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pollutants, POPs) Wi B2 BAT 4R M A W& AR DI BR M B i A (R 36 30 | Bumy (Bse
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ORI 1Y T BN IRAAE N T5 G W) AR R 40, BIF 58 L i) PAHSs S CHATTAR B A R IR A A B2 5 XL
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Occurrence and human exposure of polycyclic aromatic hydrocarbons
and their derivatives-in indoor dust: A review of recent studies

CHEN Linyu' CHEN Xianxian' HE Huan'"" GAO Zhangi® PENG Ying’

HU Guanjiv® ZHANG Yanxia' LI Huiming' YANG Shaogui' LI Shiyin'

(1. School of Environment, Nanjing Normal University, Nanjing, 210023, China;
2. Jiangsu Environmental Monitoring Center, Nanjing, 210036, China)

Abstract : Polycyelic aromatic hydrocarbons ( PAHs) is an important category of typical persistent
organic pollutants (POPs). Tt is semi-volatile, bioaccumulative, long-term residual and toxic (e.
g. , carcinogenic, feratogenic, mutagenic) ; therefore, it is regarded as an important pollutant in the
environment. Even though concentration of PAHs derivatives is usually lower than their parent
PAHs, some of them have shown direct mutagenic and carcinogenic effects without transformation.
In addition, PAHs derivatives exhibit higher carcinogenic and teratogenic effects than their parent
PAHs. Therefore, there is an increasing concern on PAHs derivatives. Since indoor dust is one of
the major carriers of pollutants into human body, it is of great significance to study the concentration

level, source and human exposure risk of PAHs and their derivatives in indoor dust. Based on the
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current literature data on PAHs and their derivatives in indoor dust around the world, the
concentration, source and human exposure risk of PAHs and their derivatives have been
comprehensively reviewed in this study. Moreover, the unresolved problems and knowledge gap in
the existing studies are identified. Finally, future study of PAHs and their derivatives in indoor dust
are suggested.

Keywords : PAHs and their derivatives, indoor dust, concentration, source, human exposure risk.

PEAh T, A N AE R 60% —90% (AR 1A 28 Y PRI fi L 28 P T Y ) B TR IR T S5 AT A A
W% AR BA FEFY T BN IR K S N5 e R = R 5 1Y
XEEATEA FVG Y A A T R A 2R B TR B SCHE AN 5 R . AN 20 b4
90 FARTFUR , 2 PR AR h i Yy (1 15 YRR M 3 © T B b F B S8 074 2 75 Qe i35 otk -

ZIRTTIE (polyeyclic aromatic hydrocarbons, PAHs) JEARKT Mt Al AL T S SEH I A
SRR 7 A I HE R VR S AL B W), R — S MR Y 45 AE A HLTS G4 W) (persistent organic pollutants,
POPs) . PAHs HA 45 K 1 A8 AR Rk P ek A ) 00 10 2 1 (A 368 B0 O (B 2 ) S5 e
JEFREE Y — 2 BG Y ). A [ PR AE AT 7T G (TARC) 22 A 19 94 Fff 250 PEAE 5 9 T, PAHS
15 Fh' 735 EIRBY B (USEPA) B H Y 129 Bl Seis il 5 Y 9 s PAHs o1 16 F'*). i %5 Xt PAHSs
R AWRA  BIFSE 1 B i B W4 e 3] PAHs BOATA 9. HBT, PAHS 1T AR W AT 5 52800 Mok 22
1 F5 )% (nitrated polycyclic aromatic hydrocarbons, NPAHs) | 7 .2 ¥ 55 42 Coxygenated polycyclic aromatic
hydrocarbons, OPAHs) G422 1 75 42 ( chlorinated polycyclic aromatiec hydrocarbons, CI-PAHs) AR Z
5542 (brominated polycyclic aromatic hydrocarbons, Br-PAHs) . PAHs T4 ¥ /) & &3 % tt PAHs i, {2
PN B AR REAE A EoE . SRR PAHS( parent polycyclic aromatic hydrocarbons, pPAHs)
FHEE, PAHs 749 BAT 5753 A B0 M AN Somr P | ELARPEVE R S 4, i AT PAHS 37 AR 4 1) G T B

AR SCHE A SRR I AR O [ P AR 3 P e o PAHs K HAT AR W) ({245 NPAHs, OPAHSs, C1-PAHSs  Br-
PAHs) FYIRAF K5 B N A5 88 PPN a0 IR WF 9 O X0 A J5 A s i AT 1 e B2 LU PAHs M
HAGE TS S22

1 ERKL 5 PAHs K H{THE Y BIIRK 7F 7K ( Concentration of PAHs and their derivatives in indoor
dust)

HAT, B NN BT PAHs K HAT A= 1 1) WAF IF 58 2494 RH DG, 32 4R v e RAUBORLY)
JoT 0 e B K AR IS A R TR B N T B KUK ARk [ N AP X E N KA PAHSs ISR AL I
Wi Z (BX FPAHs Wi AR W IBESE ORI D, JF B, ¢ T PAHs fi7 A #) A58 29 J2 NPAHs (OPAHSs |
C1-PAHs F1 Be-PAHs: [5 A 4038 PR 2 PAHs Ko HAT AR 1) B WRAT AP RIF 9 L 36 1.

