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Introduction 
This information supporting paper presents information on the derivation of the human health 
soil guideline values (GVs) for PFAS for the land use scenario ‘residential with garden/accessible 
soil’, which are adopted and published in the PFAS National Environmental Management Plan 
(NEMP) 3.0. These GVs were derived using a methodology consistent with assumptions set out 
in the ASC NEPM for the health investigation levels (HILs). Note these values have not been 
derived under the ASC NEPM. 

This document also provides a summary of the soil to plant transfer factors (TFs) extracted 
during a literature review. This information is intended to support risk assessments for PFAS 
investigations where specific scenarios may need to be considered. 

Background 
At the request of Environment Ministers around Australia, the Heads of EPAs Australia, and New 
Zealand (HEPA) and the Australian Government Department of Climate Change, Energy, the 
Environment and Water (DCCEEW) collaborated to develop and publish the PFAS NEMP (NEMP 
1.0 in February 2018, NEMP 2.0 in January 2020 and draft NEMP 3.0 in August 2022). 

The NEMP provides a nationally consistent approach to environmental management of PFAS. 
Included in the NEMP are human health soil GVs, derived using a methodology consistent with 
assumptions set out in the ASC NEPM for the HILs. The HILs are designed to be protective of 
human health under different land use scenarios, including:   

 Residential with garden/accessible soil (HIL A) 

 Residential with minimal opportunities for soil access (HIL B) 

 Public open space (HIL C) 

 Industrial/ commercial (HIL D). 

For PFAS, the most sensitive pathway is that for the HIL A because of the potential for human 
exposure through PFAS uptake into edible plants from soil, and therefore the HIL A is the focus 
of this document. The PFAS considered in this document are the sum of PFOS and PFHxS 
(expressed as PFOS + PFHxS) and PFOA.  

This work has been undertaken over several stages. HIL A values for PFOS + PFHxS and PFOA 
were published in the NEMP 2.0, for which the supporting information was presented in OEH 
(2019). As part of this work, a key data gap identified was the limited information on soil to 
plant TFs for PFOA. Therefore, in 2021 a review of available data was conducted to determine if 
the HIL A value listed for PFOA in NEMP 2.0 is appropriate. After the review of new information, 
it was concluded that the HIL A soil guidance values listed in NEMP 2.0 are appropriate and have 
been retained in NEMP 3.0 (see Table 1).  

 



PFAS NEMP 3.0 Supporting Document 

   4 

 

Table 1 Human health HIL A soil guideline values adopted in PFAS NEMP 3.0 

 

Category 

HIL A 

(10% home produce consumed) 

HIL A 

(50% home produce consumed) 

 

Sum of PFOS and PFHxS 0.01 mg/kg 0.002 mg/kg 

PFOA 0.1 mg/kg 0.02 mg/kg 

Note: The standard methodology under the ASC NEPM HIL A considers two exposure pathways: direct 
exposure to contaminated soil and dust, and indirect exposure from the consumption of home-grown fruit or 
vegetables. The default assumption is that home-grown produce makes up 10% of fruit and vegetables 
consumed. Note these criteria do not account for potential home consumption of eggs from home -raised 
poultry, nor of milk or meat from stock on the premises. These soil guidance values only consider exposure 
routs through soil contact. They should be applied in conjunction with other lines of investigation to account 
for potential leaching, off-site transport, bioaccumulation and secondary exposure. 

The HIL A are based on calculations considering a chemcial intake from a contaminated source equal to 20% of 
the tolerable daily intakes (TDI). In other words, this allows for  80% of of the chemical intake to be attributed 
to other exposure pathways. This means that exceeding these values may not constitute a risk if other 
pathways are controlled. 

A review of soil to plant transfer factors for PFOS and PFHxS has shown that PFHxS accumulates more readily in 
plants compared with PFOS. This influences the total PFOS plus PFHxS concentration predicted in the plant. The 
combined PFOS+ PFHxS HIL A criteria was derived assuming that PFOS and PFHxS are present in a soil at equal 
proportions. If a site has significantly more PFHxS in the soil than PFOS, the concentrations of total PFOS plus 
PFHxS in the plant will be higher than if they were present in equal proportions. In such a case, a re-calculation 
of the criterion based on site-specific conditions is recommended as the HIL A soil criteria may not be 
protective in such instances.   

Scope 
The following sections present the background information on the:  

 Derivation of the HIL A adopted in NEMP 3.0  

 Soil to plant transfer factors used in deriving the HIL A  

 Summary of soil to plant transfer factors for other plant categories not included in ASC 
NEPM  ; i.e. plant parts or types of plants beyond the ASC NEPM categories of green 
vegetables, root vegetables, tuber vegetables and tree fruits.  

This document includes details on the assumptions used in deriving the HIL A for PFOS + PFHxS 
and PFOA, as well as the nationally endorsed TFs and the rationale for their use. These values 
can be used for assessing risk for site specific assessments and adjusted scenarios where 
appropriate.  

Further information on the approach and selection of TFs and a sensitivity analysis using 
different types of data are included in the appendices. 
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1 Derivation of the HIL A adopted in 
NEMP 3.0 

The human health-based soil guideline values for the HIL A were derived according to the 
methods published under the ASC NEPM (NEPC 2013) for which two pathways of exposure are 
considered: 

 direct exposure to contaminated soil 

 indirect exposure from consumption of home-grown fruit and / or vegetables grown in 
contaminated soil. 

 
Criteria for bioaccumulative contaminants such as PFAS are calculated using soil to plant TFs, 
which estimate the concentration of a contaminant in plant tissue based on the soil 
concentration of that contaminant. Soil criteria were calculated using the HILs Calculator 
Microsoft Excel spreadsheet provided on the National Environment Protection Council (NEPC) 
website (accessed 2021). Input parameters were consistent with guidance provided in the ASC 
NEPM (NEPC 2013). 

