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Abstract

Biosolids are the material produced from digestion of sewage at city
wastewater treatment plants. Biosolids may be spread over land for plant
fertilization and soil conditioning.

This publication summarizes the benefits of land-applied biosolids, describes
and discusses major categories of contaminants, and explains what is currently
known about emerging contaminants in biosolids. While this publication does
not include a comprehensive list of individual contaminants, it does discuss the
more relevant classes of contaminants.



Guide to Biosolids Quality

Introduction

Biosolids are the biomass material produced following
aerobic and anaerobic digestion at municipal wastewater
treatment facilities. Sewage sludge, food particles, feces, and
other organic solids are converted biologically, within
engineered systems, to produce a completely transformed
biosolids product. Biosolids are comprised of living and dead
wastewater treatment microor ganisms, small inorganic
particles, and insoluble compounds. In Washington State,
biosolids are most often land applied for plant fertilization and
soil conditioning as part of a sustainable practice to manage
municipal wastewater residuals (Figure 1).

Like animal manures, biosolids are a source of plant nutrients
and stable carbon compounds. When biosolids are land
applied for crop production, plant nutrients and or ganic matter
improve crop production, allowing for recycling of nutrients,
and reducing the amount of synthetic fertilizers needed. For
example, approximately 5,000 tons of nitrogen (N) and 2,000
tons of phosphorus (P) were recycled in Washington State in
2012 by land-applying biosolids (WA Dept. of Ecology 2014a;
Sullivan et al. 2015).

Biogas: collect, purify,
and burn for energy

Land-applying biosolids keeps valuable organic carbon and
plant nutrients from being disposed of in landfills or
incinerated. In Washington State, approximately 81% of
biosolids are land applied, 18.5% are incinerated, and 0.5% is
disposed of in landfills (Figure 2). Of the portion that is
approved for land application, 70% is used in agriculture, 25%
isused in residential or commercial settings, and 5% is used in
forestry (Figure 2).

Class A biosolids can be used as afertilizer in residential or
commercial areas. The Washington State University (WSU)
publication Using Biosolids in Gardens and Landscapes
(Cogger 2014) provides information on Class A biosolids use.
Class B biosolids are used as a fertilizer in Washington State
for wheat, afalfa, and timber production (WA Dept. of
Ecology 2014a). The WSU publication Fertilizing with
Biosolids (Sullivan et a. 2015) provides information on Class
B biosolids use in agriculture.

Compost and sell Class A biosolids

Untreated Biosolids
slurry | i i
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- solid
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Figure 1. Treatment of sewage slurry using anaerobic digestion. Adapted from: Slurry, Options for slurry treatment by anaerobic digestion. Department of
Environment, Food and Rural Affairs (Defra) 2011. (Land application photo by Andy Bary, WSU; anaerobic digestion photo from Energy.gov Flickr page and
compost photo from _Food and Drug Administration Flickr page per USA.gov U.S. Government Works.)


http://pubs.wpdev.cahnrs.wsu.edu/pubs/fs156e/
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/pnw508_0.pdf
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/pnw508_0.pdf
https://www.flickr.com/photos/departmentofenergy/14366248327/
https://www.flickr.com/photos/departmentofenergy/14366248327/
https://www.usa.gov/government-works#item-206077

Landfilled
0.5%

%ncincratcd i

Land applied
81%

Biosolids handling in WA, 2012

Timber production
5%

0%
00

%
b
/ Sold for gigsg?::
/ residential or *,:%
commercial $]
<
end use %

25%

Food or feed crops, edible
parts do not touch the soil

(e.z., wheat, alfalfa)
70%

Biosolids land applied in WA, 2012

Figure 2. Biosolids use data for 2012, by percentage, for Washington State. Approximately 110,000 dry tons of biosolids were handled in Washington in

2012 (WA Dept. of Ecology 2014a). (lllustration by Shannon M. Mitchell, USA)

Class A biosolids are used as a soil amendment and
plant fertilizer in gardens and landscapes. They meet
EPA standards for regulated contaminants, and they
have been treated to reduce biological contaminants
to very low levels.

Class B biosolids are used as a soil amendment and
plant fertilizer for agricultural land, timberland,
rangeland, and land reclamation sites. They meet the
criteria for regulated contaminants, and the level of
biological contaminants has been substantially reduced.
Plants whose edible parts do not make contact with the
soil when harvested, such as wheat, barley, and alfalfa,
can be harvested 30 days after the last biosolids
application.

Recycling biosolids means that they are used for a useful
purpose, instead of being disposed of in landfills or
incinerated. Recycling biosolids through land application as a
soil amendment and fertilizer is highly regulated. Only
biosolids that meet the criteria for maximum allowable
concentrations of potentially toxic trace elements and
pathogens are land applied. There are also required setback
distances from water sourcesto limit the potential for
contamination of surface water and groundwater (WA Dept.
of Ecology 2014a).

Scientific research shows that there are many agronomic
benefits and minimal environmental or human health risks
from biosolids when land application follows federal
regulations (Cogger et a. 2013; EPA 2014a; Sullivan et al.
2015). Nevertheless, the public has many questions regarding
biosolids recycling, and some are apprehensive about
supporting biosolids land application because some
contaminants can be found in biosolids.

This Washington State University (WSU) publication
summarizes the benefits of land-applied biosolids, describes
and discusses major categories of contaminants, and explains
what is currently known about emer ging contaminantsin
biosolids. This publication does not include a comprehensive
list of individual contaminants, but rather, discusses the more
relevant classes of contaminants. The WSU publication
Fertilizing with Biosolids (Sullivan et a. 2015) provides more
information on plant nutrients in biosolids, application
guidelines, and soil quality benefits.

Biosolids Quality: Crop
Production Benefits

The major benefit of using biosolids as afertilizer and

soil conditioner for crop productionisthat it can be an
inexpensive method for providing nitrogen and improving soil
quality. Class B biosolids are less expensive for farmersto use
than synthetic fertilizers, and agricultural operations using
biosolids have the same or increased crop yield and crop
quality as crops grown with synthetic fertilizers (Epstein 2003;
Cogger et a. 2013). The desirable aspects of biosolids for crop
producers are summarized below.


https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/pnw508_0.pdf
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Organic Carbon

The organic carbon (organic C) content in biosolids ranges
from 5% to 54%, with a mean value of 24% (Girovich 1996;
Gilmour et al. 2003). Adding organic C to soils low in organic
matter improves soil quality. Physical improvements include
higher soil porosity, soil aggregation, water-holding
capacity, and lower bulk density (Epstein 2003). Plants
grown in biosolids-amended soils exhibit improved root to
shoot ratios as aresult of decreased resistance to root
penetration. Organic C is aso a source of food for soil
microorganisms and macr ofauna.

