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Table S.1 Literature data concerning on the studies of usefulness of hydroponically cultivated plants for removing target phthalic acid esters

(PAESs) from sewage stream

PAEs Type of Plant Method of determining target com- MQL  Concentration Concentrationin = Concentra- Elimina-  Ref.
CW/la- pounds in plant material [ug/g  in plant mate- untreated sewage tion in tion effi-
boratory d.w.] rial [pg/L] treated sew- ciency
system / [pg/g d.w.] age [ng/L] from
full-scale wastewate

system in r stream
WWTP (EE%)
Extraction Clean-up Detec-
tion
DBP Labora- Phragmites UAE (no Column GC-MS 1pug/L Leaves n.d. n.d. >89.7 [16]
tory sys- austrails detail in separation (IDL) 0.243 - 0.597 Details
tem paper) with alu- spring shown in
mina and 0.482 -1.610 Tab. 2 in
silica gel summer paper
0.468 —4.000 au-
tumn
Details shown
in Fig. 3 in pa-
per
DBP Labora- Phragmites - - - - - Experimental 500 [17]
tory sys- austrails (actual 80-410) 62.08
tem 1000 (actual 280- Details
860) shown in Fig. 82.17
2000 (actual 480- 2 in paper
1450) 84.17
DEP Labora- Typha sp. UAE (20 SPE (C18)  GC-MS - - 144 (ExpI) 48.2-61.5 [18]
tory sys- mlL, di- 150 (Exp II) 55.8-67.5
DBP tem chloro- 480 (Exp 1) 48.3-59.4
methane: 510 (Exp II) 52.5-65.0
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DEHP methanol 1074 (Exp I) 41.4-57.5
mixture,15 1410 (Exp II) 52.0-63.9
min) Details in
Fig. 3in
paper
DMP Labora- Wolffia - - - - - 23.9+0.91 <LOD >95.5 [19]
DEP tory sys- arrhiza 20.05+1.12 <LOD >95.6
DnPP tem 15.16 £ 0.98 <LOD 97.5
DIBP 14.59 +1.21 <LOD >96.4
DBP 51.1+2.08 12.57 + 1.06 87.2
DIHP <LOD <LOD -
DEHP 61.35+2.94 25.15+1.98 97.7
DINP 35.96 + 3.60 <LOD >95.6
DMP Labora- Thalia - - - - - 21+04 n.d. 45-83 [20]
DEP tory sys- dealbata; 50+1.1 44-83
DBP tem Arundo 92+15 23-66
BBP donax var. 41=+0. 40-60
DOP versicolor 6.1+1.0 29-45
DEHP 125+22 19-49
Labora- Brassica Soaking Filtered GC-FID 200 Stalk/root/leave [21]
DBP tory sys- juncea; with a and s 170 ppm ~20 ppm 88
DOP tem Helianthus 40:80 mL washed 21000/20000/123 100 ppm ~20 ppm 78
BBP annuus acetone: with 20 mL 900 80 ppm ~20 ppm 80
hexane so-  of acetone 4000/600/95400 (Figure 5 in pa- (Figure 5 in
lution; 8h  and 80 mL 3000/500/76500 per) paper)
of hexane.
Then
shaken
with 200
mL of wa-
ter and
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reextracted
with 60 mL
of hexane
DEHP Pilot-scale  Juncus effu- - - - - Winter 4.42 n.d. Winter 96 [22]
sus Summer 8.49 Summer 82
DiBP Winter 0.44 Winter ~95
Summer 0.51 Summer
DEP Winter 1.82 ~98
Summer 2.71 Winter ~73
DBP Winter 0.38 Summer
Summer 0.16 ~84
Winter ~76
Summer
~74
DBP Pilot-scale  Canna in- - - - - 9840 1.19 99.99 [23]
dica; Acorus 19860 0.21 99.99
calamus
DEP Pilot-scale = Phragmites - - - - 0.151-3.788 ~0.05 (HF) DEP and [24]
australis (mean ~ 0.680) ~0.03 (VF) DBP highly
DBP 0.043-6.134 ~0.06 (HF) removed
(mean ~ 0.770) ~0.025 (VF) DEHP an
DEHP 0.040-2.480 ~0.610 (HF) opposite
(mean ~0.180) ~0.900 (VF) trend
Fig. 2 in paper
DBP Pilot-scale Canna in- - - - - 9840 5.82 99.84 [25]
dica; Acorus
calamus
Among 16 Full-scale = Phragmites - - - - Cumulative concentration of PAEs ~ Negative [26]
PAEs 10 com- austrails; Iris in treated sewage and untreated  effect of the
pounds were pseudacorus; waters for summer and winter constructed
found. DBP, Zizania ca- season was presented. PAEs was  wetland on
DIBP, BEHP duciflora increased by 60.26% in summer PAEs was
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and DEP were and 26.43% in winter, respec- found in
the dominant tively. both sum-
pollutants mer and
winter.
15 PAEs in- Full-scale @ The domi- UAE SPE (Flo- GC-MS 2.8- Sum phthalates n.d. Sum Results in- [27]
cluding all in-  an opera-  nantplant 1:1 v/v hex- risil 500 23.3 1.23 +0.53 pg phthalates dicate re-
vestigated in tional species anes:ace- mg) ppb g™ for Typha 0.34+£0.13 ug  duction of
this study horizontal  (Typha lati- tone by (LOQ) shoots L+ phthalates
subsur-  folia, Typha  tube rota- in water
face flow  angustifolia) tion (10 exiting the
CW that min), soni- CW. Signif-
receives cation (15 icant con-
effluent min), and centrations
from an centrifuga- of DBP,
adjacent tion (15 DEHP, and
WWTP min at 3000 other wa-
rpm) ter-soluble
phthalates
were found
in the
shoots of
Typha, indi-
cating
plant up-
take as a
potentially
important
removal
mechanism
DBP Small- Canna in- Investigated enzymatic activity of DBP degradation only in soil ~ Initial concentra- On the 10th 28]
scale dica; Acorus during 30 days tion 500 mg/g soil day, 35% in
salamus the surface
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soil and
62% in the
subsurface
soil re-
mained.
After 30
days, 95.7%
DBP in the
surface
soil, and
64.2% DBP
in the sub-
surface
soil.

