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Fig. S1. The spectrum of the phenanthrene absorbance by UV-spectrophotometer.
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Fig. S2.In (C{/Cy) of PHE removal under different experimental conditions (a) pH, (b)
PS, (¢) airflow, (d) HA%, and (e) Temperature.



Atom @M q(N+1) q(N-1) f* r f
C1 -0.139 -0.083 0.176 0.056 -0.316 0.130
C2 0.060 0.192 -0.051 0.131 0.112 -0.122
C3 0.385 0.359 0.377 -0.025 0.008 0.008
C4 -0.2061 -0.293 -0.249 -0.031 -0.011 0.021
C5 0.036 0.157 -0.017 0.121 0.053 -0.087
Co -0.159 -0.062 -0.317 0.097 0.158 -0.127
C7 0.078 0.229 -0.064 0.151 0.142 -0.147
C8 -0.261 -0.293 -0.249 -0.031 -0.011 0.021
9 0.385 0.360 0.377 -0.025 0.008 0.008
Cc10 0.077 0.229 -0.064 0.151 0.142 -0.147
C11 0.060 0.192 -0.051 0.131 0.112 -0.121
C13 -0.139 -0.083 -0.176 0.056 0.036 -0.046
C14 -0.159 -0.062 -0.317 0.097 0.158 -0.127
C15 0.036 0.157 -0.017 0.121 0.053 -0.087

Fig. S3. the values of nucleophilic attack, electrophilic attack, and radical attack.



Table S1: The studies that investigated the degradation of PHE via different AOP

systems
Pollutant System Experimental conditions Degradation Time Reference
efficiency
PHE Bacterial [PHE] = 10 mg/L, T =25°C 88.6% 6h t
community in the
combined system
of photocatalysis
PHE Clay-based [PHE] = 200 mg/kg, T = 28°C 83% 3 days 2
catalyst/PS/H,O,  pH=5.7, [H,0,] =2.4g/L, [PS] =
41 g/L
PHE Fenton [PHE] = 90 mg/kg, T =20°C, pH = 80% 5 days .
3, [H,05] = 882 mmol/L,
[Fe] = 1 mmol/L
PHE UVB [PHE] =10 mg/L, T = 25°C 85% 6h 4
activation of [TW80]=0.5 g/L, [PDS] = [H,0,]
hydrogen =5 mM, pH 3.
peroxide and
peroxydisulfate
PHE Microwave- [PHE] = 1000 mg/kg, T = 60 °C, 100% 1h °
activated [PS]=50 g/L.
persulfate
PHE Oxidation [PHE] =200 mg/kg. 77% 7 days 6
by PS and Fe-
Modified
Diatomite (Ex-
situ)
PHE Electrokinetically [PHE] =299 mg/kg. 88% 7 days ’
-delivered
persulfate (Ex-
situ)
YPAHs Electro-Fenton [XPAHs] = 3605 mg/kg, 28% 2 days 8
PHE UV/PS [PHE] =10 mg/L, [TW 80] =10 90% 1 day ?
g/L, [H,O,] = [PS] =10 mM,
pH 6.4, UV power =6 W.
PHE Soil naturally [PHE] =300 mg/50g, [PS]=1 g/L, 81% 1 day This study

containing
hematite as a
catalyst of PS and
O,

pH 7, HA = 0.5%, Airflow 260
mL/min, T =55 °C




Table S2: Soil physiochemical characteristics

Soil texture Sandy clay loam, Sand = 50%, Silt = 23%, Clay = 22%
Soil pH 2.9

Soil zero-point 3.5

charge

Bulk density 1.006 g/cm?

Soil organic matter ~ 2.4%

Soil taxonomy ultisols

CEC 9 cmolc/kg

Soil salinity 15.2 uS




Table S3. XRD analysis for the soil sample presented the minerals and their lattice

planes.

