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Abstract 

Biosolids refer to treated sewage sludge that meets the US EPA pollutant and pathogen 

requirements for land application and surface disposal. Land application of biosolids has 

been increasingly regulated to protect human health and the environment from various 

constituents, such as bacteria, viruses and other pathogens (i.e., disease-causing organisms), 

metals (e.g., cadmium and lead), toxic organic chemicals (e.g., PCBs) and nutrients (e.g. 

nitrogen and phosphorus) that can be found in biosolids. To allow and regulate the land 

application of sewage sludge, EPA promulgated Standards for the Use or Disposal of 

Sewage Sludge in the Code of Federal Regulations, Title 40, Part 503 (commonly referred 

to as the 503 rule) of the Clean Water Act in 1993. The Clean Water Act requires EPA to 

periodically reassess the scientific basis of the 503 rule and to address public health 

concerns. Although much still needs to be learned about the content, bioavailability and 

fate of chemicals and pathogens in biosolids and their health effects, there seems to be no 

strong evidence of serious adverse effect on water resources when biosolids are managed 

and monitored appropriately. However, protecting the public, ensuring public confidence 

where biosolids is land-applied, using standards that are based on the best available science, 

using of best management practices, updating the risk assessment methods used for 

chemical contaminants and incorporating risk assessment methodology in the evaluation of 

health risks from pathogens are incumbent upon regulatory bodies concerned with biosolids 

management. 

Keywords: Biosolids land application; Agricultural use; Surface water quality, 

Groundwater quality 
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1. Introduction 

1.1 Biosolids 

Biosolids refer to treated sewage sludge that meets the US EPA pollutant and pathogen 

requirements for land application and surface disposal. Conversion of sewage sludge to 

biosolids is basically accomplished physically through the treatments and/or removals 

operations of full or substantial water volume, and biologically through the elimination 

and/or incapacitation of pathogens. As a result, generated biosolids that are rich in nutrients 

(such as nitrogen and phosphorus) and valuable micro nutrients, are qualified for uses in 

home gardening, commercial agriculture, silviculture, greenways, recreational areas and 

reclamation of drastically disturbed sites, such as those subjected to surface mining (Amuda 

et al., 2008). 

Biosolids are used on agricultural land, forests, rangelands, or on disturbed land in need of 

reclamation. They are added to soil to supply nutrients and replenish the soil organic 

matter. It improves soil structure and tilth, enhance moisture retention, and reduce soil 

erosion, which make conditions more favorable for root growth and increases the drought 

tolerance of vegetation. They also supply the nutrients that are important to plant growth 

for example, nitrogen and phosphorous, as well as some essential micronutrients such as 

nickel, zinc, and copper. Biosolids can also serve as an alternative for expensive chemical 

fertilizers. The nutrients in the biosolids offer several advantages over those in inorganic 

fertilizers because they are organics and are released slowly to growing plants (Amuda et 

al., 2008). 

1.2 Biosolids land application 
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Land application of biosolids has been increasingly regulated to protect human health and 

the environment from various constituents, such as bacteria, viruses and other pathogens 

(i.e., disease-causing organisms), metals (e.g., cadmium and lead), toxic organic chemicals 

(e.g., PCBs) and nutrients (e.g. nitrogen and phosphorus) that can be found in biosolids 

(Jacob and McCreary, 2001). The application of organic matter from biosolids can improve 

the physical, chemical and biological properties of the soil. Organic matter can increase 

water infiltration and reduce soil erosion, increase water-holding capacity, reduce soil 

compaction and increase soil granulation, increase the ability of soil or surface material to 

retain nutrients, provide nutrients for plant growth, and provide food and energy for 

beneficial soil microorganisms. All of these beneficial properties make biosolids a good 

choice for homeowners, landscapers, farmers and foresters. In addition, farmers can benefit 

from biosolids application by reducing their fertilizer cost (Jacob and McCreary, 2001). 

1.3 Production and Pretreatment of Biosolids prior to Land Application 

Treatment of domestic sewage sludge is the primary procedure for the production of 

biosolids. The primary objective of sewage sludge treatment is to separate water phase from 

the solid phase, eliminate offensive matters and avoid associated pathogens and odors 

(Toffey and Higgins, 2006). In the treatment, separation of solid and liquid phases is 

accomplished via various physical, chemical and biological methods. The portion of 

trapped organisms and microbes or pathogens, which have potentials of causing diseases, 

are destroyed or treated in a way to incapacitate them and their “nefarious” activities. 