Abbreviations: n.d. - not described in paper; dimethyl (DMP), diethyl (DEP), dipropyl (DnPP), dibutyl (DnBP), diisobutyl (DIBP), bis(2-ethylhexyl) (DEHP), diizoheptyl
(DIHP) and diizononyl (DINP). (PAEs) (dimethyl phthalate (DMP), diethyl phthalate (DEP), di-n-butyl phthalate (DBP), butyl benzylphthalate (BBP), di-n-octyl phthalate
(DOP) and bis (2-ethyl) hexylphthalate (DEHP))
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Table S.2 Literature data concerning on the determination of selected PAEs in plant materials

PAEs Experimental Plant Method of determining target compounds in plant material Recovery MQL Concentration in Ref.
conditions / [%] [ng/g plant material
Concentration d.w.] [pg/g d.w.]
in hydroponic Sample preparation Extraction Clean-up Detec-
Solution tion
/Days
DBP 16 seeds Triticum aes-  Plant samples were UAE A glass column  HPLC- n.p. n.p. Presented in Fig [2]
planted in tivum rinsed with deion-  0.2-g of plant sample, filled with alu- uv 2 in paper
soils/ DBP 0, ized water, dried 20 mL of n-hexane mina (bottom The DBP content
10, 20, and 40 with filter paper, and dichloromethane layer) and an- of wheat roots
mg/kg / plant and separated into  mixture (1:1, v/v)inan  hydrous so- grown in fluvo-
samples were roots and leaves. ultrasonic water bath dium sulfate aquic soil under
collected after The root and leaf (50/60 Hz) for 15 min; (top layer) DBP stresses of
14 (seedling tissues were soaked  centrifugation at 3000  rinsed with di- 10, 20, and 40
stage), 24 in liquid nitrogen rpm for 30 min. The  chloromethane mg/kg decreased
(jointing and stored at 80 °C supernatant was de- (5 mL) rinsed by 56.8% (54.4%),
stage), and 40 prior to analysis canted, and the resi- several times; 44.2% (68.1%),
(booting stage) due was extracted one  the combined and 44.3%
days more time using 20 eluates were (61.4%), respec-
mL fresh solvent mix-  concentrated to tively; the corre-
ture. dryness at 50 sponding de-
°C, dissolved creases for cinna-