For residential with garden / accessible soil, the standard methodology under the ASC NEPM 
HIL A assumes that home-grown produce makes up 10% of fruit and vegetables consumed. In 
the PFAS NEMP, an example for 50% of chemical exposure through consumption of home-grown 
produce is also included as an additional scenario. Note these criteria do not account for 
potential consumption of eggs from home-raised poultry, nor of milk or meat from stock on the 
premises. However, the HILs calculations consider a chemical intake from a contaminated 
source equal to 20% of the tolerable daily intake (TDI). In other words, this allows for 80% of 
the chemical intake to be attributed to other exposure pathways (e.g. consumption of other 
home grown produce, poultry eggs and recreational activities) as well as background exposure. 
This means that exceeding these values does not constitute a risk if other pathways are 
controlled. 
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2 Soil to plant transfer factors used to 
derive the HIL A 

To derive the HIL A values listed in Table 1, concentrations in fruit and vegetables are calculated 
using soil to plant TFs. The method used to calculate the TFs are discussed in Section 2.1 below. 
The final TFs used in the HIL A derivation are summarised in Table 2 and include four plant 
categories: green vegetables, root vegetables, tuber vegetables, and tree fruit (based on ASC 
NEPM). A summary of the studies from which these final TFs were derived are presented in 
Appendix A. Additionally, a sensitivity analysis was conducted using different data points with 
varying TFs to inform how this may influence the guideline values, and this is presented in 
Appendix B. 

Table 2 Soil to plant transfer factors used in the calculations for PFOS + PFHxS and PFOA 
guideline values for residential with garden / accessible soil (HIL A) 
 

Category Species Data source Final TF 

Sum of PFOS and PFHxS a Green vegetables Celery Blaine et al. 2014 0.79 

Root vegetables Radish Lasee et al. 2019 0.58 

Tuber vegetables Potato Lechner & Knapp 2011 0.20 

Fruit Tomato Bao et al. 2020 0.06 

PFOA Green vegetables Chicory Gredelj et al. 2020 0.14 

Root vegetables Radish Lasee et al. 2019 0.93 

Tuber vegetables Potato Lechner & Knapp 2011 0.03 

Fruit Tomato Bao et al. 2020 0.039 

Notes 

a TFs for PFOS + PFHxS have been calculated using the geometric mean of limited data for PFHxS TFs as a 
multiplier to ‘correct’ PFOS TFs, and assuming 50:50 proportions of PFOS and PFHxS concentrations (for 
further information see Appendix A). 

 

 

  



PFAS NEMP 3.0 Supporting Document 

   7 

 

2.1 Calulating Transfer Factors 
 
The soil to plant TFs are calculated according to Equation 1. For calculating the TFs, wet weight 
TFs were used. Where data were not available to directly calculate wet weight TFs, dry weight 
TFs were converted to wet weight TFs using literature values for plant moisture contents 
(Equation 2). 

 

        

 

where: 

Cplant = concentration of PFOS or PFOA in wet weight of plant 

Csoil = concentration of PFOS or PFOA in dry weight of soil  

 

 

 

 

where: 

Cplant.dry = concentration of PFOS or PFOA in plant on a dry weight basis 

MC  = moisture content of raw plant 

𝐶𝑝𝑙𝑎𝑛𝑡 = 𝐶𝑝𝑙𝑎𝑛𝑡 .𝑑𝑟𝑦 × (
100 −𝑀𝐶

100
) 

𝑇𝐹 =
𝐶𝑝𝑙𝑎𝑛𝑡

𝐶𝑠𝑜𝑖𝑙
 

Equation 1 

Equation 2 
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3 Summary of TFs for other plant 
categories not included in ASC 
NEPM 

As part of the reviews conducted to assess TFs for PFOS, PFHxS and PFOA, information on plant 
types and plant compartments not relevant to the ASC NEPM categories were also identified 
from the assessed papers. This section provides a summary of TFs from the literature beyond 
the ASC NEPM plant categories. Note this is not intended as a systematic comprehensive 
literature review but is a summary of available literature reviewed in the work undertaken by 
the NCWG to date. This can be drawn on by practitioners for site assessment and scenario 
specific purposes, where relevant. TFs for PFHxS are listed in Appendix A. 

Table 3 PFOS soil to plant transfer factors, for plant categories not included in the ASC 
NEPM calculations, calculated from data in the listed data sources.  

Group Plant PFOS TF Claculation basis Data source 

  (mg/kgplant)/(mg/kgsoil) Plant DW or WW 
a 

 

Vegetative 
parts DW 

Alfalfa 0.4 DW Wen et al. 2016 

Alfalfa 0.06 – 1.6 DW Brignole et al. 2003 

Alfalfa 1.4 DW Lasee et al. 2019 

Carrot 1.4 – 2.1 DW Bizkarguenaga et al. 2016 

Carrot 23 DW Lasee et al. 2019 

Cucumber 0.05 – 0.5 DW Moshfeghi 2015 

Flax 0.9 – 1.3 DW Brignole et al. 2003 

Maize 0.1 – 0.2 DW Stahl et al. 2009 

Maize 0.2 DW Wen et al. 2016 

Mung bean 0.7 DW Wen et al. 2016 

Oats (straw) 0.2 – 0.8 DW Stahl et al. 2009 

Onion 0.7 DW Brignole et al. 2003 

Radish 0.5 DW Wen et al. 2016 

Radish 10 DW Lasee et al. 2019 

Ryegrass 0.2 DW Wen et al. 2016 

Soybean 0.3 DW Wen et al. 2016 

Soybean 0.4 – 4.1 DW Brignole et al. 2003 

Tomato 0.8 – 2.2 DW Brignole et al. 2003 

Wheat 0.2 – 1.5 DW Stahl et al. 2009 

Wheat (straw) 0.2 – 0.3 DW Wen et al. 2014 

Wheat 0.1 – 0.5 DW Zhao et al. 2014 
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Group Plant PFOS TF Claculation basis Data source 

  (mg/kgplant)/(mg/kgsoil) Plant DW or WW 
a 

 

