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What is the state of research of detoxifying sludge so that it can be used on farms

This is a rich and rapidly evolving research area, with significant tension between the 
agricultural value of biosolids and the growing recognition of their toxicant burden. Here's a 
comprehensive overview:

The Core Problem

Waste activated sludge (WAS) is a reservoir of various contaminants, including heavy metals, 
organic pollutants, and pathogens. Improper management can lead to serious pollution of soil, 
water, and atmosphere, posing significant risks to both human health and ecological safety. 
PubMed Central

A recent study published in Frontiers in Environmental Chemistry identified 414 contaminants of 
emerging concern (CECs) in soils, untreated and treated sewage sludge, and dust, across 151 
peer-reviewed studies released between 2018 and 2023. The EPA has separately published a 
list of 726 chemicals found in biosolids in the National Sewage Sludge Surveys — and this list 
does not even include PFAS. Beyond Pesticides

Current research has questioned the agricultural use of biosolids due to the presence of mutual 
interactions between antibiotics, heavy metals, genetic determinants of resistance (antibiotic 
resistance genes — ARGs, and heavy metal resistance genes — HMRGs), and non-steroidal 
anti-inflammatory drugs, as well as the risks associated with their transfer to the environment. 
ScienceDirect

The Scale of Use (and the Stakes)

The EPA estimates that approximately four million dry metric tons of sewage sludge is 
generated annually in the U.S. Of that, approximately 2.39 million dry metric tons is land applied 
— by far the largest disposal pathway. US EPA

Biosolids are rich in essential plant nutrients and beneficial soil amendments, making them an 
attractive sustainable alternative to chemical fertilizers — the challenge is making them safe. 
PubMed

The PFAS Problem (The Hardest Nut to Crack)

PFAS is now the central concern blocking safe agricultural reuse. Biosolids are highlighted as a 
key, understudied source of PFAS in the environment. Regulations mainly target older PFAS 
like PFOA and PFOS, while many newer PFAS, including breakdown products, are poorly 



understood in terms of distribution, behavior, and toxicity. MDPI

Several destruction technologies are being actively researched:

· Photochemical destruction: A company called Enspired Solutions is developing a 
process called micelle-accelerated photoactivated reductive defluorination, in which a 
proprietary chemical mixture traps PFAS particles in bubble-like molecular structures 
(micelles), and when exposed to ultraviolet light, a highly reactive electron breaks the 
stubborn carbon-fluoride bonds. The goal is a complete on-site capture-plus-destruction 
solution that eliminates secondary waste. NIEHS

· Next-gen sorbents: A research team at Rice University has created what they describe 
as the first environmentally friendly technology that can quickly trap and break down 
PFAS in water — a layered double hydroxide material that works hundreds to thousands 
of times faster than current filters, traps the chemicals, breaks them down, and refreshes 
itself for reuse. ScienceDaily

· Mechanochemical degradation (MCD): Treatment in high-energy ball mills has been 
proposed as a means of treating PFAS-containing soils and dewatered sludges. 
Effective destruction of over 99% of PFAS molecules, including PFOS and PFOA, has 
been demonstrated at laboratory scale using co-milling reagents such as calcium oxide, 
potassium hydroxide, and sodium persulfate. PubMed Central

· Supercritical water oxidation (SCWO): Above 374°C and 22.11 MPa, water reaches a 
supercritical state that enhances chemical oxidation reactions, and this technique has 
been demonstrated to treat not only water-based streams but also sludges and slurries 
— though it requires significant initial energy input. PubMed Central

A major caveat: It is relatively easy to remove the functional group from a PFAS molecule and 
destroy the initial compound; however, this often results in the formation of a different PFAS or 
organofluorine compound. The destruction and removal efficiency for a treatment method can 
appear very high, but the carbon-fluorine bonds may still be intact — creating misleading 
information about actual PFAS destruction. PubMed Central

Heavy Metal Removal

The thermochemical process (pyrolysis/hydrothermal carbonization) has been widely adopted 
for sludge disposal and its solid product (bio/hydro-char) shows considerable potential to 
improve soil quality by enriching nutrient content. However, heavy metals are not well-volatilized 
during thermochemical processing and concentrate in the derived char — making heavy metal 
removal prior to land application essential. MDPI

Emerging approaches include bioleaching (using acidophilic bacteria to mobilize and extract 
metals) and various acid/alkaline washing processes. These are promising but mostly at pilot 
scale.

Pathogen Removal (Most Mature Technology)

This is the most solved part of the problem. In the U.S., the EPA Biosolids Rule (40 CFR Part 
503) establishes pollutant limits for heavy metals, pathogen reduction standards, and vector 



attraction reduction measures. Compost classified as Class A biosolid can be used without 
restrictions if it meets pathogen and pollutant standards. Springer Composting, anaerobic 
digestion, and thermal drying all reliably reduce pathogens.

Biotechnology Approaches (Emerging)

Researchers are revisiting biotechnology as a new strategy to minimize sludge contaminant 
load. Biotechnological methods harness indigenous microbes to break down organic substances 
in excess sludge, offering advantages of cost-effectiveness, low energy consumption, and 
minimal environmental risk. A combination of cellulase, protease, and lipase enzymes was 
found effective for sludge reduction, capable of diminishing the organic component of biosolids 
by approximately 70%. PubMed Central However, this research is still in early stages.

The Regulatory & Advocacy Landscape

Beyond Pesticides and its network are calling on Governors and local officials to ban the use of 
biosolids on farms until there is adequate testing of toxic residues — which does not currently 
exist. Sewage sludge is already prohibited from use in certified organic agriculture under the 
Organic Foods Production Act. Beyond Pesticides

Chemical processes like metal recovery, cellulose recovery, or enzyme production can serve as 
preliminary treatment steps that reduce the contaminant load and improve safety of sludge, 
potentially upgrading material from a lower classification to Class A biosolids qualified for 
unrestricted use in agriculture. PubMed Central

Bottom Line Assessment

The honest summary is that pathogen removal is solved, heavy metal reduction is 
advancing, but PFAS detoxification remains an unsolved problem at scale. No currently 
deployed technology reliably destroys PFAS in bulk biosolids to levels safe for unrestricted 
agricultural use. The research pipeline is active and promising (especially photochemical and 
mechanochemical methods), but most techniques are still at laboratory or pilot scale. Until a 
cost-effective, scalable PFAS destruction method is commercialized, the viability of truly 
"detoxified" sludge for food-crop agriculture remains an open — and increasingly contentious — 
question.


