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ABSTRACT 
Per- and polyfluoroalkyl substances (PFAS) are incredibly 
useful additives, often providing excellent surface tension-
lowering properties to a material. Due to the extensive use 
of PFAS in daily life in developed countries, PFAS invariably 
collects in municipal wastewater. Without targeted removal 
of PFAS at wastewater treatment plants, PFAS can move 
through the treatment process into both the recycled water 
and biosolids. 

The presence of PFAS in biosolids poses a potential 
challenging problem to society for many reasons. A small 
number of countries have cautiously started, or have at least 
considered, limiting the concentration of PFAS permitted in 
biosolids that are to be used for land application.  

Our review covers the current limits on PFAS concentrations 
in Australian biosolids, along with the latest developments in 
international regulations. We found that only Maine, USA, 
has set upper limits of PFAS for “beneficial use of solid 
wastes”. Denmark, Germany, The Netherlands, Sweden and 
Australia have set PFAS limits in soils. No other countries 
were found to have PFAS limits relating to biosolids or their 
use; however, this also reflects the lack of industrialisation 
and centralised wastewater management in many parts of 
the world. 

 

INTRODUCTION 
Per- and polyfluoroalkyl substances (PFAS) is used as the 
collective noun for this group of chemicals, typically 
characterised by a hydrophilic carboxylic acid or sulfonate 
head and fluorine-saturated, hydrophobic tail. They are 
incredibly useful additives, often providing excellent surface 
tension-lowering properties to a material. It is because of 

their usefulness that they are now so ubiquitous in the 
environment, particularly in developed countries.  

There has been international interest in PFAS and their 
impacts on the environment and human health since the 
1990s. Key sites of concern have been factories that 
manufacture (or have manufactured) PFAS, airports and 
military bases. At these sites, PFAS have contaminated 
surrounding soil and from there they have leached into 
groundwater. Major groundwater contamination has 
occurred in this manner in many developed countries 
including the US, Germany, The Netherlands, Sweden, 
Canada and Australia, and is likely to be present in many 
more.  

Although international regulation via the Stockholm 
Convention has reduced the use of perfluorooctane 
sulfonate (PFOS) and perfluorooctanoic acid (PFOA) 
specifically, not all uses for these chemicals have been 
restricted. The reason for the exempt uses is primarily 
because no chemical substitutes are readily available and 
the benefit of using PFAS outweighs the chronic risk. For 
example, PFAS surfactants are added to metal plating baths 
to protect workers from hexavalent chromium vapours.  

However, as there are at least 4,700 PFAS currently 
available (OECD, 2018), the Stockholm Convention 
restrictions for PFOS and PFOA mean that there are still 
many more PFAS that can be used. Additionally, not all 
countries abide by the Stockholm Convention and therefore 
may continue to use PFOS and PFOA. Nevertheless, many 
countries do, and there is direct evidence that PFOS and 
PFOA concentrations in wastewater have significantly 
reduced since these chemicals were listed (Ulrich et al, 
2016). 

With growing concern over the abundant uses of PFAS, 
governments and researchers have sought to identify key 
sources of PFAS in the environment. At this point, land-
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applied biosolids have become of interest. Due to the 
extensive use of PFAS in daily life in developed countries, 
PFAS invariably collects in municipal wastewater. Without 
targeted treatment of PFAS at wastewater treatment plants, 
PFAS can move through the treatment process into both the 
recycled water and biosolids, noting that there is currently no 
readily available technology to remove PFAS from biosolids. 

In Australia, land application is the most common use of 
biosolids from wastewater treatment plants. This includes 
spreading on agricultural land, biosolids that are composted 
prior to landscaping and horticultural use and land 
rehabilitation sites such as mines. Of the 371,000 dry tonnes 
(or 2.3 million wet tonnes) of biosolids produced in Australia 
in 2018/19, 67% were applied to land and 24% used for 
other beneficial uses such as composting and land 
rehabilitation (PSD, 2019). 

