
Part 2: 40+ Years of Research & Experience  

Recognizing A Resource: 

A Roadmap for State & Regional Biosolids 
Coordinators 

and other interested parties 

This and the other parts of this presentation are available at 
http://www.wef.org/Biosolids/page.aspx?id=7522  



This presentation is intended for: 
•  U.S. EPA biosolids program staff 
•  U.S. EPA regional biosolids 

coordinators 
•  State biosolids regulatory agency staff 

(e.g. state biosolids coordinators) 
•  Managers of biosolids 
•  Wastewater treatment facility staff 
•  Biosolids program design engineers 
•  Distributers & users of biosolids 

products 
•  Other interested parties 

This presentation is intended to: 
•  Summarize the history and current status 

of federal and state biosolids regulations 
in the United States (U.S.) 

•  Summarize the state of the science & 
experience with biosolids management 

•  Summarize current trends & what can be 
expected in the future 

So that all involved in setting policy & 
regulations and implementing 
biosolids management programs 
recognize this resource. 

Sustainable biosolids management requires maximizing 
the utilization of resources in biosolids and minimizing 
landfill disposal & combustion without energy recovery. 



Part 1: Federal & State Regulations (see separate file) 
Part 2: 40+ Years of Research & Experience (presented here) 

•  Research has shown the benefits and manageable risks… 
•  …And the research goes back decades 
•  Examples of long-term research programs 
•  The research addresses the risks 
•  Three topics of greatest concern: trace elements (heavy metals), chemicals, pathogens 
•  40+ years of experience 
•  What is critical for success?  Best practices 
•  Proactive communications is a best practice 

Part 3 (see separate file): 
  Trends & Drivers in Biosolids Management 
  Focusing on Resource Recovery 



  Univ. of Maine 
  Univ. of New Hampshire 
  Univ. of Massachusetts 
  Cornell Univ., New York* 
  Penn State Univ.* 
  Univ. of Delaware 
  Virginia Tech* 
  North Carolina State Univ.* 
  Univ. of Georgia 
  Univ. of Florida* 
  The Ohio State Univ.* 
  Univ. of MN* / USDA 
  Tulane Univ. 

  Univ. of Guelph / OMAFRA* 
  Ryerson Univ. / OMAFRA 
  Univ. of Nebraska* 
  Univ. of Manitoba* 
  Univ. of Alberta* 
  Colorado State Univ.* 
  Utah State Univ.* 
  Univ. of Arizona* 
  Univ. of California – Riverside* 
  Washington State Univ.* 
  Univ. of Washington* 
  Univ. of British Columbia* 
  …and more… 

* long-term research; many papers 

40+ Years of Research… 
The amount of research that has been done regarding biosolids treatments 

and use on soils is substantial, dating back to the 1960s – thousands of 
published papers and several state-of-the-science reviews, including by 
the National Academy of Sciences (NAS) / National Research Council. 

Universities involved in biosolids research 



40+ Years of Research… 
…has shown the benefits & manageable risks 

Biosolids improve soils. 
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40+ Years of Research… 

Findings: Organic residuals improve soils 
Univ. of Washington study, 2011 

Numerous studies 
demonstrate the 
benefits derived 
from adding organic 
matter, such as 
biosolids, to soils: 
higher carbon 
content (carbon 
sequestration), 
increased microbial 
activity, increased 
water-holding 
capacity, and lower 
bulk density (which 
means easer tillage 
& handling). 



  Improved crop nutritional value (micronutrients) 
  Slow release of nutrients = less nutrient pollution of 

ground & surface waters 
  Reduced use of pesticides / fungicides (due to 

improved biological richness in soil & healthier 
plants) 

  Improved water holding capacity of soil, reducing 
irrigation needs (adding 30% compost tosoil = an 
additional 1.9 gallons/cubic foot of water holding) 

  Suppress plant diseases and pests. 
  Reduce the need for chemical fertilizers. 
  Promote higher yields of agricultural crops. 
  Facilitate reforestation, wetlands restoration, and 

habitat revitalization efforts by amending 
contaminated, compacted, and marginal soils. 

