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Chapter 14 – Environmental Considerations 
 
Beneficial use programs must be managed in a manner that protects the food chain, enhances soil 
productivity, and maintains water quality.  This chapter provides a brief overview of the 
environmental considerations relevant to biosolids recycling.  A generalized description of the 
transformation and fate of biosolids constituents added to the soil is provided.  Specific coverage 
is given to the four major categories:  

• Nutrients  
• Trace elements  
• Pathogens  
• Trace organic compounds  

 
An understanding of the reactivity, mobility, and potential fate of these constituents is an 
essential cornerstone in proper regulation and management of land application programs. This 
information also allows individuals to address questions regarding beneficial use programs.  
 
14.1 Critical Control Points / Operational Controls  
 
The controls associated with environmental considerations include:  

• The extent that biosolids constituents move from the soil to other environmental 
compartments. 

• Impacts of biosolids application on water supplies and the food chain.  
• Distribution of elements determines their behavior in the environment.  

 
These serve as guiding principles for environmental management of beneficial use programs.  
 
14.2 Possible Fates of Land-Applied Biosolids Constituents  
 
When biosolids are land applied, they are incorporated into an extremely complex and dynamic 
system.  In the soil, numerous chemical and biological reactions occur simultaneously. These 
processes modify and transform elements and compounds within the biosolids and within the 
soil. Some reactions will enhance the mobility and bioavailability of soil constituents, while 
other reactions have the opposite effect.  
 
Once introduced to the soil environment, biosolids constituents can follow several distinct 
pathways.  Their chemical form largely determines the predominant pathways that are followed. 
The distribution of an element among its various forms is called its speciation. Some general 
statements can be made regarding the major transformations of biosolids constituents but caution 
is warranted when extending them to specific situations.  
 
In the natural soil environment, many substances degrade at the point of incorporation or are 
stored more or less permanently in the soil matrix.  The chemical structure can be altered by 
chemical and biological reactions or radioactive decay.  Some elements and compounds can be 
bound tightly through sorption, precipitation, or occlusion within soil minerals so as to be 
considered permanently immobilized.  In this way we can think of the soil as a sink. Alternately, 
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we can consider the soil as a filter. Some elements and compounds, when applied to the soil 
surface, will migrate to other environmental compartments like the atmosphere, surface waters or 
groundwater aquifers, or into vegetation growing on the site.  These materials may be transported 
to air, water, or vegetation largely unchanged or they may be degraded, or transformed prior to 
leaving the soil profile.  With a few exceptions, little concern has been expressed over 
environmental impacts on soil organisms from land application of biosolids. Thus, 
environmental effects of beneficial use are of concern to the extent that biosolids constituents 
migrate from the soil into other media where exposure to humans or animals may occur or water 
quality is impaired.  Because of the tremendous dilution capacity of the overlying atmosphere, 
air pollution effects from surface applied biosolids are minimal. Odors, of course, are an 
extremely important air quality issue and they are given detailed coverage elsewhere.  
This chapter focuses on the potential environmental impacts on animals, humans, crops, and 
aquatic systems.  Each of the four major categories of biosolids constituents is discussed.  
 
14.3 Nutrients in Biosolids-Amended Soils  

 
14.3.1  Soil Fertility  
Understanding soil fertility is essential to biosolids recycling programs.  Biosolids are a 
rich source of nitrogen, phosphorus and many secondary micronutrients.  The nutrients in 
biosolids can increase crop growth.  Similar to other fertilizers, if excess levels of certain 
nutrients are applied, they may be toxic to plants and limit crop yields.  
Besides carbon (C), oxygen (O) and hydrogen (H) that come from photosynthesis, 13 
nutrients are essential for healthy plant growth.  The essential plant nutrients are 
summarized on Table 14.1.  

 

 
Source: Agronomy Guide, 1998.  
 