Macronutrients

Organic nitrogen (organic N) is the primary nutrient in
biosolids. Biosolids are a slow-release N fertilizer compared to
synthetic fertilizers (e.g., anhydrous ammonia). Other plant
macr onutrientsthat are abundant in biosolids include
phosphorus (P), magnesium (Mg), and calcium (Ca). However,
there are only low levels of potassium (K), so supplements
may be needed if soil analysis shows that concentrations of
this element are below optimal levels (Epstein 2003).

In Washington State, the amount of biosolids land applied to a
given siteis calculated as part of the Washington Department
of Ecology biosolids land-application program (WA Dept. of
Ecology 2014b), so maximum crop yield can be targeted,
while reducing the risk of nitrate leaching. Typically from 2
to 10 dry tons per acre (5-20 metric ton/hectare) of biosolids
are applied to agricultural fields every 1to 5 years (Girovich
1996). They can be applied in liquid slurry or solid form. The
solid form istypically applied to fields with a spreader and
then incorporated into the soil by tilling or disking (Figure 3).

Figure 3. Biosolids being spread on agricultural fields (left), and biosolis covering agriculiural soil prior to incorporation (right). (Photos by Andy Bary,
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Cogger et a. (2013) compared biosolids and anhydrous
ammoniafertilizers in a dryland wheat—fallow rotation.
Biosolids were applied at 2, 3, and 4 dry tons per acre (5, 7,
and 9 metric ton/hectare). Biosolids treatments were applied
once every 4 years for 16 years. Standard anhydrous ammonia
application was done once every 2 yearsfor 16 yearsfor the
synthetic fertilizer treatment. On average, over the eight
harvests from the wheat—fallow rotation, the biosolids-
amended fields produced equal or greater wheat yields
compared to the fields fertilized with anhydrous ammonia.
Wheat harvesting and sample collection in fields where
biosolids were applied is shown in Figure 4.

gure 4. Wheat ar\)sting adsamle oIIecion fro fi‘Irrs wre Class
B biosolids were land applied. (Photo by Andy Bary, WSU)



Micronutrients

Plant micronutrientsin biosolids include boron (B), chlorine
(Cl), copper (Cu), iron (Fe), manganese (M), molybdenum
(Mo), zinc (Zn), and nickel (Ni). Other chemical elementsin
biosolids, such as cobalt (Co), sodium (Na), selenium (Se), and
silicon (Si), can also be beneficia to plants at low
concentrations (Girovich 1996; Epstein 2003; Goodman 2004).
If farmers are supplementing micronutrients, biosolids can
reduce or eliminate the need for these supplements. Some
farmers might not find it cost effective to apply micronutrients
(e.g., not enough yield benefits to justify the cost); however,
soils will receive these nutrients as an added benefit when
biosolids are applied.

Biosolids Quality: Contaminants

Municipal wastewater treatment facilities treat wastewater
from industrial and household sources that may contain
various contaminants. Those contaminants that bind to organic
or inorganic particles and are not degraded normally remainin
the wastewater solids, which are eventually converted into
biosolids (Girovich 1996; Epstein 2003). Contaminants can
include metals, pathogens, antibiotics, some industrial and
household chemicals, odor ants, and aer osols.

A representative biosolids sample is tested for regul ated
contaminants and plant nutrients as part of the biosolids land-
application program. In addition, many researchers and the
Environmental Protection Agency (EPA) have surveyed
numerous biosolids throughout the United States for a
multitude of regulated and non-regulated contaminants, so the
approximate contaminant concentration range is known. The
types of contaminants that can be found in biosolids are
summarized below and are discussed further in Appendix A.

Metals

Trace elements, including heavy metals, can be found in
biosolids. Trace elements exist naturally in the environment
and in agricultural soils and many are beneficial to living
organisms. However, trace element concentrations in excess of
beneficial levels can be toxic. Plants can uptake soluble or
available trace elements into their roots and leaves. They are
taken up to alesser extent in fruits, seeds, and flowers (Epstein
2003).

Potentially toxic trace elements in biosolids are regulated and
monitored in biosolids land-application programs.
Concentrations of metalsin biosolids have fallen sharply over
the last 40 years since the passage of the Clean Water Act of
1972. Metals are no longer present in biosolids at
concentrations that could cause human, animal, or
environmental health issues (Cogger et al. 2000).

Metals bind to soils and have limited solubility in soils
with a neutral pH, which lowers the risk of exposure to
these metals.

There are several reasons why metal concentrationsin
biosolids should not be a concern when biosolids are applied to
agricultural soils, but two major reasons are metal sor ption
characteristics and soil pH. Some metals bind to hydrous
oxide surfaces and organic matter in soils, significantly
lowering the amount that is plant-available (Epstein 2003).
Metals are soluble at acidic pH levels, but most metals have
drastically reduced solubility in the typical crop soil pH range
of 5.5to 7.5. When metal solubility decreases, it limits their
transport and bioavailability (Epstein 2003). For example,
aluminum isinsoluble in soils above pH 5.5, so only a small
fraction of the total aluminum is available for plant uptake in
agricultural soilswith apH greater than 5.5.

Pathogens

Pathogens are disease-causing agents, and some pathogens are
present in Class B hiosolids. Pathogens are a universal

problem in waste-derived soil amendments and even in yard
debriswith residual pet or animal waste (Table 1; WA Dept. of
Ecology 2009; Gerbaet al. 2011). Levels of pathogenic
bacteria are lower in biosolids than in manure, but the number
of virusesis higher in biosolids (Table 1). Free-range animals,
such as deer and birds, living on agricultural lands aso
contribute to pathogen levelsin soils.

The fate of pathogens in soils and cropsis dependent on
several factors, including climate and soil characteristics.
Pathogen levels decrease in soil-crop systems over time due to
pathogen sensitivity to heat, sunlight, drying, and competing
microbes. Pathogens can live in soils and on plants, but plants
do not uptake pathogens. Some bacterial pathogens and
viruses survive for as long as several months (Gerba and Smith
2005). Pathogens do not leach through soil, but they can be
transported by surface runoff.

There isthe potential for pathogens to regrow in biosolids if
climate and soil conditions are not harsh enough to kill them
off, such as under moist and cool conditions. However,
biosolids-amended soil is not areservoir for pathogens
following the end of the pathogen life-cycle (Epstein 2003). A
review of pathogen risk assessment research confirms that
current biosolids land-application guidelines are appropriate
for protecting public health (Oun et a. 2014).



