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Destruction of pathogenic organisms as 
a function of time and temperature

• U.S. EPA & USDA – ARS (1970s)

• most killed at temps > 55 -70oC 
(131-170 oF)

• Temperature achievement
• Initial C:N 25:1 to 40:1

• ~ 60% moisture

• Aeration
• 5 turns in 15 days (windrow)

• 3 days (ASP)

windrow method aerated static pile method

https://link.springer.com/chapter/10.1007/978-1-60327-156-1_16



Organic Program guidelines “work”
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“cold” compost
just takes longer!



Pathogens managed with
proper composting of manure

Bacteria protozoa Oomycota Fungi Nematodes

Coliforms, e.g., E. coli
0157:H7C

Giardia Pythium spp. Fusarium Pratylenchus (lesion)

Salmonella sppP Cryptosporidium C,S,Sw Phytophthora spp. Verticillium dahliae Meloidogyne (root knot)

ListeriaC,S Rhizoctonia solani

Clostridium

CampylobacterP

Streptococcus aureus

Viruses are obligate parasites and won’t survive without living host



Antibiotics, resistant bacteria, & antibiotic 
resistance genes

• Wastewater treatment plant effluent, sludge and 
manure are the main sources of contamination 
by antibiotics

• Antibiotic resistance is a major concern for public 
and environmental health

• Compost is more effective at destroying 
antibiotics in sewage than wastewater treatment 
plants

Mobile genetic elements in the cell (left) and the ways they can be acquired (right)

http://www.google.com/imgres?imgurl=http://www.cppj.net/Modules/ShowImage.aspx?imageid=2192&imgrefurl=http://www.cppj.net/index.aspx?page=1122&usg=__7cAEPR9EALVV-qntKebkZ6G-HJ4=&h=300&w=306&sz=49&hl=en&start=52&zoom=1&tbnid=g1QEEKW-2WX6nM:&tbnh=115&tbnw=117&ei=lJWFT6rAEubi0QGmypnzBw&prev=/search?q=do+not+flush&start=42&hl=en&safe=active&sa=N&gbv=2&tbm=isch&itbs=1


Positive % means a reduction while negative % means an 

increase 

Effect of maximum temperature

Goulas et al. (2020) Environmental Evidence 9, 4  (meta-data analysis, review)

% reduction of the relative abundance of antibiotic 

resistance genes and mobile genetic elements after each 

organic waste treatment

p = 0.54

p = 0.012)

R
ed

u
ct

io
n

 (
%

) 
o

f 
o

f 
A

R
G

 a
n

d
 M

G
E

ARG: antibiotic resistance genes
MGE: mobile genetic elements

Drying/dewatering

Comparison of Organic Waste Treatment Options



Tetracycline resistance genes
integrons (intI1, intI2)

sulfonamide (sul1, sul2) 

multiple resistance gene (floR) 

quinolone resistance genes (qnrA, qnrS)

macrolide (ermA, ermC, lunA)

Commonly-used antibiotics in mixtures slow composting process initially, but 
regardless ARGs and integrons reduce through time of composting

Treatments spiked with 50 mg/kg of lincomycin, chlorotetracycline, sulfamethoxazole, and ciprofloxacin and a mixture of 4 
antibiotics and represented by T1, T2, T3, T4, and T5, respectively. T0 is no antibiotic control

Song et al. (2020) Bioresource Technology 315 (2020) 123820 



Microplastics
(“size” not “type”)

Primary

• fragments or particles < 5.0 mm 
• microfibers from synthetic clothing, microbeads, and plastic 

pellets (nurdles)

• ‘scrubbers’ for exfoliating hand cleaners and facial scrubs

• air blasting technology: machinery, engines, boat

Secondary 

• created from fragmentation of larger plastic products
• water and soda bottles, fishing nets, plastic bags

• Jagged edges

Agriculture plastics
Silage wrap/bunk covers
Nursery pots, trays, flats
Maple tubing (PE only)
Greenhouse film
Bale wrap
Drip tape/irrigation tubing



Concern of depackagers

• Early models used hammermills that splinter 
packaging, allowing small particles to pass 
through screen 

• Newer models use least applied force 
necessary to avoid splintering the packaging 

Twin screws in the bottom of the feed hopper (left) tear open cardboard boxes 
and other containers while conveying the contents to the separator. 

Photos by Bob Spencer



Concern: Bioaccumulation in food chain

• Microscopic plants and animals
• ‘empty’ calories

• Earthworms 
• External

• adhere to epidermis
• dispersal in burrows

• Evidence of consumption
• Egestate
• Casting activity

• Modified behavior 

• Humans

Polyethylene microplastic particles 

incorporated into surface middens

(bottom) and adhering to the skin of 

earthworms (top) Rillig & Lehmann, Science, June 2020



Search for plastic-eaters

Stanford University scientists
San Francisco Chronicle, Peter Fimrite (12/20/19)

Beetle larvae (mealworms) dine on polystyrene, then 
excrete the brown material, which contains trace 
amounts of chemicals

Ideonella sakainesis can break down PET 
(polyethylene terephthalate) commonly 
found in water bottles

Japanese scientists
Uwe T. Bornscheuer Science 2016;351:1154-1155

• Depolymerization of ingested styrofoam by gut microbiota  
< 36.7% of ingested styrofoam mineralized into CO2
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