Plants need three primary nutrients [nitrogen (N), phosphorus (P) and potassium (K)] in 
large amounts and shortages of these nutrients most often limit crop yields.  Secondary 
nutrients [calcium (Ca), magnesium (Mg), and sulfur (S)] are needed in intermediate 
amounts and insufficient levels in the soil may also limit plant growth.  Micronutrients 
[iron (Fe), manganese (Mn), boron (B), chlorine (Cl), zinc (Zn), copper (Cu), and 
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molybdenum (Mo)] are required in very small quantities.  Deficiencies in these nutrients 
tend to be uncommon and associated with specific crops in certain localities. Optimum 
crop yields depend on optimum levels of available nutrients. There is a sufficiency range 
where the optimum amount of a nutrient is available for the crop.  A nutrient is deficient 
when the soil supplies an insufficient amount in a water soluble, plant-available form. 
Plants may or may not exhibit visual symptoms of nutrient deficiencies (such as yellowed 
leaves), but they may still suffer reduced yields.  For some nutrients, excess levels in the 
soil can reduce yields.  A nutrient is said to be phytotoxic under these conditions. 
Diagnosing plant deficiencies and toxicities is difficult since specific symptoms can have 
a variety of causes.  Moreover, the phytotoxicity of some elements only occurs when an 
imbalance or excess of another nutrient also exists.  

 
Soil acidity plays a critical role in soil fertility as it affects uptake efficiency of virtually 
all plant nutrients.  In many areas, modifying soil pH is essential in creating favorable 
conditions for crop growth.  The leaching of basic components by the percolation of 
water through the soil profile largely determines soil acidity.  In drier regions of the 
country, little water percolates through the soil and the large supply of bases results in 
near-neutral or alkaline soils.  In areas of higher rainfall, the leaching of bases exceeds 
their release from the solid phase and soils tend to be acidic (have a lower pH). Under 
acidic conditions, some nutrients may be less available and other elements (like 
aluminum) can become phytotoxic.  Thus, agricultural fields in many parts of the country 
are limed periodically.  Conversely, highly alkaline soils may also reduce the plant 
availability of certain essential crop nutrients.  If biosolids have been lime-stabilized, they 
can satisfy soil liming requirements.  As with any liming materials, overly alkaline soil 
conditions should be avoided.  
 
14.3.2 Nitrogen, Phosphorus, Potassium  
Nitrogen  
Deficiencies in the primary nutrients (N, P, K) most often are responsible for limiting 
plant growth in agricultural systems and supplemental applications are usually required 
for optimum fertility.  The ability of biosolids to supply these nutrients depends on the 
form, composition and treatment characteristics of the biosolids as well as a host of soil 
and climatic factors.  The relative mobility of essential plant nutrients including N, P, K, 
is quite different.  

 
The N-supplying ability of biosolids is the key agronomic benefit to the soil.  Nitrogen is 
a dynamic element, continually being added, removed, and recycled between different 
soil compartments.  Gains of soil N occur from the atmosphere (precipitation, 
atmospheric N fixation by bacteria) and materials deposited intentionally on the surface 
(biosolids, fertilizers).  Losses occur through volatilization to the atmosphere, uptake by 
plants and movement off-site via erosion, runoff, and leaching.  

 
Within the soil itself, N is exchanged among various forms by several processes.  Soil 
microorganisms catalyze most of these reactions.  Plants use inorganic (water-soluble) 
forms of N such as nitrates (NO3) and ammonia (NH3, NH4

+

).  When N is primarily 
bound in organic matter, as is the case for biosolids, conversion to inorganic forms 
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(mineralization) must occur before plants can use the N.  Predicting the rate at which 
mineralization takes place in biosolids amended soil is a critical part of determining the 
appropriate application rate.  