Secondly, treating the sewage sludge will prevent the rivers, underground water and other 

sources of potable water supplies from being contaminated, thereby eliminating water-

borne diseases. Finally, sewage sludge treatment will prevent indiscriminate dumping of 
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sewage sludge as a pollutant into the ecosystem. (Amuda et. al., 2008). Three stages are 

involved in sewage treatment. They are screening (or preliminary), primary and secondary 

treatment processes. Each stage leads to another; this depends on the choice of the nature of 

the end-product of the treatment.  

1.4 Biosolids Regulations  

The two regulations that regulate the use or disposal of biosolids are US EPA 40 CFR Part 

501 State Sludge Management Program Regulations and Part 503 Standards for the Use 

and Disposal of Sewage Sludge (the Part 503 Rule). The Part 503 Rule establishes 

standards, under which are general requirements, pollutant limits, management practices, 

and operational standards, for the final use or disposal of sewage sludge generated during 

the treatment of domestic sewage in treatment plants. Also, enshrined in the Part 503 Rule 

are standards for sewage sludge that is applied to the land, placed on a surface disposal site, 

or fired in a sewage sludge incinerator. Furthermore, pathogen and alternative vector 

attraction reduction requirements for sewage sludge applied to the land or placed on a 

surface disposal site are also included in Part 503.  

The Part 503 Rule governs the treatment and monitoring requirements that wastewater 

utilities must meet prior to disposal of their biosolids. US EPA developed the rule on its 

belief that beneficial reuse of the biosolids is the best ultimate disposal method. So, the 

principal focus is based on requirements wastewater systems must follow to allow for land 

application of biosolids. The rule also covers requirements for non-beneficial methods, 

such as incineration or landfilling (Amuda et al., 2008). 

The Part 503 regulations establish allowable concentrations of such metals, as well as 

appropriate management practices to ensure metals found within land applied biosolids will 
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not endanger human health or the environment (Kajitvichyanukul et al., 2008). The 

chemical standards, cumulative pollutant loading rates, pollutant concentration limits, and 

annual pollutant loading rates for 10 inorganic chemicals were originally established 

(National Research Council, 2008). These chemicals are arsenic, cadmium, chromium, 

copper, lead, mercury, molybdenum, nickel, selenium, and zinc. The risk-based 

concentration limit for dioxins, a category of organic compounds that includes 29 specific 

congeners of polychlorinated dibenzo-p-dioxins polychlorinated dibenzofurans, and 

coplanar polychlorinated biphenyls (PCBs) were issued in 1999 to amend the Part 503 rule 

for land-applied biosolids (US EPA, 1999).  Land application limits for nine heavy metals 

(arsenic, cadmium, copper, lead, mercury, molybdenum, nickel, selenium, and zinc) were 

set in 40 CFR Part 503 Biosolids Rule. Four sets of limits were provided, they are the 

ceiling limits for land application, more stringent high-quality pollutant concentration 

limits, the cumulative loading limits, and the annual limits for bagged products not meeting 

the high quality pollutant concentration limits. Table 1 presented the limits. Cadmium and 

Lead being the metals of greatest concern to human health are found in biosolids. 

To apply on land, biosolids must meet the pollutant ceiling concentrations and cumulative 

pollutant loading rates or pollutant concentration limits. Biosolids that meet pollutant 

concentration limits can be applied to sites without tracking cumulative loading limits. 

However, biosolids that meet the ceiling limits but not the pollutant concentration limits 

can only be applied until the amount of metals on the site have accumulated up to the 

cumulative limits (Kajitvichyanukul et al., 2008). Besides heavy metals, pathogens are also 

considered as the major pollutants that may be present in biosolids and cause human health 

problem. Pathogens are microorganisms that cause disease. Pathogens associated with 
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sewage and biosolids include bacteria, viruses, protozoa, and helminths. Considering 

pathogen limits, the preliminary set of risk assessments for viruses, bacteria, and parasites 

was conducted and the operational standards for pathogens in biosolids were established 

(US EPA 1985, US EPA, 1989). 

Table 1 Biosolids Supplies for Various Vegetation Sites.  

Source: US EPA (8) 

Type of 

site/vegetation Schedule Application frequency 

Application rate 

(dry tons/acre) 

Agricultural land    

Corn  April,May,after harvest Annually 5-10 

Small grains March-June, August, 

fall 

Up to 3 times per year 2-5 

Soybeans April-June, fall Annually  5-20 

Hay After each cutting Up to 3 times per year 2-5 

Forest land Year round Once every 2-5 years 5-100 

Range land Year round Once every 1-2 years 2-60 

Reclamation sites Year round Once 60-100 
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The pathogens reduction requirements are the major concern for biosolids application to the 

land as the presence of pathogens in biosolids should be in the levels that are unlikely to 

pose a threat to public health and the environment under specific use conditions.  

