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[bookmark: _Toc37225767][bookmark: _Hlk36794032]Figure S1.1: Acenaphthene High Throughput Plot with Pathway Match Metabolites. SMILES codes for the nodes are presented in Table S1.1. 


Figure S1.1 shows a network constructed from only the High Node Throughput compounds. Reconstructing the network with only this subset of compounds yields a much smaller more manageable network.
Perfect Match compounds match a literature reference exactly. Pathway Match compounds are High Node Throughput compounds that are found on a degradation pathway to or from a Perfect Match compound. Network Outliers are High Node Throughput compounds that do not have a Perfect Match compound either above or below them in their degradation chains. Table S1.1 contains the SMILES codes for the Pathway Match compounds.
Acenaphthene, and to a lesser extent, Fluorene, both have an aliphatic 5-carbon ring in their structure, which breaks open early in the degradation pathway, contributing to a high number of metabolites with a High Node Throughput Value.  
[bookmark: _Toc37225768]Table S1.1: Acenaphthene Yellow Node (Pathway Matches) Smiles Codes

	1
	OC1Cc2cccc(C([O-])=O)c2\C1=C/C([O-])=O
	 
	81
	Oc1cc(CC([O-])=O)c(C([O-])=O)c(c1)C([O-])=O

	2
	OC1Cc2cccc3c(O)c(O)cc1c23
	 
	82
	OC1(OC(=O)Cc2cccc(C([O-])=O)c12)C([O-])=O

	3
	Oc1cc2CCc3cccc(c1O)c23
	 
	83
	[O-]C(=O)c1cccc2COC(=O)Cc12

	4
	Oc1cc2cccc3CCc(c1O)c23
	 
	84
	[O-]C(=O)c1cccc2CC(=O)OCc12

	5
	OC1(CC([O-])=O)C(=O)Cc2cccc(C([O-])=O)c12
	 
	85
	OC1COC(=O)c2c1cccc2C([O-])=O

	6
	OC1Cc2cccc(C([O-])=O)c2C1(O)CC([O-])=O
	 
	86
	OC(CC([O-])=O)(C=O)c1c(cccc1C([O-])=O)C([O-])=O

	7
	[O-]C(=O)\C=c1\cccc2CCC(C([O-])=O)=c12
	 
	87
	[O-]C(=O)c1cccc2CCC(=O)c12

	8
	OC1Cc2ccc\c(=C\C([O-])=O)c2=C1C([O-])=O
	 
	88
	OC1(CCc2cccc(C([O-])=O)c12)C(=O)C([O-])=O

	9
	[O-]C(=O)\C=C1\CCc2cccc(C([O-])=O)c12
	 
	89
	[O-]C(=O)c1cccc2C(=O)CCc12

	10
	[O-]C(=O)\C=C1\C(=O)Cc2cccc(C([O-])=O)c12
	 
	90
	Oc1cc2C(=O)OCC(C([O-])=O)=c2\c(=C/C([O-])=O)c1O

	11
	OC1Cc2cc(O)c(O)c3cccc1c23
	 
	91
	OC\C(C([O-])=O)=c1/c(ccc/c/1=C/C([O-])=O)C([O-])=O

	12
	OC1Cc2cccc(C([O-])=O)c2C1=O
	 
	92
	Oc1c\c(=C\C([O-])=O)c2=C(COC(=O)c2c1O)C([O-])=O

	13
	OC1CC(O)(CC([O-])=O)c2c1cccc2C([O-])=O
	 
	93
	OCc1cc(O)c(O)\c(=C\C([O-])=O)\c\1=C\C([O-])=O

	14
	OC1C\C(=C\C([O-])=O)c2c1cccc2C([O-])=O
	 
	94
	OCc1c(O)c(O)c\c(=C\C([O-])=O)\c\1=C\C([O-])=O

	15
	OC(=O)C(=O)C1CCc2cccc(C(O)=O)c12
	 
	95
	OC(C(C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O)C([O-])=O

	16
	[O-]C(=O)\C=c1\cccc2CC(=O)C(C([O-])=O)=c12
	 
	96
	[O-]C(=O)\C=C(\C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O

	17
	OC(C1C(=O)Cc2cccc(C([O-])=O)c12)C([O-])=O
	 
	97
	OC(C([O-])=O)c1c(O)c(O)c(O)\c(=C\C([O-])=O)\c\1=C(\O)C([O-])=O

	18
	OC1Cc2cccc(C([O-])=O)c2C1C(=O)C([O-])=O
	 
	98
	[O-]C(=O)C(C(=O)C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O

	19
	OC1CC(C([O-])=O)=c2c1ccc\c2=C\C([O-])=O
	 
	99
	OC1CCc2cccc(C([O-])=O)c12

	20
	OC1(CC([O-])=O)OC(=O)Cc2cccc(C([O-])=O)c12
	 
	100
	OC1(CCc2cccc(C([O-])=O)c12)C([O-])=O

	21
	OC(C([O-])=O)C1(O)C(O)Cc2cccc(C([O-])=O)c12
	 
	101
	[O-]C(=O)C1CCc2cccc(C([O-])=O)c12

	22
	OC(C([O-])=O)C1(O)CC(O)c2cccc(C([O-])=O)c12
	 
	102
	OC1Cc2cccc(C([O-])=O)c2C1

	23
	OC1(CC([O-])=O)CCc2cccc(C([O-])=O)c12
	 
	103
	OC(C([O-])=O)c1c(O)c(O)c\c(=C\C([O-])=O)\c\1=C(\O)C([O-])=O

	24
	[O-]C(=O)c1cccc2CC(=O)C(=O)c12
	 
	104
	[O-]C(=O)C(=O)c1cccc(C([O-])=O)c1C([O-])=O

	25
	[O-]C(=O)\C=C1\CC(=O)c2cccc(C([O-])=O)c12
	 
	105
	OC(C([O-])=O)c1cc(O)cc(C([O-])=O)c1C([O-])=O

	26
	OC1CC(C(=O)C([O-])=O)c2c1cccc2C([O-])=O
	 
	106
	OC(CC([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O

	27
	[O-]C(=O)\C=c1\cccc2CC(=O)OC(C([O-])=O)=c12
	 
	107
	OC\C(C([O-])=O)=c1/c(cc(O)c(O)/c/1=C/C([O-])=O)C([O-])=O

	28
	[O-]C(=O)\C=C1\C(=O)OCc2cccc(C([O-])=O)c12
	 
	108
	[O-]C(=O)\C=c1\cccc(C([O-])=O)\c\1=C(/C=O)C([O-])=O

	29
	OC1(CC([O-])=O)CC(=O)c2cccc(C([O-])=O)c12
	 
	109
	OC\C(C([O-])=O)=c1/c(C([O-])=O)c(O)c(O)c/c/1=C/C([O-])=O

	30
	OC1Cc2cccc(C([O-])=O)c2C1C([O-])=O
	 
	110
	Oc1cc(C=O)\c(=C/C([O-])=O)\c(=C/C([O-])=O)\c1O

	31
	[O-]C(=O)\C=c1\cccc2CC(=O)C=c12
	 
	111
	Oc1c\c(=C\C([O-])=O)\c(=C\C([O-])=O)\c(C=O)c1O

	32
	OC1Cc2cccc(C([O-])=O)c2C(=O)O1
	 
	112
	OC(C([O-])=O)C(O)(C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O

	33
	OC(C([O-])=O)C1(O)C(=O)Cc2cccc(C([O-])=O)c12
	 
	113
	OC(CC([O-])=O)(C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O

	34
	OC1Cc2cccc(C([O-])=O)c2C1(O)C(=O)C([O-])=O
	 
	114
	OC1CC(=O)c2cccc(C([O-])=O)c12

	35
	[O-]C(=O)C(=O)C1C(=O)Cc2cccc(C([O-])=O)c12
	 
	115
	OCC(O)c1cccc(C([O-])=O)c1C([O-])=O

	36
	[O-]C(=O)\C=C1\COC(=O)c2cccc(C([O-])=O)c12
	 
	116
	[O-]C(=O)c1cccc2CCC(=O)Oc12

	37
	[O-]C(=O)\C=c1\cccc2C(=O)CC(C([O-])=O)=c12
	 
	117
	[O-]C(=O)c1cccc2OC(=O)CCc12

	38
	OC1CC(O)(C(=O)C([O-])=O)c2c1cccc2C([O-])=O
	 
	118
	O\C(C([O-])=O)=c1/c(C(=O)C([O-])=O)c(O)c(O)c(O)/c/1=C/C([O-])=O

	39
	OC(C([O-])=O)C1(O)CC(=O)c2cccc(C([O-])=O)c12
	 
	119
	OC(C([O-])=O)(C(=O)C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O

	40
	[O-]C(=O)c1cccc2CC(=O)OC(=O)c12
	 
	120
	[O-]C(=O)c1cccc(C([O-])=O)c1C([O-])=O

	41
	OCc1cccc(C([O-])=O)c1\C(=C/C([O-])=O)C([O-])=O
	 
	121
	[O-]C(=O)\C=C/c1c(cccc1C([O-])=O)C([O-])=O

	42
	[O-]C(=O)C(=O)C1CC(=O)c2cccc(C([O-])=O)c12
	 
	122
	O=C1OCc2cccc3cccc1c23

	43
	O\C(C([O-])=O)=c1/c(CC([O-])=O)ccc/c/1=C/C([O-])=O
	 
	123
	[O-]C(=O)c1cccc2CCCc12

	44
	Oc1cc2CC(=O)OC(C([O-])=O)=c2\c(=C/C([O-])=O)c1O
	 
	124
	O\C(C([O-])=O)=c1/c(C=O)c(O)c(O)c(O)/c/1=C/C([O-])=O

	45
	[O-]C(=O)\C=c1\cccc2COC(=O)C=c12
	 
	125
	OC\C(C([O-])=O)=c1/c(O)c(O)c(O)c(O)/c/1=C/C([O-])=O

	46
	Oc1cc(C([O-])=O)c2C(=O)OC(=O)Cc2c1O
	 
	126
	Oc1cc(C([O-])=O)\c(=C(/C=O)C([O-])=O)\c(=C/C([O-])=O)\c1O

	47
	OC1(C(=O)C([O-])=O)C(=O)Cc2cccc(C([O-])=O)c12
	 
	127
	OC\C(C([O-])=O)=c1/c(O)c(O)c(O)c/c/1=C/C([O-])=O

	48
	OC1Cc2cccc(C([O-])=O)c2C1(O)C([O-])=O
	 
	128
	Oc1cc(C([O-])=O)\c(=C/C([O-])=O)\c(=C/C([O-])=O)\c1O

	49
	CC(=O)c1cccc(C([O-])=O)c1C(=O)CC([O-])=O
	 
	129
	Oc1c\c(=C\C([O-])=O)\c(=C\C([O-])=O)\c(C([O-])=O)c1O

	50
	OC1(CC([O-])=O)COC(=O)c2cccc(C([O-])=O)c12
	 
	130
	OC(C([O-])=O)(C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O

	51
	OC\C(=C\C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O
	 
	131
	Oc1c(CCC([O-])=O)cccc1C([O-])=O

	52
	OC(C([O-])=O)C1(O)CCc2cccc(C([O-])=O)c12
	 
	132
	[O-]C(=O)c1cccc(C([O-])=O)c1C=O

	53
	OC1CC(C([O-])=O)c2c1cccc2C([O-])=O
	 
	133
	OC(C([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O

	54
	Oc1c\c(=C\C([O-])=O)c2=C(OC(=O)Cc2c1O)C([O-])=O
	 
	134
	OC\C(C([O-])=O)=c1/c(O)c(O)cc/c/1=C/C([O-])=O

	55
	[O-]C(=O)\C=c1\cccc2C(=O)OCC(C([O-])=O)=c12
	 
	135
	Oc1cccc(C([O-])=O)c1CCC([O-])=O

	56
	[O-]C(=O)C1C(=O)Cc2cccc(C([O-])=O)c12
	 
	136
	[O-]C(=O)C(=O)c1c(cccc1C([O-])=O)C([O-])=O

	57
	OC1(CC(=O)c2cccc(C([O-])=O)c12)C(=O)C([O-])=O
	 
	137
	Oc1cc(C([O-])=O)c(C([O-])=O)c(C([O-])=O)c1O

	58
	Oc1cc2CC(=O)OC(=O)c2c(C([O-])=O)c1O
	 
	138
	O\C(C([O-])=O)=c1/c(C([O-])=O)c(O)c(O)c(O)/c/1=C/C([O-])=O

	59
	OC1CC(=O)c2c1cccc2C([O-])=O
	 
	139
	Oc1c(O)c(O)\c(=C(/C=O)C([O-])=O)\c(=C/C([O-])=O)\c1O

	60
	OC1CC(O)(C([O-])=O)c2c1cccc2C([O-])=O
	 
	140
	Oc1c\c(=C\C([O-])=O)\c(=C(\C=O)C([O-])=O)\c(C([O-])=O)c1O

	61
	[O-]C(=O)C1CC(=O)c2cccc(C([O-])=O)c12
	 
	141
	Oc1c(O)c(O)\c(=C/C([O-])=O)\c(=C/C([O-])=O)\c1O

	62
	O\C(C([O-])=O)=c1/c(CC([O-])=O)cc(O)c(O)/c/1=C/C([O-])=O
	 
	142
	Oc1c\c(=C\C([O-])=O)\c(=C\C([O-])=O)\c(O)c1O

	63
	Oc1cc2COC(=O)C=c2\c(=C/C([O-])=O)c1O
	 
	143
	Oc1cc(C([O-])=O)c(C(=O)C([O-])=O)c(C([O-])=O)c1O

	64
	OCc1ccc\c(=C\C([O-])=O)\c\1=C\C([O-])=O
	 
	144
	Oc1cc(C([O-])=O)c(C(=O)C([O-])=O)c(c1)C([O-])=O

	65
	Oc1c\c(=C\C([O-])=O)c2=CC(=O)OCc2c1O
	 
	145
	Oc1cccc(C([O-])=O)c1O

	66
	[O-]C(=O)\C=C(\C([O-])=O)c1c(C=O)cccc1C([O-])=O
	 
	146
	Oc1c(cccc1C([O-])=O)C([O-])=O

	67
	OC(=O)Cc1cccc(C([O-])=O)c1C([O-])=O
	 
	147
	Oc1cc\c(=C\C([O-])=O)c(=C(C([O-])=O)C([O-])=O)c1O

	68
	OC1(C([O-])=O)C(=O)Cc2cccc(C([O-])=O)c12
	 
	148