 
Phosphorus  
Phosphorus is a critical component in nucleic acid synthesis and biological energy 
transfer reactions and so is vital to crop growth.  Phosphorus in soils can be divided into 
two broad categories: organic P and inorganic P.  For both, there is a continuum of forms 
ranging from soluble P that is readily taken up by plants to stable, unavailable P that is 
strongly adsorbed or fixed within the soil matrix.  Inorganic P is the dominant form in 
most soils and biosolids. In soils, P is often present in large amounts, but only a small 
fraction is in a form that can be used by plants.  When inorganic P is added to soils, up to 
90 percent can become fixed in stable, unavailable forms within the first few weeks 
(Sharpley and Beegle, 1999).  Thus, the amount of P available to the plant is not 
necessarily correlated to the total soil P content.  

 
The quantity of P required by plants is about one-tenth that of N.  Therefore, when 
biosolids and manures are applied to satisfy the crop N requirement, the amount of P 
added exceeds that removed in normal crop production.  Except for occasionally reducing 
uptake of some crop micronutrients, excess soil P does not adversely affect plant or 
animal health. The major environmental concern is that excess soil P will move from an 
application site to a water body, where the P can stimulate growth of aquatic plants (a 
process called eutrophication). Leaching of P is negligible in most soils except for 
heavily fertilized sands and peats that have little P-binding capacity.  Controlling erosion 
at an application site will dramatically reduce off-site movement of P.  Because P-based 
nutrient management may be mandated for land-applied materials, including biosolids, 
understanding the behavior of biosolids-P is the subject of much research.  

 
Potassium  
Potassium (K) is an essential element in protein synthesis and photosynthesis and is 
absorbed by plants in greater amounts than any other nutrient except N.  The forms of K 
in soils are usually divided on the basis of plant availability: (1) readily available, (2) 
slowly available, and (3) unavailable.  Many soils have high total K but the amount 
readily available to plants is relatively small.  When K is freshly added to the soil, it tends 
to be a soluble, readily available form.  Soon after, it goes into a slowly available form. 
As crops remove the soluble, available K, the process is reversed and the slowly available 
K goes into solution.  

 
Depending on the existing reserves of K in the soil, biosolids may or may not satisfy the 
needs of the crop. High available N coupled with inadequate K causes some hay and 
grain crops to lodge, a condition where the plant stalks are weakened and plant does not 
stand upright.  This hinders efficient harvesting of the crop.  Thus, because of the 
mismatch between crop requirements and nutrient content of organic residuals, it is 
sometimes necessary to use commercial fertilizers in conjunction with biosolids to 
provide a balanced supply of nutrients.  
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14.4 Trace Elements in Biosolids-Amended Soils  
 
The earth's crust is comprised of metals and nonmetallic elements in varying proportions.  Some 
of the most common and most important elements from an agricultural and environmental 
perspective are aluminum (Al), calcium (Ca), iron (Fe), magnesium (Mg), manganese (Mn), 
potassium (K), sodium (Na), chlorine (Cl), and sulfur (S).  There are additional trace elements 
that comprise a large group of metals, nonmetals, and metalloids that normally exist at low levels 
in natural systems that can also cause beneficial or adverse health and environmental effects.  
Trace elements are arbitrarily defined as those that occur in a typical uncontaminated soil at 
concentrations less than about 0.02 percent (200 mg kg

-1 

dry weight).  Environmentally important 
soil trace elements include the metals: beryllium (Be), cadmium (Cd), copper (Cu), cobalt (Co), 
chromium (Cr), mercury (Hg), molybdenum (Mo), nickel (Ni), thallium (Tl), vanadium (V), 
uranium (U), lead (Pb), and zinc (Zn); metalloids such as arsenic (As) and antimony (Sb), and 
some nonmetals such as selenium (Se) and fluorine (F). The term heavy metal is sometimes used 
to refer to metallic elements having a density greater than about 6 g cm

-3

.  
 
Metals and trace elements exist naturally in soils due to the weathering of geological rock. 
Natural background levels of trace elements vary widely in soils.  Even in the absence of human 
impacts, background levels may be high enough to limit crop yields, restrict biological activity, 
or contaminate water supplies.  In contrast, cultivated soils may be deficient in certain plant-
essential trace elements. For example, Cu and Zn are sometimes added to soils to maximize crop 
growth.  Thus, it is important to understand the potential impact of soil trace elements from 
biosolids additions relative to levels existing naturally or added through other activities.  