20 lattice planes Mineral Card number Reference
12.3° 001) Kaolinite PDF card: 14-0164 %
20° (110) Kaolinite PDF card: 14-0164 ¥
20.8° (100) Quartz PDF card: 85-1054 40
24.9 (002) Kaolinite PDF card: 14-0164 %
26.6° (101) Quartz PDF card: 85-1054 40
35° (104) Hematite PDF card: 89-8103 4!
36.5° (110) Hematite PDF card: 89-8103 4!
38.4° (-202) Kaolinite PDF card: 14-0164 %
50.2° (112) Quartz PDF card: 85-1054 40
60° (121) Quartz PDF card: 85-1054 40
62.3° (606) Kaolinite PDF card: 14-0164 %
68.2° 031 Quartz PDF card: 85-1054 40




Table S4: The removal rate and removal efficiency of [PHE] = 300 mg/50 g, [Fe?*] = g/L soil under different experimental conditions

pH HA Temperature  Air flow PS  Pseudo- second order Pseudo-first order Removal
(w/w S (mL/min) (g/L) reaction model reaction model efficiency
%) Removal rate  R? Removal R?
(M1, h') rate (h')
3 0.5 25 260 1 3.877 0.724 0.0369 0.98 58 %
5 0.5 25 260 1 3.699 0.758 0.0346 0.97 56 %
7 0.5 25 260 1 3.903 0.711 0.0386 0.98 60 %
9 0.5 25 260 1 2.953 0.818 0.0243 0.96 44 %
12 0.5 25 260 1 1.493 0.961 0.0122 0.82 25 %
7 0.5 25 260 0 2.126 0.991 0.0169 0.99 33 %
7 0.5 25 260 0.5 3.423 0.854 0.0291 0.93 50 %
7 0.5 25 260 2.5 4.335 0.735 0.0417 0.97 63 %
7 0.5 35 260 1 4.107 0.735 0.0534 0.99 73 %
7 0.5 45 260 1 3.972 0.745 0.0573 0.99 75 %
7 0.5 55 260 1 3.459 0.791 0.0692 0.99 81 %
7 25 260 1 5.324 0.664 0.0414 0.96 59 %
7 1 25 260 1 5.459 0.665 0.0343 0.98 56 %
7 2.5 25 260 1 5.848 0.611 0.0290 0.96 53 %
7 0.5 25 0 1 2.419 0.962 0.0205 0.81 39 %
7 0.5 25 20 1 2.999 0.888 0.0246 0.90 45 %
7 0.5 25 150 1 3.613 0.785 0.032 0.97 54 %




Table S5: PHE by-products

Index Name R. R. Chemical SmilesRan
Time Index formula
P1 Phenanthrene 12.678 1782 CigHjp  C=1C=CC2=C(C1)C=CC=3C=CC=C(C32
P2 9-methylidene-9H-fluorene 12.678 1560 Ci4Hip C=C1C=2C=CC=CC2C=3C=CC=CC13
P3 1,2-ditridecyl benzene-1,2 22905 3826 C3Hss0, O=C(OCCCCCCCCCCCCO)C=1C=CC=CC1C(=0)0cceeececceccececce
dicarboxylate
P4  Phthalic acid, bis(7-methyloctyl) ester 9.013 2902 C,sH404 O=C(OCCCCCCC(C)C)C=1C=CC=CC1C(=0)OCCCCCCC(C)C
P5 1,2-Benzenedicarboxylic acid, 9.013 2704 CyH3304 O=C(OCCCCCC(C)O)C=1C=CC=CCI1C(=0)0ccccce(oce
diisooctyl ester
P6 19-methyl-3,6,9,12,15- 31.082 2764 C7;HpOs OC=1C2=CC(=CC1COCCOCCOCCOCCOC2)C
pentaoxabicyclo[15.3.1]henicosa-
1(21),17,19-trien-21-0l
P7 3,6,9,12,15- 31.082 2651 C;sHyO OC=1C2=CC=CC1COCCOCCOCCcOcCcCc0cC2
pentaoxabicyclo[15.3.1]henicosa-
1(21),17,19-trien-21-o0l
P8 3,6,9,12,15,18,21,24,27,30- 35202 2628 C,Hys0;, OCCOCCOCCOCCOCCOCCOoCccoccoccoccocco
decaoxadotriacontane-1,32-diol
P9 2-[2-[2-[2-[2-[2-[2-[2-[2-(2- 35202 2903 C,y,H4O1p, OCCOCCOCCOCCOCCOCCcOoccoccoccocco
Hydroxyethoxy)
ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]
ethoxy]ethoxy]ethoxy]ethanol
P10 3,6,9,12,15,18,21,24- 35202 2903 C;3H330;9 OCCOCCOCCOCCOCCOCcOoccoccocco
octaoxahexacosane-1,26-diol
P11  3,6,9,12,15,18-hexaoxaicosane-1,20- 39.242 2354 C4H3,03 OCCOCCOCCOCCOCCOCCOCCO
diol
P12 3,6,9,12,15-pentaoxaheptadecane- 39.242 2079 C;oHy,s0; OCCOCCOCCOCCOCCOCCO
1,17-diol
P13 3,6,9,12-tetraoxatetradecane-1,14- 32915 1804 C;0H»,04 OCCOCCOCCOCCOCCO
diol
P14 Ethyl 2-ethoxy-2-hydroxyacetate 29.062 1023 C¢H ;04 O=C(OCC)C(O)OCC




