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Overview

*» Background on soil amendments
*» Overview of Soll Amendments Paper
*» Solls and Urban Gardening

Recycles industrial
by-products

Reduces expos
contaminant



What are Soil Amendments?

*» Residuals from other processes that:
» Have beneficial properties

* Reduce exposure by limiting the exposure
pathways and immobilizing contaminants

* Restore soll quality

Enable site remediation, revegetation, and
reuse




What are Soil Amendments?

 Biosolids * Neutralizing lime

« Manures/Litters products

» Sugar beet lime « Composted biosolids

« Wood ash « Composted agricultural

* Log yard waste byprgglucts _

+ Yard trimmings . Tra.d.ltlonal agricultural
fertilizers

Composted food
waste



Some Benefits

s*»Restore soll health and structure
“*Decrease bioavallability of contaminants
‘*Decrease mobility of contaminants
sv*Decrease erosion

**Reduce cost for remediation




Mitigate Exposure




=® Problems at Sites addressed by

Soill Amendments

*» Toxicity from contaminants

s Excess Sodium
s Excess Salts
*» Soil Physical Properties
* Density, aggregation and texture

“* Nutrient Deficiencies
* Micronutrients (Zinc and Manganese)



Types of Problems Addressed by Soill

Amendments

< Contaminant Bioavailability/Phytoavailability
e Toxicity (inorganic)
* Toxicity (organic)

“ Poor Soll Health/Ecosystem Function

* High or Low pH
 Sodicity or Salinity

« Changes in Soil Physical Properties

» Nutrient Deficiencies and Low Fertility Table 1




Types of Problems Addressed by Soill

Amendments

Table 1: Types of Problems Addressed by Soil Amendments

Exposure Pathways and | Interactions Solutions
Adverse Effects
I ﬁ
Contaminant Bioavailabilitv/Phvtoavailability Problems
Toxicity (Inorganic)
Alumunum (Al) Phytotoxicaty Low pH - = more Raise pH greater than 6.0, add
Funoff toxic; Low P =more | OM and P; add gypsum or
Leaching toxic; High calcium other high soluble Ca source
(Ca) = less toxuc
Arsemic (As) Soi1l Ingestion High pH ~= more Add organic matter (OM) and
Funoff toxic; High P =more | adjust pH to between 5.3-6.5
Leaching soluble
Borate (BO:™) Phytotoxicity Low and High pH "= | Add iron oxide and acidify
more toxic (pH between 6.0-7.0)
Cadmium-to-Zinc Ratio Food cham High ratio = greater Add Zn to reduce the Cd:-Zn
(Cd:Zn) ! bioavailability (nsk) ratio
of Cd

Table 1




Types of Sites Where Soil Amendments

Can Be Used

Site Contaminant Problem Solution

Eastemn (acid- Pynite and associated metals | Existing and potential acidity; Physical problems; Acd Add ime to comrect existing and potential acidity plus

forming) mine drainage additional 25 to 50% safety factor is sufficient; Add organic
soll amendments to revitalize soil; Modify surface texturs
where possible.

Sand/Gravel In Eastern sites, may have Coarse texture or rocky and very infertile; Heavy soil Add lime and organic soil amendment high

mines associated acidity problems compaction and low water retention and/or rooting depth application rate beneficial) with appropniate C:N ratio to

Westermn (Wa and | Na, salts, Se Sahlinity, sedicity, and physical problems; Se leaching and Add OM and Ca-nich soil amendments; Imigate to remove

salts) aguatic biomagmification salts where possible; Segregate Se beaning materials and
avold Se accomulating plant species for revesetation.

Refinenes/ Smelters

Aemial Deposiion | Metals (see mining sites Metal toxicity; Acidity. Possible infertility; In wrban See metals-specific remedies above.

above) environment, soil ingestion may be dominant risk

Smelter Process Metal acidity; Salts; Dark color (which canses heat kill of See metals-specific remedies above; For color, surface

Waste/Slag seedlings); Cementation mulch to modify temperature or surface apply light-colored
mixtures of alkaline fly ash and losohids; For cementation,
modify physical properties; For salts, imigate and if
electrical conductivity (EC) 15 excessive, capping may be
DeCessary.

