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Table S1.
Basic physico–chemical characteristics, elemental analysis, selected molar atomic ratios, and PAH content of experimental biomass fly ash and soil (average ± SD; n = 4).
	Parameter
	Fly ash
	Soil

	1pH
	10.1 ± 0.0
	7.58 ± 0.1

	Electrical conductivity (mS/cm)
	12.3 ± 0.1

	87.5 ± 1.3

	Cation exchange capacity (mmol+/kg) (+) /kg
	242 ± 15
	259 ± 11

	C (%)
	20.6 ± 0.1
	2.85 ± 0.0

	H (%)
	0.64 ± 0.0
	0.21 ± 0.0

	N (%)
	0.46 ± 0.0
	0.32 ± 0.0

	S (%)
	2.58 ± 0.2
	0.02 ± 0.1

	O (%)
	7.24 ± 0.7
	1.36 ± 0.1

	Organic matter (%)
	32.0 ± 0.4
	4.68 ± 0.1

	H/C ratio
	0.35 ± 0.0
	1.54 ± 0.1 

	O/C ratio
	0.28 ± 0.0
	0.42 ± 0.1

	C/N ratio
	52.1 ± 1.4
	15.9 ± 0.1

	(O+N)/C
	0.29 ± 0.0
	0.44 ± 0.0 

	Ptot (%)
	0.11 ± 0.0
	0.07 ± 0.1

	Ktot (%)
	9.74 ± 0.1
	0.14 ± 0.3

	Catot (%)
	1.62 ± 0.0
	4.46 ± 0.1

	Mgtot (%)
	0.06 ± 0.0
	0.11 ± 0.1

	2Total PAHs (mg/kg dw)
	162 ± 2.1
	3N.D.


1pH (H2O) for fly ash and pH (CaCl2) for soil; 2Total PAHs = sum of individual 16 US EPA PAHs; 3N.D. = not detected (individual PAHs were below the limit of detection in the range from 0.5 to 5 µg/kg dw).


Table S2.  
Compound name, CAS number, molecular and structural formula of polycyclic aromatic hydrocarbons (PAHs).
	Compound
	Abbreviation
	CAS Number
	Molecular Formula
	Molecular 
Structure

	Naphthalene
	NAP
	91-20-3
	C10H8
	[image: Obsah obrázku skica, kruh, design

Popis byl vytvořen automaticky]

	Acenaphthylene
	ACY
	208-96-8
	C12H8
	[image: Obsah obrázku skica, kruh, design, origami

Popis byl vytvořen automaticky]

	Acenaphthene
	ACE
	83-32-9
	C12H10
	[image: Obsah obrázku skica, kruh, origami, design

Popis byl vytvořen automaticky]

	Fluorene
	FLU
	86-73-7
	C13H10
	[image: Obsah obrázku skica, design, origami

Popis byl vytvořen automaticky]

	Phenanthrene
	PHE
	85-01-8
	C14H10
	[image: Obsah obrázku skica, kruh, design, vzor

Popis byl vytvořen automaticky]

	Anthracene
	ANT
	120-12-7
	C14H10
	[image: Obsah obrázku skica, kruh, design, kuchyňské potřeby

Popis byl vytvořen automaticky]

	Fluoranthene
	FLUO
	206-44-0
	C16H10
	[image: Obsah obrázku skica, design, origami

Popis byl vytvořen automaticky]

	Pyrene
	PYR
	129-00-0
	C16H10
	[image: Obsah obrázku skica, kruh, vzor, Symetrie

Popis byl vytvořen automaticky]

	Benzo[a]anthracene
	BaA
	56-55-3
	C18H12
	[image: Obsah obrázku skica, kruh, design, vzor

Popis byl vytvořen automaticky]

	Chrysene
	CHR
	218-01-9
	C18H12
	[image: Obsah obrázku skica, kruh, design, vzor

Popis byl vytvořen automaticky]

	Benzo[b]fluoranthene
	BbF
	205-99-2
	C20H12
	[image: Obsah obrázku skica, kruh, design, origami

Popis byl vytvořen automaticky]