Table 1. Approximate concentrations of selected pathogenic bacteria and viruses in Class B biosolids, manure, and pet feces.

Concentration (organism/g, dry weight)
Pathogenic organism Biosolids® Manure* Pet feces®

Bacteria

Campylobacter jejuni 2 1400

E. coli O157:H7 <1 110

Listeria monocytogenes 20 210

Salmonella 50 180 1,000,000
Viruses

Adenoviruses 20 Not detected

Enteroviruses <1to 30 Not detected 501,000

3Bacteria reported in colony-forming units per gram and viruses reported in plaque-forming units per gram (King et al. 2011).

"Values reported in organisms per gram (Gerba et al. 2011).

Hot, dry soils exposed to sunlight create conditions that
kill pathogenic bacteria and viruses. After pathogens die,
they can no longer causeillness. Therisk of pathogen or
viral infection to the general public are low because
plants do not uptake pathogens, and fresh crops whose
harvested parts come into contact with the soil are not
grown using Class B biosolids.

Antibiotics and Antibiotic-Resistant
Bacteria

Antibiotics can be found in biosolids or manure because many
of them are not completely metabolized before being excreted
in urine and feces. Maximum levels of some antibioticsin
biosolids and cattle manure are similar (Table 2). Antibiotic
concentrations in swine manure are higher, ranging from 4 to
59 mg/kg and from 7 to 760 mg/L (Heuer et a. 2011; Massé et
al. 2014).

In addition to relatively low antibiotic concentrationsin
biosolids, those antibiotics that are found in biosolids tend to
bind tightly to soil particles, which reduce their biological
activity. Research on antibiotics in biosolids continues;
however, to date, antibiotics have not been found to
accumulate in soils or have adverse effects on microorganisms
at concentrations found in land-applied biosolids. To date, the
scientific literature shows that bioavailable antibiotic
concentrations in biosolids are not high enough to influence
antibiotic resistance.

Table 2. Maximum concentrations of selected antibiotics in biosolids and
cattle manure.

Maximum concentration
(mg/kg, dry weight)
Antibiotic class Biosolids Cattle manure
Macrolide 6.5° 8.1°
Sulfonamide 0.65° 0.36¢
Tetracycline 8.7° 6.6°

aEPA (2009)
bMassé et al. (2014)
Zhao et al. (2010)

Antibiotic-resistant bacteria are found in biosolids, manure,
and even pristine soils (Minur et a. 2011; Brooks et al. 2015).
The main concern with levels of resistant bacteria and
antibioticsin biosolids or manure is that they may increase the
risk of pathogenic bacteria acquiring antibiotic-resistance
traits. Research shows that land-applied manure containing
antibiotics and resistance genes can significantly influence
resistant bacterial populationsin soils (Heuer and Smalla 2007;
Heuer et al. 2011).

In contrast, levels of resistant bacteria in soils amended with
biosolids were not significantly different from unamended
soils or soils fertilized with a synthetic fertilizer (Zerzghi et al.
2010). Research in the area of bacterial resistance continues,
but currently the public health risk from resistant bacteriain
biosolids is considered to be low. Risks are minimized by
restrictions on public access to biosolids and by rules that limit
the types of crops that can be grown using Class B biosolids
(NRC 2002; Brooks et al. 2007; King et a. 2011).



Industrial and Household Chemicals

There can be numerous types of persistent chemicalsin
biosolids because biosolids are derived from industrial and
household wastewater. Chemicals in biosolids can include
surfactants, plasticizers, phar maceuticals, flameretardants,
and chemicals from per sonal care products—for example,
triclosan, which isfound in some hand soaps (Figure 5).

These substances are not regulated by the EPA because risk
assessments have so far shown that organic chemicals pose
minimal risk to human health and the environment at the
concentrations commonly found in land-applied biosolids.

Supplementing EPA risk assessments, Smith (2009) performed
risk assessments for surfactants, dioxins, pharmaceuticals,
estrogenic compounds, and other or ganic contaminants
found in biosolids, concluding that they pose minimal risk to
human health if the biosolids are land-applied on agricultural
soils at normal agronomic rates. Additionally, Rocarro et al.
(2014) performed risk assessments for pharmaceuticals and
personal care products and found low risk for human health
problems from land-applied biosolids.

Triclosan
0.10%

Figure 5. The antibacterial compound triclosan is found in some hand
soaps. (Photo by Shannon M. Mitchell, USA)

Three primary factors govern the assessment that industrial

and household chemicalsin biosolids are not likely to
endanger human health or the environment when land-applied.
First, degradation and sorption effectively lower bioavailable
contaminant levels. Second, plants do not uptake significant
levels of organic contaminants. Third, the required setback
distances for land-applied biosolids limit contaminant transport
to water sources (Sullivan et al. 2015).

Many contaminants found in biosolids are also found in
household dust, personal hygiene products, and manufactured
foods. For example, median concentrations of aflame
retardant, plasticizer, and perfluorinated chemical are at similar
levels for biosolids and household dust (Table 3). Although
these levels are similar, the general population is exposed to a
substantially greater amount of household dust than biosolids.

Another exampleisthe antibacterial ingredient triclosan,
which isfound in some hand soaps. This contaminant
concentration was greater in biosolids than in household dust;
however, the general population can be exposed to high
concentrations of triclosan (1,000 mg/kg) when using some
hand soaps (Figure 5).

Concentrations of the plasticizer di(2-ethylhexyl) phthalate
(DEHP) in both biosolids and household dust are relatively
high in comparison to the other chemicalslisted in Table 3.
DEHP isfound in some polyvinyl chloride (PVC) resin
(Figure 6), and small amounts of DEHP can leach from these
plastic resins. For example, up to 24 mg/kg of DEHP was
found in olive oil stored in plastic containers (EHHI 2008).
Consequently, it appears that the public is exposed to DEHP in
many products they use daily.

Table 3. Median concentrations of selected contaminants in biosolids and household dust.