1.5 Biosolids Classification 

“Exceptional Quality”, or EQ, biosolids are those biosolids treated to a very high standard 

devoid of pathogens and pollutants. These materials have no restrictions in their use to the 

extent that some wastewater utilities package and sell them as compost or soil amendment. 

Biosolids classified as EQ, must meet strict limits for pollutant concentrations such as 

heavy metals, pathogens, and attractiveness to vectors (i.e. insects that will carry possible 

diseases from the material). 

The Part 503 Biosolids Rule classifies biosolids into “Class A” and “Class B” biosolids in 

terms of pathogen concentrations. Class A is used when biosolids are sold or given away in 

any container for application to land or applied to lawns or home gardens. Class B is set for 

biosolids meant for surface disposal. This class was developed from the 1979 40 CFR 257 

regulations for processes to significantly reduce pathogens (PSRP) (US EPA, 1979).  In the 

initial development of these requirements, a process to significantly reduce pathogens 

(PSRP) was defined as a process that reduces pathogenic viruses, Salmonella bacteria, and 

indicator bacteria (fecal coliforms). Thus, Class B has the minimum level of pathogens 

reduction for land application. In comparison, Class A biosolids are treated to a greater 

degree than Class B biosolids and are safe for direct human contact (e.g. used in 

composting). The requirements for Class A biosolids can be met in a number of ways, but 

most often sludge is held at high temperatures (i.e. heating processes) or high pH (i.e. 

alkaline stabilization) and high temperature for specified periods of time. Class B biosolids 
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are treated to a safe level; however, they require compliance with land and crop use 

restrictions. The goal for meeting the specified standards is to reduce the presence of heavy 

metals and pathogens in biosolids to levels that are will not pose a threat to public health 

and the environment under specific use conditions.  

According to the requirements specified in the 40 CFR Part 503 Biosolids Rule, “The 

Standards for the Use or Disposal of Sewage Sludge”, any biosolids that are land applied 

shall contain pathogens and metals that are below specified levels to protect the health of 

humans, animals, and plants. The vector (e.g., flies and rodents) attraction should be 

reduced. In addition, Part 503 also specified that the biosolids should not be applied at a 

rate that exceeds the “agronomic rate,” which is the biosolids application rate designed to 

provide the amount of nitrogen needed by the crop or vegetation and to minimize the 

amount of nitrogen in the biosolids that passes below the root zone of the crop to the 

ground water. Also, required are specific management practices, monitoring frequencies, 

recordkeeping and reporting. 

2. Nutrient Value of Biosolids 

Biosolids are a valuable source of nutrients although it contains lower N (2–8 %), P (1.5–3 

%), and K (0.1–0.6 %) compared to commercial fertilizers, especially high-grade ones 

(Cogger et al., 2006, Lu et al., 2012). A survey of nutrient levels in biosolids conducted by 

Stehouwer et al., (2000) using more than 240 samples collected and analyzed from 12 

POTWs in Pennsylvania between 1993 and 1997 showed average N, P, and K contents of 

4.74, 2.27, and 0.31 %, respectively. These biosolids were aerobically digested, 

anaerobically digested, or alkali-treated. Around 50–90 % of N in biosolids is in organic 

compounds (Lu et al., 2012). Processes such as digestion or composting result in the loss of 
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organic N because the readily degradable organic matter undergoes mineralization during 

digestion or composting. For instance, a loss of N by 15.6% via ammonia volatilization was 

observed in biosolids composting (Tubail et al., 2008). Phosphorus is largely present as 

inorganic phosphates of Fe, Al, and Ca. For example, in the biosolids used by Shepherd and 

Withers (2001), 72 % of total P was HCl-extractable, 33 % was NaHCO3-extractable, 23 % 

was NaOH-extractable, and 18 % was water soluble. Hydrochloric acid-extractable P was 

mainly associated with Ca, while NaHCO3-and NaOH-extractable P were mainly 

associated with Al and Fe (Dou et al., 2000). The relatively small content of H2O-

extractable P may be due to the Fe, Al, and Ca in biosolids which are added during the 

treatment processes as metal salts and lime (Ajiboye et al., 2004). Compared to manures, 

biosolids have a lower N-to-P ratio, around 3.1–3.4 (Shepherd and Withers, 2001). 

