Critical Review for W-170

1999-2004

The objectives of the W-170 committee during 1999-2004 were to: (1) characterize the chemical and physical properties of residuals and residual-amended soils, (2) evaluate methods for determining the bioavailability of nutrients, trace elements, and organic constituents in residuals, and (3) predict the long-term bioavailability of nutrients, trace elements, and organic constituents in residual-amended soils.  

A large amount of multistate/agency collaborative interdisciplinary research projects were conducted by W-170 researchers in the period 1999-2004.  Although there were many types of collaborative projects, most projects can be categorized into two types: (i) projects with common shared soils and/or residuals, (ii) projects that focused on a common residual or residual issue (i.e., N availability, beneficial use of alum residual, use of residuals for ecosystem restoration, etc).  W-170 has many scientists (>40) with diverse expertise and interests.  The combination of many type of residual issues with the diverse scientific base of W-170 members produced a symphony of several dozen interdisciplinary projects during the 1999-2004 period.  Many of these projects have been very successful and produced high quality/impact scientific publications and outreach materials.  W-170 participants have undertaken laboratory, greenhouse, and field studies that complement the objectives of the regional research project.  Results of these studies have been published in abstracts, proceedings, journal articles, book chapters, etc.  W-170 participants are well known for their scientific inquiry and dissemination of results as shown by the numerous presentations and citations listed in the annual reports.  Publications from the last 4.5 years of W-170 are listed as an attachment in the proposed project renewal for 2004-2009.  

W-170 research has been used to develop and validate the predictive capabilities of nutrient and trace element bioavailability, management of soils receiving short- and long-term waste amendments, and remediation of contaminated environments.  W-170 studies continue to demonstrate that most organic waste products can be beneficially reused when properly managed. Monitoring plant uptake of trace elements from soils previously treated with high-metal biosolids for up to 25 years indicates metal-uptake by vegetables on residual sludge-amended plots is minimal.

Composts and manures have been shown to increase plant growth, enhance soil properties such as infiltration and permeability, complex metals, and reduce overland nutrient flow.  Concern about leaching of nutrients and metal-organic complexes, as well as determining nutrient requirements are areas that continue to be studied.  Sludge-P bioavailability studies are being used to establish agronomic rates for crop P needs and to address sludge-P leaching in acid, sandy soils.

Use of organic and inorganic residuals enhances the remediation of disturbed environments.  Mine sites and smelter-impacted areas are being reclaimed by immobilization treatments utilizing biosolids.  Se in the soil-plant-animal continuum of disturbed environments is regulated by several factors.  Phytoremediation technology can be used for decontamination of metal-contaminated soils.

A detailed review of each interdisciplinary project is beyond the scope of our critical review.   The following summarizes represents some of the collaborative regional research work accomplished in the past four and one half years by the W-170 committee.  

Objective 1 - Characterize the chemical and physical properties of residuals and residual-amended soils 

Highlighted Collaborative Interdisciplinary Research Performed
MWRDGC characterized the chemical and physical properties of biosolids for comparison with top soils that are typically available for use in the Chicago metropolitan area.  Among the properties being characterized on biosolids, soils and biosolids/soil mixtures are:  pH; EC; concentration of Organic C (wet oxidation and ignition), SO4-S, available P (Bray P1, Mehlich III, water soluble), TKN, NH3-N, NO3-N, exchangeable bases (K, Na, Ca, Mg), Total, HCl, and Mehlich III extractable Cd, Cu, Cr, Ni, Zn, As, Pb, Mo, Se, Mn, Fe, and Al as well as nearly 100 priority organic pollutants; calcium carbonate equivalent; cation exchange capacity; moisture-tension relationship; plant available moisture holding capacity; saturated hydraulic conductivity; atterberg limits; bulk density; particle density; porosity; compaction; consolidation; particle size distribution; unconfined compression; triaxial compression; coefficient of linear extensibility; Illinois Bearing Ratio; Immediate Bearing Value; Water Repellency/hydrophobicity.  

     In 2000, a two acre research and demonstration plot was established at the old U. S. Steel (USX) South Works site in the City of Chicago.  The project is being conducted in partnership with the City of Chicago Department of Environment, the Chicago Park District, USX, and the Illinois EPA.  The property consists entirely of steel mill slag that was deposited as thick as 40 feet deep into Lake Michigan to fill the Lake and create property. We are testing growth of trees, shrubs and turf grasses on four amendments (100% biosolids, top soil, 50% biosolids/50% soil, and 25% biosolids/75% soil).  We are also sampling soils, plant tissues and ground water and underlying lake water to examine release of nutrients over time, quantify uptake of trace elements, nutrients and salts into turf grasses and trees and evaluate growth and appearance of plants on the four amendments.  We are also characterizing chemical and physical properties of the soils, biosolids and slags. 