	Oc1cc(C([O-])=O)c(=C(C([O-])=O)C([O-])=O)\c(=C/C([O-])=O)c1O

	69
	[O-]C(=O)c1cccc2CC(=O)Cc12
	 
	149
	Oc1cc(C([O-])=O)c(C(=O)C([O-])=O)c(O)c1O

	70
	OCC(O)(CC([O-])=O)c1c(cccc1C([O-])=O)C([O-])=O
	 
	150
	Oc1cc(C([O-])=O)c(C([O-])=O)c(O)c1O

	71
	[O-]C(=O)\C=C(\C=O)c1c(cccc1C([O-])=O)C([O-])=O
	 
	151
	Oc1ccc(O)c(O)c1O

	72
	OC1CCc2c1cccc2C([O-])=O
	 
	152
	Oc1ccc(C([O-])=O)c(O)c1O

	73
	OC(=O)c1c(CC([O-])=O)cccc1C([O-])=O
	 
	153
	Oc1cc(C([O-])=O)c(O)c(C([O-])=O)c1O

	74
	OC1C(=O)Cc2cccc(C([O-])=O)c12
	 
	154
	Oc1cc\c(=C\C([O-])=O)\c(=C(\C=O)C([O-])=O)\c1O

	75
	[O-]C(=O)c1cccc2C(=O)CC(=O)c12
	 
	155
	Oc1cc\c(=C\C([O-])=O)c(=CC([O-])=O)c1O

	76
	O\C(C([O-])=O)=c1/c(CC([O-])=O)c(O)c(O)c/c/1=C/C([O-])=O
	 
	156
	O\C(C([O-])=O)=c1/c(O)c(O)c(O)c(O)/c/1=C/C([O-])=O

	77
	O\C(C([O-])=O)=c1/c(CC([O-])=O)c(O)c(O)c(O)/c/1=C/C([O-])=O
	 
	157
	Oc1c(O)c(O)c(=C(C([O-])=O)C([O-])=O)\c(=C/C([O-])=O)c1O

	78
	OC1(CC(=O)c2cccc(C([O-])=O)c12)C([O-])=O
	 
	158
	Oc1c(O)c(O)\c(=C\C([O-])=O)c(=CC([O-])=O)c1O

	79
	OC(C([O-])=O)c1cc(O)c(O)\c(=C\C([O-])=O)\c\1=C(\O)C([O-])=O
	 
	159
	Oc1c\c(=C\C([O-])=O)\c(=C(\C=O)C([O-])=O)\c(O)c1O

	80
	OC(C([O-])=O)c1cccc(C([O-])=O)c1C([O-])=O
	 
	160
	Oc1c\c(=C\C([O-])=O)c(=C(C([O-])=O)C([O-])=O)c(O)c1O

	
	
	
	161
	Oc1c\c(=C\C([O-])=O)c(=CC([O-])=O)c(O)c1O



High Betweenness Maximum Common Substructures:

The compounds with the highest betweenness centrality display similar substructures. Code was adapted from the RDKit Cookbook, referenced in the main text. The Tanimto Similarities between the Morgan Fingerprints were first calculated, and then clusters were developed with Butina Clustering using a cutoff of 0.4. For full details and the actual python code, see the github linked in the main text. 
[image: ]
[bookmark: _Hlk36793980][bookmark: _Toc37225769]Figure S1.2: Maximum Common Substructures (MCS) in the Top 1% of Betweenness: Acenaphthene. The first row shows the MCS in top 5 largest clusters. The numbers indicate how many compounds are contained in each cluster. The compounds in the vertical columns with the substructure highlighted in orange are presented as examples of which compounds are included in the cluster. In the case of acenaphthene, each cluster has a unique substructure.  




[bookmark: _Toc37225770][bookmark: _Hlk36794078]Table S1.2: Acenaphthene Empirical Literature Review

	[bookmark: _Hlk10801829]Structure:
	Network Metrics
	Empirical Studies finding the same thing
	Similar Compounds

	Acenaphthene
	
	
	

	[image: ]

OC1Cc2cccc3cccc1c23
1-Acenaphthenol
	Perfect Match


Throughput: 0.015

	Ghosal et al, 2013 1 Komatsu et al, 19932
Mallick, 20193
Schocken et al, 19844
Birolli et al, 20185
Liu et al, 20066
Birolli et al, 20185
	

	[image: ]


OC1c2cccc3cccc(c23)C1O
cis-1,2-Acenaphthenediol
1,2-Acenaphthenediol
	Partial Match 

[image: ]

Throughput: 0.015

	Mallick, 20193
Schocken et al, 19844 Kouzuma et al, 2006
	

	[image: ]

C1=Cc2cccc3cccc1c23
acenaphthylene
	Partial Match 

[image: ]
OC1Cc2cccc3cccc1c23
Throughput: 0.015


	Birolli et al, 20185
	

	[image: ]

OC1=C(O)c2cccc3cccc1c23
1,2-dihydroxyacenaphthylene
	No Match (Single paper)
	Schocken et al, 19844
	

	[image: ]
O=C1Cc2cccc3cccc1c23
1-Acenaphthenone
	Perfect match

Throughput: 0.015


	Ghosal et al, 20131 
Komatsu et al, 19932
Mallick, 20193
Schocken et al, 19844
Chapman et al, 19957
	

	
[image: ]
O=c1c2cccc3cccc(c23)c1=O
Acenaphthenequinone
	Partial Match

[image: ]

Throughput: 0.015

OC1Cc2cccc3cccc1c23
	Ghosal et al, 20131
Mallick, 20193
Chapman et al, 19957
Poothrigpun et al, 20068
	

	[image: ]
[O-]C(=O)c1cccc2ccccc12
1-Naphthoic acid
	Low Throughput Match

Throughput: 0.000002
	Ghosal et al, 20131
Mallick, 20193
Poothrigpun et al, 20068
Nayak et al, 20099
	

	[image: ]
O=C(O)/C=c1\cccc2c1=C(O)C(=O)C=C2
or
[image: ]
O=C(O)Cc1cccc2c1C(=O)C(=O)C=C2
7,8-diketonaphthyl-1-acetic acid
	No Match (Single paper)
	Selifononv et al, 199310
	

	

[image: ]
Oc1cccc(C([O-])=O)c1C([O-])=O
o-methoxy-o-phthalic acid
	Low Throughput Match

Throughput: 0.0078
	Selifononv et al, 199310
	

	[image: ]
Oc1ccccc1C([O-])=O
Salicylic Acid/ 2-hydroxybenzoic acid
	Low Throughput Match

Throughput: 0.0027


	Ghosal et al, 20131
Mallick, 20193
Nayak et al, 20099
Poothrigpun et al, 20068
	

	[image: ]
Gentisate
gentisic acid
O=C(O)c1cc(O)ccc1O
	Low Throughput Match

Oc1ccc(O)c(c1)C([O-])=O

Throughput: 0.00039

	Poothrigpun et al, 20068
	

	[image: ]
3-Formyl Salicylic Acid
O=Cc1cccc(C(=O)O)c1O
	Low Throughput Match


Oc1c(C=O)cccc1C([O-])=O

Throughput: 0.00022
	Mallick, 20193
	

	[image: ]
Oc1ccc2ccccc2c1O
1,2-Dihydroxyacenapthylene
	Low Throughput Match

Throughput: 0.000001
	Mallick, 20193 
Nayak et al, 20099
	

	[image: ]

O=C1OC(=O)c2cccc3cccc1c23
1,8-Naphthalic anhydride
	Partial Match

[image: ]

Throughput: 0.015
	Mallick, 20193
Chapman et al, 19957
	

	
[image: ]

O=C(O)c1cccc2cccc(C(=O)O)c12
Napthalene-1,8-dicarboxylic acid dimethyl ester
	Low Throughput Match
[O-]C(=O)c1cccc2cccc(C([O-])=O)c12

Throughput: 0.00017
	Mallick, 20193
Chapman et al, 19957
Nayak et al, 20099
Poothrigpun et al, 20068
Selifononv et al, 199310
	

	[image: ]
Oc1ccccc1O
Catechol
	Low Throughput Match

Throughput: 0.00055


	Mallick, 20193, Mallick 201111
	



[bookmark: _Toc37225771][bookmark: _Hlk36794144]Table S1.3: Acenaphthene Empirical Review Summary
	
	Perfect Match
	Partial Match

	High Throughput
	2
	4

	Low Throughput
	8
	0



No Match (Single) 2
No Match (Multiple) 0
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[bookmark: _Toc37225772]Supporting Information Section 2: Anthracene
[bookmark: _Hlk35580829][image: ]
[bookmark: _Hlk36794203][bookmark: _Toc37225773][bookmark: _Hlk31790454]Figure S2.1: Anthracene High Throughput Plot with Pathway Match Metabolites. SMILES codes for the nodes are presented in Table S2.1. 
Figure S2.1 shows a network constructed from only the High Node Throughput compounds. Reconstructing the network with only this subset of compounds yields a much smaller more manageable network.
Perfect Match compounds match a literature reference exactly. Pathway Match compounds are High Node Throughput compounds that are found on a degradation pathway to or from a Perfect Match compound. Network Outliers are High Node Throughput compounds that do not have a Perfect Match compound either above or below them in their degradation chains. Table S2.1 contains the SMILES codes for the Pathway Match compounds. 



[bookmark: _Hlk31790583][bookmark: _Toc37225774][bookmark: _Hlk36794342]Table S2.1: Anthracene Yellow Node (Pathway Matches) Smiles Codes

	1
	OC(CC([O-])=O)c1cc2ccccc2cc1C([O-])=O
	 
	15
	Oc1ccc(O)c(C([O-])=O)c1O

	2
	O=c1oc2ccccc2c(=O)c2ccccc12
	 
	16
	[O-]C(=O)Cc1ccccc1C([O-])=O

	3
	Oc1c(C([O-])=O)c(cc2ccccc12)C([O-])=O
	 
	17
	Oc1cc(O)c(O)c(O)c1O

	4
	Oc1c(O)c2ccccc2cc1C([O-])=O
	 
	18
	OC(C(=O)C([O-])=O)c1ccccc1C([O-])=O

	5
	[O-]C(=O)C(=O)C(=C\c1ccccc1C([O-])=O)\C([O-])=O
	 
	19
	Oc1cccc(C([O-])=O)c1O

	6
	Oc1cc2ccccc2c(O)c1O
	 
	20
	OC(C([O-])=O)c1ccccc1C([O-])=O

	7
	[O-]C(=O)c1ccccc1C=O
	 
	21
	[O-]C(=O)C(=O)C(=O)c1ccccc1C([O-])=O

	8
	Oc1ccc(C([O-])=O)c(C=O)c1O
	 
	22
	Oc1ccc(O)c(O)c1O

	9
	Oc1cc(O)c(cc1O)C([O-])=O
	 
	23
	Oc1ccc(C=O)c(C([O-])=O)c1O

	10
	Oc1ccc(O)c(c1)C([O-])=O
	 
	24
	Oc1cc(C=O)c(cc1O)C([O-])=O

	11
	OC(C(=O)C(O)=O)c1ccccc1C(O)=O
	 
	25
	Oc1cccc(C=O)c1O

	12
	OC(=O)C(=O)Cc1ccccc1C(O)=O
	 
	26
	[O-]C(=O)C(=O)c1ccccc1C([O-])=O

	13
	Oc1ccc(C([O-])=O)c(O)c1O
	 
	27
	[O-]C(=O)c1ccccc1C(=O)C=O

	14
	Oc1cccc(O)c1O
	 
	28
	Oc1cc(C([O-])=O)c(cc1O)C([O-])=O




High Betweenness Maximum Common Substructures:
The compounds with the highest betweenness centrality display similar substructures. Code was adapted from the RDKit Cookbook, referenced in the main text. The Tanimto Similarities between the Morgan Fingerprints were first calculated, and then clusters were developed with Butina Clustering using a cutoff of 0.4.
For full details and the actual python code to plot this figure, see the github linked in the main text. 

