potentially
causing gastrointestinal illness or the common cold.

The state’s regulatory requirements may not adequately
mitigate this risk for nearby residents, but only under
conditions that are optimal for exposure: when Class B
biosolids (which contain pathogens) are applied and
nearby residents are downwind and outside for an ex-
tended period during application. These conditions
present greater risk at a small number of sites that re-
ceive far more land applications than other sites.

WHY WE DID THIS STUDY

In 2016, the General Assembly directed JLARC to study
land application of biosolids and industrial residuals in
Virginia. The mandate specifically called for staff to ana-
lyze the scientific research literature on potential effects
on human health and the environment.

ABOUT BIOSOLIDS AND INDUSTRIAL RESIDUALS
Biosolids and industrial residuals are nutrient-rich ma-
terials left over at the end of sewage treatment or a
manufacturing process. If they meet regulatory stand-
ards, these materials are can be applied to farm and
forest land as agricultural fertilizers. Biosolids and in-
dustrial residuals contain pathogens and chemicals that
may pose risks to human health and the environment.
To minimize these risks, they are subject to federal and
state regulations.

Overall risk from land application is low under current state regulations

Time period Pathways

Risk level

Overall risk assessment

Water contamination
Human health risk &
water quality

After Food contamination

application Human health

Direct contact
Human health

s ruman neatn [T
application Human health

Very low Low

Medium High

Very high

SOURCE: JLARC review of more than 150 scientific research papers and interviews with biosolids researchers.
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Summary: Land Application of Biosolids and Industrial Residuals

Regulatory compliance programs are generally effective

The Departments of Environmental Quality and Agriculture and Consumer Services
(DEQ and VDACS) each operate compliance programs that are generally effective.
Both agencies’ processes ensure regulatory compliance. DEQ’s process to review and
approve land application permit requests is reasonable and appropriately involves the
public. VDACS’s process to initially certify products as safe and beneficial is also rea-
sonable.

DEQ’s process to inspect land application sites and correct violations is effective. Alt-
hough the agency now inspects a lower percentage of land applications than in prior
years, it still was able to inspect 31 percent of application sites in 2016.

VDACS has an annual process for registering biosolids and industrial residuals, but its
ongoing product verification process is not sufficient in all cases. VDACS does not
verify, after its initial certification, that products continue to have acceptably low levels
of potentially harmful chemicals.

WHAT WE RECOMMEND
Legislative action

e Appropriate funding for the Virginia Department of Health to (a) conduct
a pilot epidemiological study of whether land application of biosolids
causes human health problems and (b) test Virginia biosolids for pathogens.

Executive action

e Assess whether regulations should be modified to reduce risks of infection
for residents living near land application sites (a) when aerosolization of
pathogens is more likely and (b) where applications are made more
frequently.

e Require producers of industrial residuals to submit current chemical
analyses as part of the annual registration process.

The complete list of recommendations is available on page iii.
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Recommendations: Land Application of Biosolids
and Industrial Residuals

RECOMMENDATION 1

The General Assembly may wish to consider directing the Virginia Department of
Health (VDH) to design and conduct a pilot epidemiological study of the human
health effects of land application of biosolids. The General Assembly may wish to
consider appropriating $50,000 to fund the study. In designing and conducting the
pilot study, VDH should contract with third parties, such as researchers at Virginia
institutions of higher education, as needed. VDH should be assisted by the Virginia
Department of Environmental Quality as needed. Following completion of the pilot
study, VDH should submit its findings and a proposed design for a full-scale epidemi-
ological study, if needed, to the Senate Finance, and Agriculture, Conservation, and
Natural Resources Committees; and House Appropriations, and Agriculture, Chesa-
peake, and Natural Resources Committees. (Chapter 2)

RECOMMENDATION 2

The Virginia Department of Health should assess the risk of aerosol infection to the
public by reviewing the most current research literature and determine whether regu-
latory setbacks for protecting human health should be expanded. (Chapter 2)

RECOMMENDATION 3

The Virginia Department of Health should assess whether the risk of aerosol infec-
tion to the public is elevated near sites that receive frequent applications and whether
restrictions on land application frequency or larger setback areas are needed to ensure
that residents are sufficiently protected. (Chapter 2)

RECOMMENDATION 4

The General Assembly may wish to consider directing the Virginia Department of
Health (VDH) to perform sample testing of Class B biosolids that are land applied in
Virginia to determine their pathogen content. The General Assembly may wish to
consider appropriating $50,000 to fund sample testing over the course of one year.
VDH should use test results to inform its epidemiological pilot study and assessment
of aerosol infection risks (Recommendations 1, 2, and 3). (Chapter 2)

Commission draft
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Recommendations: Land Application of Biosolids and Industrial Residuals

RECOMMENDATION 5

The State Health Commissioner should submit a written report to the State Water
Control Board and the director of the Department of Environmental Quality on the
tindings of the Virginia Department of Health’s epidemiological pilot study, assess-
ments of aerosol infection risks, and pathogen tests (Recommendations 1, 2, 3, and
4). The report should include, as necessary, recommendations for amending biosolids
regulations to further protect human health and water quality. The report should be
submitted no later than July 1, 2019. (Chapter 2)

RECOMMENDATION 6

The Department of Environmental Quality should report annually to the State Water
Control Board on the effectiveness of its land application inspection program. The
report should provide (i) the percentage of land application sites and events inspected,
(if) the number and type of violations and citizen complaints, (iii) the five-year trend
in violations and citizen complaints, (iv) a recommendation on the number of inspec-
tions needed in the coming year, and (v) an assessment of whether changes to the
program, program funding, or other actions are needed to maintain regulatory com-
pliance. (Chapter 3)

RECOMMENDATION 7

The Virginia Department of Agriculture and Consumer Services (VDACS) should
require producers of biosolids and industrial residuals products to submit chemical
analyses of their products as part of the annual registration process. VDACS should
review these analyses to ensure that products continue to have acceptably low levels
of trace chemicals. (Chapter 3)
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1 Application, Benefits, Risks, and Regulation
of Biosolids and Industrial Residuals

SUMMARY Biosolids and industrial residuals are organic matter produced by wastewater
treatment facilities and industrial manufacturing processes. They can be used as an agricul-
tural fertilizer because they contain nutrients such as nitrogen and phosphorus. Most land
application in Virginia occurs in rural localities. More biosolids are applied than industrial
residuals, and most biosolids are applied to crops that are not consumed by humans. They
are often provided to landowners for free. Pathogens and chemical elements and compounds
in these materials can pose risks to human health and water quality, and citizens have ex-
pressed concerns about the safety of the practice. State regulations aim to minimize risk
through permitting land application sites, limiting the contaminant concentrations in mate-

rials, and restricting where and when application can take place.

In 2016, the General Assembly directed JLLARC to study land application of biosolids
and industrial residuals in Virginia. The mandate specifically called for staff to analyze
the scientific research literature on potential effects on human health and water quality.
The mandate also directs JLARC to evaluate state regulations and determine whether
changes are needed to regulations or to how biosolids are generated. (See Appendix A
for study mandate.)

To address the mandate, JLARC staff reviewed more than 150 scientific research pa-
pers about the risks biosolids and industrial residuals pose to human health and water
quality. JLARC staff interviewed scientific researchers; staff at the Virginia Depart-
ment of Environmental Quality (DEQ), the Virginia Department of Agriculture and
Consumer Services (VDACS), and the Virginia Department of Health (VDH);
wastewater treatment facility managers; land appliers; and concerned citizens. In addi-
tion, JLARC staff analyzed data provided by DEQ, VDACS, and land appliers. (See
Appendix B for more detail on the research methods used in this study.)

Biosolids and industrial residuals are applied as
agricultural fertilizer to a small percentage of
farmland across the state

Biosolids are organic matter resulting from the treatment of sewage at municipal
wastewater treatment plants (Figure 1-1). Industrial residuals are manufacturing by-
products, such as sludge from paper mills and ash from wood-fired electric plants.
Biosolids and industrial residuals contain nutrients, including phosphorus and nitro-
gen, that are beneficial to plant growth. Because of their nutrient content, biosolids
and industrial residuals can be applied to farms and forest land as fertilizer.

Commission draft
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Biosolids are treated
sewage sludge. Raw
sewage enters waste-
water treatment plants
and is separated into
liquids and solids. Most
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treated sewage sludge,
are either landfilled, in-
cinerated, or further
treated for land applica-
tion.




Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

FIGURE 1-1
Treatment plants produce biosolids that are sent to be land applied
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Effluent Discharged to rivers,

(treated water) streams, or lakes
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Untreated

solids Landfill or incineration

SOURCE: Academic research literature, DEQ, and VDACS.

FIGURE 1-2
Land application occurred in at least 53 of Virginia's 133 localities (2016)

. 4,001 or more dry tons
. 1,501 dry tons - 4,000 dry tons
. 501 dry tons - 1,500 dry tons

|:| 1 dry tons - 500 dry tons

|:' 0 dry tons

SOURCE: JLARC analysis of data from DEQ.
NOTE: DEQ and VDACS both regulate biosolids and industrial residuals. Map only includes materials land applied under DEQ site re-
strictions. Neither DEQ nor VDACS tracks where other materials are applied.
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Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

Biosolids and industrial residuals are applied to land throughout the state. In 2016,
land application occurred in at least 53 different localities (Figure 1-2), but only to
about 1.5 percent of Virginia’s 8.2 million acres of farmland. Most land application
occurred in rural counties. In 2016, Amelia, Buckingham, Caroline, Culpeper, and
Madison counties had the most material applied.

Majority of land application involves biosolids being applied to crops
that are not consumed by humans

In 2016, the majority of materials applied to land were biosolids (69 percent). Thirty
percent of land-applied materials were Class A biosolids and 31 percent were Class B
biosolids (Figure 1-3). Eight percent of land-applied materials were composite biosol-
ids from storage facilities, a mix of Class A and B materials. The most common land-
applied industrial residuals were paper mill sludge, wood ash, and synthetic gypsum.

About two-thirds of biosolids applied under DEQ) site restrictions are applied to crops
that are not consumed by humans. The majority of land application is to hay and pasture
fields (55 percent) and pine tree farms (14 percent). The remainder is applied to fields that
grow corn (27 percent) or other row crops, such as soybeans or wheat (four percent). Corn
and other row crops are used for animal feed or as ingredients in processed food prod-
ucts that may be consumed by humans. Biosolids applied under DEQ site restrictions,
including all Class B and most Class A biosolids, are not used on fresh produce crops.

FIGURE 1-3
Biosolids constitute a majority of land-applied materials (FY16)

Biosolids Industrial residuals
Other 2%
/_/— Food & beverage 2%
Class A _— Synthetic gypsum 7%
Wood ash 8%

Class B
Paper mill sludge 12%

8%

Composite of Class A and B —|

SOURCE: JLARC analysis of data from DEQ and VDACS.

NOTE: Total dry tonnage of biosolids and industrial residuals applied in FY16 was 233,025. Composite biosolids are
from a storage facility where Class A and B materials may have been mixed. Synthetic gypsum is a by-product of emis-
sions “scrubbing” at coal plants to remove sulfur dioxide. It is chemically identical to naturally occurring gypsum.
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Biosolids are categorized
as either Class A and
Class B based on the
treatment used and level
of pathogens in the ma-
terial. Class B material
has a higher pathogen
content.

Biosolids from other
states are applied to
land in Virginia. Twenty-
four percent came from
wastewater treatment
plants in Maryland. An
additional 10 percent
comes from other states,
including West Virginia
and Wisconsin. Twenty-
four percent comes from
the Blue Plains treatment
plant located in Wash-
ington, DC, which pro-
cesses sewage from
parts of Northern Vir-
ginia, DC, and Maryland.




Switching from Class B
to Class A treatment
can reduce the amount
of biosolids generated.
The amount can be
reduced because
additional digestion
occurs during some
Class A treatments.
Plants that switch from a
Class B lime-treatment
method to a Class A
method where lime is no
longer being added can
experience especially
large decreases in
biosolids output. Blue
Plains reduced the
amount of biosolids it
generates by half.

Disposal alternatives,
such as landfilling and
incineration of sewage
sludge, may pose envi-
ronmental risks. Landfills
in Virginia have had re-
cent issues with buildup
of leachate (water carry-
ing leached constitu-
ents), contaminants leak-
ing into waterways, or
escape of other materi-
als during storms. Incin-
erators create air pollu-
tion, although recent
federal regulations are
designed to limit pollu-
tants.

Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

Recent shift toward Class A has reduced amount of biosolids applied

The amount of biosolids applied in Virginia has declined in recent years. Between 2008
and 2016, the total tonnage of biosolids applied to land in Virginia declined by 44
percent (from 260,000 to 146,000 dry tons). The main reason for the decline is that
the largest producer of biosolids, the Blue Plains wastewater treatment plant in Wash-
ington, DC, switched from producing Class B to Class A biosolids. When Blue Plains
switched its treatment process, the amount of material generated by the plant was
reduced by half. Blue Plains is the largest source of biosolids used in Virginia, so the
reduction resulted in a net decrease in the overall amount applied.

Other large wastewater treatment plants are planning to convert to Class A biosolids
treatment. Similar to Blue Plains, they indicated that the amounts of biosolids they
produce will likely be reduced over the short term.

Although the amounts of biosolids generated may decline in the short term, amounts
should increase over the long term as population increases. Additionally, some
wastewater treatment plants that currently landfill or incinerate sludge may switch to
biosolids production. A larger share of future biosolids will be Class A as more
wastewater plants convert to or begin Class A treatment.

Land application benefits several parties

Biosolids and industrial residuals are valuable fertilizers because they contain essential
plant nutrients like nitrogen and phosphorus and other important micronutrients like
iron, copper, and zinc. Biosolids and industrial residuals also contain organic matter
that helps soils absorb water, which can improve plant health and reduce runoff and
erosion.

Applying biosolids and industrial residuals as fertilizers benefits several parties.
Wastewater treatment plants and manufacturers of industrial residuals benefit because
it gives them a reliable and cost-effective way to dispose of waste materials. Farmers
and other landowners, who receive these materials at no cost, also benefit, as do a small
number of companies that are hired to apply the materials.

Land application is a reliable and cost-effective disposal method

Wastewater treatment plants treat and apply sewage sludge because it can be a more
reliable and cost-effective method of disposal than incineration or landfilling, The dis-
posal methods available to a plant depend on the plant’s size, location, and existing
infrastructure. Approximately half of the sewage sludge generated in Virginia is
treated to meet biosolids standards and land applied, while the remainder is sent to
landfills or incinerated.

The state does not have adequate landfill capacity to dispose of the large amount of
sludge produced by its wastewater treatment plants. Landfills need to mix the sludge
they receive with other materials, to keep the landfill from becoming unstable. This
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Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

operational requirement limits the amount of sludge a landfill can accept on a given
day. Landfills may also be unable to accept any sludge on days when there is rain or
snow. These limitations make landfilling an unreliable disposal alternative for many
treatment plants.

Virginia’s incinerators have limited capacity to accept additional treated and untreated
sewage sludge. There are only six incinerators in the state that are permitted to handle
sewage sludge. These incinerators, which are operated by wastewater treatment plants
or local governments, are sufficient for disposing of sludge from their own plants, but
their capacity to dispose of sludge from other plants is very limited. Other types of
incinerators—such as municipal solid waste incinerators—would need modifications
to burn sludge.

Land application can be less expensive for wastewater treatment plants than landfilling
and incineration. Staff of two large treatment plants interviewed for this study re-
ported that their disposal costs would double if they landfilled sewage sludge instead
of treating it and applying it to land. Their costs would be greater because they would
have to pay more to transport sludge to the landfill and pay landfill fees. Incineration
can also be more expensive because of the substantial up-front costs for incinerator
construction and permitting, and ongoing costs, such as incinerator maintenance and
emissions monitoring.

Other technologies, such as gasification and pyrolysis, which convert biosolids to re-
newable fuel, show long-term potential as alternatives to land application. However,
these technologies are not widely used for biosolids in the U.S. or other countries and
have not been proven on a large scale. Like incinerators, these alternatives require large
capital investments.

Like wastewater treatment plants, manufacturers of industrial residuals benefit from
being able to land apply their materials. LLand application offers manufacturers a less
expensive disposal method than alternatives, such as using commercial landfills or con-
structing and permitting their own landfills. Some industrial residuals can be marketed
and sold as a fertilizer or soil amendment, which generates revenue for the manufac-
turer.

Land application benefits landowners and several companies

Landowners, primarily farmers, benefit from land application because biosolids and
many industrial residuals are provided as a free-of-charge fertilizer. According to one
estimate, the annual nutrient value of biosolids provided to Virginia farmers is $25,000
per farm, on average. Access to free fertilizer reduces farmers’ production costs. One
study found that a farmer raising a corn crop could generate a net profit of $350 per
acre using free biosolids compared to $90 per acre after paying for a commercial chem-
ical fertilizer. This estimate was based on reduced fertilizer costs and a higher crop
yield from biosolids, compared to the chemical fertilizer.

Commission draft
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Gasification and
pyrolysis treat sludge
with extreme heat but
do not use combustion.
These processes break
the sludge down into
simpler molecules that
can be converted to gas
and biochar. The gas can
be used as an energy
source, and biochar has
been used as a soll
amendment and as a
fuel alternative for ce-
ment kilns.




Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

Landowners can also benefit by using biosolids on land they otherwise would not fer-
tilize. Forest and pasture land, for example, is often not fertilized because the cost is
not worth the financial return. According to research conducted by Virginia Tech, ap-
plying biosolids to pine plantations increases timber yield and reduces harvest times,
which increases profitability. Applying biosolids to hay and pasture lands also allows
farmers to raise more livestock, which improves their profitability.

The demand for biosolids and industrial residuals from landowners is high and gener-
ally exceeds supply, and materials are applied to land as they become available. How-
ever, some biosolids are landfilled or temporarily stored in storage facilities when
weather conditions do not allow for land application.

A small number of companies rely on land application as their primary line of busi-
ness. These companies contract with wastewater treatment plants and manufacturers
to haul and apply materials to farms and timberland. The private land application in-
dustry in Virginia comprises three large land appliers and five smaller companies.
These eight companies were paid at least $32-$35 million by treatment plants in 2016
and employed over 80 full-time workers, according to a JLARC staff estimate. (Esti-
mate only includes revenues from biosolids land application occurring under DEQ
site restrictions and excludes employment from sub-contracted operations, such as
trucking.)

Contaminants in biosolids and industrial residuals
have caused concern in Virginia

Biosolids and industrial residuals contain pathogens and chemicals that may pose risks
to human health and water quality. Pathogens include bacteria, viruses, and parasites
that can cause illness. Chemicals include metals such as lead and mercury, and trace
amounts of organic compounds, such as pesticides, disinfectants, pharmaceuticals, and
endocrine-disrupting compounds. These contaminants can have harmful health ef-
fects if sufficient amounts are inhaled, ingested, or otherwise come into direct contact
with people. The nutrients found in biosolids and industrial residuals can also pollute
rivers and groundwater if not absorbed by plants.

Biosolids today contain far fewer industrial chemicals than in the 1970s and 1980s.
Chemicals from manufacturing processes flowing into public sewer systems have de-
creased due to the implementation of industrial wastewater pretreatment regulations
and a general decline in U.S. manufacturing, Most of the biosolids applied in Virginia
are from domestic sewage.

Because of the potential effects on human health and water quality, citizens have ex-
pressed a range of concerns about land application of biosolids and industrial residu-
als. Some people who live near land application sites are concerned that biosolids or
residuals cause health problems. Some citizens are concerned about the unpleasant
odor of biosolids. Other common concerns are the effects of land application on
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Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

water quality, nearby property values, and quality of life. Several rural communities
have formed citizen groups to oppose land application.

Most land application faces relatively little citizen opposition, but the practice has been
controversial in some areas. For example, a recently approved request to land apply
biosolids in Nelson County was strongly opposed by several citizens in that commu-
nity. Even though there is strong opposition to land application in some areas, DEQ
receives relatively few citizen complaints statewide. DEQ) received one call for approx-
imately every 35 land applications in the state from 2014 to 2016. (See Appendix C for
more information about citizen concerns and complaints.)

Ongoing citizen concerns and complaints have prompted multiple reviews in Virginia
over the years, including

e VDH reviews of the scientific research literature in 2007 and 2014, which
found some evidence of risk but “no immediate public health concerns re-
garding the production and land application of biosolids”; and

e an expert panel convened in 2008, which “uncovered no evidence or litera-
ture verifying a causal link between biosolids and illness.”

Each of the reviews acknowledged gaps in the scientific research on risks to human
health and water quality, including a lack of health studies and limited understanding
of the effects of some contaminants found in biosolids. (See Appendix D for a time-
line of other Virginia studies and regulatory changes.)

There have been few studies of the risks from industrial residuals in Virginia. Staff
with state regulatory agencies indicated that the types of industrial residuals land ap-
plied in Virginia generally pose less of a risk than biosolids because they typically do
not contain human pathogens and usually contain fewer chemicals.

State regulation and monitoring aim to protect
human health and water quality

To minimize human health and water quality risks, Virginia regulates and monitors the
production and use of biosolids and industrial residuals. State regulations set minimum
standards for biosolids treatment and land application. Some Virginia regulations, such
as biosolids treatment requirements, conform to federal regulations. Others, such as
requirements for additional setback distances from land application sites, are more re-
strictive than federal regulations. State agencies are responsible for ensuring compli-
ance with Virginia regulations.
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In a 2005 review of bi-
osolids, JLARC con-
cluded that localities
were wary of biosolids
and that oversight and
enforcement of regula-
tions (which at the time
were conducted by the
Virginia Department of
Health) were weak.




The Environmental
Protection Agency sets
federal regulations for
land application of bio-
solids (40 CFR Part 503).
Neither EPA regulations
nor other federal laws
specifically address land
application of industrial
residuals, although they
do limit the application
of “solid waste” near
food-chain crops.

FIGURE 1-4

Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

State regulations for biosolids and industrial residuals conform to or
are more restrictive than federal standards

Virginia regulations, established under the State Water Control Law (§ 62.1-44), set the
requirements for disposing of biosolids and industrial residuals. Under state regula-
tions, biosolids can only be land applied if they meet certain standards. The state iden-
tifies nine heavy metals that must be tested for and sets limits on the concentrations
that biosolids can contain. The rules require biosolids to be treated to reduce their
pathogen levels and attractiveness to pests (Figure 1-4). State standards for biosolids
conform to the federal standards that were established by the Environmental Protec-
tion Agency under federal regulations (40 CFR Part 503).

State regulations require biosolids to meet metals and treatment standards

Metal concentration limits

Cu
cd
Ni Se AN ) LI ,
Pb L) |
Hg | [ - i
Mo Zn rrTl -

Pathogen reduction Vector attraction reduction

SOURCE: Virginia regulations 9VAC25-31.
NOTE: The state regulations shown are identical to federal regulations set forth in 40 CFR Part 503.

Wastewater treatment facilities produce biosolids using several different methods, in-
cluding heat, lime, and microbial digestion (aerobic or anaerobic). Based on the level
of treatment to reduce pathogens, state regulations classify biosolids as either Class A
or Class B (Table 1-1).
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Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

TABLE 1-1
Class B biosolids contain higher pathogen levels than Class A

Pathogen treatment Use restrictions
Class A Treated to reduce pathogens to very low or un- Can be land applied in bulk under
detectable levels site restrictions or sold to the pub-

lic in bags like other fertilizers

Class B Must meet certain standards for pathogen treat- Must be land applied
ment, but can contain higher pathogen levels in bulk under site restrictions
than Class A

SOURCE: Federal regulations (40 CFR Part 503) and Virginia regulations (9VAC25-31).

Virginia regulations establish several additional site restrictions that must be followed
when Class B biosolids are being used, some of which are not required under federal
regulations:

e The amount of materials that can be applied to a site is limited by the re-
quirements set in site-specific nutrient management plans; these plans pre-
scribe how often and how much land application can occur, based on the
soil at the site and the nutrient needs of the crop.

e Setbacks are required between land application sites and residences, prop-
erty lines, and surface and ground water features.

e Materials cannot be applied when groundwater tables or bedrock are close
to the surface.

e Crops cannot be harvested until 30 days to 38 months after land applica-
tion, depending on the crop.

e Animal and human access to the land application site is restricted for 30
days, and up to one year, after application.

Virginia’s Fertilizer Law and Agriculture Liming Materials Law (Chapters 36 and 37 of
Title 3.2, Code of Virginia) allow for some industrial residuals and Class A biosolids
to be sold and distributed with limited oversight, as long as all other pertinent require-
ments are being met. However, most Class A materials in Virginia are currently dis-
tributed in bulk and land applied with site restrictions like Class B biosolids. Industrial
residuals are regulated the same as either Class A or Class B biosolids, depending on
the individual residual. (See Appendix E for more information on regulatory require-
ments for different types of biosolids and industrial residuals.)

State agencies enforce Virginia regulations, and localities can
supplement enforcement

In Virginia, two state agencies are responsible for regulating biosolids and industrial
residuals. DEQ), the main agency responsible for biosolids regulations and compliance
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Chapter 1: Application, Benefits, Risks, and Regulation of Biosolids and Industrial Residuals

under the State Water Control Law, oversees all Class A and B biosolids and some
industrial residuals. Materials under DEQ authority can be applied only after obtaining
a permit. Most materials are bulk applied under site restrictions, but DEQ permits
some Class A biosolids to be sold and distributed under VDACS certification. DEQ
has implemented a compliance program to ensure that state regulations are followed
when land applying biosolids and industrial residuals.

DEQ assesses a fee when biosolids are applied to land under site restrictions. The fee
is $7.50 per dry ton of Class B material, and $3.75 per dry ton of Class A material.
These fees are paid by wastewater treatment plants, and are used to fund DEQ’s com-
pliance program. These fees do not apply to materials that are sold or distributed under
VDACS certification.