1.1 PAHs A7 K-

BT, 2= WK PAHs 5T IE 20075 2 S A0, B AN/ 2 H X #0058 N R4 PAHSs AP ik
FEAKF-HEAT TR, S 1% PAHs R UE Al BEVE AT A R0 X4, ENFERCRERN I KA E e, &
R FEETE VAR SR B BB TGS T R AR T BRI I S R
A ] R S 2 B T D) R Ty 2 RO A PR R EAT 10 SR OR BRL H T A% LT 5 T RE 1Y
PAHs A UEAIG], K 21 i PAHs PRt 25 55 , X SE0F 5215 2 19 PAHs TRAT KT 22 AR G, Bl ok B % i
ik 6 MR, TEXTIK E 45 DRANAEE T 36 AT % N KA PAHs IR 43 Hrh A E
SRR H PAHS (5 B 5 M B B (2R 2h B ) S IR DG S B A A S I v b T A B P A
TR G FE A 2R W], v [ AR BB b X A T RN R N VB RN T R FE W R e T
PUFRHLIXC S e TR 23 44T IR X Y 45 S FKEERT 36 N HEZREES T (ARG T S MO &
85 3 N K2R PAHs ORI A3 A i 21 1 AR — BN 4510, B9 R A K2 FAE B2 3 0T 1 & N K
22 PAHSs £ 5 (1975 (8] 43 A 249 S BUA DL A db i XA 8, T i DX (R A 4
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F1 EHNSMENKA T PAHs K HATEY R AT

Table 1 The occurrence and concentration of PAHs and their derivatives in indoor dust in previous studies around the world

- - .
e R ERILED ik i S e WP
Location Year compounds Species range_ ] (mediai)/ Reference
/(ng-g™) (ng-g™')

FEE L LRDAGMN 1994—1995 PAHs 18 1250—15200 4520 [6]
FE AR T RGIM 1999—2007 PAHs 9 54—11170 479* (7]
PIE-9 N Y 2002—2003 PAHs 13 1500—325000 29300 (8]
TEE  HIMK Steglitz Hi X 2004 PAHs 18 2400—21000 6400 * [9]
Ry 2007 PAHs 15 3—2920 165 [10]
R, s 2008 PAHs 16 36—34453 5111 [11]

PAHs
PIZEFFIE, Sumgayit 2008 (% 18 Fike bt 36 700—49600 ng-m™ 6100 ng-m™* b12]

PAHs)

PAHs
I, 2008 (%5 18 Fisedet 36 42000—6270000 ng+m~> 232000 ng-m=2* [12]

PAHs)

PAHs
ESERETS 2008 (5 18 ke kAL 36 240—35300 ng-m 2 1340 ng-m = * [12]

PAHs)
TE,23 M AR X 2009 PAHs 16 1000—470000 31000 [13]
ESERC I T 2010 PAHs 16 19600—335000! 124300 [14]
t 2010 PAHs 16 1000—470000 30900 [15]
Rl 2010 PAHs 16 1170—25500 6180 [16]
TE, L 2011 PAHs 18 9630—44130 13300 [2,17]
TE, G 2012 PAHs 22 — 107400 [18]
e 2012 PAHs 15 388—8140 — [19]
T, dbst 2012 PAHs 15 1180—24300 8960 [20]
SE[H B 2012 PAHs 15 163—4390 990 * [21]
JEIUR 4 A FE T 2014 PAHs 16 747—4910 1320 [22]
CHER:S € 2014 PAHs 16 520—89300 20700 [23]
CHER AL/ 2014 PAHs 15 203—9500 2100 [24]
B /R BRI, B 2014-2015 PAHs 18 17—89 ng-m~2 — [25]
CHERY 2015 PAHs 18 2180—14200 6780 [26]
EANENE S 2015 PAHs 13 641—65422 — [27]
EJE| 2015 PAHs 11 6170—1100740 37550 [28]
HEF 2015 PAHs 11 10—8010 260 [28]
WA ,2 Ik 2015 PAHs 13 — 1400 [29]
Je HFI 2016 PAHs 16 60—111914 2177 [19]
LUERS 2017 PAHs 16 21800—329600 — [30]
CHER: N 2017 PAHs 11 822.82—12740. 67 2911.48 [31]
JETA/R 4 A R B 2018 NPAHs 16 402—24583 649 * [32]
JEIHIR 4 A EE 2018 OPAHs 3 92.2—1150 105* [32]
VHRERTRIAA, 5 5 2018 PAHs 12 2550—9150 4020 [33]
VHAEBTRLA 2019 PAHs 13 55—16297 3715 [34]
] AR 2019 PAHs 12 10090—55480 30720 [35]
LN 2020 CI-PAHs 16 7.91—137 80. 64 [36]
CUENEpa 2020 Br-PAHs 18 8.80—399 112.08 [36]

WFFE 2R, PAHs FUF7TEIRAS BUHE AR 43 T Ik A9 2—3 35 PAHSs (97775 7 LSl 2,4 35 PAHS
TEA B WA YA 40 A0, T A T 19 5—6 ¥R PAHSs WU DL UK 45 o 07400 ZEXt 22 K 22 vh PAHS (1)
WFoErp  WIERE T3 — 0 MR, Naspinski 282 BF 5% 26 0, v [ 00T 2 R 58 25 N K2R R b 4 BRI LU
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I PAHs B9 EE S48 PAHs SR IE Y 50% . 7EXTFRIE 23 2410 |G X ) 45 DFEEERT 36 PN EEREEY)
B (A BT S 3 AN B4 ) B3 N R 2R vh PAHSs BAS TN 20 BT b 19 3 T — B 45181
FEI R E KA PAHs EELLE TR (4 L) Ry R g R T 12 AE
W2 IRAFE S T PAHs B IAEKE, Horh 25 s S ) PAHs DUIRER PAHs o 3 (/5 & PAHs (1)
85% LA F) ¥R PAHs W& FEACAR , 1M a8 K2R i U AV 2R PAHSs o 35 (/5 8 PAHS 19 66% LA 1) . X —4%
I UL T AR PAHs FA7E T2 20N TR] B 2 5 i AR 25 N R 242 v R A7