	Benzo[k]fluoranthene
	BkF
	207-08-9
	C20H12
	[image: Obsah obrázku skica, design, origami

Popis byl vytvořen automaticky]

	Benzo[a]pyrene
	BaP
	50-32-8
	C20H12
	[image: Obsah obrázku skica, kruh, vzor, design

Popis byl vytvořen automaticky]

	Dibenzo[a,h]anthracene
	DBA
	53-70-3
	C22H14
	[image: Obsah obrázku skica, kruh, bílé, design

Popis byl vytvořen automaticky]

	Indeno[1,2,3-cd]pyrene
	IPY
	193-39-5
	C22H12
	[image: Obsah obrázku skica, design

Popis byl vytvořen automaticky]

	Benzo[g,h,i]perylene
	BghiP
	191-24-2
	C22H12
	[image: Obsah obrázku skica, kruh, Symetrie, vzor

Popis byl vytvořen automaticky]


Table S3.
Compound name, CAS number, molecular and structural formula of used internal standards.
	Compound
	Abbreviation
	CAS Number
	Molecular Formula
	Molecular 
Structure

	Naphtalene-d8
	NAP-d8
	1146-65-2
	C10D8
	[image: Obsah obrázku diagram, kruh, skica, vzor

Popis byl vytvořen automaticky]

	Acenaphtene-d8
	ACY-d8
	15067-26-2
	C12D10
	[image: Obsah obrázku skica, diagram, kruh, kresba

Popis byl vytvořen automaticky]

	Phenanthrene-d10
	PHE-d10
	1517-22-2
	C14D10
	[image: Obsah obrázku kruh, skica, diagram, vzor

Popis byl vytvořen automaticky]

	2,3,4,5,6-Pentachlorobiphenyl-d5
	PCB 116-d5
	1219798-92-1
	C12Cl5D5
	[image: Obsah obrázku skica, diagram, design, vzor

Popis byl vytvořen automaticky]

	Chrysene-d12
	CHR-d12
	1719-03-5
	C18D12
	[image: Obsah obrázku kruh, skica, diagram, vzor

Popis byl vytvořen automaticky]

	Perylene-d12
	PER-d12
	1520-96-3
	C20D12
	[image: Obsah obrázku diagram, kruh, vzor, Symetrie

Popis byl vytvořen automaticky]





Table S4.
Compound name, CAS number, molecular and structural formula of used surrogate standard.
	Compound
	Abbreviation
	CAS Number
	Molecular Formula
	Molecular 
Structure

	p-Terphenyl-d14
	p-TER-d14
	1718-51-0
	C18D14
	[image: Obsah obrázku diagram, kruh, skica, vzor

Popis byl vytvořen automaticky]



 


Table S5.
Retention times, optimized transitions of the analysed compounds, their collision energies (quantifier transition presented in bold) and used internal standards.
	Compound
	RT
	MRM
Transition
	CE
	Internal
standard