VDACS is responsible for regulating industrial residuals and a subset of Class A bio-
solids that can be sold or distributed to the public under Virginia’s fertilizer and liming
material laws. VDACS requires that manufacturers and wastewater treatment plants
that want to sell or distribute their materials have their products certified and regis-
tered. If a product is certified as safe and beneficial, it can be used without further
oversight. (As noted above, Class A biosolids must also be permitted for sale and dis-
tribution by DEQ).)

In Virginia, localities are authorized to adopt ordinances for inspection and monitoring
of land applications that take place under DEQ site restrictions. However, they cannot
enact ordinances that are stricter than the state’s regulations. Localities that choose to
adopt land application ordinances have the option to hire local monitors to provide
additional oversight. Localities are eligible for state reimbursement to assist with the
cost of local monitoring programs. In 2016, four counties—Culpeper, Westmoreland,
Nottoway, and Clarke—requested state reimbursement. At least two others—Gooch-
land and Nelson—conducted some form of monitoring but did not request reim-
bursement.
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2 Risks to Human Health and Water Quality

SUMMARY Land application of biosolids and industrial residuals poses some risk to human
health and water quality, but the risk is low if state regulations are followed. Additional
research, however, would reduce uncertainty about health risks, especially for chronic, long-
term illness. Although state regulations generally protect human health and water quality,
they may not prevent nearby residents from exposure to a common virus under certain
conditions. Class B biosolids contain higher levels of pathogens, and if residents are down-
wind and outside for an extended period during a land application, they could be at a
slightly elevated risk of catching a mild to moderate illness. Under its responsibilities to
ensure public health, VDH should determine whether current setback requirements are suf-
ficient and if limits should be placed on how frequently biosolids can be applied to a site.
VDH should also sample test biosolids to determine if their pathogen content poses a risk.

If not propetly regulated, biosolids and industrial residuals could pose a risk to human
health and water quality. Biosolids contain contaminants (pathogens and chemical el-
ements and compounds) that can cause illness and pollute waters. Industrial residuals
can contain some potentially harmful chemicals but typically do not contain patho-
gens. There are a number of possible pathways through which people can be exposed
to contaminants in the two materials (Figure 2-1).

These pathways include inhaling aerosolized contaminants, ingesting contaminated
ground- or surface water, consuming food that has been contaminated, or coming into
direct contact with materials after they have been applied.

Virginia has regulations that are intended to mitigate the risks from land application
of biosolids and industrial residuals. All land applications of Class B biosolids, and
most Class A biosolids, are subject to specific site restrictions—such as setback re-
quirements, harvesting restrictions, and access restrictions—and are monitored by
DEQ. However, some Class A biosolids (and most industrial residuals) are not subject
to site restrictions or DEQ monitoring,

Land application poses some risk to human health
and water quality, but the risk is low

Biosolids and industrial residuals contain pathogen and chemical contaminants that
pose inherent risks to human health and water quality. Exposure to a small quantity
of biosolids could result in a short-term illness, such as 2 common viral infection,
and chemicals found in biosolids and some industrial residuals have been linked to a
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FIGURE 2-1
People could be exposed to contaminants through several pathways
ok
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SOURCE: JLARC review of scientific research literature and interviews with biosolids researchers.

number of chronic illnesses. Land application of these materials is regulated to miti-
gate these risks. State regulations are generally effective at reducing the risk that people
will be exposed to contaminants or that contaminants will pollute waters. Even though
regulations address the risks that have so far been identified, scientists emphasize that
the risks from some contaminants are not yet fully understood.

Biosolids and industrial residuals contain harmful contaminants that
can cause illness and pollute waters

Land application of biosolids and industrial residuals poses a risk to human health
because these materials contain harmful contaminants, but the risks are low as long as
exposure to contaminants is minimized. There are two types of human health risks
from exposure to these materials: acute and chronic illnesses. Acute illnesses develop
suddenly and last a short time. These include illnesses such as the common cold and
the gastrointestinal “stomach flu.” Chronic illnesses develop slowly, over months or
years. These include ailments such as lead poisoning and cancer.

Scientific research has found that biosolids can cause acute illnesses if inhaled or
ingested. The risk of acute illness comes mostly from Class B biosolids because they
contain more pathogens than Class A materials. The pathogens found in biosolids
are mostly common viruses and bacteria that can cause mild to moderate illness in a
healthy person, such as the common cold or a “stomach flu.” Illness could be more
severe in persons with weakened immune systems, such as the elderly or chronically
ill. Pathogens that can cause severe illnesses such as Legionnaire’s disease are some-
times, but not frequently, found in biosolids, with the exception of some parasites
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(Bibby 2013, Pepper 2010, Sidhu 2009). (See Appendix F for more information on
the frequency of pathogens in biosolids.)

After inhaling or ingesting enough biosolids or industrial residuals material, a person
could have an acute reaction to metals or other chemicals that are present. However,
studies suggest that inhalation risks are very low (Paez Rubio 2006, Paez-Rubio 2007,
Ziemba 2013). The risks of toxic poisoning from ingesting biosolids are similar to, or
in some cases much lower than, the risks from ingesting common household and ag-
ricultural products, such as cleaners and pesticides.

There has been little research examining whether exposure to biosolids and industrial
residuals can lead to chronic illnesses, but the risks appear low as long as exposure to
these materials is minimized. Biosolids and industrial residuals contain trace amounts
of chemicals, such as lead, that are known to cause chronic illness. However, a person
would likely have to be exposed to a relatively large amount of material at once or
small amounts of material repeatedly for these chemicals to accumulate in the body.
For example, the federal Environmental Protection Agency (EPA) sets the maximum
contaminant level threshold for lead in drinking water at 0.015 parts per million. An
individual would have to accidentally ingest 1/10 to 12 teaspoons of biosolids each
day to stay above this threshold, depending on the lead content of the material. Other
trace chemicals found in biosolids may be harmful in extremely low quantities. For
example, phthalate chemicals found in plastics and household products are suspected
carcinogens and endocrine disruptors, and the EPA sets very low limits on ingestion.
However, these chemicals are found in extremely low concentrations in biosolids, so
an individual would likely need to accidentally ingest material over a long time period
to have a chronic health effect.

Biosolids and industrial residuals can also pose a risk to water quality. The materials
contain chemicals, especially nitrogen and phosphorous, that can run off into surface
waters or leach into groundwater if they are applied in large quantities. Nitrogen and
phosphorous pollution is one of the state’s leading water quality concerns. Chemical
fertilizers and animal wastes, not biosolids, are the main agricultural sources of nitro-
gen and phosphorous.

Overall, land application of biosolids and industrial residuals, in
accordance with state regulations, poses low risk

Land application of biosolids and industrial residuals poses a low overall risk to human
health and water quality under current state regulations. State regulations minimize
exposure to the contaminants in these materials in several ways. Regulations limit the
amounts of material that can be applied to a site, which prevents materials from being
concentrated on a few sites where pathogens or chemicals could accumulate to high
levels. The regulations also create setback areas between land application sites and
nearby residences and restrict access to sites, further reducing the risk of exposure.
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In Alabama, biosolids
were accidentally con-
taminated by industrial
chemicals in 2007. High
levels of perfluorinated
compounds, which had
been discharged into a
municipal sewage sys-
tem, were found in bio-
solids applied to 5,000
acres of farmland. Some
of the chemicals leached
into nearby well water,
creating a health risk for
a small number of resi-
dents close to the appli-
cation site.
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FIGURE 2-2
Overall risk is low under state regulations, but risk is sometimes slightly
elevated during land application process

Overall risk assessment
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SOURCE: JLARC staff review of scientific research literature, interviews with biosolids researchers, and JLARC staff
assessment of risks under current state regulations.

NOTE: Human health risks from industrial residuals are lower than the risks from biosolids. Industrial residuals ap-
plied in Virginia are unlikely to contain pathogens and have lower concentrations of chemicals than biosolids.

The most likely pathway of exposure for members of the public is through inhaling
aerosolized contaminants during application of biosolids (Figure 2-2). Even the health
risk from this pathway is low overall, because certain conditions are needed for aero-
solization to occur and state-required setbacks help minimize public exposure. After
application, risks are very low through the other possible exposure pathways (water
contamination, food contamination, and direct contact). Risks are low because state
regulations, such as application limits and harvesting restrictions, mitigate exposure.

Although regulations are generally protective, an accidental spill that results in high
levels of chemicals being released into a sewage system could greatly increase the risk
from biosolids applied to a given site. Accidents involving biosolids have happened in
other states (sidebar), but not in Virginia.

Accidents are unlikely if wastewater plants have properly implemented their industrial
pretreatment programs. Pretreatment programs require industrial facilities that send
wastewater to municipal sewage systems to screen out harmful chemicals. Wastewater
treatment plants place limits on chemicals, based on the type of industrial facility, and
monitor facility discharges to ensure compliance. Pretreatment programs are required
under state and federal regulations but are designed and implemented by municipal
utilities.

Commission draft
14



Chapter 2: Risks to Human Health and Water Quality

Epidemiological research is needed to fully understand risks to human
health

The human health risks posed by land application of biosolids and industrial residuals
appear low as long as exposure to these materials is minimized, but the scientific com-
munity has not reached consensus. Some researchers interviewed for this review said
the risks are negligible for the public, and others said the risks raise safety concerns.
The difference in opinions exists because there is insufficient evidence to definitively
rule out human health risks even at minimal levels of exposure, especially from bio-
solids. Researchers are generally less concerned about the risks from industrial residu-
als because these materials do not typically contain pathogens and have far fewer
chemicals of concern.

According to researchers, the risks from land application of biosolids are not fully
understood. Biosolids contain hundreds of different pathogens and chemicals in low
levels, and exposure is possible through multiple pathways. The potential health effects
of some of the many organic chemical compounds found in biosolids are also not
fully understood. Some of these compounds can persist in the environment or degrade
into more persistent forms. Persistent compounds can accumulate and pose a greater
risk over time. Organic compounds may also move through the environment or inter-
act with each other in unforeseen ways.

The most significant gap in the scientific research literature is the absence of authori-
tative epidemiological research to definitively conclude whether human illness is linked
to land application. The most comprehensive study to date found there was no differ-
ence in the risk of illness found in individuals residing near biosolids sites and a control
group (Dorn 1985). The methods used in this study were sound, but the study is more
than 30 years old and had a relatively small sample size. A more recent study used
surveys to assess health risks and found a relationship between biosolids applications
and elevated incidents of illness (Khuder 2007). The study is credible, but its reliance
on self-reporting and its low response rate limit confidence in its findings. Other stud-
ies surveyed individuals residing near application sites and found health concerns
(Lewis 2002, Lowman 2013). Findings from these studies are not reliable for assessing
risk because they did not use control groups to establish a baseline for comparison,
among other methodological limitations. (See Appendix H for more information on
studies linking land application of biosolids to health outcomes.)

To help fill the gap in the scientific research and provide more certainty about the
safety of biosolids, the General Assembly may wish to consider directing the Virginia
Department of Health (VDH) to design and pilot an epidemiological study, with the
goal of better understanding whether and how land application of biosolids affects
human health. Following completion of the pilot study, VDH would determine the
cost and resources needed to conduct a full-scale study.
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RECOMMENDATION 1

The General Assembly may wish to consider directing the Virginia Department of
Health (VDH) to design and conduct a pilot epidemiological study of the human
health effects of land application of biosolids. The General Assembly may wish to
consider appropriating $50,000 to fund the study. In designing and conducting the
pilot study, VDH should contract with third parties, such as researchers at Virginia
institutions of higher education, as needed. VDH should be assisted by the Virginia
Department of Environmental Quality as needed. Following completion of the pilot
study, VDH should submit its findings and a proposed design for a full-scale epidemi-
ological study, if needed, to the Senate Finance, and Agriculture, Conservation, and
Natural Resources Committees; and House Appropriations, and Agriculture, Chesa-
peake, and Natural Resources Committees.

JLARC staff use a cash
reserve benchmark for
internal service funds.
The benchmark is for
funds to have 60 days of
operating expenses on
hand in the event of un-
expected revenue losses
or expense increases.

The pilot study could be paid for from DEQ’s sludge management fund but doing so
would affect DEQ’s ability to use the fund to cover future operating losses. The fund,
which DEQ uses to fund its compliance program, has a positive cash balance. The
cash balance has been declining the last few years because DEQ has been using the
cash balance to offset annual losses. The losses have been due to a decline in fund
revenue caused by treatment plant operators switching to Class A biosolids produc-
tion, which are assessed a lower fee than Class B. Using part of the fund's cash balance
to fund this and other report recommendations would result in the balance falling
below the recommended cash reserve benchmark about one year earlier than it would
otherwise (FY2023 rather than FY2024). (See Appendix I for more information on
the sludge management fund.)

Following submission of the pilot study’s findings, the General Assembly could decide
whether to fund a full-scale study. Because epidemiological studies are complex, the
cost of conducting a full-scale study could range from $250,000 to $1,000,000.

There are several options for an epidemiological study:

e A lower-cost option would be to retrospectively review existing health rec-
ords, such as state Medicaid records, to see if there are links between docu-
mented illnesses and land application.

e A higher-cost option would be to prospectively monitor health outcomes in
a sample population.

e Another option would be to review records or monitor health in a higher-
risk group, such as employees of land appliers or persons residing near sites
that receive frequent applications.
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Risk of a common viral infection is low, but
sometimes slightly elevated, for nearby residents
during application

Although overall risk is low, there is sometimes a slightly elevated risk of viral infection
to nearby residents during land application. During land application, small particles of
material, including microorganisms in biosolids, can become airborne. This material
can then be inhaled by people who are downwind of the application site. If there are
pathogens in this material, a person who inhales the aerosolized material could become
infected. The most likely infections from this kind of exposure are common viral ill-
nesses, such as the common cold and the “stomach flu.”” This risk of infection is low
for nearby residents because several conditions have to be met for exposure to occur
and state regulations help minimize exposure.

Other aerosolization risks may exist, but they are very low. Risks from aerosolized
chemicals are minimal because the trace amounts that are found in biosolids are not
sufficient enough to be toxic if inhaled (Paez-Rubio 2006, Paez-Rubio 2007, Ziemba
2013). Industrial residuals that are used in Virginia pose a very low aerosolization risk

because they are unlikely to contain pathogens and contain fewer chemicals than bio-
solids.

Risk of aerosol infection is very low for Class A biosolids but higher
for Class B biosolids when conditions are optimal for exposure

The risk of aerosol infection is low for nearby residents because several conditions
have to be met for exposure to occur. These conditions are (1) Class B biosolids are
being applied, (2) wind is blowing towards the residence during application, and (3)
residents are at home and outdoors during application. If these conditions are not
met, people near application sites may not be exposed at all during application. Even
when all the conditions are met, the likelihood of infection varies greatly depending
on the amount of time that an individual is exposed.

The aerosol infection risk from land application is very low when Class A biosolids
are applied, and about half of the biosolids applied in Virginia are Class A. Application
of Class A biosolids presents a very low risk because the materials have very low path-
ogen levels. Class A pathogen levels are about 100 to 1,000 times lower than untreated
sewage sludge, and the aerosol infection risk is 100 to 100,000 times lower (Viau 2009,
Viau 2011). By comparison, Class B treatment reduces pathogens to levels that are
only 10 times lower than untreated sludge.

Class B application presents a low risk of aerosol infection under most conditions,
but the risk could be higher when conditions for exposure are optimal. Two recent
scientific studies assessed the risk of aerosol infection to individuals who were

nearby during land application of Class B biosolids (Viau 2011, Brooks 2012). The
studies concurred that there was very low risk of aerosol infection by most of the
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An infection risk limit of
1:10,000 was established
by the EPA as the ac-
ceptable risk of microbial
infection from drinking
water.

This limit is used as a
proxy benchmark in sev-
eral research studies of
aerosol infection risk
from biosolids.
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FIGURE 2-3
Aerosolization poses a very low risk of infection for most pathogens that are
commonly found in biosolids

Estimated chance of off-site infection when conditions are optimal for exposure

Viruses
Norovirus <1:100,000 o 4:1,000 to 3:10
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(1:10,000)

SOURCE: DEQ biosolids regulations, Viau 2011, Brooks 2012.

NOTE: Viau 2011 assumed individual outside and downwind of 3.4 mph wind at a distance of 65 meters (213 feet)
over course of 39 hours of application and 3 hours of soil incorporation. Infection risk for norovirus varied depend-
ing on assumptions of how the virus occurs in biosolids. Pepper 2012 assumed individual outside and downwind of
0.7-5.5 mph winds at a distance of 100 meters (328 feet) for one hour per day over course of six days of application.

pathogens that are commonly found in biosolids, including several types of viruses
and bacteria (Figure 2-3). However, one study found a moderate risk of aerosol in-
fection with norovirus under optimal conditions for exposure (that is, when a person
is regularly outside and downwind of land application over about 4-6 days). The
other study found that adenovirus presented some risk under the same conditions.

The aerosol infection risk from a typical land application is likely to be lower than
study estimates because actual conditions vary during application. Class B biosolids
account for only about one-third of land-applied materials, so many land applications
do not pose an aerosol infection risks. Nearby residents are at little to no risk of in-
fection if they are upwind of an application or if there is no wind on the day of
application. Risk is also lower when residents are not present or are indoors during
application. The duration of exposure is also likely to be lower in most cases. Land
application sites in Virginia receive an average of two days of application per year,
compared to the 4-6 day assumptions used in the two studies.
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Regulations may not adequately mitigate Class B aerosol infection
risk when conditions are optimal for exposure

State regulations generally alleviate the risk of aerosol infection, but may not ade-
quately mitigate the risk when conditions are optimal for exposure and there are fre-
quent land applications nearby. The state requires setback areas between land applica-
tion sites and nearby residences which may not adequately mitigate aerosol infection
risk. Under its responsibilities to ensure public health, VDH should undertake a tar-
geted review of current regulations. VDH should determine whether the state’s cur-
rent regulatory setbacks are sufficient and if limits should be set on how frequently
biosolids can be applied to a site. VDH should also sample test biosolids to determine
if their pathogen content poses a risk. At the conclusion of these reviews, and after
completing a pilot epidemiological study, the State Health Commissioner should re-
port to the director of DEQ on whether and why the state regulations should be
changed.

The state’s standard setback between the edge of a land application and a residence is
200 feet. The two recent risk assessment studies found that these setbacks mitigate
infection risks from most pathogens. However, the studies also found that a person
residing outside this setback area could be at an elevated risk of infection from a com-
mon virus when wind conditions are optimal for exposure and the person is exposed
for several days. One of the studies found some risk even for a person residing outside
the 400-foot extended setback that DEQ grants to citizens with health concerns.

More broadly, the state’s current setbacks for residences are not based on the most
recent research on pathogen aerosolization. The current setbacks, which were ap-
proved in 2011, were established on the basis of assessments made by VDH at least a
decade ago. Now that more recent research is available, VDH should assess whether
changes to the setbacks are needed to better protect public health. In making this as-
sessment, VDH should consider each study’s risk model and key assumptions.

RECOMMENDATION 2

The Virginia Department of Health should assess the risk of aerosol infection to the
public by reviewing the most current research literature and determine whether regu-
latory setbacks for protecting human health should be expanded.

The state also does not limit how often biosolids can be applied in a geographic area,
and more frequent applications may elevate the risk of infection. From 2014 to 2010,
21 sites in Virginia had more than 14 days of application per year, including three that
had more than 30 days of application. There were approximately 560 addresses (resi-
dences, businesses, other) within 1,000 feet of these sites. Many of the sites were so
large that it is unlikely all adjacent residents were exposed during every application. For
example, if biosolids were applied to fields on one side of a 500-acre farm, residents
who are half a mile away on the other side of the farm are unlikely to be exposed. Still,
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residents who are near frequent application sites may have a higher likelihood of ex-
posure to aerosolized biosolids.

VDH should assess whether changes to current regulations are needed to address risks
at the small number of sites where applications occur more frequently. Changes could
include placing a limit on the number of application days per year for sites where
residences are within a certain distance or requiring larger setback areas around these
sites. In making this assessment, VDH should consider how greater exposure affects
the risk of infection under the models used in the two recent studies.

RECOMMENDATION 3

The Virginia Department of Health should assess whether the risk of aerosol infec-
tion to the public is elevated near sites that receive frequent applications and whether
restrictions on land application frequency or larger setback areas are needed to ensure
that residents are sufficiently protected.

The state does not require testing for pathogens in Class B biosolids, which could
make it difficult for VDH to determine whether current residential setbacks are ade-
quate. Biosolids with higher concentrations of viral pathogens pose a greater risk of
aerosol infection and could require larger setback areas under certain circumstances.

VDH should sample and test biosolids that are land applied in Virginia as part of a
one-time effort to better understand their pathogen content. Using the test results,
VDH could compare the specific pathogen content in Virginia biosolids to the as-
sumptions used by recent studies. Test results could also be used to inform the pilot
epidemiological study. Sampling could focus on the pathogens that VDH determines
pose the most significant public health risk. VDH could partner with DEQ to collect
samples and contract with a commercial laboratory to test for pathogens. Testing could
be paid for from DEQ’s sludge management fund but doing so would affect DEQ’s
ability to use the fund to cover future operating losses. (See Appendix I for more in-
formation on the sludge management fund.)

RECOMMENDATION 4

The General Assembly may wish to consider directing the Virginia Department of
Health (VDH) to perform sample testing of Class B biosolids that are land applied in
Virginia to determine their pathogen content. The General Assembly may wish to
consider appropriating $50,000 to fund sample testing over the course of one year.
VDH should use test results to inform its epidemiological pilot study and assessment
of aerosol infection risks (Recommendations 1, 2, and 3).
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RECOMMENDATION 5

The State Health Commissioner should submit a written report to the State Water
Control Board and the director of the Department of Environmental Quality on the
tindings of the Virginia Department of Health’s epidemiological pilot study, assess-
ments of aerosol infection risks, and pathogen tests (Recommendations 1, 2, 3, and
4). The report should include, as necessary, recommendations for amending biosolids
regulations to further protect human health and water quality. The report should be
submitted no later than July 1, 2019.

State regulations mitigate, but do not eliminate, odors

Although not as harmful as illness, the odor of biosolids and industrial residuals can
be strong and offensive and can cause health symptoms for people near application
sites. Some biosolids have a chemical odor from ammonia and some have a fecal odor
from sulfur and other compounds. Industrial residuals such as paper mill sludge can
have similar odors. Odors are most prevalent during and shortly after application. In
addition to being unpleasant, strong odors can cause eye and throat irritation, short-
ness of breath, headaches, and nausea. Prolonged exposure to offensive odors can
affect mental health and well-being.

Current state regulations attempt to address odor concerns, but do not prevent use
of materials that have a strong and offensive smell. Regulations require wastewater
treatment plants and land appliers to have odor control plans. These plans are in-
tended to prevent the application of biosolids with an odor that is atypical for that
material. In certain circumstances, DEQ can require materials to be tilled into the
earth to reduce or eliminate the odor. However, state regulations do not prevent use
of biosolids or industrial residuals—or other substances like animal manure—just
because the odor is offensive.

DEQ staff indicated that biosolids from uncovered, in-ground storage facilities have
historically had odor problems. DEQ regulations do not allow these types of facili-
ties to be built anymore, but two pre-existing facilities are still in use in Virginia. A
third such facility in Maryland also sends biosolids to Virginia. Facility operators
indicated they have updated their odor management plans and implemented new
management practices in an attempt to address odor concerns from materials stored
at these facilities.

Risks of water and food contamination and direct
public exposure to land-applied materials are very
low

State regulations effectively address the risks of biosolids and industrial residuals after
they have been applied to land. Pathogens and chemicals in the materials have the
potential to leach into groundwater, run off into surface waters, or be transferred to
crops. Contaminated water or food could then be ingested by people. People could
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also come into direct contact with contaminants if passing through a recently-treated
area. If state regulations are followed, the risks from these three pathways of exposure
are very low. Industrial residuals have even fewer chemicals and pathogens that could
cause concern for health and water quality.

Water contamination risk is very low when biosolids are applied in
compliance with state regulations

The risk of water contamination from biosolids applications is generally very low, both
for groundwater and surface water. Groundwater contamination could occur if path-
ogens and chemicals leach through the soil. Surface water contamination could occur
through run-off during heavy rain events. People who ingest contaminated water from
either source could be at risk of illness or disease. State regulations, when properly

followed, mitigate the risks of water contamination and the associated risks to human
health.

Groundwater contamination risk is very low under state regulations

Residents of rural areas often rely on wells for drinking water. These wells draw on
deep or shallow groundwater. Deep groundwater is found below the water table and
is the source of drinking water for most community wells and many private wells.
Shallow groundwater is found close to the surface and is also used for private wells.

Deep groundwater is at very low risk of contamination from land application of bio-
solids because it has been filtered through tens to hundreds of feet of soil. Some wells,
especially those in eastern Virginia, draw water from a confined aquifer. These aqui-
fers’ confining layers filter water for tens, hundreds, or thousands of years.

Even groundwater drawn from shallow wells is at very low risk of contamination from
biosolids. Shallow groundwater could be contaminated by pathogens leaching from
biosolids and through the soil, but state regulations mitigate this risk. The state requires
at least 18 inches of soil between the surface and the water table or bedrock, reducing
the risk that pathogens could leach through. Two recent studies found soil barriers
effectively prevent the contamination of shallow groundwater by microorganisms (Ei-
senberg 2008, Wagner 2014). Pathogens are much more likely to contaminate ground-
water if there is a direct route, such as a faulty well or sinkhole, but state regulations
restrict the application of biosolids near wells and sinkholes.

Shallow groundwater could be contaminated by chemicals in biosolids, but studies
suggest the risk is very low. Two recent studies by the U.S. Geological Survey exam-
ined the risk of groundwater leaching for 145 chemicals of concern (Yager 2013,
Wagner 2014). (See Appendix ] for a complete list of these chemicals.) These chem-
icals included metals and organic compounds such as pesticides, disinfectants, phar-
maceuticals, and endocrine-disrupting compounds. The studies found that very few
chemicals leached into shallow groundwater at detectable levels. One of the studies
found that only three chemicals of concern (nickel and two pesticides) were present
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in groundwater near biosolids application sites, and their concentrations were only
slightly above those found at non-biosolids sites. The other study found one chemi-
cal, uranium, in several groundwater samples at levels that posed a human health
concern. However, this study did not have a control, so it is not clear if biosolids
were the source.