IR, 25 Ff PAHs BT 2 P K2R AR A A7 7K S AS—. Maertens 26 (UBF ST B0 E T 31X — W . AT
e B = 1) PAHs A0 62877 b, k] 2¢ B (Benzo[ b, k] fluoranthene, BbkF) ,%¢ & ( Fluoranthene, FLA) fll
6 (Pyrene, PYR). PAHs IR A E A # R 10 EE (Pyrene, PYR) F L I WAAEVE B SR A Y PAHs A48
( Acenaphthene, ACE) , J& i ( Acenaphthylene, ACY) F1IA M9 [ ¢, d ]2 ( Cyclopenta[ ¢, d] pyrene,
CedP) . 3 Ji ARV B2 A0 43 T PR AT BE A 45 3 26 PAHs B35 & PERI RN M. ZEXT TR E 23 N8 AR IX %
R 81 A N RAMEE S USEPA B H (4 16 R ZeE 0 PAHs #8A AS[FACE (ks Y, 9F HBFoE & 30
T A [R] #38  AS ) 37 i 28 B B R AR 9 28 N IR 2 R 45 Fh PAHs SR AUk BE /K A7 I g 22 5 090 Hoep o
[ b] 7 B ( Benzo[ b ] fluoranthene, BbF) %¢ B ( Fluoranthene, FLA) Fl13E ( Phenanthreney PHE ) B IR AE 7K
der, R (6.2419) pgeg™ (4.3+8.1) ug-g  Fl(4.246.9) pg-g™; MiE i ( Acenaphthylene, ACY)
FIJE (Acenaphthene, ACE) FWRAFATIAR, W B 7300 (0. 1720. 32) pgeg ' Fl(0.93+0.13) pg-g™ B
FRE S AR AR 25 2 DR, X —45 5 Maertens A RIS S5 1B RN 5

I [ N AbEE N R A PAHSs BIFFEAS SR B 40 AT , W] LAAS B2 N K2R H PAHs 7R R AN [R] RUEE B
FT5 GARIL. FE 4T 251 30 A, b 28 M IX 5 P9 K2R T PAHs OB BE A7 B T R (N FERT ] . (5.0«
2.3)4E) B M2 R, TN X % K2R o PAHSs TR MR HcE , L3S N 23 S PAHSs (R BV R i
FRE ALK S o e E = KA P PAHSs 153 B8 . TR ENL P Tk X R BEHE 2 = K
2 36 b PAHs (L6045 18 Fbe ik PAHs ) Al B B T8 5 35 42000—6270000 ng-m ™", % 58
[Fi] s o} BT S5 5 1 5 61 45 v 9% 0 1 1) %5 P AR AT T R, I 36 i PAHs A S ik B2 3 L4350l
700—49600 ng+m ™ F1 240—35300 ng-m>" 2 vC AR H .
1.2 PAHs i AP IAFE K

S8 H T E N AN SRS PAHS (9 IH & FNAT N #E4T 185 (B 4% PAHs I Y 9898 + 0 A
BR. BEAh, Ko B 5E 4 Fh #E NPAHs Fil OPAHs - AT X 23 S (H5H7 ) WORAH 3 I HAr M £ T4 IR
BRI A Y. N KL NPAHs OPAHs<C1-PAHs #1 Br-PAHs FREEMR BE IH 75 FIAT R i AN T 48

2018 4F, Yadav %5 B REEIAR 4 A~ FEZ B9 E P KR H NPAHs il OPAHs AW BEAT T
R A2 ST ZE R ZE W) 26 A NPAHs #4717 A, (ORI HH 16 Ff NPAHSs, B0k B2 [l o 402—
24583 ng-g ' (4N .649 ng-g ). SERIFER KR TR B F X PAHs AR EE (1320 ng-g ™' ) KEEIZ
WIFEH Y1 NPAHSs YR BE (19 2 £5%2) . A Y 3 Fh OPAHs 2B 1, Mk B8 3 B 92.2—1150 ng- g™
("PAOEL105 ng- g™t . [FIR AEIZAF 58 R B, A 5 3 3 T sl X B DX FNATL A7 1l s SR R 114 25 P R 2
FEAH PRI A NPAHs F1 OPAHs Y /K405, 2020 4F | Tang %000 3o i (8 B 05 — 4> M8, 7 7 % 4 i
Tk B X 19 16 Ff C1-PAHs i1 18 Ff Br-PAHs #47 T 437, Hir 16 F C1-PAHs B SR EETE IR 7. 91—
137 ng- ¢ (F34%0.80. 64 ng-g™'), 18 Fl Br-PAHs [ 519 B0 [l 8. 80—399 ng - o' (F# 4L,
112.08 ng-g ). AFFE KM, CI-PAHs BYIREBSRT Br-PAHs, 3X 7] B8 2 i T H Fh i i B b i 1
FEIRUR (IS BHAR TR ) , (6 45 A5 B Br-PAHs # X %5 5 . Ml i, B0 1 B8 9 9% % %2 1) P C1-PAHs Al
Br-PAHs VR BE A I S o5 TIVA % X it — 2D IESE T LI ) Ab 35 #2521 C1-PAHSs F1 Br-PAHs JB
R EEHE.

HAT, 3 E X2 KR PAHSs f7AE P A 08, ok 7 726 3 J7 T T R AH SR T TAE.