 
14.4.1  Trace Element Transformation Processes  
Trace elements can be broadly divided into two categories based on their electrical 
charge.  Cations carry a positive charge in the soil solution.  Anions have an overall 
negative charge in the soil solution.  The categories are not mutually exclusive.  Some 
elements can fit into more than one category depending on soil conditions.  For example, 
Cr can exist both as a cation, Cr

3+

, and as an anion, CrO4
2-. Elements that fall into the same 

electrical category tend to behave similarly in the soil.  
 
From an environmental standpoint, cationic and anionic elements exhibit different 
mobilities, water solubilities and bioavailabilities due in part to the way they interact with 
the surfaces of soil particles.  Most soil particles carry a net negative charge and attract 
positively charged cations.  Anions, with their negative charge, are repelled and tend to 
remain in the soil solution. This is an important phenomenon because many potentially 
toxic elements exist predominantly as cations in soils.  For example, cadmium is typically 
present in the cationic form (Cd

2+

) and hence it could be retained on the surface of soil 
particles. However, processes such as acid-base reactions, complexation, and oxidation-
reduction may alter the electrical charge of trace elements, thereby influencing their 
distribution between the solid particle-bound phase and the solution phase.  
 
Many trace elements that exist predominantly within the soil mineral phase are relatively 
inert and generally have little immediate environmental significance.  However, if an 
element in this reservoir is mobilized by weathering reactions or an element is added to 
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the soil in a more mobile (soluble) form, it may then be available for incorporation into 
the soil biomass, plant uptake, leaching, or reactions with other soluble constituents or 
soil particle surfaces.  Thus, environmentally significant processes like vegetative uptake 
and leaching to groundwater are largely depend on the levels of a trace element in the soil 
solution or weakly bound to soil particles.  
 
As with nutrients, soil acidity, as measured by pH, has a profound influence on the 
bioavailability and leachability of trace elements.  Soil reactions like adsorption and 
precipitation are strongly affected by the acidity of the soil.  Lowering the soil pH, 
making it more acidic, generally causes the metals to be more soluble.  This means that 
they are more mobile in the subsurface environment and more readily taken up by crops. 
Regulations for land application of biosolids often stipulate the soil pH at the time of 
application. Such regulations aim to ensure that potentially harmful trace elements are not 
present in forms that can be taken up by crops grown on the application site.  
 
14.4.2  Soil-Plant Relationships  
A crucial objective of regulations governing use of biosolids on agricultural land is the 
prevention of food chain contamination by toxic elements.  Elements can be divided into 
three groups in terms of their potential to be taken up by crops.  Some elements (Ag, Au, 
Cr(III), F, Hg, Pb, Ti, Sn, Zr) are characterized by low water solubility or strong 
adsorption on soil surfaces that limits their potential movement to plant roots. Therefore 
many elements are not absorbed by plant root systems.  Others in this group will bind 
strongly to roots tissue and are not translocated to aboveground, edible, plant parts.  This 
prevents excessive levels in the foliage.  Other elements such as (Cu, Ni, As, B, Zn) are 
phytotoxic to plants and do not normally enter the food chain since tissue concentrations 
lethal to plants are well below concentrations that would be harmful to humans, livestock, 
or wildlife.  
 
The processes that limit potential food chain contamination are collectively called the 
“soil-plant barrier.” However, the soil-plant barrier does not exclude all potentially 
harmful elements from the food chain. Elements such as Cd, Mo, and Se are readily taken 
up by plants and could accumulate in edible crop tissues that are potentially harmful to 
humans or animals without causing any substantial reduction in crop quality or quantity.  
These elements are therefore addressed in biosolids regulations.  
 
