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Biosolids… 
• Can be applied to land 

• Cannot be applied to land 

• Not sure 

cc: ores2k - https://www.flickr.com/photos/63379251@N00 



Biosolids in the US 

• ~14,748 wastewater treatment plants (WWTPs;  

water reclamation facilities, WRFs)   
 (2016 US EPA, Clean Watershed Need Survey 2012- Report to Congress) 

 

• Serving 238.2 million people 

• Produce > 8 million tons (dry weight) 

sludge/year 

• Treatment of sludge  1/3 of total electricity use 

of a WWTP 

 

 



Biosolids 

• 55% of biosolids are beneficially used 

CSS Factsheet, Univ. of Michigan 



The role of the US EPA 

• Mission 

 protect human health and the 

environment 

 

- Best scientific information available 

- Consulting stakeholders 

- Best available technologies 

- Public comments, public response 



Regulatory Framework 

• Residuals regulation is governed by  

40 CFR Part 503  

(Title 40 of the Code of Federal 

Regulations) 

 

The Standards for the Use or Disposal of 

Sewage Sludge, Feb. 1993, amended 

several times 



National Research Council, 

National Academy of Sciences 

“There is no documented scientific evidence that 

the Part 503 Rule has failed to protect public 

health.”  

“[A] causal association between biosolids 

exposures and adverse health outcomes has not 

been documented.”  

“There are no scientifically documented outbreaks 

or excess illnesses that have occurred from 

microorganisms in treated biosolids.” 

 



History 

• Section 405 of the Clean Water Act 1977 

• Research on risk assessment began in 

1970s 

• Development of 503 Rule began in 1984 

• Amendments in 1987 – directed US EPA to 

research and promulgate regulations for 

disposal and use of sewage sludge 

• 503 Rule proposed in 1989 

• Published in Feb. 1993 

• Reviewed by NRC, NAS (2002) 



40 CFR Part 503 

• General Provisions 

• Land Application 

• Surface Disposal 

• Pathogen Reduction 

• Vector Attraction Reduction 

• Incineration 

 



General Provisions 

 



General Provisions 

• Applies to sewage sludge and septage 

• Does not apply to grease interceptor wastes, 

industrial sludge, grit and screenings (40 CFR 

Part 258 - MSW in landfills) 

• Monitoring, recordkeeping within 150 days 

• Within 2 years if need new construction 

• Annual reporting for > 1 MGD (3.78 MLD) and 

> 10,000 people 



Land Application 

• As fertilizer or soil conditioner, applied 

at agronomic rates 

 

• Requirements 

 Non Hazardous 

 Criteria Pollutants 

 Pathogen Content 

 Vector Attraction Reduction  



To be considered non-hazardous 

• Must meet 

requirements of 40 

CFR 261: 

 

 Ignitable 

 Corrosive 

 Reactive 

 Toxic 

 



Criteria pollutants:  ceiling and 

“exceptional quality” limits 

 



If between EQ and Ceiling Limits, must 

track CPLR and APLR 

 



Annual Whole Sludge 

Application Rate 

AWSAR  = APLR/ (C x 0.001) 

 

AWSAR = dry tons/ha per year 

APLR = from previous table, kg/ha per year 

C = pollutant concentration, mg/kg 

 

Choose lowest AWSAR out of all pollutants 



Pathogen Reduction Requirements 

• Class A –  below detection limits in 1993 

< 1,000 MPN fecal coliform/ g solids (dry); OR 

< 3 MPN Salmonella/ 4 g solids (dry) 

 6 Alternatives to achieve Class A 

 1.  60 C for > 20 min, other temperature-time 

combinations 

 2. pH > 12 for 72 hours; 52 C for . 12 hours; after which 

air-dried to > 50% solids 

 3. < 1 PFU enteric viruses /4 g dry solids; AND < 1 

helminth ova /4 g dry solids 

 4. Same as 3, or other processes 

 5. PFRP 

 6. Processes similar to PFRP 

 



Processes to Further Reduce 

Pathogens (PFRP) – Class A 

• 1. Composting - Using either the within-vessel composting 

method or the static aerated pile composting method, maintained 

at 55 degrees Celsius or higher for three days.  

• Using the windrow composting method, the temperature of the 

sewage sludge is maintained at 55 degrees or higher for 15 days 

or longer. During the period when the compost is maintained at 

55 degrees or higher, there shall be a minimum of five turnings of 

the windrow.  