	
	min
	m/z
	V
	

	Naphthalene-d8
	6.56
	136.1108.1
	26
	-

	
	6.56
	136.184.1
	31
	

	
	6.56
	134.082.0
	18
	

	Naphthalene
	6.58
	128.1102.1
	20
	Naphthalene-d8

	
	6.58
	128.178.1
	20
	

	
	6.58
	127.177.1
	15
	

	Acenaphthylene
	8.02
	152.1151.1
	22
	Naphthalene-d8

	
	8.02
	152.1126.0
	30
	

	Acenaphthene
	8.19
	154.0153.0
	20
	Acenaphthene-d10

	
	8.19
	153.1127.1
	30
	

	
	8.19
	153.1102.1
	45
	

	Phenanthrene-d10
	10.17
	188.1160.1
	30
	-

	
	10.17
	188.1136.0
	40
	

	
	10.17
	184.1156.0
	30
	

	Phenanthrene
	10.22
	178.2152.1
	25
	Phenanthrene-d10

	
	10.22
	178.2151.0
	40
	

	
	10.22
	89.076.0
	10
	

	Anthracene
	10.32
	178.1152.1
	25
	Phenanthrene-d10

	
	10.32
	178.1151.1
	30
	

	
	10.32
	176.1150.1
	25
	

	Fluoranthene
	12.52
	202.1176.0
	30
	Phenanthrene-d10

	
	12.52
	202.1152.1
	30
	

	
	12.52
	201.1200.1
	15
	

	PCB 116-d5
	12.93
	330.9260.9
	35
	-

	
	12.93
	330.9259.0
	25
	

	
	12.93
	259.0189.0
	35
	

	Pyrene
	13.05
	202.1151.0
	45
	Phenanthrene-d10

	
	13.05
	201.1200.0
	15
	

	
	13.05
	200.1174.0
	25
	

	p-Terphenyl-d14
	13.10
	244.2240.3
	35
	PCB 116-d5

	
	13.10
	244.2226.2
	30
	

	
	13.10
	244.2160.0
	41
	

	Benzo(a)anthracene
	15.88
	228.0228.0
	5
	Phenanthrene-d10

	
	15.88
	228.0226.0
	38
	

	
	15.88
	226.1224.1
	35
	

	Chrysene-d12
	15.93
	240.2236.2
	41
	-

	
	15.93
	240.2212.2
	36
	

	
	15.93
	236.1232.1
	46
	

	Chrysene
	16.00
	228.1226.1
	30
	Chrysene-d12

	
	16.00
	226.1224.1
	40
	

	
	16.00
	113.1112.1
	10
	

	Benzo(b)fluoranthene
	19.30
	252.1252.1
	5
	Chrysene-d12

	
	19.30
	252.1250.1
	30
	

	
	19.30
	126.0113.1
	10
	

	Benzo(k)fluoranthene
	19.31
	252.1252.1
	5
	Chrysene-d12

	
	19.31
	252.1250.1
	30
	

	
	19.31
	126.0113.1
	10
	

	Benzo(a)pyrene
	20.57
	252.1252.1
	5
	Chrysene-d12

	
	20.57
	252.1250.1
	35
	

	
	20.57
	125.0124.1
	10
	

	Perylene-d12
	20.80
	265.2261.2
	41
	-

	
	20.80
	264.2260.1
	41
	

	
	20.80
	260.1256.1
	43
	

	Dibenzo(a,h)anthracene
	26.02
	278.1278.1
	2
	Perylene-d12

	
	26.02
	278.1276.1
	35
	

	
	26.02
	278.1274.1
	52
	

	Indeno(1,2,3-cd)pyrene
	26.17
	276.1276.1
	5
	Perylene-d12

	
	26.17
	276.1241.1
	40
	

	
	26.17
	138.1137.1
	10
	

	Benzo(g,h,i)perylene
	27.94
	276.1276.1
	5
	Perylene-d12

	
	27.94
	276.1241.1
	45
	

	
	27.94
	138.0137.0
	15
	





Table S6.
Detection limit of the method (MDL), average spike blank recoveries (RECblank), average spike soil recoveries (RESsoil), and average spike plant recoveries (RECplant) of extraction method.
	Compound
	MDL
(µg/kg dw)
	RECspike
(%)
	RESsoil
(%)
	RESplant
(%)

	Naphthalene
	0.5
	52
	83
	81

	Acenaphthylene
	0.5
	84
	83
	82

	Acenaphthene
	0.5
	86
	84
	85

	Fluorene
	0.5
	95
	86
	92

	Phenanthrene
	0.5
	96
	91
	90

	Anthracene
	0.5
	98
	93
	91

	Fluoranthene
	1.0
	101
	99
	95

	Pyrene
	1.0
	100
	92
	90

	4-Terphenyl-d14
	1.0
	99
	101
	102

	Benzo[a]anthracene
	1.0
	 98
	96
	92

	Chrysene
	1.0
	 99
	100
	93

	Benzo[b]fluoranthene
	2.0
	 91
	 93
	90

	Benzo[k]fluoranthene
	2.0
	 92
	 95
	89

	Benzo[a]pyrene
	2.0
	99
	 96
	95

	Dibenzo[a,h]anthracene
	5.0
	101
	102
	104

	Indeno[1,2,3-cd]pyrene
	5.0
	102
	103
	102

	Benzo[g,h,i]perylene
	5.0
	 98
	 97
	95





Table S7.
	Polycyclic aromatic hydrocarbons (PAHs)
	Abbreviation
	CS
	CS-Pop
	CS-Hemp
	CS-Par