Median concentration (mg/kg, dry weight)
Category Compound Biosolids Household dust
Flame retardant PBDE 99 0.58° 0.30¢
Plasticizer BPA 1.002 1.464
Perfluorinated chemical PFOS 1.022 0.48¢
Antibacterial Triclosan 3.86° 0.22¢
Plasticizer DEHP 310.00° 340.00¢

*Higgins et al. (2010)

"Maximum reported value from EPA (2009)
‘Rudel et al. (2003)

dGreens et al. (2009)

¢Kato et al. (2009)



Symbol Type of plastic Example
é?) Polyethylene Terephthalate Beverage bottles
o PETE
/} High Density Polyethylene Milk jugs
L‘) HDPE
HOPE
L,:’?) Polyvinyl Chloride Cooking oil bottles
= PVCwith DEHP
14\' Low Density Polyethylene Zip-lock bags
L’) LDPE
LOPE
A% Polypropylene Yogurt containers
L&A PP
PP
IAY Polystyrene Styrofoam containers
A P
PS
@) Other Canned foods
s e.g., Polycarbonate with BPA

Figure 6. Plastic resin materials in plastic products. DEHP is found in some
PVC resin (symbol #3), and bisphenol A (BPA), shown in the category of
Other, can be found in the lacquer lining of canned foods (symbol #7).
Adapted from: Plastics that may be harmful to children and reproductive
health. Environment & Human Health, Inc. Report (2008).

Certain chemicals, such as triclosan, dioxins, persistent
pharmaceuticals, and some surfactants might be more of an
environmental concern than others. For example, triclosan has
been found to bioaccumulate in earthworms; some
pharmaceuticals are persistent and can leach through the soil
and into groundwater; some surfactants are toxic to aquatic
Species.

Recently, the EPA identified safer and more environmentally
friendly surfactant alternatives for industrial use, replacing
common surfactants like nonylphenol ethoxylates (NPE). The
EPA now evaluates manufacturing processes that use
surfactants to assess potential environmental and human health
risks (EPA 2012; 2014b). Because emerging contaminants
have been studied for a shorter period of time relative to
metals, lessinformation is available. Thus, continued research
is needed to supply the information necessary for new or
improved risk assessments.

Odorants

Odors from biosolids come from a complex mixture of
odorants. Unpleasant odors are the main public complaint
about land-applied biosolids (NRC 2002). Although odorants
are anuisance, they are not a public health threat (Girovich
1996). Biosolids produced at different facilities have different
odors because the wastewater treatment processes used are not
always the same.

Aerosols

Aerosols are comprised of very small airborne particles that
may contain contaminants, such as pathogens or chemicals.
They travel through the air, but they do not travel very far
(usualy less than 541 ft), and they do not remain airborne for
very long (usually less than one hour) (Low et al. 2007; King
et al. 2011).

The fate of industrial and household chemicalsin soils
resultsin low effective concentrations. Most chemicals
in biosolids tend to bind to soils, and they also degrade
in biosolids-amended soils. Risks to the general public
are minimal because plants do not uptake significant
amounts of organic chemicalsinto their edible parts.

To minimize human contact with significant concentrations of
aerosols, there are public access restrictions for biosolids-
application sites. Authorized individuals who come in contact
with biosolids should follow basic hygiene precautions and
wear appropriate personal protective equipment (CDC 2002).

Summary

Biosolids are land applied as a sustainable way to manage
municipal wastewater residuals. There are many benefits to
land-applying Class B biosolids on agricultural fields because
biosolids are rich in organic carbon, nitrogen, phosphorus, and
other plant nutrients. Equal or greater crop yields are obtained
using biosolids compared to synthetic fertilizer. Incorporating
biosolids into the soil improves soil porosity and water-holding
capacity, among other soil characteristics, and biosolids can
help improve soil quality for more effective crop production.

Land-applying biosolids is highly regulated by state
environmental protection departments and the EPA because,
along with the organic carbon and plant nutrients in biosolids,
there are low levels of contaminants derived from industrial
and household wastewater. To date, research indicates that
contaminants in Class B biosolids pose minimal risk to human,
animal, or environmental health. Ongoing research on
biosolids continues to investigate contaminants and measure
potential impacts. New research findings are reviewed
periodically and risk assessments conducted to reevaluate the
effectiveness of existing biosolids land-application regulations.

For More Information

For more information on biosolids, visit the Washington State
University Biosolids Management website.
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Guide to Biosolids Quality—
Appendix A

This appendix describes and discusses the major categories of
contaminants that may be found in biosolids. Part | of this
section covers the categories of organic contaminants, and Part
Il covers the categories of biological contaminants. When
interpreting the information provided here, it isimportant to
understand that exposure to contaminants through biosolids
may be minimal compared to exposure through other
pathways, such as household dust, personal hygiene products,
uncontrolled burning, and animal manures.

Many contaminants degrade in the soil or are neutralized when
they bind tightly to soil particles, so potential negative effects
in the terrestrial environment may be short-lived. However,
some contaminants persist in the environment and can be
potentially harmful. If risk assessments show that significant
risk exists from an organic contaminant, use of the chemical
may be restricted or banned. Risk assessments are periodically
updated as new information becomes available in order to
accurately evaluate potential environmental and human health
risks from land-applied biosolids.

Part I: Organic Contaminants
Personal care products

Some personal care products, like lotions, soaps, fragrances,
and cosmetics, contain chemicals that may be of environmental
concern. Antibacterials such as triclosan and fragrances such
as synthetic musks are of particular concern. Triclosan may
negatively impact soil or aquatic microorganisms because of
its antibacterial properties, which alow it to kill bacteria.
However, overall, the effects of triclosan in the soil may be
short-lived because it binds to soil particles and its half-life
ranges from 17 to 35 days (Smith 2009).

Pharmaceuticals

Allowing pharmaceuticals into the environment is a concern
because of their unknown effects on the aguatic or terrestrial
ecosystems and their potential for groundwater contamination.
There are hundreds of pharmaceuticals released into municipal
wastewater treatment facilities every day because many
medicines are not completely metabolized. Some
pharmaceutical s, such as car bamazepine, are persistent and
can leach through soils.

Not all pharmaceuticals are potentialy harmful to the
environment, but antibiotics are a unique group because they
kill or inhibit certain bacteria when they are at effective
concentrations. With antibiotics, there is the potential for soil
microbial effects, including antibiotic-resistance selection, if
relatively high antibiotic concentrations reach soils. However,
most antibiotics found in biosolids are not bioavailable
because they tend to bind tightly to soil particles, which
neutralize them.

Surfactants

Surfactants are used in many industrial applications and
consumer products and can end up in biosolids from industrial
and municipal wastes. Some surfactants, including
nonylphenol ethoxylates (NPES) and nonylphenol (NP), can
cause environmental and human health problems. The use of
these chemicalsis being more closely monitored, regulated,
restricted, or banned (EPCEU 2006; EPA 2014) because NPES
are toxic to some aquatic species and NP has endocrine-
disrupting properties (Smith 2009), which can cause
endocrine disruption in fish by mimicking estrogen
compounds, thereby disrupting the natural balance of
hormones. It can also bioaccumulate in fish and birds;
however, currently there isinconsistent evidence that it
bioaccumulates in humans.

