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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are organic compounds produced primarily
through the incomplete combustion of coal, petroleum, and other carbon-based materials. These
compounds are environmentally ubiquitous and have attracted widespread attention because they
are significantly biologically toxic and have far-reaching implications for public health and societal
wellbeing. Consequently, developing a comprehensive understanding of how PAHs and their de-
rivatives metabolically biotransform in the human body is critical for devising precise preventive
strategies and targeted health interventions. PAHs and their derivatives metabolically transform in
vivo in a complex process involving a broad variety of enzymes and pathways, and are usually

divided into three distinct phases. Phase I encompasses oxidative, reductive, and hydrolytic reactions
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that are primarily catalyzed by cytochrome P450 (CYP) enzymes. These processes produce inter-
mediates such as monohydroxyls, diols, diol-epoxides, and quinones, some of which (e.g., diol-
epoxides) form covalent DNA adducts, thereby contributing to their toxicities. Phase Il involves
conjugation reactions, such as glucuronidation, sulfation, and glutathionylation, which enhance
the water solubilities of the metabolites and facilitate their elimination. These detoxified metabolites
are actively transported and excreted via bile or urine in phase Il , which effectively minimizes
internal PAH exposure and prevents accumulation. Metabolites generated at various stages of PAH
metabolism serve as crucial biomarkers for assessing human exposure levels. For example, urinary
monohydroxy PAH metabolites (e.g., 1-hydroxypyrene) have been widely adopted as reliable
biomarkers for characterizing PAH exposure. However, owing to their structural diversity, PAHs
metabolize via considerably different mechanisms to afford a variety of products, which highlights
the need to differentiate individual PAHs and their derivatives in order to precisely assess exposure
and evaluate nuanced health risks. Understanding the time-dose-effect relationships of PAH me-
tabolites provides another major PAH-biomonitoring challenge. Investigating these dynamics is
essential for revealing the cumulative and long-term health effects associated with exposure to
multiple PAHs and their derivatives. Moreover, such studies provide scientific bases for formulating
personalized and refined health-protection strategies. For instance, exploring how individual sus-
ceptibility, such as genetic polymorphisms in CYP enzymes or conjugation pathways, affects PAH
metabolism is expected to significantly improve risk stratification and targeted interventions. PAH
exposure is associated with significant health risks because they are associated with a range of
diseases, including lung, pancreatic, and gastrointestinal cancers, as well as respiratory and
cardiovascular diseases. The pervasive environmental presence of PAHs further complicates exposure
scenarios, necessitating the comprehensive monitoring of various populations and environmental
contexts. In addition to individual exposure, population-scale studies are expected to inform public
health policies and regulatory actions aimed at reducing PAH exposure, particularly in vulnerable
populations. This review concisely summarizes the metabolic pathways and product categories
associated with four types of PAHs: parent, nitroxylated, oxidized, and alkylated. It emphasizes
recent advances in our understanding of parent PAH metabolism in humans, focusing on their
implications for exposure characterization, health risk assessment, source tracing, and regulatory
decision-making. This paper aims to provide a scientific foundation for the advancement of human
biomonitoring efforts and the development of evidence-based public health interventions tailored
to reduce the burden of PAH exposure by addressing the complexities of PAH metabolism.
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Fig.1 Metabolic pathways of benzo[a]pyrene in vivo
* stable formation in vitro; CYP: cytochrome P450; EH: epoxide hydrolase; AKR: aldo-keto reductase; NADPH: reduced nicotin-
amide adenine dinucleotide phosphate.
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Fig. 2 Metabolic pathways and the numbers of metabolites of PAHs and their derivatives
PAHs: polycyclic aromatic hydrocarbons; OPAHs: oxygenated-PAHs; NPAHs: nitrated-PAHs; LPAHs: low-molecular-weight PAHs;
HPAHs: high-molecular-weight PAHs; APAHs: alkylated-PAHs.
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Table 1 Current status of in vivo metabolism studies of PAHs and their derivatives