Few countries have started taking steps to limit PFAS 
concentrations in biosolids, with many countries throughout 
the developing world still struggling to implement centralised 
sanitation schemes, let alone produce a biosolids product fit 
for regulated land application.  

The purpose of this paper is to summarise the latest 
developments in international PFAS limits in biosolids and 
compare them with Australian limits.  

PFAS AND BIOSOLIDS 
As of September 2020, only 40 studies of PFAS 
concentration in biosolids had been published globally. 
Given the vast number of PFAS that are currently in use and 
the variability in wastewater catchments, our understanding 
of PFAS contamination in biosolids internationally is in its 
infancy. However, the majority of these studies found 
detectable levels of PFAS. 

Understanding the relative concentration of PFAS in various 
materials provides some perspective on our everyday level 
of exposure to these chemicals. Table 1 provides a selection 
of published PFAS concentrations detected in a range of 
everyday products used in developed countries. The 
materials included in the table also demonstrate sources of 
PFAS in wastewater. Cosmetics, detergents, sunscreen and 
dust can all be washed down the drain, entering the sewer 
system and ultimately ending up in biosolids.  

Table 2 provides a summary of published PFAS 
concentrations in biosolids based on geographic location for 
comparison with the data provided in Table 1. 

Note that PFAS concentrations in research papers are 
usually published in ng/g, which is equivalent to 1 part per 
billion (ppb).

 

Table 1. A selection of published concentrations (ng/g) of PFAS in various solid materials 

Product/material Reported PFAS concentration PFAS type Reference 

Cosmetics (foundation, 
eye shadow, face 
colour) 

ND – 10,700  
5,900  

Total PFAS 
Total PFAS 

Danish EPA 2018 
Fujii et al 2013 

Sunscreen 180 – 6,500  
5,700  

PFHxA 
PFOA 

Fujii et al 2013, in Danish EPA 2018 
Fujii et al 2013 

Paper 34 – 2,200  diPAP D’Eon et al 2009 

Detergents/cleaning 
products 

1.6  
1.1  
547,100  

PFOS 
PFOA 
8/2 FTOH 

Kotthoff et al 2015 

Household dust 

 

7,637  
71  
30  

ΣdiPAPs  
PFOS 
PFOA 

De Silva et al 2012 

Food packaging 

 

<LOD – 275.84  
Range 200 - 700  

PFBA 
diPAPS and SdiPAPs 

Microwave bags, Zafeiraki et al 2014 
Trier, Granby and Christensen 2011 
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Table 2. Summary of 40 studies of PFAS in biosolids, by geographic location (concentration range, ng/g) 

Country Number of 
studies 

Total number of treatment 
plants surveyed PFHxS PFOS PFHxA PFOA 

China and Hong Kong 7 148 0.15 – 59.42  3 – 1191  23 3.75 – 1517 

US 9 136 <10 – 5.90 22 – 403 6.2 – 7.7 11 – 107 

Germany 4 1,172 ND – 1.2 3.4 - 100 ND - 1 0.3 – 14 

Greece 2 3 ND – 2.6 4.3 – 32 ND – 4.3 2.7 – 157 

Spain 3 33 ND – 0.08 1.7 – 229 1.33 – 11 0.3 – 21 

Czech Republic 1 43 NA 963 NA NA 

Other Asia* 4 40 6 – 97 14 - 474 50 11 – 73 

Switzerland 2 71 1.5 – 240 5 - 158 0.8 - 3 0.9 – 7.2 

Africa 2 19 0.03 – 0.25 0.2 – 0.4 0.2 0.09 – 0.17 

Canada 1 6 NA 104 NA 1.64 

Nordic Countries 3 24 0.01 – 3.6 0.13 - 18 0.13 – 1.15 0.2 – 1 

Australia 2 25 0.7 – 2 22 - 67 2.6 - 2.8 8 – 11 

*South Korea, Singapore and Thailand 

 

As long as PFAS continue to be used by industry and are 
present in consumer products, they will very likely be found 
in biosolids.  