Objective 2 - Evaluate methods for determining the bioavailability of nutrients, trace elements, and organic constituents in residuals.

Highlighted Collaborative Interdisciplinary Research Performed
W-170 investigators (AR, MI, OR, VA, WA) are cooperating on studies to develop laboratory and field protocols for estimating plant available nitrogen in biosolids.

Several investigators (FL, CO, KS, OK, MWRDGC) are cooperating on research focus on field studies examining biosolids-Mo bioavailability.  Cooperation includes reviewing data/reports, sharing of plant and soil samples, and analytical support by some members.  MWRDGC cooperates with many W-170 members by supplying soils and crop samples from their long-term experiments.  In 1999, MWRDGC cooperated with University of California by supplying biosolids amended soils and tissues of crops grown on the fields from which the soils originated. University of California is studying the effect of plant root exudates on bioavailability of trace elements in biosolids amended soil. MWRDGC started a cooperative study with USDA-Beltsville, and USEPA-Cincinnati to assess chemical fate and bioavailability of trace elements in biosolids amended soils. Appropriately treated fields at the MWRDGC's Fulton County Site were selected to supply soil and plant tissue for the study.

FL AES performed field evaluation of corn and soybean grain Mo uptake.  Field samples (soil and plant) generated by cooperators in Illinois (MWRDGC), and Minnesota (USDA-MN) and some Mo analysis by OK AES.  Jointly authored papers written.

IN-AES determined the impacts of diets formulated with high available P (HAP) corn and phytase on: 1) excretion by young pigs and 2) changes in P forms during 150 days of storage as slurry.  Diets formulated with HAP corn+phytase increased apparent digestibility of Ca and P 40-50% and decreased total P excretion over 40% compared to the control diet.  Dissolved reactive P and acid-soluble reactive P (ASRP) excretion was reduced 35 and 52% by the HAP corn+phytase diets.  Phytic acid-P in fresh feces ranged from 5-15% of total P, and was significantly reduced by diets containing HAP corn and/or phytase.  Mass of dissolved reactive P and acid-soluble reactive P averaged across storage time in slurry from pigs fed HAP corn_phytase diets was 31% and 47% lower, respectively, than the control diet.  Dissolved organic P (DOP) and acid-soluble organic P (ASOP) represented less than five percent of TP across times, and DOP was significantly higher in slurry from HAP corn+phytase diets compared to the control.  Relative proportion of ASRP did not change with storage time.  Using HAP corn and phytase in pig diets can increase P and Ca digestibility and reduce P excretion.  The 16-40% reduction in P excretion observed in this study would dramatically reduce soil P loading and decrease the potential for P losses from soil to surface and groundwater resources under N based application scenarios.  

IN-AES studied the phylogenetic diversity of the bacterial communities supported by a seven-stage, full-scale biological wastewater treatment plant.  These reactors were operated at both mesophilic (28-32°C) and thermophilic temperatures (50-58°C).  Community fingerprint analysis by denaturing gradient gel electrophoresis (DGGE) of the PCR-amplified V3 region of the 16S rRNA gene from the domain Bacteria revealed that these seven reactors supported three distinct microbial communities.  A band-counting analysis of the PCR-DGGE results suggested that elevated reactor temperatures corresponded with reduced species richness. Cloning of nearly-complete 16S rRNA genes also suggested a reduced species richness in the thermophilic reactors by comparing the number of clones with different nucleotide inserts versus the total number of clones screened. While these results imply that elevated temperature can reduce species richness, other factors also could have impacted the number of populations that were detected. Nearly-complete 16S rDNA sequence analysis showed that the thermophilic reactors were dominated by members from the (-subdivision of Proteobacteria in addition to anaerobic phylotypes from the low-G+C gram-positive and Synergistes divisions. The mesophilic reactors, however, included at least six bacterial divisions, including: Cytophaga-Flavobacteria-Bacteroides, Synergistes, Planctomycetes, low G+C gram-positives, Holophaga/Acidobacteria, and Proteobacteria ((-proteobacteria, (-proteobacteria, (-proteobacteria, and (-proteobacteria subdivisions). The two PCR-based techniques detected the presence of similar bacterial populations, but failed to coincide on the relative distribution of these phylotypes.  This suggested that at least one of these methods is insufficiently quantitative to determine total community biodiversity ( a function of both the total number of species present (richness) and their relative distribution (evenness).