Biosolids have limited amount of K (He et al., 2000), which is partitioned into the aqueous 

fraction or effluent at the wastewater treatment plant. Biosolids contain several essential 

micronutrients for plants (e.g., B, Cl, Cu, Fe, Mn, Mo, and Zn) which are not provided by 

most conventional chemical fertilizers (Warman and Termeer, 2005). Therefore, biosolids 

can be applied on micronutrient-deficient soils (Ozores-Hampton et al., 2011). 

Nutrient values of biosolids vary with sources of wastewater and type wastewater treatment 

processes. Processes such as digestion and composting result in increasing concentrations 

of P and trace metals; loss of organic matter through decomposition; decreasing ammonia-

N by volatilization, and decreasing K by leaching. Lime-stabilized biosolids contain lower 

N, P, and metal concentrations, but higher Ca concentration than digested biosolids, due to 

the large amount of lime added to the material (Lu et al., 2012). However, nutrient 

composition of biosolids is significantly altered by stabilization processes thus, affecting 
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the rate of nutrient release (or mineralization). Wang et al., (2003) reported significantly 

higher mineralization of N from aerobically digested biosolids (e.g., 32.1%) than from 

anaerobically digested biosolids (e.g., 15.2%). 

3 Benefits of Land Application of Biosolids 

Biosolids are nutrient-rich organic materials with an organic matter content of up to 50 %. 

Biosolids in land application can improve the soil by releasing plant-essential nutrients, 

including N, P, S, and micronutrients. The nutrients in biosolids usually are also released 

more slowly than those from conventional fertilizers, thus, nutrients are available to plants 

over a long span of time and nutrients concentrations that are susceptible to leaching during 

heavy rains are reduced. Biosolids can be utilized as a soil conditioner to improve physical, 

chemical, and biological properties of soils, especially degraded or disturbed soils. 

Biosolids also increase water-holding capacity of soil, thereby reducing erosion. In Florida, 

biosolids can be especially beneficial because the sandy soils have low nutrient and water-

holding capacities.  

Land applying biosolids represents a key management process for municipalities to deal 

with the 7 million tons of biosolids produced in the U.S. each year. Land filling or 

incinerating the biosolids wastes valuable landfill space and is expensive (O’Connor and 

Chinault, 2006). 

Due to population increase and urbanization, biosolids production has been on the rise. In 

this context, land application is generally considered the most economical and beneficial 

way of biosolids disposal (Haynes et al., 2009). The most recent national biosolids survey 

indicated that about 6.5 million dry metric tons of biosolids were produced in the US and 

approximately 60 % of the total (i.e., 4 million dry tons) were land-applied to soils in the 
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US in the year 2004 alone (NEBRA, 2007). US EPA estimated that biosolids are applied to 

approximately 0.1 % of available agricultural land in the United States on an annual basis 

(CTPBL and NRC, 2002). 

Optimum soil structure, in turn, improves many other important soil physical and chemical 

properties such as bulk density, porosity, water and cation exchange capacity, aeration and 

drainage, microbial communities and soil fauna, thus contributing to disease suppression, 

and reduced soil erosion (Stoffella et al., 2003). 

Integration of biosolids (2–4 % DM content) in a sandy loamy silt soil over a period of four 

year caused size aggregate and increased stability with increased soil organic matter (OM) 

Krause, 1988. When anaerobically digested biosolids were applied to a silt loam soil at 11 

rates ranging from 0 to 300Mgha−1, in a 4-year trial, Lindsay and Logan (1998) reported 

similar results; here bulk density significantly decreased, and porosity, moisture retention, 

percentage of water-stable aggregates, mean weight diameter of aggregates, and liquid and 

plastic limits increased in the surface soils (0–15 cm). Garc´ıa-Orenes et al., (2005) 

reported that increase in aggregate stability was related to the increased organic carbon in 

the soil incorporated with biosolids. Krause (1988) reported that biosolids-integrated soil 

was less sensitive to compaction than untreated soil due to the improved pore volume. 

Application of biosolids to soil improves the soil physical properties, thus, increasing the 

organic carbon in the soil (Kirchmann and Gerzabek, 2002). Biosolids contain high organic 

matter and have been used to remediate sites contaminated with trace metals through 

binding and converting the metals to less soluble fractions (Basta et al., 2001; Brown et al., 

2003). 
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Other reported beneficial effects of biosolids application on degraded soils, include 

enhanced aboveground plant biomass yield (Sydnor and Redente, 2002), vegetative cover 

restoration Brown et al., 2003), and reestablished ecosystem viability with active microbial 

communities (Brown et al., 2005). 