[image: ]
[bookmark: _Hlk36794525][bookmark: _Toc37225775]Figure S2.2: Maximum Common Substructures (MCS) in the Top 1% of Betweenness: Anthracene. The first row shows the MCS in top 5 largest clusters. The numbers indicate how many compounds are contained in each cluster. The compounds in the vertical columns with the substructure highlighted in orange are presented as examples of which compounds are included in the cluster. In the case of anthracene, the same MCS occurs in several different clusters.  





[bookmark: _Toc37225776][bookmark: _Hlk36794541]Table S2.2: Anthracene Empirical Literature Review

	Structure:
	Network Metrics
	Empirical Studies finding the same thing

	Anthracene
	
	

	[image: image1.png]
O=C1c2ccccc2C(=O)c2ccccc12
9,10-Anthraquinone
	Perfect Match
Node Throughput: 0.029
	Leneva et al, 2008 1, Moody et al, 2001 2, Ahmed et al, 2012 3, Hadibarata et al, 2012 4 Li et al, 2014 5 Ye et al, 2011 6
Aranda et al, 20177
Birolli et al, 20188
Gunther et a, 19989
Hadibarata et al, 201310 Hammel et al, 199111, Baboshin et al, 200512, Bezalel et al, 199613, Bylik et al, 199914
Cajthaml et al, 200215
Chigu et al, 201016
Coutino-Gonzalez et al, 201017
Field et al, 199218
Guiraud et al, 200819
Kastner et al, 199920
Li et al, 20145
Lisowska et al, 199921
Pathak et al, 200822
Peng et al, 201823
Pizzul et al, 200624
Sutherland et al, 199225
Tarafdar et al, 201726
Traczewska et al, 200027
Weigand et al, 199928
Wu et al, 200829
Wu et al, 201030


	[image: ]
2-hydroxyanthraquinone
O=C1c2ccccc2C(=O)c2cc(O)ccc21
	Partial Match
[image: image1.png]
O=C1c2ccccc2C(=O)c2ccccc12
Throughput: 0.029
	Chigu et al, 201016

	[image: ]
1,4-Anthraquinone
O=C1C=CC(=O)C2C=c3ccccc3=CC12
	No Match (Single paper)
	Godoy et al, 201631

	[image: ]
1-4 dihydroxyanthraquinone
O=C1c2ccccc2C(=O)c2c(O)ccc(O)c21
	Partial Match
[image: image1.png]
O=C1c2ccccc2C(=O)c2ccccc12
Throughput: 0.029
	Guiraud et al, 200819

	[image: ]
1,8 dihydroxyanthraquinone
O=C1c2cccc(O)c2C(=O)c2c(O)cccc21
	Partial Match
[image: image1.png]
O=C1c2ccccc2C(=O)c2ccccc12
Throughput: 0.029
	Guiraud et al, 200819

	
[image: ]
O=C1c2ccccc2Cc2ccccc12
9-Anthraquinone
Anthrone
	Partial Match

[image: image1.png]
O=C1c2ccccc2C(=O)c2ccccc12
Throughput: 0.029
	Aranda et al, 20177
Birolli et al, 20188
Cajthaml et al, 200215
Chigu et al, 201016
Richnow et al, 199832
Wu et al, 201030

	[image: ]
Oc1c2ccccc2c(O)c2ccccc12
9,10 dihydroxy anthracene
	Partial Match 


immediate parent and daughter contained in model
	Bidi et al, 201833
Traczewska et al, 200027

	
[image: image1.png]
Oc1ccc2cc3ccccc3cc2c1O
1,2-dihydroxyanthracene
	Perfect Match
Throughput: 0.97
	Chandrasekhar et al, 201034
Fukelar et al, 2017,  35, Leneva et al, 2009 1 Moody et al, 2001 2, Ahmed et al, 2012 3 Hammel et al, 199111, Bezalel et al, 199613
Brinda et al, 201136
da Silva et al, 200437
Pathak et al, 200822
Sutherland et al, 199225
van Herwijnen et al, 200338

	 [image: ]
1-methylanthracene
Cc1cccc2cc3ccccc3cc12
	No Match (Single paper)
	Tarafdar et al, 201726

	[image: ]
1-anthrol
Oc1cccc2cc3ccccc3cc12
	Partial Match
[image: image1.png]
Throughput: 0.97
Oc1ccc2cc3ccccc3cc2c1O
	Sutherland et al, 199225

	[image: ]
O=C1OC2=CC3=CC=CC=C3C=C2C=C1
6,7 benzocoumarin
	No Match (Multiple papers) 

however, this compound forms from an out-and back-pathway that does not contribute to the overall biodegradation chain. 
	Ahmed et al, 20123 Leneva et al, 20091
Baboshin et al, 200512
Kim et al, 199739
Pathak et al, 200822
van Herwijnen et al, 200338


	[image: ]
COC1=C(C=CC2=CC3=CC=CC=C3C=C21)O
1-methoxy-2-hydroxyanthracene
	No Match (Multiple papers)
because EAWAG does not predict methylations. The immediate precursor 1,2-dihydroxyanthracene is predicted with a node throughput of 0.91
[image: image1.png]
	Ahmed et al, 2012 3
Pathak et al, 200822

	[image: ]

Benzophenone
O=C(c1ccccc1)c1ccccc1
	Low Throughput Partial Match
[image: ]
Throughput: 0.0018

Oc1cccc(C(=O)c2ccccc2O)c1O


	Wu et al, 201030

	[image: ]

2,2’-Methylenediphenol
Oc1ccccc1Cc1ccccc1O
	Low Throughput Partial Match
[image: ]
Throughput: 0.0018
Oc1cccc(C(=O)c2ccccc2O)c1O

	Tarafdar et al, 201726

	[image: ]

4,4’-(Hexane-3,4-diyl)diphenol
CCC(c1ccc(O)cc1)C(CC)c1ccc(O)cc1
	No Match (Single paper)


	Tarafdar et al, 201726

	
[image: ]
1-Methoxy-4-(p-tolylethynyl)benzene
COc1ccc(C#Cc2ccc(C)cc2)cc1
	No Match (Single paper)
	Tarafdar et al, 201726

	[image: ]
2,2’-(1,4-Phenylene)dipropionic acid
CC(C(=O)O)c1ccc(C(C)C(=O)O)cc1
	No Match (Single paper)
	Tarafdar et al, 201726

	
[image: ]
9-fluorenol, 9-Hydroxyfluorene
OC1c2ccccc2-c2ccccc12
	No Match (Single paper)
	Brinda et al, 201136

	[image: ]
2-Propanone, 1,1-diphenyl-
CC(=O)C(c1ccccc1)c1ccccc1
	No Match (Single paper)
	Wu et al, 201030

	
[image: 6103image1.png]
[O-]C(=O)\C=C/c1cc2ccccc2cc1C([O-])=O
3-[(Z)-2-carboxyvinyl]-2-naphthoate, 3-(2-carboxyvinyl)naphthalene-2-carboxylic
	Perfect Match
Node Throughput: 0.32


	Moody et al, 2001 2
Brinda et al, 201136

	
[image: ]

(E)-3-(2-hydroxynaphthalen-3-yl)acrylic acid
O=C(O)C=Cc2cc1ccccc1cc2O
	Partial Match

Immediate Parent and Daughter predicted: Occupies the same place in the degradation chain as 3-[(Z)-2-carboxyvinyl]-2-naphthoate. 
	Ahmed et al, 2012 3

	[image: ]


cis-4-(2-Hydroxynaphth-3-yl)-2-oxobut-3-enoic acid
O=C(O)C(=O)/C=C\c1cc2ccccc2cc1O
	No Match (Single paper)
	van Herwijnen et al, 2003 38

	[image: ]

4-(3-Hydroxy-2-naphthyl)butanoic acid
O=C(O)CCCc1cc2ccccc2cc1O
	No Match (Multiple papers)
	Weigand et al, 199928
Baboshin et al, 200512

	
[image: ]
2-Hydroxy-3-naphthyl -propionic
Acid
O=C(O)CCc1cc2ccccc2cc1O
	No Match (Single paper)
	Baboshin et al, 200512

	[image: ]

Naphthalene 2,3 dicarboxylic acid
[O-]C(=O)c1cc2ccccc2cc1C([O-])=O
	Perfect Match
Throughput: 0.16
	van Herwijnen et al, 200340

	
[image: 6103image1.png]

Oc1cc2ccccc2cc1C([O-])=O
3-Hydroxy-2-naphthoate

	Perfect Match
Throughput: 0.32
	
Menn et al, 1993 41
Weigand et al, 199928

Different protonation state:
Hadibarata et al, 201310, Baboshin et al, 200512
Liu et al, 199242
Richnow et al, 199832
Story et al, 200143
Van Herwijnen et al, 200338

	
[image: ]

C1(C=2C(C(=O)O1)=CC=CC2)=O
Phthalic anhydride
	Partial Match
Not predicted, but its immediate precursor and immediate daughter are
	Ye et al, 20116
Bylik et al, 199914
Cajthaml et al, 200215
Traczewska et al, 200027


	[image: ]

O=C1OCc2ccccc21
Phthalide
	No Match (Single paper)
	Cajthaml et al, 200215

	[image: ]

2-(2'-hydroxybenzoyl)-benzoic acid
Oc1ccccc1C(=O)c1ccccc1C([O-])=O
	Perfect Match

Throughput: 0.015
	Cajthaml et al, 200215

	
[image: ]
dimethyl phthalic acid
COC(=O)c1ccccc1C(=O)OC
	No Match (Single paper)

Note: EAWAG does not predict methylations 
	Cajthaml et al, 200215

	[image: ]

c1ccc2ccccc2c1
Naphthalene
	Partial Match
[image: ]

Throughput: 0.14
Oc1cc2ccccc2cc1O
	Das et al, 2017 44 Godoy et al, 201631
Tarafdar et al, 201726

	[image: ]

Cc1ccc2ccccc2c1
Napthalene-2-methyl
2-Methylnaphthalene
	No Match (Multiple papers)

	Das et al, 2017 44 Godoy et al, 201631

	[image: ]

Cc1cccc2ccccc12
1-Methylnaphthalene
	No Match (Single paper)
	Godoy et al, 201631

	[image: ]
Oc1cc2ccccc2cc1O
Dihydroxynaphthalene
	Perfect Match
Throughput: 0.16
	Chandrasekhar et al, 201034
Hadibarata et al, 201310 Baboshin et al, 200512
Hadibarata et al, 201345
Weigand et al, 199928

	[image: ]
O=c1ccc2ccccc2o1
Coumarin
	No Match (Multiple papers)
	Hadibarata et al, 201310
Hadibarata et al, 201345
Tarafdar et al, 201726

	[image: ]

[O-]C(=O)Cc1ccccc1
Phenylacetate/Benzeneacetic acid
	Low Throughput Partial Match

[image: ]


Throughput 0.002296
Oc1ccccc1C(=O)C([O-])=O

	Bidi et al, 2018, 33 Das et al, 2017 44

	[image: ]

Ehyl (E)-3-(2-acetyl-4-methoxyphenyl)acrylate
CCOC(=O)/C=C/c1ccc(OC)cc1C(C)=O
	No Match (Single paper)
	Tarafdar et al, 201726

	[image: image1.png]
Oc1ccc(cc1O)C([O-])=O
protocatechuic acid
	Low Throughput Match

Node Throughput: 0.0011
	van Herwijnen et al, 200338


	[image: ]

o-phthalic acid
[O-]C(=O)c1ccccc1C([O-])=O
	Perfect Match
Node Throughput: 0.12
	Ahmed et al, 2012 3,
Das et al, 2017 44 
Chandrasekhar et al, 201034
Hadibarata et al, 2012 4
Ye et al, 2011, 6
Richnow et al, 199832
Tarafdar et al, 201726
van Herwijnen et al, 200338


	
[image: ]
3,4 dihydroxy phlalate
Oc1ccc(C([O-])=O)c(C([O-])=O)c1O
	Perfect Match
Throughput 0.070
	Brinda et al, 201136

	[image: ]
O=Cc1ccccc1
Benzaldehyde
	Partial Match
its immediate precursor (phthalic acid) is predicted and a compound with the same carbon backbone is predicted 

[image: ]

Throughput: 0.031
Oc1cccc(C=O)c1O
	Das et al, 2017 44
Tarafdar et al, 201726

	[image: ]
Salicylaldehyde
Oc1ccccc1C=O
	Low Throughput Match

Throughput: 0.000005
	Chandrasekhar et al, 201034


	[image: ]
[O-]C(=O)c1ccccc1
Benzoic Acid
	Partial Match
[image: ]
Throughput 0.11
	Hadibarata et al, 2012 4, Hadibarata et al, 201310
Tarafdar et al, 201726

	[image: ]
Salicylate/Salicylic Acid
Oc1ccccc1C([O-])=O
	Perfect Match
Throughput: 0.11
	Chandrasekhar et al, 201034


	[image: ]

Catechol
Oc1ccccc1O
	Perfect Match
Throughput: 0.015
	Chandrasekhar et al, 201034
Fulekar et al, 201735 
Hadibarata et al, 2012 4
Bidi et al, 2018, 33

	[image: ]
Phenol
Oc1ccccc1
	Low Throughput Match
Throughput 6.766063e-08
	Chandrasekhar et al, 201034
Tarafdar et al, 201726



[bookmark: _Toc37225777][bookmark: _Hlk36794596]Table S2.3: Anthracene Empirical Review Summary

	
	Perfect Match
	Partial Match

	High Throughput
	11
	11

	Low Throughput
	3
	3



No Match (Single) 13
No Match (Multiple) 5
No Match Explanations: 
Several of the No-Match Compounds are the result of methylation or other straight chain addition after the cleavage of another bound. EAWAG does not predict this type of transition, so these compounds would not be found. Certain anhydride, oxide, or coumarin structures are also not predicted, so these compounds are either classified as no Match or Partial Match if their immediate parent and daughter compounds are predicted.
References
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[bookmark: _Toc37225779][bookmark: _Hlk36794656]Figure S3.1: Fluorene High Throughput Plot with Pathway Match Metabolites. SMILES codes for the nodes are presented in Table S3.1. 