	
	
	(µg/kg dw)

	Low molecular weight PAHs:
	
	
	
	
	

	Naphthalene
	NAP
	29.3 ± 21a
	137.1 ± 62b
	71.5 ± 4.4b
	45.5 ± 16a

	Acenaphtene
	ACE
	26.3 ± 10a
	56.8 ± 5.9b
	57.7 ± 2.8b
	49.6 ± 4.3b

	Acenapthylene
	ACY
	17.1 ± 8.8a
	34.3 ± 8.4ab
	52.0 ± 9.3a
	44.5 ± 7.6a

	Fluorene
	FL
	1.8 ± 1.2a
	2.9 ± 0.6a
	4.4 ± 1.6a
	3.7 ± 1.4a

	Phenanthrene
	PHE
	3.4 ± 2.9a
	36.7 ± 13b
	34.4 ± 7.3b
	7.9 ± 3.1a

	Anthracene
	ANT
	3.6 ± 2.6a
	32.3 ± 13b
	33.9 ± 12b
	11.1 ± 8.3a

	Medium molecular weight PAHs:
	
	
	
	
	

	Fluoranthene
	FLU
	4.9 ± 2.6a
	25.5 ± 31b
	20.0 ± 15b
	9.2 ± 7.9a

	Pyrene
	PYR
	2.0 ± 1.5a
	26.8 ± 20 b
	29.9 ± 24b
	6.0 ± 5.8a

	Benzo[a]anthracene
	BaA
	0.8 ± 0.3a
	3.5 ± 1.9b
	9.8 ± 5.7c
	3.1 ± 2.1a

	Chrysene
	CHR
	1.5 ± 0.9a
	6.3 ± 3.1b
	16.2 ± 11c
	3.0 ± 2.9a

	High molecular weight PAHs:
	
	
	
	
	

	Benzo[b]fluoranthene
	BbF
	0.9 ± 0.4a
	1.9 ± 1.4a
	4.2 ± 4.1a
	1.6 ± 1.4 a

	Benzo[k]fluoranthene
	BkF
	1.2 ± 0.5a
	4.8 ± 3.3a
	16.2 ± 10a
	3.8 ± 0.6a

	Benzo[a]pyrene
	BaP
	2.7 ± 0.5a
	2.5 ± 1.5 a
	4.3 ± 4.9a
	2.3 ± 1.1a

	Dibenz[a,h]anthracene
	DBA
	1.1 ± 0.5a
	21.3 ± 2.2c
	11.3 ± 5.7b
	1.6 ±1.0a

	Indeno[1,2,3-c,d]pyrene
	IPY
	1.0 ± 0.4a
	0.9 ± 0.9a
	4.4 ± 2.3a
	1.9 ± 1.4a

	Benzo[g,h,i]perylene
	BghiP
	1.3 ± 0.3a
	6.0 ± 2.7b
	6.2 ± 2.7ab
	3.1 ± 1.3a

	PAH groups
	
	 
	
	
	

	∑Low molecular weight PAHs
	∑LMW PAHs
	83.1 ± 17a
	300.0 ± 48b
	253.8 ± 18b
	162.3 ± 9.1b

	∑Medium molecular weight PAHs
	∑MMW PAHs
	9.2 ± 4.2a
	132.6 ± 62b
	89.6 ± 15b
	12.1 ± 8.3a

	∑High molecular weight PAHs
	∑HMW PAHs
	8.3 ± 0.6a
	37.3 ± 1.8b
	42.4 ± 7.1b
	14.2 ± 2.4a

	∑ Individual 16 PAHs
	∑16 PAHs
	93.6 ± 23a
	469.9 ± 69c
	385.8 ± 32c
	186.6 ± 15b


Removal PAH content (µg/kg dw) in each treatment (average ± SD; n = 4) of the experiment. Means within the same row followed by different lowercase letters indicate significant differences (P <0.05) between the treatments as determined by Tukey´s test. Treatment abbreviations: CS–contaminated soil with fly ash PAHs; CS-Pop–contaminated soil with fly ash PAHs planted by poplar; CS-Hemp–contaminated soil with fly ash PAHs planted by industrial hemp; CS-Par–contaminated soil with fly ash PAHs planted by parsley.