2 SRiEfET (Source apportionment)
2.1 PAHs KHATEYIRYARIE 4
H T PAHs MHAGTAPITEA SR N I i A i R B B R A vk FE A 22 5, A B 1k R A A ik
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FR A 45455 R0 6 PR EE AO IR X HOR PR 98 20 T L. PAHs SOHATAE YR IR 2 4%, HHSR IR AP sl #2
Wi R A R R

HRAE PAHs AOIE G , R AT 0 45 A= Mo 5 A R IR AN OB IX 3 28, AE MR 248 PAHS
A R A A G R RBLA R A Tk YRR i A Ml IO A M 5T 2% R TR B R AR
PAHs, I UNA7 3. 3% 46 PAHs f&7F 38R B KA TR JE LY. A Y PAHs 1R & Y0l W & &8 T &= 10
ZIFFRE(2—3 ) 1L AR, X4 PAHs HA AN AR AR s L R 2R 4. KK VR A5 78 Ak £ 4k
BHYARSE IR BES B 78RR ACE T 7228 PAHS il 48R Wk 1L 4 . K R IR PAHs ITHAIL &
Wk, Horh 3—5 3R PAHs S EE4 AR

fitiy PAHs 7T AW 23S B9 1, HoR TR s 2 Tk r B AL, {5 B ETOC T PAHs fiT 2B
R IR AT 7 T AR IR I I S AT SR A5 3 , HLR 28058 {4 % NPAHSs. 72X NPAHs fRFZEHh & 3, H
5 PAHs (IE B FERIAL | #R AT AR AL AT SRR AR 52 S R Be i B v I B, A B 7 v Y iR IR £ 1 PAHSs
K RN, A2 B NPAHs ™ A A Bk — U 3 HE G AR 5 7 A S i ML 3l 4 R OHE i 4
BRRBEHERL AT BN ZIER 25, BR— R ELIEHERAT , KA ) PAHs I8 7] LU A gt % A e fb 2%
FOSE, RN B4y A B AR5 5L (1) H ROV, PAHs 5 OH - BN US55 NO, 5 A A
NPAHs; (2) & [A] ) i , PAHs 5NO, W fnaE , 5 NO, i AE i NPAHs, Forf N, O3 5=/ NO, A i
Bz K AR B LUR . HRT, NPAHs B9 AR BOR IR A0 EL 5 S T 1296 TE .
2.2 PAHs R HAmA Y IR g Iy

VR F A FIE it R Y PAHs (945K AL ok R IR] , 7E TG 5 1% firid A b PAHs B850 , X — 45k
AP X 5 PAHs SRR, HR I8 AN 575 e 5 HE A 75 2 P a4 A 4 B 0 22 53, T LA 3 o Vit
(Source apportionment ) F 5 706 SR AT 5 M TRUA , [ Bk i A VA [V G U0 ke e BRI 4%
TRESE R, PAHs AR AR AT 73k 35 A0 45 0 VR — S0 00 A LU (045 LMW/HMW FUfE | ZHRE
IR i S I o3 e I 1O A e W R /o Al N § B RA o 7/ O /70 /T 1 S s R (| A = = el
WA M S T BT 5

VR — AT H T 0T 2 AN PAHs B9SR T2 A5 — 2, I H o] AR VAL 2 N5 YR TR X%
JRA T PAHS IREI. H FHEE N/ Z AN R L (T/0) 2R 15 Y Wt B B FE 5 01 AR B, 24 1/0>1 BF, 38R
PR O STIRAR K 5 24 1/O< U i) ZR Ak & W 174 £ R E MRS . Gevao 25 #F 58,170
<115 75% (R :0.2—1.7) , % PAHs T ZORIET = ANE, HERR T K ZHF i h = WIRME N E o<
TR AT REME. XTF 1/0>1 19 35% Hevl, AR BCE A R R IEAS B, HAR T Re 2 2R N RIS A

SAF FARIE AR 2 N K2R PAHS BOEAT AR W 0 U5 e b 2ok B vhig i 2. R AS [R) 15 YR U5 1 10 75 e
PR 25K ARG AR S (22 57, 38 AR A LU (B 36 3 8 8 K <R b PAHs B HLA AR W 0 45 b ok
TR0 AHARAE LA RAE A PETRUNTS YRR, 1M G 58 B AT, R A T A A7 ot R b L BB AR A Al B
F-Be. A EE Pk 2 T PAHs SEATHAE HUAE S B0 UR A R v | £ EALHG LMW/ HMW LB A2 R AF (.
MR 2—3 IR 3T 1t PAHs TEAETE A BRI PR A 58 AR08 LA K R SR A s A PO i, T 4 3R LA
AT iE PAHSs Sl TR A AR IR ARE S B4 v A AT LMW/HMW HGARCR I PAHS 1R
UR. KA PR LR PAHSs A& BE FNZH BRRAE AR R) , DRI FH 2 P K 2 P 45 PAHSs BAR 22 (8] ) L
fEIRF, AT LA HOR PR AT 22 PR i 22 . A6 B AR ITESE b, EXT AN R B PAHSs FORRTE FLAE HEAT 1
FELAER N 2. 76X NPAHs iF 47 45 A LU A 05 VR A B B, 3 ) 2R 398 S -l R 9 EL
(2-nitrofluoranthene/ 1 -nitropyrene , 2-NFLA/1-NPYR ) S PFAk — Uk E 4% HEBCIR A1 — YR A Bk T50 X I Rl >k
PR ARXT TTERY . 24 2-NFLA/1-NPYR /N T 5 B, 2R EEoRIE T g 40 4% L K T 5
i, 2R FEORIET kAP BT 3-NFLA 78 RSP AIRAZEARAG , HAZ MK T 2-NFLA BT, 7052
1% I (2-NFLA+3-NFLA ) /1 -NPYR % b {8 £¢ 25 2-NFLA/1-NPYR 4 A8 #6775 . Wi, ] 3R
FH NPAHs 55 pPAHs [ FUIE 7R 0BT — ik BRI 9287, 4035 1-NPYR/PYR .6-NCHR/CHR ( 6-fi§ 3
Ji/ Ji ,6-nitrochrysene/ chrysene ) #1 ¥ NPAHs/ X, PAHs"™"'. 24 1-NPYR/PYR FJ HL{E M 0. 001 i}, 48 /5 B %
BRBEUR LIS T 0. 36 I, 1578 S8 42 R “CHERCJR ;6-NCHR/CHR f9 HEfE R T 0. 1 mF A3 Bk IE T
Lo ZE RO, HLE/N T 0.001 B, AR 3 BRI TR FRBE IR ; ¥ NPAHs/ X PAHs 103 2 2RI
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THEBIARI LLAE N 0.0001 B AUSR FEORIE T HREAAMRABEIR, LI AF T 0. 13 I fUR FZORIE T 5eh 4
FEACHE R WESY L Ah, 20 9 B 2%l L BE 1Y LE {H ( 2-nitrofluoranthene/2-nitropyrene, 2-NFLA/
2-NPYR) # H TV HOH - FlI/E(NO, 51 & WA fim A, LA & i A= LR NPAHSs (190 & A A BTk,
Y HEHT 10 I, 278 FEORIET FRAYOH - N ; 24 FE(E R T 100 I, 38R FZORIE TR BINO, 1)
B gz