Compound Categories Phase | metabolites Phase Il metabolites Refs.
Pyrene HPAHs 1-hydroxypyrene, 1, 6-dihydroxypyrene, 1, 8-di- 2 isomers of hydroxypyrene glucuro- [23-25]
hydroxypyrene, pyrene-1,6-quinone, pyrene-1, 8- nide
quinone
Benzo[ a J]anthracene HPAHs benzo[a]anthracene-3, 4-dihydrodiol, anti-benzo [26,27]

[a] anthracene-3, 4-dihydrodiol-1, 2-epoxide,
benzo [ a] anthracene-3, 4-catechol, benzo[a]an-
thracene-3,4-orthoquinone

Benzo[ a]pyrene HPAHs benzo[a]pyrene radical-cation, 8- (benzo[a]py- [28-32]
rene-6-yl) -guanine, 7-(benzo[a]pyrene-6-yl) -ad-
enine, 7-(benzo[a]pyrene-6-yl) -guanine, benzo
[a] pyrene-2, 3-oxide, 3-hydroxybenzo [a] py-
rene, benzo [a] pyrene-7, 8-oxide, benzo [a]
pyrene-catechol, trans-7, 8-dihydroxy-7, 8-dihy-
drobenzo [a] pyrene, r7, t8-dihydroxy-t9, 10-ep-
oxy-7,8,9, 10-tetrahydrobenzo [ a ] pyrene, 17,8,
t9-trihydroxy-c-10- ( N>-deoxyguanosyl)-7, 8,9, 10-
tetrahydrobenzo [ a | pyrene, benzo[a]pyrene tet-
rol, benzo[a]pyrene-7, 8-quinone, 10-(N*-deoxy-
guanosyl) -9, 10-dihydro-9-hydroxybenzo [a] py-
rene-7,8-dione”

Dibenzo[a, h]anthra- HPAHs 3, 4-arene oxide enantiomers of dibenz[a, k] an- [33]
cene thracene, trans-dibenz[ a,h]anthracene-3,4-dihy-

drodiol, dibenz|[a,h]anthracene-3,4-diol-1, 2-ep-

oxide
Dibenzo [def,p]chry- HPAHs dibenzo [def, p] chrysene radical cation, dibenzo [34]
sene [def, p] chrysene-11, 12-epoxide, 2 isomers of