Vegetative 
parts WW 

Carrot 0.3 – 0.4 WW Lechner & Knapp 2011 

Cucumber 0.1 – 0.2 WW Lechner & Knapp 2011 

Potato 0.3 – 0.4 WW Lechner & Knapp 2011 

Wheat grass 0.2 WW Bräunig et al. 2018 

Roots Alfalfa 3.1 DW Wen et al. 2016 

Alfalfa 4.3 DW Lasee et al. 2019 

Lettuce 3.9 DW Wen et al. 2016 

Maize 2.7 DW Wen et al. 2016 

Mung bean 4.2 DW Wen et al. 2016 

Ryegrass 1.4 DW Wen et al. 2016 

Soybean 4.7 DW Wen et al. 2016 

Wheat 1.2 – 1.6 DW Wen et al. 2014 

Wheat 0.9 – 2.1 DW Zhao et al. 2014 

Grains  Flax 0.04 – 0.09 DW Brignole et al. 2003 

Oats 0.002 – 0.02 DW Stahl et al. 2009 

Maize <LOD – 0.008 DW Stahl et al. 2009 

Wheat <LOD – 0.0007 DW Stahl et al. 2009 

Wheat 0.06 – 0.08 DW Wen et al. 2014 

Legumes Soybean 0.02 – 0.4 DW Brignole et al. 2003 

Notes 

a DW = dry weight; WW = wet weight. 

LOD refers to the limit of detection 

These tables are not exhaustive lists of the available literature. 

 

Table 4 PFOA soil to plant transfer factors, for plant categories not included in the ASC 
NEPM calculations, calculated from data in the listed data sources.  

Group Plant PFOA TF Claculation basis Data source 

  (mg/kgplant)/(mg/kgsoil) Plant DW or WW 
a 

 

Vegetative parts 
DW 

Alfalfa 3.2 DW Wen et al. 2016 

Alfalfa 10 DW Lasee et al. 2019 

Carrot 1.1 – 3.1 DW Bizkarguenaga et al. 
2016 

Carrot 54 DW Lasee et al. 2019 

Cucumber 0.2 – 0.4 DW Moshfeghi 2015 

Maize 0.1 – 0.3 DW Stahl et al. 2009 
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Group Plant PFOA TF Claculation basis Data source 

  (mg/kgplant)/(mg/kgsoil) Plant DW or WW 
a 

 

Maize 0.2 DW Wen et al. 2016 

Mung bean 8.4 DW Wen et al. 2016 

Oats 0.2 - 4.3 DW Stahl et al. 2009 

Radish 5.3 DW Wen et al. 2016 

Radish 47 DW Lasee et al. 2019 

Ryegrass 1.3 DW Wen et al. 2016 

Soybean 0.3 DW Wen et al. 2016 

Wheat 1.9 – 6.8 DW Stahl et al. 2009 

Wheat 0.7 – 1.5 DW Wen et al. 2014 

Wheat 0.09 -0.3 DW Zhao et al. 2014 

Vegetative parts 
WW 

Carrot 0.5 WW Lechner & Knapp 2011 

Cucumber 0.8 – 1.0 WW Lechner & Knapp 2011 

Potato 0.4 WW Lechner & Knapp 2011 

Wheat 
grass 

0.6 WW Bräunig et al. 2018 

Roots Alfalfa 10.3 DW Wen et al. 2016 

Alfalfa 19 DW Lasee et al. 2019 

Lettuce 6.1 DW Wen et al. 2016 

Maize 1.7 DW Wen et al. 2016 

Mung bean 7.8 DW Wen et al. 2016 

Ryegrass 2.4 DW Wen et al. 2016 

Soybean 3.2 DW Wen et al. 2016 

Wheat 1.7 – 4.9 DW Wen et al. 2014 

Wheat 1.1 – 2.3 DW Zhao et al. 2014 

Grains  Oats 0.03 – 0.1 DW Stahl et al. 2009 

Maize 0.003 – 0.009 DW Stahl et al. 2009 

Wheat 0.009 – 0.1 DW Stahl et al. 2009 

Wheat 0.1 – 0.2 DW Wen et al. 2014 

Notes 

a DW = dry weight; WW = wet weight. 

These tables are not exhaustive lists of the available literature. 

 
 
 



PFAS NEMP 3.0 Supporting Document 

   11 

 

References 
Bao, J, Li, C, L, Liu, Y, Wang, X, Yu, W, J, Liu, Z, Q, Shao, LX, & Jin, YH, 2020, ‘Bioaccumulation of 
perfluoroalkyl substances in greenhouse vegetables with long-term groundwater irrigation near 
fluorochemical plants in Fuxin, China’, Environmental Research, vol. 188, pp. 109751. 

Bizkarguenaga, E, Zabaleta, I, Mijangos, L, Iparraguirre, A, Fernández, LA, Prieto, A & Zuloaga, O 
2016, ‘Uptake of perfluorooctanoic acid, perfluorooctane sulfonate and perfluorooctane 
sulfonamide by carrot and lettuce from compost amended soil’, Science of the Total Environment, 
vol. 571, pp. 444–451.  

Blaine, AC, Rich, CD, Hundal, LS, Lau, C, Mills, MA, Harris, KM, & Higgins, CP 2013, ‘Uptake of 
Perfluoroalkyl Acids into Edible Crops via Land Applied Biosolids: Field and Greenhouse Studies, 
Environmental Science & Technology,’ vol. 47, no. 24, pp. 14062–14069. 

Blaine, AC, Rich, CD, Sedlacko, EM, Hundal, LS, Kumar, K, Lau, C, Mills, MA, Harris, KM & Higgins, 
CP 2014, ‘Perfluoroalkyl Acid Distribution in Various Plant Compartments of Edible Crops 
Grown in Biosolids-Amended soils,’ Environmental Science & Technology, vol. 48, pp. 7858−7865. 

Bräunig, J, Baduel, C, Barnes, CM & Mueller, J 2018, ‘Leaching and bioavailability of selected 
perfluoroalkyl acids (PFAAs) from soil contaminated by firefighting activities,’ Science of the 
Total Environment, vol. 646, pp. 471–479. 