14.4.3 Trace Element Management in Biosolids  
To protect plant, animal and human health, regulatory limits and regular monitoring 
requirements are placed on nine metals and trace elements found in biosolids to ensure 
that repeated agronomic applications do not elevate soil concentrations to a level that 
would be of concern. These pollutants are: As, Cd, Cu, Pb, Hg, Mo, Ni, Se and Zn.  The 
limits placed on most of these elements are to ensure that they do not build up to 
concentrations that could potentially harm human or animal health either through direct 
ingestion or through the food chain.  However, the limits on Cu, Zn, and Ni are not based 
on health concerns but rather phytotoxic effects.  The list of regulated metals is limited 
because other potential contaminants generally have not been found to occur in biosolids 
at levels that would be of concern.  
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14.5 Pathogens in Biosolids-Amended Soils  

 
14.5.1 Sources and Types of Pathogens in Biosolids  
Most microbes are benign or beneficial to mankind.  A few, however, called pathogens, 
are capable of causing disease in humans, animals or crops.  Raw wastewater may 
contain significant numbers of pathogens from infected individuals in the population 
served by the treatment facility.  Some municipal wastewaters also include contributions 
from slaughterhouses or meat and poultry processing plants and thus potentially contain 
animal pathogens potentially infectious to humans.  Although extremely important in 
agriculture, plant pathogens are not generally important in wastewaters or biosolids.  
A primary purpose of wastewater treatment is to remove pathogens before effluent is 
returned to surface waters. Biosolids destined for land application also undergo treatment 
to reduce pathogens.  Some biosolids treatment processes like composting and heat 
drying, that inactivate virtually all pathogens, are used to produce biosolids that will be 
generally marketed and distributed without further regulatory controls.  Treatment 
processes for biosolids used for agricultural land application programs significantly 
reduce, but do not totally eliminate pathogens.  Thus, land-applied biosolids normally 
contain some organisms potentially capable of transmitting disease to animals or humans 
and are, therefore, managed accordingly.  
 
Pathogens associated with biosolids-amended soils typically fall into four major groups:  

• Bacteria  
• Viruses  
• Protozoa  
• Helminths.  
 

Fungal pathogens could be included but they do not generally exhibit the same degree of 
pathogenicity to humans and animals.  Fungi are secondary or opportunistic agents of 
disease, causing hypersensitivity or infection in individuals weakened by other diseases. 
Table 14.2 lists some pathogens of concern in biosolids.  Individual sources of wastewater 
and, therefore, biosolids, may or may not contain specific pathogens depending on the 
prevalence of disease in the general population.  

 
Disease outbreaks associated with discharges of raw sewage have predominantly been caused 
bacterial organisms.  Two of the most common types of pathogenic bacteria detected in 
wastewater are Salmonella and Shigella. Viruses are extremely small and include a wide 
spectrum of organisms responsible for a host of human and animal diseases, including 
gastrointestinal illnesses and other diseases such as hepatitis.  
 
Protozoa and helminths are grouped together as “parasites”.  Protozoa are single-celled 
organisms like bacteria and include the organisms like responsible for giardiasis and amebic 
dysentery. Helminths are invertebrates that include roundworms and tapeworms. Studies 
have shown that the eggs (ova) of helminths and the encysted (dormant) life-stage of 
protozoa can survive wastewater and biosolids treatment processes.  The potential presence 
of these organisms once again depends on their prevalence in the general population and the 
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type of biosolids stabilization performed.  Physically, parasite ova are significantly larger in 
size than bacteria or viruses and therefore unlikely to find their way to groundwater 
.  

 
Source: Baker, et al, 1985  

 
14.5.2 Pathogen Risk  
Three conditions are necessary to produce infectious disease:  

• The disease agent must be present in sufficient concentrations to be infectious,  
• Susceptible individuals must come into contact with the agent in a manner that 

causes infection, and  
• The agent must be able to breach the physical and immunological barriers of the 

individual.  
 
Biosolids regulations are designed to address the first two of these factors by a 
combination of treatment and site management practices.  Many pathogens do not survive 
the wastewater treatment process. Biosolids produced during the treatment process 
undergo stabilization to reduce pathogens.  
 