  Cost-effectively remediate soils contaminated by 
hazardous waste. 

  Remove solids, oil, grease, and heavy metals from 
stormwater runoff.  

  Capture and destroy 99.6 percent of industrial 
volatile organic chemicals (VOCs) in contaminated air.  

  Provide cost savings of at least 50 percent over 
conventional soil, water, and air pollution remediation 
technologies, where applicable. 

40+ Years of Research… 

Findings: Biosolids compost benefits 

See also...
http://www.epa.gov/waste/conserve/rrr/composting/basic.htm  
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40+ Years of Research… 

Findings: Lower GHG emissions from use on soils 



% dry wt. basis 

Biosolids values from The Use of Biosolids in Maine: A Review (report by the Mitchell Center) 
Manure Values adapted from ASAE Standards 2000 

Low High 

40+ Years of Research… 
And farmers use biosolids because they provide nutrients 



40+ Years of Research… 

And the research goes back decades… 
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40+ Years of Research… 

Example: Pennsylvania Mine Reclamation 

William E. Sopper:   
Municipal Sludge Use in Land 
Reclamation 
Penn State University.   
1993   

This book, published 20 years ago, reports 20 years of research 
into the impacts to surface and ground waters, small mammals, 
birds, and soil and plant quality from the use of biosolids in 
reclaiming the spoils of coal mining in western Pennsylvania.  
Among other findings, animals eating only plants growing in 
100% biosolids-amended soils displayed no significant 
differences from controls. 



40+ Years of Research… 

Example: Chicago - Fulton County 
•  Land application of Chicago biosolids for 
land reclamation and growing crops was 
started in the early 1970s, with continual 
monitoring and research. 
•  These sites provide opportunities for 
evaluation of long-term impacts, such as 
accumulation of pollutants. 
•  Many published papers. 



40+ Years of Research… 

Example: Rosemount, MN 

•  20+ years of research, beginning in 1973 
•  Dozens of published papers 
•  Closed watershed where biosolids were applied 
•  Monitoring and testing found: 

•  increased yields of corn and other crops 
•  negligible uptake of heavy metals in corn and other crops 
•  negligible uptake of heavy metals in milk & meat of goats fed crops 
•  no significant heavy metals, nutrients, and other pollutants in ground & surface waters 

http://www.ars.usda.gov/research/publications/publications.htm?seq_no_115=99649  



40+ Years of Research… 

Example: Denver Metrogro Farm 

•  Long-term monitoring by U. S. Geological Survey 

http://pubs.usgs.gov/ds/379/  
http://pubs.usgs.gov/ds/664/  



40+ Years of Research… 

Example: King County (Seattle) 

•  Utilizing Seattle, WA area 
biosolids since 1973 in 
forestry, agriculture, and 
more. 
•  Ongoing research by Univ. 
of WA, Washington State 
Univ., Univ. of Arizona, etc. 
•  Mine reclamation research 
in association with EPA and 
USDA. 

http://www.kingcounty.gov/environment/
wastewater/Biosolids/Research.aspx   



40+ Years of Research… 

The research addresses the risks… 



•   “heavy” metals: regulated, non-regulated!

•   chemicals: PCBs, legacy, priority pollutants, 
microconstituents, PPCPs, radioactivity…!

•   pathogens: traditional, “emerging,” endotoxin, prions, 
antibiotic resistance, reactivation & regrowth…!

40+ Years of Research… 

3 topics of greatest concern: 



State of 
Maine as an 
example: 
Wet tons  
generated 
annually 

40+ Years of Research… 

When considering risk, remember the 
relative amounts of biosolids vs. manures 

(and manures have heavy metals, chemicals, & pathogens too)  



40+ Years of Research… 

Resource: Comparing biosolids to other 
agricultural practices 



40+ Years of Research… 

Risk Assessment 

The presence of a 
contaminant in biosolids 
does not mean there is 
risk; its fate and impact on 
humans and the 
environment must be 
evaluated. 