Brignole, AJ, Porch, JR, Krueger, HO and Van Hoven, RL 2003, ‘PFOS: A Toxicity Test to 
Determine the Effects of the Test Substance on Seedling Emergence of Seven Species of Plants,’ 
Final Report, Wildlife International, Ltd, Project Number 454-110, May 2003.  

Chen, H, Yao, Y, Zhao, Z, Wang, Y, Wang, Q, Ren, C, Wang, B, Sun, H, Alder, AC and Kannan, K, 
2018,‘Multimedia distribution and transfer of per-and polyfluoroalkyl substances (PFASs) 
surrounding two fluorochemical manufacturing facilities in Fuxin, China’, Environmental Science 
& Technology, vol. 52, no. 15, pp. 8263-8271.  

Eun, H, Yamazaki, E, Taniyasu, S, Miecznikowska, A, Falandysz, J & Yamashita, N 2020, 
‘Evaluation of perfluoroalkyl substances in field-cultivated vegetables,’ Chemosphere, vol. 239, 
pp. 124750.  

Felizeter, S, Jürling, H, Kotthoff, M, De Voogt, P, & McLachlan, MS 2020, ‘Influence of soil on the 
uptake of perfluoroalkyl acids by lettuce: A comparison between a hydroponic study and a field 
study,’ Chemosphere, vol. 260, pp. 127608. 

FSANZ 2017, Perfluorinated chemicals in food, Food Standards Australia New Zealand (FSANZ) 
Canberra. 

Gebhardt, SE & Thomas, RG 2002, Nutritive values of foods, United States Department of 
Agriculture, Agricultural Research Service, Home and Garden Bulletin, no.72. 

Gobelius, L, Lewis, J & Ahrens, L 2017, ‘Plant uptake of per‐ and polyfluoroalkyl substances at a 
contaminated fire training facility to evaluate the phytoremediation potential of various plant 
species’, Environmental Science & Technology, vol. 51, no. 21, pp. 12602–12610. 



PFAS NEMP 3.0 Supporting Document 

   12 

 

Gredelj, A, Nicoletto, C, Valsecchi, S, Ferrario, C, Polesello, S, Lava, R, Zanon, F, Barausse, A, 
Palmeri, L, Guidolin, L and Bonato, M 2020, ‘Uptake and translocation of perfluoroalkyl acids 
(PFAA) in red chicory (Cichorium intybus L.) under various treatments with pre-contaminated 
soil and irrigation water’, Science of the Total Environment, vol. 708, pp. 134766. 

Lasee, S, Subbiah, S, Thompson, WA, Karnjanapiboonwong, A. Jordan, J, Payton, P, & Anderson, T 
A 2019, ‘Plant Uptake of Per‐and Polyfluoroalkyl Acids under a Maximum Bioavailability 
Scenario’, Environmental Toxicology and Chemistry, vol. 38, no. 11, pp. 2497-2502. 

Lechner, M & Knapp, H 2011, ‘Carryover of Perfluorooctanoic Acid (PFOA) and Perfluorooctane 
Sulfonate (PFOS) from Soil to Plant and Distribution to the Different Plant Compartments 
Studied in Cultures of Carrots (Daucus carota ssp. Sativus), Potatoes (Solanum tuberosum), and 
Cucumbers (Cucumis Sativus)’, Journal of Agricultural Food Chemistry, vol. 59, pp. 11011–11018.  

Liu, Z, Lu, Y, Shi, Y, Wang, P, Jones, K, Sweetman, AJ, Johnson, AC, Zhang, M, Zhou, Y, Lu, X 2017 
‘Crop bioaccumulation and human exposure of perfluoroalkyl 
acids through multi-media transport from a mega fluorochemical industrial park, China’, 
Environment International, vo. 106, pp. 37-47. 

Liu, Z, Lu, Y, Song, X, Jones, K, Sweetman, AJ, Johnson, AC, Zhang, M, Lu, X and Su, C, 2019,  
‘Multiple crop bioaccumulation and human exposure of perfluoroalkyl substances around a 
mega fluorochemical industrial park, China: Implication for planting optimization and food 
safety’, Environment International, vol. 127, pp. 671-684.  

Moshfeghi, MM 2015, The bioavailability of perfluoroalkyl substances (PFASs) and polycyclic 
aromatic hydrocarbons (PAHs) in soil to Eisenia fetida and Cucurbita pepo, Swedish University of 
Agricultural Sciences, Faculty of Natural Resources and Agricultural Sciences. Uppsala, 2015. 

Navarro Martín, I, Torre Haro, ADL, Sanz Chichón, P, Porcel Cost, MÁ, Carbonell Martín, G & 
Martínez Calvo, MÁ 2013, Carryover of perfluorinated compounds from waste-amended soils to 
plants, IV Reunión Nacional de Dioxinas, Furanos Y Compuestos Orgánicos Persistentes 
Relationados. 

OEH 2019. Human health soil screening criteria for PFOS, PFHxS and PFOA, The Office of 
Environment and Heritage, Office of the Environment and Heritage, Sydney. Human Health Soil 
Screening Criteria for PFOS, PFHxS and PFOA (nsw.gov.au) 

NEMP 2018, PFAS National Environmental Management Plan Version 1.0 Heads of EPA Australia 
and New Zealand, Canberra.  

NEMP 2020, PFAS National Environmental Management Plan Version 2.0, Heads of EPA Australia 
and New Zealand, Canberra.  

NEPC 2013, National Environment Protection (Assessment of Site Contamination) Measure 
1999, Amended 2013. Schedule B5b Guideline on Methodology to Derive Ecological Investigation 
Levels in Contaminated Soils, The National Environment Protection Council. Canberra. 

NEPC, ASC NEPM Toolbox HILs Spreadsheet, National Environment Protection Council, Parkes 
ACT, http://nepc.gov.au/nepms/assessment-site-contamination/toolbox, accessed 2017 and 
2021. 



