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The main questions 
addressed here: 

Hawai‘i has limited water for drinking and 

irrigation.

1) Hence, is  R1 water (recycled-disinfected) 

safe for agricultural irrigation, in terms of 

PFAS toxicity?

If yes:

-More freshwater for drinking

-Help the community and the state's 

agricultural industry.

NOTE: Currently, R1 water is only used to irrigate lawns and golf 

courses in Hawai‘i. 



The main questions 
addressed here: 

Hawai‘i also has a waste/landfill problem 

(limited land). 

There are community initiatives to use more 

compostable service wares.

2)  Hence, is compost made from PFAS-

containing compostable service wares safe 

in terms of PFAS uptake in agricultural 

crops?



2014b; Gredelj et al., 2020b; Lan et al., 2018; Lasee et al., 2019; Wen
et al., 2014). Both aspects are discussed in detail in Chapter 6.

4.2.2.2. Ultra-short-chain PFAAs (C2 and C3). The transfer of the ultra-
short-chain PFCAs TFAA (C2) and PFPrA (C3) in agricultural plants has
beenvery scarcely reported in scientific literature. In the light of the pre-
ferred transfer of short-chained PFASs, this can be considered as one of
the most important knowledge gaps in understanding transfer mecha-
nisms and total PFAS burden of plants.

The main reason is that TFAA and PFPrA are generally difficult to in-
tegrate in existing methods for PFAS analysis. As these are normally
based on reversed phase (RP) liquid chromatography (LC), whereas
ultra-short-chain PFASs elute with insufficient retention together with
salt matrix components and require special analytical approaches. Fur-
thermore, compared to other PFASs, only few published extraction
methods for TFAA exist for soils or biological samples. In most of these
older methods, extraction is followed by a derivatization of TFAA and
subsequent measurement by gas chromatography coupled to mass
spectrometry (GC–MS) (e.g., Cahill et al., 1999; Frank et al., 2002) in-
stead of LC. However, recent developments in analytical chemistry,
like ion chromatography-tandem mass spectrometry (IC-MS/MS),

supercritical fluid chromatography coupled with tandem mass spec-
trometry, or the design of RP columns for the retention of ionic com-
pounds, allowed the inclusion of C2 and C3 PFAAs in analytical
protocols (Björnsdotter et al., 2019; Scheurer et al., 2017; Schulze
et al., 2019) and few results regarding the transfer of ultra-short-chain
PFCAs into plants were published just recently. However, ultra-short-
chain PFSAs, i.e., TFMS, PFEtS, and PFPrS have not been considered in
plant uptake experiments yet.

The first publication addressing TFAA retention in soil and its theo-
retical uptake by plants was published by Berger et al. (1997) for a
northern hardwood forest soil in the US. However, TFAAwas only mea-
sured in the soil solution of two lysimeters and not in the soil or any
plants. Nevertheless, plant uptake was modelled as the product of tran-
spiration and soil matrix concentrations reduced by the flux in bypass
water. An overall plant uptake of 5–35%was calculated for that particu-
lar soil. Twenty years later, the European Reference Laboratories for Res-
idues of Pesticides (EURL-SRM) analyzed TFAA in >1600 food samples
of plant origin. In nearly every sample, TFAAwas found at least in traces
(EURL-SRM, 2017). The frequency of TFAA findings was higher in con-
ventionally produced products compared to organic ones, but median
values were similar. The highest mean concentrations were observed

Table 1
Incremental decreases ∆ log BAFs per perfluorinated carbon atom from linear regression through log BAFs as indicated in literature.

Reference Culture Compartment ∆ log BAF
(PFCAs)

Range ∆ log BAF
(PFSAs)

Range

Yoo et al., 2011 tall fescue+barley+Bermuda grass+Kentucky bluegrass Shoot -0.24 C6-C14
Blaine et al., 2013 lettuce (greenhouse) -0.32a; -0.31b C4-C10 -0.29a; -0.28b C4,C6,C8

lettuce (field) -0.4 C4-C10
tomato (greenhouse) -0.5b to -0.9b C5-C10

tomato (field) -0.1 to -0.3 C4-C10
Blaine et al., 2014a radish (greenhouse) Shoot -0.11 C4-C10

Roots -0.12 C4-C10
celery (greenhouse) Shoot -0.36 C4-C10

Roots -0.17 C4-C10
tomato (greenhouse) Shoot -0.20 C4-C10

Fruit -0.54 C4-C10
Roots not significant C4-C10

pea (greenhouse) Shoot -0.30 C4-C10
Fruit -0.58 C4-C10
Roots not significant C4-C10

Blaine et al., 2014b strawberry (greenhouse) Fruit -0.29 C4-C9
Shoot -0.17 C4-C9
Roots -0.31 C4-C9

lettuce (greenhouse) -0.43 to -0.70 C4-C9
Liu et al., 2017 wheat (field) Grains -0.52 C4-C8

maize (field) Grains -0.52 C4-C8
Liu et al., 2019 Radish+Carrot (field) Roots -0.28c; -0.25d C4-C8

7 Shoot vegetables (field) Shoot -0.23c; -0.10d C4-C8
Cauliflower (field) Edible part -0.37c; -0.25d C4-C8

Pepper (field) Fruit -0.60c; -0.31d C4-C8
Wheat+Corn+Soybean (field) Grains -0.79c; -0.36d C4-C8

Celery (field) Shoot -0.34c C4-C8
Pumpkin (field) Fruit -0.71c C4-C8
Soybean (field) Grains -1.16c C4-C8