14.5.3 Persistence of Soil Pathogens 
The survival of pathogens in soils treated with biosolids depends on factors such as 
climate, soil properties, and the characteristics of the organism.  Fortunately, soil and 
climatic factors make the land a hostile environment for most pathogens.  Pathogens 
typically live in the intestinal tract of the infected individual where environmental 
conditions are drastically different than the soil.  In the soil, desiccation, exposure to 
ultraviolet light, extremes of temperature, unfavorable pH or nutrient conditions, and 
predation by other microbes lead to pathogen die-off. Most pathogens in the soil die 
within a few days after biosolids are applied.  Table 14.3 gives the maximum survival 
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time for pathogens in the soil.  Pathogens that are deposited on plant surfaces or on top of 
the soil are deactivated more quickly because they are exposed to sunlight and 
desiccation.  Bacteria as a group do not have long survival times in the soil.  Research on 
viruses indicates that soil temperatures and moisture content are the two most important 
factors influencing their survival.  Hot, dry soil conditions lead to the most rapid die-off, 
while cold, wet soils slow the process.  

 

 
  * Source: USEPA, October 1999  

 
Some species have special adaptive features that allow them to withstand unfavorable soil 
conditions.  Studies have shown that helminth eggs or protozoan cysts can remain viable 
and infective for up to several years.  Despite the potential persistence of some organisms, 
there is no evidence to show that properly managed biosolids application programs have 
caused an increase in disease incidence (Kowal, 1983).  
 
14.5.4 Pathways of Exposure  
Surface and Groundwater Contamination Pathogens from organic wastes deposited on the 
soil can potentially be transported to surface water resources. For land-applied biosolids, 
several factors reduce the likelihood of transport:  

• Biosolids are treated to significantly reduce pathogen levels  
• Restrictions on land application programs reduce the potential for runoff to reach 

water resources except during extreme precipitation events  
• Pathogens present in land-applied residuals are immediately subjected to sunlight 

and other environmental conditions that reduce their viability.  
 

For these reasons, the risks posed by land-applied biosolids are minimal, especially when 
compared to other potential pathogen sources such as direct surface water discharge of 
wastewater effluents or stormwater runoff.  

 
Another concern is the potential transport of pathogens in water percolating through the 
soil to groundwater and wells.  Parasites are large enough that physical straining and 
adsorption in the soil matrix effectively remove them.  Smaller microbes, like bacteria 
and viruses, generally adsorb to the surfaces of soil particles, but can potentially infiltrate 
through the soil.  Studies show that bacteria are normally removed within the top few 
inches of soil. Under certain environmental conditions, viruses may migrate several 
meters through the soil profiles.  While water generally moves slowly between soil 
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particles, it may also move more rapidly through large cracks, worm holes, or root 
channels where opportunities for adherence to soil colloids are less (short circuiting).  
To provide protection, land application programs must observe buffers between 
application sites and wells. This physical barrier reduces the potential that pathogens will 
reach a well and, since ground water movement is a relatively slow process, it provides 
time for the physical and chemical conditions of the soil to destroy any pathogens.  In 
addition, to minimize short-circuiting, buffers are required around sinkholes. While the 
potential movement of pathogens in biosolids to ground water is an issue of potential 
concern, no studies have linked this phenomenon to disease incidence under current 
regulatory requirements.  

 
Aerosol Transport  
There is a possibility that individuals living around biosolids application sites might be 
exposed to microbial pathogens via aerosols, or small droplets of water.  Dowd et al 
(2000) recently investigated the concentration of aerosols downwind of areas undergoing 
land-spreading operations.  They concluded that the risk of viral or bacterial infection is 
quite small under realistic conditions, particularly for populations greater than 10,000 m 
away.  
 