PFAS NEMP 3.0 Supporting Document 

   13 

 

Stahl, H, Heyn, J, Thiele, H, Hüther, J, Failing, K, Georgii, S & Brunn, H 2009, ‘Carryover of 
Perfluorooctanoic Acid (PFOA) and Perfluorooctane Sulfonate (PFOS) from Soil to Plants’, 
Archives of Environmental Contamination and Toxicology, vol. 57, pp. 289–298. 

Tian, Y, Yao, Y, Chang, S, Zhao, Z, Zhao, Y, Yuan, X, Wu, F & Sun, H, 2018, ‘Occurrence and phase 
distribution of neutral and ionizable per-and polyfluoroalkyl substances (PFASs) in the 
atmosphere and plant leaves around landfills: a case study in Tianjin, China’, Environmental 
Science & Technology, vol. 52, no. 3, pp. 1301-1310. 

USDA 2018, National Nutrient Database for Standard Reference Legacy Release, United States 
Department of Agriculture, Agricultural Research Service, Washington DC. 

Wen, B, Li, L, Zhang, H, Mab, Y, Shan, X-Q & Zhang, S 2014, ‘Field study on the uptake and 
translocation of perfluoroalkyl acids (PFAAs) by wheat (Triticum aestivum L.) grown in 
biosolids-amended soils’, Environmental Pollution, vol. 184, pp. 547–554. 

Wen, B, Wu, Y, Zhang, H, Liu, Y, Hu, X, Huang, H & Zhang, S 2016, ‘The roles of protein and lipid in 
the accumulation and distribution of perfluorooctane sulfonate (PFOS) and perfluorooctanoate 
(PFOA) in plants grown in biosolids-amended soils’, Environmental Pollution, vol. 216, pp. 682–
688. 

Zhao, S, Shuhong, F, Zhu, L, Liu, L, Liu, Z & Zhang, Y 2014. ‘Mutual impacts of wheat (Triticum 
aestivum L.) and earthworms (Eisenia fetida) on the bioavailability of perfluoroalkyl substances 
(PFASs) in soil’, Environmental Pollution, vol. 184, pp. 495–501. 



PFAS NEMP 3.0 Supporting Document 

   14 

 

Appendix A : Summary of transfer 
factors considered for deriving the 
HIL A 

The TFs summarised in Tables 2 to 4 show there is considerable variation in TFs for the same 
plant species. This variation in part is due to variability from different soil types used in the 
studies and also in some instances dependence on soil concentration, where higher soil 
concentrations result in lower TFs. This finding supports the use of the maximum TF for each 
plant category, rather than using the mean or median, which would underestimate plant 
concentrations in sandier soils and/or less contaminated soils.  

The sections below provide a summary on the TFs considered when deriving the HIL A criteria 
for PFAS.  

A.1 PFOS + PFHxS  
 

PFOS TFs 
For PFOS a total of 16 relevant publications were identified and used to derive the soil screening 
criteria published in NEMP 2.0 (refer to OEH 2019). An additional 3 relevant publications were 
added as part of the this review undertaken in 2021 to determine if the HIL A value listed for 
PFOA in NEMP 2.0 is appropriate (see information in Background chapter, section on PFOA 
below and Appendix B). TFs assessed for PFOS are summarised in Table A1. The maximum TF 
for each category was selected for deriving the soil criterion.  

Table A1 PFOS soil to plant transfer factors for ASC NEPM plant categories, calculated from 
data in the listed data sources.  

Group Plant PFOS TF Calculation 
basis 

Data source % moisture 
content a 

Max. TF 
adjusted to 
WW 

  mg/kgplant / 
mg/kgsoil 

    

Green 
Vegetable  

Celery 1.4 DW Blaine et al. 
2014 

86* 0.20 

Lettuce 0.1 – 0.2 DW Bizkarguenaga et 
al. 2016 

96 0.01 

Lettuce 0.1 – 1.7 DW Blaine et al. 2013 96 0.07 

Lettuce 0.7 – 2.2 DW Brignole et al. 
2003 

96 0.09 

Lettuce 0.4 DW Wen et al. 2016 96 0.02 

Onion 0.8 – 1.4 DW Brignole et al. 
2003 

90 0.14 

Chicory 
headb 

1.2 – 2  DW Gredelj et al. 2020 92 0.16 

Chicory 
shootb 

1.1 – 1.5 DW Gredelj et al. 2020 92 0.12 
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Group Plant PFOS TF Calculation 
basis 

Data source % moisture 
content a 

Max. TF 
adjusted to 
WW 

  mg/kgplant / 
mg/kgsoil 

    

Root 
vegetable 

      