Nitrogen from biosolids could leach into shallow groundwater and pose a human
health risk, according to the USGS studies, but the risk is very low under Virginia
regulations. State regulations restrict biosolids from being applied above the rate at
which crops can absorb nitrogen or soil can absorb phosphorus. These restrictions
greatly reduce the leaching risk, which is already low compared to many chemical fer-
tilizers, because biosolids release nitrogen gradually.

The groundwater contamination risks from land application are likely lower than risks
from other sources. Septic systems can release human pathogens and chemicals di-
rectly into shallow groundwater and are a main source of groundwater pollution in
rural areas. Animal wastes from manure applications and livestock operations are also
widely present in rural areas. Animal wastes are often untreated and contain signifi-
cantly higher concentrations of non-viral pathogens that are common causes of wa-
terborne illness (EPA 2015, Oun 2014, Brooks 2012, CDC 2009, GAO 2008, Goss
2008, Burkeholder 2007, Gerba 2005, Houda 2000).

Surface water contamination risk is very low under state regulations

Virginia’s surface waters include thousands of streams, rivers, ponds, lakes, and reser-
voirs. Surface waters are a major source of public drinking water and are widely used
for recreation by swimmers, boaters, and others.

Although biosolids run-off can transport pathogens into surface waters, the risks of
human exposure through this pathway are very low. Surface waters that are used as
public drinking water supplies are treated to remove pathogens. However, swimmers,
boaters, and others who use surface waters for recreation could accidentally ingest
contaminated watet.

The water quality risks from biosolids run-off are no greater than risks from other
agricultural sources. Biosolids, animal waste, and chemical fertilizers all contain nutri-
ents, most notably nitrogen and phosphorous, that can pollute waterways. During
heavy rain events, these nutrients can wash into rivers and streams. Of the three
sources, biosolids account for only about five percent of the potential nutrient load.

State regulations place greater restrictions on Class B biosolids than other fertilizers,
further reducing the risks to water quality. Regulations require that farms permitted
for Class B biosolids must have nutrient management plans limiting how much nitro-
gen and phosphorous are applied. Regulations also require setbacks between biosolids
application sites and surface waters. Currently, most Class A biosolids are subject to
these same site restrictions. No comparable regulations apply to chemical fertilizers
and most manures.
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Risks of food contamination and direct public exposure are very low
when biosolids are applied in compliance with regulations

The risk of illness from food grown in soil fertilized with biosolids is very low. The
risk of direct exposure to members of the public is also very low. State regulations,
when properly followed, sufficiently mitigate these health risks.

Food contamination risk is very low under state regulations

Pathogens from Class B biosolids could adhere to a crop’s surface, but pathogens are
unlikely to contaminate food products because of the waiting periods required in reg-
ulations. State regulations require a 30-day to 38-month period between when land
application of Class B biosolids occurs and when crops can be harvested. These wait-
ing periods allow for pathogens to die off. The longer waiting periods effectively keep
farmers from using Class B biosolids to grow fresh produce, such as vegetables. These
crops would be more likely to transmit pathogens because they are often consumed
raw. The same restrictions are in place for most, but not all, applications of Class A
biosolids. The risk of pathogen contamination from these materials is much lower due
to their lower pathogen content.

Chemicals from either class of biosolids could be taken up by crops, but the health
risk to consumers is very low. Several recent studies evaluated up-take of chemicals by
plants and found that the chemical concentrations that accumulate in plant tissue are
not harmful (Yager 2013, Mathews 2014, Meng 2014, Prosser 2015, Shargil 2015, Wu
2015, Verslycke 2016). Past studies have reached the same conclusions (VDH 2007,
VDH 2014).

The risk of crop contamination in Virginia is even lower because the majority of bio-
solids are not used on food crops. Only one-third of biosolids are applied to food
crops, and these crops are usually processed instead of eaten fresh. The rest of bio-
solids are applied to hay, pasture, or forest land. Chemicals can potentially accumulate
in livestock that graze on hay or pasture land that has been fertilized with biosolids,
but a recent study suggest this risk is low (Meng 2014). Another study, which found
that livestock might be negatively affected by grazing on biosolids-treated fields did
not examine the potential human health risks (Lea 2016).

Direct public exposure risk is very low under state regulations

Exposure to the contaminants in biosolids is possible through direct contact with ma-
terials after land application. For example, if a member of the public walks through a
recently-treated area, small amounts of biosolids material can be transferred to shoes,
hands, or clothing. This material could accidentally be ingested and cause an infection
(Eisenberg 2008, Viau 2011, Brooks 2012). Members of the public generally do not
come in direct contact with biosolids because almost all land application occurs on

private property.
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State regulations address the risk of direct contact by the public in several ways. The
state requires warning signs to be posted before land application of Class B biosolids
occurs to keep members of the public from entering land application sites. Warning
signs are required to stay in place for 30 days following application. Some pathogens
can survive for several months after application, so regulations require that public
access to sites that have received Class B biosolids must be restricted for one year.
Regulations also require setbacks between biosolids sites and property lines, publi-
cally accessible areas, and roadways. The same restrictions are in place for most, but
not all, applications of Class A biosolids.

Changing regulations to prohibit Class B biosolids not necessary or
feasible at this time

There is not a compelling case to prohibit Class B biosolids and require wastewater
treatment plants to upgrade to Class A treatment. Several large plants have voluntarily
switched to Class A treatment already, and several more are planning to follow suit.
Once these additional treatment plants have completed their upgrades, approximately
two-thirds of biosolids applied to land in Virginia will be Class A.

Converting to Class A may be cost-prohibitive for some wastewater treatment plants.
Simple Class A treatment methods used by mid-sized plants cost from $9.5 million
(pre-pasteurization method) to $17 million (composting) to implement. More ad-
vanced thermal hydrolysis methods used by larger treatment plants cost $40—470 mil-
lion to implement. Plant managers indicated that they plan to recoup these up-front
investments from lower long-term operating costs. For example, switching to Class A
allows some treatment plants to reduce the amounts of biosolids generated and their
associated disposal costs. However, smaller treatment plants may not have the capital
to make such large up-front investments or the economies of scale to recoup them.
Additionally, some Class A treatment methods may be more expensive to operate an-
nually than Class B methods.

Wastewater treatment plants may be unable to switch to Class A treatment for other
reasons. Many plants lack the physical space for less expensive options like composting
and sand bed-drying. Treatment plants could contract with private companies to com-
post their biosolids to Class A standards, but private capacity is limited. The costs to
transport materials to private composting facilities could also be prohibitive.
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SUMMARY The state’s programs to ensure that biosolids and industrial residuals are in com-
pliance with regulatory requirements are generally effective. DEQ's permitting program ef-
fectively ensures that land application requirements are clear and provides appropriate op-
portunities for public input. Permit processing times can be lengthy, but DEQ is implementing
changes that it believes will address this. DEQ’s inspections effectively ensure requirements
are being followed even though the agency is not performing as many inspections as it used
to. Given the decrease in inspections, DEQ should annually review its inspection program to
ensure it remains effective. VDACS's compliance program is also generally effective at certi-
fying that products sold and distributed to the public are safe. However, VDACS could better
verify safety, after products have been approved, by annually collecting and reviewing chem-
ical analyses.

State regulations are intended to protect human health and water quality from the risks
posed by biosolids and industrial residuals. Two state agencies—the Department of
Environmental Quality (DEQ) and the Virginia Department of Agriculture and Con-
sumer Services (VDACS)—administer programs to ensure that the regulations for us-
ing these materials are followed (Table 3-1). Localities have the authority to establish
monitoring programs that supplement DEQ oversight. (See Appendix K for more
information on local monitoring programs.)

TABLE 3-1
DEQ and VDACS oversee use of biosolids and industrial residuals

Materials overseen Main duties Number of staff

Class A and B biosolids

100% of what is applied Ensure compliance with land
DEQ application regulations through 12

Industrial residuals permitting and inspections
= 10% of what is applied

Class A biosolids

~15% of what is applied Protect consumers from unsafe or
VDACS (partial authority) unreliable materials through product 3
Industrial residuals certification and registration

~90% of what is applied

SOURCE: DEQ; VDACS; JLARC staff review of the Code of Virginia and Virginia Administrative Code.
NOTE: DEQ has authority over all Class A biosolids but permits some of these materials to be sold and marketed
under VDACS certification. VDACS does not monitor use of the products it has approved.
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Land applier companies
perform most land ap-
plication in the state.
These specialized com-
panies contract with
wastewater treatment
plants and manufactur-
ers of industrial residu-
als. Plants and manufac-
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plier is required to ob-
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Sizes of land application
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every year, and large
sites may not receive full
coverage every year. For
example, the 762-acre
site received biosolids
on only 45 acres in 2016.
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DEQ’s compliance program is generally effective

DEQ regulations are intended to ensure that land application of biosolids and indus-
trial residuals does not harm human health and water quality. To ensure that regula-
tions are followed, DEQ administers a compliance program that consists of issuing
permits and conducting unannounced inspections at land application sites across the
state each year. DEQ also monitors compliance by requiring land appliers to submit a
variety of information about their activities.

DEQ’s program is generally effective (Table 3-2). The permitting process is effective
and provides appropriate opportunities for public input, but the agency is unable to
approve some permits in a timely manner. DEQ’s inspections are effective when con-
ducted but are occurring less often than in prior years. DEQ also collects appropriate
information through its monitoring activities, further ensuring compliance.

TABLE 3-2
DEQ's compliance program is generally effective
Criteria used to evaluate program Assessment
Permitting  Process for reviewing permit requests and issuing permits, including (]
site-specific conditions, is reasonable
Public is appropriately involved o
Permits are processed in timely manner D
Inspections  Process for inspecting sites and correcting violations is effective o
Sufficient number of inspections are conducted o
Monitoring Process for monitoring statewide land application activity is reasonable o

KEY: @ = meets criteria (B = needs improvement

SOURCE: JLARC staff review of DEQ documents and data; DEQ interviews; JLARC site visits.

Permit process is effective, and appropriately involves the public, but
is lengthy for some permits

Issuing permits to land appliers is a key component of DEQ’s compliance program.
Land appliers are required to obtain a separate permit from DEQ for each locality
where they operate. For example, one land applier has permits for 18 different coun-
ties. Each permit specifies the sites within the locality where biosolids and industrial
residuals can be applied. A formal permit modification is required any time new land
is added to a permit. Permits specify the requirements that each land applier must
follow at each site. Permits are typically granted for a 10-year period.
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Review and approval process is effective

The process used by DEQ and the State Water Control Board (SWCB) to review and
approve permits is effective. The SWCB is responsible for issuing permits but has
delegated administration of the permit program to DEQ staff. DEQ staff conduct
thorough examinations of permit requests, including document and site reviews, to
ensure the accuracy of information provided by permittees (Figure 3-1). Each permit
includes site-specific conditions, such as setback areas and limits on the amount of
material that can be applied to a particular field. Site-specific conditions are set out in
detailed site books and nutrient management plans.

The criteria for evaluating and approving permits are clear. The SWCB has the author-
ity to approve or deny new permits and changes to existing permits. The SWCB dele-
gates approval authority to DEQ staff in most cases, but makes decisions on permits
that have been contentious enough to require a public hearing, Permit requests can be
denied if they do not comply with regulations or if the proposed application is other-
wise found to threaten human health or water quality. DEQ can add specific condi-
tions to permits, such as odor control requirements, if it determines additional re-
strictions are needed.

FIGURE 3-1
DEQ reviews permit requests and collects public input

Application submitted

g
@ K =
|

Reviews application Reviews soil and topographical Enters site data into GIS Conducts site visit
for completeness maps for each site

Publicinput

T %. [%i i e i
Public is notified of permit Publicis given chance to comment State Water Control Board holds public hearing
(adjacent residents receive letters, (public can submit written comments) (if requested during comment period)

ads taken out in local newspaper)
and informational public meeting held

SOURCE: DEQ permit process descriptions and documentation, JLARC site visits.
NOTE: A public meeting is not held for a permit modification that cumulatively adds less than 50 percent of the acreage included in
original permit.
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Opportunities for public input are appropriate

The permit process provides several opportunities for public input. DEQ holds a pub-
lic meeting after a permit request is complete to provide information to residents about
the permit. Citizens can also submit written comments to DEQ, and the SWCB holds
a public hearing if it receives 25 or more hearing requests. Although some permits
have been strongly opposed by the public, most are approved with little opposition.
For example, only three of the 13 permit requests in 2016 generated enough opposi-
tion to trigger a public hearing;

Public input can result in changes to the permit that is being requested. For example,
the public input process gives citizens the opportunity to request extended setbacks
around an application site, and DEQ may change the permit to accommodate these
setbacks. (Citizen requests for extended setbacks are routinely granted when the indi-
vidual presents a note from a doctor.) Public opposition has also led land appliers and
landowners to withdraw or change their permit requests, as illustrated in the examples
on the following page.

Opponents of land application assert that public input has little or no effect on permit
decisions because neither DEQ nor the SWCB has ever denied a permit request. How-
ever, DEQ and the board do not have the authority to deny a permit if it (1) meets
regulatory requirements, and (2) there is no evidence that land application under the
permit will harm human health or water quality. DEQ staff work through the permit
process with applicants to ensure compliance with regulatory requirements, which is
why permit requests have been withdrawn but not denied.

Review and approval process can be lengthy

Permit processing times can range from a few months to several years. For the 42
permits that were approved in 2016 and 2017, the average processing time from receipt
of the application to final approval was 1.6 years. Many of these permits were reviewed
and approved within a few months. However, nine permits took more than two years
to process, including two permits that took more than seven years.

Delays are due in part to an increasing workload and limited staffing. DEQ’s workload
has been higher in recent years because DEQ has been updating old permits to comply
with the new regulations that went into effect in 2013. For example, the permits that
took more than two years to process were old permits issued by the Virginia Depart-
ment of Health that needed to be updated and converted to DEQ permits. Workload
challenges have been compounded by staffing reductions, which were implemented in
response to a decline in program revenues. DEQ’s decentralized structure for the com-
pliance program also had some inefficiencies that created backlogs.

Some permits have been delayed by the public input process. Permit requests that are
strongly opposed usually take longer to approve. DEQ must organize public hearings
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and the SWCB must convene to approve or deny the permit. Citizen requests for ex-
tended setbacks, when approved, must be incorporated into the permit. These addi-
tional steps can add months or years to the permit process.

EXAMPLES
Public input has led to changes in recent permits

Locality: Lunenburg County (2014)

Proposed permit action
Land applier requested adding 4,400 acres to an existing biosolids permit.

Public input

480 residents signed a petition opposing the permit change. Petition argued that
new sites were too close to water sources, homes, and public spaces such as
churches.

Outcome
Permit request was withdrawn by land applier due to public opposition.

Locality: Multiple counties (2014)

Proposed permit action

Land applier requested a new permit allowing industrial residuals to be applied to
16,174 acres in seven counties. (This is the only case in which DEQ issued one permit
for multiple counties.)

Public input

Over 100 public comments were submitted in opposition to the permit, including
opposition from the Boards of Supervisors for several counties. A public hearing was
also held.

Outcome
Permit was approved but 1,000 acres were withdrawn by landowners in response to
citizen concerns.

Locality: Nelson County (2017)

Proposed permit action
Land applier requested adding 1,930 acres to an existing biosolids permit.

Public input
53 public comments were submitted in opposition to the permit and a public hear-
ing was held.

Outcome
Permit was approved, but all sites on one farm were withdrawn in response to citizen
concerns.

NOTE: Permits are issued to land appliers, but landowners must agree to have their property permitted for land ap-
plication.
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DEQ has recently attempted to improve the permit process and reduce processing
times. DEQ has centralized the compliance program, which DEQ staff said allows them
to better balance workloads. Centralization also has allowed staff to specialize in specific
parts of the permitting process. The program manager has implemented weekly calls to
discuss the status of each permit, and staff indicated this helps keep them on target.
DEQ staff said they are also working to improve the permit application form.

Inspections are effective even though DEQ now conducts fewer than
in past years

DEQ routinely conducts unannounced site inspections and responds to citizen calls
and complaints. Inspections are vital because they are the primary way that DEQ en-
sures land appliers are complying with regulations.

DEQ inspections find land appliers are generally in compliance with state regulations.
Most of the violations DEQ finds are minor and can be addressed without formal
corrective action. Since 2008, less than one percent of over 12,000 DEQ inspections
found a major violation that resulted in a corrective action. The number of major
violations found by DEQ has generally declined since 2008 as the compliance program
and new regulations have become well established. DEQ issued only one corrective
action in 2016.

Inspection process is effective and well defined

DEQ’s inspection process is designed to ensure compliance with land application regu-
lations. DEQ selects inspection sites based on risk, in order to maximize the value of
each inspection. For example, DEQ gives higher priority to sites where Class B biosolids
are applied, or to sites where extra caution may be needed, such as those near public
areas. Inspections are unannounced, so land appliers do not know if DEQ will arrive to
inspect their work on any given day. These unannounced inspections compel land appli-
ers to consistently follow regulations or risk being subject to a corrective action.

Once on site, inspectors use a well-defined process to check that regulations are being
met (Figure 3-2). Inspectors have a standard checklist of items to look for, which in-
cludes all relevant aspects of the regulations, such as truck activity, signage, required
documentation, setbacks, application rates, and staff certifications. Inspection results
are documented on site.

DEQ inspectors have authority to address violations found during inspections. When
inspectors find minor violations, they can have the land applier make immediate cor-
rections. Major or repeated violations can be referred to the compliance program man-
ager for formal corrective action. Corrective actions range from warning letters to civil
penalties. Corrective actions are seldom taken (only one to 12 per year) because land
appliers are generally found to be in compliance with state regulations.
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FIGURE 3-2
DEQ activities prior to, during, and after inspections are well defined

. . ; Land appliers notify DEQ of
Prior to inspection next day’s application sites

DEQ inspector selects sites to
inspect using risk-based criteria

During inspection

DEQ inspector arrives at site
unannounced and inspects site to ensure:

a— —| Ig—
D, =| |z=
e® oo 0 =1 1=
1
Trucks delivering biosolids ! ! Documentation is on site including:
are fully tarped Signage is present and visible - O&M manual
- Sitebook

No trackout of material

- Nutrient management plan
onto public roads & P

| . e
| ' '
Setbacks are properly

delineated and no material is Land application staff
spread within setback areas are certified

Application rates are appropriate

After inspection
DEQ inspector documents results

If violation is found

Minor Major
Correct on site or make Refer to compliance program manager
recommendation to correct for formal corrective action

SOURCE: DEQ inspection process descriptions and documentation; JLARC site visits.
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DEQ has appropriate procedures to respond to citizen calls and complaints about land
application activities. Citizens can call DEQ to ask questions about a nearby applica-
tion, lodge a complaint, or report a violation. DEQ also requires land appliers and
local governments to forward calls they receive to DEQ. In most cases, DEQ sends
an inspector to the application site to check for violations. All calls and the actions
taken to resolve them are documented.

DEQ rarely finds regulatory violations when responding to citizen calls. Only two vi-
olations were found in response to the 132 citizen complaints investigated by DEQ
from 2014 to 2016.

DEQ inspections are effective even though the percentage of sites inspected has
declined

In 2016, DEQ inspected 31 percent of sites where biosolids were applied. In 2008, when
the compliance program began, DEQ inspected 75 percent of sites. DEQ inspected
nearly all sites from 2010 to 2014 as new regulations were implemented. The number of
sites inspected decreased in 2015, followed by a more substantial drop in 2016.

DEQ performs fewer inspections because it has fewer inspectors. DEQ had eight full-
and part-time inspectors in 2013 and now has only five. Staffing levels were reduced
when fee revenues declined, primarily because one large wastewater treatment plant
(Blue Plains in Washington, DC) pays lower fees after converting from Class B to Class
A biosolids and generates half as much material. Revenue may continue to decline as
other wastewater treatment plants convert to Class A biosolids.

Although the number of inspections has decreased, DEQ still appears able to provide
adequate oversight. DEQ) inspects one out of every three land application sites (and
about one in every 10 land application events). Inspections are unannounced and site
selection is risk-based. Fewer inspections are needed if these approaches are used and
few violations are found.

Many wastewater treatment plants and local governments conduct their own inspec-
tions, which minimize the impact of declining DEQ inspections. Several large treat-
ment plants send their own inspectors to monitor sites where their biosolids are being
applied. According to plant managers, these additional inspections are conducted to
verify that their materials are propetly disposed. Further, at least five localities employ
monitors who actively inspect sites within their localities.

DEQ does not need to increase the number of inspections at this time. There is cur-
rently no minimum threshold (based on best practices or established by other states,
for example) for the percentage of total land applications that should be inspected
each year. However, DEQ should routinely assess whether its inspection program is
effective and provide the SWCB with a short status report each year. The status report
should include several key indicators of the program’s effectiveness (such as percent-
age of sites inspected, percentage of land applications inspected, number and severity
of violations), and indicate whether changes are needed. The report would also likely
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need to address the annual losses in the sludge management fund that DEQ uses to
operate its compliance program.

RECOMMENDATION 6

The Department of Environmental Quality should report annually to the State Water
Control Board on the effectiveness of its land application inspection program. The
report should provide (i) the percentage of land application sites and events inspected,
(if) the number and type of violations and citizen complaints, (iii) the five-year trend
in violations and citizen complaints, (iv) a recommendation on the number of inspec-
tions needed in the coming year, and (v) an assessment of whether changes to the
program, program funding, or other actions are needed to maintain regulatory com-
pliance.

Monitoring of land application activity is appropriate

DEQ monitors land application activity throughout the state to support and enforce
compliance. Land appliers are required to notify DEQ in advance of land applications
so that DEQ can determine which sites to inspect. Land appliers are required to sub-
mit monthly reports on each land application, and DEQ uses the report data to verify
compliance with regulations. For example, DEQ verifies that the proper amount of
material was applied to each site and that the metal concentrations of those materials
were below regulatory limits. If a load of biosolids did not meet regulatory require-
ments, DEQ could identify where and how much material was applied and take reme-
dial action as necessary. If biosolids from a plant were found to have been contami-
nated by high levels of an industrial chemical, DEQ could identify where those
materials were applied.

DEQ compiles land appliers’ reports in a database that details every land application
in Virginia since 2008. DEQ also maintains older paper records from when the pro-
gram was administered by the Virginia Department of Health.

VDACS's product safety certification is effective, but
ongoing verification does not fully address risks

VDACS regulations are intended to ensure that biosolids and industrial residuals prod-
ucts that are sold or distributed to the public are safe to use and beneficial to soil or
crops. To ensure that regulations are followed, VDACS administers a compliance pro-
gram that certifies and registers products. VDACS does not monitor where or how
products are used. The biosolids and industrial residuals compliance program is one
part of VDACS’s broader consumer protection program.

VDACS’s compliance program for biosolids and industrial residuals is less rigorous
than the DEQ program. The lower level of oversight is appropriate because the prod-
ucts VDACS regulates pose a lower risk to human health. The industrial residuals cer-
tified by VDACS, such as wood ash and paper mill sludge, are not likely to contain
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pathogens. These products also contain fewer organic chemical compounds and have
lower levels of metals than biosolids. Similarly, the Class A biosolids that VDACS
oversees are either pelletized or composted, and these forms have the lowest concen-
trations of pathogens, especially viruses, of all Class A materials (Viau 2009).

The VDACS compliance program is generally effective but the registration process
could be improved (Table 3-3). VDACS has implemented a reasonable process for cet-
tifying that products are safe and beneficial. After the initial certification, an annual reg-
istration process confirms that the products continue to contain the beneficial ingredi-
ents that are being claimed on the product label. However, VDACS does not verify that
products continue to have acceptably low levels of potentially harmful trace chemicals.

TABLE 3-3
VDAC's compliance program is generally effective, but registration process
could be improved

Criteria used to evaluate program Assessment

Initial product certification Process for certifying products as safe and beneficial o
is reasonable

Annual product registration Process for verifying products continue to meet safety D
and benefit standards is reasonable

KEY: @ = meets criteria (B = needs improvement

SOURCE: JLARC staff review of VDACS documents and data, VDACS interviews, and JLARC site visits.

VDACS adequately certifies product safety and benefits, but some
documentation is missing

VDACS’s certification process is effective for ensuring that products are safe and ben-
eficial. VDACS has developed clear criteria for the types of industrial residual and
biosolids products that must be certified and requires producers to self-report prod-
ucts for review. These requirements are more stringent than requirements for other
fertilizers and soil amendment products, which do not need to be reviewed by VDACS
before they are sold.

When certifying products, VDACS consults with researchers with the Virginia Coop-
erative Extension at Virginia Tech. Producers, which include manufacturers and
wastewater treatment plants, are first required to submit a chemical analysis of their
product to VDACS (Figure 3-3). This analysis shows the concentrations of nutrients,
metals, and other chemicals present in the material. The results of the chemical analysis
are reviewed by research staff at Virginia Tech, who recommend whether to approve
or deny certification, or further test the product. Further testing includes greenhouse
and field grow tests that demonstrate how the product affects crops and soils. The
producer pays for all analysis and testing,
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FIGURE 3-3
VDACS certification uses chemical analysis and grow tests
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Greenhouse grow test Field grow test
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Chemical analysis

Product tested on
plants grown in field.

Product is tested on
greenhouse-grown
plants.

Chemical analysis
performed by state-
certified lab.

SOURCE: VDACS program descriptions and documentation.

VDACS generally maintains records of completed product reviews, but did not have
records for two of the 16 industrial residual products that were sold or distributed in
FY15 or FY16. One of the missing documents was for a synthetic gypsum product
that accounted for seven percent of all industrial residuals and biosolids applied in
Virginia (measured in dry tons). VDACS should have a documented review for this
product because synthetic gypsum can have high levels of mercury (Briggs 2014, Chen
2014, Watts 2014).