Figure S3.1 shows a network constructed from only the High Node Throughput compounds. Reconstructing the network with only this subset of compounds yields a much smaller more manageable network.
Perfect Match compounds match a literature reference exactly. Pathway Match compounds are High Node Throughput compounds that are found on a degradation pathway to or from a Perfect Match compound. Network Outliers are High Node Throughput compounds that do not have a Perfect Match compound either above or below them in their degradation chains. Table S3.1 contains the SMILES codes for the Pathway Match compounds.




[bookmark: _Toc37225780][bookmark: _Hlk36794669]Table S3.1: Fluorene Yellow Node (Pathway Matches) Smiles Codes

	1
	[O-]C(=O)C(=O)Cc1ccccc1C([O-])=O
	 
	44
	[O-]C(=O)\C=C/C1=CC(=O)c2ccccc12

	2
	[O-]C(=O)Cc1ccccc1C([O-])=O
	 
	45
	Oc1ccc2oc(=O)\c(=C\C([O-])=O)\c(=C/C([O-])=O)\c2c1O

	3
	Oc1cc2Cc3ccccc3-c2cc1O
	 
	46
	Oc1ccc2c(oc(=O)\c(=C\C([O-])=O)\c\2=C/C([O-])=O)c1O

	4
	OC(C(=O)C([O-])=O)c1ccccc1C([O-])=O
	 
	47
	OC1C(=Cc2ccccc12)C([O-])=O

	5
	Oc1ccc2Cc3ccccc3-c2c1O
	 
	48
	OC(CC([O-])=O)C1=Cc2ccccc2C1=O

	6
	Oc1ccc2-c3ccccc3Cc2c1O
	 
	49
	OC1C(\C=C/C([O-])=O)C(=O)c2ccccc12

	7
	OC(C([O-])=O)c1ccccc1C([O-])=O
	 
	50
	[O-]C(=O)\C=C/c1cc2ccccc2oc1=O

	8
	[O-]C(=O)C(=O)C(=O)c1ccccc1C([O-])=O
	 
	51
	OC1(CC(=O)c2ccccc12)\C=C/C([O-])=O

	9
	[O-]C(=O)\C=C1\Cc2ccccc2\C\1=C\C([O-])=O
	 
	52
	OC(CC([O-])=O)C1=CC(=O)c2ccccc12

	10
	O\C(=C\C=C1\Cc2ccccc2C1=O)C([O-])=O
	 
	53
	[O-]C(=O)\C=C/c1cc(=O)oc2ccccc12

	11
	[O-]C(=O)C(=O)c1ccccc1C([O-])=O
	 
	54
	[O-]C(=O)\C=C/c1oc(=O)\c(=C\C([O-])=O)\c(=C/C([O-])=O)\c1C([O-])=O

	12
	[O-]C(=O)\C=C/C1=C(C([O-])=O)c2ccccc2C1
	 
	55
	[O-]C(=O)\C=C/c1c(oc(=O)\c(=C\C([O-])=O)\c\1=C/C([O-])=O)C([O-])=O

	13
	[O-]C(=O)C1Cc2ccccc2C1=O
	 
	56
	[O-]C(=O)\C=C/c1c(oc(=O)c2ccccc12)C([O-])=O

	14
	O\C(=C\C=C1/C(=O)Cc2ccccc12)C([O-])=O
	 
	57
	[O-]C(=O)\C=C/c1c\c(=C\C([O-])=O)\c(=C/C([O-])=O)\c(=O)o1

	15
	[O-]C(=O)\C=C/C1=C(Cc2ccccc12)C([O-])=O
	 
	58
	OC(CC([O-])=O)c1oc(=O)\c(=C\C([O-])=O)\c(=C/C([O-])=O)\c1C([O-])=O

	16
	OC1\C(=C\C([O-])=O)\C(=C/C([O-])=O)\c2ccccc12
	 
	59
	OC(CC([O-])=O)c1c(oc(=O)\c(=C\C([O-])=O)\c\1=C/C([O-])=O)C([O-])=O

	17
	[O-]C(=O)C(=O)\C=C/C1Cc2ccccc2C1=O
	 
	60
	[O-]C(=O)\C=C/c1coc(=O)\c(=C\C([O-])=O)\c\1=C/C([O-])=O

	18
	OC(CC1Cc2ccccc2C1=O)C(=O)C([O-])=O
	 
	61
	[O-]C(=O)C1=Cc2ccccc2C1=O

	19
	[O-]C(=O)C(=O)\C=C/C1Cc2ccccc2C(=O)O1
	 
	62
	OC1C(C([O-])=O)C(=O)c2ccccc12

	20
	OC(CC(=O)C([O-])=O)C1Cc2ccccc2C1=O
	 
	63
	OC1(C([O-])=O)C(=O)Cc2ccccc12

	21
	[O-]C(=O)\C=C/C1=Cc2ccccc2C1
	 
	64
	Oc1ccc2c(\C=C/C([O-])=O)c(oc(=O)c2c1O)C([O-])=O

	22
	OC1C(\C=C/C([O-])=O)=C(C([O-])=O)c2ccccc12
	 
	65
	Oc1ccc2c(c1O)c(\C=C/C([O-])=O)c(oc2=O)C([O-])=O

	23
	[O-]C(=O)C(=O)\C=C/C1C(=O)Cc2ccccc12
	 
	66
	O\C(C([O-])=O)=C(\C=C/C([O-])=O)/c1ccccc1C([O-])=O

	24
	OC1C(C([O-])=O)=C(\C=C/C([O-])=O)c2ccccc12
	 
	67
	OC(CC([O-])=O)c1c\c(=C\C([O-])=O)\c(=C/C([O-])=O)\c(=O)o1

	25
	OC1C(\C=C/C(=O)C([O-])=O)C(=O)c2ccccc12
	 
	68
	[O-]C(=O)\C=c1\c(C([O-])=O)c(oc(=O)\c\1=C\C([O-])=O)C([O-])=O

	26
	OC1(Cc2ccccc2C1=O)\C=C/C(=O)C([O-])=O
	 
	69
	OC(CC([O-])=O)c1coc(=O)\c(=C\C([O-])=O)\c\1=C/C([O-])=O

	27
	OC1(\C=C/C(=O)C([O-])=O)C(=O)Cc2ccccc12
	 
	70
	Oc1cccc(CCC([O-])=O)c1O

	28
	OC(CC1C(=O)Cc2ccccc12)C(=O)C([O-])=O
	 
	71
	O=C1Cc2ccccc2CO1

	29
	[O-]C(=O)\C=C1\C(=O)c2ccccc2\C\1=C\C([O-])=O
	 
	72
	OC1C(=O)Cc2ccccc12

	30
	OC(CC([O-])=O)C1=Cc2ccccc2C1
	 
	73
	OC1(OC(=O)Cc2ccccc12)C([O-])=O

	31
	OC1C(\C=C/C([O-])=O)=Cc2ccccc12
	 
	74
	[O-]C(=O)\C=c1\cc(oc(=O)\c\1=C\C([O-])=O)C([O-])=O

	32
	[O-]C(=O)\C=C/C1=C(C([O-])=O)c2ccccc2C1=O
	 
	75
	[O-]C(=O)\C=c1\c(coc(=O)\c\1=C\C([O-])=O)C([O-])=O

	33
	OC(Cc1ccccc1C([O-])=O)\C=C/C(=O)C([O-])=O
	 
	76
	Oc1cccc(C([O-])=O)c1O

	34
	[O-]C(=O)C(=O)\C=C/C1OC(=O)Cc2ccccc12
	 
	77
	O=C1Cc2ccccc2C1=O

	35
	OC(CC(=O)C([O-])=O)C1C(=O)Cc2ccccc12
	 
	78
	OC1OC(=O)Cc2ccccc12

	36
	[O-]C(=O)\C=C/C1=C(C([O-])=O)C(=O)c2ccccc12
	 
	79
	[O-]C(=O)\C=c1\ccoc(=O)\c\1=C\C([O-])=O

	37
	[O-]C(=O)\C=c1\c2ccccc2oc(=O)\c\1=C\C([O-])=O
	 
	80
	Oc1cc(C([O-])=O)c(cc1O)C([O-])=O

	38
	OC(CC([O-])=O)C1=Cc2ccccc2C1O
	 
	81
	Oc1ccc(C([O-])=O)c(C([O-])=O)c1O

	39
	[O-]C(=O)\C=C/C1=Cc2ccccc2C1=O
	 
	82
	Oc1ccc(C([O-])=O)c(O)c1O

	40
	[O-]C(=O)\C=C/c1c(C([O-])=O)c2ccccc2oc1=O
	 
	83
	Oc1cc2COC(=O)Cc2cc1O

	41
	OC(CC1(O)C(=O)Cc2ccccc12)C(=O)C([O-])=O
	 
	84
	Oc1ccc2CC(=O)OCc2c1O

	42
	OC(\C=C/C(=O)C([O-])=O)c1ccccc1CC([O-])=O
	 
	85
	OCc1ccccc1CC([O-])=O

	43
	[O-]C(=O)C1C(=O)Cc2ccccc12
	 
	86
	Oc1ccc2COC(=O)Cc2c1O

	
	
	 
	87
	O=C1Cc2ccccc2C(=O)O1



High Betweenness Maximum Common Substructures:

The compounds with the highest betweenness centrality display similar substructures. Code was adapted from the RDKit Cookbook, referenced in the main text. The Tanimto Similarities between the Morgan Fingerprints were first calculated, and then clusters were developed with Butina Clustering using a cutoff of 0.4. For full details and the actual python code, see the github linked in the main text. 
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[bookmark: _Hlk36794728][bookmark: _Toc37225781]Figure S3.2: Maximum Common Substructures (MCS) in the Top 1% of Betweenness: Fluorene. The first row shows the MCS in top 5 largest clusters. The numbers indicate how many compounds are contained in each cluster. The compounds in the vertical columns with the substructure highlighted in orange are presented as examples of which compounds are included in the cluster. In the case of fluorene, the same MCS occurs in several different clusters.  
[bookmark: _Hlk36794781][bookmark: _Toc37225782]
Table S3.2: Fluorene Empirical Literature Review

	Structure:

	Network Metrics
	Empirical Studies finding the same thing

	Fluorene
	
	

	[image: ]
Fluorene, 1,4-dihydro-
C1=CCC2=C(C1)Cc1ccccc12
	Partial Match due to parent/daughter products


	Bharti et al, 20191

	
[image: ]
Dibenzofuran
C1=CC2OC3C=CC=CC3C2C=C1
	No Match (Multiple papers)
	Yamazoe et al, 20042
Cajthaml et al, 20023
Yu et al, 20144

	
[image: ]
2-hydroxydibenzofuran
OC1=CC2C(C=C1)OC1C=CC=CC12
	No Match (Single paper)
	Yamazoe et al, 20042

	

[image: ]
1,2-dihydroxy-,1,2-dihydrodibenzofuran
OC1C=Cc2oc3ccccc3c2C1O
	No Match (Single paper)
	Yamazoe et al, 20042

	[image: ]
9-fluorenol, 9-Hydroxyfluorene
OC1c2ccccc2-c2ccccc12
	Perfect Match

Throughput: 0.01
	Zhang et al5 
Yamazoe et al, 20046 Chupungars et al, 20097 
Juckpeck et al, 20128 Lazim et al, 20169 
Liu et al, 200610 
Luan et al, 200611
Pozdnyakova et al, 201612
Sokolovska et al, 200213
Finkelstein et al, 200314
Aranda et al, 201015
Bezalel et al, 199616
Birolli et al, 201817
Chapman et al, 199518
Grifoll et al, 199219
Grifoll et al, 199420
Kolomytseva et al21
Pothuluri et al, 199322
Reddy et al, 201723
Torres-Farradá et al, 201924
Van Herwijnen et al, 200325
Wischmann et al, 199626

	


[image: ]

9-Fluorenone
O=C1c2ccccc2-c2ccccc12
	Perfect Match

Throughput: 0.01
	Zhang et al5 
Yamazoe et al, 20046 Chupungars et al, 20097 Hadibarata et al, 201427 Shao et al, 2015,28
Luan et al, 200611
Nam et al, 201529 Pozdnyakova et al, 201612
Sokolovska et al, 200213
Finkelstein et al, 200314
Aranda et al, 201015, 
Bezalel et al, 199616
Bressler et al, 200030
Chapman et al, 199518
Grifoll et al, 199219
Grifoll et al, 199420
Pothuluri et al, 199322
Reddy et al, 201723
Shao et al, 201528
Torres-Farradá et al, 201924
Van Herwijnen et al, 200325
Wischmann et al, 199626