in acetonitrile
(1.5 mL), fil-
tered through a
0.22-mm mem-
brane

mon soil equaled
63.0% (67.9%),
62.6% (66.1%),
and 54.2%
(57.3%), respec-
tively, and those
for brown soil
were 45.5%
(58.8%), 47.1%
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(67.6%), and
46.4% (59.0%), re-
spectively
DBP 11 test plants/  Lactuca sa- The plant samples ~ 1.00 g samplein2 mL  Not performed GC- 96.5% 0.08 roots, 3.35 + 0.42 [29]
DBP 5 mg /L; tiva L. var. were rinsed three ~ n-hexane shaken with ECD ug/mL stems 2.74 + 0.38
21 days longifolia times with deion- a rotating shaker at (MDL) leaves 4.35 + 0.42
ized water, then 160 rpm for 1 h. Resid-
dried at 70-C, ual DBP was extracted
ground into a mor- with n-hexane three
tar and sieved to <2 times and then the ex-
mm in size tracts were combined
to await analysis
DEHP nine vegeta- potherb Vegetable samples  Vegetable samples: 5-  Glass chroma-  GC-MS n.d. n.d. The DEHP con- [30]
bles planted in mustard were freeze-dried, 10 g; Soxhlet extractor  tography col- tents of nine veg-
each green- (Brassica ground, and sieved (24 h, 200 mL ace- umn (25 cm etables were
house with3  juncea), bok  to less than 0.2 mm. tone/DCM (1:1, v/v)at long, 1 cmi.d.), 15.75 +0.87 -33.96
mlengthand 1  choy (Bras-  Plastic film samples 75°C) packed with 3 +2.46 ug /g (dry
m width/ stud-  sica chinen- were cleaned with cm alumina weight) from the
ied three types  sis), celery distilled water, Plastic film: 2-5 g; plus 10 cm sil- greenhouse with
of plastic films  (Apium grav-  dried, and cut to Soxhlet extractor (24 ica, followed the PVC film and
with a thick-  eolens), spin-  chips with 2 mm x h, 200 mL of ace- by 2 cm anhy- 11.21 +1.67-27.34
ness of 0.04 ach (Spinacia 2 mm tone/dichloromethane  drous sodium +0.70 pug /g (dry
mm, made of oleracen), (1:1,v/v) at 55°C) sulfate. Di- weight) from the
polyvinyl chlo- cabbage chloromethane greenhouse with
ride (PVC), (Brassica (20 mL) for elu- the PVC-PE com-
polyethylene oleracen), tion. The col- posite film. For
(PE), and a leaf of tube lected fraction vegetables from

reduced to 0.5

the greenhouse




molecules

PVC-PE com- (Allium tu- mL under a with the PE film,
posite / differ- berosumy), gentle stream there were only
ent height lettuce (Lac- of nitrogen three vegetables
Greenhouses tuca sativa), in which DEHP
(0.5m; 1.0 m; garlic (Al- was detected.
1.5 m) / differ- lium sati- The DEHP con-
ent age green- cum) centrations of
houses (0 and edible four vegetables
month; 3 amaranth (B. juncea, A.
months / after  (Amaranthus graveolens, L. sa-
6 months) / mangosta- tiva, and A. man-
four PVC films nus) gostanus) were
with thick- higher than the
nesses of 0.02, other five vegeta-
0.04, 0.06, and bles. More infor-
0.08 mm mation in Tables
1-3 in this paper
DBP 15 seeds wheat seed- Seedlings rinsed 500 mg of shoots or A chromato- HPLC- n.d. n.d. DBP shoot from [31]
DEHP  placed mois- lings with distilled water ~ roots mixed with an- graphic col- uv 11.37 to 59.26
tened with 5 and dried on filter =~ hydrous sodium sul-  umn with alu- ug/g; root from
mL of one of paper. Shoot and fate (Na2504) and a minum oxide 19.21 t0 79.23
the prepared root separated. small amount of silica (1 g) and anhy- ug/g depending
DBP or DEHP sand. UAE, 20 mL drous Na2504 on the applied
solutions ((5, CH:Cl2,15 min. (2 g) rinsed DBP concentra-
10, and 20 with 10 mL tion and har-
mg/mL). Con- CH2CL. 20 mL vested time.
trol seeds were CH2Cl2 was DEHP
cultured in added to the DEHP shoot

distilled water
(blank control)
or 2% metha-
nol (methanol

column when

the digests ar-
rived to the

Naz50: layer,

from 6.14 to 35.31
pg/g; root from
12.06 to 49.39
ug/g depending

10
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control) / Ger-
mination ex-