KS AES studied the effects of P, Mn oxide, and time on bioavailable Pb in five metal-contaminated soils or mine spoils in the absence or presence of plants and to evaluate the effect of those treatments on phytoavailability of Pb, Cd, and Zn.  The addition of P or Mn oxide reduced bioavailable Pb compared to a control as measured by a modified physiological based extraction procedure (PBET).  The maximum reduction in bioavailable Pb was always observed with the addition of P and Mn oxide together.  A modified toxicity characteristic leaching procedure (TCLP) also indicated less soluble Pb in soils receiving both P and Mn oxide compared to either soil amendment alone.  X-ray diffractometry analyses support the PBET and TCLP results, indicating more ‘pyromorphite-like minerals’ may have formed in the presence of both P and Mn oxides.  The concentrations of Pb, Cd, and Zn in sudax and Swiss chard plant tissues were reduced in the presence of soluble P and soluble P with Mn oxide.  We are currently cooperating with Jim Ryan at USEPA with this project.  The soils have been used in an animal feeding study and we are sharing samples.  

MWRDGC provided biosolids amended soil samples and extracts of soybean samples to the University of Florida as part of an ongoing project to assess molybdenosis induced by biosolids applications to land.  Many of the samples were ultimately analyzed at Oklahoma State University.  The cooperative research will provide a means of evaluating plant uptake coefficients for Mo for use in the Part 503 risk assessment for the molybdenosis pathway.

OR and WA AES studied direct application of freshly ground yard debris to cropland We conducted field and laboratory studies that measured apparent N recovery (difference method) and decomposition (CO2 evolution) following yard debris incorporation soil.  The laboratory incubations showed that cumulative decomposition and available N release increased with increasing grass content.  Apparent N recovery was 0 to 10% for yard debris with N content < 1.6%, and 40 to 50% for yard debris with N content > 3%.  Field results followed the same trends, except that apparent N recoveries were lower (ranging from 0 to 30%). Our data show that yard debris total N and C:N are useful indicators for predicting N availability, and that estimated grass content can be used as a rough surrogate for analytical data.

PA AES studied the effect of water treatment residuals on P solubility in soil in cooperation with FL AES (George A. O’Connor, Univ. of Florida).  Laboratory and greenhouse studies were conducted to compare the ability of water treatment residuals (WTRs) to alter P solubility and leaching from sandy soil amended with biosolids and triple superphosphate (TSP).  Alum (Al-WTR) and ferric sulfate (Fe-WTR) coagulation residuals, and a lime softening residual (Ca-WTR) were examined.  Equilibration studies revealed that the P-sorbing capacity of residuals followed the order: Al-WTR>Ca-WTR~Fe-WTR.  Despite lower total metal [Al+Fe]T content, the Al-WTR was more effective in sorbing P than Fe-WTR because the reactivity of the hydrous oxides, as measured by oxalate extraction, was substantially greater in the Al-WTR.  Leachate P from greenhouse columns with high TSP applications (224 kg P ha-1) were 27% of applied P over a 4 mo period, but when the columns were amended with 2.5% WTRs, leachate P was reduced to 3.5% (Fe-WTR), 2.5% (Ca-WTR), and <1% (Al-WTR) of the applied P.  In the absence of WTRs, biosolids-P leaching was <0.1% of applied P for most biosolids.  When biosolids with high leaching (11% of applied P) was amended with WTRs, P in leachate was negligible.  The extent of P lost in the greenhouse columns was related to the P saturation index (PSI) calculated from the oxalate-extractable P, Fe, and Al (in moles) for the biosolids and WTR-biosolids mixtures.  

USDA-MN studied bioavailability of residual biosolids-borne Mo, with FL AES (G.A. O’Connor, Univ. of Florida) and MWRDGC (T.C. Granato, Metro. Water Reclamation Dist. Greater Chicago).  The objective of this study was to determine if biosolids applications at N utilization rates for continuous corn production would result in higher P concentrations in runoff.  Over a 20-y period, annual applications of biosolids resulted in the addition of 5100 kg ha-1 of P to a silt loam Typic Hapludoll in a 16 ha terraced watershed containing slopes of up to 12%.  Biosolids additions resulted in Bray-1 P levels of up to 1030 kg ha-1 in surface soil.  Early spring runoff from treated areas contained as much as 2 mg L-1 dissolved P during peak flow, 5-yr post biosolids application.  Runoff from the control area receiving fertilizer P had < 0.2 mg L-1 of dissolved P.  Total P loss (over a three (3) year period) via runoff was approximately 2 kg ha-1 from biosolids treated areas versus 1.5 kg ha-1 fertilized (mineral) areas.