4. Impacts of biosolids land application on water resources 

The adverse impacts of biosolids land application on water resources are attributed to 

specific nutrients and pollutants in the biosolids employed in land application. Inorganic 

and organic constituents of the biosolids applied to soil are generally determined to assess 

the potential impacts on water resources. Table 2 summarizes the impacts of improper 

management of biosolids land application on water resources (US EPA, 2000). 

The first step to develop an effective water resources protection practices for biosolids land 

application is to determine the presence of inorganic and organic constituents of the 

biosolids to be applied. These constituents are liable to have an impact on the water 

resources if significant dose of the biosolids get in contact with surface or ground water. 

The water resources can be contaminated by the constituents of biosolids through, 

precipitation events; runoff and erosion of soluble and particulate components (including 

nutrients, organic matter and pathogens to surface waters) and leaching of soluble nutrients 

and compounds to ground water. In addition to these, wind erosion can contribute to loss of 

dry or composted material under arid, windy conditions that may also impact water quality 

(Shammas and Wang, 2008).  

There are concerns and negative reports of biosolids land application which not only related 

to heavy metals contained in sludge or organic compounds present in municipal 

wastewaters but also to that excessive nutrients causing eutrophication of waters.  
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Table 2 Impacts of improper management of biosolids land application on water resources 

(US EPA and USDA, 2000) 

 
Biosolids   Potential water quality           Behaviour, transport mechanism,  
Constituent   impacts                    and mitigating factors 

Nitrogen  Eutrophication;      Nitrate-N, nitrite-N, and ammonium- 
human/livestock/poultry    water soluble and can move in runoff 
or 
health effects       leachate  

 
Phosphorus Eutrophication       Predominantly particulate-bound     

                                                    transported by erosive surface runoff 
 
Organic matter Deplete oxygen level in      Soluble and particulate-bound 

movement 
 water                               of organic matter in surface runoff 
 
Particulates Siltation of turbidity;       Mass transport in surface runoff 
                                    carrier for other pollutants 
 
Pathogens Transmission of viable      Insignificant levels in Class A 

biosolids, 
disease-causing bacteria,     potentially present in Class B 
materials; 
viruses or parasites      physical transport in sediment, 
runoff and  

         leachate from Class B biosolids is 
possible 

 
Regulated metals Toxic effects      Not very water soluble; reduced 

through                                                       pretreatment programs and 
Part 503 limits  

 
Toxic organic  Toxic effects     Reduced through industrial 

pretreatment 
chemicals       programs and wastewater treatment 

plant                                                           process 

 

Eutrophication is defined by the Environmental Protection Agency as “a condition in an 

aquatic ecosystem where high nutrient concentrations stimulate blooms of algae.” 
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Eutrophication is a normal process in the development of a water body, but excessive levels 

of nutrients in a water body promote “accelerated eutrophication” and exaggerated 

environmental impacts (Eutrophication, 2003). 

A limiting nutrient in a water body is a nutrient that, if supplied, allows microorganisms 

and vegetation to grow in more prolific amounts than if the limiting nutrient is kept at 

optimal levels. Nitrogen (N), carbon (C), and phosphorus (P) are common limiting 

nutrients, but P is usually the limiting nutrient in freshwater bodies. As the salinity content 

of the water increases, as in estuaries, the limiting nutrient is usually nitrogen (Jeyanaygam, 

2005; O’Connor and Chinault, 2006). Blue-green algae cannot control the exchange of 

nitrogen and carbon, and the fixation of atmospheric nitrogen from the atmosphere cannot 

be achieved (O’Connor et al., 2004). Thus, efforts to prevent eutrophication of freshwater 

bodies focus on reducing P levels. Soluble P concentrations as low as 0.02 mg L-1 can cause 

accelerated eutrophication. 

There are two ways by which eutrophication can harm a water body. One, explosive 

vegetative growth can prevent sunlight from reaching the bottom of the water body and 

prevent underwater grasses from engaging in photosynthesis (the way plants manufacture 

food for themselves). These grasses serve as food sources and hiding places for aquatic life; 

their absence leads to the death of aquatic animals and organisms. Two, when the algal 

blooms die, they are disintegrated by microbes which make use of dissolved oxygen and 

consequently depletes the dissolved oxygen in the water; killing the aquatic lives and fish 

kills. Eutrophication can also impact adverse effects on humans. Through explosive algae 

growth and the subsequent oxygen deficiency, eutrophication can limit water use for 

fisheries, recreation, industrial and domestic (Sharpley et al., 2003). 