 



Processes to Further Reduce 

Pathogens (PFRP) – Class A 

• 2. Heat drying - Sewage sludge is dried by direct or indirect 

contact with hot gases to reduce the moisture content of the 

sewage sludge to 10 percent or lower. Either the temperature of 

the sewage sludge particles exceeds 80 degrees Celsius or the 

wet bulb temperature of the gas in contact with the sewage 

sludge as the sewage sludge leaves the dryer exceeds 80 

degrees Celsius.  

• 3. Heat treatment - Liquid sewage sludge is heated to a 

temperature of 180 degrees Celsius or higher for 30 minutes. 
 



Processes to Further Reduce 

Pathogens (PFRP) – Class A 

• 4. Thermophilic aerobic digestion – Mean cell residence time of 

the sewage sludge is 10 days at 55 to 60 C.  

• 5. Beta ray irradiation - beta rays from an accelerator at dosages 

of at least 1.0 megarad at room temperature (ca. 20 degrees 

Celsius).  

• (6) Gamma ray irradiation -  gamma rays from certain isotopes, 

such as 60 Cobalt and 137 Cesium, at dosages of at least 1.0 

megarad at room temperature (ca. 20 °Celsius). 

• 7. Pasteurization - maintained at 70 degrees Celsius or higher for 

30 minutes or longer. 
 



Pathogen Reduction 

Requirements 

• Class B – below detection limits before public 

contact (1993 methods), and equivalent to anaerobic 

digestion 

 

3 Alternatives 

 Alternative 1. < 2 x 106 MPN fecal coliform/ g 

solids (dry) (7 samples, geometric mean) 

 

 Alternative 2. PSRP 

 Alternative 3. Processes similar to PSRP  



Processes to Significantly Reduce 

Pathogens (PSRP)- Class B 

• Aerobic digestion –  

 40 days @ 20 C; 60 days @15 C 

• Air drying –  

 for 3 months; at least 2 months > 0 C 

• Anaerobic digestion –  

 5 days @ 35-55 C; 60 days at 20 C 

• Composting -   

 > 40 C for > 5 days and 4 hours > 55 C 

• Lime stabilization –  

 pH to 12 after 2 hours 

 



Site Restrictions for Class B 
• Food crops  

 above ground – 14 months after application 

 Below ground – 20 months if sludge 

unincorporated for > 4 months 

 Below ground – 38 months if unincorporated < 4 

months 

• Feed crops, fiber crops – 30 days 

• Grazing animals – 30 days 

• Turf grass – 1 year before harvesting 

• Public access- 30 days or 1 year depending on 

potential for public exposure 





Biennial Reviews 

• CWA (Section 405) requires review 

every 2 years 

 Toxicity  

Reference dose, reference concentrations, 

cancer slope factor, lethal dose, lethal 

concentrations, chronic endpoints 

 Acceptable concentration data 

 Fate and transport data 

 



2003 Review 

• 803 chemicals found in sewage sludge 

• Sufficient data = 40 out of 803 

• Potential risk to human health and 

environment = 15 out of 40 

• Exposure and hazard assessment = 9 

out of 40 



2005 

Review 

• EPA 

examined 

137 

chemicals 

• Updated 

information 

for 19 



2007 Review 

• But no source concentration, ecological factors, fate and 

transport data 



2009 

Review 

• 14 chemicals 

with human 

health 

benchmarks 

• 35 chemicals 

lacking HHB 

data  



2009 

Targeted  

National 

Sewage  

Sludge 

Survey 



2009 

Targeted  

National 

Sewage  

Sludge 

Survey 



Challenges 

 



 



Some thoughts (technical) 

• Risk-based approach (Quantitative Risk Assessment) 

was used for criteria pollutants, but not pathogens 

 

• Pathogen limits – not based on QMRA, but based on 

detection limits – time to re-evaluate? QMRA as a 

tool for developing treatment 

• Additional indicators? e.g., Clostridium perfringens 

• Geographic and site restrictions? 

• Major and minor exposure pathways (also secondary 

transmission) 

 

 



Thoughts- non technical 

• True costs, true benefits 

• Action in the context of 

imperfect, incomplete 

information 

• Common goals and optimism 

cc: Matthew Cramblett - https://unsplash.com/@mcramblett?utm_source=haikudeck&utm_medium=referral&utm_campaign=api-credit 