T2 BN RGP T PAHs (1) 2R LA

Table 2 Various causes correspond to the multi—feature ratio of PAHs in pollution sources 7!
; P AR A58 ERRBEARR ; ;
Multi—feature ratio Abbreviation oted o piete Mixed source
source combustion source
DI:-va:id FLA/PYR 0—1 >1 —
708 PHE/ANT >10 0—10 —
/178 ANT/178 0—0.1 >0.1 —
KR/ (R FLA/(FLA+PYR) 0—0.4 0.4—0.5*,>0.5" —
RIf[a] B/228 BaA/228 0—0.2 >0.35 0.2—0.35
BigE[1,2,3-cd] B/ (EiFF[1,2,3- 1[1,2,3-cd]P/
ArLL,2,3-cd i/ (HIDFLL2, [1,2,3-cd}P/ 0—0.2 0.2—0.5%,50.5" —
cd ] BE+7EFH[ ghi]FE) (1[1,2,3-cd]P+BghiP)

Hra. FEAEAMNZET MR TE 2GR TIB b, FEBEAEARE BN (A 58 SRR 72 B A
Note: a. mainly formed during the incomplete combustion of petroleum products; b. mainly formed during the incomplete combustion of wood ,

coal and grasses.

F R34 (principal component analysis, PCA ) 7] PIg AT 45 B 2 2835 Yok U AY AR X STk %
ST 5T DX R R IR 1 IR A% 2% FIIRBR U™ AR PAHs #5 oA B X I R ARIE AL 51, 7E0T 5T
LR IR BE IR TR EAL B W A6 3 7R %0 B RIS T PAHs A A 1R IR 4 A1 531 A BFY
WY, KWK h NPAHs IRAF /K P 5 420 3 52 IR A OC, IXIESE T #L3h 4= HE i /2 NPAHs 1Y 3 20k
RO P 1-NPYR 2-NFLO M1 6-NCHR F2 2 PR 2 L.

F3  AlF] PAHs SRIERFFAEAL S W)

Table 3 | Diagnostic PAHs components from different PAHs sources

Fe i FHIEL ) EZ BTN
Source Diagnostic PAHs components Reference
Ji, SR %% ( Naphthaleme, NAP) [56-58]
P b iﬁ( Phenanthrene’; PEE) JHE( Anthraiinc , ANT) , ¢ ( Fluoranthene, FLA) , (59607
6 (Pyrene, PYR) ,EiJf[1,2,3-cd] & (Indeno[ 1,2,3-cd] pyrene, 1[1,2,3-cd]P),

LM IR B 1 [ b/k] % B ( Benzo[ b/k ] fluoranthene, B[ b/k]F) , %3 a] ¥ ( Benzo[ a] pyrene, BaP) [61]
AR HE 7K1 [ghi ] 3£ ( Benzo[ ghi ] perylene, BghiP) ,JE ( Phenanthrene, PHE) [59]
g ¢ 4 (Fluoranthene, FLA) ,J& ( Acenaphthene, ACT) [11]

3 AfKEZE (Human exposure)
3.1 AMRERERRR

BRI E NG RPN EE A Z — PAHs MHATAYHEN 5 AKX REV R IHRETG 1Y), K
o 4> T PAHSs 355G B0 KU BB, B N TS e N IR 2 R BT W K £ IR
X 77 ( polybrominated diphenyl ethers, PBDEs) 55 AR, Mi % 2 P9 JK 4> PAHs Ko HATTAE ) N\ AR 2 5
IR T e IS 19 T Ay 4 X B 20558028 P B 24 Y Y ) 4 N R R B U 3 ot B K % B ( dermal
adsorption via dust) . F% A (dust ingestion exposure ) FIFEI A (inhalation exposure ) 55 3 Fif 42, i) 75 2
TR, LB KIS R PE M T b Do | T R e by ot 03 s vy, R S5 AR AR LE, L EE S 45 5
TG E RN LA
3.2 NIARFEEAA N R iE KT

PAHs JEA NS, 238 A NS TR ALY CHn G W AT R | LB | B9 8155 ) | O — B 1] py 3R
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R R R FE Tk s ikt b 8 S B R R ) B 1 2 R R T 235518 5 A 2
[AEAE 8 A IEAI G R Y. T PAHs AYBURRRE  7EB 5T o R PRI PAHSs B 5% 28 5 AL i 2 I
A TR AT