Table S8.
Residual PAH content (µg/kg dw) in each treatment (average ± SD; n = 4) of the experiment. Treatment abbreviations: CS–contaminated soil with fly ash PAHs; CS-Pop–contaminated soil with fly ash PAHs planted by poplar; CS-Hemp–contaminated soil with fly ash PAHs planted by industrial hemp; CS-Par–contaminated soil with fly ash PAHs planted by parsley.
	Polycyclic aromatic hydrocarbons (PAHs)
	Abbreviation
	CS
	CS-Pop
	CS-Hemp
	CS-Par

	
	
	(µg/kg dw)

	Low molecular weight PAHs:
	
	
	
	
	

	Naphthalene
	NAP
	313.8 ± 8.9
	210.0 ± 43
	271.2 ± 24
	292.6 ± 13

	Acenaphtene
	ACE
	27.8 ± 10
	N.D. 
	N.D.
	9.2 ± 2.9

	Acenapthylene
	ACY
	18.6 ± 2.1
	N.D. 
	N.D.
	7.1 ± 1.5

	Fluorene
	FL
	N.D. 
	N.D. 
	N.D. 
	N.D. 

	Phenanthrene
	PHE
	158.8 ± 17
	110.0 ± 18
	126.3 ± 22
	155.3 ± 14

	Anthracene
	ANT
	138.2 ± 19
	107.4 ± 15
	112.3 ± 16
	136.4 ± 15

	Medium molecular weight PAHs:
	
	
	
	
	

	Fluoranthene
	FLU
	161.0 ± 31
	140.0 ± 22
	149.5 ± 19
	160.7 ± 28

	Pyrene
	PYR
	182.5 ± 13
	162.7 ± 27
	149.8 ± 3.5
	174.8 ± 16

	Benzo[a]anthracene
	BaA
	51.5 ± 2.3
	48.7 ± 9.2
	39.9 ± 6.5
	47.4 ± 5.1

	Chrysene
	CHR
	86.2 ± 10
	76.5 ± 4.7
	62.7 ± 12
	76.7 ± 11

	High molecular weight PAHs:
	
	
	
	
	

	Benzo[b]fluoranthene
	BbF
	81.9 ± 9.9
	82.2 ± 10
	78.0 ± 9.9
	80.9 ± 6.1

	Benzo[k]fluoranthene
	BkF
	68.3 ± 9.5
	65.6 ± 11
	53.9 ± 8.7
	64.7 ± 8.3

	Benzo[a]pyrene
	BaP
	188.8 ± 27
	188.6 ± 25
	188.3 ± 26
	184.3 ±24

	Dibenz[a,h]anthracene
	DBA
	36.0 ± 8.2
	10.9 ± 1.3
	26.3 ± 15
	41.4 ± 12

	Indeno[l,2,3-c,d]pyrene
	IPY
	54.5 ± 5.7
	52.4 ± 3.4
	54.1 ± 1.5
	54.5 ± 4.7

	Benzo[g,h,i]perylene
	BghiP
	66.6 ± 7.2
	61.2 ± 1.7
	65.0 ± 6.2
	66.3 ± 8.6

	PAH groups
	
	 
	
	
	

	∑Low molecular weight PAHs
	∑LMW PAHs
	657.2 ± 37
	427.4 ± 35
	509.8 ± 48
	600.6 ± 34

	∑Medium molecular weight PAHs
	∑MMW PAHs
	480.9 ± 18
	357.3 ± 52
	388.2 ± 22
	468.6 ± 12

	∑High molecular weight PAHs
	∑HMW PAHs
	495.9 ± 59
	460.9 ± 46
	465.6 ± 59
	492.0 ± 58

	∑ Individual 16 PAHs
	∑16 PAHs
	1633.9 ± 74
	1245.6 ± 86
	1363.5 ± 105
	1561.2 ± 69


N.D. = not detected (individual PAHs were below the limit of detection in the range from 0.5 to 5 µg/kg dw).