periments ter-

minated when
the growing

next 10 mL
CH:Cl. Filtra-
tion of the
eluat by 0.22
pm membrane

on the applied
DEHP concentra-
tion and har-
vested time.
More details in

radicle in the Table 3 in this
control was paper
longer than 20
mm
DMP Agriculture  Medicago sa- 1.00 g of plant sam- UAE (30 mL ace- Column chro-  GC-MS n.d. Instru- The concentra- [32]
DEP cultivation/  tiva as green ple placed in a tone:hexane, 1:1 v/v, matographic ment de-  tions of six target
DBP over 110 sam- manure; clean glass centri- 30 min at 25°C). The separation us- tection PAE pollutants
BBP ples of soil vegetable fuge bottle, was three supernatants ing a glass col- limits ranged from
DEHP (paddy soil)  plots: carrot, mixed on a vortex  were all filtered intoa ~ umnwith2g (IDLs) for  0.31-2.39 pug/g in
DOP and plant ma- soybean, mixer for 1 minand round-bottom flask af-  of Na:SOs4, 6 g 6 target soil to 1.81-5.77
terial o an agri- cauliflower, immersed in 30 mL ter another two extrac- of neutral com- ug/g in various
cultural area radish and of acetone:hexane  tions with 20 mL of ac- AlOsand 12 g pounds plants (dry
about 250 m, pak choi (1:1 v/v) overnight.  etone: hexane (1:1 v/v) of neutral silica 0.11-0.35 weight/DW), and
east China Before UAE centrif-  for 15 min each. Evap-  gel (from bot- ug/L their bioconcen-

ugation of the sam-
ple at 1,500 rpm for
5 min

oration to 1-2 mL (350
mbar, 40°C water
bath, 80 rpm), addi-
tion of hexane (3—4
mL) to the remaining
solvent and evapora-
tion to a volume less
than 1 mL but not to
dryness

tom to top).
Pre-washing
step: 15 mL of
hexane and 15
mL of ace-
tone:hexane
(1:4 v/v) mix-
ture. Sample
loading and
elution with 40
mL of ace-
tone:hexane

tration factors

(BCFs) ranged
from 5.8 to 17.9.
More detail in

Figure 4 in this

paper

11
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(1:4 v/v). Evap-
oration to less

than 1 mL of
rsolution
DBP Laboratory lettuce Lac-  After 28 days plants ~ UAE 0.2-g aliquotof =~ Columnsepa- GC-MS  75-110% 3.3 The mean PAE [33]
DEHP  system-1kg tuca sativa; ~ were separated into  plant sample (15 mL ration with 8.5 concentrations,
sand (dry strawberry roots and leaves, of n-hexane and di-  Al20s and silica based on dry
weight) spiked  Fragaria x rinsed with deion- chloromethane mix- gel. After elu- plant mass,
with PAEs to ananassa; ized water, freeze-  ture (1:1, v/ v) in an ul- tion with 40 ranged from 128
concentration  Daucus car-  dried, and ground trasonic water bath mL of ace- to 2391 pg/kg for
500 pg/kg (dry rot carota  to a fine powder us-  (50/60 Hz) for 15 min, tone/hexane DBP and from
weight) for Var. Sativa ~ ing a stainless-steel =~ followed by centrifu-  (1:4 v/v), the el- 654 to 1371 pg/kg
each congener. coffee grinder. The  gation at 3000 rpm for uent was re- for DEHP in the

Plant cultiva-

tion 28 days /

16 h light/8 h
dark cycle

dried plant tissues
were stored at
—20°C until extrac-
tion

30 min. The residue
was re-extracted using
15 mL fresh solvent
mixture

duced to about
1 mL

leaves and roots
of the three spe-
cies. Show in pa-
per in Figure 1.
Bioconcentration
factors (BCFs)
ranging from
0.16 +0.01 to 4.78
+0.59

Abbreviations: n.d. - not described in paper; dimethyl phthalate (DMP), diethyl phthalate (DEP), butyl benzyl phthalate (BBP), di-n-butyl phthalate (DnBP), bis (2-
ethylhexyl) phthalate (DEHP), di-n-octyl phthalate (DnOP)

2. Gao, M.; Dong, Y.; Zhang, Z.; Song, Z. Metabolism and Distribution of Dibutyl Phthalate in Wheat Grown on Different Soil Types. Chemosphere 2019, 236,
124293, doi:10.1016/j.chemosphere.2019.07.024.
29. Liao, C.-S.; Nishikawa, Y.; Shih, Y.-T. Characterization of Di-n-Butyl Phthalate Phytoremediation by Garden Lettuce (Lactuca Sativa L. Var. Longifolia)
through Kinetics and Proteome Analysis. Sustainability 2019, 11, 1625, d0i:10.3390/su11061625.