5T, KW USEPA A4 XU PPAR AR Y | Xof ) L3 A1 s NG 3 P A I 24 5 A B JRe W o %) i
I T PAHs KHATEY RTINS 7 X B TR A = KR R PAHSs BBFFE >
RAIFH T AR AREXT % K A2 T 18 il PAHS f) 52 88 AU, 552 36 08 22 ] 28 115K T I 1
A X —FFEEE RS Yaday 550770 5 45 AR 1A A B, W R IA JR 2 N K 28 A IIF 9 26 B, B RN L 3 422 fink
NPAH F1 OPAH B = g 448 23l i Bz R4 ok 242 (R 7 %%:13. 6 ng-kg™d™" bw F136.5 ng-kg™-d™" bw) ,
A (P 1. 34 ng-kg-d™" bw 1 5. 11 ng-kg'-d™" bw) FHE AN (H7%1:0.28 ng-kg'-d™" bw
F12.59 ng-kg™d™" bw). 5HAM L, JLEHT 2 Sy i Bz R4 filini % 25 T NPAHs F1 OPAHs H. [A]H, /i
TILEMF D47 R VERTE Y (45 PAHs KA AEY)) BRI EN KBRS HIILERE. IFH.,
LB MR ERES 15 P AR & T A

H AT, & T3 K2R PAHs K AT A= 1 049 A 5% 68 it R XURS D, 3K R AEAEAR KR 2, RS 3kt
FHF VA a0 F2 1 5 2 A 308 AU PR (incremental lifetime cancer risk, ILCRs) *ﬁﬂ?ﬁm?. M HE USEPA
FIAE SR 727 ] 42 i SR KU 22 4 T TLCRs< 1070, 77 7E v E S0 XU AT L R 107° <ILCRs
<107 A4 B R VB AR B0 XU G Bl A 107° <ILCRs< 107, ALPY AU SE2EAS 17 PAHSs 3 R @R 12 T %Y
i SR B P A 50 XU, 5 3 I 55 W A 2 P9 4 A0 B, DA 24 R TR ik 242 1) 34 4% 42 fnkk PAHs
SEBUE K. BIAE AR FEXT TN A B I KA PAHSs BT SE & B, PAHSs fY 3 Rl R 58
A2 ILCRs {HR IR BRI M T H A, B R W B 38 N AR PAHs 1Y 22 8 1845, Al i) ILCRs
BT 25 SRR s | A 338 P LI K 2B Y PAHSs 7770 T A SURIRUS: 00 3 L, 76 W3 452 X
2R RBEIE N KA PAHs BFFE U 3R BT, ek W B e AGRIIFR I 2 A 3 i A2 1Y ILCRs HIIR T
1070, J& F 07 LUFE 32 i 850 AU 22 43 ], (E R AR W 19 TLCR {E 39 7E 107 —10 BRI, R A 38R
TETEBOE K. RIS FILEEAE 3 P2 85842 10 ILCRs A 3330k B2 R BF > $3 A > IEIR A | 3X
— 2 LR R BRI B R 3 N KA PAHs (1 2 BE R R R 12, [MIRHZ Ao duds ol 1 e R I | 8 AR
PG A 3 B B a4 %o 28 PN R A s PR 142 P 2 AR R TR 9747 AR 4 TLCRs #1437 1) 45
FATY R BRI AR, B AT B BB 2891 A R IR 2% R B, 758K DA TR] — IR 2R 4% i P Y PAHs ARG 4K
P PPAlT 3 Fh R R IR AR A MR KU 2 1 IR % 1 3 Fh R BR iR 40 A IR A A% e M A A A sk
A1 9 25 57, W RIF G 45 3 00 HERA MR — a2 s ).

PEAR 38 1T DL A B R 2 Xt PAHs A S0 KBS HETIEAY . 28 [ a] £ (benzo[ a] pyrene, BaP) J&
PR IS — DI B , BUR TR i, B & 21 B PAHs WA BURWE ), BRI [a] B
(BaA) I [b]BEHE(BbF) I [ k] 2B (BKF) (i [1,2,3-cd ] B (InP) A1 =4 Jf [a, h] &
(DBA) 2, Rk, AT fact B0 Y A5 5 BaP X RO BAS PAHSs AOFENE , LAFKTS BaP 2442 (BaPE) %,
Masclet 250148 L &N PAHs B EUE 1 A B A0 25 305 24 1 TR F (toxic equivalent factors, TEF)
PR, ZEBE A SR O RF ST T AR A R BE 2 N K AR K BaPE {EVE M 0. 0048—4. 86 pg- g (CFHIMRE .
1.50 pg-g™) ;3T FEER BaPE {HIEHI N 0.090—5.04 wg-g (P 1.92 ng-g™") W E TRATH
JiE 5 A IE35 7 1) BaPE (VSR 0. 28—14. 37 pg-g™ (P 3. 92 pg-g™')  ARF FE R K EE
B2 5 2. BTl R, A S TG PAHs BRI KT 5002, I X nl RE 8 W imn, — 2 A 3k
ST 3 A A VR R R HE R AR K R A BT, BN AN RRE B by %
FHNRBERE . X — 45816 Qi %' BB T v Sk W, A 5T AR b= K 2R 19 BaPE (Y5 R
0.022—3.32 pg-g” (CFHMH:0.73 pg-g™') s AT E P KA BaP {EE I} 0. 10—63.4 pg-g™ (CFHIMH.
3.63 pgrgt)  H AT KA S BaPE “FIE LTSRN FE 5 Y 50 15, [FIEE, 22 B &k 3R, 3 b
M= RARE, BPAKRA T ) B BaPE {HiR = , 3 78 I 260 b7 7 (9 30 KU A . OF B AR
X\ e 37 T B AT A A2 38 BR B, B S S 8 R R A A T R = N K 2 BaPE A B (TS
5.48 pg-g A 0.67 pgeg™)  HURBIE CFHME 3. 84 pg-g™', TEH:0.67 pg-g™') , R )G EHEES
(FH1H:0.86 pg-g™ , HE:0.51 wg-g™"). AW A T 25 vk, P AR R i g = N (S,
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6.05 weg-g™ HFAI%L:0.70 pg-g!) T HA 3 iR IE T vE A W R e (SFI(E 0. 50 wg-gt, AL
0.44 pg-g™) MR CFIIE0.55 pg-g™', P 50.0.43 peg-g™") A (CFIIE.0.56 pg-g™", i
$.0.43 pg-g™) . XGRS R R, 3850 MR R 52 00 2 308 05 IR BUR KBS A EZ N R 5 R
M N fih 22 1 55 i R 2% X AN PR £