	[image: ]
2-Hydroxy-9-fluorenone
O=c2c1ccccc1c3ccc(O)cc23
	Partial Match
[image: ]
Throughput: 0.01
O=C1c2ccccc2-c2ccccc12
	Finkelstein et al, 200314
Kolomytseva et al21
Pothuluri et al, 199322

	[image: ]

1,1a-dihydroxy-hydro-fluorenone
O=C1c2ccccc2C2=CC=CC(O)C12O
	Partial Match
[image: ]
Throughput:0.01
O=C1c2ccccc2-c2ccccc12
	Grifoll et al, 199420

	[image: ]
1,2 Dihydroxy-9 fluorenone
Oc1ccc2-c3ccccc3C(=O)c2c1O 
	Low Throughput Match


Throughput: 0.000019

Oc1ccc2-c3ccccc3C(=O)c2c1O
	Reddy et al, 201723

	
[image: ]
8-hydroxy-3,4-benzocoumarin
O=c1oc2c(O)cccc2c2ccccc12
	No Match (Multiple papers)
	Grifoll et al, 199420
van Herwijnen et al, 200325

	[image: ]
2,7-dihydroxyfluorene
OC1=CC2CC3C=C(O)C=CC3C2C=C1
	Partial Match
[image: ]
Throughput: 0.33
Oc1ccc2-c3ccccc3Cc2c1O
	Finkelstein et al, 200314

	[image: ]
Oc1cccc2c1Cc1ccccc1-2
1-hydroxyfluorene
	Partial Match
[image: ]

Throughput: 0.33
Oc1ccc2-c3ccccc3Cc2c1O
	Luan et al, 200611

	[image: ]
Oc1ccc2c(c1)Cc1ccccc1-2
2-hydroxyfluorene
	Partial Match
[image: ]
Throughput: 0.33
Oc1ccc2-c3ccccc3Cc2c1O
	Luan et al, 200611
Finkelstein et al, 200314
Aranda et al, 201015
Birolli et al, 201817

	[image: ]
Oc1ccc2c(c1)-c1ccccc1C2
3-hydroxyfluorene
	Partial Match
[image: ]
Throughput: 0.33
Oc1ccc2Cc3ccccc3-c2c1O
	Luan et al, 200611

	[image: ]
O=C1C2C=CC=CC2C2C(O)=CC=CC12
4-hydroxy-9-fluorenone
	Partial Match
[image: ]
Throughput: 0.01
	Nam et al, 201529
Birolli et al, 201817
Casellas et al32, 
Yamazoe et al, 2004,6

	[image: ]
O=C1OC2C(O)=CC=CC2C2C=CC=CC12
8-hydroxy-3,4-benzocoumarin
	No Match (Multiple papers)
	Nam et al, 201529
Trenz et al, 199431

	[image: ]
Benzophenone
O=C(c1ccccc1)c1ccccc1
	No Match (Single paper)
	Birolli et al, 201817

	[image: ]
2-carboxy-2',3'-dihydroxy-biphenyl
O=C(O)c1ccccc1-c1cccc(O)c1O
	Perfect Match 
(different protonation state)

Throughput: 0.01
Oc1cccc(c1O)-c1ccccc1C([O-])=O
	van Herwijnen et al, 200325

	[image: ]
Oc1ccccc1-c1cccc(O)c1O
2,3,2'-trihydroxybiphenyl
	Low Throughput Partial Match
[image: ]
Throughput: 0.0032
Oc1cccc(c1O)-c1cccc(O)c1O
	Yamazoe et al, 20042

	[image: ]
O\C(=C\C=C\C(=O)c1ccccc1O)C([O-])=O
2-Hydroxy-6-(2-hydroxyphenyl)-6-oxo-2,4-hexadienoic acid
	Low Throughput Match



Throughput: 3.364349e-10
O\C(=C\C=C\C(=O)c1ccccc1O)C([O-])=O
(different protonation state)
	Yamazoe et al, 20042

	[image: ]

O=C(O)C(=O)C=CC=C(O)c1ccccc1O
2-oxo-6-(2’-hydroxyphenyl)-6-hydroxy-3,5-hexadienoic acid
	Low Throughput Partial Match
[image: ]
Throughput: 3.364349e-10
O\C(=C\C=C\C(=O)c1ccccc1O)C([O-])=O
	Yamazoe et al, 20042

	[image: ]

O=C(O)C(O)=CC=c2oc1ccccc1c2=O
2-hydroxy-4-(3'-oxo-3'H-benzofuran-2'-yliden)but-2-enoic acid
	No Match (Single paper)
	Yamazoe et al, 20042

	[image: ]
O=C(O)C(=O)C=CC2Oc1ccccc1C2=O
2-oxo-4-(3’-hdyroxy-benzofuran-2’-yl)-but-3-enoic acid
	No Match (Single paper)
	Yamazoe et al, 20042

	[image: ]
3-(1-oxo-2,3-dihydro-1H-inden-2-yl) propanoic acid
O=C(O)CCC1Cc2ccccc2C1=O
	Low Throughput Partial Match
[image: ]
OC(CC1Cc2ccccc2C1=O)C([O-])=O
Throughput: 0.0024
	Zhang et al,5

	[image: ]
β-Indanone-β-hydroxyacetic acid
O=C(O)C(O)=C1Cc2ccccc2C1=O
	Low Throughput Partial Match 
[image: ]
(different protonation state)
[O-]C(=O)\C=C1\Cc2ccccc2C1=O
Throughput: 7.421633e-07
	Finkelstein et al, 200314

	
[image: ]
2-(1-oxo-2,3-dihydro-1H-inden-2-yl) acetic acid
[bookmark: _Hlk16068446]O=C(O)CC1Cc2ccccc2C1=O
	Low Throughput Match 

(different protonation state) 
[O-]C(=O)CC1Cc2ccccc2C1=O
Throughput:
0.00025
	Zhang et al,5

	
[image: ]

1-Indanone
O=C1CCc2ccccc12

	Perfect Match
Throughput: 0.093
	Casellas et al32,  Zhang et al,5 Kristanti et al, 2015,33 Finkelstein et al, 200314

	[image: ]
2,3-Dihydroxy inandone
OC1C(O)c2ccccc2C1=O
	Low Throughput Match

Throughput: 0.0074
	Reddy et al, 201723

	
[image: ]
O=C1Cc2ccccc2C1
2-Indanone
	Perfect Match
Throughput: 0.048
	Casellas et al32,

	[image: ]
Formyl-indanone
O=CC1CC2C=CC=CC2C1=O
	No Match (Multiple papers)
	Casellas et al32,
Finkelstein et al, 200314

	[image: ]
4-hydroxy-1-tetralone
O=C1CCC(O)c2ccccc21
	No Match (Single paper)
	Ressler et al, 1999,34

	[image: ]
O=C1CCOc2ccccc21
Chromone
	Partial Match
[image: ]
Throughput: 0.093
O=C1CCc2ccccc2O1
	Yamazoe et al, 20042

	
[image: ]
O=C1CCc2ccccc2O1
3,4-Dihydroxycumarine
	Perfect Match

Throughput: 0.093

	Finkelstein et al, 200314
Grifoll et al, 199219

	[image: ]
3-(chroman-4-on-2-yl) pyruvate
O=C(O)C(O)=CC1CC(=O)c2ccccc2O1
	No Match (Single paper)
	Yamazoe et al, 20042

	
[image: ]

3(2-Hydroxyphenyl)propionate
Oc1ccccc1CCC([O-])=O
	Perfect Match
Throughput: 0.093
	Casellas et al32,

	
[image: ]
Phthalic Acid
[O-]C(=O)c1ccccc1C([O-])=O
	Perfect Match
Throughput: 0.039
	Yamazoe et al, 20046
Luan et al, 200611
Pozdnyakova et al, 201612
Sokolovska et al, 200213
Grifoll et al, 199420
Reddy et al, 201723
Torres-Farradá et al, 201924
Trenz et al, 199431
van Herwijnen et al, 200325
Yu et al, 20144

	[image: ]
2-Carboxybenzaldehyde
O=Cc1ccccc1C(=O)O
	Perfect Match
[O-]C(=O)c1ccccc1C=O
Throughput
0.027
	Reddy et al, 201723

	[image: ]
4,5-dihydroxyphthalate
O=C(O)c1cc(O)c(O)cc1C(=O)O
	Low Throughput Match
OC(=O)c1cc(O)c(O)cc1C([O-])=O
Throughput
5.596969e-08 
	Grifoll et al, 199420

	[image: ]
Phthalic acid anhydride
O=C1OC(=O)c2ccccc21
	No Match (Single paper)
	Yamazoe et al, 2004,6

	[image: ]

O=C(O)c1ccc(O)c(O)c1
Protocatechuic acid
3,4-Dihydroxybenzoic acid
	Partial Match
[image: ]

OC(=O)c1cccc(O)c1O
Throughput: 1.87e-10
	Lazim et al, 20169
Sokolovska et al, 200213
van Herwijnen et al, 200325
Wattiau et al, 200135

Different protonation 
Grifoll et al, 199420

	[image: ]
Catechol
Oc1ccccc1O
	Low Throughput Match

Throughput: 0.0045
	Hadibarata et al, 2014,27 
Yamazoe et al, 20042
Reddy et al, 201723

	[image: ]
Benzoic Acid
O=C(O)c1ccccc1
	Partial Match
[image: ]
Throughput: 0.031
	Reddy et al, 201723

	[image: ]
4-Hydroxybenzoic acid
O=C(O)c1ccc(O)cc1
	Low Throughput Partial Match
[image: ]
Throughput: 0.00035
Oc1ccc(cc1O)C([O-])=O
	Reddy et al, 201723

	[image: ]
3,4-Dihydroxybenzoate
Protocatechuic acid
Oc1ccc(cc1O)C([O-])=O 
	Low Throughput Match

Throughput: 0.00035


	Torres-Farradá et al, 201924

	[image: ]
Salicylic Acid
Salicylate
Oc1ccccc1C([O-])=O
	Perfect Match
Throughput:
0.031


	Shao et al, 2015,28
Yamazoe et al, 20042 Casellas et al32, Kristanti et al, 2015,33  Hadibarata et al, 2014,27
Shao et al, 201528

	[image: ]
1-hydroxybenzene
Phenol
Oc1ccccc1
	Low Throughput Match

Throughput: 2.199903e-08
	Yu et al, 20144



[bookmark: _Toc37225783][bookmark: _Hlk36794862]Table S3.3 Fluorene Empirical Review Summary

	
	Perfect Match
	Partial Match

	High Throughput
	10
	11

	Low Throughput
	8
	5



No Match (Single) 8
No Match (Multiple) 4
No Match Explanations: 
Several of the No-Match Compounds are the result of methylation or other straight chain addition after the cleavage of another bound. EAWAG does not predict this type of transition, so these compounds would not be found. Certain anhydride, oxide, or coumarin structures are also not predicted, so these compounds are either classified as no Match or Partial Match if their immediate parent and daughter compounds are predicted.
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[bookmark: _Toc37225784]Section 4: Phenanthrene
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[bookmark: _Hlk36794907][bookmark: _Toc37225785][bookmark: _Hlk31790248]Figure S4.1: Phenanthrene High Throughput Plot with Pathway Match Metabolite. SMILES codes for the nodes are presented in Table S1.1. 

Figure S4.1 shows a network constructed from only the High Node Throughput compounds. Reconstructing the network with only this subset of compounds yields a much smaller more manageable network.
Perfect Match compounds match a literature reference exactly. Pathway Match compounds are High Node Throughput compounds that are found on a degradation pathway to or from a Perfect Match compound. Network Outliers are High Node Throughput compounds that do not have a Perfect Match compound either above or below them in their degradation chains. Table S4.1 contains the SMILES codes for the Pathway Match compounds. 


