erfluorinated compounds
| listic ENvironmental
/ nterinstitutional eXperience

W

Phoemx

GREENHOUSE EXPERIMENT OF EDIBLE
PLANT EXPOSITION TO PFAS UNDER A

CONTROLLED ENVIRONMENT

Carlo Nicoletto and Marco Bonato . . _
10 March 2021 Preventing, Ensuring, Promoting

LIFE PHOENIX Project

lifephoenix.eu

9| REGIONE e VENETO

EEEEEEEEEEEEEEEE

% AZIENDA & VY arpav
E LERDO »




DAFNAE

Dipartimento di Agronomia, Animali,
Alimenti, Risorse naturali e Ambiente

-ltaly has the highest use of
water for irrigation in Europe,
while agriculture is among the
most important economic
sectors (fruits, vegetables,
cereals and wine production)
* Red chicory (radicchio) was
chosen as the model crop
because of its significance and
widespread cultivation in
Veneto (more than 7400 ha)

» Towards better mechanistic
understanding of PFAAs
uptake in crops — Set of
experiments with and without
soil was performed —
Hydroponics is presented in
this work
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Figure 1. PFAAs contamination map - Veneto region, northern Italy
(LIFE PHOENIX project)
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« Radicchio var. Chioggia (Cichorium intybus L., rubifolium group) was grown in
a greenhouse for a period of 38 days

« Experimental hydroponic system with a nutrient solution containing 9

perfluoroalkyl acids (PFAAs)*

« Evapotranspiration was measured by weighing on a weekly basis

 Clean water was added weekly to account for the lost nutrient solution

Cichorium intybus L.
rubifolium group

Polypropylene sponge

plant holder Polystyrene floating

Mix of 9 PFAAs

o |

Half - Hoagland solution

35 EC =1.8 mS/cm /

H=6.9

Opaque plastic box
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Nutrient solution concentrations were analyzed for PFAAs on the beginning and the end of experiment
by LC-MS/MS

« After the exposure period, radicchio plants were harvested, separated into roots and shoots, extracted
with acetonitrile and analyzed for the PFAAs concentrations by HPLC-MS/MS

Table 1. List perfluoroalkyl acids used in the experiment with no. of C-atoms* Replicates
Short - chained PFAAs Long - chained PFAAs \
(< C6 PFSA, < C7 PFCA): (2 C6 PFSA, 2C7 PFCA):
Perfluoroalkyl carboxylic acids (PFCAs): C-l C-ll C-1Il | Control tanks,
Perfluorobutanoic acid (PFBA) (C3) Perfluorooctanoic acid (PFOA) (C7) no PFAAS
Perfluoropentanoic acid (PFPeA) (C4) Perfluorononanoicacid (PFNA) (C8)
Perfluorohexanoicacid (PFHxA) (C5) Perfluorodecanoicacid (PFDA) (C9) 62-1 62-11 (| 62-1ll SEAR) - 62.5 /L
Perfluoroheptanoic acid (PFHpA) (C6) o (PFAA) - 62,5 pg/
Perfluorosulfonic acids (PFSAs):
Perfluorobutanesulfonicacid (PFBS) (C4) Perfluorooctanesulfonicacid (PFOS) (C8) 125-1 (| 125-11 || 125-1lI
¢ (PFAA) = 125 pg/L
250-11 || 250-11 | [250-11I
¢ (PFAA) = 250 pg/L
H20-1 || H20-11 | [H20-111 | Tanks with water, for
measuring evaporation
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Figure 3. Experimental set-up with nominal
concentrations of each PFAA
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Figure 4. Measured concentrations of PFAAs in roots across treatments (mean = st.err.)

IDS RCF=0.30 (O.M)xc -1.00 (0.31) -
100 |
. .®*
‘? e Iy a
3 e "~
g . . ---------- ; ----- .
2 4 [ e -
5 e
@ 01
3 4 . - 7 8 |

Number of C-atoms

erfluorinated compounds

listic ENvironmental
Ve,

ﬁ%’hoenix

nterinstitutional eXperience

Results Floating system Test

30000 m62 m125 m250

25000
20000
15000
10000

5000

PFOA PFNA PFDA PFOS

log SCF =-0.00 (0.01)<C +1.07 (0.08) m=0.29
10
-~ 4.
§ T -? ...........
: o e...9
w ®PFCAs
8 ®PFSAs
1

4 5 6 7 8 9
Number of C-atoms

w

2000

:

-
(=
(=
(=]

500

Concentration in shoots
(ng/g f.w.)