Pensee Journal Vol 76, No. 9;Sep 2014

214 office@penseejournal.com

Algal blooms of certain species can produce harmful toxins. For example, a dinoflagellate 

species (Pfiesteria piscidia) caused neurological damage to humans in the eastern U.S. and 

Chesapeake Bay tributaries. The toxins can cause lesions on human skin, as well as on fish 

scales (O’Connor and Chinault, 2006). Eutrophication being a serious environmental 

problem, gives public concern in the area of continued land application of biosolids and 

loss of P through leaching into surface and/or ground waters. 

Precautions are required during biosolids land application, especially when odors and 

pathogens are known to be the predominant concerns preventing the public from accepting 

biosolids land application. Federal biosolids regulations do not regulate odors in biosolids 

land application. However, odor is one of the concerns for non-acceptability of biosolids 

land application. Although more research is needed to identify potential health effects of 

biosolids odors, nuisance odors can have detrimental effects on aesthetics, property values, 

and the quality of life in communities subjected to biosolids land application (Lu et al., 

2012). So, eliminating or mitigating odors is among the great challenges in gaining public 

acceptance of biosolids. Although many of the odor-causing bacteria in biosolids have been 

destroyed in the biosolids stabilization process, some actions can be taken to control odors 

at land application sites. Some of these steps could include actions such as minimizing the 

length of time biosolids are stored, selecting remote sites and fields away from neighbors, 

directly covering or incorporating biosolids into the soil, cleaning tanks, trucks, and 

equipment daily, and avoiding land application when wind conditions favor transport of 

odors to residential areas (Gynk and Glodstein, 2003; Lu et al., 2012). 
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5 Impacts of biosolids constituents on water resources 

Where there is relatively low N: P ratio (about 3.1–3.4), which is also lower than optimal 

for crop growth, application of biosolids based on crop N requirement can result in buildup 

of P in soil and subsequent P transport to surface or subsurface waters as dissolved and 

particulate P, causing eutrophication (Shephard and Withers, 2001). Hence, the best P 

management practice is to apply biosolids based on crop P requirement. 

5.1 Phosphorus loss and its mechanism 

Phosphorus loss from soil depends on the degree of P saturation (DPS) in soil or, more 

importantly, the soil P storage capacity (SPSC) (Hooda, 2000). If the soil is more saturated 

with P or has a low SPSC, it will have less capacity to retain added P (Nair and Harris, 

2004), thus, making P more susceptible to losses in runoff and leachate (Nair et al., 2004). 

P can be lost from the soils by leaching, runoff, and soil erosion. Losses of P through 

leaching occur when the applied P dissolves in soil water and migrate down through the 

soil profile during raining seasons. Lateral and vertical movement of the migrating water 

can eventually land the water in surface or ground waters. Losses of P through runoff occur 

when soluble P is washed off the soil surface, after rainfall, into water bodies. Losses of P 

through soil erosion occur when P-soil particles are transported in water bodies during 

heavy rainfall. The nature of the P source applied can affect P loss by influencing the runoff 

volume, influencing the solubility of P, and influencing the transport of particulate material 

(O’Connor et al., 2004). For example, some P sources promote infiltration of rainfall and 

reduce runoff and erosion; some supply much less soluble P than others (O’Connor and 

Chinault, 2006). Phosphorus losses are also affected by P source application rate; timing; 
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method, frequency, and timing of water application; and the speed with which water moves 

through the soil to underground or surface waters (Wither et al., 2001; 2003). 

5.2 Nitrogen in biosolids 

Nitrate N concentration higher than the maximum contaminant limit (MCL, 10 mg NO3-N 

L−1) for drinking water established by US EPA (2002), is detected when high application 

rate of biosolids is used especially on coarse-textured soil and mine reclamation (Stehouwer 

et al., 2006; Brenton et al., 2007; Santib´a˜nez et al., 2007). Nitrate and ammonia are 

soluble in water and are easily transported in leachate and runoff. Nitrogen is the primary 

contributor to eutrophication in brackish and saline waters, while phosphorus is the 

controlling eutrophication factor in freshwater (Shammas and Wang, 2008). There is no 

reaction between organic nitrogen and the environment, until it is mineralized to inorganic 

nitrogen (water-soluble nitrate), which is toxic to aquatic animals. 

Ground water can be adversely affected through leaching of soluble nitrate-N from 

biosolids that are applied to soil. This kind of scenario once occurred in agricultural regions 

of the U. S. where excessive amounts of inorganic fertilizer or organic manures have been 

applied over several years (Shammas and Wang, 2008). High concentration of nitrate in 

ground waters has caused, in exposed infant, immature horses and pigs, a disease called 

methemoglobinemia (also known as blue-baby syndrome), in which there is reduction in 

the ability of blood to carry oxygen efficiently.  It can also cause abortion in cattle. 