[bookmark: _Toc37225786][bookmark: _Hlk36794941][bookmark: _Hlk32176168]Table S4.1: Phenanthrene Yellow Node (Pathway Matches) Smiles Codes

	1
	Oc1ccc2ccc(O)c(C([O-])=O)c2c1O
	 
	13
	Oc1cc(O)c(O)c(c1O)-c1ccccc1C([O-])=O

	2
	[O-]C(=O)C(=O)\C=C\c1ccccc1C([O-])=O
	 
	14
	Oc1ccc(C([O-])=O)c(O)c1O

	3
	Oc1cccc(c1O)-c1ccccc1C([O-])=O
	 
	15
	Oc1ccc(C([O-])=O)c(C=O)c1O

	4
	Oc1ccc2c(C([O-])=O)c(O)ccc2c1O
	 
	16
	Oc1ccc(O)c(C([O-])=O)c1O

	5
	Oc1cccc(c1O)-c1cccc(O)c1O
	 
	17
	Oc1cccc(C=O)c1O

	6
	Oc1ccc(C([O-])=O)c(c1O)-c1ccccc1C([O-])=O
	 
	18
	Oc1cccc(c1O)-c1c(O)c(O)cc(O)c1O

	7
	Oc1ccc(C([O-])=O)c(O)c1C([O-])=O
	 
	19
	Oc1cccc(O)c1O

	8
	Oc1ccc2ccc(O)c(O)c2c1O
	 
	20
	Oc1ccc(O)c(O)c1O

	9
	Oc1ccc2c(O)c(O)ccc2c1O
	 
	21
	Oc1cc(O)c(O)c(C([O-])=O)c1O

	10
	Oc1ccc(O)c(C([O-])=O)c1C([O-])=O
	 
	22
	Oc1cccc(C([O-])=O)c1O

	11
	Oc1cc(C=O)c(cc1O)C([O-])=O
	 
	23
	Oc1ccc(C=O)c(C([O-])=O)c1O

	12
	Oc1cccc(c1O)-c1c(O)c(O)ccc1C([O-])=O
	 
	24
	Oc1cc(O)c(O)c(O)c1O

	
	
	 
	25
	Oc1cc(O)c(cc1O)C([O-])=O





High Betweenness Maximum Common Substructures:
The compounds with the highest betweenness centrality display similar substructures. Code was adapted from the RDKit Cookbook, referenced in the main text. The Tanimto Similarities between the Morgan Fingerprints were first calculated, and then clusters were developed with Butina Clustering using a cutoff of 0.4. For full details and the actual python code, see the github linked in the main text. 
[image: ]
[bookmark: _Hlk36794980][bookmark: _Toc37225787]Figure S4.2: Maximum Common Substructures (MCS) in the Top 1% of Betweenness: Phenanthrene. The first row shows the MCS in top 5 largest clusters. The numbers indicate how many compounds are contained in each cluster. The compounds in the vertical columns with the substructure highlighted in orange are presented as examples of which compounds are included in the cluster. In the case of phenanthrene, the same MCS occurs in several different clusters.  
[bookmark: _Hlk32175740]



[bookmark: _Toc37225788][bookmark: _Hlk36795033]Table S4.2: Phenanthrene Empirical Literature Review

	Structure:
	Network Metrics
	Empirical Studies finding the same thing

	Phenanthrene
	
	

	[image: ]
1,2-Dihydroxyphenanthrene, cis-phenanthrene dihydrodiol
Oc1ccc2c(ccc3ccccc23)c1O
	Perfect Match
Throughput 0.33
	Gao et al, 2013, 1
Ghosal et al, 20102 
Guerin et al, 19983 
Lee et al, 2009,4 
Lin et al, 2014,5
 Lu et al, 2013,6 
Keum et al, 20067 
Kim et al, 20058 
Kweon et al, 20109 
Lisowska et al, 200610 
Mallick et al, 2007,11
Roy et al, 2012,12
Sack et al, 199713 
Seo et al, 200714 
Seo et al, 2009,15
Seo et al, 2012,16
van Herwijnen et al, 200317

	
[image: ]
1,2 Phenanthrene Oxide
C1=CC2OC2c2ccc3ccccc3c21
	Partial Match  
also immediate parent/daughter predicted 
[image: ]
Throughput 0.33
Oc1ccc2c(ccc3ccccc23)c1O
	Nie et al, 2016,18

	


[image: ]
1-Hydroxyphenanthrene, 
1-phenanthrol; 
Oc1cccc2c1ccc1ccccc12
	Partial Match
also immediate parent/daughter predicted 
[image: ]
Oc1ccc2c(ccc3ccccc23)c1O
Throughput: 0.33
	Aranda et al, 201019
Bourguignon et al, 201920
Casillas et al, 199621
da Silva et al, 200422
Hesham et al, 2014,23
Liu et al, 1992,24 
Liu et al, 199224
Sack et al, 199725
Sack et al, 199713
Schrlau et al, 201726
Zhong et al, 201127, 

	[image: ]
2-phenanthrol
Oc1ccc2c(ccc3ccccc32)c1
	Partial Match
also immediate parent/daughter predicted 
[image: ]
Oc1ccc2c(ccc3ccccc23)c1O
Throughput: 0.33
	Bourguignon et al, 201920
Casillas et al, 199621
Sack et al, 199725
Sack et al, 199713

	[image: ]
3,4-dihydroxyphenanthrene
Oc1ccc2ccc3ccccc3c2c1O
	Perfect Match
Throughput:0.33
	Allen et al, 199928
Casillas et al, 199621
da Silva et al, 200422
Gao et al, 2013,1 
Keum et al, 20067
Kweon et al, 20109
Lisowska et al, 200610
Pathak et al, 200829


Rehmann et al, 199630
Roy et al, 2012,12 
Sack et al, 199713
Seo et al, 200714
Seo et al, 2009,15 
Seo et al, 2012,16 
Stingley et al, 200431
Story et al, 200132
Sun et al, 2019,33 
Sutherland et al, 199134
Umar et al, 201835
Umar et al, 2017,36 
Zeinali et al, 200837 
Zhang et al, 201038

	
[image: ]

4-phenanthrol
Oc1cccc2ccc3ccccc3c12
	Partial Match
[image: ]
Throughput:0.33
Oc1ccc2ccc3ccccc3c2c1O
	Aranda et al, 201019
Casillas et al, 199621
da Silva et al, 200422
Sack et al, 199713
Schrlau et al, 2017, 26
Sutherland et al, 199134
Zhong et al, 201127 


	[image: ]
4-methoxy phenanthrene
COc1cccc2ccc3ccccc3c12
	No Match (Single paper)
	Bourguignon et al, 201920

	[image: ]
1-methoxy phenanthrene
COc1cccc2c1ccc1ccccc12
	No Match (Single paper)
	Sack et al, 199725

	[image: ]
3H-benzo[f]chromene-2-carboxylic acid
O=C(O)C1=Cc2c(ccc3ccccc23)OC1
	No Match (Single paper)
	Safoneva et al, 200539

	[image: ]
3-hydroxyphenanthrene;
3-phenanthrol
Oc1ccc2ccc3ccccc3c2c1
	Partial Match 
[image: ]Oc1ccc2ccc3ccccc3c2c1O
Throughput: 0.33
	Aranda et al, 201019 Baboshin et al, 200540 Bourguignon et al, 201920
Casillas et al, 199621
da Silva et al, 200422
Leneva et al 2009,41 
Rehmann et al, 199630
Sack et al, 199713
Schrlau et al, 2017, 26
Sutherland et al, 199134
Zhong et al, 201127, 

	[image: ]
3,4 phenanthrene oxide
C1=CC2OC2c2c1ccc1ccccc21
	Partial Match
[image: ]
Oc1ccc2ccc3ccccc3c2c1O
Throughput: 0.33
	Nie et al, 2016,18

	[image: ]
9,10 phenanthrene oxide
c1ccc2c(c1)-c1ccccc1C1OC21
	Partial Match
[image: ] Oc1c(O)c2ccccc2c2ccccc12
Throughput: 0.33
	Bezalel et al, 199642

	
[image: ]
9,10-Dihydroxyphenanthrene
cis-9,10-Dihydrophenanthrene-9,10-diol
phenanthrene 9,10-dihydrodiol
Oc1c(O)c2ccccc2c2ccccc12
	Perfect Match
Throughput: 0.33
	Bezalel et al, 199643, Bezalel et al, 199642
Bourguignon et al, 201920
Cajthaml et al, 200244
Casillas et al, 199621
Gao et al, 2013, 1
Fu et al, 201845
Hennessee et al,46
Hidayat et al, 2018, 47
Kim et al, 20058
Kweon et al, 20109
Lisowska et al, 200610
Luan et al 2006,48
Muratova et al, 2014, 49, 
Mishra et al, 201950
Ning et al, 201051
Pathak et al, 200829
Rehmann et al, 199630
Sack et al, 199713
Sack et al, 199752
Safoneva et al, 200539
Schrlau et al, 2017,26
Seo et al, 200653
Seo et al, 2012,16 Sun et al, 2019,33
Sutherland et al, 199134
Sutherland et al, 199054
Tatarko et al, 199355
van Herwijnen et al, 2003,17 Yang et al, 201456 Zeinali et al, 200837,


	
[image: ]
9-phenanthrol
Oc1cc2ccccc2c2ccccc12
	Partial Match 
[image: ]
Oc1c(O)c2ccccc2c2ccccc12
Throughput: 0.33

	Bezalel et al, 199642
Bourguignon et al, 201920
Capotorti et al, 2005,57
Casillas et al, 199621
Fu et al, 201845
Jin et al, 201658, 
Schrlau et al, 2017, 26
Sutherland et al, 199054
Sutherland et al, 199134
Sun et al, 2019,33 
Szewczyk et al, 200359
Tatarko et al, 199355
van Herwijnen et al, 200317
Yang et al, 201456 
Zhang et al, 201038
Zhong et al, 201127

	[image: ]
9-methoxyphenanthrene
COc1cc2ccccc2c2ccccc12
	No Match (Single paper)
	Cajthaml et al, 200244

	[image: ]
1-phenanthrene carboxylic acid
O=C(O)c1cccc2c1ccc1ccccc12
	No Match (Single paper)
	Mishra et al, 201950

	[image: ]
1-Methoxy-2-hydroxyphenanthrene
COc1c(O)ccc2c1ccc1ccccc12
	No Match (Single paper)
	Kim et al, 20058

	[image: ]
2-hydroxy-7-methoxy-phenanthrene
COc1ccc2c(ccc3cc(O)ccc32)c1
	No Match (Single paper)

	da Silva et al, 200422

	[image: ]
9,10-phenanthrenequinone
O=C1C(=O)c2ccccc2-c2ccccc12
	Partial Match
[image: ]
Oc1c(O)c2ccccc2c2ccccc12
Throughput:0.33
	Fu et al, 201845
Hadibarata et al, 201060
Hadibarata et al, 201161
Li et al, 201862
Muratova et al, 2014, 49
van Herwijnen et al, 200317

	[image: ]

5,6-Benzocoumarin
O=c1ccc2c(ccc3ccccc32)o1
	No Match (Multiple papers)
	Ghosal et al, 20102
Hennessee et al,46
Keum et al, 20067
Mallick et al, 2007,11
Nie et al, 2016,18 
Pinyakong et al, 2000,63
Roy et al, 2012,12
Seo et al, 200653 
Seo et al, 200714

Seo et al, 2012,16 

	[image: ]

7,8-Benzocoumarin
O=c1ccc2ccc3ccccc3c2o1
	No Match (Multiple papers)
	Baboshin et al, 200540
Hennessee et al,46 
Keum et al, 20067
Leneva et al, 2009, 41
Muratova et al, 2014, 49 
Nie et al, 2016,18 
Pinyakong et al, 2000,63 
Roy et al, 2012,12
Seo et al, 200653
Seo et al, 200714
Seo et al, 2012,16 
Sun et al, 2019,33, 

	[image: ]
3,4-benzocoumarin
6H-Benzo[c]chromen-6-one
O=c1oc2ccccc2c2ccccc12
	No Match (Multiple papers)
	Seo et al, 2012,16
Cajthaml et al, 200244
Wang et al, 201664

*Cajthaml suggested that this structure forms from another due to dehydration in the GM/MS process

	[image: ]
8-Hydroxy-3,4-benzocoumarin
O=c1oc2c(O)cccc2c2ccccc12
	No Match (Single paper)
	Seo et al, 2012,16

	[image: ]
2-dibenzofuranol
Oc1ccc2oc3ccccc3c2c1
	No Match (Single paper)
	Li et al, 201862

	[image: ]

2-(2-Carboxy-vinyl)-1-naphthoic acid
O=C(O)C=Cc1ccc2ccccc2c1C(=O)O
	No Match (Multiple papers)
	Hennessee et al,46 Seo et al, 2012,16

	[image: ]
1-[(E)-2-carboxyvinyl]-2-naphthoic acid
O=C(O)/C=C/c1c(C(=O)O)ccc2ccccc12
	No Match (Single paper)
	Seo et al, 2012,16

	[image: ]
4-(1-Hydroxynaphthalen-2-yl)-2-oxobut-3-enoic acid
O=C(O)C(=O)C=Cc1ccc2ccccc2c1O
	No Match (Multiple papers)
	Adebusuyi et al, 201265
Keum et al, 200866
Seo et al, 2012,16
Zeinali et al, 200837



	
[image: ]

Naphthalene-1,2-dicarboxylic acid, 
1,2-Dicarboxynaphthalene
O=C(O)c1ccc2ccccc2c1C(=O)O
	No Match (Multiple papers)
	Hennessee et al,46
Keum et al, 20067
Kim et al, 2005,8
Mallick et al, 2007,11
Seo et al, 200653
Seo et al, 2012,16


	[image: ]
Naphthalene-1,2-dicarboxylic acid anhydride
2,3-naphthalic anhydride
O=C1OC(=O)c2c1ccc1ccccc21
	No Match (Multiple papers)
	Cajthaml et al, 200244
Hennessee et al,46 

	[image: ]
2-hydroxy-2,3-dihydronaphtho[ 2,1-b]furan
OC1Cc2c(ccc3ccccc23)O1
	No Match (Single paper)
	Nie et al, 2016,18

	
[image: ]

Benzoic acid, 2-benzoyl-, methyl ester
COC(=O)c1ccccc1C(=O)c1ccccc1
	No Match (Single paper)
	Luan et al 2006,48

	
[image: ]
2,2′-Diphenic Acid 
[O-]C(=O)c1ccccc1-c1ccccc1C([O-])=O
	Perfect Match 
Throughput: 0.33
	Arias et al 200867, Bezalel et al, 199643.
Fu et al, 201845
Hidayat et al, 2018, 47, 
Kim et al, 2005,8 
Hadibarata et al, 201060
Hadibarata et al, 201161
Mishra et al, 201950
Moody et al, 2001,68
Muratova et al, 2014, 49, 
Rehmann et al, 199630
Seo et al, 200653
Seo et al, 2012,16 
Sun et al, 2019,33
Zeinali et al, 200837,