VDACS did not have product reviews for five of the 13 Class A biosolids products
that were sold or distributed in FY15 or FY16. The missing review documents are a
minor issue because DEQ annually collects and reviews chemical analyses for these
five products.

Registration process partially verifies product safety

VDACS requires producers of industrial residuals and biosolids to annually register
their products but does not require updated chemical analyses to verify the products
remain safe. To register, a producer must submit a registration form and the current
product label. Labels provide information on the product’s main beneficial ingredients,
such as nitrogen content or pH value, but do not include information on concentra-
tions of chemicals that could pose a health risk.

Regular verification is important after certification because the concentrations of trace
chemicals could change over time. VDACS partially addresses this risk by requiring
producers to re-certify products when there is a change to their label or manufacturing
process. However, concentrations of trace chemicals could change over time even if
there is no change to the label or manufacturing process. For example, the concentra-
tions of metals found in wood ash can change depending on natural variations in wood
(Omil 2007). Some VDACS-certified products were last reviewed over 10 years ago,

Commission draft
37

VDACS responds to
complaints about water
pollution involving the
storage or land applica-
tion of Class A biosolids
and industrial residuals
through its Agricultural
Stewardship Act Pro-
gram.

Calls and complaints
rarely uncover violations.
Over the last 10 years,
VDACS received only
two complaints and nei-
ther one led to the dis-
covery of a violation.

VDACS randomly tests
fertilizer products to
verify that label claims,
such as nutrient content,
are accurate. Concentra-
tions of potentially
harmful trace chemicals
are not usually tested.

Most industrial residual
and biosolids products
are not subject to ran-
dom testing; they go di-
rectly from producers to
the farmers or other
landowners who use
them. Only industrial re-
siduals and biosolids
products that are sold in
stores are subject to this
random testing pro-
gram.




Chapter 3: State Compliance Programs

and trace chemical concentrations could have changed due to the cumulative effect of
gradual, minor changes to inputs or processes.

VDACS should expand its annual registration requirements so that producers submit
a recent chemical analysis of their products. VDACS should review theses analyses to
ensure that all products sold or distributed in the state continue to have acceptably low
levels of chemicals. Such a requirement would also address previously noted concerns
about missing documents. The chemical analysis required for each product should be
consistent with the analysis that was performed when the product was initially certified
and with testing requirements recommended by researchers at Virginia Tech.

Requiring chemical analyses to be submitted annually would create little or no burden
on producers. Producers of biosolids products already provide this information annu-
ally to DEQ as part of its compliance program. Producers could provide copies to
VDACS or DEQ could share the copies it collects with VDACS. Some manufacturers
already perform routine chemical analyses for their own internal purposes. Costs to
other manufacturers are likely to be low. Most products would only need to be tested
for metals content, and these tests range from about $250 to $2,500, depending on the
material and number of tests performed.

RECOMMENDATION 7

The Virginia Department of Agriculture and Consumer Services (VDACS) should
require producers of biosolids and industrial residuals products to submit chemical
analyses of their products as part of the annual registration process. VDACS should
review these analyses to ensure that products continue to have acceptably low levels
of trace chemicals.
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Appendix A: Study mandate

2016 Session

HOUSE JOINT RESOLUTION NO. 120
AMENDMENT IN THE NATURE OF A SUBSTITUTE

Directing the Joint 1 egislative Audit and Review Commission to study biosolids
and industrial residuals in 1V irginia. Report.

Agreed to by the House of Delegates, February 11, 2016
Agreed to by the Senate, February 23, 2016

WHEREAS, prior to 1994, the Department of Environmental Quality (DEQ) regulated all land ap-
plication of treated sewage sludge, commonly known as biosolids, when biosolids were applied to
agricultural lands; and

WHEREAS, in 1994 the General Assembly directed the Virginia Department of Health (VDH) to
adopt regulations to ensure that (i) sewage sludge permitted for land application, marketing, or distri-
bution is propetly treated or stabilized; (ii) land application, marketing, and distribution of sewage
sludge is performed in a manner that will protect public health and the environment; and (iii) the
escape, flow, or discharge of sewage sludge into state waters in a manner that would cause pollution
of state waters, as those terms are defined in § 62.1-44.3 of the Code of Virginia, will be prevented;
and

WHEREAS, in 2007, the General Assembly authorized the transfer of all regulatory oversight of
biosolids from VDH to DEQ); and

WHEREAS, since 2008, biosolids have been land applied in at least 68 localities in the Common-
wealth, with at least 54 of those localities receiving biosolids annually; and

WHEREAS, between 2008 and 2013, an average of 221,000 dry tons of biosolids have been benefi-
cially recycled over an average of 63,000 acres annually; and

WHEREAS, this acreage represents less than one percent of the available crop land, pasture land, and
forest land in the Commonwealth; and

WHEREAS, the National Academy of Sciences reviewed current practices, public health concerns,
and regulatory standards and concluded that the use of biosolids in the production of crops for hu-
man consumption, when practiced in accordance with existing federal guidelines and regulations, pre-
sents negligible risk to the consumer, to crop production, or to the environment; and
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WHEREAS, in accordance with House Joint Resolution No. 694 of the 2007 Session of the General
Assembly, the Secretary of Natural Resources and Secretary of Health and Human Resources con-
vened a panel of experts to study the impact of land application of biosolids on human health and
the environment; and

WHEREAS, the General Assembly posed specific questions to the panel and requested that it con-
sider the typical contaminant concentrations and application rates of biosolids in its study; and

WHEREAS, the panel included stakeholders from a broad range of disciplines, including medicine,
higher education, forestry, agronomy, environmental science, ecology, veterinary medicine, and law;
and

WHEREAS, the Secretary of Natural Resources and Secretary of Health and Human Resources pub-
lished the final report of the panel in 2008 (House Document 27); and

WHEREAS, the panel uncovered no evidence or literature verifying a causal link between biosolids
and illness but recognized gaps in the science and knowledge surrounding this issue; and

WHEREAS, the panel stated that these gaps could be reduced through highly controlled epidemio-
logical studies relating to health effects of land-applied biosolids and through additional efforts to
reduce the limitations in quantifying all the chemical and biological constituents in biosolids; and

WHEREAS, the panel stated that there are gaps in the research that characterizes the composition,
fate, and effects of pharmaceutical and personal care products and other persistent organic com-
pounds in biosolids, as well as in other products, materials, and the environment; and

WHEREAS, House Joint Resolution No. 694 of the 2007 Session of the General Assembly also di-
rected the panel to perform a detailed analysis of the chemical and biological composition of biosol-

ids; and

WHEREAS, detailed analysis of the vast number of constituents of biosolids, combined with the
specialized analytical methods employed to detect and quantify these constituents, involves significant
cost; and

WHEREAS, because no funding was available to conduct new analyses, the panel was limited in per-
forming a detailed analysis of the chemical and biological constituents of biosolids; and

WHEREAS, under § 405(d)(2)(C) of the federal Clean Water Act, the U.S. Environmental Protection
Agency is required to conduct a review of the standards set out in 40 C.ER. Part 503 not less than
every two years for purposes of regulating new pollutants where sufficient data exist; and

WHEREAS, § 62.1-44.3 of the Code of Virginia defines industrial wastes as "liquid or other wastes
resulting from any process of industry, manufacture, trade, or business or from the development of
any natural resources"; and
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WHEREAS, the land application in Virginia of industrial wastes, including industrial residuals, is reg-
ulated by the Virginia Department of Agriculture and Consumer Services (VDACS) and DEQ); and

WHEREAS, VDACS regulates certain industrial residuals as "industrial co-products" in accordance
with the regulations applicable to agricultural liming materials and fertilizer, providing for the market-
ing and distribution of industrial wastes; and

WHEREAS, the land application of industrial residuals that is not regulated by VDACS is regulated
by the State Water Control Board and DEQ); and

WHEREAS, industrial residuals from more than 35 facilities are land applied in Virginia pursuant to
the terms of a Virginia Pollution Abatement or Virginia Pollutant Discharge Elimination System Per-
mit issued by DEQ); and

WHEREAS, since taking over the regulatory program from VDH, DEQ has conducted over 10,000
inspections of biosolids and industrial residual land application sites; and

WHEREAS, biosolids and industrial residuals are beneficially land applied on less than one percent
of the cropland, pastureland, and forestland on Virginia farms; and

WHEREAS, on average, less than 10,000 dry tons of industrial wastes are land applied annually in
Virginia, an amount representing less than five percent of the annual amounts of biosolids land ap-
plied in Virginia; and

WHEREAS, the permits issued by DEQ include authorization for land application of industrial
wastes from a variety of facilities, including poultry hatching plants, breweries, rendering plants,
chicken and pork processing and packaging plants, plants for the processing of apples, fish, meat,
tomatoes, and wood, plants for the manufacturing of concentrated and dried soup stock, confections,
beverages, and snack cakes, farmers' markets, and municipal potable water treatment plants; and

WHEREAS, the Department of Environmental Quality's permit application requires the applicant to
submit details regarding the design of the industrial wastes treatment works, including the storage
facility and land area determination, as well as characterization of the industrial wastes that includes
analyses of heavy metals and other constituents; and

WHEREAS, DEQ examines the specific processes used at the facility generating the industrial wastes
to determine whether any waste constituents may represent a threat to human health and the environ-
ment; and

WHEREAS, DEQ requires the permit applicant to provide analyses to determine the capacity of the
land application site to assimilate nutrients, metals, and any other pollutants of concern, in order to
demonstrate that the activity may be performed safely and protect the environment; now, therefore,
be it
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RESOLVED by the House of Delegates, the Senate concurring, That the Joint Legislative Audit and
Review Commission be directed to study biosolids and industrial residuals in Virginia.

In conducting its study, the Joint Legislative Audit and Review Commission (JLARC) shall (i) analyze
the current scientific literature regarding the long-term effects of biosolids and industrial residuals on
health, including potential impacts on well, surface, and ground water; (ii) evaluate the regulatory re-
quirements for land application and storage; (iii) evaluate the differences between biosolids and indus-
trial residuals rated as "Class A" materials and "Class B" materials; (iv) evaluate the feasibility, especially
for local governments, and including an economic impact on citizens of the Commonwealth, of re-
quiring municipal utilities currently permitted to generate, as a byproduct of the municipal wastewater
treatment process, "Class B" material to upgrade those facilities to generate "Class A" material; (v)
evaluate the effectiveness of the local monitoring component of the programs, while also analyzing
the potential for private contractors to serve in a monitoring capacity; (vi) evaluate both the potential
outcomes and the probable costs from additional testing requirements for these products; (vii) analyze
potential alternatives for waste materials that are currently processed and treated to be land applied,
and any potential costs that could be associated with such alternatives; (viii) evaluate the contractual
relationships among Virginia localities and the impacts of local agreements and decisions that could
affect wastewater treatment and land application, including septic tank pump out requirements; and
(ix) where applicable, analyze the potential impacts of Virginia's biosolids and industrial residuals reg-
ulations on agricultural interests and future economic development in the Commonwealth.

Technical assistance shall be provided to the Joint Legislative Audit and Review Commission by the
Department of Environmental Quality, the Virginia Department of Agriculture and Consumer Ser-
vices, the Virginia Department of Health, the United States Geological Survey, and the members of
the W3170, a multi-state workgroup composed of representatives of the U.S. Environmental Protec-
tion Agency, the U.S. Department of Agriculture, universities, and municipal governments from across
the United States that is conducting research on understanding the potential hazards and value of
constituents in biosolids and other residuals. All agencies and academic institutions of the Common-
wealth, local governments, and other interested parties as necessary shall provide assistance to the
Commission for this study, upon request.

The Joint Legislative Audit and Review Commission shall complete its meetings for the first year by
November 30, 2016, and for the second year by November 30, 2017, and the chairman shall submit
to the Division of Legislative Automated Systems an executive summary of its findings and recom-
mendations no later than the first day of the next Regular Session of the General Assembly for each
year. Each executive summary shall state whether the Commission intends to submit to the General
Assembly and the Governor a report of its findings and recommendations for publication as a House
or Senate document. The executive summaries and reports shall be submitted as provided in the pro-
cedures of the Division of Legislative Automated Systems for the processing of legislative documents
and reports and shall be posted on the General Assembly's website.
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Appendix B: Research activities and methods

JLARC staff conducted the following primary research activities:

e structured interviews with staff at the Department of Environmental Quality (DEQ), Vir-
ginia Department of Agriculture and Consumer Services (VDACS), Department of Con-
servation and Recreation (DCR), and Virginia Department of Health (VDH); staft from
several wastewater treatment plants and an industrial residuals generator; land appliers; na-
tional biosolids experts, including staff from Virginia Tech’s Virginia Cooperative Exten-
sion office; localities with local monitoring programs; concerned citizens; and special intet-
est groups;

e site visits to two land application sites, one storage site, and one wastewater treatment plant;

e review of research literature and other documents;

e review of other states’ biosolids programs; and

e quantitative analysis of tonnage data, data on land application sites and frequency, data on
the size of the land application industry, call and complaint data, and metal and nutrient
content data.

Structured interviews

Structured interviews were a key research method that JLARC staff used to review the state’s biosolids
and industrial residuals program. JLARC staff conducted more than 50 interviews throughout its re-
view, including interviews with state agency staff, local wastewater treatment plant staff, land appliers,
national biosolids experts, local governments, concerned citizens, and special interest groups.

State agency staff

JLARC staff conducted interviews with staff from four state agencies: DEQ, VDACS, DCR, and
VDH. The purpose of these interviews was to understand the state’s regulatory and oversight respon-
sibilities for biosolids and industrial residuals, obtain data for the study, and help understand the health
and environmental risks from land application.

JLARC staff conducted eight interviews with staff from DEQ’s biosolids program to obtain infor-
mation on topics such as the regulatory framework for biosolids and industrial residuals, DEQ’s per-
mitting process, the compliance and enforcement program, and the availability of land application and
other data. JLARC staff also conducted interviews with staff from DEQ’s Division of Land Protec-
tion and Revitalization to discuss the feasibility of using landfills as an alternative to land application
and DEQ’s Office of Air Permit Programs to discuss the feasibility of using incinerators as an alter-
native.

Interviews were also conducted with staff from VDACS to understand their biosolids and industrial
residuals program. Staff conducted four interviews with VDACS staff. Topics included the certifica-
tion and registration process for biosolids and industrial residuals, compliance requirements, and the
availability of various types of data.

JLARC staff interviewed DCR staff to discuss the risks of nutrient pollution and how state require-
ments for DCR-approved nutrient management plans address that risk.
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JLARC staff interviewed staff from VDH to discuss health risks associated with biosolids and indus-
trial residuals and past literature reviews conducted by VDH staff. JLARC staff also consulted with
VDH on potential options for further evaluating state regulations for land application.

Wastewater treatment plants and industrial residuals generator

Staff conducted structured interviews with eight wastewater treatment plants. Plants were selected for
interviews based on size, geographic location, disposal method used, and class of biosolids generated.
The eight treatment plants interviewed were:

e Alexandria Renew Enterprises,

e Arlington County Water Pollution Control Plant,

e Blue Plains Advanced Wastewater Treatment Plant (DC Water),

e Halifax County Service Authority,

e Hampton Roads Sanitation District,

e Henrico County Water Reclamation Facility,

e Hopewell Regional Wastewater Treatment Facility, and

e Western Virginia Water Authority.

Six of the treatment plants interviewed use land application as their primary disposal method. Topics
for these interviews included their biosolids treatment process and land application activities; benefits
of land application; costs of land application and other disposal methods used, if applicable; testing,
reporting, and other regulatory requirements; opinions of DEQ’s compliance program; and rationale
and cost estimates for upgrading to Class A biosolids, if applicable. Staff also received a tour of the
Henrico County facility to observe how biosolids are generated.

Two of the treatment plants interviewed use landfilling or incineration as their primary disposal
method (Halifax and Hopewell). Interview topics for these plants included the costs, advantages, dis-
advantages, and regulatory requirements of these disposal methods.

JLARC staff interviewed one manufacturer that generates industrial residuals. Other manufacturers
were contacted but did not respond to requests for an interview. Interview topics were similar to the
topics for wastewater treatment plants and included benefits of land application; testing, reporting,
and other regulatory requirements; and opinions on DEQ’s compliance program.

Land appliers

JLARC staff interviewed representatives from three land application companies to discuss their land
application activity in Virginia, the benefits of land application, DEQ’s regulations and compliance
and enforcement program (including the permitting process) and how it compares to other states,
VDACS regulations, local monitoring, and testing and reporting requirements. The land appliers in-
terviewed included both large and small companies.
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National experts

Staff conducted phone interviews with a number of national biosolids experts who have recently re-
searched biosolids issues, to discuss the potential health and environmental risks from land application:

Edward Furlong, PhD, Research Chemist Murray McBride, PhD, Professor

National Water Quality Laboratory College of Agriculture and Life Sciences
US Geological Survey Cornell University

Rolf Halden, PhD, Ditrector Jordan Peccia, PhD

Biodesign Center for Environmental Health Professor of Chemical and Environmental
Engineering Engineering

Arizona State University Yale University

Robert C. Hale, PhD Ian L. Pepper, PhD, Co-director

Professor of Marine Science Water & Energy Sustainable Technology Center
Virginia Institute of Marine Science University of Arizona

Linda S. Lee, PhD Chad Wagner, Associate Director
Professor of Agronomy South Atlantic Water Science Center
Purdue University US Geological Survey

JLARC staff also interviewed Mark Bennett, Director of the United States Geological Survey’s Vit-
ginia and West Virginia Water Science Center. These interviews focused on the potential risks associ-
ated with the contaminants in biosolids and industrial residuals; potential exposure methods; how well
federal and state regulations protect human health and the environment; and the relative risks of bio-
solids compared to other fertilizers, such as animal manures and chemical fertilizers.

Staff also interviewed three experts at Virginia Tech’s Cooperative Extension Office: Dr. Greg
Evanylo, Dr. W. Lee Daniels, and Dr. Tom Fox. These staff have researched the benefits of land
applying biosolids and industrial residuals. They also conduct product testing of industrial residuals
and Class A biosolids for VDACS.

Staff interviewed two nationally prominent opponents of land application: Dr. David Lewis and Dr.
Caroline Snyder.

Local governments

Interviews were conducted with three local governments that have local biosolids monitoring pro-
grams. Other local governments were contacted but did not respond to our requests for an interview.
Interview topics included the rationale for having a local monitoring program; the value a program
provides; responsibilities of the local monitor; costs associated with the program; the adequacy of
state reimbursement; adequacy of support provided by DEQ); and opinions of DEQ’s land application
compliance program.

Concerned citizens

JLARC staff interviewed 10 Virginia residents who are concerned about land application of biosolids
and industrial residuals (including individual interviews and a group interview). The interviews focused
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on their specific concerns, their opinions of the adequacy of state regulations, suggestions for im-
proving the land application program, and potential alternatives to land application. Staff also attended
a public meeting related to two land application permit requests. These research activities were part
of a larger effort to assess citizen concerns, which also included document reviews and quantitative
analysis.

Special interest groups

JLARC statf conducted interviews with six interest groups that represent various stakeholders, includ-
ing wastewater treatment plants, manufacturers, and farmers. The purpose of these interviews was to
understand their constituents’ perspectives on the land application of biosolids, the benefits of land
application, and their thoughts on DEQ’s compliance program. Groups interviewed include:

e Virginia Agribusiness Council,

e Virginia Association of Municipal Wastewater Agencies,

e Virginia Biosolids Council,

e Virginia Farm Bureau,

e Virginia Manufacturers Association, and

e National Association of Clean Water Agencies.

Site visits

JLARC staff conducted two day-long site visits to observe biosolids land applications. One of the
main goals of the site visits was to observe DEQ’s inspection process and talk with inspectors. Staff
were also able to view and smell different types of biosolids from several sources. Staff also visited a
biosolids storage facility.

Review of research literature and documents

JLARC staff conducted an extensive review of the research literature on the health and environment
effects of biosolids and industrial residuals. JLARC staff also reviewed several other documents re-
lated to land application of biosolids and industrial residuals program.

Literature review

JLARC staff reviewed more than 150 scientific research papers about the risks biosolids and industrial
residuals pose to human health and the environment and over 100 other papers and reports on the
risks and benefits of land applying these and other materials.

For risks from biosolids, most of the literature reviewed consisted of peer-reviewed articles published
in scientific journals. Staff identified the studies through searches of several online sources, including
Proquest, PubMed, and Google Scholar. Staff also searched four journals individually: Environmental
Health Perspectives, Journal of Exposure Science and Environmental Epidemiology, International Journal of Hygiene
and Environmental Health, and Journal of Environmental Quality. Using these sources, staff searched for

2 ¢

terms such as “biosolids,” “sewage sludge,” “human health,” and “public health” individually and in
combination. Staff also focused the search on studies published from 2014 to the present because
most relevant studies prior to 2014 were expected to be captured in 2014 and 2007 VDH literature

reviews. Approximately 50 percent of studies selected for review by JLARC staft were published since
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2014; the rest were published before 2014 and were included because they were recommended by
stakeholders or were related to key topics where there was limited recent research, such as risks from
aerosol exposure to pathogens. In addition to published articles, the review included government re-
ports, research presentations, opinion articles, student dissertations, and other pertinent literature.

For risks from industrial residuals, a majority of the literature reviewed consisted of peer-reviewed
articles published in scientific journals. The review also included government reports and VDACS
product reviews that were published by researchers with the Virginia Cooperative Extension at Vir-
ginia Tech. Literature was identified through online searches and discussions with VDACS.

JLARC staff reviewed literature on the health and environmental risks from other sources, such as
animal wastes and chemical fertilizers. JLARC staff also reviewed literature on the benefits of biosol-
ids and industrial residuals. In both cases, the literature reviewed consisted mainly of peer-reviewed
articles and government reports that were identified through online searches or discussions with re-
searchers and other stakeholders.

See Appendix G for a bibliography of the articles, reports, and other research included in the literature

review.

Document review

Numerous documents related to biosolids and industrial residuals were reviewed by JLARC staff dur-
ing the course of the study.

JLARC staff reviewed several notable summary evaluations and books, including:
e Review of Land Application of Biosolids in Virginia (2005 JLARC report);
o Science for Sale, by David L. Lewis, PhD; and
e Virginia Biosolids Expert Panel Report pursuant to HJR 694 (2007).

JLARC staff reviewed federal and state regulatory documents, including:

e Federal CFR 40 Part 503 Biosolids Rule;
e Code of Virginia, including the State Water Control Law (§ 62.1-44), Virginia Fertilizer Law
(§ 3.2-306) and the Virginia Agricultural Liming Materials Law (§ 3.2-37);

e Virginia Administrative Code, including sections for the State Water Control Board
(OVAC25) and the Department of Agriculture and Consumer Services (2VAC5);

e documents related to the development of current biosolids regulations (under 9VAC25);

e DEQ inspection reports, land application permits, and letters and notices for corrective ac-
tions;

e Jand applier daily notification and monthly reports to DEQ); and

e wastewater treatment plant reports to EPA and DEQ on biosolids, including annual biosol-
ids reports, routine metals test reports, biosolids leachate test reports, pretreatment pro-
gram plans, and odor control plans.

JLARC staff reviewed documents to help capture citizen concerns, including:

e citizen submissions to JLARC regarding risks associated with biosolids and industrial resid-
uals and other concerns,

e State Water Control Board meeting materials that include summaries of citizen concerns, and

e news articles and citizen blogs.
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Review of other states

JLARC staff researched land application programs in several states:
o (alifornia
e Maryland
e Michigan
e New Hampshire
e North Carolina
e Ohio
e Pennsylvania

States were selected based on their proximity to Virginia or their use of practices that are different
than Virginia. Maryland, North Carolina, and Pennsylvania are close to Virginia and relatively similar
agriculturally. California and New Hampshire were selected because they are among states with the
strictest biosolids regulations in the country. Michigan and Ohio were selected because they both re-
ceive delegation from the Environmental Protection Agency to enforce federal regulations.

For each state, JLARC staff collected information on the types of testing required, application and
notification requirements, permitting programs, and inspection programs. Information was collected
from state agency websites, reports, and phone interviews. Staff conducted phone interviews with
state agency employees in two of the states—Pennsylvania and Ohio—to obtain additional infor-
mation about their biosolids programs.

Quantitative analysis

JLARC staft analyzed data from DEQ and VDACS to calculate the amount and use of biosolids and
industrial residuals that are land applied in Virginia; assess and categorize citizen calls and complaints
about biosolids; and analyze permitting timeframes. JLARC staff worked with staff at the Virginia
Geographic Information Network (VGIN) to analyze data on the frequency of land application at
specific sites.

Analysis of tonnage data

JLARC staff analyzed data from DEQ and VDACS on the total amount (in tons) of biosolids and
industrial residuals that were land applied in Virginia in recent years. Staff compiled the data by type
of material to show how much was land applied in Virginia in fiscal year 2016 and which type of
materials were land applied most frequently. Fiscal year was used because VDACS collects tonnage
data on a fiscal year basis, whereas DEQ data is detailed enough to be grouped by either fiscal or
calendar year.

JLARC staff analyzed several other data sets related to biosolids and industrial residuals, including:
e amounts of sewage sludge disposed of through alternatives (incineration and landfilling);
e amounts of biosolids from in- and out-of-state sources;

e trends in biosolids land application over time, including historical changes in amounts ap-
plied and projection of future Class A biosolids use; and
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e amounts of biosolids and industrial residuals applied to Virginia farmland, as determined
using cropland data from the US Department of Agriculture’s National Agricultural Statis-
tics Survey and data on private pine plantations from the US Forest Service’s Forest Inven-
tory & Analysis database.

Mapping of land application sites and frequency

JLARC staff collected data on each land application event from 2014 to 2016 that occurred under
DEQ site restrictions. This data included date, county, permit number, field identification, material
source, material treatment type, and tonnage. JLARC staff analyzed this data to understand where
land application occurred and how frequently. The total tonnage and days of application were calcu-
lated per county and per field.