Radishb 2.9 DW Lasee et al, 2019 95 0.15 

Radish 2.6 DW Wen et al. 2016 95 0.13 

Radish 0.07 - 0.7 DW Blaine et al. 2014 90* 0.07 

Carrot 1.0 DW Lasee et al, 2019 88 0.13 

Peeled 
carrot 

0.4 – 0.6 DW Bizkarguenaga et 
al. 2016 

88 0.07 

Peeled 
carrot 

0.04 – 0.05 WW Lechner & Knapp 
2011 

NR 0.05 

Carrot peel 0.4 – 05 DW Bizkarguenaga et 
al. 2016 

88 0.06 

Carrot peel 0.03 – 0.04 WW Lechner & Knapp 
2011 

NR 0.04 

Tuber 
vegetable  

Potato peel 0.01 – 0.05 WW Lechner & 
Knapp 2011 

NR 0.05 

Peeled 
potato 

0.0006 – 
0.0007 

DW Stahl et al. 2009 79 0.0002 

Potato peel 0.007 – 0.02 DW Stahl et al. 2009 79 0.004 

Peeled 
potato 

<LOD – 
0.002 

WW Lechner & Knapp 
2011 

NR 0.002 

Fruit Tomato b 0.25 DW Bao et al. 2020 94 0.015 

Pea 0.03 DW Blaine et al. 2014 82* 0.005 

Tomato 0.02 – 0.07 DW Brignole et al. 
2003 

94 0.004 

Cucumberb 0.20 DW Bao et al. 2020 96 0.008 

 Cucumber 0.002 WW Lechner & Knapp 
2011 

NR 0.002 

Notes  

DW = dry weight; WW = wet weight 

NR = not required as plant concentrations on wet weight basis were available 

LOD refers to the limit of detection 

Bold cells indicate TFs used to derive HIL A. Note, these values will not match values in Table 2, as TFs in 
this table are for PFOS and TFs in Table 2 are based on PFOS + PFHxS.  
a Moisture contents from Gebhardt and Thomas 2002, except potato and chicory data from USDA 2018 and 
values marked with * were from Blaine et al. (2014) where they measured the moisture content of their 
produce. 
b Additional published literature and TFs since last review of PFOS TFs in OEH 2019.  
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PFHxS TFs 
FSANZ (2017) conservatively advises that the toxicity of PFHxS should be considered equivalent 
to PFOS. Therefore, the human health soil criteria for PFOS applies to the sum of PFOS and 
PFHxS soil concentrations. A review of the PFHxS transfer factors from soil to plants was 
conducted for NEMP 2.0 and is presented in OEH 2019.  

Briefly, the outcomes of the OEH 2019 review were the following: 

 Identified studies with data on uptake of PFHxS into edible parts of plants (Blaine et al. 
2013, Blaine et al. 2014 and Wen et al. 2014). Gobelius et al. 2017 was also identified 
however not included as it is on PFAS uptake into trees and not considered relevant for this 
assessment. 

 Identified studies with data for non-edible parts of plants (Bräunig et al. 2018, Moshfeghi 
2015 and Zhao et al. 2014). 

 PFHxS TFs were consistently higher than TFs of PFOS. 

There was insufficient data from published literature to derive reliable PFHxS TFs for all plant 
categories in the HILs calculator (NEPC 2013). For example, no data on PFHxS uptake into tuber 
vegetables was found. Therefore, available relevant data from the six studies listed above were 
compiled to calculate the ratio between the TFs for PFHxS and PFOS (see Table A2). The ratios 
between PFHxS and PFOS TFs ranged from 1.2 to 25 and the geometric mean of the maximum 
TFs for each plant species was used as an overall ratio to allow PFOS TFs to be converted to 
PFOS + PFHxS TFs. The geometric mean was 6.9 (OEH 2019). For the review in 2021 for NEMP 
3.0, TFs for PFHxS were extracted from the papers assessed for PFOA and included in Table A2. 
These PFHxS TFs were found to fall within the range previously determined in OEH 2019 and 
the multiplier of 6.9 was retained for the combined PFOS + PFHxS TF derivation. 

A combined PFOS + PFHxS TF for each plant category can be calculated using Equation A1, which 
assumes equal proportions of PFOS and PFHxS in the soil. In cases where either PFOS or PFHxS 
dominate concentrations, site-specific assessment could be used to provide a refined estimate of 
risk. This can be done by changing the proportions in Equation A1. Combined TFs for PFOS + 
PFHxS are listed in Table A3.  

Equation A1 

 

where: 

TFPFOS+PFHxS  = combined TF for PFOS + PFHxS 

TFPFOS  = soil to plant transfer factor for PFOS (Table A1) 

MultiplierPFHxS  = multiplier of 6.9 based on the geometric mean of ratios between PFHxS and 
PFOS TFs (as determined in OEH 2019) 

ProportionPFOS = 0.5 assuming equal proportions of PFOS and PFHxS 

TF𝑃𝐹𝑂𝑆+𝑃𝐹𝐻𝑥𝑆 = (TFPFOS × ProportionPFOS ) + (TFPFOS × MultiplierPFHxS × (1 − ProportionPFOS )) 
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Table A2 The ratio of PFHxS to PFOS TFs based on available PFHxS and PFOS soil to plant 
transfer factors for ASC NEPM plant categories. 

Group Plant PFHxS TF PFOS TF TF in DW 
or WW 

Ratio 
TFs 

Study 

  (mg/kgplant)/ 
(mg/kgsoil) 

(mg/kgplant)/ 
(mg/kgsoil) 

   

Green 
Vegetable  

Lettuce 1.1 – 7.6 0.1 – 1.7 DW 3.4 – 
15 

Blaine et al. 
2013 

Celery 0.07, 2.3 0.05, 1.4 DW 1.4 – 
1.7 

Blaine et al. 
2014 

Root 
vegetable 

Radish 0.85, 2.1 0.07, 0.7 DW 2.9, 13 Blaine et al. 
2014 

Radish a 13 2.9 DW 4.5 Lasee et al. 
2019 

Carrot a 1.1 1 DW 1.1 Lasee et al. 
2019 

Fruit  Pea 0.17 0.03 DW 6.7 b Blaine et al. 
2014 

Tomato a 0.28 0.25 DW 1.1 Bao et al. 
2020 

Cucumber a 0.33 0.20 DW 1.7 Bao et al. 
2020 

Other Alfalfa shoot a 12 1.4 DW 9 Lasee et al. 
2019 

Alfalfa root a 11 4.3 DW 2.6 Lasee et al. 
2019 

Radish shoot a 33 10 DW 3.3 Lasee et al. 
2019 

Carrot shoot a 28 23 DW 1.2 Lasee et al. 
2019 

Zucchini 
stems/leaves 

0.20, 0.47 2.3, 4.2 DW 8.8, 12 Moshfeghi 
2015 

Wheat grass 4.8 0.19 WW 25 c Bräunig et al. 
2018 

Wheat (grain) 0.1 – 0.2 0.06 – 0.08 DW 2.0 – 
2.5 

Wen et al. 
2014 

Wheat 
(root/shoot) 

0.4 – 0.7 0.1 – 0.5 DW 1.2 – 
3.2 

Zhao et al. 
2014 

Notes 

TFs used to derive HIL A 

a Additional published literature and TFs since last review of PFHxS TFs in OEH 2019. 

b Result for one experiment only as all other soil treatments for PFHxS were < LOR. 

