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The semi-solid byproducts of wastewater treatment facilities, biosolids, are nutrient-rich, organic materials of which
four million dry U.S. tons are recycled to U.S. lands annually (NEBRA, 2007). Biosolids are composed of 50-70%
organic matter (often measured as volatile solids) (Li, 2013), whose functional properties can improve soil physical,
chemical and biological attributes.

Physical Properties
The addition of biosolids to soils, especially those degraded or disturbed, can impart the following soil physical
property benefits:

* Decrease bulk density (Garcia-Orenes et al., 2005; Ouimet et al., 2015; Sloan et al., 2016)

* Increase porosity and aggregation (Garcia-Orenes et al., 2005; Kirchmann and Gerzabek, 2002; Krull et
al.,, 2004; Rawls et al., 2003)

* Increase hydraulic conductivity, infiltration and water holding capacity (Aggelides and Londra, 2000; Krull
et al., 2004; Price and Voroney, 2007; Rawls et al., 2003)

Chemical Properties
The application of biosolids can reduce costs to farmers and other land managers via reduced need for inorganic
fertilizer and increased crop productivity by such soil chemical property benefits as:

* Increase cation exchange capacity (i.e., holds nutrient cations and buffers against soil acidification)
(Cele and Maboeta, 2016; Nielsen et al., 2003)

* Increase soil fertility from the supply of organically-bound, plant-available macronutrients (N, P, S)
(Bendfeldt et al., 2001; Brofas et al., 2000; Castillejo and Castello, 2010; Cogger et al., 2006; Larney
and Angers, 2012; Ouimet et al., 2015; Sloan et al., 2016). (See nutrient fact sheet for more in-depth
information)

*  Correct micronutrient deficiencies (Moral et al., 2002; Ozores-Hampton et al., 2011; Schroder et al., 2008,
Warman and Termeer, 2005) (See nutrient fact sheet for more in-depth information)

* Correct pH of acidic and alkaline mine spoils (Basta et al., 2001; Bendfeldt et al., 2001; Brofas et al.,
2000; Jones et al., 2011)

* Remediate sites previously contaminated with trace metals by binding and converting the metals to less
soluble fractions (Basta et al., 2001; Brown et al., 2003)
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Biological Properties

The organic matter from biosolids applications directly impact soil microbial communities and serves as a
biostimulant to plants. The carbon-rich biosolids serves as an energy source for microbes while enhancing microbial
enzymatic activity (Gardner et al., 2010; Li et al., 2013; Sullivan et al., 2006). Increased abundance of soil invertebrates
and mesofauna has been attributed to biosolids applications (Cortet et al., 2013). Banks et al. (2006) found that
current land application of biosolids regulations provide adequate ecosystem protection upon ecotoxicological
evaluation employing earthworm mortality, growth, and reproduction; seedling germination and root elongation;
microbial respiration; and nematode mortality and reproduction testing. Likewise, Shah et al. (2014) tested five
different metal nanoparticles to land-applied biosolids and found that it was not toxic to the soil bacterial community.

Several organic matter constituents in biosolids (e.g., humic substances) function as biostimulants (plant growth
promoter). Zhang et al. (2007, 2009, 2012), Chang et al. (2014), and Pascual et al. (2011) have shown that the humic
substances and hormones within these complexes improve plant growth and resistance to abiotic stresses. (See
biostimulants and biosolids fact sheet for more detailed information.)

Ecosystem Benefits

The physical, chemical, and biological benefits derived from biosolids organic matter are numerous and can have
lasting beneficial impacts. The benefits from the addition of biosolids-borne organic matter improve degraded soils,
such as mine tailings, disturbed urban soils, and eroded land to reestablish vegetation. The addition of organic
matter stimulates microbial and plant growth via nutrient cycling, improves water infiltration and hydraulic conductivity,
mitigating the impacts of large rain events, and represents a major opportunity for carbon sequestration through
adding stable organic matter and the promotion of both above- and below-ground plant growth.
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