The presence of PFAS in biosolids poses a potentially 
challenging problem to society for some of the following 
reasons: 

• PFAS source control is difficult due to the ubiquity PFAS 
in modern life. 

• Due to the strength of the carbon-fluorine bonds PFAS are 
more likely to stay in the environment, rather than 
breakdown. 

• Biosolids are a bulky material produced in large volumes 
and there is currently no practical way to concentrate the 
PFAS into a more manageable portion of material. 

• There are few treatment options available for removing 
PFAS from biosolids. 

• Incineration or pyrolysis process enables the thermal 
destruction of biosolids but with operational difficulties 
such as potential release of volatile fluorine and 
incomplete destruction, and limitations on recovery of 
organic matter or nutrients. Pyrolysis of biosolids is not 
currently a common practice and therefore significant new 
infrastructure would be required for this purpose. These 
processes also create a residual which would require 
management. 

• Biosolids producers have already invested in treatment 
infrastructure to create a product primarily suitable for land 
application, prior to knowing of PFAS in biosolids. 

A small number of countries have started, or at least 
considered, limiting the concentration of PFAS permitted in 
biosolids that are to be used for land application. The 
following sections summarise how this is being progressed 
in different parts of the world. 

 

AUSTRALIAN SITUATION 
PFAS management in Australia has primarily been led by 
the Heads of EPAs Australia and New Zealand (HEPA) with 
the publication of the PFAS National Environmental 
Management Plan (NEMP) in 2018. A revised PFAS NEMP 
Version 2.0 was published in January 2020. Although 
biosolids do not have a specific upper limit for PFAS in this 
document, the NEMP Version 2.0 recommends that the 
ecological guideline values for soil should be considered 
when completing a risk assessment for the land application 
of biosolids. The soil values for all land uses are provided in 
Table 3. Specific guidance for biosolids and recycled water 
is yet to be released by HEPA; however, this is planned for 
in the NEMP work program.
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 Table 3. Ecological guideline values for soil PFAS (NEMP Version 2.0, 2020) 

Exposure scenario PFOS PFOA 

Ecological direct exposure 1 mg/kg 
(equal to 1,000 ng/g) 

10 mg/kg 
(equal to 10,000 ng/g) 

Ecological indirect exposure mg/kg 
(equal to 10 ng/g) 

- 

 

Despite these guidelines, biosolids land application in 
Australia is governed by individual states and no state 
guidelines stipulate the NEMP ecological guideline values. 

In addition to the NEMP, the Council of Australian 
Governments released a National PFAS Position Statement 
in February 2020. This document does not mention 
biosolids, however it does state that: 

All Australian governments agree that further release of 
PFAS into the environment from ongoing use should be 
prevented where practicable, and that actions to reduce or 
phase out the use of PFAS should be nationally consistent. 

Beyond this national framework, some tentative steps have 
been taken by the states to implement more prescriptive 
limits for biosolids. The Queensland End of Waste Code 
Biosolids, published in January 2020, offers the most 
biosolids-specific guidance, with trigger values for PFAS in 
soils, as shown in Table 4. Notification is required if any of 
the trigger values are exceeded following biosolids land 
application. It would therefore be prudent to know the PFAS 
contaminant concentrations in both the biosolids and soil 
prior to application. 

 

Table 4. Queensland End of Waste Code Biosolids PFAS trigger values 

Contaminant Trigger value (mg/kg) Equivalent value (ng/g) 

PFOS 0.001 1 

PFHxS 0.003 3 

PFOS + PFHxS 0.002 2 

PFOA 0.004  4 

PFBA, PFPeA, PFHxA 0.001  1 

Sum C9 -C14 Perflouroalkyl carboxylic acids 0.01  10 

Perfluoroalkyl sulfonamides 0.001  1 

N:2 Fluorotelomer Sulfonic acids 0.004  4 
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EPA Victoria has an interim position statement (EPA 
Victoria, 2020), but this does not specifically provide an 
upper limit for PFAS in biosolids. However, there is an 
interim criteria for reuse of PFAS-impacted soil and this is 
based on a limit of reporting of 0.004 mg/kg (equal to 4 ng/g) 
from the sum of PFOS, PFHxS and PFOA.  