Tailings Metals (see mine sites Metal toxicity; Aecidity (associated acid drainage) or See metals-specific remedies above; modify physical

above); Cyanide alkalinity; Infertility; Physical properties; Cyanide in gold | properties.
(Au) tailmgs

Canstinction See sand and gravel; urban See sand and gravel; Compaction. mixed soil and geologic | Site-specific remedies based on contaminants.

Sites confaminants materials, imbalanced pH and low fertility all commen

Mived Low levels of metals and Often former industmal sites will have soal physical and So1l amendments to improve nuinent and physical

Contamrnants OTZanics nuirient problems characteristics and pH adjustment as needed can often

reduce contaminant availability; Site-specific evaluation

Table 2




Types of Soil Amendments

Types of Soil Amendments Include:

¢ Organics

« Biosolids, Manures, Compost, Digestates, Pulp Sludges,
Yard/Wood Waste, Ethanol Production Byproducts

o pH

* Lime, Wood Ash, Coal Combustion Products, Sugar Beet
Lime, Cement/Lime Kiln, Red Mud, Lime-Stabilized Biosolids

** Mineral

« Foundry Sand, Steel Slag, Dredged Material, Table 3
Gypsum, Water Treatment Residuals, Coal
Combustion Products




Types of Soil Amendments

Table 3: Tvpes of Soil Amendments
Amendment | Availability Uses Public Cost Advantages Disadvantages Links
Acceptance

Orzanics

Biosohds Sustamable Nutrient source; Largely odor- | Materials Multi-purpose, multi- | Public concemn/public | National Biosolids
supply; Higher Organic matter driven; generally free; benefit soil perceptions: High Parmership
quanfifies in (OM) source; Pathogen Mumicipalities amendment; highly nufmient loadings in (http:/fwwrw biosohds org/in
urban areas Sorbent' properties | comcemns: may pay for cost-effective; EPA some settings; Some | dex.asp)

mcrease with Concems fransport and regulated”; well sources have high
INCTeasing ron largely doven | use. charactenized molsture content.
content. by perception. consistent quality.

Manures Sustainable Nutrient source; Well accepted. | Materials Widespread and Not consistently Industry Residuals: How
supply; Higher OM source. generally free; readily available. reglﬂztedz; Wariable | They Are Collected Treated
quantities near Transport and quality; Not routinely | and Applied
CAFOs application fee. treated for pathogen | (hitp:/fvww clu-

reduction; Generally | mmcrg/studentpapers/)
uncharacterized.

Compost Location- Nutrient source; Feadily Product and Readily accepted; High cost; Limited U.5. Composting Council
dependent; OM source. accepted. transport costs Stable product; Can | availability; N (http:/fwww compostingeon
Vohmmes limited:; can be high be used in or near quantity usually neil org/section efm?id=37)
Competing users water. sigmaficantly lower

than non-composted | Association of Compost
materials. Producers

Digestates” New material; Nutrient source; May have odor | Tobe New enough so that
Very location OM source. problems. determimed; not regulated’;
dependent Transport and Vamable quality; Not

application fee. routinely treated for
pathogen reduction;
uncharactenized.
Table 3




Application Rates

*» The appropriate application rate depends on the specific
concern to be addressed.

«» The amount of amendments added to the soil can be a
gualitative or quantitative decision.

¢ Typically, higher application rates of soil amendments are
required when rebuilding soll, rather than simply
enhancing damaged soill.