Lasee et al., 2019 Radish (greenhouse) Shoot -0.27 C7-C9 -0.21 C4,C6,C8
Roots -0.42 C7-C9 -0.35 C4,C6,C8

carrot (greenhouse) Shoot -0.52 C7-C9 -0.10 C4,C6,C8
Roots -0.66 C7-C9 -0.19 C4,C6,C8

alfalfa (greenhouse) Shoot -0.87 C7-C9 -0.47 C4,C6,C8
Roots -0.48 C7-C9 -0.23 C4,C6,C8

Gredelj et al., 2020b chicory (greenhouse) Shoot -0.27e; -0.28f; -0.31g C4-C10
Roots -0.26e; -0.31f; -0.32g C4-C10

The table is only considering log BAFs from soil to respective compartments, no translocation between different compartments or BAFs from hydroponic cultures. Radish: no actual inves-
tigation of the roots but rather of the hypocotyl (unclear for Lasee et al., 2019).

a soil impacted with industrial biosolids
b soil impacted with municipal biosolids
c 0.3 km distance from fluorochemical industrial park
d 10 km distance from fluorochemical industrial park
e spiked irrigation water
f spiked soil
g spiked soil and spiked irrigation water
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Reference:
Lesmeister, L., Lange, F. T., Breuer, J., Biegel-Engler, A., Giese, E., & Scheurer, M. (2021). 
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Previous studies only focused on

long chain and short chain PFAS 

(no ultra shorts; C < 4).

 

Previous plant uptake studies:



Ultra-short PFAS (< 4Cs)
Perfluoro-ethanoate (PFEtA-) and perfluoro-propanoate (PFPrA-) are the most common ultra shorts involved in 
plant uptake.

They are both water soluble.

They both can be breakdown products of long/short chain PFAS.

The state of Hawai‘i has Environmental Action Levels (EALs) for PFEtA-  and PFPrA-.

Although ultra short PFAS are less toxic, in high concentrations (during accumulation) they are still very toxic.

Reference:
Lesmeister, L., Lange, F. T., Breuer, J., Biegel-Engler, A., Giese, E., & Scheurer, M. (2021). Extending the knowledge about PFAS bioaccumulation factors for agricultural plants - A review. The Science of the total environment, 766, 
142640. https://doi.org/10.1016/j.scitotenv.2020.142640



The state of Hawai‘i is interested in “Total PFAS’ Risk”

Total PFAS’ Risk =

Primary Terminal PFAS’ Risk +
Secondary Terminal PFASs Risk +
Excess Fluorine PFAS’ Risk

Or

Risk associated with long-chain + 
short-chain + ultra-short chain PFAS

Or  

Pre-TOPs + Post-TOPs + TOFs

3. Excess
Fluorine

PFAS

Sample Analysis

1. Primary
PFAS

2. Secondary
PFAS

TO
Ps

TO
Ps

TO
F

Pr
e-

TO
Ps

TOPs = Total Organic Precursors

TOFs = Total Organic Fluorine



Veggies Calories

Tomatoes 18

Lettuce 14

Pickles 11

Onions 40

*Per 100 grams

(371-403 Calories)

(228-297 Calories)

(254-314 Calories)

Sauce Calories

Mustard 53

Ketchup 15

Mayo 57

*Per 1 Tablespoon

E.g., 
How do you calculate the total calories in a burger?



Now, replace total calories with risk associated with PFAS

Pre-TOPs
Primary PFAS

40.9%

Post-TOPs
Secondary PFAS

26%

TOFs
Excessive Fluorine

33.1%

Total PFAS’ Risk =
Primary Terminal PFAS’ Risk +
Secondary Terminal PFASs Risk +
Excess Fluorine PFAS’ Risk

Or

Pre-TOPs + Post-TOPs + TOFs

3. Excess
Fluorine

PFAS

Sample Analysis

1. Primary
PFAS

2. Secondary
PFAS

TO
Ps

TO
Ps

TO
F

Pr
e-

TO
Ps



Possible composition:

Mostly long chain PFAS 

Long chain and some short chain PFAS

Mostly ultra short chain PFAS

(Example data)

Although ultra short PFAS are less toxic 

compared to long and short PFAS 

(100-1000x), high concentrations is 

associated with higher risk 

(“Concentration makes the poison”).

Reference: https://health.hawaii.gov/heer/files/2024/11/Hawaii-PFAS-Study-HIDOH-Nov-2024-rev-Nov-15-2024.pdf



Compost 
Preparation:

Green Waste

+ Food Waste

+ Service Ware

Green Waste

+ Food Waste

Green Waste

+ Food Waste

Preparation 
and Plant 
Irrigation:

Municipal Water R1 Wastewater Municipal Water

Study Methodology:

Roots

The baseline PFAS levels will be determined:

v Food waste 

v Service wares 

v Municipal water (little or no PFAS)

v R1 wastewater 

v Compost #1

v Compost #2

v Compost #3



Plant tissues to be tested: 

Leafy vegetables
(Kale)

Leaves

Roots

Fruits
(tomatoes)

Roots

Leaves
Stems

Fruits

Root vegetable
(carrots)

Tops

Peel

Roots

Which PFAS are accumulating, and where?



Future Directions:

Results will help us make decisions and legislation
H
yp
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s Safe for all consumable crops 

Safe for some crops but not all
 e.g., low/safe level or no PFAS uptake in tomatoes and lettuce but 
unsafe levels in  carrots 

Not safe for any consumable crops
 i.e., perhaps safe for non-consumable crops such as hemp 

R
1 

w
at

er
 a

nd
/o

r 
se

rv
ic

e 
w

ar
e 

co
m

po
st

 



Anticipated to finish this study by next year 