To better understand where land application occurred, particularly where land application occurred
more frequently, JLARC staff grouped fields into farms (6,050 fields were grouped into 1,357 farms).
Groupings were made based on permit number and field identification naming conventions. Staff
calculated the number of days of land application for each farm. JLARC staff noted farms receiving
over 14 days of land application per year.

Staff from VGIN analyzed geographic information system (GIS) data provided by DEQ. Staff
matched the GIS data for farms with frequent land application to Address Point and Building Foot-
print datasets to estimate the number of residences and businesses within 500 and 1,000 feet of the
land application sites. VGIN staff also reported census-block-level population and population density
estimates for areas where the farms were located.

Size of land application industry

JLARC staff estimated the size of the land application industry in terms of employment and revenues
generated. JLARC staff worked with the Virginia Biosolids Council (VBC) to obtain employment
information from the land appliers. Five of the eight private land applier companies in Virginia pro-
vided information through the council. JLARC staff extrapolated the data for the remaining three
companies to estimate total direct employment. Employment estimates did not account for employ-
ment by subcontractors, such as employment at the trucking companies that are often hired to haul
biosolids from wastewater treatment plants to application sites.

JLARC staff also estimated the annual revenues for the land application industry in Virginia. Revenues
were estimated by multiplying the dry tons of biosolids land applied from each wastewater treatment
plant by the estimated fees paid, per ton, by plants to private land appliers. Fees estimates were based
on the price per ton paid by eight treatment plants interviewed by JLARC staff. Fees paid by these
plants were used as a proxy for other plants. Revenue estimates did not account for any revenues that
land appliers receive from land applying industrial residuals, VDACS-certified Class A biosolids, or
other fertilizers and soil amendments.

Call and complaint data

JLARC staff collected and analyzed data on all biosolids calls and complaints made to DEQ from
March 2014 to December 2016. Staff reviewed calls and complaints to better understand the concerns
of citizens near land application sites. Staff categorized the data by citizens’ area of concern as well
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as by DEQ’s response. For example, in some cases DEQ provided information to concerned citizens,
and in some cases they inspected or investigated potential violations reported by citizens.

Additional research

The scope of research for this report was largely defined by the items in the study mandate. However,
one study mandate item was not pursued in detail and is not discussed in the report or its appendixes.
This item directed JLLARC to “evaluate the contractual relationships among Virginia localities and the
impacts of local agreements and decisions that could affect wastewater treatment and land application,
including septic tank pump out requirements.”

JLARC found that local contractual relationships do not have a substantial impact on the wastewater
treatment processes used by a plant or subsequent land application activities. There are two types of
local contractual relationships. First, a locality may pipe sewage to a neighboring locality’s wastewater
treatment facility under a contractual relationship. For example, Goochland County sends sewage to
Henrico County’s treatment plant and a portion of the City of Alexandria’s sewage is treated by the
Blue Plains plant in Washington, DC. Second, septage from one locality may be deposited at a treat-
ment plant in another locality. Septage is typically pumped and hauled by private companies. These
companies have certifications or agreements with one or more treatment plants that allow them to
deposit septage in the plant’s headworks. This septage often comes from locations outside of the
plant’s service area, such as rural areas in neighboring counties. The source of the material does not
impact the treatment process used by the plant or where biosolids resulting from treatment are applied.
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Appendix C: Citizen concerns about biosolids and industrial
residuals land application

Citizens have expressed a range of concerns about land application of biosolids and industrial resid-
uals. The most prominent concern raised by citizens is the potential health impacts of land application
on nearby residents. Other common concerns are odors, the effects of land application on water
quality, nearby property values, quality of life, and whether it is justifiable to dispose of urban waste
in rural communities. Several rural communities have created citizen groups to oppose land applica-
tion.

Citizens opposed to land application cited health concerns about the practice and
how it is regulated

JLARC staff interviewed ten citizens who are concerned about the land application of biosolids and
reviewed documentation that they submitted. Most of these citizens were concerned about the health
effects of biosolids on citizens living near land application sites. Many believe there is evidence that
biosolids are harmful to human health and that the state is either ignoring or discounting this evidence.
Several citizens said they have gotten sick from biosolids or know people in their community who
have gotten sick. Others expressed concerns that the state has no process to collect or analyze data
on citizen health problems caused by biosolids.

Citizens questioned aspects of DEQ’s regulatory program. For example, some citizens said there is
no scientific basis for the current setbacks in the regulations. Others felt the state’s process for notify-
ing residents of nearby land applications was flawed because it does not give people enough time to
request extended setbacks. For example, if a person buys a house near a biosolids site that has already
been permitted, they may not know that biosolids are applied nearby until signs are posted five days
before an application takes place.

Citizens indicated that the state is unresponsive to their concerns and they feel patronized by the
public hearing process. Citizens spend time preparing comments and compiling research for the public
hearings, but say that their remarks are summarized by DEQ instead of being provided in their entirety
to the State Water Control Board. Others stated that the rights of rural citizens are being ignored, and
several questioned whether the practice was even legal.

Citizens also questioned the effectiveness of DEQ’s oversight. They noted that DEQ staff have little
incentive to question or limit land application because the DEQ compliance program is funded by
land application fees, which some feel is a conflict of interest. They felt that DEQ oversight is insuf-
ficient to address the risks posed by land application and that the level of oversight has gone down
due to recent staff reductions within the compliance program. Some citizens felt that oversight is
inadequate because there is no post-application monitoring, such as routine testing of soil and water.
Others noted that additional and repeated testing of biosolids, soil, and water is needed to adequately
protect public health.
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Land application generates few calls or complaints statewide

As discussed in Chapter 3, most land applications occur under a DEQ permit. After a permit has
been approved, citizens can call DEQ or local monitors to report violations and voice concerns. The
vast majority of land applications occur without complaint. From 2014 to 2016, DEQ received 132
calls, or approximately one call for every 35 land applications that occurred.

The most frequently raised issue is odor. One-third of callers were concerned about offensive odors
from nearby applications. Offensive odors are commonly associated with biosolids, but are not against
federal or state regulations. In responding to these calls, DEQ inspectors typically found that the odor
was typical for the material, but in a few cases the smell was deemed “malodorous.” In a few cases,
inspectors found that animal manure was the likely cause of the odor complaint.

Fourteen percent of complaints were from people who were against the practice of land applying
biosolids in general. Most of these calls were made in response to notification signs being posted
regarding an upcoming biosolids land application. Citizens wanted to either share that they were op-
posed to the practice or ask more about the effect that biosolids and industrial residuals may have
on nearby residents. In most cases, DEQ staff shared information on the state regulations that were
in place to protect human health.

Another fourteen percent of calls pertained to water quality. Examples of water quality concerns
include citizens citing the potential for nutrient runoff into surface water and leaching into ground-
water and wells.

Thirteen percent of calls were reports of potential regulatory violations, such as improper storage or
application practices. Examples of improper practices include calls from citizens who believed mate-
rials were over-applied to a field, applied to frozen ground, applied too close to property lines, or
stored or stockpiled for too long,

Eight percent of callers reported either truck spills or tratfic accidents involving trucks delivering
biosolids and industrial residuals. DEQ inspectors or local authorities worked with land appliers to
ensure roads were cleaned and treated with lime when necessary. An additional seven percent of callers
reported track-out, which is when material is tracked onto public roads by truck tires. According to
state regulations, land appliers have until the end of the work day to remove track-out from roadways.

The remaining calls pertained to various concerns including complaints about the timing of land ap-
plication or the notification process. For eight percent of calls, no land application had taken place or
was scheduled to take place nearby.

Calls and complaints rarely uncovered violations. Only two calls resulted in inspectors finding a viola-
tion of state regulations that was corrected by DEQ. However, in eight other instances the farmer or
the land applier took some action to try and address the citizen’s concern. For example, one individual
called to express concern about the potential for runoff from biosolids into a stream on her property,
and in response the neighboring farmer agreed to increase the setback from her property.
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Appendix D: Timeline of Virginia’s major regulatory changes

and prior studies

FIGURE D-1

Virginia has a history of regulatory changes and studies of biosolids
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Appendix E: Summary of key regulatory requirements for
biosolids and industrial residuals

The regulatory requirements for biosolids and industrial residuals can differ depending on the class
and type of material. Table E-1 provides information on the key requirements for each type of mate-
rial: Class B biosolids, Class A biosolids, and industrial residuals.

TABLE E-1
Regulatory requirements for biosolids and industrial residuals
Applied Product
Regulatory under site NMP quality
Type of material agency restrictions required verified
Class B biosolids Cake, liquid DEQ Yes Yes Yes
Cake DEQ Yes? Yes Yes
Class A biosolids
Pelletized, composted DEQ/VDACS No No Yes
Paper mill sludge, food & beverage, DEQ Ves Ves Ves
other
Industrial residuals - -
Paper mill sludge, wood ash, synthetic VDACS No No Ves

gypsum, food & beverage, other

SOURCE: JLARC staff review of Virginia regulations and information provided by DEQ and VDACS.

NOTE: NMP = nutrient management plan

2Currently, most Class A cake material is applied in bulk and follows Class B site restrictions, even though this is not explicitly required in
the regulations. Site restrictions may not apply to some Class A cake biosolids in the near future. DEQ is currently working with one large
generator of Class A cake biosolids to reduce some site restrictions through the issuance of a distribution and marketing permit for the
material, which would also include VDACS regulation of the product. Reduced site restrictions may be applicable to other Class A cake
generators in the future.
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Appendix F: Frequency of pathogens in biosolids

TABLE F-1
Type and frequency of pathogens found in biosolids

Type Pathogen Related illness Frequency

Bacteria Campylobacter jejuni Food poisoning Rarely
Clostridium difficile Gastrointestinal illness Sometimes
Clostridium perfingens Food poisoning Frequently
E. coli 0157:H7 Gastrointestinal illness Rarely
Legionella Lung infection Sometimes
Listeria monocytogens Fever, gastrointestinal illness Rarely
Salmonella Food poisoning Sometimes
Shigella Gastrointestinal illness Rarely
Staphylococcus aureus Skin or lung infection Rarely
Yersinia enterocolitica Gastrointestinal illness Sometimes

Parasite Ascaris Round worm Rarely
Cryptosporidium Gastrointestinal illness Frequently
Giardia Gastrointestinal illness Frequently

Virus Adenovirus Common cold, pink eye Frequently
Aichi virus Gastrointestinal illness Rarely
Astrovirus Gastrointestinal illness Frequently
Bocavirus Gastrointestinal illness Frequently
Coronavirus Common cold Sometimes
Cosavirus Gastrointestinal illness Rarely
Coxsackievirus Respiratory illness, rash Rarely
Enterovirus Gastrointestinal illness Sometimes
Hepatitis A Gastrointestinal illness Rarely
Hepatitis C Liver infection Sometimes
Hepatitis E Liver infection Sometimes
Herpesvirus Sores Frequently
HIV Immunodeficiency Sometimes
HPV Warts, cancer Frequently
Klassevirus Gastrointestinal iliness Frequently
Norovirus Gastrointestinal illness Frequently
Parechovirus Fever, rash Sometimes
Parvovirus Fever, rash Rarely
Rhinovirus Common cold Sometimes
Rotavirus Gastrointestinal illness Frequently
Rubella virus Fever, rash Sometimes
Sapovirus Gastrointestinal illness Sometimes
T-lymph virus Muscle weakness, motor changes Rarely
TV Liver infection Frequently

SOURCES: Barbier 1990, Bibby 2013, Chapron 2000, Chauret 1999, Dahab 2002, Gantzer 2001, Garrec 2009, Hu 1996, Jones 2001, Parmar
2001, Pepper 2010, Rimhanen-Finne 2004, Rhodes 2015, Russin 2003, Sahlstrom 2004, Schwartzbrod 2005, Sidhu 2009, Simmons 2011,
Straub 1994, Van den Berg 2005, Viau 2009, Wong 2010, and Yanko 1988.

NOTE: Pathogens that were found in 0%-25% of biosolids samples are listed as rarely, pathogens found in 26%-75% of samples are
listed as sometimes, and pathogens found in 76%-100% of samples are listed as frequently.
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Appendix G: Literature review bibliography

Research articles on risks from biosolids

Amarakoon, Inoka, Annemieke Farenhorst, Karin Rose, Anne Claeys, and Bruna Ascef. 2016. “17
B-estradiol mineralization in human waste products and soil in the presence and the absence
of antimicrobials.” Journal of Environmental Science and Health, Part B 51(10): 655-660.

Amorés, 1., Y. Moreno, M. Reyes, L. Moreno-Mesonero, and J.L. Alonso. 2016. “Prevalence of
Cryptosporidium oocysts and Giardia cysts in raw and treated sewage sludges.” Environmental
Technology 37(22): 2898-904.

Andrade, Natasha, Nuria Lozano, Laura L. McConnell, Alba Torrents, Clifford P. Rice, and Mark
Ramirez. 2015. “Long-term trends of PBDE:s, triclosan, and triclocarban in biosolids from a
wastewater treatment plant in the Mid-Atlantic region of the US.” Journal of Hazardous Materi-
als 282: 68-74.

Apedaile, E. 2001. “A perspective on biosolids management.” Canadian Journal of Infectious Diseases
12(4): 202-204.

Armstrong, Dana L., Nuria Lozanoa, Clifford P. Rice, Mark Ramirez, and Alba Torrents. 2016.
“Temporal trends of perfluoroalkyl substances in limed biosolids from a large municipal wa-
ter resource recovery facility.” Journal of Environmental Management 165(January): 88-95.

Attanayake, Chammi P., Ganga M. Hettiarchchi, Sabine Martin, and Gary M. Pierzynski. 2015. “Po-
tential bioavailability of lead, arsenic, and polycyclic aromatic hydrocarbons in compost-
amended urban soils.” Journal of Environmental Quality 44: 930-944.

Baertsch, Carolina, Tania Paez-Rubio, Emily Viau, and Jordan Peccia. 2007. “Source Tracking Aero-
sols Released from Land-Applied Class B Biosolids during High-Wind Events.” Applied and
Environmental Microbiology 73(14): 4522-4531.

Bengtsson, Gunnar. 2015. “Metals Leak from Tilled Soil in a Century — A Review.” Journal of Agricul-
tural Science 7(12).

Bibby, K. and Jordan Peccia. 2013. "Identification of viral pathogen diversity in sewage sludge by
metagenome analysis." Environmental Science and Technology 47: 1945-1951.

Bibby, K., and Jordan Peccia. 2013. “Prevalence of respiratory adenovirus species B and C in sewage
sludge.” Environmental Science Processes & Impacts 15: 336-338.

Bofill-Mas, Silvia, Nestor Albinana-Gimenez, Pilar Clemente-Casares, Ayalkibet Hundesa, Jesus Ro-
driguez-Manzano, Annika Allard, Miquel Calvo, and Rosina Girones. 2006. “Quantification
and stability of human adenoviruses and polyomavirus JCPyV in wastewater matrices.” Ap-
plied and Environmental Microbiology 72(12): 7894-7896.

Bondarczuk, Kinga, Anna Markowicz, and Zofia Piotrowska-Seget. 2016. “The urgent need for risk
assessment on the antibiotic resistance spread via sewage sludge land application.” Environ-
ment International 87(February): 49-55.

Borgman, Oshri, and Benny Chefetz. 2013. “Combined effects of biosolids application and irriga-
tion with reclaimed wastewater on transport of pharmaceutical compounds in arable soils.”
Water Research 47(10): 3431-3443.

Commission draft
56



Appendixes

Brooks, John Paul. 2004. “Biological aerosols generated from the land application of biosolids: Mi-
crobial risk assessment.” Dissertation.

Brooks, J.P., B.D. Tanner, K.L.. Josephson, C.P. Gerba, C.N. Haas, and I.L.. Pepper. 2005. “A na-
tional study on the residential impact of biological aerosols from the land application of bio-
solids.” Journal of Applied Microbiology 99: 310-322.

Brooks, J.P., B.D. Tanner, K.L. Josephson, C.P. Gerba, C.N. Haas, and I.L. Pepper. 2005. “Estima-

tion of bioaerosol risk of infection to residents adjacent to a land applied biosolids site used
an empirically derived transport model.” Journal of Applied Microbiology 98: 397-405.

Brooks, J.P., B.D. Tanner, K.L. Josephson, C.P. Gerba, and L.L. Pepper. 2004. “Bioaerosols from
the land application of biosolids in the desert southwest USA.” Water Science and Technology
50(1): 7-12.

Brooks, J.P., B.D. Tanner, C.P. Gerba, and I.L.. Pepper. 2005. “The measurement of aerosolized en-
dotoxin from land application of Class B biosolids in Southeast Arizona.” Canadian Jonrnal of
Microbiology 52(2): 150-156.

Brooks, John P., Michael McLaughlin, Charles Gerba, and Ian Pepper. 2012. “Land Application of
Manure and Class B Biosolids: An Occupational and Public Quantitative Microbial Risk As-
sessment.” Journal of Environmental Quality 41: 2009-2023.

Campos, Maria Claudia, Luz Medina, Nancy Fuentes, and Gustavo Garcia. 2015. “Assessment of
indicators of fecal contamination in soils treated with biosolids for growing grasses.” Unzver-
sitas Scientiarum: 217-227.

Chapron, C. D., N.A. Ballester, and A.B. Margolin. 2000. “The detection of astrovirus in sludge bio-
solids using an integrated cell culture nester PCR technique.” Journal of Applied Microbiology 89:
11-15.

Chauret, Christian, Susan Springthorpe, and Syed Sattar. 1999. “Fate of Cryptosporidium occysts,
Giardia cysts, and microbial indicators during wastewater treatment and anaerobic sludge di-
gestion.” Canadian Journal of Microbiology 45: 257-262.

Chen, Chaoqi, and Kang Xia. 2017. “Fate of Land Applied Emerging Organic Contaminants in
Waste Materials.” Current Pollution Reports 3(1), 38-54.

Chen, Jing, Benny F.G. Pycke, Bruce J. Brownawell, Chad A. Kinney, Edward T. Furlong, Dana W.
Kolpin, and Rolf U. Halden. 2017. “Occurrence, temporal variation, and estrogenic burden

of five parabens in sewage sludge collected across the United States.” Science of The Total Envi-
ronment 593-594(September): 368-374.

Chen, Q.X. An, H. Li, J. Su, Y. Ma, and Y.G. Zhu. 2016. “Long-term field application of sewage
sludge increases the abundance of antibiotic resistance genes in soil.” Environment International
92-93: 1-10.

Chen, Feng, Guang-Guo Ying, Yi-Bing Ma, Zhi-Feng Chen, Hua-Jie Lai, and Feng-Jiao Peng. 2014.
“Field dissipation and risk assessment of typical personal care products TCC, TCS, AHTN
and HHCB in biosolid-amended soils.” Science of The Total Environment 470-471(February):
1078-1086.

Clarke, Bradley O., and Stephen R. Smith. 2011. “Review of ‘emerging’ organic contaminants in bio-
solids and assessment of international research priorities for the agricultural use of biosol-
ids.” Environment International 37: 226-247.

Commission draft
57



Appendixes

Clarke, Rachel, Dara Peyton, Mark Healy, Owen Fenton, and Enda Cummins. 2017. “A quantitative
microbial risk assessment model for total coliforms and E. coli in surface runoff following
application of biosolids to grassland.” Environmental Pollution 224(May): 739-750.

Clarke, Rachel, Mark Healy, Owen Fenton, and Enda Cummins. 2016a. “A quantitative risk ranking
model to evaluate emerging organic contaminants in biosolid amended land and potential
transport to drinking water.” Human and Ecological Risk Assessment 22(4): 958. [author version]

Clarke, Rachel, Dara Peyton, Mark Healy, Owen Fenton, and Enda Cummins. 2016b. “A quantita-

tive risk assessment for metals in surface water following the application of biosolids to
grassland.” Scence of the Total Environment 566-567: 102-12.

Codling, Eton. 2014. “Long-Term Effects of Biosolid-Amended Soils on Phosphorus, Copper,
Manganese, and Zinc Uptake by Wheat.” Soi/ Science 179(1): 21-27.

Cook, K.I.., A. M. P. Netthisinghe, and R. A. Gilfillen. 2014. “Detection of Pathogens, Indicators,
and Antibiotic Resistance Genes after Land Application of Poultry Litter.” Journal of Environ-
mental Quality 43: 1546-1558.

Corréa Martins, Maria Nilza, Victor Ventura de Souza, and Tatiana da Silva Souza. 2016. “Geno-
toxic and mutagenic effects of sewage sludge on higher plants.” Ecotoxicology and Environmen-

tal Safety 124(February): 489-496.

Davis, Elizabeth F., Claudia K. Gunsch, and Heather M. Stapleton. 2015. “Fate of flame retardants
and the antimicrobial agent triclosan in planted and unplanted biosolid-amended soils.” Eznvi-
ronmental Toxicology and Chemistry 34(5): 968-976.

Dahab, M. F., and R. Y. Surampalli. 2002. “Effects of aecrobic and anaerobic digestion systems on
pathogen and pathogen indicator reduction in municipal sludge.” Water Science and Technology
46(10): 181-187.

Domingo, J.L., and M. Nadal. 2009. “Domestic waste composting facilities: A review of human
health risks.” Environmental International 35: 382-389.

Dorn, C. Richard, Chada S. Reddy, David N. Lamphere, John V. Gaeuman, and Richard Lanese.
1985. “Municipal Sewage Sludge Application on Ohio Farms: Health Effects.” Environmental
Research 38: 332-359.

Dowd, Scot E., Charles P. Gerba, Ian L. Pepper, and Suresh D. Pillai. 2009. “Bioaerosol Transport
Modeling and Risk Assessment in Relation to Biosolid Placement.” Journal of Environmental
Question 29(1): 343-348.

Eisenberg, Joseph N.S., Jeffrey A. Soller, James Scott, Don M. Eisenberg, and John M. Colford, Jr.
2004. “A Dynamic Model to Assess Microbial Health Risks Associated with Beneficial Uses
of Biosolids.” Risk Analysis 24(1): 221-230.

Eisenberg, Joseph, Kelly Moore, Jeffery Soller, Don Eisenberg, and John Colford Jr. 2008. “Micro-
bial Risk Assessment Framework for Exposure to Amended Sludge Projects.” Environmental
Health Perspectives 116(6): 727-733.

Fu, Qiuguo, Edmond Sanganyado, Qingfu Ye, and Jay Gan. 2016. “Meta-analysis of biosolid effects
on persistence of triclosan and triclocarban in soil.” Environmental Pollution 210(March): 137-44.

Gale, P. 2005. “Land application of treated sewage sludge: quantifying pathogen risk from consump-
tion of crops.” Journal of Applied Microbiology 98: 380-396.

Commission draft
58



Appendixes

Gale, P., and G. Stanfield. 2001. “Towards a quantitative risk assessment for BSE in sewage sludge.”
Journal of Applied Microbiology 91: 563-569.

Gantzer, C., P. Gaspard, L. Galvez, A. Huyard, N. Dumouthier, and J. Schwartzbrod. 2001. “Moni-
toring of bacterial and parasitological contamination during various treatment of sludge.”
Water Research 35(16): 3763-3770.

Garrec, N, F. Picard-Bonnaud, and A.M. Pourcher. 2003. Occurrence of Listeria sp. And L. mono-
cytogenes in sewage sludge used for land application: effect of dewatering, liming and stor-
age in tank on survival of Listeria species. FEMS Immunology and Medical Microbiology 35: 275-
283.

Gerba, C.P., LL. Pepper, and L.F. Whitehead. 2002. “A risk assessment of emerging pathogens of
concern in the land application of biosolids.” Water Science and Technology 46(10): 225-30.

Gerba, Charles P., and James E. Smith, Jr. 2005. “Sources of Pathogenic Microorganisms and Their
Fate during Land Application of Wastes.” Journal of Environmental Quality 34(1): 42-48.

Godfree, Alan, and Joseph Farrell. 2005. “Processes for Managing Pathogens.” Journal of Environmen-
tal Quality 34(1): 105-113.

Gondim-Porto C., L. Platero, I. Nadal, F. Navarro-Garcia. 2016. “Fate of classical faecal bacterial
markers and ampicillin-resistant bacteria in agricultural soils under Mediterranean climate af-
ter urban sludge amendment.” Sczence of the Total Environment 565: 200-10.

Gottschall, N., E. Topp, M. Edwards, M. Payne, S. Kleywegt, and D.R. Lapena. 2017. “Brominated
flame retardants and perfluoroalkyl acids in groundwater, tile drainage, soil, and crop grain
following a high application of municipal biosolids to a field.” Seience of the Total Environment
574(January): 1345-1359.

Gottschall, N., Topp, E., Metcalfe, C., Edwards, M., Payne, M., Kleywegt, S., Russell, P., and Lapen,
D.R. 2012. “Pharmaceutical and personal care products in groundwater subsurface drainage,
soil, and wheat grain, following a high single application of municipal biosolids to a field.”
Chemosphere 87(2): 194-203.

Graczyk, Thaddeus K., Frances E. Lucy, Leena Tamang, and Allen Miraflor. 2007. “Human Entero-
pathogen Load in Activated Sewage Sludge and Corresponding Sewage Sludge End Prod-
ucts.” Applied and Environmental Microbiology 73(6): 2013-2015.

Gray, James, Thomas Borch, Edward Furlong, Jessica Davis, Tracy Yager, Yun-Ya Yang, and Dana
Kolpin. 2017. “Rainfall-runoff of anthropogenic waste indicators from agricultural fields ap-
plied with municipal biosolids.” Science of the Total Environment 580: 83-89.

Grotto, Denise, Bruno L. Batista, Juliana M. Souza, Maria F. Carneiro, and Diego Dos Santos. 2015.
“Essential and Nonessential Element Translocation in Corn Cultivated Under Sewage
Sludge Application and Associated Health Risk.” Water, Air, and Soil Pollution 226(8): 260-
269.

Harder, Robin, Sara Heimersson, Magdalena Svanstrom, and Gregory M. Peters. 2014. “Including
Pathogen Risk in Life Cycle Assessment of Wastewater Management. 1. Estimating the Bur-
den of Disease Associated with Pathogens.” Environmental Science and Technology 48(16): 9438-
9445,

Harrison, Ellen Z., and Summer Rayne Oaks. 2002. “Investigation of Alleged Health Incidents As-
sociates with Land Application of Sewage Sludges.” New Solutions 12(4): 387-408.