Table S9.
	Biomass yield
	Control 
soil
	Contaminated 
soil

	Poplar:
	
	

	Roots (g fw/pot)
	275 ± 17a
	279 ± 50a

	Roots (g dw/pot)
	51 ± 4a
	51 ± 7a

	Shoots (g fw/pot)
	278 ± 13a
	245 ± 22a

	Shoots (g dw/pot)
	52 ± 3a
	49 ± 5a

	Hemp:
	
	

	Roots (g fw/pot)
	346 ± 17a
	303 ± 32a

	Roots (g dw/pot)
	113 ± 9a
	128 ± 17a

	Shoots (g fw/pot)
	180 ± 19a
	175 ± 29a

	Shoots (g dw/pot)
	59 ± 9a 
	57 ± 10a

	Parsley:
	
	

	Roots (g fw/pot)
	63 ± 30a
	48 ± 29a

	Roots (g dw/pot)
	16 ± 1a
	17 ± 5a

	Shoots (g fw/pot)
	155 ± 33a
	144 ± 7a

	Shoots (g dw/pot)
	26 ± 9a
	18 ± 2a


Fresh (g fw/pot) and dry (g dw/pot) biomass yield in each treatment (average ± SD; n = 4) of the experiment. Means within the same row followed by different lowercase letters indicate significant differences (P <0.05) between the treatments as determined by pair t-test. 














Table S10.
PAH bioaccumulation factors in plant roots of each treatment (average; n = 4) of the experiment. Treatment abbreviations: CS-Pop–contaminated soil with fly ash PAHs planted by poplar; CS-Hemp–contaminated soil with fly ash PAHs planted by industrial hemp; CS-Par–contaminated soil with fly ash PAHs planted by parsley. Different lowercase letters indicate significant differences (P <0.05) between the treatments as determined by Tukey´s test and t-pair test.
	Polycyclic aromatic hydrocarbons (PAHs)
	Abbreviation
	CS-Pop
	CS-Hemp
	CS-Par

	
	
	-

	Low molecular weight PAHs:
	
	
	
	

	Naphthalene
	NAP
	0.07a
	0.07a
	0.05a

	Acenaphtene
	ACE
	-
	-
	-

	Acenapthylene
	ACY
	-
	-
	-

	Fluorene
	FL
	-
	-
	-

	Phenanthrene
	PHE
	0.33a
	0.30a
	0.14.

	Anthracene
	ANT
	0.17a
	0.16a
	0.09b

	Medium molecular weight PAHs:
	
	
	
	

	Fluoranthene
	FLU
	0.17a
	0.17a
	0.08b

	Pyrene
	PYR
	0.11a
	0.13a
	0.07b

	Benzo[a]anthracene
	BaA
	0.39a
	0.38a
	0.12b

	Chrysene
	CHR
	0.17a
	0.21b
	0.09c

	High molecular weight PAHs:
	
	
	
	

	Benzo[b]fluoranthene
	BbF
	0.11a
	0.09a
	-

	Benzo[k]fluoranthene
	BkF
	0.11a
	0.12a
	-

	Benzo[a]pyrene
	BaP
	0.05a
	0.05a
	-

	Dibenz[a,h]anthracene
	DBA
	-
	-
	-

	Indeno[1,2,3-c,d]pyrene
	IPY
	-
	-
	-

	Benzo[g,h,i]perylene
	BghiP
	0.13a
	0.12a
	-

	PAH groups
	
	
	
	

	∑Low molecular weight PAHs
	∑LMW PAHs
	0.13a
	0.12a
	0.07b

	∑Medium molecular weight PAHs
	∑MMW PAHs
	0.17a
	0.18a
	0.08b

	∑High molecular weight PAHs
	∑HMW PAHs
	0.07a
	0.06a
	-

	∑ Individual 16 PAHs
	∑16 PAHs
	0.13a
	0.12a
	0.05b


- = not estimated. 
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