 Pathway                   Highly Exposed Individual 

1. SoilPlantHuman        Farm markets; 2.5% of food. 
2. SoilPlantHuman          Home gardens;  60% of garden  

              foods for lifetime 

3. SoilHuman          200 mg/day soil/dust ingestion 

4. Soil PlantAnimalHuman   Farms; 45% home-grown meat. 
5. SoilAnimalHuman        Grazing ruminants; soil is 2.5% of 

          annual diet; 45% home-grown meat. 
6. SoilPlantAnimal        100% of livestock feeds grown on soils 
7. SoilAnimal         Grazing ruminants; 2.5% soil in diet. 

40+ Years of Research… 

Risk Assessment 



     Pathway                  Highly Exposed Individual 

8. SoilPlant           Sensitive crops; strongly acidic. 

9. SoilSoil Biota          Earthworms; microbes;  metabolic 
         function of soil. 

10. Soil BiotaSoil Biota Predator  Shrews; 1/3 of diet presumed to be 
         earthwroms full of  Soil. 

11. SoilAirborne DustHuman     Tractor operator. 

12. SoilSurface waterHuman    Subsistence fishers. 

13. SoilAir→Human           Farm households 

14. Soilgroundwater→Human  Well water on farms. 

40+ Years of Research… 

Risk Assessment 



40+ Years of Research… 

Resources: Metals in 
biosolids 

A video of Dr. Rufus Chaney, 
USDA, presenting information on 
trace elements (heavy metals) in 
biosolids is available here: 
http://e2.ma/click/xa2ks/dz7he/
hid6si  



40+ Years of Research… 

Perspective on metals land applied 



Chart 3.2:  Reported Averages (or Ranges) of Trace Metals Levels in Other Materials (ppm or mg/kg)

     Trace Metal Dairy
Manure (4)

Dairy
 Manure (3)

Feedlot
 Manure (2)

Pig
 Waste (2)

Swine
 Manure (3)

Poultry
 Litter (2)

Chicken
 Manure (3)

    Arsenic (As) 0.26 0.88 NA 3.7 NA 30 0.66

    Cadmium (Cd) 0.32 0.03 0.2 ND 0.32 ND 0.59

    Chromium (Cr) 5.2 20 NA 61 NA 20 4.9

    Copper (Cu) 41 11.6 2.0 501 14.3 1195 13

    Lead (Pb) 6.6 2.1 0.2 ND 1 12 11.5

    Mercury (Hg) 0.09 0.05 NA ND NA NA 0.04

    Molybdenum(Mo) 2.5 22.1 NA 7.9 22.6 NA 95.3

    Nickel (Ni) 7.8 3.3 NA 29.3 NA NA 3.9

    Selenium (Se) 0.5 NA 5000 ND NA NA NA

    Zinc (Zn) 215 21 8 656 60 631 297

Phosphorus
Fertilizer (5)

Phosphorus
Fertilizers

(ranges) (6)

MSW Compost
(6)

Wood Ash (7) Agricultural
Soils (4)

Silty/Loam
Soils (1)

Miracle-
Gro®

(fertilizer)

Rite-Aid
Central Vite®

(vitamins)

As 1 2 - 1200 NA 7 6 8.4

Cd 101 0.1 - 170 7.6 6.3 0.06 0.45

Cr 320 66 - 245 40 14 100 51 83

Cu 5.9 1 - 300 471 45 20 23 700 1276

Pb 5.6 7 - 225 496 39 10 28

Hg 0.1 0.01 - 1.2 4.1 0.06 0.03 0.1

Mo 7.0 40 - 2000 NA 4.7 2 5 102

Ni 303 7 43.4 19 40 26 3.2

Se NA NA 0.63 0.2 NA 12.8

Zn 1070 50 - 1450 902 537 60 600 9573

• - From Kabata-Pendias and Pendias, as reported in National Biosolids Partnership, 2000.
• - From Alpert, 1999
• - ASAE Standards, as reported in National Biosolids Partnership, 2000.
• - From Estes, University of New Hampshire, as reported by NH Dept. of Env. Svcs
• - From Milwaukee Metropolitan Sewerage Dist, Milorganite Division, as reported by NH Dept. of Environmental Services.
• - From. Univ. of MN soil science department, as reported in National Biosolids Partnership, 2000.
• - As reported by White Mountian Resource Mgmt, Inc. for ash from electricity generation using only native tree wood chips.
NA = Not available;  ND = Not detected.