Fish consumption may lead to higher levels of NP in breast
milk, which may in turn negatively affect newborns (e.g.,
abnormal neurological development, growth, and memory
function). However, drinking water with low levels of NP is
not a significant source of exposure. In terrestrial systems,
the effects of NPE and NP contamination may be short-lived
because they tend to bind to soil particles and the half-life for
each isless than 20 days (Smith 2009; Gonzalez et al. 2010).

Plasticizers

Plasticizers (such as bisphenol A [BPA] and phthalates) are
used to make soft plastics. One commonly used plasticizer is
DEHP. DEHP hasrelatively low toxicity for aquatic species
(Defra 1991), although it can bioaccumulate in aquatic
organisms. Some evidence links DEHP to changing levels of
male sex steroid hormones, potentially affecting fertility
(Mendiolaet a. 2012). The European Union has restricted the
use of DEHP and other phthalates in order to lower the
public’s exposure to these plastic materials and to limit
children’s potential exposure to phthal ates contained in
children’stoys (EPCEU 2006).



DEHP that ends up in biosolids comes from plastic pipes,
industrial waste, and products stored in plastic materials (e.g.,
foods and soaps). DEHP exposure from biosolidsis less
concerning than DEHP inhalation and ingestion. In terrestrial
systems, the effects of DEHP may be short-lived because it
binds strongly to soils, and its half-life is less than 50 days
(Smith 20009).

Perfluorinated chemicals

Perfluorinated chemicals (PFCs) are used to make non-stick,
waterproof, stain-resistant, or fire-resistant surfaces. They are
persistent and can leach through soil. Toxicity studies are
limited at this time; however, these chemicals do not
bioaccumulate. There is uncertainty about the effects of long
term low levels of perfluorinated chemicalsin the
environment, such as perfluor ooctanoic acid (PFOA), and
how they may affect human and animal health (NIH 2012).

Since 2000, the EPA has been working with manufacturers to
phase out some perfluorinated chemicals. A review of
emerging organic contaminants in biosolids by Clarke and
Smith (2011) determined that the potential effects of
perfluorinated chemicals in biosolids should be researched
further since they are present at higher concentrations
compared to other chemicals.

Flame retardants

Flame retardants are used in many materials and products to
make them fire resistant. Polybrominated diphenyl ethers
(PBDES) are commonly used in building materials,
electronics, furnishings, motor vehicles, plastics, polyurethane
foams, and textiles (EPA 2009). PBDEscanend upin
biosolids depending on how much is released into the sewer
system. Toxicity is not well understood, but PBDEs may be
endocrine disruptors or neurotoxins. The EPA states that
PBDEs may be toxic to the liver and thyroid in humans.

The use of PBDEs was restricted in Washington State in 2008,
and the Washington Department of Ecology released a report
in January 2015 recommending restrictions on products and
furniture that contain PBDEs as well as requirements for
having manufacturers report PBDE use in their consumer
products (WA Dept. of Ecology 2014a). Other states have or
are in the process of phasing out or banning their use. PBDES
bind tightly to soil particles; they are very persistent, and they
can bioaccumulate (EPA 2015c).

Polychlorinated biphenyls

Polychlorinated biphenyls (PCBs), also called Aroclors,
were widely used in numerous materials and products (similar
to PBDES) prior to 1979. They were banned in 1979 because
they were found to be car cinogenic. They can still be found in
items that pre-date the ban, including electrical equipment, ail,
thermal insulation, cable insulation, adhesives, paint, caulking,
plastics, and floor finishes. PCBs can end up in biosolids
depending on how much is released into the sewer system
from these old materials. PCBs bind tightly to soil particles;
they are very persistent, and they can bioaccumulate (EPA
2013a).

Dioxins and furans

Dioxins and furans are byproducts of certain industrial
processes, incineration, and uncontrolled burning. Dioxins and
furans are mainly released into the atmosphere and are
eventually deposited on the Earth’s surface. They can aso be
released into sewer systems from industrial and household
wastewater, and because they are very persistent, they can end
up in wastewater effluent and biosolids. Some dioxins cause
adverse health effects at high enough levels, including cancer
(EPA 2015b); 2,3,7,8-tetrachlor odibenzo-p-dioxin (TCDD)
is the most toxic dioxin (EPA 2015b).

TCDD isapriority pollutant, and 16 other dioxins and furans
may have endocrine-disrupting properties (WHO 2014). They
are regulated as nonconventional pollutantsin many
National Pollutant Discharge Elimination System (NPDES)
permits. Dioxins and furans are regulated in wastewater
effluentsto limit the amount discharged to the environment.
They are not regulated in biosolids because an extensive risk
assessment by the EPA concluded that these compounds are
present in biosolids at levels that are too low to warrant
regulation (EPA 2003). In the terrestrial system, dioxins and
furans are persistent and tend to bind to soils since they are
insoluble in water. They can also bioaccumul ate because they
concentrate in the fatty tissue of biota (Fiedler 2003).

Part Il: Biological Contaminants

The primary pathogens of concern in sewage sludge and
biosolids are listed in Table A-1. They fall under the following
four categories: enteric viruses, bacterial pathogens,
protozoan parasites, and helminth parasites. Many of these
pathogens may not be detected in biosolids frequently, or they
may be present at low concentrations; however, it isimportant
to continue to monitor biosolids for pathogens so the public
health risks from land-applied biosolids remain low.



Table A-1. Pathogens of concern in biosolids.

Enteric viruses

Bacterial pathogens

Protozoan parasites

Helminth parasites

Adenoviruses
Astroviruses
Caliciviruses
Coxsackieviruses
Echoviruses

Aeromonas

Burkholderia
Campylobacter jejuni
Enteropathogenic E. coli
E. coli O157:H7

Balantidium coli
Cryptosporidium spp.
Cyclospora
Entamoeba histolytica
Giardia lamblia
Microsporidia
Toxoplasma gondii

Ascaris lumbricoides
Ascaris sum
Hymenolepis nana
Necator americanus
Taenia spp.
Toxocara canis
Trichuris trichirua

Enteroviruses Helicobacter pylori
Hepatitis virus A/E Legionella spp.
Norovirus Leptospira

Norwalk virus Listeria monocytogenes
Polioviruses Salmonella spp.
Reoviruses Vibrio cholera

Rotaviruses Yersinia spp.