dibenzo [def, p] chrysene-trans-11, 12-dihydro-
diol, 4 isomers of dibenzo| def,p | chrysene-trans-
11, 12-dihydrodiol-13, 14-epoxide, 4 isomers of
dibenzol def, p | chrysene-11,12, 13, 14-tetrahydro-
tetraol, dibenzo[def,p]chrysene-11, 12-catechol,
dibenzo [def, p] chrysene-11, 12-semiquinone,
dibenzo| def,p]chrysene-11, 12-quinone
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Table 1 (Continued)
Compound Categories Phase | metabolites Phase Il metabolites Refs.
Naphthalene LPAHs naphthalene-1, 2-oxide, 1, 2-dihydronaphthalene- 1-hydroxy-2-glutathione-1, 2-dihydro- [25,35,
1,2-diol, 1,2-dihydroxy-3,4-epoxy-1,2,3,4-tetra- naphthalene, 1-glutathione-2-hy- 36]
hydronaphthalene, 1-hydroxynaphthalene, 2-hy- droxy-1, 2-dihydronaphthalene, 2-hy-
droxynaphthalene, naphthalene-1, 2-diol, naph- droxynaphthaleneglucuronide, 1-hy-
thalene-1, 4-diol, 1, 2-naphthalenedione, 1, 4- droxynaphthaleneglucuronide, 2-
naphthoquinone hydroxynaphthalene-sulfate, 1-
hydroxynaphthalene-sulfate
Fluorene LPAHs 2-hydroxyfluorene, 3-hydroxyfluorene, 9-hy- hydroxyfluorene sulfate, 3 isomers [25,37]
droxyfluorene of hydroxyfluorene glucuronide
Phenanthrene LPAHs phenanthrene-1, 2-oxide, 2-hydroxyphenanthrene, hydroxyphenanthrene-glucuronide, 2- [23-25,
I-hydroxyphenanthrene, 1, 2-diol-phenanthrene, hydroxyphenanthrene-sulfate, 2 iso- 38]
phenanthrene-( 1R,2S)-diol-(3S,4R)-epoxide, (1R, mers of phenanthrene-dihydrodiol-
28,3R,4S)- phenanthrene-tetrol, phenanthrene-9, glycine
10-oxide, phenanthrene-9, 10-diol, 9-hydroxy-
phenanthrene, 3, 4-phenanthrene-oxide, 3-hy-
droxyphenanthrene, 4-hydroxyphenanthrene,
phenanthrene-3,4-diol, phenanthrene-(3S,4R)-diol-
(1R,2S)-epoxide, (1R,2R,3S,4R)-phenanthrene-
tetrol
Anthracene LPAHs anthracene-l, 2-oxide, anthracene-1, 2-dihydro- [39]
diol
Fluoranthene LPAHs anti-2, 3-dihydroxy-1, 10b-epoxy-1, 2, 3-trihydro- [40]
fluoranthene
1-Nitropyrene NPAHs 1-nitropyrene-4, 5-oxide, 1-nitropyrene-9, 10-ox- 4- (glutathione-S-yl) -5-hydroxy-4, 5- [41-44]
ide, 1-nitropyrene-4, 5-dihydrodiol, 1-nitropy- dihydro-1-nitropyrene, 5-(glutathione-
rene-9, 10-dihydrodiol, I-nitrosopyrene, N- S-yl) -4-hydroxy-4, 5-dihydro-1-nitro-
hydroxy-1-aminopyrene, l-aminopyrene, N- pyrene, 9- (glutathione-S-yl) -10-hy-
acetyl-1-aminopyrene, 8- (deoxyguanosin-N>-yl) droxy-9,10-dihydro-1-nitropyrene, 10-
-l-aminopyrene, (N-deoxyguanosin-8-yl) -1-ami- (glutathione-S-yl)-9-hydroxy-9, 10-di-
nopyrene hydro-1-nitropyrene
1-Nitrobenzo [a] py- NPAHs I-nitrobenzo [a] pyrene-7, 8-epoxide, 1-nitro- [45]
rene benzo[ a]pyrene-7, 8-diol, 1-nitro-trans-7, 8-dihy-
droxy-9, 10-epoxy-7, 8, 9, 10-tetrahydrobenzo [ a |
pyrene, N-hydroxy-l-aminobenzo [a] pyrene, 1-
aminobenzo[ a ]pyrene
1,6-Dinitropyrene NPAHs 1-amino-6-nitropyrene, 1-nitro-6-nitrosopyrene, [42,44]
N-(deoxyguanosin-8-yl)-1-amino-nitropyrene
1,8-Dinitropyrene NPAHs 1-nitroso-8-nitropyrene, N-hydroxy-1-amino-8-ni- [42,44]
tropyrene, l-amino-8-nitropyrene, N-acetoxy-1-
amino-8-nitropyrene, N-(deoxyguanosin-8-yl) -1-
amino-8-nitropyrene
2-Nitrofluorene NPAHs N-hydroxy-2-aminofluorene, N-hydroxy-2-acetyl- [46]
aminofluorene, N-deoxyguanosin-8-yl-2-amino-
fluorene
3-Nitrofluoranthene NPAHs  N-hydroxy-3-aminofluoranthene, N- (deoxy- [44]
guanosin-8-yl)-3-aminofluoranthene
3-Nitrobenzanthrone NPAHs 3-aminobenzanthrone, N-acetyl-N-hydroxy-3-ami- [47-50]