40+ Years of Research… 

Metals in other agricultural materials,  
for comparison 
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40+ Years of Research… 

Example: Penn State Univ. research tracks reductions in heavy 
metal levels in biosolids caused by pretreatment & pollution prevention 



The research 
on metals in 
soils goes back 
decades; this 
topic is well 
studied. 

A video of Dr. George O’Connor, 
Univ. of FL, presenting 
information on trace chemicals in 
biosolids is available here: 
http://e2.ma/click/xa2ks/dz7he/
1pc6si  



40+ Years of Research… 

Resources: Chemicals in biosolids 



40+ Years of Research… 

Resources: Pathogens in biosolids 



40+ Years of Research… 

Resources: Pathogens in biosolids 

Univ. of Arizona 
research on bioaerosols 

from biosolids land 
application, early 2000s 



See also: Virginia state 
health department 
review, 2007:  

http://www.virginiabiosolids.com/
pdf/
Biosolids_Available_Evidence_1107
.pdf  

40+ Years of Research… 

Resources: Evaluating health impacts 



40+ Years of Research… 

Resources: Other concerns 



40+ Years of Research… 

More research of note:  Bioassays 
Dr. Linda McCarthy, Ryerson 
Univ, Ontario tested biosolids 
and biosolids run-off on 
numerous soil, terrestrial, and 
aquatic organisms for 
impacts.  The results? 
•  Sub-acute, acute, 

chronic, and reproductive 
bioassays indicated no 
deleterious impact of 
selected biosolids on 
selected biota under 
controlled, laboratory 
conditions. 

• Use of multi-organism, 
environmentally-relevant 
bioassays adds scientific 
veracity to assessing the 
sustainability of the land-
application process 



2004 – Univ. 
of Florida – 
proceedings 
in Journal of 
Environmenta
l Quality 

1993 – Univ. of 
Minnesota – 
proceedings 

published by Soil 
Science Society of 

America 

1973 – Univ. 
of Illinois 

1983 – Colorado 

Every 10 years: 
A state-of-the-science conference of 
EPA, US Dept. of Agriculture, and 
land grant & other university 
biosolids research scientists 

40+ Years of Research… 



“In summary, society produces large 
volumes of treated municipal wastewater 
and sewage sludge that must be either 
disposed of or reused.  While no disposal 
or reuse option can guarantee complete 
safety, the use of these materials in the 
production of crops for human 
consumption, when practiced in 
accordance with existing federal guidelines 
and regulations, present negligible risk to 
the consumer, to crop production, and to 
the environment.” 

40+ Years of Research 
National Academy of Sciences (NAS) 

National Research Council Review, 1996 



“There is no documented scientific 
evidence that the Part 503 rule has failed 
to protect public health. However, 
additional scientific work is needed to 
reduce persistent uncertainty about the 
potential for adverse human health 
effects from exposure to biosolids.” 

40+ Years of Research 
National Academy of Sciences (NAS) 

National Research Council Review, 2002 



  Worldwide 
  Agriculture 
  Silviculture 
  Land reclamation 
  Horticulture, golf courses, 
turf, landscaping, etc. 

And….40+ Years of Experience 



Biosolids Use and Disposal Practices 
2004 U.S. Totals

49%
45%

6%

Beneficial Use
Disposal
Other

40+ Years of Experience 



40+ Years of Experience 

Agriculture:  still ¾ of U. S. beneficial use 

California, 2004 

New Hampshire, 2006 

Virginia 



40+ Years of Experience 

Forestry 



Maine, 2003 
Québec, 2003 

40+ Years of Experience 

Horticulture, landscaping:  Class A products 
are 22+% of beneficial use in the U. S. 