Crop Contamination  
The major human exposure route of concern for pathogens is through consumption of 
root crops and low-growing crops that might be eaten with little or no processing 
(washing or cooking).  The potential risk is much lower when the edible portion of the 
crop does not come into contact with the soil, e.g., grains and orchard crops.  When 
biosolids are sprayed or broadcast over a vegetated surface, direct foliar contamination by 
pathogens can occur.  Although pathogen survival may be extended in leaf folds and 
cracks, desiccation and sunlight will hasten die off.  To protect against this risk, biosolids 
regulations impose waiting periods on the harvesting of specific crops after biosolids 
application to allow adequate time for pathogen die-off.  
 
Infection of Grazing Animals  
Because grazing animals ingest soil along with vegetation, soil-borne pathogens can be 
consumed directly by animals.  The greatest threat to cattle grazing at land application 
sites is infection by tapeworms.  Increased incidence of tapeworm infections has been 
documented when pastures are treated with biosolids.  Because of the longevity of 
helminth eggs in soils, pretreatment of biosolids to inactive helminths is important in 
reducing risk to grazing animals.  Restrictions that prohibit grazing of animals for 30 
days or more following biosolids application are also effective.  

 
14.6 Trace Organic Chemicals in Biosolids-Amended Soils  

 
14.6.1 Sources and Types of Trace Organic Chemicals  
The production and use of synthetic organic chemicals as pesticides, solvents, dyes, and 
plasticizers have increased dramatically over the past few decades.  Thousands of trace 
organic compounds are used today.  Since synthetic organic compounds are widely used 
in homes and businesses, it is inevitable that many of these compounds are detectable in 
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domestic and industrial wastewater and biosolids. These compounds are then soil 
incorporated during biosolids application.  Trace organics also can be deposited on soils 
naturally in rainfall or deliberately through pesticide application, fertilizer and manure 
applications and other human activities.  
Compounds of environmental concern can be grouped into major categories based on 
similarities in chemical structure, environmental behavior, and potential health effects. 
Environmentally important organic compounds are presented in Table 14.4 
.  

Table 14.4 Environmentally important organic compounds 
Type Source/Use Examples Bio-

degradability 
Relative Threat to 

Environment/Human 
Health 

Hydrocarbons Petroleum 
Products 

Lubricants, crude oil Moderate Low 

Substituted 
benzenes 

Solvents, Wood 
preservatives, 

cleaning agents 

Pentachloro-phenol Low Moderate 

Polycyclic 
aromatic 
hydrocarbons 
(PAHs) 

Burning of fossil 
fuels 

Benzo(a)pyrene Low High 

Dioxins and 
furans  

Contaminants in 
pesticides 

TCDD Very Low High 

Biphenyls Contaminants in 
pestici 

PCBs Very Low High 

Pesticides Herbicides, 
insecticides, 
fungicides 

2,4,5-T, 2,4-D, 
carbamates 

Variable Moderate - High 

Phthalic acid 
esters  

Plasticizers  Bis (2ethylhexyl) 
phthalate  

Moderate  Moderate  

Surfactants Detergents Sodium stearate Moderate Moderate 
Halogenated 
aliphatics 

Solvents TCE Low Moderate 

 
14.6.2 Trace Organics in Biosolids  
National surveys have found that the concentrations of toxic organic compounds in 
biosolids are low. Stringent industrial pretreatment programs prevent significant levels of 
organic compounds from entering wastewater in larger communities.  In addition, many 
organic compounds entering a treatment facility are removed or destroyed during 
wastewater treatment. For instance, aeration removes certain organic compounds by 
evaporation, and natural biological decomposition destroys others.  While many of these 
compounds can be detected in biosolids, they are generally present as minor constituents, 
and as action is taken to reduce their production and use, levels of organic contaminants 
in biosolids are expected to decline.  Because of the low levels in biosolids, application 
has a minor impact on the soil concentrations of priority pollutants like PAHs, PCBs, 
dioxins, and chlorinated hydrocarbons (Smith, 1996).  
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14.6.3 Transformation and Exposure Pathways  
Trace organic compounds can undergo a variety of transformations that influence their 
environmental behavior and ultimate fate.  The extent of this influence depends on many 
factors including the compound properties, soil characteristics, and climatic factors. From 
basic information about compound properties, some general observations can be made 
regarding the relative importance of various transport pathways.  One feature 
distinguishes organic contaminants from trace elements.  Many trace elements remain in 
the soil for extremely long times.  Organics are, however, unstable and will be 
decomposed to simpler, usually less toxic, products.  While the structure of the trace 
organics can make them very persistent in the soil, eventually they will be degraded.  
 