Apart from these guidance documents, all other states and 
territories defer to the NEMP Version 2.0 and therefore 
currently lack specific limits for PFAS in biosolids.  

 

 
 
 

INTERNATIONAL 
REGULATIONS AND 
RESEARCH 
Europe 
As of September 2020, no European countries were 
identified which had introduced specific rules or limitations 
around PFAS concentrations in biosolids for land 
application, with the exception of several German Lander 
(states). What is striking is the variety of approaches to 
management of PFAS across Europe both in terms of if 
regulations are in place and how those regulations are set. 
Table 5 summarises the approach of European countries 
that have set PFAS limits in soil and fertiliser. Denmark, 
Germany, The Netherlands and Sweden have set national 
limits for PFAS in soil. Germany has set a limit for PFAS in 
fertiliser, which also applies to biosolids used as a fertiliser. 

 

 

Table 5. Summary regulations related to PFAS and biosolids for European countries 

Country Reference 
Soil limit Fertiliser limit  

mg/kg ng/g mg/kg ng/g 

Denmark NICOLE (2016) 

Also pers comm June 
2020, Danish MST 

0.41 4001   

Germany NICOLE (2016)   0.13 1003 

The Netherlands RIVM (2020) 0.0009 (PFOS) 

0.0008 (PFOA) 

0.9 (PFOS) 

0.8 (PFOA) 

  

Sweden Sahlin (2017) Sensitive land use 0.0032 

Less sensitive land use 0.022 

32 

202 

  

1. The sum of 12 PFASs: PFBS, PFHxS, PFOS, PFOSA, 6:2 FTS, PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA 

2. The sum of 11 PFASs. Same as the Denmark and German limits but excluding PFOSA 

3. Sum PFOS and PFOA 
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For the countries that have set soil limits, we note the 
following: 

• Denmark is a leader in PFAS regulation. It has developed 
a suite of actions including a planned ban of PFAS treated 
food contact materials in 2020.  

• Germany has had well documented social and 
environmental problems with PFAS specifically linked to 
land application of sewage sludge contaminated with 
industrial wastes. This led to possibly the first PFAS 
regulation which was a limit of 100 micrograms PFC/kg 
(0.1 mg/kg) in several German regions (German Federal 
Environment Agency, 2009). It is unclear if this regulation 
still stands or if the nationwide limit applies.  

• The Netherlands has taken a different approach of only 
limiting PFOS and PFOA under a temporary regulatory 
arrangement. The ubiquitous nature of PFAS in soils saw 
many dredging and construction works paused in 2019 
causing some political pushback on these limits.  

• Sweden’s Special Commission on PFAS has developed 
interim guidelines for sensitive land use (i.e. residential or 
gardens) and less sensitive land use (i.e. industrial or 
offices) based on the most sensitive receptor for that land 
use. The receptors considered are health based (oral 
intake soil, dermal exposure, dust inhalation, vapor 
inhalation, drinking water and plant intake), soil biota, 
groundwater protection and surface water protection. For 
the more sensitive land use the driving factor is soil biota. 
For the less sensitive land use, the driver is groundwater 
protection. This approach highlights the benefits to a risk-
based approach to PFAS limits in the environment, which 
is the end goal of the Swedish regulations. 

Several countries have not set limits but are using a suite of 
tools to reduce exposure such as source reduction, risk-
based assessment of clean up proposals and development 
of strategies for assessing and addressing PFAS 
contamination. These include: 

• Norway has taken the approach of communication with 
industry and the public, and strategic regulations are 
supported by risk assessment and cost benefit analysis. 
Some of these regulatory measures include clean-up of 
contaminated sites, and a ban on the manufacture, 
production, import and sale of consumer products 
containing PFOA. Annual PFAS analysis of treated 
effluent and the environment have shown a decreasing 
trend. 