Columbus, OH 

Davenport, IA Boston, MA 



U. S. EPA 
Region 

States with Biosolids Composting 
Facilities 

Number of  Facilities 

1 New England (CT, MA, ME, NH, RI, VT) 35 
2 New York, New Jersey, Puerto Rico 30 
3 Delaware, Maryland, Penn, Virginia, W. 

Virginia 
26 

4 Florida, Georgia, Kentucky, N & S 
Carolina, Tenn 

32 

5 Indiana, Michigan, Ohio, Wisconsin 10 
6 Arkansas, New Mexico, Oklahoma, Texas 31 

7 Iowa, Kansas, Missouri, Nebraska 14 
8 Colorado, Montana, S. Dakota, Utah, 

Wyoming 
38 

9 Arizona, California, Hawaii, Nevada 20 
10 

None: 
Alaska, Idaho, Oregon, Washington 
Alabama, Illinois, Louisiana, Minnesota,  
Mississippi, N. Dakota                                     
TOTAL 

30 

266 

Biosolids Composting Facilities in the U. S. 



Merrimack, New Hampshire 
 Nourishing Green Parks and Fairways 

Co-composting w/ MSW, Marlboro, MA 

Fabric-covered composting, 
Moncton, NB 

Static pile composting, Southboro, MA 

The Great Lawn, Central Park NYC 

Streambank stabilization, PA 

Spectacle Island, Boston, MA 

40+ Years of Experience 

Making & using biosolids compost 
Central Valley, 

California  



before 
after 

40+ Years of Experience 

Making & using biosolids compost 



Washington 

Massachusetts, 2006 

Idaho 
Massachusetts

2004 

40+ Years of Experience 

Land reclamation: 3+% of beneficial use 



  Restored the productivity of 4,000 acres of stripped mine lands 
  Utilized 1,000,000 tons of biosolids 
  Additionally benefited waters and habitats 
  Supported the mining economy with $40 million in reclamation services 

40+ Years of Experience 

What Philadelphia accomplished… 

before after 



40+ Years of Experience 

More mine reclamation experience in PA… 
before after 

Palmerton, 1999 Palmerton, 1980 



40+ Years of Experience 

More mine reclamation experience in ID… 

Highly Zn-phytotoxic smelter and mine waste contaminated 
soils at Bunker Hill, ID;  

 Background = Biosolids+Wood-Ash Remediated 
 Foreground = Seeded control hazardous soil. 



40+ Years of Experience 

Mine reclamation in NE PA, including deep 
trench biosolids application and poplar planting 



Biosolids were used for the 
plantings under the 2010 
Vancouver Olympic rings. 



Egg-shaped digester, NH 

Circular tank digesters, MA 

Energy from 
biosolids 

East Bay MUD, 
Oakland, CA 

Gasification 

Energy recovery from 
incineration, CT 



Dried biosolids are used as alternative fuel in coal-
fired cement kilns. 

Energy from 
biosolids 

Energy recovery from 
incineration, Metropolitan 
Council, Minnesota 

Biofuel crops grown 
with biosolids are 
pressed to make 
biodiesel to fuel 

biosolids transport 
trucks. 



40+ Years of Experience 

What has been learned?   
What is most critical to success? 

Best practices… 



See “Resources” at end of 

slideshow for links to 

documents and other info. 

40+ Years of Research… 

Resources: Research-informed 
best management practices 



NBMA is developing a “Best 
Practices” document. 

by the Province of Ontario, the 
Canadian government, & the 

Ontario Federation of Agriculture 

40+ Years of Experience 

Resources:  Best Practices 

The new 2012 WEF, WERF, 
EPA design manual includes 

many best practices. 



40+ Years of Experience 

Proactive communication is a best practice. 

WERF has completed 
two studies (2004, 2011) 
of public perceptions and 

best public outreach 
processes.  