nobenzanthrone, N-acetoxy-N-acetyl-3-amino-
benzanthrone, N-hydroxy-3-aminobenzanthrone, N-
acetoxy arylamines, N-sulfooxy arylamines, elec-
trophilic nitrenium ions, 8-(3-amino-7H-benz[ de ]
anthracen-7-one-2-yl) -2’ -deoxyguanosine, 8- (3-
amino-7H-benz [ de] anthracen-7-one-N-yl) -2 -de-
oxyguanosine, N,-(3-amino-7H-benz[ de ]anthracen-
7-one-2-yl)-2'-deoxyguanosine
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Table 1

()

(Continued)

Compound

Categories

Phase | metabolites

Phase Il metabolites

Refs.

5-Nitroacenaphthene

6-Nitrochrysene

7-Nitrobenzo [a] an-

thracene

NPAHs

NPAHs

NPAHs

1-hydroxy-5-nitroacenaphthene, 1-hydroxy-5-
aminoacenaphthene, 1-keto-5-nitroacenaphthene,
1-keto-5-aminoacenaphthene

trans-1, 2-dihydro-1, 2-dihydroxy-6-nitrochry-
sene, trans-1, 2-dihydro-1, 2-dihydroxy-6-ami-
nochrysene, trans-1,2-dihydroxy-3, 4-epoxy-1,2,
3, 4-tetrahydro-6-aminochrysene, 6-nitrosochry-
sene, N-hydroxy-6-aminochrysene, 5-
(deoxyguanosin-N>-yl) -6-aminochrysene, N- (de-
oxyguanosin-8-yl) -6-aminochrysene, N- (deoxy-
inosin-8-yl)-6-aminochrysene

7-nitrobenz [ a | anthracene-trans-3, 4-epoxide, 7-
nitrobenz[ a ] anthracene-trans-8, 9-epoxide, 7-ni-
trobenz [ a ] anthracene-trans-3, 4-dihydrodiol, 7-
nitrobenz[ a ] anthracene-trans-3, 4-dihydrodiol-1,
2-epoxide, 7-nitrobenz [a] anthracene-1, 2, 3, 4-

[44]

[44,51-
53]

[44]

tetrahydrotetrol,
trans-8,9-dihydrodiol

1-Methylpyrene APAHs

-deoxyadenosine, N>- (1-methylpyrenyl) -2'-de- I-sulfoxymethylpyrene to

oxyguanosine

7,12-Dimethylbenz[a] APAHs

anthracene

9,10-Phenanthrenequi- OPAHs

7-nitrobenz

1-hydroxymethylpyrene, N°-( 1-methylpyrenyl)-2’ 1-sulfoxymethylpyrene,

7-hydroxymethyl-12-methylbenz [a] anthracene,
7-methyl-12-hydroxymethylbenz| a Janthracene

9,10-dihydroxyphenanthrene

[a] anthracene-

cleavage of [54-56]
electro-

philic positive carbon ions

7-methyl-12-sulfooxymethylbenz [a] [57]
anthracene, 7-sulfooxymethyl-12-

methylbenz[ a ]anthracene

9, 10-dihydroxyphenanthrene mono- [38,58]

none glucuronide, 9, 10-dihydroxyphenan-
threne monosulfonated
1.2 ZE-REUWER KM BE IS WA A R AR . B0, R OF [a] BEAE

PAHs - 30 S 1L ¥ 3% 42 0 LA W) 1R D9 0
TR A R R AR . B S, PAHs £ CYP (4N
1A1.1A2 1B1) > i 4k 2B il 3R AL 9 L 4k i 3 23 34
E ALY K % 1 (epoxide hydrolase , EH) Xk — %
Foof TR 5 CYP A AL TEE- A E Y. —
- ALY 7T 5 DNA 255 T8 om &9, o gk ik —
AR R R LRI [al BN B, 7E
CYPI1A/IB1 F™ MPER T, A i 7, 8-3F A Ak K I
La ]t , B J5 9% EH XA R IF [a ] 267, 8- BE,
PRk — 29 CYPLIAL/BI AR, B hli e -7, 8- 5%
3.9, 10-3%-7,8,9,10-10 & % 3 [a ] &£ (BPDE) ,
XA [a] MR A BUEY ™ . BPDE 5 DNA
B 17,8,t9- = F2 F-c-10-(N*- | 5 17 ) -7,
8,9, 10-M A K It [a BB, H £ 5 BOL 45 405 A
1.3 mRiER