3.3 HEWIARE

A HLTS G ITE PR A 5T v (8 A7 AR B A 2 (o R B ke Jouf DA g A= Wi | e 4% s VA DA R ple it A
YR A2 7 T E T 0 E A LTS Y I A A T A 5 S Y A S DL RS Y )
FRIEAS. UL, 3R 8 Al T 5275 Yt B g S A i A B 8 R KU T O T A Rk g
T RS DA FB 2, Wk A0 A e AOIF IS 2 G ™ . A A Sk 48 15 e W ke A= 0 W SO R %) e
FIVEAE R TEPE ) BRAR TR T — Rl fb 4 5 1) ] B A0 2k AT WSOR M | SRR T A2 I 2ok 4 i s
PEAAN R AT RErET . V5 Y A WA R BV 5 ik S AR AR M W T s A R Ak o
SyYRTE BT, T PAHs BILAT AW A SRR 7T 2R LA (HA SCRgE 40,

TR A FEAE YR, PAHs ST Y A Y R 8 i A AN ], Btk PAHs A A= i A=
PR 22 5 X F sl PAHs FIFH A& EE 00 2 Bl R R E & R AL Hid )
A IS i T 7KORH I 55 W BT AR A Y PAHSs A2 DL FR B2 Wl i 5 = A e 51 4 PR 1 e I o 8 g 1)
PAHs M3 33 75 & S R A2t A 0] A py ) 3Tk, e R SR 3R /KR I R 19 PAHs. X A4,
R T WSR-S P B PAHSs , I AR SRl Ay 2= i A 0 b 3543 (8 A28 sh ¥
45) ,PAHs 128 58 1B 12 ) 3222 238 1 25 SRR 42 458 T8 28 00 A AR WA D9 i A2 1 A= 0 A 3 A A AN [
TR PAHSs BOAEIA RE . R, %28 R4 vh PAHs K AT A= 0 00 A W A S M E 5
MO RUATI I LEESOPNE /232 S AR S S S

M T A R T 5 25 SR I AT, 2 bRl 25 i 58 S B0 25 SR AT L B, 38 7 AR X T A 4
— BRI S0 T R R PPN R R RIHCR AR5 i AR W ' 4 iE 4T 3 N K2R PAHS 119
A=A SR BB ST SR XS LIRS P K A PAHSs BORFST R, B U S K2R T PAHS
MDA S AT TR R B Bz ifgs o & K 42 PAHSs 75 He 48 ™ H X — SR i, >R Ak
2T DA B AR s FR s R 2 R A7 1Y PAHS, ST BE40L 3 N K2 PAHSs i A B9
PRI AR, DT AR 4 A S5 P R T 0. A 5 R B, 2 N2 o PAHSs #E B R AT I B
FR(1.50%—2.03% ) , % M R4 HWPAHs 78 TP A th E A X — A 0T e 5 K2R B0k A& |
Tk PRSI o A2 B R B S SR S R 25 G, H I BT A v AR BT X = N K2 v PAHs SCHAT AR AR
WA S TR A KSR, AFIE 2 2% (0 B 5 B0 R e, 0 75 R 7 32— 20 I WE 5 A, LUBI4E 75 PAHSs
IR B HUAE A9 sl e L3 S g e R 3R S HERA IE A 25 K22 T PAHs BT AR W g AR 2
g TR o G

4 #5125 RE ( Conclusion and prospects)

AR, BN KA PAHs K HATT A=W 0P 15 Y In) 7 31 [ N AP )12 6, AH DG SE B AE AN G
JEFF. 5 iR, PAHs SOAT AR W 7E 28 N K2R TPRAF K - 25 55K, SR IR 12 , I % Az A8 PR 8 R A AR £ B
LAV AE I, PR 2 K2R v PAHs SOHEATAE AT IR AR R EEE . B, REXT=E
WA PAHs O A7 — 265 (A F5 252 M ss R BE AT BE. %= KR Th i PAHs AT 2E 4 (46
NPAHs ,OPAHs . Cl-PAHs 11 Br-PAHs %5 ) AR 5T WML A5 | 75 B8 A £ B9 HH CF 5T

FEAEERASAT T B ATRIWE S RS TA A Ja s LA R LA 7 ST TAE (1) 410 72 48 Hh i
5% PAHs S AT AW I SR BT AR, by RS A 2 5 JXUBS: () T 5% i 46 B 4 v 10 5000 =2 45 (2) IR
AMWF5E PAHs S AT AR 0T HLER , A 40 ) R U B A4 T 58 A RL 22 5 (3) Sl X 2= K 2 H PAHs
S AT A YIRAE AT R IR RIS, Ak A4 58 88 R g B XURS: A PE A O vk, it — 20 ] PAHs SO
R W75 Y SR BHR TG 5 (4) IR 28 K 42 PAHS fi74E 9 (4445 NPAHs ,OPAHs  Cl-PAHs Fll Br-PAHs
S5 W AR SO RIS, AERMIF 98 H 0 25 .