Commission draft
59



Appendixes

Harrison, Ellen Z., Murray B. McBride, and David R. Bouldin. 1999. “Land application of sewage
sludges: an appraisal of the US regulations.” Int. |. Environment and Pollution 11(1): 1-36.

Heimersson, Sara, Robin Harder, Gregory M. Peters, and Magdalena Svanstrém. 2014. “Including
Pathogen Risk in Life Cycle Assessment of Wastewater Management. 2. Quantitative com-

parison of pathogen risk to other impacts on human health.” Environmental Science and Technol-
0gy 48(16): 9446-9453.

Hemmerling, John, Michale Mashtare, and Linda S. Lee. 2014. “Evaluating Contaminants of Emerg-
ing Concern in Commercial Biosolid-based Fertilizers.” Unpublished manuscript. Abstract
only.

Hinckley, Glen T., Christopher J. Johnson, Kurt H. Jacobson, Christian Bartholomay, Katherine D.
McMahon, Debbie McKenzie, Judd M. Aiken, and Joel A. Pedersen. 2008. “Persistence of

Pathogenic Prion Protein during Simulated Wastewater Treatment Processes.” Environ. Sci.
Technol 42: 5254-5259.

Hu, C. J., R. A. Gibbs, N. R. Mort, H. T. Hoftstede, G. E. Ho, and I. Unkovich. 1996. “Giardia and
its implications for sludge disposal.” Water Science & Technology 34(7-8): 179-186.

Khuder, Sadik, Sheryl Milz, Michael Bisesi, Robert Vincent, Wendy McNulty, and Kevin Czajkow-
ski. 2007. “Health Survey of Residents Living Near Farm Fields Permitted to Receive Biosol-
ids.” Archives of Environmental & Occupational Health 62(1).

Koupaie, Hosseini E., and C. Eskicioglu. 2015. “Health risk assessment of heavy metals through the
consumption of food crops fertilized by biosolids: A probabilistic-based analysis.” Journal of
Hazardous Materials 300: 855-865.

Krzyzanowski Jr, Flavio, Marcelo de Souza Lauretto, Adelaide Céssia Nardocci, Maria Inés Zanoli
Sato, and Maria Tereza Pepe Razzolini. 20106. “Assessing the probability of infection by Sal-
monella due to sewage sludge use in agriculture under several exposure scenarios for crops

and soil ingestion.” Sczence of The Total Environment 568(October): 66-74.

Kumar, Arun, Kelvin Wong, and Irene Xagoraraki. 2012. “Effect of Detection Methods of Risk Es-
timates of Exposure to Biosolids-Associated Human Enteric Viruses.” Risk Analysis 32(5):
916-929.

Kwon, Soon-Ik, Yeon-A Jang, Gary Owens, Min-Kyeong Kim, Goo-Bok Jung, Seung-Chang Hong,
Mi-Jin Chae, and Kwon-Rae Kim. 2014. “Long-term assessment of the environmental fate

of heavy metals in agricultural soil after cessation of organic waste treatments.” Environmental
Geochemistry and Health 36(3): 409-419.

Langdon, Kate, Michael S.T.]. Warne, Ronald J. Smernik, Ali Shareef, and Rai S. Kookana. 2014.
“Persistence of Estrogenic Activity in Soils Following Land Application of Biosolids.” Envi-
ronmental Toxicology and Chemistry 33(1): 26-28.

Lea, Richard G., Maria R. Amezaga, Benoit Loup, Béatrice Mandon-Pépin, Agnes Stefansdottir,
Panagiotis Filis, Carol Kyle, Zulin Zhang, Ceri Allen, Laura Purdie, Luc Jouneau, Corinne
Cotinot, Stewart M. Rhind, Kevin D. Sinclair, and Paul A. Fowler. 2016. “The fetal ovary ex-
hibits temporal sensitivity to a ‘real-life’ mixture of environmental chemicals.” Scientific Re-
ports.

Commission draft
60



Appendixes

Lewis, David L., David Gattie, Marc Novak, Susan Sanchez, and Charles Pumphrey. 2002. “Interac-
tions of pathogens and irritant chemicals in land applied sewage sludges (biosolids).” BMC
Public Health 2(11).

Lindstrom, Andrew B., Mark J. Strynar, Amy D. Delinsky, Shoji F. Nakayama, Larry McMillan, E.
Laurence Libelo, Michael Neill, and Lee Thomas. 2011. “Application of WWTP biosolids
and resulting perfluorinated compound contamination of surface and well water in Decatur,
Alabama, USA.” Environmental Science & Technology 45(19): 8015-8021.

Liu, Hong-tao. 2016. “Achilles heel of environmental risk from recycling of sludge to soil as amend-
ment: A summary in recent ten years (2007-2016).” Waste Management 56(October): 575-583.

Low, Swee Yang, Tania Paez-Rubio, Carolina Baertsch, Matthew Kucharski, and Jordan Peccia.
2007. “Oft-Site Exposure to Respirable Aerosols Produced during the Disk-Incorporation
of Class B Biosolids.” Journal of Environmental Engineering: 987-994.

Lowman, Amy, Mary Anne McDonald, Steve Wing, and Nacema Muhammad. 2013. “Land Applica-
tion of Treated Sewage Sludge: Community Health and Environmental Justice.” Environmen-
tal Health Perspectives 121(5): 537-542.

Lu, Qin, Zhenli L. He, and Peter J. Stoffella. 2012. “Land Application of Biosolids in the USA: A
Review.” Applied and Environmental Soil Science.

Margui, E., M. Iglesias, F. Camps, L. Sala, and M. Hidalgo. 2016. “Long-term use of biosolids as ot-
ganic fertilizers in agricultural soils: potentially toxic elements occurrence and mobility.” En-
vironmental Science and Pollution Research 23(5): 4454.

Mathews, Shiny, Shannon Henderson, and Dawn Reinhold. 2014. “Uptake and accumulation of an-
timicrobials, triclocarban and triclosan, by food crops in a hydroponic system.” Environmental
Sczence and Pollution Research International 21(9): 6025-33.

Mathews, Shiny, and Dawn Reinhold. 2013. “Biosolid-borne tetracyclines and sulfonamides in
plants.” Environmental Science and Pollution Research 20: 4327-4338.

Mcftarland, Michael J., Karthik Kumarsamy, Robert Brobst, Alan Hais, and Mark Schmitz. 2012.
“Groundwater Quality Protection at Biosolids Land Application Sites.” Water Research 46(18):
5963-59069.

Meng, Xiang-Zhou, Ying Wang, Nan Xiang, Ling Chen, Zhigang Liu, Bing Wu, Xiaohu Dai, Yun-
Hui Zhang, Zhiyong Xie, Ralf Ebinghaus. 2014. “Flow of sewage sludge-borne phthalate es-
ters (PAEs) from human release to human intake: Implication for risk assessment of sludge
applied to soil.”” Science of The Total Environment 476-477(April): 242-249.

Miles, Syreeta L., Kazue Takizawa, Charles P. Gerba, and lan L. Pepper. 2011. Journal of Environnen-
tal Science and Health Part A 46: 364-370.

Munir, Mariya, and Irene Xagoraraki. 2011. “Levels of Antibiotic Resistance Genes in Manure, Bio-
solids, and Fertilized Soil.” Journal of Environmental Quality 40: 248-255.

O’Connor, G.A., HA. Elliott, N.T. Basta, R.K. Bastain, G.M. Pierzynski, R.C. Sims, and J.E. Smith,
Jr. 2005. “Sustainable Land Application: An Overview.” Journal of Environmental Quality 34(1):
7-17.

Commission draft
61



Appendixes

Oun, Amira, Arun Kumar, Timothy Harrigan, Andreas Angelakis, and Irene Xagoraraki. 2014. “Ef-
fects of Biosolids and Manure Application on Microbial Water Quality in Rural Areas in the
US.” Water 6(12): 3701-3723.

Paez-Rubio, Tania. 2006. “Quantification of airborne biological and metals contaminants associated
with land applied Class B biosolids.” Journal of Environmental Quality 37: S-58-S-67.

Pacez-Rubio, Tania, Abel Ramarui, Jeffrey Sommer, Hua Xin, James Anderson, and Jordan Peccia.
2007. “Emission Rates and Characterization of Aerosols Produced During the Spreading of
Dewatered Class B Biosolids.” Environmental Science and Technology 41: 3537-3544.

Paez-Rubio, Tania, Xin Hua, James Anderson, and Jordan Peccia. 20006. “Particulate matter compo-
sition and emission rates from the disk incorporation of class B biosolids into soil.” _A#os-
pheric Environment 40(20006): 7034-7045.

Parmar, Nagine, Ajay Singh, and Owen P. Ward. 2001. “Characterization of the combined effects of

enzyme, pH and temperature treatments for removal of pathogens from sewage sludge.”
World Journal of Microbiology & Biotechnology 17: 169-172.

Peccia, Jordan, and Paul Westerhoff. 2015. “We Should Expect More Out of Our Sewage Sludge.”
Environmental Science and Technology 49: 8271-8276.

Pepper, Ian L., Huruy Zerzghi, John P. Brooks, and Chatrles P. Gerba. 2008. “Sustainability of Land
Application of Class B Biosolids.”

Pepper, Ian L., John P. Brooks, and Chatles P. Gerba. 2006. “Pathogens in Biosolids.” .Advances in
Agronomy 90: 1-41.

Pepper, Ian L., John P. Brooks, Ryan G. Sinclair, Patrick L. Gurian, and Chatles P. Gerba. 2010.
“Pathogens and indicators in United States Class B biosolids: National and historic distribu-
tions.” Journal of Environmental Quality 39: 2185-2190.

Pillai, Suresh D. 2007. “Bioaerosols from Land-Applied Biosolids: Issues and Needs.” Water Environ-
ment Research 79(3): 270-278.

Prosser, R.S., and P.K. Sibley. 2015. “Human health risk assessment of pharmaceuticals and per-
sonal care products in plant tissue due to biosolids and manure amendments, and wastewater
irrigation.” Environment International 75(February): 223-233.

Prosser R.S., and PK Sibley. 2015. “Response to the comments on ‘Human health risk assessment of
pharmaceuticals and personal care products in plant tissue due to biosolids and manure
amendments, and wastewater irrigation’.” Environment International 84(November): 209-12.

Puckowski, Alan, Katarzyna Mioduszewska, Paulina Y.ukaszewicz, Marta Borecka, Magda Caban, Jo-
anna Maszkowska, and Piotr Stepnowski. 2016. “Bioaccumulation and analytics of pharma-

ceutical residues in the environment: A review.” Journal of Pharmaceutical and Biomedical Analysis
127: 232-255.

Pycke, Benny, Isaac B. Roll, Bruce J. Brownawell, Chad A. Kinney, Edward T. Furlong, Dana W.
Kolpin, and Rolf U. Halden. 2014. “Transformation Products and Human Metabolites of
Triclocarban and Triclosan in Sewage Sludge Across the United States.” Science & Technology.

Qu, X., Y. Zhao, R. Yu, Y. Li, C. Falzone, G. Smith, and K. Tkehata. 2016. “Health Effects Associ-
ated with Wastewater Treatment, Reuse, and Disposal.” Water Environmental Research 88(10):
1823-1855.

Commission draft
62



Appendixes

Renner, Rebecca. 2008. “Getting a Handle on Biosolids: New Model Estimates Microbial Exposure
Risk.” Environmental Health Perspectives 116(6): A 258.

Rhodes, Eric R., Laura A. Boczekb, Michael W. Warea, Mary McKaya, Jill M. Hoelleb, Mary
Schoena, and Eric N. Villegasa. 2015. “Determining Pathogen and Indicator Levels in Class
B Municipal Organic Residuals Used for Land Application.” Journal of Environmental Quality
44(1): 265-274.

Rimhanen-Finne, R., A. Vuorinen, S. Marmo, S. Malmberg, And M.-L. Hanninen. 2004. “Compara-
tive analysis of Cryptosporidium, Giardia and indicator bacteria during sewage sludge hy-
gienization in various composting processes.” Letters in Applied Microbiology 38: 301-305.

Rusin, Patricia A., Sheri L. Maxwell, John P. Brooks, Chatles P. Gerba, and Ian L. Pepper. 2003.
“Evidence for the Absence of Staphylococcus aureus in Land Applied Biosolids.” Enzvron-
mental Science and Technology 37: 4027-4030.

Sabourin, Lyne, Peter Duenk, Shelly Bonte-Gelok, Michael Payne, David Lapen, and Edward Topp.
2012. “Uptake of pharmaceuticals, hormones and parabens into vegetables grown in soil fer
tilized with municipal biosolids.” Science of the Total Environment 431(0): 233-236.

Sanderson, Haley, Colin Fricker, R. Stephen Brown, Anna Majury, and Steven N. Liss. 2016. “Anti-

biotic resistance genes as an emerging environmental contaminant.” Environmental Reviews
24(2): 205-218.

Schwartzbrod, L., and C. Mathieu. 1986. “Virus recovery from wastewater treatment plant sludges.”
Water Research 20(8): 1011-1013.

Seiple, Timothy, Andre Coleman, and Richard Skaggs. 2017. “Municipal Wastewater Sludge as a Sus-
tainable Bioresource in the United States.” Journal of Environmental Management 197: 673-680.

Shargil, Dorit, Zev Gerstl, Pinchas Fine, Ido Nitsan, and Daniel Kurtzman. 2015. “Impact of biosol-

ids and wastewater effluent application to agricultural land on steroidal hormone content in
lettuce plants.” Science of The Total Environment 505: 357-3066.

Sherburne, Jessica, Amanda M. Anaya, Kim J. Fernie, Jennifer S. Forbey, Edward T. Furlong, Dana
W. Kolpin, Alfred M. Dufty, and Chad A. Kinney. 2016. “Occurrence of Triclocarban and
Triclosan in an Agro-ecosystem Following Application of Biosolids.” Environmental Science and
Technology 50(24): 13206-13214.

Sidhu, Jatinder P.S., and Simon G. Toze. 2009. “Human pathogens and their indicators in biosolids:
A literature review.” Environment International 35: 187-201.

Simmons, Frederick James, and Irene Xagoraraki. 2011. “Release of infectious human enteric viruses
by full-scale wastewater utilities.” Water Research 45: 3590-3598.

Straub, T.M., LL. Pepper, and C.P. Gerba. 1993. “Hazards from pathogenic microorganisms in land-
disposed sewage sludge.” Review of Environmental Contamination and Toxicology 132: 55-91.

Tanner, Benjamin Dennis. 2004. “Aerosolization of microorganisms and risk of infection from reuse
of wastewater residuals.” Dissertation.

Tanner, Benjamin, John Brooks, Chatles Gerba, Charles Haas, Karen Josephson, and Ian Pepper.
2008. “Estimated Occupational Risk from Bioaerosols Generated during Land Application
of Class B Biosolids.” Journal of Environmental Quality 37: 2311-2321.

Commission draft
63



Appendixes

Teng, Jingjie, Arun Kumar, Patrick L. Gurian, and Mira S. Olson. 2013. “A Spreadsheet-Based Site
Specific Risk Assessment Tool for Land-Applied Biosolids.” The Open Environmental Engineer-
ing Journal 6: 7-13.

Tozzoli, R., I. Di Bartolo, F. Gigliucci, G. Brambilla, M. Monini, E. Vignolo, A. Caprioli, and S. Mo-
rabito. 2016. “Pathogenic Escherichia coli and enteric viruses in biosolids and related top
soil improvers in Italy.” Journal of Applied Microbiology 122: 239-247.

Udeigwea, Theophilus K., Jasper M. Teboh, Peter N. Eze, M. Hashem Stietiya, Vipan Kumar, James
Hendrix, Henry J. Mascagni Jr., Teng Ying, and Tarek Kandakji. 2015. “Implications of lead-
ing crop production practices on environmental quality and human health.” Journal of Envi-
ronmental Management 151 (March): 267-279. [author version]

Um, M.M., O. Barraud, M. Kérourédan, M. Gaschet, T. Stalder, E. Oswald, C. Dagot, M.C. Ploy, H.
Brugere, and D. Bibbal. 2016. “Comparison of the incidence of pathogenic and antibiotic-

resistant Escherichia coli strains in adult cattle and veal calf slaughterhouse effluents high-
lighted different risks for public health.” Water Research 88: 30-8.

Van den Berg, Harold, Willemijn Lodder, Wim van der Poel, Harry Vennema, and Ana Maria de
Roda Husman. 2005. “Genetic diversity of noroviruses in raw and treated sewage water.”
Microbiology 156: 532-540.

Venkatesan, A.K., H.Y. Done, R.U. Halden. 2015. “United States National Sewage Sludge Reposi-
tory at Arizona State University — a new resource and research tool for environmental scien-
tists, engineers, and epidemiologists.” Environmental Science and Pollution Research Int.

Venkatesan, Arjun, and Rolf Halden. 2014. “Wastewater treatment plants as chemical observatories
to forecast ecological and human health risks of manmade chemicals.” National Library of
Medicine. Scientific Reports 4(January): 3731.

Venkatesan, Arjun, and Rolf Halden. 2014. “Loss and in situ production of perfluoroalkyl chemicals
in outdoor biosolids — soil mesocosms.” Environmental Research 132(July): 321-327.

Venkatesan, Arjun, and Rolf Halden. 2014. “Brominated flame retardants in U.S. biosolids from the
EPA national sewage sludge survey and chemical persistence in outdoor soil mesocosms.”

Water Research 55(May): 133-142.

Venkatesan, Arjun, and Rolf Halden. 2013. “National inventory of perfluoroalkyl substances in ar-
chived U.S. biosolids from the 2001 EPA National Sewage Sludge Survey.” Journal of Hazard-
ous Materials 252-253(May): 413-418.

Verlicchi, P., and E. Zambello. 2015. “Pharmaceuticals and personal care products in untreated and
treated sewage sludge: Occurrence and environmental risk in the case of application on soil —
A critical review.” Science of the Total Environment 538: 750-767.

Verslycke, T., D.B. Mayfield, J.A. Tabony, M. Capdevielle, B. Slezak. 2016. “Human health risk as-
sessment of triclosan in land-applied biosolids.” Environmental Toxicology and Chenristry 35(9):
2358-67.

Viau, Emily Jan. 2009. “Human Pathogenic and Lung Inflaimmatory Aerosol Exposures Associated
with the Lland Application of Biosolids.” Dissertation.

Viau, Emily, and Jordan Peccia. 2009. “Survey of Wastewater Indicators and Human Pathogen Ge-
nomes in Biosolids Produced by Class A and Class B Stabilization Treatments.” Applied and
Environmental Microbiology 75(1): 164-174.

Commission draft
64



Appendixes

Viau, Emily, Francesca Levi-Schaffer, and Jordan Peccia. 2010. “Respiratory Toxicity and Inflamma-
tory Response in Human Bronchial Epithelial Cells Exposed to Biosolids, Animal Manure,
and Agricultural Soil Particulate Matter.” Environmental Science and Technology 44: 3142-3148.

Viau, Emily, Kyle Bibby, Tania Paez-Rubio, and Jordan Peccia. 2011. “Toward a consensus view on
the infectious risks associated with land application of sewage sludge.” Environmental Science

and Technology 45: 5459-5469.

Wagner, Chad, Sharon A. Fitzgerald, Kristen Bukowski McSwain, Stephen L. Harden, Laura N.
Gurley, and Shane W. Rogers. 2014. “Effect of land-applied biosolids on surface-water nu-
trient yields and groundwater quality in Orange County, North Carolina.” USGS Scientific
Investigations Report 2014-5240.

Walters, Evelyn, Kristin McClellan, and Rolf U. Halden. 2010. “Occurrence and loss over three
years of 72 pharmaceuticals and personal care products from biosolids — soil mixtures in
outdoor mesocosms.” Water Research 44: 6011-6020.

Wen, Bei, Honga Zhang, Longfei Li, Ziaoyu Hu, Yu Liu, Xiao-quan Shan, and Shuzhen Zhang.
2015. “Bioavailability of perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid
(PFOA) in biosolids-amended soils to earthworms (Eisenia fetida).” Chemosphere 118(2015):
361-3606.

Westrell, T., C. Schnénning, T.A. Stenstrom, and N.J. Ashbolt. 2004. “QMRA (quantitative micro-
bial risk assessment” and HACCP (hazard analysis and critical control points) for manage-
ment of pathogens in wastewater and sewage sludge treatment and reuse.” Water Science Tech-

nology 50(2): 23-30.

Wong, Kelvin, Brandon M. Onan, and Irene Xagoraraki. 2010. “Quantification of Enteric Viruses,
Pathogen Indicators, and Salmonella Bacteria in Class B Anaerobically Digested Biosolids by
Culture and Molecular Methods.” Applied and Environmental Microbiology 76(19): 6441-6448.

Wu, Chenxi, Alison Spongberg, Jason Witter, and B.B. Sridhar. 2012. “Transfer of wastewater asso-
ciated pharmaceuticals and personal care products to crop plants from biosolids treated
soil.”

Wu, Xiaoqin, L. Dodgen, Jeremy Conkle, and Jay Gan. 2015 “Plant uptake of pharmaceutical and
personal care products from recycled water and biosolids: a review.” Science of the Total Envi-
ronment 536: 655-66.

Xue, Jianming, Mark O. Kimberley, Craig Ross, Gerty Gielen, Louis A. Tremblay, Olivier Cham-
peau, Jacqui Horswell, and Hailong Wang. 2015. “Ecological impacts of long-term applica-
tion of biosolids to a radiata pine plantation.” Science of the Total Environment 530-531: 233-
240.

Yager, Tracey J.B., James G. Crock, David B. Smith, Edward T. Furlong, Philip .. Hageman, Wil-
liam T. Foreman, James L. Gray, and Rhiannon C. ReVello. 2013. “Effects of Surface Appli-
cations of Biosolids on Groundwater Quality and Trace-Element Concentrations in Crops
near Dear Trail, Colorado, 2004-2010.” U.S. Geological Survey Scientific Investigations Report.

Yager, T.].B., E.T. Furlong, D.W. Kolpin, C.A. Kinney, S.D. Zaugg, and M.R. Burkhardt. 2014.
“Dissipation of contaminants of emerging concern in biosolids applied to nonirrigated farm-
land in eastern Colorado.” Journal of the American Water Resources Association 50(2): 343-357.

Commission draft
65



Appendixes

Yang, Lu, Longhua Wu, Wuxing Liu, Yujuan Huang, and Yongming Luo. 2016. “Dissipation of an-
tibiotics in three different agricultural soils after repeated application of biosolids.” Environ-
mental Science and Pollution Research International.

Yanko, William A. 1998. “Occurrence of pathogens in distribution and marketing municipal
sludges.” United States Environmental Protection Agency.

Yergeau, E., L. Masson, M. Elias, S. Xiang, E. Madey, H. Huang, B. Brooks, and L.A. Beaudette.
2016. “Comparison of Methods to Identify Pathogens and Associated Virulence Functional

Genes in Biosolids from Two Different Wastewater Treatment Facilities in Canada.” PLoS
One 11(4): e0153554.

Yu, Xiaohua, Jingchuan Xue, Hong Yao, Qian Wu, Arjun K. Venkatesan, Rolf U. Halden, and Ku-
runthachalam Kannan. 2015. “Occurrence and estrogenic potency of eight bisphenol analogs

in sewage sludge from the U.S. EPA targeted national sewage sludge survey.” Journal of Haz-
ardous Materials 299: 733-739.

Ziemba, Chris, Wulin Yang, and Jordan Peccia. 2013. “Modeling human off-site acrosol exposures
to polybrominated flame retardants emitted during the land application of sewage sludge.”
Environment International 60: 232-241.

Research articles on risks from industrial residuals

Abdullah, Rosazlin, Che Fauziah Ishak, Wan Rasidah Kadir, and Rosenani Abu Bakar. 2015. “Char-
acterization and Feasibility Assessment of Recycled Paper Mill Sludges for L.and Application

in Relation to the Environment.” International Journal of Environmental Research and Public Health
12: 9314-9329.

Briggs, Christian W. Briggs, Rebekka Fine, Melissa Markee, and Mae Sexauer Gustin. 2014. “Investi-
gation of the Potential for Mercury Release from Flue Gas Desulfurization Solids Applied as
an Agricultural Amendment.” Journal of Environmental Quality 43: 253-262.

Chaney, Rufus. 2012. “Food safety issues for mineral and organic fertilizers.” Adpances in Agronomy
117: 51-116.

Chen, Liming, Dave Kost, Yonggiang Tian, Xiaolu Guo, Dexter Watts, Darrell Norton, Richard P.
Wolkowski, and Warren A. Dick. 2014. “Effects of Gypsum on Trace Metals in Soils and
EBarthworms.” Journal of Environmental Quality 43: 263-272.

Cordoba, Patricia, Maria Eugenia Gonzalez, Aixa Gonzalez, Natalia Morena, Carlos Ayora, Noelia
Sepulveda, Rodrigo Navia, and Xavier Querol. 2013. “Removal of Selenium from FGD wa-
ter streams by a non-conventional adsorbent by-product.” Ecotoxicology and Environmental
Safety 124: 489-496.

Gagnon, Bernard, and Noura Ziadi. 2012. “Papermill biosolids and alkaline residuals affect crop

yield and soil properties over nine years of continuous application.” Canadian Journal of Soil
Sczence 92(6): 917-930.

Gagnon, Bernard, Noura Ziadi, Annie Robichaud, and Antoine Karam. 2013. “Metal Availability
following Paper Mill and Alkaline Residuals Application to Field Crops.” Journal of Environ-
mental Quality 42: 412-420.

Commission draft
66



Appendixes

Gagnon, Bernard, Noura Ziadi, Annie Robichaud, and Antoine Karam. 2014. “Repeated Annual Pa-
per Mill and Alkaline Residuals Application Affects Soil Metal Fractions.” Journal of Environ-
mental Quality 43: 517-527.