• Finland is undertaking a risk-based approach to PFAS 
contamination in soil or groundwater, promoting an 
approach that assesses the actual risk and remediation 
suitability of each situation. Hard limits will not be set. 

• The United Kingdom Environment Agency is developing a 
strategy for sludge in the context of ongoing PFOS 
contamination which will review the use of sludge on 
agricultural land. 

• Denmark, Germany, Norway, Sweden and The 
Netherlands are taking strong regulatory and practical 
action and are seeing PFAS concentrations drop across a 
range of monitored applications and in the environment. 
The approach is holistic and advocates source reduction, 
as well as end use limits. 

Internet searches did not reveal any other European 
countries where PFAS limits relating to biosolids or land 
application were set or a specific strategy was in use, even 
in countries with well documented approaches to managing 
PFAS in groundwater, or where PFAS contamination has 
been extensive. 

United States of America 
The US EPA published a PFAS Action Plan in February 
2019. As yet it has not set an upper limit for PFAS in 
biosolids as it has not completed a risk assessment of the 
impacts of PFOS and PFOA in land-applied biosolids. This 
risk assessment is due in 2020. The US EPA is also in the 
process of developing and validating testing methods to 
measure PFAS in complex matrices, including soils, 
biosolids and sediments. Validated testing methods are due 
in 2021. 

Although PFAS contamination is widespread in the US, 
state-based PFAS limits have primarily been implemented 
for drinking water. In 2016, Vermont brought in a preliminary 
soil screening value of 0.3 mg/kg (300 ng/g) which is not 
specific to biosolids. Apart from this action taken in Vermont, 
Maine is the only state to have implemented a limit directly 
relating to solid waste for beneficial use. 

PFAS has been an issue in Maine due to groundwater 
contamination close to former military installations. 
Subsequent to this discovery, more widespread groundwater 
contamination was identified, and further investigation 
showed PFAS in drinking water, milk, hay and soils, all of 
which had links to PFAS-contaminated groundwater. 

The Maine Department of Environmental Protection created 
a PFAS Task Force in 2019 to investigate state-wide 
contamination of PFAS and make recommendations for 
action to reduce contamination and protect human health. 
The Task Force included specialists in wastewater treatment 
and biosolids management, and specifically addressed the 
contamination of wastewater residuals with PFAS. In 
January 2020 the Task Force published its final report 
recommending the following actions are taken regarding the 
beneficial use of wastewater residuals: 

• Regular testing of all wastewater residuals for PFAS prior 
to land spreading or commercial distribution. 
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• Investigate the availability of treatment and disposal 
technologies that minimise the potential for environmental 
PFAS contamination. 

• The state should promote the development of 
infrastructure, on the scale necessary to meet the needs 
of the state and to manage PFAS-contaminated wastes 
safely and in a cost-effective manner. 

• Advocate for federal support to develop agronomic 
models of PFAS uptake from residual treated soils. 

Chapter 418 of the Maine Solid Waste Management Rules 
(2018) details how solid wastes can be beneficially used. 
Appendix A of this document lists the screening levels for 
165 contaminants in the solid wastes, with the values 
derived using the standard risk assessment protocols of the 
US EPA. That is, the screening levels are set at the lowest 
level of exposure, based on the exposure that is most likely 
at the beneficial use site. For PFAS, the screening levels are 
based on the leaching to groundwater pathway and are set 
at: 

• Perfluorobutane sulfonic acid (PFBS) 1.9 mg/kg, dry 
weight (1,900 ng/g) 

• Perfluorooctane sulfonate (PFOS) 0.0052 mg/kg, dry 
weight (5.2 ng/g) 

• Perfluorooctanoic acid (PFOA) 0.0025 mg/kg, dry weight 
(2.5 ng/g). 

Canada 
In 2017 Environment and Climate Change Canada 
published Federal Environmental Quality Guidelines for 
PFOS. This document limits PFOS in soils and sets this limit 
at 0.01 mg/kg (10 ng/g) for agricultural soils. The same limit 
is also applied to residential/parkland soils, with a higher 
limit for commercial and industrial soils.  