Bif i 12 5 - A AL W ik 4 B AR I = AR
F2 XA T A R R Rl T B R O D
(aldo-keto reductase , AKR) i 4k I BL 48 28 — 1 , 41

CYP1A1/1B1 #1 EH fEH FAE BRI [altE-7,8-2
Fist | Bifi ) 3l F AKRIAT FEAR B A LSRR — 1y, 5
O, #F N E AR JEAE IR E = AT [a ] E-7,8- 2. 5
BE R A, 2K I (@ J2E -7, 8- i th AT 3 5 A8 J 760 Al iy
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Fig.3 In vivo metabolism of 1-nitropyrene by the nitro-reduction pathway
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Fig.4 In vivo metabolism of 1-methylpyrene by hydroxylation and sulfonation pathways

SULT: sulfotransferase.
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Table 2 Values of physiological parameters at different ages[

71-73]

Parameter Newborn 1 year 5 years 10 years 15 years Adult (30 years)
Body weight (kg) 3.5 10.0 19.0 32 56 73
Alveolar ventilation rate, @, (L/h) 90.0 150.0 240.0 310 420 450
Cardiac output, @, (L/h) 354 90.0 192.0 264 354 366
Blood volume, V, (L) 0.3 0.5 1.4 2.4 4.5 53
Blood flow (L/h)
Skin, Qg 1.80 3.60 10.20 15.0 18.9 19.50
Adipose, @, 1.80 3.60 10.26 15.0 18.9 19.50
Kidney, @ 6.60 13.80 34.62 51.2 80.1 79.50
Liver, Q, 2.34 4.68 13.26 19.5 24.5 25.38
Rapidly perfusion tissues, Q. 15.84 44.52 86.52 114.1 143.2 151.32
Slowly perfusion tissues, Qg 7.02 22.68 37.14 49.2 68.4 70.80
Tissue volumes (L)
Skin, Vg, 0.18 0.35 0.57 0.82 2.000 3.300
Adipose, V,, 0.93 3.80 5.50 8.60 12.00 18.20
Kidney, V; 0.03 0.07 0.11 0.18 0.250 0.310
Lung, V 0.03 0.08 0.13 0.21 0.330 0.500
Liver, V, 0.13 0.33 0.57 0.83 1.300 1.800
Slowly perfusion tissues, Vg, 1.25 2.59 6.74 12.15 23.744 27.702
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Table 3 Parameters of physiologically-based pharmacokinetic model for each tissue/organ of all ages”"”J
Parameter BaP 3-BaP NAP DBC
Partition coefficients
Blood/air, P, 590.00 10.3
Lung, P, 1.37 2.92 1.13
Adipose, P, 142.00 1.42 25.6 158.33
Skin, P 5.31 0.80 2.8
Kidney, P, 8.98 40.4
Liver, P, 8.39 1.83 9.38
Rapid perfusion, P, 12.47 3.35 10.37
Slow perfusion, P 7.36 0.56 7.49
Metabolic constants
Maximum metabolic rate per kilogram of tissue, V___ (umol/h) 705.8
Michaelis constant, K (pmol/L) 5.5
V. ./K, (L/h) 37.13 698
Fraction of hydroxy metabolites, f 0.185
Elimination rates (1/h)
Biliary, K\, (from liver to gastrointestinal tract) 0.042 0.042
K, (from gastrointestinal tract to liver) 0.007
Urine, K, (from kidney to bladder) 7.500 7.500
K (from bladder to urine) 0.009 0.009
Fecal, K, 0.334 0.173
Skin permeation parameters
Thickness of the stratum corneum, 7, (pm) 10
Total body surface areag, SURFA (cm?) 19238
Permeability coefficient for stratum corneum, Kps (em/h) 6.8x107°
Permeability coefficient for viable epidermis, K (cm/h) 3.0x10°