5.3 Heavy metals in biosolids 

Biosolids land application arouse public concerns with regards to heavy metal pathways 

after entering the soil, which may accumulate to hazardous levels in the soil after repeated 

application of biosolids, which may consequently migrate from the point of application to 
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surface and groundwater. Impacts of metals present in biosolids are minimal on water 

resources because of their low levels after subjecting the biosolids to stringent quality 

standards for metal concentrations under Part 503 regulations. Biosolids used in land 

application increasingly comply with the most conservative of Part 503 metal standards due 

to widespread implementation of industrial pretreatment programs. Furthermore, metals in 

biosolids are strongly bound to other constituents and are thus not water soluble, so they 

cannot be leached into ground water.  

5.4 Organic pollutants in biosolids 

Synthetic organic compounds used in food production, personal care products, plastics 

manufacturing, and other industrial processes such as flame retardants (e.g., TBB, TBPH), 

dioxins, and steroid hormones may end up in biosolids and migrate to the natural 

environment (Lindstrom et al., 2011; Davis et al., 2012; Yang et al., 2012). Presence of 

many of these compounds in biosolids arouses public concern because of their persistence 

in the environment, their non-biodegradability, and their bioaccumulation in the ecosystem. 

They are also toxic or carcinogenic to organisms exposed to critical concentrations over 

certain periods of time. However, no organic chemicals are currently regulated under Part 

503 just because the chemical has been banned for use and manufacturing in the USA, or it 

has been detected in 5 % or fewer of the sludges tested in the National Sewage Survey, or 

the 1-in-10,000 cancer risk limit was less than the concentration measured in 99 % of the 

sludges tested (Lu et al., 2012).  

Typically, toxic organic compounds are not present in significant levels in biosolids due to 

effective industrial pretreatment programs during which organics are destroyed and 

volatilized (Wang, 1989). National Research Council (NRC, 2002) reported that the only 
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classes of synthetic organic compounds (polychlorinated biphenyls (PCBs) and detergents) 

in biosolids that occur at concentrations above limits are found in conventional irrigation 

water or soil additives. PCBs are insoluble in water; they bind to particulates and are thus, 

not leachable to ground water. Also, the ban on the production and use of PCBs in the U. S. 

contributes to its low levels in biosolids. Surfactants and binders are examples of detergent 

compounds that are found at high concentration in biosolids, but they do not readily leach 

to ground water because they bind to organic matter and are easily biodegradable.  

5.5 Pathogens in biosolids 

In biosolids, the primary source of pathogens is human wastes. Pathogens are generally 

classified as primary (e.g., bacteria, viruses, protozoa, and helminths) or secondary (e.g. 

fungi). A primary pathogen can invade and infect a healthy person, whereas a secondary, or 

opportunistic, pathogen invades and infects highly debilitated or immune-suppressed 

individuals (Lu et al., 2012).  

Composting, if conducted properly, is a very effective method for disinfection and 

destruction of pathogens primarily by exposing pathogens to high temperatures (e.g. 55 ◦C) 

for a prolonged period of time (Epstein, 2001). This temperature-time relationship in 

composting biosolids is the basis of the US EPA biosolids processes to further reduce 

pathogens (PFRPs), as stated in 40 CFR Part 503 (US EPA, 1994). The specific pathogen 

reduction requirement for both Class A and Class B biosolids in Rule 503 is a technical 

requirement not based on risk assessment, thus making Class B biosolids to contain some 

significant levels of pathogens. Incomplete destruction, contamination from external 

sources, and changes in environmental factors during storage can lead to recurrence of 

pathogens (Iranpour and Cox, 2006). This is in consonance with the report of Qi et al., 
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(2007), where regeneration of fecal coliform was observed during incubation and storage of 

dewatered biosolids. However, the soil environment is generally very hostile to pathogen 

survival. When biosolids is applied to the soil surface, desiccation and ultraviolet light will 

destroy the pathogens. If the biosolids are incorporated into the soil, the pathogens’ survival 

will be affected by factors such as pH, organic matter, soil colloidal matter, temperature, 

and competitive organisms. With proper processes and precaution, the risks from pathogens 

in biosolids should be minimal (Lu et al., 2012). 