PFOS, PFOA and compounds that consist of specific 
perfluorinated alkyl groups were included in the 2012 
Canadian Prohibition of Certain Toxic Substances 
Regulations, which limited their use to photolithography, 
printing and aqueous film forming foams. 

China 
As of March 2020, there have been a total of six studies into 
PFAS contamination of biosolids from Chinese wastewater 
treatment plants and one study for Hong Kong. The 
maximum concentration reported was for PFOS found in 
primary sludge in Hong Kong (7,304 ng/g); for mainland 
China the maximum reported mean concentration for PFOS 
was 5,383 ng/g (Guo et al., 2008). As there have been 
studies that investigated PFAS contamination of wastewater 

sludge, it can be inferred that China is aware of PFAS 
contamination in domestic and industrial wastewater.  

A search of the internet for Chinese regulations regarding 
PFAS loads in biosolids and sludges did not reveal any 
results, and this may imply that there is currently no 
guidance or regulation governing PFAS loads in biosolids or 
sludge. According to the OECD (2015), as of 2008, the 
Chinese Ministry for Environmental Protection (MEP) 
included PFOA as a part of their “High Pollution, High 
Environmental Risk Product Catalogue.” The OECD also 
reported that in 2011 the National Development and Reform 
Commission issued “Industrial Reconstructuring Guide 
Directory”, which placed restrictions on PFOS and PFOA. 
Following this, in 2014, the MEP issued announcement No. 
21, which banned the importation, transport, manufacture, 
production and export of PFOS and PSOSF. 

A particularly interesting investigation by Zhang et al. (2013) 
found a strong positive correlation between the 
concentration of PFCAs, PFOS and PFHpA in wastewater 
and the gross domestic product of cities in China.  

Singapore 
As of September 2019, PFOA and its salts have been added 
to a control list by Singapore’s National Environmental 
Agency (NEA). A search of the internet has not revealed any 
documents regarding PFAS regulations in biosolids. To date 
there has only been one published Singaporean study of 
PFAS in biosolids. PFOS concentrations ranged between 
2.9 ng/g (influent particulate) to 702.2 ng/g (digested sludge) 
(Yu et al., 2009). 

South Korea 
Only as recently as 2005 has South Korea banned biosolids 
and sludge from being dumped in landfills or disposed of in 
the ocean, which in turn has led to a focus on investigating 
potential beneficial reuse of the resource (Ahn and Choi, 
2004). A search of the internet revealed no publicly available 
documents that detail PFAS regulations concerning 
wastewater sludge or biosolids in South Korea. PFOS and 
its salts are listed as restricted substances under South 
Korea’s Persistent Organic Pollutants Control Act, except for 
exemptions specifically detailed in the Stockholm 
Convention. South Korea has been conducting ongoing 
environmental monitoring for PFOS since 2013, and 2015 
for PFOA. 

The first South Korean study to investigate PFAS in 
biosolids was a 2010 published study by Guo et al. (2010), 
which analysed the sludge of 20 South Korean WWTPs. 
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PFOS was detected in 100% of municipal sludge samples. 
The highest PFOS mean reported was 54.1 ng/g. Following 
this, another South Korean study by Kim et al (2012) found 
the maximum PFOS level was 1,200 ng/g (mean 110 ng/g).  
Japan 
Beneficial reuse of biosolids in Japan has been gradually 
increasing since the 1990s up to 60% in recent years (UN-
Habitat, 2008). Japan does appear to have an incineration 
policy for disposing of solid wastes contaminated with PFAS, 
but there appears to be no publicly available policy 
document detailing PFAS limits in Japanese biosolids. As a 
signatory to Annex B of the Stockholm Convention, Japan 
has a Class 1 export restriction for PFOS and its salts. 
Japan has been conducting environmental testing for PFOS 
since 2009 (OECD, 2015).  