  Partner with credible third-party sources. 
  Demonstrate trustworthy characteristics (empathy, 

honesty, competence, dedication). 
  Practice organizational consistency and accessibility (solid 

track record). 
  Start small and build, checking back with people to see 

how they think it is going. 
  Involve the community in the development of acceptable 

health, environmental, & research studies procedures. 
  Enhance monitoring by helping set up local oversight by 

trusted local people. 



Charting the Future of Biosolids Management (2011) 
Executive Summary:  http://www.wef.org/CFBM_ExecutiveSummary  
Full report: http://www.wef.org/CFBM_FinalReport  

A National Biosolids Regulation, Quality, End Use, & Disposal Survey    
A 2007 collaborative report by NEBRA, NBMA, BioCycle, and WI Dept. of Natural Resources 

Report (with Executive Summary): 
http://www.nebiosolids.org/uploads/pdf/NtlBiosolidsReport-20July07.pdf  

State-by-state details (regulations and use & disposal data): 
Alabama – Missouri 
http://www.nebiosolids.org/uploads/pdf/NtlBiosldsRpt-AppD-AL-MO.pdf  

Montana - Wyoming 
http://www.nebiosolids.org/uploads/pdf/NtlBiosldsRpt-AppD-MT-WY.pdf  

Water Environment Research Foundation (WERF) 
Biosolids Knowledge Area: 
http://www.werf.org/i/ka/Biosolids/a/ka/Biosolids.aspx?hkey=884de809-dfbe-4960-9b31-473cbd14f770  
Biosolids research at a glance: 
http://www.werf.org/c/KnowledgeAreas/Biosolids/Biosolids_Research_at_a_Glance.aspx 

Michigan DEQ Biosolids Land Application video 
http://www.youtube.com/watch?v=vdw-fCHFtcg&feature=youtu.be   

Resources 
Biosolids Use & Trends 



Download many of 
the documents 
noted in this 
powerpoint, 
including this fine 
fact sheet, from the 
WEF/NBP website: 
http://
www.wef.org/
Biosolids/
page.aspx?id=7522  



Order this 2006 document and 
see additional resources at the 
NACWA website: 
http://www.nacwa.org/
index.php?
option=com_content&view=arti
cle&id=338%3Abiosolids-
management-options-
opportunities-a-challenges-
companion-online-
library&catid=11%3Aoperation-
utility-management&Itemid=27  



http://www.endless-films.com/site/?portfolio=biosolids  





WEF Technical Practice Updates (TPUs):  
http://www.wef.org/TPUs/  

WEF No Charge Webcasts: 
http://www.wef.org/OnlineEducation/page_webcasts.aspx?id=124  

WEFTEC Proceedings: Hosted on the IngentaConnect website 
Proceedings of the Water Environment Federation is an archival 
library of the papers presented at the annual WEF Technical 
Exhibition and Conference (WEFTEC) and other conferences 
held between 2000 and 2010.  These proceedings are not peer-
reviewed.  No charge for WEF members. 

This Week in Washington from WEF (no charge) 
http://www.wef.org/GovernmentAffairs/ThisWeekInWashington/  



  www.nebiosolids.org   North East Biosolids & Residuals Association 
  www.nwbiosolids.org  Northwest Biosolids Management Association 
  www.virginiabiosolids.com  Virginia Biosolids Council 
  www.mabiosolids.org  Mid-Atlantic Biosolids Association 
  http://www.ccme.ca/ourwork/waste.html?

category_id=137   Canadian Council of Ministries of the Environment – 
      Biosolids Task Force 

  http://www.weao.org/committees/biosolids/
biosolids.html  Water Environment Assoc. of Ontario – biosolids page 

  http://water.epa.gov/polwaste/wastewater/treatment/
biosolids/index.cfm   EPA Biosolids Page  

  http://faculty.washington.edu/slb/biosolids_basics.html  
Univ. of Washington research 

  www.loopforyoursoil.com   King County biosolids brand “loop” 
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