-: not given in the reference; BaP: benzol a Jpyrene; 3-BaP: 3-hydroxybenzol a Jpyrene; NAP: naphthalene; DBC: dibenzo| def,p Jchrysene.

A K HE K T R G T (9 B D 7 B AR AL AR A B
(80 EE . B, PAHS & HCATAE 9 01X it 7= 9
BN R A 0k R R A W AR AR . T AR R
PAHs ARSI AF ST BUfS 7 W & ok e, 84 e
PRl Sy 2B Ak AR AT e BT 7 L B AR 8
VB A A W b 3 40 19 17 FF %5 7 1T . Miisra 257 T
O3 3 AR $ 1 A 5 4 2 RHE 1) 2R P T 4 2 X R TR RE
AR AT AT, S BTG Y e 7 XA AR P R
iig 1 12 AR I B A B 45 5 PAHs B & MG, Wu
5TV R 4 AR S 1 AR 4 2 A KEGG 3 B4
Hr i b B 45 423 TR A0 A HPAHS i
i1 B4 3% 5 T 1 (hypoxia-inducible factor 1,
HIF-1) {5 5 i #% 175 5 0 A0 3 AL, o o5 & i IR
o A He S5 R R 23 PAHs n[EH
NPAHs [ % & /£ W b5 &4, 10 Lin %730, IR R
2 £ 35 9 T g 3& FH T APAHS (9 2 8% 4= W b5 0 .
[, PR 1-32 BB E C 92 AE y PAHs N 2 65 (1)

AW bR E YT X BB gE £ B R ) 28 A
PAHs 1 3= FE 245 44 R AF , A5 00 2 356 5 AN [ 19 1 18
FEYIE R B WA R . R SR 2 A X
PAHs A Py A% 15 14 52 o, 5k BF o8 $4, JE I 228
PEJE S AR X PAHs AR gy i B &, U H
S 7E AR U Al T AN AR A R T Y AR
75 S5 ] e T B0 MR R AR A 2 22 R 0 T
A5 By 77 A5 R A T A B M . Guo ZETOURH
M £ & M 7 & (single nucleotide polymor-
phisms sites, SNPs)#5ic 77 i X 48 3 [ a ] 6 AR 1 i
PEAT 00, R LA CYPIAL TT K& B A4S A, 1
BPDE- 1 FH & Wik & CYPIAI CC H: K A4~
K19 0.94 1% . A, Wang 2V BF 5848 1Y, CYP1AT
AG RN 5 CYP2E] CC BN M G/EH 5 &%
S By MR A OC . SR, H T 2 B SR AN O T
5 PAHs R AH G A BRI R IR T #R 0 5 —
oD BOLAS B A 5 (B2, o BE & T R I £



55 6 1]

BRI, A NN 2230 07 ke B HCATT A Wy 4 AR A A F 5 2

+ 581

A MEAE PAHs Q25 5 A B9 VR AL o 33 Flt Jey BR
PR AR A 5N HE— 25 KB N A5 L, R G A
it i [R5 AR a0 2 7R Y DG JG

Gideon 438 1 AfF 5 A AFE MR & R R 10 K
Ji 1) DR B FE AR (v B AR Ak, R B 2-FR B 2R
(A8 AL P fie oM S 3 (55 1 KRS58 10 K0 bR Wk JEE
S HAE R 21.6) 17 2-F2 3 R A9 AR Ak B /N (GF 2 e
Hh 3.4) 7R 2- 52 FEZE AR 0 2 e P, 2- R BEE AR
i B A 18 . Madeen 'V 3E i A M 1R B
it C-ZR T [def, p 1 525, & BRI 3K b iy E AR
B HC- AT [def,p i -11, 12-Z 1%, JRIE 1)
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Table 4 Metabolic characteristics of PAHs in human body