There has been one published study that confirms PFAS in 
Japanese wastewater and sludge (Shivakoti et al., 2010), 
however the PFAS concentration detected in sludge was 
quantified as a liquid, making it impossible to compare the 
PFAS concentration to those quantified as dry weight solids. 
Japan is the third largest manufacturer of paper products in 
the world and as paper manufacturing is commonly 
recognised as a direct source of PFAS contamination to 
wastewater, it is highly likely that Japan has a large amount 
of PFAS contamination in their biosolids.  

India 
India currently has no regulations regarding PFAS, although 
it has been detected in surface waters, groundwater and 
biota. As the volume of sewage treatment in India is minimal 
when compared to western standards, this will change as 
India connects more villages to centralised wastewater 
treatment and sludge disposal becomes an issue. As India 
has a very large manufacturing sector, including textiles 
processing and electronics, it is likely that there is 
widespread environmental PFAS contamination. However, 
this is expected to be caused by direct contact with 
untreated (or minimally treated) manufacturing wastewater, 
rather than via biosolids.  

There have been no published studies on PFAS 
concentrations in Indian biosolids. 

Central and South America 
Currently there are no published regulations on PFAS 
contamination for South American biosolids. An internet 
search revealed no regulations regarding PFAS in any 
South American country. Both Argentina and Brazil are 

signatories to the Stockholm Convention and have ratified 
the amendments to Annex B, which restricts PFOS use.  

There has been no study of PFAS contamination of 
wastewater in Argentina and Brazil. However, there has 
been an acknowledgement that the manufacture and use of 
the pesticide Sufuramid to control leaf cutter ants in 
plantation eucalypts is a source of environmental PFOS 
contamination (Nascimento et al., 2018). Sulfuramid usage 
is widespread in Uruguay, Brazil, Argentina, Paraguay, 
Colombia and Venezuela. Under Annex B of the Stockholm 
Convention, PFOS restrictions are exempt for uses such as 
“Insect baits for control of leaf-cutting ants.”  

PFAS has been detected in Brazilian drinking water samples 
(Schwanz et al., 2016) which gives a strong indication that it 
may also be present in Brazilian biosolids. PFAS has also 
been detected in the ground and surface waters of French 
Guiana, Martinique and Guadeloupe (Munoz et al., 2017). 

As wastewater infrastructure increases in South America, 
the production of biosolids will also increase and as such, so 
will the need to find beneficial uses for the newly acquired, 
and quickly accumulating, biosolids. Continued 
development, along with the use and manufacture of PFAS-
containing pesticides, will likely result in an increasing PFAS 
concentrations in biosolids.  

Africa and developing countries 
The UN-Habitat Global Atlas of Excreta 2008 states that 
many African countries lacks basic sanitation facilities for 
large sections of the population. With little to no wastewater 
infrastructure, the main focus is to implement sanitation 
infrastructure to improve human health and reduce pollution. 
Therefore, it is not expected that any African countries would 
have yet considered regulating PFAS in biosolids.  

According to the United Nations World Water Development 
Report 2017, 2.4 billion people did not have access to 
improved sanitation and nearly one billion people worldwide 
were practising open defecation. This report also 
acknowledged that in some parts of the developed world, 
informal reuse of untreated wastewater was occurring 
without any appropriate safety measures or oversight. The 
report also states that, as of 2015, 92% of wastewater in 
developing low-income countries is not treated. This 
provides some perspective of the gulf in biosolids 
management between developing and developed countries.  

To date there have been two studies that have investigated 
PFAS contamination of municipal and industrial produced 
sludge and biosolids including Nigeria (Sindiku et al., 2013) 
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and Kenya (Chirikona et al., 2015). Both of these studies 
reported concentrations in picogram per gram (pg/g) range, 
and as such, the reported PFAS concentrations were orders 
of magnitude below those reported in Asia, Europe and the 
USA.  