C The TF for wheat grass grown at a firefighting training ground (TF = 78) was excluded, as the soil 
concentrations (13,400 µg/kg PFOS and 450 µg/kg PFHxS) were deemed not relevant to residential 
situations. 
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Table A3 PFOS+PFHxS transfer factors for HILs calculator assuming 50% PFOS and 50% 
PFHxS in soil (by mass) as per Equation A1 and a MultiplierPFHxS of 6.9. 

Plant category PFOS TF WW (from Table A1) Sum of PFOS and PFHxS TF  

Green vegetable  0.20 (Celery) 0.79 

Root vegetable  0.15 (Radish) 0.58 

Tuber vegetable 0.05 (Potato) 0.20 

Tree fruit 0.015 (Tomato) 0.06 

 

PFOA TFs 
For PFOA, only few peer-reviewed studies were available with suitable TFs at the time of 
deriving the HIL A values in 2019. One of the future work outcomes from the NEMP 2.0 
consultation was to review these, if appropriate newly published literature on PFOA uptake into 
plants becomes available.  

Consistent with the OEH 2019 report, the review of TFs was focused on studies that provided 
data for uptake of PFOA from soil to plants, and plant types and compartments used for food 
consumption. Therefore, publications that used PFOA concentrations in irrigation water to 
calculate TFs were excluded from further consideration in deriving the HIL A, as these studies 
are not suitable to calculate soil to plant TFs.  

A total of 9 additional publications (i.e. not already assessed by OEH 2019) with data on PFOA 
uptake from soil into plants were identified in 2021. Of these, 7 publications reported TFs from 
soil to edible plant compartments and these are presented in Table A4. Of the 7 publications, 
several were excluded from further consideration for the HIL A derivation: 

 Navarro et al. (2013) was excluded as the paper was not published in a peer-reviewed 
journal and PFOA contamination was evident in some soil results. In addition, further 
critical quality control and quality assurance data was not reported. 

 Eun et al. (2020) was excluded as the bioaccumulation factors were not readily available in 
the paper and data to calculate these was only presented graphically. Further, there was a 
disconnect between the time when vegetables were grown and soil PFAS concentrations 
were measured, which may have impacted resulting TFs.  

 Lasee et al (2019) was a publication where the study design and QAQC were appropriate. 
Data for root vegetables were used from this paper (see Table 2), however, the data on 
Alfalfa sprouts was not used. This is because sprouts are not consumed in typical green 
vegetable amounts and are therefore not considered suitable representatives for the green 
vegetable category. High TF for PFAS in sprouts was also found as part of the TF review in 
OEH (2019) and were excluded at the time for the same reasons. 

 Liu et al. (2019) was not used in the derivation of TFs as the study was conducted in close 
proximity to a large fluorochemical production facility in China (0.3 km to 10 km distance to 
the facility). The authors had discussed the potential for plant uptake of airborne PFAS, 
which may skew the results, especially for leafy vegetable parts grown above-ground. 
Detection of high levels of PFAS in rainwater from the area around the facility may confirm 
high loads of airborne PFAS (Liu et al. 2017) and recent literature have confirmed that plant 
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leaves may adsorb PFAS from the atmosphere (Chen et al. 2018, Tian et al. 2018). 
Nonetheless, the highest TFs from the paper for appropriate fruit and vegetable categories 
were used in a sensitivity analysis to determine if currently adopted PFOA TFs are 
protective (Details in Appendix B).  

Only studies that had TFs higher than TFs for PFOA in OEH (2019) where considered further. 
Three papers were identified that contained higher TFs and were suitable for the derivation of 
updated TFs: Gredelj et al. (2020), Lasee et al. (2019) and Bao et al. (2020). All the assessed 
papers from OEH (2019) and these new papers are presented in Table A4.  

When these TFs are used to derive the HIL A, the resulting HIL A value is 0.15 mg/kg. In the 
sensitivity analysis, the HIL A criterion results in a similar value of 0.09 mg/kg (see Appendix B). 
Both these values are close to the existing HIL A guidance for PFOA (0.1 mg/kg) reported in 
NEMP 1.0 and 2.0, which was based on limited data on PFOA transfer factors and incorporated a 
safety factor. As the calculations and sensitivity analysis based on the new data are within a 
similar range, the NCWG has retained the PFOA HIL A criterion of 0.1 mg/kg. 

Table A4 PFOA soil to plant transfer factors (TF as mg/kgplant / mg/kgsoil) for ASC NEPM 
plant categories, calculated from data in the listed data sources. DW = dry weight; WW = 
wet weight; NR = not required as plant concentrations on wet weight basis were available. 

Group Plant  PFOA TF Calculation 
basis 

Data source % moisture 
content a 

Max. TF 
adjusted to 
WW  

  (mg/kgplant)/ 
(mg/kgsoil) 

    

Green 
vegetable  

Chicory 
head d 

1.5 – 1.7 b DW Gredelj et al. 
2020 

92 0.14 

Chicory 
shoot d 

1.2 – 1.8 DW Gredelj et al. 
2020 

92 0.14 

Celery 0.1 – 0.7 DW Blaine et al. 2014 86 0.10 

Lettuce 1.3, 2.5 DW Blaine et al. 2013 96 0.10 

Lettuce 1.6 – 2.1 DW Bizkarguenaga et 
al. 2016 

96 0.08 

Lettuce 1.2 DW Wen et al. 2016 96 0.05 

Lettuce d 0.71 DW  Felizeter et al. 
2020 

96 0.03 

Root 
vegetable 

Radish d 18 DW Lasee et al. 2019 95 0.93 

Radish 3.0 DW Wen et al. 2016 95 0.15 

Radish 0.5 – 0.9 DW Blaine et al. 2014 90 0.09 

Carrot d 3.5 c DW Lasee et al. 2019 88 0.41 

Carrot peel 0.4 – 0.6 DW Bizkarguenaga et 
al. 2016 

88 0.07 

Carrot peel 0.04 WW Lechner & Knapp 
2011 

NR 0.04 

Peeled 
carrot 

0.3 DW Bizkarguenaga et 
al. 2016 

88 0.04 
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Group Plant  PFOA TF Calculation 
basis 