Kairies, Candace L., Karl T. Schroeder, and Carol R. Cardone. 2006. “Mercury in gypsum produced
from flue gas desulfurization.” Fue/ 85: 2530-2536.

Kuokkanen, Toivo, Hannu Nurmesniemi, Risto P6ylio, Kauko Kujala, Juhani Kaakinen, and Matti
Kuokkanen. 2008. “Chemical and leaching properties of paper mill sludge.” Chemzical Specia-
tion & Bioavailability 20(2): 111-122.

Meyn, Ossi, Maurice Zeeman, Michael J. Wise, and Susan E. Keane. 1997. “Terrestrial wildlife risk
assessment for TCDD in land-applied pulp and paper mill sludge.” Environmental Toxicology
and Chemistry 16(9): 1789-1801.

Moilanen, Mikko, Hannu Fritze, Mika Nieminen, Sirpa Piirainen, Jorma Issakainen, and Juha
Piispanen. 2006. “Does wood ash application increase heavy metal accumulation in forest
berries and mushrooms?” Forest Ecology and Management 226: 153-160.

Norris, M., and L.W. Titshall. 2011. “The Potential for Direct Application of Papermill Sludge to
Land: A greenhouse study.” International Journal of Environmental Research 5(3): 673-680.

Norstrom, Sara H., Dan Bylund, Jenny L.K. Vestin, and Ulla S. Lundstrom. 2012. “Initial effects of
wood ash application to soil and soil solution chemistry in a small, boreal catchment.” Ge-
oderma 187-188: 85-93.

Omil, Beatriz, Verénica Pifieiro, and Agustin Merino. 2007. “Trace elements in soils and plaints in
temperate forest plantations subjected to single and multiple application of mixed wood
ash.” Science of the Total Environment 381: 157-168.

Omil, Beatriz, Veronica Pifieiro, and Agustin Merino. 2013. “Soil and tree responses to the applica-

tion of wood ash containing charcoal in two soils with contrasting properties.” Forest Ecology
and Management 295: 199-212.

Pitman, Rona A. 2006. “Wood ash use in forestry — a review of the environmental impacts.” Forestry
79(5): 563-588.

Powell, Mark R. 1997. “Control of Dioxins (and other Organochlorines) from the Pulp and Paper
Industry under the Clean Water Act and Lead in Soul at Superfund Mining Sites: Two Case
Studies in the EPA’s Use of Science.” Resources for the Future.

Sinaj, S., A. Maltas, H. Kebli, and M.P. Turpault. 2015. “Wood ashes — a new fertilizer for agricul-
ture.” Rural-Urban Symbiosis.

“Sludge dioxin risk.” 1997. Environmental Science & Technology 31(12): 545 A.

Tulonen, Tiina, Lauri Arvola, and Susanna Ollila. 2002. “Limnological Effects of Wood Ash Appli-
cation to the Subcatchments of Boreal, Humic Lakes.” Journal of Environmental Quality 31(3):
946.

Watts, Dexter B, and Warren A. Dick. 2014. “Sustainable Uses for FGD Gypsum in Agricultural
Systems: Introduction.” Journal of Environmental Quality 43: 246-252.

Commission draft
67



Appendixes

Research articles on risks from other fertilizers, animal wastes, and septage

Ashjaei, S., William P. Miller, Miguel L. Cabrera, and Sayed M. Hassan. 2011. “Arsenic in Soils and
Forages from Poultry Litter-Amended Pastures.” International Jonrnal of Environmental Research
and Public Health 8: 1534-1546.

Bolan, Nanthi, Domy Adriano, and Santiago Mahimairaja. 2010. Crtical Reviews in Environmental Sci-
ence and Technology 34(3): 291-338.

Burkholder, JoAnn, Bob Libra, and Peter Weyer, Susan Heathcote, Dana Koplin, Peter S. Thorne,
and Michael Wichman. 2007. “Impact of Waste from Concentrated Animal Feeding Opera-
tions on Water Quality.” Environmental Health Perspectives 115(2): 308-312.

Campagnolo, Enzo R., Kammy R. Johnson, Adam Karpati, Carol S. Rubin, Dana W. Kolpin, Mi-
chael T. Meyer, Emilio Esteban, Russell W. Currier, Kathleen Smith, Kendall M. Thu, and
Michael McGeehin. 2002. “Antimicrobial residues in animal waste and water resources prox-
imal to large-scale swine and poultry feeding operations.” The Sczence of the Total Environment
299: 89-95.

Chaney, Rufus L. 2012. “Food safety issues for mineral and organic fertilizers.” Adpances in Agronomy
117: 51-116.

Chen, Zhao, and Xiuping Jiang. 2014. “Microbiological Safety of Chicken Litter or Chicken-Litter-
Based Organic Fertilizers: A Review.” Agriculture 4: 1-29.

Damalas, Christos A., and Illias G. Eleftherohorinos. 2011. “Pesticide Exposure, Safety Issues, and
Risk Assessment Indicators.” International Journal of Environmental Research and Public Health 8:
1402-1419.

Dere, Ashlee L., Richard C. Stehouwer, Emad Aboukila, and Kirsten E. McDonald. 2012. “Nuttient
Leaching and Soil Retention in Mined Land Reclaimed with Stabilized Manure.” Journal of
Environmental Quality 41: 2001-2008.

Dungan, R.S. 2010. “Board-Invited Review: Fate and transport of bioaerosols with livestock opera-
tions and manures.” Journal of Animal Science.

Erratum. 2013. “CAFOs and Environmental Justice: The Case of North Carolina.” Environmental
Health Perspectives 121(7).

Fenner, Kathrin, Silvio Canonica, Lawrence P. Wackett, and Martin Elsner. 2013. “Evaluating Pesti-
cide Degradation in the Environment: Blind Spots and Emerging Opportunities.” Sczence
341: 752-758.

Gerba, Charles P., and James E. Smith. 2005. “Sources of Pathogenic Microorganisms and Their
Fate during Land Application of Wastes.” Journal of Environmental Qnality 34: 42-48.

Gilden, Roby C., Katie Huffling, and Barbara Sattler. 2009. “Pesticides and Health Risks.” Iz Focus.

Giusti, L. 2009. “A review of waste management practices and their impact on human health.” Waste
Management 29: 2227-2239.

Goss, Michael, and Charlene Richards. 2008. “Development of a risk-based index for source water
protection planning, which supports the reduction of pathogens from agricultural activity
entering water resources.” Journal of Environmental Management 87(4): 623-632.

Commission draft
68



Appendixes

Hribar, Carrie. 2010. “Understanding Concentrated Animal Feeding Operations and Their Impact
on Communities.” National Association of Local Boards of Health.

Heuer, Holger, Christoph Kopmann, Chu T.T. Binh, Eva M. Top, and Kornelia Smalla. 2009.
“Spreading antibiotic resistance through spread manure: characteristics of a novel pasmid
type with low %G+C content.” Environmental Microbiology 11(4): 937-949.

Hooda, P.S.,; A.C. Edwards, H.A. Anderson, and A. Miller. 2000. “A review of water quality con-
cerns in livestock farming areas.” The Science of the Total Environment 250: 143-167.

Irshad, Muhammad, Amir H. Malik, Samiya Shaukat, Sumaira Mushtaq, and Muhammad Ashraf.
2011. “Characterization of Heavy Metals in Livestock Manures.” Polish Journal of Environmen-
tal Studies 22(4): 1257-1262.

Jones, D.L. 1999. “Potential health risks associated with the persistence of Escherichia coli O157 in
agricultural environments.” Soi/ Use and Management 15: 76-83.

Lopes, Carla, Marta Herva, Amaya Franco-Urfa, and Enrique Roca. 2011. “Inventory of heavy metal
content in organic waste applied as fertilizer in agriculture: evaluating the risk of transfer into
the food chain.” Environmental Science and Pollution Research 18: 918-939.

Mawdsley, Jane L., Richard D. Bardgett, Roger J. Merry, Brian F. Pain, and Michael K. Theodorou.
1995. “Pathogens in livestock waste, their potential for movement through soil and environ-
mental pollution.” Applied Soil Ecology 2: 1-15.

Marks, Robbin. 2001. “Cesspools of Shame: How Factory Farm Lagoons and Sprayfields Threaten
Environmental and Public Health.” Nazural Resonrces Defense Council and the Clean W ater Net-
work.

Milinovi¢, Jelena, Vesna Luki¢, Snezana Nikoli¢-Mandi¢, and Dimitrije Strojanovic. 2008. “Concen-
trations of Heavy Metals in NPK Fertilizers Imported in Serbia.” Pesticides and Phytomedicine
23:195-200.

Mortvedt, J.J. 1995. “Heavy metal contaminants in inorganic and organic fertilizers.” Ferzilizer Re-
search 43: 55.

Rice, Karen C., Michele M. Monti, and Matthew R. Ettinger. 2005. “Water-Quality Data from
Ground- and Surface-Water Sites near Concentrated Animal Feeding Operations (CAFOs)
and non-CAFOs in the Shenandoah Valley and Eastern Shore of Virginia, January-February,
2004.” USGS Open-File Report 2005-1388.

Robarge, Wayne P., Dennis Boos, and Charles Proctor. 2004. “Determination of Trace Metal Con-
tent of Fertilizer Source Materials Produced in North America.” ACS Symposium Series 872.

Roberts, Terry L. 2014. “Cadmium and Phosphorus Fertilizers: The Issues and the Science.” Procedia
Engineering 83: 52-59.

Servais, Pierre, Tamara Garcia-Armisen, Isabelle George, and Gilles Billen. 2007. “Fecal bacteria in
the rivers of the Seine drainage network (France): Sources, fate and modelling.” Science of the
Total Environment 375: 152-167.

Silbergeld, Ellen K., Jay Graham, and Lance B. Price. 2008. Annual Review of Public Health 29: 151-
169.

Commission draft
69



Appendixes

Sobsey, M.D., L.A. Khatib, V.R. Hill, E. Alocilja, S. Pillai. 2006. “Pathogens in Animal Wastes and
the Impacts of Waste Management Practices on their Survival, Transport and Fate.” Animal
Agriculture and the Environment: National Center for Manure and Animal Waste Management White
Papers.

Tchounwou, Paul B., Clement G. Yedjou, Anita K. Patlolla, and Dwayne J. Sutton. 2012. “Heavy
Metal Toxicity and the Environment.” EXS 101: 133-164.

Terzich, Mac, Melody J. Pope, Tim E. Cherry, and Jessie Hollinger. 2000. “Survey of Pathogens in
Poultry Litter in the United States.” Applied Poultry Science: 287-291.

Unc, Adrian, and Michael J. Goss. 2004. “Transport of bacteria from manure and protection of wa-
ter resources.” Applied Soil Ecology 25: 1-18.

Verstraeten, Ingrid M., Greg S. Fetterman, Sonja K. Sebree, M.T. Meyer, and T.D. Bullen. 2004. “Is
Septic Waste Affecting Drinking Water from Shallow Domestic Wells Along the Platte River
in Eastern Nebraska?” USGS.

Zhang, Fengsong, Yanxia Li, Ming Yang, and Wei Li. 2012. “Content of Heavy Metals in Animal
Feeds and Manures from Farms of Different Scales in Northeast China.” International Journal
of Environmental Research and Public Health 9: 2658-2668.

Other research on risks from biosolids and industrial residuals

Agency for Toxic Substances and Disease Registry, Department of Health and Human Services.
2004. “Public Health Statement: Ammonia.”

Bicudo, José R., and Sagar M. Goyal. 2003. “Pathogens and manure management systems: a review.”

Campagnolo, Enzo R., and Carlos S. Rubin. 1998. “Report to the State of Iowa Department of Pub-
lic Health on the Investigation of the Chemical and Microbial Constituents of Ground and
Surface Water Proximal to Large-Scale Swine Operations.”

Central Valley Regional Water Quality Control Board. 2005. “Regulation of Food Processing Waste
Discharges to Land.”

Center for Disease Control and Prevention. 2009. “Well Siting & Potential Contaminants.”

Committee on Toxicants and Pathogens in Biosolids Applied to Land, National Research Council.
2002. “Biosolids Applied to Land: Advancing Standards and Practices.”

Cooperative Extension, University of Georgia. 2010. “Best Management Practices for Wood Ash as
Agricultural Soil Amendment.”

Daniels, W. Lee, Kathryn C. Haering, and Gregory K. Evanylo. 2014. “Laboratory and Greenhouse
Evaluation of Bear Island Boiler Ash and Paper Mill Sludge as Soil Amendments.”

Department of Crop and Environmental Sciences, Virginia Tech. 1995. “Enhancing the Quality of
Agricultural Soils with Papermill Sludge.”

>

Environmental Protection Agency. Undated. “Getting Up to Speed: Ground Water Contamination.’

Environmental Protection Agency. 2010. “Chesapeake Bay Phase 5.3 Community Watershed
Model.”

Commission draft
70



Appendixes

Evanylo, Gregory K., and W. Lee Daniels. 1996. “The Value and Suitability of Papermill Sludge and
Sludge Compost as a Soil Amendment and Soilless Media Substitute.”

Gaylor, Michael, Greg L. Mears, Ellen Harvey, Mark J. La Guardia, and Robert C. Hale. 2014.
“Polybrominated Diphenyl Ether Accumulation in an Agricultural Soil Ecosystem Receiving
Wastewater Sludge Amendments.” Environmental Science & Technology.

Government Accountability Office. 2011. “Antibiotic Resistance: Data Gaps Will Remain Despite
HHS Taking Steps to Improve Monitoring.”

Gurian, Patrick L., Heather Galada, Alrica Joe, Arun Kumar, Brett Olson, Mira S. Olson, Evan
Richter, Jingjie Teng, and Haibo Zhang. 2012. “Site Specific Risk Assessment Tools for
Land Applied Biosolids.” Water Environment Research Foundation.

Haering, Kathryn, W. Lee Daniels, and Greg Evanylo. 2014. “Properties and Soil Amendment Po-
tentials for Georgia Pacific Mill Sludge Residuals.”

Harrison, Ellen Z., Murray B. McBride, and David R. Bouldin. 1999. “The Case for Caution: Rec-
ommendation for Land Application of Sewage Sludges and an Appraisal of the US EPA’s
Part 503 Sludge Rules.”

Harrison, Ellen Z., and Murray McBride. 2009. “Case for Caution Revisited: Health and Environ-
mental Impacts of Application of Sewage Sludges to Agricultural Land.”

HJR 694 Biosolids Expert Panel. 2008. “HJR 694 Biosolids Expert Panel Final Report.” Common-
wealth of Virginia.

Holcim. 2015. “Safety Data Sheet: Synthetic Gypsum.”

Jenkins, Suzanne R., Carl W. Armstrong, and Michele M. Monti. 2007. “Health Effects of Biosolids
Applied to Land: Available Scientific Evidence.”

Jones, Clain, Brad D. Brown, Prick Engel, Don Horneck, and Kathrin Olson-Rutz. 2013. “Manage-
ment to Minimize: Nitrogen Fertilizer Volatilization.”

Karltun, Erik, Anna Saarsalmi, Morten Ingerslev, Malle Mandre, Stefar Andersson, Talis Gaitnieks,
Remigijus Ozolincius, and Iveta Varnagiryte-Kabasinskiene. 2008. “Wood Ash Recycling —
Possibilities and Risks.”

Kirk, John H. 1998. “Pathogens in Manure.”
Kopecky, Mark J., N. Larry Meyers, and Wally Wasko. Undated. “Using industrial wood ash as a soil

amendment.”
Kopecky, Mark. 2014. “Using Wood Ash to Improve Pasture Soils and Forages.” On Pasture.
Lafarge. 2011. “Material Safety Data Sheet: Synthetic Gypsum.”
Mattson, Neil, Roland Leatherwood, and Cari Peters. 2009. “Nitrogen: All Forms Are Not Equal.”
“Metal-Containing Pesticides.” 2015. University of Illinois.

NIOSH. Undated. “CDC Warning: Workers Exposed to Class B Biosolids During and After Field
Application.”

Occupational and Environmental Epidemiology Branch, NC Health Department. 2005. “Human
Health Risk Evaluation of Land Application of Sewage Sludge/Biosolids.”

Commission draft
71



Appendixes

Office of Inspector General, U.S. Environmental Protection Agency. 2000. “Biosolids Management
and Enforcement.”

Office of Inspector General, U.S. Environmental Protection Agency. 2002. “Land Application of
Biosolids.”

Office of Water, U.S. Environmental Protection Agency. 20006. “Final Report: Pulp, Paper, and Pa-
perboard Detailed Study.”

Office of Water, U.S. Environmental Protection Agency. 2009. “Targeted National Sewage Sludge
Survey Overview Report.”

Office of Water, U.S. Environmental Protection Agency. 2009. “Targeted National Sewage Sludge
Survey Sampling and Analysis Technical Report.”

Office of Water, U.S. Environmental Protection Agency. 2009. “Targeted National Sewage Sludge
Survey Statistical Analysis Report.”

Office of Water, U.S. Environmental Protection Agency. 2015. “Biennial Review of 40 CFR Part
503 As Required Under the Clean Water Act Section 405(d)(2)(C).”

Olson, Leon John, Henry A. Anderson, and V. Beth Jones. 1998. “Landspreading Dioxin-Contami-
nated Papermill Sludge: A Complex Problem.”

Olson, Merle E. 2000. “Human and Animal Pathogens in Manure.”
Patterson, Shane. 2001. “The Agronomic Benefit of Pulp Mill Boiler Wood Ash.”
Peccia, Jordan. Undated. “A Guide to Sewage Sludge Exposure during Land Application.”

Petrie, Bruce, Ruth Barden, and Barbara Kasprzyk-Hordern. 2015. “A review on emerging contami-
nants in wastewaters and the environment: Current knowledge, understudied areas and rec-
ommendations for future monitoring.”

Pulp Paper Mill. 2015. “Chlorination bleaching process.”
“Raising a Stink: Air Emissions from Factory Farms.” 2002.

Sanderson, Jessica, Gary M. Blythe, and Mandi Richardson. 2008. “Fate of Mercury in Synthetic
Gypsum Used for Wallboard Production.”

Spiehs, Mindy, and Sagar Goyal. 2007. “Best Management Practices for Pathogen Control in Manure
Management Systems.”

Venkatesan, Arjun, and Rolf Halden. 2016. “Results from the National Sewage Sludge Repository at
Arizona State University: Contaminant Prioritization, Human Health Implications and Op-
portunities for Resource Recovery.”

Virginia General Assembly. 1990. “Interim Report of the Joint Committee Studying Combined
Sewer Overflows in the Commonwealth.”

The Weinberg Group. 2000. “Health Risk Evaluation of Select Metals in Inorganic Fertilizers Post
Application.”

WERF. Undated. “Pathogen Risk Indicators for Wastewater and Biosolids.”

Commission draft
72



Appendixes

Research on benefits of biosolids and industrial residuals

Allen, Harry L., Sally Brown, Rufus Chaney, W. Lee Daniels, Charles L. Henry, Dennis R. Neuman,
Ellen Rubin, Jim Ryan, and William Toffey. 2007. “The Use of Soil Amendments for Reme-
diation, Revitalization, and Reuse.”

Arellano Ogaz, Eduardo. 2009. “Changes in Soil Nitrogen Following Biosolids Application to Lob-
lolly Pine (Pinus Taeda L.) Forest in the Virginia Piedmont.” Dissertation.

Arnold, Ken, Robert Magai, Richard Hoormann, and Randall Miles. 1996. “Safety and Benefits of
Biosolids.” University of Missouri Extension.

Bamber, Kevin W., Gregory K. Evanylo, and Wade E. Thomason. 2016. “Importance of Soil Prop-
erties on Recommended Biosolids Management for Winter Wheat.”” Soz/ Science Society of
America Jonrnal 80: 919-929.

Barlow, Rebecca, and William Levendis. 2015. “Special Report: 2014 Cost and Cost Trends for For-
estry Practices in the South.” Forest Landowner.

Bourioug, Mohamed, Laurence Alaoui-Sehmer, Zavier Laffray, Mohammed Benbrahim, Lotfi Aleya,
and Badr Alaoui-Sossé. 2015. “Sewage sludge fertilization in larch seedlings: Effects on trace
metal accumulation and growth performance.” Ecological Engineering 77: 216-224.

Bowdin, Chandra L., Gregory K. Evanylo, Xunzhong Zhang, Erik H. Ervin, and John R. Seiler.
2010. “Soil Carbon and Physiological Responses of Corn and Soybean to Organic Amend-
ments.” Compost Science & Utilization 18(3): 162-173.

Brown, Sally, Michele Mahoney, and Mark Sprenger. 2014. “A comparison of the efficacy and eco-
system impact of residual-based and topsoil-based amendments for restoring historic mine
tailings in the Tri-State mining district.” Sezence of the Total Environment 485-486: 624-632.

Curnoe, William, David C. Irving, Charles B. Dow, George Velema, and Adrian Unc. 2006. “Effect of
Spring Application of a Paper Mill Soil Condition on Corn Yield.” Agronomy Journal 98(3):
423-29.

Evanylo, Gregory. 2017. “Land Application of Biosolids and Industrial Residuals Issues.”

Faria Vieira, Rosana, Waldemore Moriconi, and Ricardo Antonio Almeida Pazianotto. 2014. “Resid-
ual and cumulative effects of soil application of sewage sludge on corn productivity.” Envi-
ronmental Science and Pollution Research 21: 6472-6481.

Faulkner, David. 2001. “Applying Biosolids: Issues for Virginia Agriculture.” USDA.

Fox, Thomas R., H. Lee Allen, Timothy J. Albaugh, Rafael Rubliar, and Colleen A. Carlson. 2007.
Tree Nutrition and Forest Fertilization of Pine Plantations in the Southeastern United
States.” Southern Journal of Applied Forestry 31(1): 5-11.

Fox, Thomas R., Eduardo C. Arellano, and W. Aaron Pratt. Undated. “Land Application of Biosol-
ids to Loblolly pine plantations in the Virginia Piedmont.” Department of Forest Resources
and Environmental Conservation, Virginia Tech.

Gaskin, Julia, Mark Risse, Bill Segars, Glen Harris. 2012. “Beneficial Reuse of Municipal Biosolids in
Agriculture.” Pollution Prevention Assistance Division.

Commission draft
73



Appendixes

Gilmour, John T., Craig G. Cogger, Lee W. Jacobs, Gregory K. Evanylo, and Dan M. Sullivan. 2003.
“Decomposition and Plant-Available Nitrogen in Biosolids: Laboratory Studies, Field Stud-
ies, and Computer Simulation.” Journal of Environmental Quality 32: 1498-1507.

Li, Jinling. 2012. “Effects of Biosolids on Carbon Sequestration and Nitrogen Cycling.”” Dissertation.

Li, Jinling, and Gregory K. Evanylo. 2012. “The Effects of Long-term Application of Organic
Amendments on Soil Organic Carbon Accumulation.” Soz/ Science Society of America Journal 77:
964-973.

Li, Jinling, Gregory K. Evanylo, Xunzhong Zhang, and Erik H. Ervin. 2013. “Effects of Biosolids
Treatment Processes on Nitrogen Cycling under Various Tillage Practices.” Journal of Residu-
als Science & Technology 10(1): 29-40.

Lu, Qin, Zhenli L. He, and Peter J. Stoffella. 2012. “Land Application of Biosolids in the USA: A
Review.” Applied and Environmental Soil Science 2012: 1-11.

McLaughlin, Mike, and Mark Filmer. 2008. “Biosolids bring extended benefits to cropping.” Farming
Abead 202.

Norris, M., and L.W. Titshall. 2011. “The Potential for Direct Application of Papermill Sludge to
Land: A greenhouse study.” International Journal of Environmental Research 5(3): 673-680.

Ouimet, Rock, Anne-Pascale Pion, and Marc Hérbert. 2015. “Long-term response of forest planta-
tion productivity and soils to a single application of municipal biosolids.” Canadian Journal of
Soil Science 95: 187-199.

Parry, Dave. 2012. “A Look at the Economics of Biosolids.”

Phys.org. 2015. “From sewage sludge to syngas and biochar — new perspective for small municipali-
ties.”

Plastina, Alejandro. 2017. “Estimated Costs of Crop Production in Iowa — 2017.”

Tian, Guanglong, Chih-Yu Chiu, Alan J. Franzluebbers, Olawale O. Oladeji, Thomas C. Granato,

and Albert E. Cox. 2015. “Biosolids amendment dramatically increases sequestration of crop
residue-carbon in agricultural soils in western Illinois.” Applied Soil Ecology 85: 86-93.

Tian, G., T. C. Granato, A. E. Cox, R. I. Pietz, C. R. Carlson, Jr., and Z. Abedin. 2009. “Soil Carbon
Sequestration Resulting from Long-Term Application of Biosolids for LLand Reclamation.”

Technical Reports: Ecosysten Restoration.

Tian, G. A. J. Franzluebbers, T. C. Granato, A. E. Cox, and C. O’Connor. 2012. “Stability of soil or-
ganic matter under long-term biosolids application.” Applied Soil Ecology 64: 223-227.

Torri, Silvana 1., Rodrigo Studart Correa, and Giancarlo Renella. 2014. “Soil Carbon Sequestration
Resulting from Biosolids Application.” Applied and Environmental Soil Science.

Watts, Dexter B., and Warren A. Dick. 2014. “Sustainable Uses of FGD Gypsum in Agricultural
Systems: Introduction.” Journal of Environmental Quality 43: 246-252.

Zhang, Xunzhong, Erik Ervin, Greg Evanylo, Jinling i, and Kim Harich. 2013. “Corn and Soybean
Hormone and Antioxidant Metabolism Responses to Biosolids under Two Cropping Sys-
tems.” Crop Science 53: 2079-2089.

Zhang, Xunzhong, E. H. Ervin, G. K. Evanylo, and K. C. Haering. 2009. “Impact of Biosolids on
Hormone Metabolism in Drought-Stressed Tall Fescue.” Crop Science 49: 1893-1901.