Adapted from: NRC (2002) and EPA (2011)

Table A-2. Pathogen/indicator maximum allowable levels in Class B and Class A biosolids.2

Pathogen or indicator

Fecal coliform
Salmonella spp.
Enteric viruses
Viable helminth ova

Class B

< 2x10¢ CFUP or MPN< per gram
Reduced by a factor of 10
Reduced by a factor of 10
Not applicable

Class A

< 1x10%* MPN per gram
< 3 MPN per 4 grams
< 1 PFU9 per 4 grams
< 1 viable ova per 4 grams

Adapted from: EPA 2015a

aTotal solids on dry weight basis
"CFU = colony-forming units
‘MPN = most probable number
4PFU = plaque-forming units

Regulated pathogens or indicators

Currently, four types of pathogens or indicator s are measured
in biosolids to determine Class B and Class A equivalency.
These four types are fecal coliform, Salmonella spp., enteric
viruses, and viable helminth ova (Table A-2). Testing for some
pathogens or indicatorsis less expensive than testing for all
pathogens that can be found in biosolids. However, some
researchers believe that this traditional method of testing
pathogen contamination in biosolids may be inadequate for
estimating emerging pathogen concentrations. New molecular
genetic methods for quantifying pathogen levels are
advancing, and they may prove to be more accurate and
reliable methods of testing in the future (EPA 2011).

Protozoan Parasites

The two most common protozoan parasites associated with
biosolids are Cryptosporidium and Giardia. Although these
protozoa die within days of Class B biosolids treatment, more
research concerning Cryptosporidium oocyst viability is
needed for improved risk assessment evaluations (EPA 2011).
In soils, Giardia can persist for less than a day or up to 28
days, and Cryptosporidium can persist from 28 daysto over a
year.

Helminth Parasites

Biosolids-borne helminthes and ova (i.e., eggs) are rare in the
U.S. because the public has access to clean water and has a
high level of persona hygiene (EPA 2015b). Very few
helminths entering the sewer system means very few can end
up in biosolids. However, helminth ova can persist for several
yearsin soil (Gerba and Smith 2005), so it isimportant to
continue limiting helminth parasitesin biosolids. Thisis
especially true for Class A biosolids since the primary route of
helminth infection is through consumption of contaminated
foods.

Aerosolized Endotoxins

Endotoxins are poisonous substances that are released when
the cell walls of gram-negative bacteria break down.
Concentrations of endotoxins are similar for biosolids, animal
manures, and compost (EPA 2011). Aerosolized endotoxins
can form following mixing, tilling, or disking biosolids, animal
manures, and compost. The effects of inhaling aerosolized
endotoxins can include fever, coughing, breathlessness, flu-
like symptoms, and inflammation (EPA 2011).

Authorized individuals who come in contact with biosolids
during mixing, disking, or tilling should wear appropriate
personal protective equipment (CDC 2002). Aerosols are not
airborne for very long and they do not travel very far, only
around 541 ft (Low et a. 2007; King et a. 2011), so they are
unlikely to become a public health concern.



Glossary

adenoviruses. Viruses affecting adenoid tissue (tonsils), most
of which cause respiratory diseases, and spread by respiratory
secretions and fecal contamination. See also vir uses.

aerosols. Small particles or liquid dropletsin air.

agronomic. Relating to agronomy, the science and technology
of producing and using plants for food, fuel, fiber, and land
reclamation.

anaer obic digestion. A series of biological processesin which
microorganisms break down biodegradable material (often
wastes such as liquid manure or food-processing wastes) in the
absence of oxygen, which generates biogas containing
methane, a source of renewable energy.

antibacterial. Chemical or agent that interferes with the
growth and reproduction of bacteria. Used specifically for
disinfecting surfaces and eliminating potentialy harmful
bacteria. Unlike antibiotics, antibacterial agents are not used as
medicines for humans or animalss, but can be found in soaps,
detergents, health and skincare products, and household
Cleaners.

antibiotic. A substance used in medicines for humans and
animalsthat is capable of destroying or weakening certain
microorganisms, especially bacteria or fungi that cause
infections or infectious diseases.

antibiotic resistance. The ability of a microorganism to
withstand the effects of an antibiotic.

Aroclors. Also called PCBs. Synthetic (man-made) organic
chemicals banned in 1979 after they were found to cause
cancer in animals.

bacterial pathogens. Also called pathogenic bacteria. Bacteria
that can cause disease, in contrast to the majority of bacteria,
which are harmless or beneficial. See also pathogens.

bioaccumulate. To accumulate substances within a biological
organism in concentrations greater than the concentrations
found in the environment.

bioavailability. Degree and rate at which a substance is
absorbed into aliving system or is made available at the site of
physiological activity.

biological activity. Describes the effects, either beneficial or
adverse, of achemical or drug on living matter.

biological contaminants. Biological substances, such as
parasites, bacteria, and viruses that may pose athreat to human
and animal health. See also contaminants.

biomass. Organic matter derived from living or recently living
organisms.

biosolids. Treated sewage sludge, particularly that whichis
intended for agricultural use as a soil conditioner.

biota. The animal and plant life of a particular region, habitat,
or geological period.

bisphenol A (BPA). Synthetic organic chemical used since
1957 to manufacture certain plastics and epoxy resins,
commonly used as coatings on the inside of food and beverage
cans, that is currently being investigated for potentially
harmful effects on both human and environmental health
becauseit is an endocrine (hormone system) disruptor.

bulk density. The dry weight (often of soil) in a given volume.

Campylobacter. Gram-negative bacteria, most of which are
pathogenic and can infect humans and animals and are one of
the main causes of bacterial foodborne disease in many
developed countries.

carbamazepine. Brand name Tegretol. A medication used to
treat epilepsy and neuropathic pain as well as schizophrenia
and bipolar disorder.

car bon compounds. Compounds consisting largely of carbon
atoms, which are the basis of all organic, living matter.

car cinogenic. Having the potential to cause cancer.

Class A biosolids. Sewage sludge that has been treated to
reduce biological contaminants to very low levels. Meets EPA
standards for regulated contaminants. Can be used as a soil
amendment and plant fertilizer in home gardens and
landscapes.

Class B biosolids. Sewage sludge that has been treated to
substantially reduce the level of biological contaminants.
Meets the EPA criteriafor regulated contaminants. Can be
used as a soil amendment and plant fertilizer for agricultural
land, timberland, rangeland, and land-reclamation sites.