UNIVERSITA
DEGLI STUDI

n62 m125 m250

{1my

PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFOS

(mean = st.err.)

log SRCF = - 0.36 (0.04)xC +2.08 (0.27)

Figure 5. Measured concentrations of PFAAs in shoots across treatments

R2=0.94  TSCF=-0.019 (0.004)xC + 0.218 (0.023) R =0.85

10 . 0.2
< B . o ®PFCAs
> 1 & ° E ------- * PFSAs
2 ' e E | g 7el
s | T o S o o
S 04 ePFCAs E ® &,

S o. ... w
7] ®PFSAs o . ?é
0.01 0.0
3 4 5 6 1 8 9 3 4 5 6 71 8

Number of C-atoms

Number of C - atoms

WITH THE CONTRIBUTION OF THE LIFE FINANCIAL
INSTRUMENT OF THE EUROPEAN UNION
LIFE16ENV/IT/000488 - LIFE PHOENIX



DI PADOVA

RLLEO i UNIVERSITA
(0 ¥ 54| /5] DEGLI STUDI

Dipartimento di Agronomia, Animali,
Alimenti, Risorse naturali e Ambiente

g T S . ' . P
§ 600 g ...... ©
G R
s o
i o
0

0 50 100 150 200 250
Concentration in nutrient
solution (pg/L)

y=-0.037 (0.005) x + 21.21 (0.847) R*=0.82

25

20 @ $-....g

2 O ®

10
5
0

Figure 8. Shoots and roots of the control (left)
compared to the treatment 250 (right),
16™ day of the experiment

Figure 9. Correlations between nominal
concentration in nutrient solution and
total plant biomass and nominal 0 50 100 150 200 250
concentration and total transpired Concentration in nutrient
volume of water solution (pg/L)
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* Long-chained PFAAs mainly accumulate in the crop roots (among 65% and
90% of their mass remained in the roots in this study), while short-chained
PFAAs (particularly C3 and C4) are readily transfered to the shoots (80-97% of

their mass in this study).

« Compared to carboxylates, sulfonates with the same perfluoroalkyl chain length
sorb more strongly to the roots and are transfered less to shoots

« RCFs for the long-chained PFAAs have similar values among crops, while
short-chained PFAAS’ sorption to roots is more crop dependent

» Generally, TSCFs for PFAAs are low, in the case of radicchio showing only very
small decrease between C6 and C9, opposed to most of the other crops where
its increase was reported
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» Radicchio var. Chioggia (Cichorium intybus L.) was grown in a greenhouse for
a period of 38 days (in hydroponic system) and 87 days (soil experiment)

 Soil experiment was performed in 12 treatments with spiked irrigation water,

spiked soil and their combinations

* 9 perfluoroalkyl acids (PFAAs)*

« Kd/Kdes were derived from the batch test for used agronomic soil

—

@ Q e e @ @ @ Q Agricultural soil /M

@ @ e @ Q @ 0 [~ spked to 200 ngig External leaves
@O @O @O @O _ of each PFAAs P

Q O Q @ @ @ Q Q Agricultural soil Main root

@ @ @ @ @ @ @ @ — spiked to 100 ng/g 11 kg of soil
@O @O ®O | ®O|| ofeach PFAAs —

00000 @

@ @ @ @ @ @ @ @ — Clgan agricultural
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80 pg/L 10 pg/L 1 pg/L Clean tap water

Soil experiment scheme
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Comparison of the roots concentration factors
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Comparison of the shoots (leaves) to roots
concentration factors (SRCF/LRCF) from soil
experiment and hydroponics.
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Comparison of transpiration stream
concentration factors (TSCF) from soil
experiment and hydroponics.
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soil to water desorption coefficient (Ke:) for
treatments with pre-contaminated soil (in
average).

Regression coefficients are shown with standard
errors and coefficient of determination of the
regression line.
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« Clear differences can be seen in the patterns of PFAAs accumulation in roots
from hydroponics solution and from the soil pore water

« Transfer of PFAAs from roots to leaves in hydroponics decreases with the
PFCASs’ chain length increase, while it is mostly constant for radicchio plants
grown in soll

« TSCFs were mostly constant in hydroponics and they had a V pattern (min. for
PFOA) for the radicchio grown in soil

« Soil is making the difference not only by reducing bioavailability of PFAAs in the
pore water by sorption, but also for the roots development (much larger root
system was developed in soil, with greater surface)

« Different transpiration volumes ere measured for plants from soil experiment
(total volume of about 8.6 L in 87 days) and hydroponics (total volume of 19 L in
37 days).

« Kaand Kaes are very low for the short-chained PFAAs, sorption having almost no
influence on bioavailability
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