30.  Fu, X;; Du, Q. Uptake of Di-(2-Ethylhexyl) Phthalate of Vegetables from Plastic Film Greenhouses. Journal of Agricultural and Food Chemistry 2011, 59,
11585-11588, doi:10.1021/j£203502e.
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31. Gao, M,; Dong, Y.; Zhang, Z.; Song, W.; Qi, Y. Growth and Antioxidant Defense Responses of Wheat Seedlings to Di- n -Butyl Phthalate and Di (2-
Ethylhexyl) Phthalate Stress. Chemosphere 2017, 172, 418-428, doi:10.1016/j.chemosphere.2017.01.034.

32. Ma, T.T.; Christie, P.; Luo, Y.M.; Teng, Y. Phthalate Esters Contamination in Soil and Plants on Agricultural Land near an Electronic Waste Recycling
Site. Environmental Geochemistry and Health 2013, 35, 465-476, doi:10.1007/s10653-012-9508-5.

33. Sun, J.; Wu, X,;; Gan, ]J. Uptake and Metabolism of Phthalate Esters by Edible Plants. Environmental Science & Technology 2015, 49, 8471-8478,
d0i:10.1021/acs.est.5b01233.

13



molecules

Table S.3 Chemical structures and physicochemical properties of selected phthalic acid esters (phthalates)

Num- Trade pKi/LogP Water Chemical structure
ber name solubil-
ity
[mgxL]
1 Dimethyl ND/1.6> 42 at 25 CH;
phthalate deg C !
(DMP) o o 0
0 7~ c H3
2 Diethyl ND/2.42>  1.0802 at H3C
phthalate 25 deg C ﬁ
(DEP) o) o)
0" CH,
0]
3 Di-n-butyl ND/4.5> 11.22 at He” "0
phthalate 25 deg C 3
(DBP) o
O \/\/CH 3
O
4 Benzyl bu-  ND/4.73b 2.692 at
tyl 25 deg C
phthalate
(BBP)
O
(@]
O~
o)

14
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5 di-n-octyl ND/8.1b 0.022¢ at

phthalate 25 deg C
(DOP)
0 0
0
ZONGONATNTNG
6 Bis(2-et- ND/7.64 0.27<at CH;
hylhexyl) 25 deg C \/(/\/CHa

0. O
phthalate 0
(DEHP) H, C/\/j/\ o
HsC

abased on Howard, P.H., Banerjee, S., Robillard, K.H., 1985. Measurement of water solubilities, octanol/water
partition coefficients and vapor pressures of commercial phthalate esters. Environ. Toxicol. Chem. 4, 653-661.
https://doi.org/10.1002/etc.5620040509

b based on EPA DSSTox (01.10.2019)

¢based on U.S National Library of Medicine (01.10.2019)

d based on De Bruijn, J., Busser, F., Seinen, W., Hermens, J., 1989. Determination of octanol/water partition

coefficients for hydrophobic organic chemicals with the “slow-stirring” method. Environ. Toxicol. Chem. 8, 499—
512. https://doi.org/10.1002/etc.5620080607

15
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Table S.4. Main technological parameters of the studied MWWTP (average values from 2017)

Results for untreated Results for The highest

Factor treated acceptable Removal efficiency
wastewater .
wastewater concentration
BOD:s 460 mgxL1 Oz 3.4 mgxL1 Oz 15 mgxL1 Oz 99.3 %
CODcr 1144.7 mgxL1 Oz 32.7 mgxL10Oz 125 mgxL1 O2 97.1 %
Niotal 96.7 mgxL1 8.8 mgxL! 15 mgxL" 90.5 %
Protal 11.9 mgxL1 0.2 mgxL1 2 mgxL-! 98.8 %
S -
tspen 567.5 mgxL1 8.6 mgxL 35 mgxL 98.5 %
sions
pH 7.9 7.2 - -

BOD:s Biochemical Oxygen Demand (for 5 days)
CODcrChemical Oxygen Demand (using Potassium Dichromate)
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Figure S.1 Mass spectra of target compounds with the selected MS fragments assignation - part A
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Figure S.1 Mass spectra of target compounds with the selected MS fragments assignation — part B
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Figure S.2 Activated sludge chamber with a system of constructed wetlands in the investigated Municipal Wastewater Treatment Plant in Sochaczew (Ma-
zowieckie Voivodeship, Poland
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Figure S.3. Examples of total ion chromatograms (TICs) recorded for raw (A) and treated (B) wastewater samples
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Figure S.4 Example chromatogram with marked SIM ions for determined target compounds in real Papyrus (Cyperus

papyrus) samples.
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Figure S.5 Example chromatogram with marked SIM ions for determined target compounds in real Yellow pimpernel

(Lysimachia nemorum) samples.
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Figure S.6 Example chromatogram with marked SIM ions for determined target compounds in real European spindle
(Euonymus europaeus) samples.
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