Clean Water Act. The primary federal law in the United
States governing water pollution.

colony-forming unit. A unit of measure used to estimate the
number of viable bacterial cellsin asample.



compost. Organic matter that has been composted; that is,
decomposed through a series of biological processesin which
microorganisms break down biodegradable material in the
presence of oxygen; it can then be recycled as afertilizer and
soil amendment.

contaminants. Undesirable biological or chemical elements or
agents, foreign matter, or other substances that if present may
be potentially harmful to humans and the environment. Unlike
pollutants, contaminants are not always hazardous. See aso
pollutants.

Cryptosporidium. Type of protozoan parasite that causes
diarrheal gastrointestinal illnessin humans. These parasites are
ableto form oocysts (i.e., a dormant and more resilient form of
the organism) until favorable environmental conditions arise.

degradation. Breakdown of substances by chemical or
biological reactions.

di(2-ethylhexyl) phthalate (DEHP). Synthetic organic
chemical in the phthal ate group, widely used as a plasticizer in
the manufacture of some polyvinyl chloride (PVC) plastic
materials.

dioxins. Highly toxic compounds produced as a by-product in
some manufacturing processes, notably herbicide production
and paper bleaching. They are a serious and persistent
environmental contaminant.

effective concentrations. The amount of a substance needed
to induce a response.

effluents. Outflowing liquid that is frequently wastewater or
treated wastewater.

emer ging contaminants. New, previously undetected, or
poorly understood contaminants.

endocrine disruption. Interference with the human endocrine
(hormonal) system. Any system in the body controlled by
hormones can be derailed by a hormone disruptor, which can
cause cancerous tumors, birth defects, and other devel opmental
disorders.

endotoxins. Substances bound to the outer membrane of gram-
negative bacteria that can be released when a bacterium
ruptures or disintegrates, potentially eliciting a strong immune
response in humans.

enteric viruses. Group of viruses that primarily infect the
intestinal tract of humans through ingestion of food or water
contaminated with viruses of fecal origin. This group includes
adenoviruses and enteroviruses. See also vir uses.

enteroviruses. Viruses found in feces and respiratory
secretions that are spread through the fecal-oral route,
potentially causing illnesses ranging from mild respiratory
problems to meningitis. See also vir uses.

Environmental Protection Agency (EPA). An agency of the
U.S. federal government that was created for the purpose of
protecting human health and the environment.

Escherichia coli O157:H7. Distinct variation of the bacteria
E. coli that is pathogenic and is typically passed to humans
through consumption of contaminated food. It isinfectious,
causing diarrheal illnessthat if severe enough can lead to
kidney failure.

estrogenic compounds. Substances having an action similar to
that of estrogen, the primary female sex hormone that is
responsible for development and regulation of the female
reproductive system and secondary sex characteristics.

fecal coliform. Bacteriathat live in the digestive tracts of
warm-blooded animals, including humans, and are excreted in
their feces. Most are not harmful, but some are pathogenic to
humans and can cause disease.

flame retar dants. Compounds added to a variety of
manufactured materials to make them more fire resistant.

furans. Colorless, flammable, highly volatile liquids found in
heat-treated commercial foods, such as roasted coffee and
processed baby foods that are toxic and may be carcinogenic in
humans.

Gram-negative bacteria. Bacteria that have an inner cell
membrane and do not form spores (i.e., amore resilient form
of the organism that allows for asexual reproduction), and are
more resistant.

Giardia. Type of protozoan parasite transmitted by the fecal-
oral route that can cause diarrhea, gas, cramps, and nausea.
These parasites are able to form oocysts (i.e., adormant and
more resilient form of the organism) until favorable
environmental conditions arise.

groundwater. Water present in soil pore spaces beneath the
soil surface or in rock crevices and pores.

half-life. The time required for any specified substance to
decrease by half (e.g., the length of time in daysit takes for
half of a contaminant concentration to be degraded).

heavy metals. Any relatively dense metal, such as alkali and
alkaline earth metals, transition and post-transition metals,
lanthanides, and actinides. Sometimes arsenic and antimony
are also considered heavy metals.



helminth parasites. Large, worm-like parasites that can cause
awide variety of infectious diseases by infecting the
gastrointestinal tract of humans. Infection can occur when, for
example, helminth eggs are swallowed after touching
contaminated soil.

hydrous oxide. A class of mineralsthat is highly porous with
large surface areas that show an affinity for organic and
inorganic contaminants.

indicator organism. A group of organisms used as a proxy or
substitute for pathogen contamination testing. See also
pathogens.

inorganic. Of, relating to, or denoting non-living compounds
(not containing more than one carbon atom).

insoluble. Substance incapable of being dissolved. Refersto
solubility in water unless otherwise indicated.

leaching. Draining away substances from soil or similar
materials by the action of liquids, especially rainwater.

macr ofauna. Organisms greater than 2 mm in length that live
part of their life in the soil. Some examples are earthworms,
insects and their larvae, slugs, and snails.

macr onutrients. Nutrients needed in relatively large amounts.
For plants, the primary macronutrients are nitrogen,
phosphorus, and potassium. Calcium, sulfur, and magnesium
are secondary macronutrients.

microbes. Shorter term for microorganisms.
micronutrients. Nutrients only needed in very small amounts.

microor ganisms. Diverse, microscopic living organisms that
include fungi, viruses, al bacteria, and amost all protozoa.

most probable number. In microbiology, microbia cultures
grown in the laboratory are assessed visually to determine
growth or no growth, bypassing the difficult process of colony
counting.

municipal wastewater. Wastewater derived from local
households and sometimes industrial facilities.

musks. Perfume ingredient essential in modern perfumery.