Unlike most trace elements, organic compounds can volatilize, or evaporate, directly to 
the air. The volatilization potential is expressed by the vapor pressure of a compound.  A 
large vapor pressure means the compound has a strong tendency to be released to the 
atmosphere. Warmer soil temperatures and surface application of biosolids without 
incorporation promote compound volatilization.  Loss of toxic organic compounds 
through volatilization is unlikely to pose a significant health risk (Kowal, 1983).  
 
Leaching and runoff are hydraulic processes that can transport trace organics from the 
site of application. Hydraulic transport is affected by many factors, but the water 
solubility of the compounds is of overriding importance.  Chemicals that tend to be 
soluble in the water phase will be hydraulically transported.  Compounds that are largely 
insoluble in water (and conversely, soluble in organic solvents) will have a high affinity 
for soil components, particularly soil organic matter.  Research suggests there is little risk 
of organic contaminants in biosolids being transferred to groundwater supplies (Smith, 
1996).  
 
Biodegradation by soil microorganisms plays a key role in the fate of trace organics in 
soils. For many water-insoluble compounds of low vapor pressure, biodegradation 
controls behavior in the soil.  Susceptibility to biodegradation depends strongly on 
compound structure. Generally, the more chlorinated and the more aromatic a compound 
is, the more slowly microorganisms will degrade it.  
 
When all of the mechanisms responsible for removing a compound from the soil are 
considered together, we can define the half-life of the compound under a given set of 
conditions.  The half-life is the time required to reduce the concentration of the 
compound by one-half.  The half-life of trace organics in soils range from a few days for 
water soluble, volatile pesticides, to 10-15 years for highly chlorinated aromatic 
compounds like PAHs and PCBs.  But since the concentrations of trace organic 
compounds are low in biosolids and they are placed into an environment where they are 
eventually degraded, potential impacts from trace levels of these compounds have not 
been shown to be significant.  
 
The uptake of trace organic contaminants by plants from biosolids-treated soils has been 
the exposure pathway most studied.  The general conclusion is that contamination of 
aboveground portions of plants at land application sites will occur only to a very limited 
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extent (Kowal, 1983; Smith, 1996).  Application of biosolids to root crops like carrots is 
probably the worst-case scenario because trace organics can be partitioned from the soil 
to the lipid-rich peel.  Because application to vegetable crops is not a recommended 
practice, and the peel is normally removed, this is not a common exposure pathway.  It is 
unlikely that biosolids recycling will be limited in practice by the content of PCBs and 
most other trace organic contaminants (Smith, 1996).  The USEPA is currently debating 
the dioxin standard for biosolids, so the practical implications of a dioxin regulation are 
yet to be determined.  

 
14.7 Conclusions  
 
The soil is an ideal repository for biosolids, not only because it allows the nutrients to be 
beneficially recycled, but because the potentially harmful constituents can be effectively 
degraded, detoxified, or stored in the soil profile.  An understanding of the reactivity and 
mobility of biosolids constituents in soil systems is essential for maintaining soil productivity, 
protecting the food chain, and maintaining water quality.  These issues have been intensively 
investigated.  A wealth of research suggests that potential health and environmental risks 
associated with land application of biosolids can be minimized or abated with proper planning, 
management, and monitoring of the various system components.  With increased understanding 
of the reactions and fate of constituents in the soil environment, we are better able to maximize 
the benefits and minimize the risk associated with the use of biosolids.  
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