Commission draft
74



Appendixes

‘Aijiqerjal 1aye

os|e sumouun pue suoneywl| buidwes asay|
‘suonedijdde spijosoiq W4} SSWO0DINO Y3jeay
aAi3ebauU padualadxe aney Asy3 aAsljaq oym
suosiad Buios|es piemoy paselq sieadde syued
-1pdIYed Buids|as 40y siseq ay3 pue (fE=u) |jews
AKian sem azis ajdwes Apnis s Buissasse pue
uosledwod 4oy suljaseq e se pasn aq pP|N0Od ey}
dnoub jos3u0D pasodxaun ue aney jou pip Apnis

‘Ajigerja

109}4e Os|e sumousun pue suoizenwi| buidwes
9say] ‘uanIb jou s 93es asuodsal ay3 pue ‘Jespun
si 9|dwies ayy buiyda|es 1oy siseq ayy ‘(gf=u) [|ews
Kian sem azis ajdwes Apnis s buissasse pue
uosuedwod 1oy suljseq e se pasn aq pP|NOd Jeyy
dnoub jos3u0D pasodxaun ue aney jou pip Apnis

‘Spjoyasnoy awos wody buipod

-91-49A0 Ul BuI3|NSaJ ‘spjoyasnoy swes ay3 uiyim
syuspuodsal jo Buiaisnd 1oy 3snfpe Ajgzenbs

-pe jou Aew Apnis ‘ssau|| padualadxe oym suos
-Jad spJemo} s}nsau seiq pjnod PauIquiod SI0Y
-oe} 953y (%05 Molaq) d3es asuodsal Mo| e pey
pue swoidwiAs jo buipodai-as uo paips Apnis

‘suoiyedijdde juanbauy aiow aney

yo1ym seaue Jo aAeyussaidal aq jou Aew os uon
-eoiidde Jo sa1es mo| pey Apnis ay3 ul pasn SaMUs
spijosolg “Alijigel|al s1aye YdIym (0L =U |013U0D
‘y91 =U spljosolg) |jews sem azis ajdwes Apnis

“JamalnRiul ue Ag pauolisanb

aJom syuediped elulbaip buipnpul ‘sajels
9243 Ul says uonedijdde pue| Jeau syuap
-I1S3J € Jo Aanns aaidadsolal swi-auQ

"SUOIIDJUI SN3IND SN22020)AYdDIS

Joy pa3sa} asam spuedidiped “(Jea)d 3,ust pasn
poylaw 12exd ay3) uinial pue 939|dwod 0}
saJleuuonsanb Yyjeay 1uas a19M JO JOMBIAIS)
-ut ue Aq pauonsanb Jayus auem syuedidipied
"S9)e)S |eJanss Ul salis uonedijdde pue| g Jeau
S)UBPISaI Y JO ABAINS 9AI32adS0I184 BWIR-BUQ

‘uinjal pue 939|dwod 0}
aJieuuonsanb yyeay e psjiew asam syuedidiy
-led "dnoub |0J3u0d e pue spijosolq 03 pasod

-X3 9I9M ey} spjoyasnoy buipnpul ‘spjoy
-asnoy /09 Jo Aanns aAdadsollal awi-auQ

‘Bunysal ulndJagny [enu

-Ue paAi@dal pue ‘sysa} |edibojolss Joy buid
-wes poo|q Alanenb paaiedal ‘yiesy Ji1sy;
Inoge saileuuonsanb Ajyyuow pays|dwod
syuedidiped ‘swlej [0J3UOD 9f PUB SUOoI}ed
-1jdde spijosoiq |enuue BulAledal swey /{7 JO
Apnis d1bojolwapids aaipadsoud Jeak-aaly)

‘24nsodxa spi

-|0SOIq WO} SUIBdUOD 31| Jo Ayjenb
pue swoldwAs yjeay papodas
S31IS SpIjosoIq Jeau BulAl| sjuspisay

"SUOI3D3JUI SNa.IND sn32020)Aydpis 0}
a|geInqgune Aoy sem ydiym ‘spjaly
pajeasy woiy Buimo|q spuim 03 ains
-odxa Jaye (sbun| pue ‘yeouyy ‘saka
Jo buiuing pue sayses upjs “6-9)
uoljeyll Jo paule|dwod sayis uon
-edljdde pue| Jeau Buinl| sjuapIsay

's1aylo
Buowe ‘sassaul|l asay1 buroesuod
JO 3s1 pasealdul Je aq Aew pue
sassau||l |eunsajuloyseb pue K10y
-eJidsau Jo seoueisul Jaybiy Ajjeonsi
-e3s papodal payjdde ale spijosolq
2Jaym swiie} Jeau BuIAl syUspIsay

‘dnob
|0J3UOD B pUE SB}IS SPI|OSOIq Jeau
Buipisas sisquisw Ajlwey pue sia

-w.ey Ul punoy swoldwiAs 1o ssauj|l
|eunsajulonseb pue Aiojesidsal Jo
3SU 31 Ul 9DUSJIBYIp OU Sem aJiay]

(€102 uewWMmOT)

aonsnf

|e3uswiuolIAUg pue YjjeaH
Aunwwo) :abpn|s abemas
paieai] jo uonediddy pueq

(2002 sima7)

(spijosoiq) sabpnys
abemas poijdde-pue|

ul s|ea1WBYD Juel pue
suaboyed jo suondesalu|

(£00Z 49PNy

Spijosolg 9A123Y 0} payw
-19d spjal4 weq JeaN Bular]
sjuapisay Jo Aaning yyeaH

(5861 wioQ)
suuie4 oy uo uonedyddy
abpn|s abemas jeddiuniy

suoneywr]

spoyiai\

sbuipuyy A3y

Apms

spijosoiq jo uonedijdde pue| 0} sswod3no yyjeay bunjuij saipnis :H xipuaddy

Commission draft

75



Appendixes

Appendix I: DEQ sludge management fund

The DEQ sludge management fund is used to pay the costs of DEQ’s compliance program. The fund
has carried a cash balance since DEQ inherited the program from VDH in 2008. The fund’s cash
balance has been declining in recent years because revenues have fallen and the fund has begun incur-
ring annual operating losses (Table I-1). Fund revenues come from fees that are charged for each ton
of biosolids applied in Virginia, and fewer biosolids are being applied since the Blue Plains wastewater
plant in Washington DC converted to Class A treatment.

TABLE I-1

DEQ sludge management fund balance declined due to lower revenue and operating losses
FY13 FY14 FY15 FY16 FY17

Starting cash balance $1,292,577 $1,467,126 $1,167,620 $900,855 $871,725
Revenues 1,776,972 1,396,088 1,360,088 1,074,372 794,963
Expenditures & transfers -1,602,423 -1,695,593 -1,626,853 -1,103,502 -856,223
Net gain or loss 174,549 -299,505 -266,765 -29,130 -61,260
Ending cash balance $1,467,126 $1,167,620 $900,855 $871,725 $810,463

SOURCE: DEQ financial statements.
NOTE: Expenditures and transfers includes a cash transfer to the Department of Conservation and Recreation to pay for one position
that is responsible for reviewing and approving Nutrient Management Plans for biosolids and industrial residuals land application sites.

Revenues for the fund will likely decline in the near future as other large plants convert to Class A
treatment, resulting in continued operating losses and a further declining fund balance. JLARC staff
identified three large utilities that are planning to convert to Class A treatment. After accounting for
their planned conversions, JLARC staff project that the fund balance could fall below the cash reserve
benchmark sometime during FY24 (Figure I-1). (JLARC staff use a cash reserve benchmark for in-
ternal service funds; the benchmark is for funds to have 60 days of operating expenses on hand in the
event of unexpected revenue losses or expense increases.) The fund balance could be drawn down
sooner if other large plants convert to Class A treatment between now and then.

If DEQ sludge management funds were appropriated to implement the recommendations made in
this report, JLARC staff project the fund would fall below the recommended cash reserve benchmark
about one year earlier than it would otherwise (FY23 rather than FY24).
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FIGURE I-1
DEQ sludge management fund cash balance will likely continue to decline

$1,000K
$800K

== Projected cash balance (end of year)
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$200K $145K Cash reserve benchmark

-$200K
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-$600K
-$800K

FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27

SOURCE: JLARC staff analysis of DEQ financial statements and wastewater treatment plant capital plans.
NOTE: The three wastewater utilities converting to Class A and their tentative conversion dates are: Hampton Roads Sanitation District
(2020); Washington Suburban Sanitary Commission (2021); and Arlington Water Pollution Control Plant (2026).
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Appendix J: Chemical test results from recent USGS studies

TABLE J-1

Metals and organic chemical compounds tested in recent USGS studies of biosolids

Compound

Type

Groundwater
(Wagner 2014)

Groundwater
(Yager 2013)

Surface water
(Wagner 2014)

2-Methylnaphthalene

Polycyclic aromatic
hydrocarbon (PAH)

Below detection

Below detection

Below detection

3,4-Dichlorophenyl
isocyanate
3-beta-Coprostanol

3-Methyl-1H-indole
3-tert-Butyl-4-hydroxy-
anisole

4-Androstene-3,17-
dione
4-Cumylphenol
4-Epichlorotetracycline
4-Epioxytetracycline
4-Epitetracycline
4-n-Octylphenol*
4-Nonylphenol*
4-Nonylphenol
diethoxylate*
4-Nonylphenol
monoethoxylate
4-tert-Octylphenol
4-tert-Octylphenol
diethoxylate
4-tert-Octylphenol
monoethoxylate
5-Methyl-1H-
benzotriazole
9,10-Anthraquinone

Acetaminophen
Acetophenone

Acetylhexamethyltetra-
hydronaphthalene

Aluminum
Anhydroerthromycin
Anthracene*

Antimony

Chemical
intermediate
Sterol

Fragrance
Antioxidant

Hormone

Detergent degradate
Pharmaceutical
Pharmaceutical
Pharmaceutical
Detergent degradate
Detergent degradate
Detergent degradate

Detergent degradate

Detergent degradate
Detergent degradate

Detergent degradate
Corrosion inhibitor

Polycyclic aromatic
hydrocarbon (PAH)

Pharmaceutical
Fragrance
Fragrance

Metal

Antibiotic
Polycyclic aromatic
hydrocarbon (PAH)
Metal

Below detection

Below detection

Below detection
Below detection

Below detection

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection

Below detection
Below detection

Below detection

Below detection

Below detection

Below detection
Below detection
Below detection

Below detection
Below detection
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Below detection

Below detection
Below detection

Below detection

Below detection
Below detection
Below detection

Below detection
Below detection

Below detection
Below detection

Below detection

Below reporting level
Below detection

No health standard

Below detection

Below health standard

Below detection

Mostly below
detection, but some
samples above

Below detection
Below detection

Below detection

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection

Below detection
Below detection

Below detection
Below detection
Below detection

Below detection
Below detection
Below detection

Below detection
Below detection



Arsenic*

Atrazine

Azithromycin

Barium*
Benzo[a]pyrene*

Benzophenone*
Beryllium
Beta-Sitosterol
Beta-Stigmastanol
Bis(2-Ethylhexyl)
phthalate
Bisphenol A*
Boron

Bromacil*
Bromoform
(Tribromomethane)
Cadmium*
Caffeine*

Calcium

Camphor

Carbamazepine
Carbaryl*
Carbazole
Chloramphenicol
Chlorpyrifos
Chlortetracycline
Cholesterol
Chromium*
Ciprofloxacin
Cis-Androsterone

Cobalt

Codeine

Copper

Cotinine
Dehydronifedipine
Diazinon
Dichlorvos

Diethyl phthalate*

Metal

Pesticide

Antibiotic

Metal

Polycyclic aromatic
hydrocarbon (PAH)

Photo initiator
Metal
Sterol
Sterol

Phthalate acid ester
(PAE)

Plastic

Metal

Pesticide

Fire retardant

Metal
Pharmaceutical
Metal
Fragrance

Pharmaceutical
Pesticide
Pesticide
Antibiotic
Pesticide
Pharmaceutical
Sterol

Metal
Pharmaceutical
Hormone

Metal
Pharmaceutical
Metal
Pharmaceutical
Pharmaceutical
Pesticide
Pesticide

Phthalate acid esters

(PAE)
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Below detection

Slightly above
detection, close to
control level

Below detection

Below detection

Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection

Below detection
Below detection

Below detection

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
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Mostly below
detection, few samples
slightly above

Below health standard

Below detection, but
health standard also
below detection level

Below reporting level
Below health standard
Below detection
Below detection

Below health standard
Below detection
Below detection

Below detection
Below reporting level
No health standard
Below reporting level

Below detection
Below detection

Below detection
Below detection
Below detection

No health standard

No health standard
Below detection

Below detection

Below detection

Below detection

One sample at several

times detection limit,
average still low

Below detection

Below detection
Below detection
Below detection

One sample above
detection

Below detection
Below detection
Below detection

Below detection
Below detection

One sample above
control level

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below control level
Below detection
Below detection

One sample above
control level

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection



Dihydrotestosterone
Diltiazem
Diphenhydramine
d-Limonene
Doxycycline
Enrofloxacin
Epitestosterone
Equilenin
Erythromycin
Estriol

Estrone
Fluoranthene*

Hexahydrohexamethyl-
cyclopentabenzopyran

Ibuprofen

Indole*

Iron

Isoborneol
Isochlortetracycline
Isoepichlorotetracycline
Isophorone
Isopropylbenzene
Isoquinoline*
Lead*

Lincomycin
Lomefloxacin
Magnesium
Manganese*
Menthol

Mercury*
Mestranol
Metalaxyl

Methyl salicylate*

Metolachlor
Molybdenum
N,N-diethyl-meta-
toluamide (DEET)
Naphthalene*

Nickel
Norethindrone

Norfloxacin
Ofloxacin
Ormetoprim

Hormone
Pharmaceutical
Pharmaceutical
Fragrance
Pharmaceutical
Pharmaceutical
Hormone
Hormone
Antibiotic
Hormone
Hormone

Polycyclic aromatic
hydrocarbon (PAH)

Fragrance

Pharmaceutical
Fragrance
Metal
Fragrance
Pharmaceutical

Solvent
Solvent

Flavor

Metal
Pharmaceutical
Pharmaceutical
Metal

Metal

Flavor

Metal
Hormone
Pesticide
Counterirritant

Pesticide
Metal
Pesticide

Polycyclic aromatic
hydrocarbon (PAH)

Metal
Hormone

Pharmaceutical
Pharmaceutical
Pharmaceutical
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Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection

Below detection

2 of 3 wells slightly
above detection

Below detection

Below detection
Below detection
Below detection
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Below detection

Below detection
No health standard
Below detection

Below reporting level
Below detection
Below detection

Below health standard

No health standard
No health standard
Below detection
Below detection
Below detection
Below reporting level

Below detection
Below health standard
Below reporting level

Below reporting level

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection

Below detection
Below control level
Below detection

Below control level
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection
Below detection

At or below
control level

Below detection
Below detection
Below detection

Below detection
Below detection

One sample above
detection

Below detection
Below detection
Below detection



Oxytetracycline
p-Cresol

Pentabromodiphenyl
ether-47*

Pentachlorophenol
Phenanthrene*

Phenol*

Potassium
Progesterone
Prometon

Pyrene*

Roxithromycin
Salbutamol (albuterol)
Sarafloxacin

Selenium

Silver*

Sodium

Strontium
Sulfachlorpyridazine
Sulfadiazine
Sulfadimethoxine
Sulfamethazine*
Sulfamethoxazole
Sulfathiazole
Testosterone
Tetrachloroethylene

Tetracycline
Thiabendazole
Trans-
Diethylstilbestrol6*
Tributyl phosphate*
Triclosan*

Triethyl citrate
Trimethoprim
Triphenyl phosphate*

Tris(2-butoxyethyl)*
phosphate
Tris(2-chloroethyl)
phosphate

Pharmaceutical

Chemical
intermediate

Polybrominated
diphenyl ether (PBDE)

Pesticide

Polycyclic aromatic
hydrocarbon (PAH)

Disinfectant

Metal
Hormone
Pesticide

Polycyclic aromatic
hydrocarbon (PAH)

Pharmaceutical
Pharmaceutical
Pharmaceutical
Metal

Metal

Metal

Metal
Pharmaceutical
Pharmaceutical
Pharmaceutical
Pharmaceutical
Pharmaceutical
Pharmaceutical
Hormone

Chemical
intermediate

Pharmaceutical
Pharmaceutical
Hormone

Fire retardant
Disinfectant

Flavor
Antibiotic
Plastic

Fire retardant

Fire retardant
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Below detection
Below detection

Below detection

Below detection
Below detection

Below detection

Below detection

1 of 3 wells slightly

above detection
Below detection

Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection

Below detection
Below detection

Below detection
Below detection
Below detection

Below detection

Below detection
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Below detection

Below reporting level
Below reporting level

No health standard

Below detection

Below detection

Few samples above
health standard

Below health standard
No health standard
No health standard

Below detection

Below detection
Below detection

Below detection

Below detection
Below reporting level

Below detection

Below detection

Average above control
level

Below detection

One sample above
detection, but still low

One sample above
control level

Below detection

Below detection

Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection
Below detection

Below detection
Below detection
Below detection

Below detection

One sample above
detection, but still low

Below detection
Below detection

One sample above
detection, but still low

One sample above
detection, but still low

Below detection



Tris(dichloroisophrpyl)
phosphate

Tungsten

Tylosin

Uranium

Virginiamycin
Warfarin
Zinc*

Fire retardant

Metal
Pharmaceutical
Metal

Pharmaceutical
Pharmaceutical
Metal
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Below detection

Below detection

Below detection
Below detection
Below detection

Below detection

Below detection

Half of samples above

health standard

No health standard

Below detection

Below detection

Below detection
Below detection
Below detection

SOURCE: Wagner et al. 2014, and Yager et al. 2013.

NOTE: Wagner et al. 2014 sampled soil from land applied fields, shallow groundwater monitoring wells at the edge of land applied

fields, and a surface-water monitoring site on a creek down-stream of land applied fields in North Carolina. Control samples of soil and

groundwater were collected from a nearby field that had never received land-applied biosolids and control samples of surface water

were collected from the creek up-stream of application. Samples were collected over a two-year time period.

Yager et al. 2013 sampled bedrock and alluvial groundwater monitoring wells on land applied fields. Control samples of groundwater
were collected from a site where biosolids were not applied. Samples were collected over a six-year time period. Some values were

found to be above detection, but below the minimum reporting level. These values are reported in the table as “below reporting level.”
*Compound is classified as an endocrine disrupting compound.
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Appendix K: Local monitoring programs

Local governments have the authority to establish their own land application monitoring programs.
Under these programs, they can hire local monitors to enforce DEQ regulations. Local monitors can
be local government employees, or localities can hire private contractors to serve in a local monitoring
capacity. For example, until recently, five localities employed a contractor to serve as a regional moni-
tor. Localities do not have the authority to enact local requirements that are more restrictive than state
regulations. Localities can request reimbursement from DEQ for a portion of their program’s ex-
penses.

At least five localities have active local monitoring programs. LLocal monitors inspect land application
sites within their locality and respond to citizen concerns. Local inspections are similar in scope to
those performed by DEQ inspectors. Local monitors also have the authority to conduct additional
testing of biosolids, soils, and water. One local monitor interviewed for this study reported conducting
periodic tests of citizens’ well water, but the others reported that they do not conduct additional
testing,

Localities indicated that their monitoring programs are valuable to them because they allow them to
be responsive to constituents and add an extra level of assurance. Local monitors can promptly re-
spond to calls, meet with residents, and provide information about nearby land applications. Localities
report that having a local employee handle these activities often puts residents more at ease. The
locality that conducts well water tests indicated that the testing helps to ease citizen concerns. Monitors
can also inspect application sites, which promotes compliance with state regulations.

Most localities do not have local monitoring programs. Some localities do not want to be involved
with land application because it is a state program and they have little control over it. Some localities
feel local programs are unnecessary because the state conducts inspections.

At least six localities have discontinued their programs within the past two years, including five that
shared a regional monitor. Localities are discontinuing their programs for two primary reasons. First,
localities may see less of a need for inspections because a larger portion of the biosolids being applied
are lower-risk Class A material. Second, the shift towards Class A biosolids has reduced the amount
of material applied in many localities, along with the amount of reimbursement they can request from
the state.
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Appendix L: Agency responses

As part of an extensive validation process, the state agencies and other entities that are subject to a
JLARC assessment are given the opportunity to comment on an exposure draft of the report. JLARC
staff sent an exposure draft of this report to the Department of Environmental Quality, Virginia
Department of Agriculture and Consumer Services, and Virginia Department of Health. The Virginia
Secretaries of Agriculture and Forestry, Health and Human Resources, and Natural Resources were
also sent a draft of this report.

Corrections resulting from technical and substantive comments are incorporated, as appropriate, in
this version of the report. This appendix includes response letters from the following:

e Department of Environmental Quality,

e Virginia Department of Agriculture and Consumer Services, and

e Virginia Department of Health.
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DEPARTMENT OF ENVIRONMENTAL QUALITY
Street address: 629 East Main Street, Richmond, Virginia 23219
Molly Joseph Ward Mailing address: P.O. Box 1105, Richmond, Virginia 23218 David K. Paylor
Secretary of Natural Resources www.deq.virginia.gov Director
(804) 698-4000

1-800-592-5482
October 2, 2017

Hal E. Greer

Joint Legislative Audit and Review Commission
919 East Main Street, Suite 2101

Richmond, VA 23219

RE: JLARC Report, Land Application of Biosolids and Industrial Residuals

Dear Mr. Greer:

Thank you for the opportunity to review the draft of the JLARC Report, Land Application of
Biosolids and Industrial Residuals. We have reviewed the draft and look forward to publication of the
final report following input from our agency and others that provided input.

Overall, the report is very well balanced. It acknowledges the potential risk posed by the
constituents in biosolids and industrial residuals when improperly land applied, and it also recognizes the
success of the comprehensive regulatory oversight provided by both the Virginia Department of
Environmental Quality (DEQ) and the Virginia Department of Agriculture and Consumer Services
(VDACS). This oversight has resulted in management of these materials such that the overall risk to
human health and the environment is low or very low. The concerted efforts of DEQ and the Virginia
Department of Health (VDH), along with the decades of research by the United States Environmental
Protection Agency (EPA), have combined to make Virginia’s regulatory programs for these materials
successful in meeting the statutory mandate to protect human health and the environment.

Regarding the recommendations for VDH to perform a focused assessment of recent research and
examine specific human health risks, DEQ remains supportive of the collaboration between our agencies
that serves to promulgate and maintain science-based regulations. Through such ongoing review, we can
ensure that the regulations remain protective.

As efforts are made to identify funding for VDH to perform pathogen testing and/or design of an
epidemiological study, it should be noted that the biosolids fee fund currently operates at an annual loss
due to recent reductions in Class B biosolids production. As the report acknowledges, revenues are likely
to continue declining as the trend to increase Class A production continues. DEQ responded to the initial
reduction in revenues by reducing the number of staff assigned to the biosolids program, but this has
resulted in decreased inspection frequencies and has made addressing protracted timelines for biosolids
permit processing more challenging. While there is currently a cash balance in the fund, any significant
depletions in this balance may have adverse implications for DEQ’s ability to effectively permit and
oversee land application activities.
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Hal E. Greer
October 2, 2017

In light of all these factors, please extend my compliments to your staff in the thoroughness of
this examination, particularly their efforts to gather data from a broad range of sources. The Appendixes
to the report represent wide-ranging viewpoints on the practice of land applying biosolids and industrial
residuals, and the report captures well those various perspectives.

Sincerely,

David K. Paylor

DKP:ewf
cc: Molly Joseph Ward, Secretary of Natural Resources
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COMMONWEALTH of VIRGINIA

Department of Health

Marissa J. Levine, MD, MPH, FAAFP P O BOX 2448 TTY 7-1-1 OR
State Health Commissioner RICHMOND, VA 23218 1-800-828-1120

September 29, 2017

Hal E. Greer

Director, Joint Legislative Audit and Review Commission (JLARC)
919 East Main Street, Suite 2101

Richmond, Virginia 23219

Dear Mr. Greer:

This is in follow-up to the recent meeting between JLARC staff and representatives of the
Virginia Department of Health (VDH) regarding the JLARC report, Land Application of
Biosolids and Industrial Residuals. Based on that meeting, as well as our subsequent
correspondence, it is VDH’s understanding that the final report presented at the JLARC meeting
on October 10 will reflect the following changes as compared to the exposure draft:

o With respect to Recommendation 1, an alternative recommendation to the effect
that the General Assembly may wish to consider language in the Appropriation
Act directing and providing $50,000 to VDH in order to contract with university
familiar with biosolids research in order to conduct a pilot study of whether land
application of biosolids causes human health problems. VDH would submit the
results of the pilot study to the General Assembly.

With respect to Recommendation 2, recognition of the fact that laboratory testing
of Class B biolsolids for pathogens would have a fiscal impact, as well as
recognition of communication that VDH has had with staff at the Division of
Consolidated Laboratory Services (DCLS), to the effect that DCLS does not
currently have capacity or established protocols to perform laboratory testing of
biosolids for pathogens.

e With respect to Recommendations 3 and 4, recognition that VDH does not have
regulatory authority concerning biosolids application and buffers, and can only
make recommendations to the State Water Control Board and the Department of
Environmental Quality (DEQ).

e  With respect to Recommendation 5, a recommended deadline of July 1, 2019 for
VDH to submit the required report to DEQ.

V VIRGINIA
DEPARTMENT
OF HEALTH

Pratecting You and Your Environment
www.vdh.virginia.gov
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Hal E. Greer
Director, JLARC
September 29, 2017
Page 2

Thank you again for your willingness to thoughttully consider the comments and
suggestions of VDH. I greatly appreciate the professionalism and courtesy displayed by JLARC
staff throughout the study process. Please let me know if you require anything further. You can
reach me at (804) 864-7009 or Marissa.Levine@vdh.virginia.gov.

Sincerely,

W) g 1

Marissa J. Levin ), MPH, FAAFP
State Health Commissioner
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