	[image: ]

2,2'-biphenyldimethanol
OCc1ccccc1-c1ccccc1CO
	Partial Match 
[image: ]

Throughput: 0.33
[O-]C(=O)c1ccccc1-c1ccccc1C([O-])=O
	Hammel et al, 1992, 69

	[image: ]

2,2’ Dihydroxybenzophenone
O=C(c1ccccc1O)c1ccccc1O
	No Match (Single paper)
	Wang et al, 201664

	[image: ]
Biphenyl-2-carboxylic acid
O=C(O)c1ccccc1-c1ccccc1
	Partial Match
[image: ]
Throughput: 0.16
Oc1cccc(c1O)-c1ccccc1C([O-])=O
	Seo et al, 2012,16

	[image: ]
2'-hydroxy-2-carboxy biphenyl
O=C(O)c1ccccc1-c1ccccc1O
	Partial Match
[image: ]
Throughput: 0.16
Oc1cccc(c1O)-c1ccccc1C([O-])=O
	Cajthaml et al, 200244

	[image: ]

Dimethyl-2-6-napthalenedicarboxylate
COC(=O)c1ccc2cc(C(=O)OC)ccc2c1
	No Match (Single paper)
	Wang et al, 201664

	[image: ]
2-hydroxy-1-napthoic acid methyl ester, 
Methyl 2-hydroxy-1-naphthoate
COC(=O)c1c(O)ccc2ccccc12
	No Match (Multiple papers)
	Lu et al, 2013,6
Mallick et al, 2007,11 Roy et al, 2012,12

	
[image: ]
3-naphthyl allyl alcohol
OCC=Cc1cccc2ccccc12
	No Match (Multiple papers)
	Nie et al, 2016,18
Nzila et al, 201870

	[image: ]

1-[(E)-2-Carboxyvinyl]-2-naphthoic acid
O=C(O)/C=C/c1c(C(=O)O)ccc2ccccc12
	No Match (Single paper)
	Seo et al, 200653

	[image: ]
2-[(E)-2-Carboxyvinyl]-1-naphthoic acid
O=C(O)/C=C/c1ccc2ccccc2c1C(=O)O
	No Match (Single paper)
	Seo et al, 200653

	[image: ]
1-hydroxy-2-naphthaldehyde, 1-hydroxynaphthalene-
2-carbaldehyde
Oc1c(C=O)ccc2ccccc12
	Partial Match
[image: ]
Throughput: 0.17

Oc1c(ccc2ccccc12)C([O-])=O
	Keum et al, 20067
Leneva et al, 2009, 41 
Nie et al, 2016,18 
Zhang et al, 201038


	[image: ]
2-hydroxynaphthalene-1-carbaldehyde
O=Cc1c(O)ccc2ccccc12
	Partial Match
[image: ]

Throughput: 0.17
Oc1ccc2ccccc2c1C([O-])=O
	Nie et al, 2016,18

	[image: ]

1,2-dihydroxynaphthalene; naphthalene-1,2-diol
Oc1ccc2ccccc2c1O
	Perfect Match
Throughput 0.14
	Keum et al, 20067
Prabhu et al, 2003,71 
Prakash and Lal, 2013,72 
Seo et al, 200653
Seo et al, 200714
Seo et al, 2012,16
Story et al, 200132



	[image: ]

2-hydroxy-1-(1- hydroxy-2- naphthalenyl)- ethanone
O=C(CO)c1ccc2ccccc2c1O
	No Match (Single paper)
	Nie et al, 2016,18

	
[image: ]

Oc1c(ccc2ccccc12)C([O-])=O
1-hydroxy-2-naphthoic acid
	Perfect Match
Throughput: 0.17
	Hennessee et al,46
Leneva et al, 2009, 41
Menn et al, 199373
Baboshin et al, 200540 Balashova et al, 199974 
Coppotelli et al, 2010, 75, Doddamani et al, 2000, 76,
Festa et al, 201777
Froehner et al, 200978
Guerin et al, 19983
Noll et al, 199679
Hadibarata et al, 200780
Huang et al, 2016,81
Keum et al, 20067
Kiyohara et al, 197682
Li et al, 201483
Liu et al, 199224
Machate et al, 199784
Mallick et al, 2008,85
Muratova et al, 2014, 49
Ovchinnikova et al, 200986
Pinyakong et al, 2000,63 Prabhu et al, 200371 Prakash and Lal, 2013,72
, Lin et al, 2014,5, Liu et al, 1992,24 Lu et al, 2013,6 
Puntus et al, 200887
Rehmann et al, 199630
Sanseverino et al, 1993,88
Samanta et al, 199989
Seo et al, 200714
Seo et al, 200653
Seo et al, 2012,16 
Story et al, 200132
Sun et al, 2019,33
Tao et al, 200790
Tittabutr et al, 2011,91 Wang et al, 201692 Wang et al, 200893 

Wischmann et al, 199694
Zhang et al, 200595
Zeinali et al, 200837 Zhong et al, 201127
Different protonation:
Keum et al, 200866

	[image: ]

2-hydroxy-1-naphthoic acid
Oc1ccc2ccccc2c1C([O-])=O
	Perfect Match 

Throughput: 0.17


	Balashova et al, 199974
Ghosal et al, 20102
Keum et al, 20067
Puntus et al, 200887
Seo et al, 200714
Seo et al, 200653 
Tittabutr et al, 2011,91


	[image: ]
1-hydroxy-2-naphthoic acid methyl ester
COC(=O)c1ccc2ccccc2c1O
	No Match (Single paper)
	Roy et al, 2012,12

	[image: ]
5,8-Dihydroxy-1,4-naphthoquinone
O=C1C=CC(=O)c2c(O)ccc(O)c21
	No Match (Single paper)
	Wang et al, 201664

	[image: ]
Oc1cccc2ccccc12
1-napthol, α-naphthol
	Partial Match 
[image: ]
Throughput: 0.14

Oc1ccc2ccccc2c1O
	Lu et al, 2012, 96 Huang et al, 2016,81, Kim et al, 2005,8 
Li et al, 201483
Lu et al, 2013,6 Nie et al, 2016,18 Prabhu et al, 200371, Ressler et al, 1999,97
Samanta et al, 199989
Tao et al, 200790
Wang et al, 200893
Zhang et al, 200595
Zhong et al, 201127


	[image: ]

Oc1ccc2ccccc2c1
2-naphthol
	Partial Match 

[image: ]
Throughput: 0.14
Oc1ccc2ccccc2c1O
	Balashova et al, 199974
Ghosal et al, 20102
Mallick et al, 2007,11 Mallick et al, 2008,85 
Nie et al, 2016,18 
Puntus et al, 200887


	[image: ]
1-Naphthalenemethanol
1-naphthyl-methylalcohol
OCc1cccc2ccccc12
	Partial Match
[image: ]
Throughput: 0.17
Oc1ccc2ccccc2c1C([O-])=O
	Nie et al, 2016,18

	[image: ]

2-Naphthalenemethanol
OCc1ccc2ccccc2c1
	Partial Match
[image: ]

Throughput: 0.17

Oc1c(ccc2ccccc12)C([O-])=O
	Nie et al, 2016,18

	[image: ]

[O-]C(=O)c1cccc2ccccc12
Napthoic Acid (1-napthoic acid shown, but the position was not specified by the paper)
	Partial Match
[image: ]

Throughput: 0.17

Oc1ccc2ccccc2c1C([O-])=O
	Dictor et al, 2006, 98



	
[image: ]

1,5-dihydroxy-2-naphthoic acid
O=C(O)c1ccc2c(O)cccc2c1O
	Low Throughput Partial Match
[image: ]Throughput: 0.002451
Oc1cc(C([O-])=O)c(O)c2ccccc12
	Pinyakong et al, 2000,63

	[image: ]
4-Hydroxycoumarin
O=c1cc(O)c2ccccc2o1
	No Match (Single paper)

	Wang et al, 201664

	
[image: ]
O=c1occc2ccccc12
Isocoumarin
	No Match (Single paper)
	Nie et al, 2016,18

	
[image: ]
Coumarin
O=c1ccc2ccccc2o1
	No Match (Multiple papers)
	Nie et al, 2016,18 
Pinyakong et al, 2000,63 
Seo et al, 200714 
Seo et al, 2012,16 
Wang et al, 200893

	[image: ]

O=C1OC(=O)c2ccccc21
Phthalic anhydride
	No Match (Single paper)
	Huang et al, 201681


	[image: ]
COc1ccc(C=CC(=O)O)c(O)c1
2-Hydroxy-4-methoxy cinnamate
	No Match (Single paper)
	Hesham et al, 2014, 23

	[image: ]
O=C(O)C(=O)/C=C\c1ccc2ccccc2c1O
Cis-4-(1-hydroxynaphth-2-yl)-2-oxobut-3-enoic acid
	No Match (Multiple papers)
	Kim et al, 20058 
Lin et al, 2014,5


	[image: ]
O=C(O)C(=O)c1ccc2ccccc2c1O
1-hydroxy-α-oxo-2- naphthaleneacetic acid
	No Match (Single paper)
	Nie et al, 2016, 18

	

[image: ]
Diethyl phthalate
CCOC(=O)C1=C(C=CC=C1)C(=O)OCC
	No Match (Multiple paper)

However, this is most likely formed from o-phthalate, a matched compound.  
	Moscoso et al, 2012,99
Masakorala et al, 2013100
Nzila et al, 201870

	[image: ]
2-Acetoxybenzoic acid; aspirin
CC(=O)Oc1ccccc1C(=O)O
	No Match (Multiple paper)
	Lu et al, 2012,96 Lu et al, 2013,6

	[image: ]
2-Carboxy-cinnamic acid
trans-2-carboxycinnamic acid
[O-]C(=O)\C=C\c1ccccc1C([O-])=O
	Low Throughput Match

Throughput: 5.07e-06 
[O-]C(=O)\C=C\c1ccccc1C([O-])=O
	Hennessee et al,46
Keum et al, 20067
Seo et al, 200714
Seo et al, 200653 
Seo et al, 2012,16

	[image: ]

2-Hydroxybenzalpyruvic acid
O=C(O)C(=O)C=Cc1ccccc1O
	Low Throughput Partial Match
[image: ]
Throughput: 2.74e-13
Oc1cccc(\C=C\C(=O)C([O-])=O)c1O
	Seo et al, 200714

	
[image: ]
4-hydroxyphenylacetic acid
O=C(O)Cc1ccc(O)cc1

	Low Throughput Partial Match
[image: ]
Throughput: 2.12e-08
OC(=O)Cc1cc(O)ccc1O
	Zeinali et al, 200837

	[image: ]
o-hydroxyphenylacetic acid
O=C(O)Cc1ccccc1O
	Low Throughput Partial Match
[image: ]
Throughput: 0.000001
OC(=O)Cc1cccc(O)c1O
	Zeinali et al, 200837

	[image: ]
phthalic acid, 
1,2-benzenedicarboxylic acid
[O-]C(=O)c1ccccc1C([O-])=O
	Perfect Match

Throughput: 0.10
	Brinda et al, 2013,101
Hennessee et al,46
Hidayat et al, 2018, 47,
Kim et al, 2005, 8
Luan et al, 2006,48
Moody et al, 2001,68, 
Rehmann et al, 199630
Samanta et al, 199989
Seo et al, 2012,16 
Sun et al, 2019,33 
Torres-Farradá et al, 2019102
Umar et al, 2017,36
Umar et al, 201835
Wang et al, 201664
Wang et al, 201692 
Wang et al, 200893 
Zhang et al, 200595
Zeinali et al, 200837 
Zhang et al, 201038

Different Protonation:
Bourguignon et al, 201920
Chebbi et all, 2017103
Guerin et al, 19983
Hadibarata et al, 201060
Keum et al, 20067
Li et al, 201483
Mishra et al, 201950
Seo et al, 200714
Seo et al, 200653
Thomas et al, 2016104

	[image: ]
3,4-Dihydroxyphthalate
Oc1ccc(C([O-])=O)c(C([O-])=O)c1O
	Perfect Match

Throughput: 0.067
	Seo et al, 200653
Seo et al, 2012,16


	[image: ]

4,5-Dihydroxyphthalate
Oc1cc(C([O-])=O)c(cc1O)C([O-])=O
	Perfect Match

Throughput: 0.057
	Seo et al, 2012,16
Keum et al, 20067

	
[image: ]

2-hydroxy-1-naphthaldehyde
O=Cc1c(O)ccc2ccccc12
	Partial Match
[image: ]
Throughput:0.17
Oc1ccc2ccccc2c1C([O-])=O
	Keum et al, 20067

	[image: ]