6. Best Management Practices (BMPs) for biosolids land application 

Best management practices (BMPs) are operating methods that ensure the proper land 

application of biosolids for protection of the environment and human health. The BMPs 

include agronomic loading rates, slope limitations, soil pH limitations, buffer zones, public 

access restrictions, grazing deferments, soil conservation practices, restrictions for saturated 

and frozen soils, protection of endangered species, and other site restrictions (Lu et al., 

2012). 

Repeated biosolids land application at high rates can lead to accumulation of P in surface 

soils, leading to increasing risk of runoff/erosion losses of P to surface water, which can 

eventually cause eutrophication (US EPA, 2002). Lemunyon and Gilbert (1993) reported 

the use of Phosphorus Index (P Index) during biosolids land application. The P Index is a 

field-scale tool to assess the potential for off-site P migration and was developed by the US 

Department of Agriculture (USDA), Natural Resource Conservation Service (NRCS). Nair 

and Graetz, (2004) presented the essence of P Index, which include consideration of 

transport factors such as soil erosion, soil runoff class, leaching potential, and distance from 

a water body along with management factors such as soil test for P, P application method, 
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and source and rate of P application. Biosolids application rate should be based on N 

application rates if the local P index is low or medium but should be based on matching P 

uptake if the P index is high and should take account of the nutrient content in the soil, the 

nutrient requirements of the crop, and how the nutrients will be provided by the biosolids 

(Lu et al., 2012). Consideration of the initial content of heavy metals in the biosolids and in 

the field is also one of the BMPs requirements on the use of biosolids in land application. 

Methods of application of biosolids can have large effects on nutrient availability and water 

quality. Redeposition of ammonia volatilized from surface applied biosolids may 

contaminate surface water and sandy soils. (He et al., (2003) and Lu et al., (2012) reported 

that surface-applying biosolids without incorporation will maximize ammonia 

volatilization, whereas soil incorporation immediately after application can minimize N 

losses. In furtherance to their studies, it was reported that the amounts of NH3-N volatilized 

during a 180 d incubation period accounted for 18 % of the total mineralized N for the 

surface-applied biosolids. Soil incorporation not only increased N mineralization by more 

than 60% in the biosolids but reduced NH3 volatilization by 5-fold. Application of biosolids 

near the area of maximum root growth is another BMP for biosolids land application. 

Timing of application should be based on the local weather and soil type so that nutrient 

release matches plant need instead of being leached by heavy rain. For instance, in the mid-

Atlantic region of the US, loss of N by leaching was greater, and plant available N and crop 

yields were lower when biosolids were applied in mid-December to early January than in 

March (Evanylo, 2003; Lu et al., 2012). Avoiding biosolids land application when the 

ground is still covered with snow or when there is likelihood of rainfall is another BMP 

(US EPA, 2000). 
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Soil pH is another factor to be considered when planning biosolids land application in order 

to alleviate the risk of heavy metal pollution. In the report of Stehouwer et al., (2000), pH is 

a controlling variable for the redistribution of water-soluble, exchangeable, and non-

exchangeable heavy metals in biosolids applied to soils. Yoo and James (2002) further 

reported that solubility of Zn increased in soils having pH < 5.0 when biosolids are applied, 

while in soils with pH > 5.8, solubility of Zn is comparable in soils with no biosolids 

addition, Zn exchangeability is lowered and Zn partitioning into the non-exchangeable 

forms is favoured.  

Other BMPs include, but not limited to the following: that microbial analysis of Class A 

material should be done at the last possible time before application or after storage in order 

to address the potential repopulation of pathogenic bacteria; that co-application with water 

treatment plant residuals (WTRs) can reduce P availability; that non-application or buffer 

zones should be established around surface water bodies, wells, and wetlands; that those 

sites with slopes in excess of 8–12% or close to groundwater should be avoided to 

minimize runoff or leaching, loss of nutrients and water pollution. Leaving a time period 

for reaction of the biosolid-borne metals with the soil would be desirable prior to growing a 

crop (Murtaza et al., 2011; Robinson et al., 2012; Lu et al., 2012). 

Conclusion 

The chemical and biological composition of biosolids is complex and can vary greatly 

depending on the source of the sewage and the treatment processes it undergoes. The fate of 

chemicals and pathogens in biosolids applied to land vary with the soil type, weather and 

application methods.  
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To protect the public and ensure public confidence, it is incumbent upon regulatory bodies 

to ensure that all standards are based on the best available science and that 

recommendations are assiduously applied. This includes updating the risk assessment 

methods used for chemical contaminants and incorporating risk assessment methodology in 

the evaluation of health risks from pathogens. In addition, biosolids-related health 

complaints should be investigated and documented so that trends or other indications of 

adverse health effects can be recognized and attended to appropriately.  
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