WY AES conducted investigations with the U.S. Army DECAM and U.S. Fish and Wildlife. on the importance of soil-geology relationships involving Se bioavailability was evaluated in disturbed and native environments where Se occurs naturally in geological formations. Identification of areas where Se occurs in potentially high concentrations can facilitate efforts to reduce impacts associated with soil erosion and Se transport to surface waters and vegetation in surrounding lands. We studied soil-geology relationships that potentially contribute to Se distribution and transport. Combining geographic information system (GIS) coverages for geology, soils and vegetation resulted in 43 descriptive mapping units. Soil samples collected from 92 sites represented about 99% of the study area. Identification of specific geologic formations and related soil series indicated that soils with Se levels above the 0.5 mg/kg phosphate-extractable Se suitability criteria were formed on parent materials primarily of Cretaceous-aged shales and Quaternary-aged alluvium underlain by Cretaceous-aged shale. Seleniferous soils were predominately calcareous clays, silts and shales, or sediments derived from shales and eolian deposits. Selenium in surface soils of one watershed increased in concentration with increasing distance downslope.  

Objective 3 - predict the long-term bioavailability of nutrients, trace elements, and organic constituents in residual-amended soils. The following summarizes represent work accomplished in the past four and one half years by the W-170 committee.

Highlighted Collaborative Interdisciplinary Research Performed
The MWRDGC provided soil samples and extracts of plant tissue samples to the University of Florida as part of an ongoing project to assess molybdenosis induced by biosolids applications to land. The cooperative research will provide a means of evaluating plant uptake coefficients for Mo for use in the Part 503 risk assessment for the molybdenosis pathway.  Field studies to evaluate the decomposition rates and net mineralization of organic N in biosolids in 1998 and 1999 were conducted (AR, MWRDGC, VA, WA).  Biosolids N additions and N uptake data from the field will be used in the DECOMPOSITION computer model to help predict first-year release of plant-available N (PAN) for different biosolids and different climatic conditions by Arkansas. Residual N released from the 1998 plots will also be evaluated. 

FL AES (Univ. of Florida) performed laboratory characterization of P forms and solubilities of various biosolids, manures, and fertilizer. Various extractants, including a modified sequential extraction procedure, used to infer differences in P solubilities and forms.  These were cooperative studies using shared laboratory efforts and biosolids with PA AES colleagues at Penn. State Univ. H.E. Elliott spent sabbatical leave at UF. 

FL AES  performed studies on modification of risk assessment paradigm and data base for Mo in biosolids and risk of molybdenosis.  Several W-170 colleagues serve as co-authors.

Incomplete Work or Areas Needing Further Investigation
The new objectives of the proposed project renewal for 2004-2009 address research that has not been completed under the 1999-2004 project objectives.  However, the new project will address new and important areas of research including connections between bioavailability and toxicity (human and ecological) and new issues (i.e., pharmaceutical and personal care products, new inorganic and organic contaminants of concern, pathogens). 

In 2004, an international conference “Sustainable Land Application Conference” was held in Orlando, FL from January 4-8.  The conference was a comprehensive review of scientific topics (i.e., metals, organic pollutants, pathogens, nutrients), many of which were the focus of the W-170 1999-2004 project objectives.  The conference was organized and chaired by W-170 members.  Many of the speakers were W-170 members.  The objectives of the conference were The conference objectives were: 

· Review fundamental and specific reactions of constituents in non-hazardous wastes (manures, biosolids, and effluents) 

· Improve understanding about contaminant reactions in soils, emphasizing the commonalties of reactions among wastes 

· Synthesize multi-disciplinary information and characterize the “state-of-the science” 

· Identify high priority and critical research needs 

· Promote interdisciplinary approaches to solving societal problems of waste disposal 

The conference identified specific areas of research needed for sustainable land application of residuals (http://www.conference.ifas.ufl.edu/landapp/#summaries).  Research needs, by topic, that will be addressed, contingent on funding, in the W-170 2004-2009 project are:

Residuals--Metal research

· Research is needed to develop land application guidelines with metal loading limits for nonbiosolid residuals.   Increased land application of municipal, industrial, and agricultural wastes will continue to grow because of economic and societal benefits.  Research on many residuals is limited or nonexistent and may prevent development of guidelines that allow land application of these materials.  Research and guidelines used for biosolids will not be transferable to many residuals with very different chemical properties and behavior.  