Oc1ccccc1C([O-])=O
Salicylic Acid/ 2-hydroxybenzoic acid
	Perfect Match

Throughput:0.068
	Coppotelli et al, 2010, 75, 
Chen et al, 1999105
Ghosal et al, 20102
Guerin et al, 19983
Hadibarata et al, 201161
Hadibarata et al, 200780
Janbandhu et al, 2011106
Leneva et al, 2009, 41
Li et al, 201483
Lin et al, 2014,5 
Lu et al, 2013,6 
Mallick et al, 2007, 11 
Mallick et al, 2008,85 
Muratova et al, 2014, 49
Nie et al, 2016,18
Prabhu et al, 2003,71 Prakash and Lal, 2013,72  
Samanta et al, 199989
Seo et al, 200714
Seo et al, 200653
Tao et al, 200790
Roy et al, 2012,12 Seo et al, 2012,16 Sun et al, 2019,33 Wang et al, 200893

Different protonation
Shao et al, 2015107


	[image: ]
3-methylsalicylic acid
Cc1cccc(C(=O)O)c1O
	No Match (Single paper)
	Mishra et al, 201950

	[image: ]


Oc1ccccc1C=O
Salicylaldehyde
	Partial Match
[image: ]
Throughput:0.015
Oc1cccc(C=O)c1O
	Ghosal et al, 20102
Guerin et al, 19983
Hadibarata et al, 200780
Janbandhu et al, 2011106
Mallick et al, 2007,11 Muratova et al, 2014, 49 Roy et al, 2012,12


	
[image: ]
Catechol
Oc1ccccc1O
	Perfect Match

Throughput:0.010
	Ghosal et al, 20102
Guerin et al, 19983
Hadibarata et al, 201161
Hadibarata et al, 200780
Janbandhu et al, 2011106
Leneva et al, 2009,41
Li et al, 201483
Mallick et al, 2007,11 Mallick et al, 2008,85 
Nie et al, 2016,18 
Roy et al, 2012,12 
Seo et al, 2012,16 
Wang et al, 200893
Torres-Farradá et al, 2019102
Zhang et al, 200595


	[image: ]

3,4-Dihydroxybenzoate
Protocatechuic acid
Oc1ccc(cc1O)C([O-])=O
	Low Throughput Match

Throughput: 0.0011
	Guerin et al, 19983
Hadibarata et al, 201060
Keum et al, 20067
Keum et al, 200866
Li et al, 201483
Rehmann et al, 199630
Samanta et al, 199989
Seo et al, 200653
Seo et al, 2012,16
Sun et al, 2019,33
Torres-Farradá et al, 2019102

	[image: ]
Gentisate
Oc1ccc(O)c(c1)C([O-])=O
	Perfect Match

Throughput: 0.011
	Keum et al, 200866, Nzila et al, 201870


Different protonation:
Seo et al, 200714

	[image: ]
4-Hydroxybenzoic acid
O=C(O)c1ccc(O)cc1
	Partial Match
[image: ]
Throughput: 0.068
Oc1ccccc1C([O-])=O
	Hidayat et al, 2018, 47

	[image: ]
2-(Hydroxymethyl)benzoic acid
O=C(O)c1ccccc1CO
	Partial Match
[image: ]
Throughput: 0.079
[O-]C(=O)c1ccccc1C=O
	Seo et al, 2012,16

	[image: ]
2-carboxybenzaldehyde
2-Formylbenzoic acid
[O-]C(=O)c1ccccc1C=O
	Perfect Match 


Throughput: 0.079
	Keum et al, 20067
Rehmann et al, 199630
Seo et al, 200653 
Zhang et al, 201038


	[image: ]

2-methylphenol
Cc1ccccc1O
	Partial Match
[image: ]
Throughput: 0.015
Oc1cccc(C=O)c1O

	Li et al, 201862

	[image: ]
Benzoic Acid
O=C(O)c1ccccc1
	Partial Match
[image: ]
Throughput: 0.068
Oc1ccccc1C([O-])=O
	Hidayat et al, 2018, 47 
Li et al, 201483
Zeinali et al, 200837
Different Protonation:
Bourguignon et al, 201920

	[image: ]
Phenol
Oc1ccccc1
	Low Throughput Match

Throughput: 1.28e-07
	Nie et al, 2016,18

	[image: ]

Diosbutyl phthalate
CCCOC(=O)c1ccccc1C(=O)OCCC
	No Match  

However this study used alkane chains mixed in with the PAH. 

These compounds are most likely derived from o-phthalate.

These compounds are not counted in the accuracy scoring.  
	Wang et al, 2007108

	[image: ]

Dibutyl phthalate
CCCCOC(=O)c1ccccc1C(=O)OCCCC
	
	Wang et al, 2007108

	[image: ]

mono(2-ethylhexyl) phthalate
CCCCC(CC)COC(=O)C1=C(C=CC=C1)C(O)=O
	
	Wang et al, 2007108

	[image: ]

1,2-benzenedicarboxylic acid, diisooctyl ester
CC(C)CCCCCOC(=O)C1=CC=CC=C1C(=O)OCCCCCC(C)C
	
	Mishra et al, 201950
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	Perfect Match
	Partial Match

	High Throughput
	14
	25

	Low Throughput
	3
	4



No Match (Single) 25
No Match (Multiple) 13
No Match Explanations: 
Several of the No-Match Compounds are the result of methylation or other straight chain addition after the cleavage of another bound. EAWAG does not predict this type of transition, so these compounds would not be found. Certain anhydride, oxide, or coumarin structures are also not predicted, so these compounds are either classified as no Match or Partial Match if their immediate parent and daughter compounds are predicted.
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[bookmark: _Toc37225790][bookmark: _Hlk36800439]Section 5: Analysis and Plotting Code

A full analysis of the PAH degradation network will generate the following files. Examples are provided at https://github.com/ngLabGroup/networksPlotting
Raw Data Files: 
RawExampleData.xlsx – Edgelist obtained from EAWAG or similar pathway predictor
BATCH.OUT files from EPI Suite™. These contain the Log Kow (LogP) value, there may be several depending on the size of the network. 
RuleData.xlsx – Contains the aerobic weightings as defined by EAWAG. This is an input for the nodeThroughput.py script
Generated Data Files:
ExampleEpiLogKow.xlsx – Log Kow Estimation from EpiSuite. Similar files could be generated if parameters were desired than cannot be computed by RDKit. Other files can merge them in based on the SMILES codes.
ExamplePositions.xlsx – Optional file for improving waterfall plots. Allows nodes to be manually moved for viewing
ExampleQFNodes.xlsx – Example of the output from the nodeThroughput.py
LiteratureMatches_Highthroughput.xlsx – Reference file for compounds that match literature and that pass whatever threshold is selected as high throughput. Can be tabbed out to serve multiple compounds. The high throughput compounds can be easily copied from the node throughput file. It is usually desirable to be able to reference these compounds easily, which is why they are stored in their own excel file rather than being pulled from the node throughput file
ExamplePathWeight.xlsx The Edgeless after Relevant Pathway filtering has been applied
Supporting Code Scripts:
- CustomFunctions_PAHteam.py contains several functions that are needed for the other scripts
Analysis Code Scripts: 
Run the scripts in the order that they appear on the page
- addEpiSuiteLogKow.py This script is used to package the outputs from the Kowwin module of the EpiSuite BATCH.OUT files into an excel file 
- nodeThroughput.py This script applies the nodeThroughput algorithm and write out the ExampleNT_BTW_Nodes.xlsx file
- relevantPathwayFiltering.py This script allies the Relevant Pathway filter and writes out the ExamplePathWeight.xlsx
 - network_Molecular_correlations.py This script computes the correlations between network data and chemistry data
- substructureFinder.py This script is used to locating Partial Matches. This script works best if it is manipulated deliberately.  
Plotting Code Scripts:
- waterfallPlot_LitMatchs.py – This script generates Figure 5 in the main test as well as the plots in the SI for each PAH. 
- pathwayMatchLegend.py – This script generates the percentage bar in Figure 5. These two plots can be combined with an image program. 
- lit_comparisonBarPlots.py – This script generates Figure 6 in the main text
- betweennessMCS_plotter.py – This script will not work with the small example data set as the MCS code requires many more compounds, but is provided as reference.
Example Data Sets:
We cannot provide the full data sets, however small partial datasets are provided to demonstrate the workings of the code. 


[bookmark: _Toc37225791]Section 6. Sensitivity Analysis
Weighting Sensitivity Analysis
The compounds in the High Node Throughput category can be classified based on how they connect to each other, especially by how they connect to the empirical literature matches (Perfect Matches). This is one of the major strengths of applying a networks approach to this problem. As the figures of the individual network plots in the earlier SI sections illustrate, High Node Throughput Compounds can be classified as either “Perfect Match”, where compounds match an empirical literature value exactly, “Pathway Match” where they are on a degradation pathway to or from a “Perfect Match” compound, or as a “Network Outlier” where the node does not match an empirical literature study exactly and there is no direct pathway among other High Node Throughput compounds to or from a literature match. 
EAWAG-PPS categorizes the biodegradation reactions (network edges) by aerobic likelihood. In this paper, the categories of “Neutral”, “Likely”, and “Very Likely” were considered. The categories of “Unlikely” and “Very Unlikely” were assumed to be negligible. In order to determine the proper numerical weighting (Edge Aerobic Likelihood Score) to assign to the different aerobic likelihood categories, a sensitivity analysis was conducted. Figure S6.1 shows the results of this analysis for the High Node Throughput compounds, (nodes with a greater than 0.01 Node Throughput value).
The ideal Edge Aerobic Likelihood Score would assign scores (weights) to the biodegradation edges such that after applying the Node Throughput algorithm, as many of the Perfect Match literature metabolites as possible fall into the “High Node Throughput” category after the Node Throughput algorithm was applied. In order to determine the ideal weighting scheme an initial scoring of 1,2,3 (spread of 1) was assigned to the edge categories of “Neutral”, “Likely”, and “Very Likely”. The spread was then incrementally increased by integer values; a spread of 2 would be a scheme of 1,3,5, and a spread of 3 would be a scheme of 1,4,7, etc, on up to a spread of 99. The number of predicted metabolites above the High Node Threshold of 0.01 was then considered to determine the best Edge Aerobic Likelihood scoring scheme. The 0.01 threshold as the definition for High Node Throughput was estimated initially as a good threshold for selecting the most relevant metabolites and was re-verified below. 
As the Edge Aerobic Likelihood Scores are increased, the “Neutral” category is help constant at 1 and the weightings of the “Likely” and “Very Likely” categories are increased. The Aerobic Likelihood Scores are part of the Edge Throughput Value Equation (1) in the main text. 
  (1)

and each node’s “Throughput” value is assigned by:

	               (2)

The greater the spread of the Aerobic Likelihood categories, the greater the final Edge Throughput Value assigned to the “Likely” and “Very Likely” edges will be, and the lower the final Edge Throughput Value assigned to the “Neutral” edges will be. A greater spread between the categories will result in assigning more Edge Throughput to the “Likely” and “Very Likely” edges and less to the “Neutral” Edges. 
[image: ]
[bookmark: _Toc37225792]Figure S6.1: Network Metrics at Different Aerobic Likelihood Spreads 

The increase in spread will result in an overall lower number of nodes because branches that are started by a “Neutral” edge will have lower Node Throughput assigned to them and their daughter products consequently will fall below the cutoff for High Throughput earlier along the degradation pathway. Additionally, the average shortest path length to a sink compound increases as more weight is assigned to the “Likely” and “Very Likely” categories, as the degradation chains will go farther before the final sink has less than a 0.01 Node Throughput value. These two networks measurements are summarized for each PAH in Figure S6.2.
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[bookmark: _Hlk36800573][bookmark: _Toc37225793]Figure S6.2: Sensitivity Analysis of Different Weighting Schemes. The aerobic likelihood weighting of the aerobic likelihood categories of “Neutral”, “Likely”, and “Very Likely” was incrementally increased from 1,2,3, to 1, 100, 199. The categorization of the High Node Throughput compounds based on the Edge Aerobic Likelihood spread is shown for each PAH. 

[bookmark: _Hlk43798767]The spread was increased as much as possible while minimizing Network Outliers and maximizing Perfect Match Compounds. The optimal Edge Aerobic Likelihood scheme was found to be a spread of 32, resulting in a numerical scoring scheme of 1,33,65 for the 3 different categories. A spread of 33 would have caused 3 of the Fluorene metabolites to fall below the High Node Throughput cutoff of 0.01. This process maximized the number of Perfect Match metabolites that showed a Node Throughput of greater than 0.01. 
High Node Throughput Threshold Selection
The threshold of 0.01 was used as an initial screening threshold for optimizing the edge weighting. After the ideal edge weighting was selected, the threshold was re-verified by considering the number of literature compounds that fell above possible thresholds vs the total number of compounds selected. 0.01 proves to be a good threshold for the definition of High Node Throughput, identifying 34 of the possible 55 (~62%) of the Perfect Match category metabolites while selecting a reasonable number of other predicted metabolites to consider. This analysis is summarized in Figure S6.3. 
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[bookmark: _Hlk36800615][bookmark: _Toc37225794]Figure S6.3: Selection of the Threshold for High Node Throughput. Both axes are log10 transformed. The heatmap shows how many literature metabolites are found above each order of magnitude of Node Throughput. The dashed line shows the threshold for High Node Throughput of 0.01 used in the main text. Each literature compound is plotted with its Node Throughput value on the vertical axis and the total number of High Node Throughput Compounds that would be selected if that value was used as the threshold on the horizontal axis (the number of High Node Throughput Compounds with a Node Throughput value greater than Throughput value of the Perfect Match value plotted) 
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