Data source % moisture 
content a 

Max. TF 
adjusted to 
WW  

Peeled 
carrot 

0.05 WW Lechner & Knapp 
2011 

NR 0.05 

Tuber 
vegetable 

Potato peel 0.02 – 0.03 WW Lechner & Knapp 
2011 

NR 0.03 

Peeled 
potato 

0.01 WW Lechner & Knapp 
2011 

NR 0.01 

Potato peel 0.002 – 0.008 DW Stahl et al. 2009 79 0.002 

Peeled 
potato 

0.0007 – 0.001 DW Stahl et al. 2009 79 0.0002 

Fruit Tomato d 0.65 DW Bao et al. 2020 94 0.039 

Cucumber d 0.93 DW Bao et al. 2020 96 0.037 

Cucumber 0.03 WW Lechner & Knapp 
2011 

NR 0.03 

Pea 0.03 DW Blaine et al. 2014 82 0.005 

Notes 

Bold cells indicate appropriate TF for delivering a HIL A criterion 

DW = dry weight; WW = wet weight 

NR = not required as plant concentrations on wet weight basis were available 
a Moisture contents from Gebhardt and Thomas 2002, except potato and chicory data from USDA 2018 and 
data from Blaine et al. (2014) where moisture content of produce was measured. 
b TFs were recalculated from raw data for this report. A discrepancy in the studies’ reported TFs was 
found: the reported maximum DW TF in the paper was 2.3. 
c TFs were recalculated from raw data for this report. A discrepancy in the reported TFs was found: the 
reported maximum DW TF in the paper was 3.1. 

d Additional published literature and TFs since last review of PFOA TFs in OEH 2019. 
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Appendix B: Sensitivity analysis for 
PFOS and PFOA 

 

B.1 PFOS 
While transfer factors for PFOS + PFHxS were not under review for NEMP 3.0, the papers chosen 
for updated PFOA TFs were cross-checked for PFOS. Two papers, Bao et al. 2020 and Lasee et al. 
2020, had higher PFOS TFs compared with TFs reported in OEH (2019). To check how this will 
influence the HIL A value, NCWG calculated a combined PFOS + PFHxS TF (see Table B1) using 
the approach described in Appendix A. 

Using these updated TFs in the ASC NEPM HIL A calculator resulted in no change to the HIL A 
criteria listed in NEMP 2.0 after rounding (HIL A of 0.01 mg/kg in NEMP 2.0 and 0.009 mg/kg 
based on the updated TFs). Therefore, the combined PFOS + PFHxS HIL A criteria was retained 
in NEMP 3.0.  

Table B1 Comparison of PFOS + PFHxS transfer factors for deriving a HIL A criteria based on 
TFs from OEH (2019) and TFs based on Bao et al. 2020 and Lasee et al. 2020. 

Vegetable 
category 

PFOS TF (WW) and 
reference used in OEH 
2019 

PFOS + PFHxS 
combined TF from 
OEH, 2019 a 

New PFOS TF 
(WW) and 
reference  

New PFOS + PFHxS 
combined TF for due 
diligence checking a 

Root 
vegetable  

0.13, Radish 

(Wen et al 2016) 
0.51 

0.15, Radish 

(Lasee et al. 2019) 
0.58 

Fruit  
0.005, Pea 

(Blaine et al 2014) 
0.02 

0.015, Tomato 

(Bao et al. 2020) 
0.059 

Notes 

 a Theratio of 6.9 was used to calculate a combined TF for PFOS + PFHxS as per OEH (2019) 

WW = wet weight 
 

B.1 PFOA 
The paper published by Liu et al. (2019) was used for a sensitivity analysis, to determine if PFOA 
TFs used in the derivation of HIL A criteria are protective of a worst-case-setting, where 
maximum uptake may occur. Liu et al. (2019) investigated PFOA uptake into different vegetables 
and fruit in an open-air setting in close proximity to a large fluorochemical production facility. 
Plant exposure in such settings can stem from multiple exposure pathways, in this case uptake 
from exposure to soil, contaminated groundwater used for irrigation and plant exposure from 
atmospheric deposition of PFAS from the fluorochemical production facility. A further exposure 
pathway, not considered in detail in the study, but listed as a limitation, is the potential 
transformation of polyfluorinated PFAA-precursors. These additional exposure pathways may 
have led to increased PFOA (and other PFAS) concentrations in plants and could have skewed 
derived soil-to-plant TFs to higher values. The maximum PFOA uptake using TFs from the data 
presented in Liu et al. (2019), can be seen as a worst-case scenario, as chemical uptake may 
occur through three distinct uptake pathways, through soil, irrigation water and atmospheric 
deposition. It is reasonable to consider uptake from sites where the soil contamination arises 
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from application of contaminated water such as groundwater, surface water or rainwater. This is 
because for many contaminated sites in Australia, the soil contamination being investigated is 
secondary, arises from garden irrigation of contaminated surface or groundwater that migrates 
from distant primary source sites.     

For each category of vegetables and fruit PFOA TF factors presented in Liu et al. (2019) were 
used in this sensitivity analysis, if they were higher than TFs reported in Table 2. This was the 
case for the green vegetables and fruit categories, where  

 a maximum wet weight TF for lettuce of 0.47 was derived, which is higher than the TF for 
red chicory (0.14), and  

 a maximum wet weight TF of 0.068 for peppers (capsicum) was derived, compared to the 
TF of 0.039 for tomato.  

Using these maximum TFs for the fruit and green vegetable categories in this sensitivity analysis, 
the calculated HIL A is 0.09 for 10% fruit and vegetable consumption from homegrown produce 
and 0.02 for 50% fruit and vegetable consumption from homegrown produce. The current HIL A 
criteria in the NEMP 2.0 is 0.1 for 10% and 0.02 for 50% fruit and vegetable consumption from 
homegrown produce. These values are therefore within the same range (once rounded) and 
expected uncertainty compared with the HIL A currently reported in NEMP 2.0. 