 

 

· There is a large body of data on heavy metal behavior in biosolids treated soil since the promulgation of Part 503.  We do not know what effect consideration of the new data will have on limits for metals considered in Part 503.  Since the promulgation of Part 503, data has become available regarding land application of new heavy metals (e.g., Tl, Be, W, V) in biosolids.  Limits for the new metals associated with land application of biosolids should be determined using the original Part 503 risk assessment methods.

 

· We know very little regarding the effect of residuals on ecological receptors in soil ecosystems or the ability of residuals to reduce or eliminate ecotoxicity in heavy metal contaminated soils.   

 

· The effect of residual application on organism health and important biological processes (organic residue recycling, nitrogen fixation, respiration) is a growing concern.  Ecological risk assessment will be used to establish guidelines for land application of residuals.  Risk-based ecotoxicological research on the effect of soils treated with residuals is needed to develop land application guidelines.     

 

· A great deal of uncertainty of the long-term environmental fate of heavy metals in land-applied residuals remains.  Advanced spectroscopic methods should be used to resolve some of this uncertainty. 

 

Residuals--Nutrient research

 

Phosphorus

 

· Work should continue on environmentally available P in biosolids with some consideration to a national P index for land applied biosolids.

 

· Work is needed on P removal strategies from residuals.  The precipitation of soluble P as highly insoluble P compounds was mentioned as one strategy. This P could be stored or immobilized to remove this P from the current waste stream and possibly be utilized at a later time.

 

· Similar to animal diets, the role of food, home care products, and personal care products on P in biosolids should be investigated.

 

· Remediation strategies for P-saturated soils should be investigated.

 

· The use of P availability constants in P assessment tools is a continuing research need.

 

· Two issues with respect to P losses in surface runoff were raised.  The interpretation of edge of field losses needs additional work as does the fate of P from the edge of the field to the point of impact.

 

· The long-term efficacy of alum, water treatment residuals, and other amendments for reducing P availability is a research need.

 

· Continued use of new and improved spectroscopic techniques to study chemical forms of P in residuals and soils is warranted.

 

 Nitrogen

 

· Work should continue on quick tests for potentially mineralizable N.

 

· Work is needed on the closure of lagoons and other structures used to store residuals.  One issue is that ammonium enriched materials may begin to nitrify and become long-term sources of nitrates.

 

· More basic information on the mineralization process is needed.  This will likely involve the study of the microbial and macrofaunal ecology of the process as affected by temperature, water content, and soil characteristics.

 

· Additional work on amendments for reducing ammonia volatilization is warranted.

 

· Research is needed on the interactions between various management practices such that the least harm is done to the environment.  The issue of injecting liquid manures was used as an example.  This process reduces ammonia emissions but increases energy use and nitrous oxide emissions.

 

· Additional research is needed to better understand the effect of timing of rain and irrigation on ammonia volatilization losses from surface application of residuals.

 

· Work should continue on simulation models to improve our capability to estimate N mineralization and immobilization under field conditions.

 

· Further research is needed to identify pools of mineralizable N and their relationship to easily-measurable variables in residuals.

 

· Composted residuals can be applied at higher application rates with less concern over nitrate leaching as compared to residuals that have not been through a composting process.  The potential benefits of this strategy warrant investigation, particularly for remediation and for general improvement of soil quality.

Future efforts are needed to better address pathogen concerns and potential ecological impacts associated with land application practices.  Research findings from these topics will be needed to develop applicable methodologies for comprehensive pathogen and ecological risk assessments.  

 

W-170 will continue research on understanding the fundamental properties, reactions and pathways involving persistent bioaccumulative toxins (metals, persistent organic chemicals), and nutrients (benefits, environmental impacts).  New areas of research will include the fate of pharmaceutical and personal care products and pathogens in land applied residuals.  The group will expand its focus from bioavailability to bioavailability and toxicity.   Information from this research is needed to develop state and federal guidelines and rules, e.g., EPA 503 regulations, for beneficial and sustainable land application of residuals  based on sound science.