P15 Dihydroxypropanedioic acid 28.958 1300 C5H404 O=C(0)C(0)(O)C(=0)O
P16  methyl 2-methoxy-3-(4-methoxy-2- 35.732 2212 CjsH;006 O=C(OC)C1=C(OC)C(=CC=C1C)C(=0)C(C)CC(=0)0C
methyl-4-oxobutanoyl)-6-
methylbenzoate
P17  (4-tert-butylphenoxy)methyl acetate  35.732 1563 C;3H;350; O=C(OCOC1=CC=C(C=C1)C(C)(C)C)C
P18 Methyl 2-(4-tert- 35.732 1563 Cy3Hi505 O=C(OC)COC1=CC=C(C=C1)C(C)(C)C
butylphenoxy)acetate
P19 4-(methoxymethoxy)benzaldehyde  20.727 1346 C¢H,00; O=CCI1=CC=C(OCOC)C=Cl1
P20 Methoxyacetic acid, 4-hexadecyl 8.525 2089 Cy9H330; O=C(OC(CCC)CCCcrreeeeceoycoc
ester
P21 Methoxyacetic acid, 6-ethyl-3-octyl ~ 8.525 1428 Cj3Hs0; O=C(OC(CC)CCC(CC)CC)COC
ester
P22 Oxalic acid, 6-ethyloct-3-yl propyl 8.615 1719 Cy5Hy04 O=C(OCCC)C(=0)OC(CC)CCC(Cce)cC
ester
P23 3,7-dimethylnona-1,6-dien-3-ol 8.615 1183 C;;H0O OC(C=C)(C)CCC=C(C)CC
P24 Hept-6-ene-2,4-diol 39.242 1032 C;H140, OC(C)CC(O)CC=C
P25 1-(propan-2-yloxy)propan-2-ol 22.797 792  C¢H140, OC(C)COC(C)C
P26 2,4,6-trimethyl-1,3,5-trioxane 39.242 870  C¢H ;053 O1C(OC(OCIC)C)C
P27 2-ethoxypropane 18.828 616 CsH,O0  O(CO)C(O)C
P28 Propan-2-yl formate 22.797 619 C4HgO, O=COC(C)C




Table S6: The results of toxicity tests for PHE and its by-products

Compound Oral rat LD5 Ames mutagenicity Developmental toxicity
index test
Prediction GHS GHS Prediction Prediction Prediction Prediction
value toxicity Hazard results value results value
(mg/kg) Category statement
PHE 2451.64 5 Harmful if  Positive 0.59 Developmental 0.97
swallowed toxicant
P1 3093.92 5 Harmful if N/A N/A Developmental 1.00
swallowed toxicant
P2 22531.82 5 Harmful if  Negative -0.01 Developmental 0.89
swallowed toxicant
P3 30743.30 5 Harmful if Negative -0.03 Developmental 0.62
swallowed toxicant
P4 26460.18 5 Harmful if  Negative 0.20 Developmental 0.65
swallowed toxicant
P5 2482.20 5 Harmful if  Negative 0.04 Developmental 0.36
swallowed NON-toxicant
P6 2868.75 5 Harmful if  Negative 0.02 Developmental 0.25
swallowed NON-toxicant
P7 9005.15 5 Harmful if  Negative 0.38 Developmental -0.02
swallowed NON-toxicant
P8 8614.13 5 Harmful if  Negative 0.38 Developmental -0.02
swallowed NON-toxicant
P9 8156.67 5 Harmful if  Negative 0.38 Developmental -0.29
swallowed NON-toxicant
P10 19680.47 5 Harmful if  Negative 0.37 Developmental -0.20
swallowed NON-toxicant
P11 21685.78 5 Harmful if  Positive 0.58 Developmental -0.21
swallowed NON-toxicant
P12 24142.26 5 Harmful if  Positive 0.61 Developmental 0.12
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