 

RELEVANCE FOR 
AUSTRALIA 
PFAS in biosolids presents an incredibly challenging 
problem in developed countries because of community 
concern and limited treatment options. It will be present in 
virtually all biosolids in Australia, however, cannot readily be 
treated without destroying the entire biosolids volume. The 
answer to this problem cannot be found overseas; few 
countries have implemented action and there is no 
consensus on the approach to setting limits for use. 
Therefore, how can we continue to safely apply biosolids to 
land? Until there is consensus on a threshold limit based on 
rigorous science, perhaps a more nuanced solution is 
warranted. Several approaches are discussed, as follows. 

Source control is a proven strategy for managing 
contaminants. A study of the biosolids from 1165 German 
wastewater treatment plants by Ulrich et al. (2016) 
demonstrated that the total load of perfluoroalkyl substances 
decreased by more than 90%. This decrease was measured 
between 2008 and 2013, when the European Union 
prohibited the general use of PFOS and major 
manufacturers voluntarily phased out PFOA use.  

Australia currently has limited published data on PFAS in 
raw wastewater. We expect individual utilities are testing for 
PFAS in their wastewater streams, but this data is 
fragmented. There is a need to bring this information 
together to understand how source control could be used to 
reduce PFAS in biosolids and recycled water. Ongoing 
testing and research would then be needed to demonstrate 
the effectiveness of regulation and source control measures. 

There also appears to be a lack of comparative Australian 
data, for example, regarding metropolitan versus regional 
catchments. It is very likely that the concentration of PFAS in 
biosolids will be related to the number of trade waste 
customers and the presence of contaminated groundwater 
in any given catchment. By sharing data on PFAS 
concentrations in their biosolids, the industry as a whole 
would be better informed of where the risks lay. That is, 
targeted management of the highest risk biosolids could be 

implemented by reducing environmental impact and allowing 
lower risk biosolids to be beneficially used. 

We should also acknowledge that a simple limit for PFAS in 
biosolids may not be an achievable goal. While this is neat 
and convenient, and has been the approach to historic 
contaminants such as heavy metals, it does not reflect the 
complex matrix of chemicals and interactions that occur in 
biosolids and receiving environments. We may never be 
clearly able to define what a safe concentration is because 
there are too many variables. Therefore, taking a risk-based 
approach by prioritising management of the most 
contaminated biosolids could lead to the most practicable 
outcome. 

 

SUMMARY 
PFAS contamination in the environment is strongly linked to 
the level of development and industrialisation in any given 
country. This is reflected in the international data on the 
concentration of PFAS in biosolids, despite the limited data. 
The main contributing factors to European regulation of 
PFAS in soils seem to be historical incidents of 
contamination, the fate of biosolids, and the level of 
development. This is also true for the USA, Canada and 
Australia. 

For many of the world’s developing regions and nations, 
while PFAS may be present in wastewater biosolids at trace 
amounts, it is currently not cause for regulation when 
compared to the issues relating to a lack of sanitation. This 
includes safe and sustainable biosolids disposal pathways. 

As increased PFAS concentrations in wastewater have been 
correlated with increased GDP, it is likely that as economic 
growth continues, so too will the concentrations of PFAS in 
biosolids. The development of strategies to control point and 
diffuse PFAS sources before they reach wastewater 
treatment plants would be an ideal scenario. This would also 
be dependent, in part, on long-term political commitments to 
adhere to the Stockholm Convention annexes that regulate 
PFAS. 

Germany and Maine, USA, have set limits for PFAS in 
biosolids for land application, and we believe these are the 
only locations in the world to have done so. Although some 
countries and states have implemented limits for PFAS in 
soils, there does not appear to be any consistency in the 
approach, nor the upper limits.  
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Both Norway and Finland are using national risk-based 
approaches, rather than setting specific limits. The 
Australian water industry could implement a similar 
approach, acting collectively to identify high-risk biosolids 
and implement management actions to target these 
biosolids. This approach does not prevent limits from being 
implemented in the future, but it could provide a pathway to 
addressing the environmental risks of PFAS in biosolids. 
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