X Age/ Exposure Exposure Kinetics data Sample . .
Subjects . Metabolic characterization Ref.
years route substances analysis methods type
9 adults >18 ingestion NAP, FLU, nonlinear mixed- urine within 24 h; The parent PAHs, naphthalene, [85]
PHEN, PYR, effects model fluorene, phenanthrene, fluoranthene, and py-
and FRT rene made up 0, 14%, 42%, 100%, and 56%, re-
spectively, of the total PAH+hydroxy-PAH con-
centration measured in urine.
9 adults 23-61 ingestion NAP, FLU, nonlinear mixed- urine Mean percentage of PYR excreted as 1-PYR in [86]
PHEN, and  effects model urine over 24 h was 6.8% (range 4.5%—14.6%). For
PYR NAP, FLU, and PHEN, the mean percentages of
their excreted hydroxylated metabolites (sum of
the metabolites from the same PAH) were 182%
(99%-248%) , 60% (30%—-73%) , and 11% (7.5%—
16%) , respectively.
9 adults 20-65 ingestion '*C-DBC non-compartmental urine  Total urinary excretion of '*C-DBC at 72 h was [87]
model 1.24%+0.49% of the total oral dose.
6 adults 20-65 ingestion '*C-DBC pharmacokinetic urine "C-(+/-)-DBC-11, 12-diol was the major metabo- [83]
model and lite in plasma. '*C-( +/-)-DBC-tetrol was the ma-
plasma jor metabolite in urine, of which 88.7%+6.5% was
present in conjugated form.
7 adults 26-65 ingestion '‘C-BaP non-compartmental plasma The metabolites with the highest yield were BaP- [88]
model and compart- tetrols (specific stereoisomers unknown) and di-
mental model hydrodiols (7,8- and 9, 10- with perhaps some 4,
5-dihydrodiol).
8 adults 26-41 ingestion NAP-d, non-compartmental urine The means of 72 h fractional urinary excretion [89]
FLU-d,,, model for each metabolite are as follows: 1.14%,
PHEN-d,, 0.63%, 8.24%, 1.03%, 0.84%, 0.72%, 1.07%,
and PYR-d,, 0.07%, 0.58%, and 11.3% for 1-, 2-NAP-d,, 2-, 3-
FLU-d,, 1-, 2-, 3-, 4-, 9-PHEN-d,, 1-PYR-d,, re-
spectively.
6 adults 20-65 ingestion '*C-DBC PBPK model urine and A smaller proportion of DBC gets eliminated via [73]
plasma Phase I than Phase I route (54% vs. 30%).
Human - in vitro BaP and DBC PBPK model - The intrinsic clearance of BaP is nearly five-fold [90]
liver micro- faster than that of DBC.
somes
Human - in vitro DBC linear regression - The metabolism rate of phase I DBC-11, 12-diol [91]

liver micro- model and Michaelis-

somes Menten equation

was 1.7-fold higher than that of DBC.

FLU: fluorene; PHEN: phenanthrene; PYR: pyrene; FRT: fluoranthene; 1-PYR: 1-hydroxypyrene; 1-NAP: 1-hydroxynaphtha-

lene; 2-NAP: 2-hydroxynaphthalene; 2-FLU: 2-hydroxyfluorene; 3-FLU: 3-hydroxyfluorene;

1-PHEN: I-hydroxyphenanthrene; 2-

PHEN: 2-hydroxyphenanthrene; 3-PHEN: 3-hydroxyphenanthrene; 4-PHEN: 4-hydroxyphenanthrene; 9-PHEN: 9-hydroxyphenan-

threne; PBPK: physiologically based pharmacokinetic.
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