National Pollutant Discharge Elimination System (NPDES)
per mits. The permitting system used to regulate point source
pollution (i.e., identifiable effluent discharge locations), such
as municipal wastewater treatment facilities, industrial
facilities, and some animal feedlots.

neur otoxins. Substances that are poisonous or destructive to
nerve tissue.

nitrate. Chemical (NO3™) produced for use as afertilizer in
agriculture because of its high solubility and biodegradability
characteristics.

nonconventional pollutants. Pollutants other than the
conventional pollutants. Conventiona pollutants are
biochemical oxygen demand (BOD), fecal coliform bacteria,
oil and grease, pH, and total suspended solids. Wastewater
treatment facilities are designed to remove these conventional
pollutants, but not nonconventional pollutants.

nonylphenol (NP). Synthetic organic compounds that are used
in manufacturing antioxidants, lubricating oil, detergents,
emulsifiers, and solubilizers (surfactants) that have been found
to be an endocrine disruptor.

nonylphenol ethoxylates (NPE). Also called nonoxynols.
Synthetic organic compounds used in detergents, emulsifiers,
wetting agents, and defoaming agents (surfactants) that break
down to nonylphenol in some cases and have mild to medium
estrogenic function.

odorants. A chemical compound that has a smell or odor.

oocyst. A hardy, thick-walled spore that develops at a certain
stageinthelife cycle of coccidian parasites like
Cryptosporidium and then is shed in the feces of infected
individuals.

ova. For helminths, ova are the eggs produced by helminth
worms for reproduction.

organic. Of, relating to, or derived from living matter.

organic contaminants. A class of chemical contaminants that
has more than one carbon atom in its chemical makeup.

organic matter. Matter composed of organic (carbon-
containing) compounds that have come from the remains of
organisms such as plants and animals and their waste products.

organic solids. Solids made up of compounds with more than
one carbon atom in their chemical makeup as opposed to
inorganic solids which are made up of inorganic (non-carbon)
compounds.

parasites. Organisms that live in or on a host in a non-mutual
symbiotic relationship where they derive nourishment from the
host while doing damage to it.

pathogenic bacteria. Single-celled microorganisms that cause
disease.



pathogens. Agents that cause disease, especially living
microorganisms such as bacteria, viruses, or fungi.

perfluorinated chemicals (PFCs). A group of fluorine-
containing chemicals that have been used extensively in
commercial applications to make products oil, stain, and water
resistant such as stain-resistant carpeting and food packaging
like microwavable popcorn bags.

perfluorooctanoic acid (PFOA). A type of PFC that isused in
the process of making Teflon® and similar chemicals,
although it is burned off during the process and is not present
in significant amounts in the final Teflon products. Itisa
toxicant and carcinogen in animals.

persistent chemicals. Chemicals that are difficult to remove
from the environment.

per sonal care products. Products used by individuals for
personal hygiene and personal appearance, such as soaps,
cosmetics, fragrances, and hair-styling products.

plasticizers. Additives that increase the plasticity or fluidity of
plastic materials used to make soft plastics like some polyvinyl
chlorides (PVCs). See phthalates.

plague-forming unit. A unit of measure used to estimate the
number of particles capable of forming plagues (e.g., virus
particles) in asample.

pH. A numeric scale used to specify the acidity or basicity of
an aqueous (water-containing) solution.

phar maceuticals. Compounds manufactured for use as
medicinal drugs.

phthalates. A group of man-made chemicals used in awide
range of common products, and are often used as a plasticizer
in plastics, especially in PVC resins.

pollutants. Undesirable biological or chemical elements or
agents, foreign matter, or other substances or contaminants that
are in high enough concentrations that they become hazardous
to human or environmental health.

polybrominated diphenyl ethers (PBDES). Organic
chemicals, structurally similar to polychlorinated biphenyls
(PCBSs), used as a flame retardant, although they are being
phased out in many products because they are persistent
chemicals and they bioaccumulate.

polychlorinated biphenyls (PCBs). Organic chemicals,
structurally similar to polybrominated diphenyl ethers
(PBDES), that were used as a flame retardant until they were
banned in 1979 because they were found to be carcinogens.

polyvinyl chloride (PVC). A widely produced synthetic
thermoplastic resin used chiefly for thin coatings, insulation,
and piping. Seeresin.

protozoa. Single-celled organisms larger than bacteria, but
smaller than helminth worms, that exhibit animal-like
behaviors.

protozoan parasites. Microscopic, single-celled parasitic
organisms transmitted to humans by such means as
contaminated water, waste, blood, poorly handled food, and
insects, potentially causing serious illness.

reservoir for pathogens. A long-term host for pathogens of an
infectious disease.

resin. A solid or highly viscous substance that is malleable
until it setsinto a hard finish.

risk assessment. A process used to evaluate the nature and
magnitude of a possible negative outcome in a defined
situation, such as evaluating the level of risk or threat certain
chemical contaminants pose to human and environmental
health.

Salmonella spp. Bacteria, usually motile (capable of maotion),
that are pathogenic to humans and other warm-blooded
animals and cause food poisoning, gastrointestinal
inflammation, typhoid fever, and septicemia.

sewage sludge. Residual, semi-solid material that is produced
as a by-product during municipal and industrial sewage and
wastewater treatment.

Shigella. Gram-negative bacterium related to Salmonella that
causes disease in primates and humans and is one of the
leading causes of bacterial diarrhea worldwide.

soil aggregation. The arrangement of soil particles into stable
units or aggregates.

soil conditioner. A substance that is added to a soil to improve
its physical qualities, such as texture, structure, and porosity, in
order to increase its ability to provide plant nutrition.

soil porosity. A measure of the amount of air space between
soil particles.

solubility. The ability of asolid, liquid, or gaseous chemical to
dissolve into a bulk amount of material (solid, liquid, or gas),
depending on its physical and chemical properties as well as
temperature and pH.

sorption. A physical and chemical process by which one
substance becomes attached to another.



surface runoff. Excess stormwater, meltwater, or water from
other sources that flows over the Earth’s surface.

surfactants. Substances that tend to reduce the surface tension
of aliquid in which they are dissolved.

sustainable practices. Practices that can be maintained over
time without adverse consequences.

synthetic. Of, relating to, or produced by chemical or
biochemical synthesis, especially to imitate a natural product.

terrestrial system. Land-based communities that include
living and non-living things.

tetrachlorodibenzo-p-dioxin (TCDD). The most potent of the
toxic dioxin compounds, it is a persistent and carcinogenic
chemical that is also known as Agent Orange.

trace element. An element (in the periodic table of elements)
present in very small amounts.

triclosan. Antibacterial and antifungal agent found in
consumer products, such as soaps, detergents, surgical
cleaning treatments, and children’stoys.

viruses. Submicroscopic infective agents that replicate inside
living cells and often cause disease.

wastewater residuals. Materials comprised of suspended
solids and sludge from the primary and secondary wastewater
processing steps used by wastewater treatment plants, which
after being treated and stabilized become biosolids.

water-holding capacity. Amount of water that can be stored
in the soil.

Yersinia enterocolitica. Gram-negative bacteria that can infect
both humans and animals, causing diarrheain humans; animals
that recover become carriers, and dogs, sheep, wild rodents,
and environmental water may be reservoirs for pathogenic
strains.

Definitions adapted from Merriam-Webster.com,
wikipedia.org, U.S. Environmental Protection Agency (EPA),
and Centersfor Disease Control and Prevention (CDC).
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