Logistics and Other Considerations in

Using Soil Amendments

Table 4: Logistics and Other Considerarions in Using Soil Amendments
Amendment | Transport On-site Storage | Blending Applicaton Application
Equipment

Organics

Biosohds Can be costly Extended storagze Can be ouxed Industnal disks wnll Range of ophons
due to lugh of hagh moisture with hagh C be needed for suaface | available.
molsture matenals can matenal to or 1ncorporated hagh Generators may
content for generate offenzive reduce N molsture content of have expartize.
SOnme odors. Can use leaching some materials, Options meclude
matenals; storage as potentizl Can chisel plow or dump truck +
High potential | treatment wath alzo be naxed nppers; Matenal can | dozer, sude cast
for cost-share onsite processing with lime be surface apphed 5 E
with to compost or materials for and allowed to dry asrospreader ™
mumicipality; stabilize with lime. | complete before incorporation; | and custom
Fail haul 15 Blending with fiv amendment or If blended with dry biosolids
possible; Intra- | ash prior to storage | CCPs. mimeral materials, application
modal can reduce odors. e.g., fiv ash the vehicles
transport molsture content 15 including
contamers similar to topsoil (30- | terragators. May
(ral/treck) 55%) and can be also be bulldozed
mav simphfy surface applied down stesp
trzansfers from without slopes.
ral to truck meornoration

Table 4




Logistics and Other Considerations in

Using Soil Amendments

< Other considerations include:
 Avallability

Public considerations

—Public outreach

—QOdor

—Demonstrations

Costs

Long-term maintenance

Monitoring



Comparison of Different Application

Systems Used in Remediation

Table 5. Comparison of Different Application Systems Used in Remediation (Ref. 5)

System Range % Relative Costs Advantages Disadvantages
* Solids=*
Biosolids dump truck 10-15" | = 12% |Low capital. low |Simple to operate. fast |Need cleared. relatively
discharge. spreading O&M for high application flat site. acceptable to
with dozer rates. heavy equipment. difficult
to get even applications
for low application rates.
Application vehicle Upto | <12% |Moderate capital. |Can make even May need special trails
with mounted cannon 125° high O&M applications for low with strength for repeated
rates. any ferrain. trips. slow.
Application vehicle 107 15-35% |[Moderate capital. |Can make even May need special trails
with rear splash plate moderate O&M  |applications for low with strength for repeated
rates. moderate terrain. |trips. slow.
Application vehicle Upto | 15-90% |Moderate capital. |Can make even May need special trails
with side discharge 200° moderate O&M  |applications on any with strength for repeated
terrain and at any rate. |trips. moderate speed.
including low rates.
Manure-type spreader - [ 10°-30" | =25% |Low capital. low |Can make even Limited to high % solids.

rear discharge

O&M

applications for low

rates. moderate terrain.

trails may need to be close
together. moderate speed.

Table 5




Regulatory Requirements for Sites Using

Selected Soill Amendments

Table 6: Regulatory Requirements for Sites Using Selected Soil Amendments

Organics

Biosolids Clean Water Act (40 CFR Part 503) Class B permit required (site restrictions): may be
possible to compost or otherwise treat the biosolids on site to reach Class A quality
(with no site restrictions):

For CERCLA actions, no permit required, but should adhere to spirit of state and local
permit requirements (ARARs) when possible:
State-specific regulations also may apply.
Manures Federal and state BMP nutrient management;
CAFOS may have bookkeeping requirements.

Pulp Sludges Dioxin concentrations restricted - voluntary or required by state standard 10 ppt TEQ
(toxic equivalent) for dioxin incorporated: may have high sodium which can limit
applications.

pH

Lime State-specific lime labeling requirements.

Wood Ash May be regulated as a caustic material: pH will decrease to 8.3 with exposure to air:
state-specific soil amendment or liming material regulations.

Coal Combustion State-specific regulations: NAS recommended increased study: coal mining site

Products regulation under SMCRA expected by 2008.

Red Mud Regulated as mining waste in sifu. but labeled for application as soil amendment by
many states/localities.

Table 6

Includes Federal and State Regulations
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