412 B2 5% 1k & 40 %
5% LR ( References)
[ 1] PEY]J, QUEROL X, ALASTUEY A, et al. Source apportionment of urban fine and ultra-fine particle number concentration in a Western

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Mediterranean city[ J]. Atmospheric Environment, 2009, 43(29) . 4407-4415.

. LT E N KA T PAHs 15 YT DRIESAE S XS I [ D], il ARG RS, 2011.

PENG H. Pollution characteristics, source identification and ecological risk assessment of PAHs in indoor dust in Shanghai[ D]. Shanghai:
East China Normal University, 2011 (in Chinese).

Hn MRS, R, . KA PBDEs BTG RAHIE M AR REE USR], FRERE S ER, 2017, 40(4) : 3644
CAO Z G, CHEN H X, ZHAO L C, et al. Pollution characteristics of PBDEs in indoor dust and human exposure: Prospects of research
[J]. Environmental Science & Technology, 2017, 40(4) ; 3644 (in Chinese).

SHEN H Z, HUANG Y, WANG R, et al. Global atmospheric emissions of polycyclic aromatic hydrocarbons from 1960 to 2008 and future
predictions[ J]. Environmental Science & Technology, 2013, 47(12) ; 6415-6424.

DURANT J L, BUSBY W I, LAFLEUR A L, et al. Human cell mutagenicity of oxygenated , nitrated and unsubstituted polycyclic aromatic
hydrocarbons associated with urban aerosols[ J]. Genetic Toxicology; Mutation Research, 1996, 371, 123-157.

CHUANG J C P, LYU C, WILSON N. Polycyclic aromatic hydrocarbon exposures of children in low-income families[ J]. Exposure
Analysis and Enzironmental Epidemiology, 1999, 2. 85-98.

WHITEHEAD T, METAYER C, GUNIER R B, et al. Determinants of polycyclic aromatic hydrocarbon levels in house dust[ J]. Journal of
Exposure Science and Environmental Epidemiology, 2011, 21(2) . 123-132.

MAERTENS R M, YANG X F, ZHU J P, et al. Mutagenic and carcinogenic hazards“of settled house dust I: Polycyclic aromatic
hydrocarbon content and excess lifetime cancer risk from preschool exposure[ J]. Environmental Science & Technology, 2008, 42(5) ;
1747-1753.

FROMME H, LAHRZ T, PILOTY A, et al. Polycyclic aromatic hydrocarbons inside and outside of apartments in an urban area[]J].
Science of the Total Environment, 2004, 326 . 143-149.

GEVAO B, AL-BAHLOUL M, ZAFAR J, et al. Polycyclic aromatic hydrocarbons in indoor air and dust in Kuwait: Implications for
sources and nondietary human exposure[ J]. Arch Environ Contam Toxicol, 2007, 53(4) . 503-512.

MANNINO M R, ORECCHIO S. Polycyclic aromatic hydrocarbons (PAHs) in indoor dust matter of Palermo ( Italy) area: Extraction, GC-
MS analysis, distribution and sources[ J]. Atmospheric Environment, 2008, 42(8) . 1801-1817.

NASPINSKI C, LINGENFELTER R, CIZMAS L, et al." A comparison of concentrations of polycyclic aromatic compounds detected in dust
samples from various regions of the world[ J4==Environment International, 2008, 34(7) : 988-993.

FRR. T = NI 2 ROT KRR B AR AR IR AT S AR R PAG [ D). R IR RIE TR, 2011,

ZHANG F. Residue characteristic, source apportionment and human exposure evaluation of polycyclic aromatic hydrocarbons in indoor
environment in China[ D]. Harbin; Harbin Institute of Technology, 2011 (in Chinese).

MAHLER B J, VAN M P C, WILSON J.T, et al. Coal-tar-based parking lot sealcoat: An unrecognized source of PAH to settled house dust
[J]. Environmental Science.& Technology, 2010, 44(3) : 894-900.

QI H, LI W L, ZHU N.Z; et al. Concentrations and sources of polycyclic aromatic hydrocarbons in indoor dust in China[ J]. Science of
the Total Envitonment, 2014, 491+ 100-107.

KANG Y A, CHEUNG K C,” WONG M H. Polycyclic aromatic hydrocarbons ( PAHs) in different indoor dusts and their potential
cytotoxicity based on two human cell lines[ J]. Environment International, 2010, 36(6) ; 542-547.

PENG H, YANG Y, LIU M, et al. PAHs in indoor dust samples in Shanghai’s universities; Levels, sources and human exposure[ J].
Environmental Geocheniistry and Health, 2012, 34(5) . 587-596.

KUO C Y, CHEN H C, CHENG F C, et al. Polycyclic aromatic hydrocarbons in household dust near diesel transport routes[ J].
Environmental Geochemistry and Health, 2012, 34(1) . 77-87.

CAO Z G, WANG M M, CHEN Q Y, et al. Spatial, seasonal and particle size dependent variations of PAH contamination in indoor dust
and the corresponding human health risk[ J]. Science of the Total Environment, 2019, 653 ; 423-430.

TR, T, EAMIL A Ip A S MK PAHS 15U AR RS (LA BN RERURS (1], RS HEAAIE, 2018, 13(3)
209-219.

CAO Z G, WANG M M, WANG X Y, et al. Time variation of polycyclic aromatic hydrocarbons in floor dust from office and corresponding
human health risks[ J]. Asian Journal of Ecotoxicology, 2018, 13(3) : 209-219 (in Chinese).

HOH E, HUNT R N, QUINTANA P J E, et al. Environmental tobacco smoke as a source of polycyclic aromatic hydrocarbons in settled
household dust[ J]. Environmental Science & Technology, 2012, 46(7) . 41744183.

YADAVIC, DEVIN L, LI J, et al. Polycyclic aromatic hydrocarbons in house dust and surface soil in major urban regions of Nepal:
Implication on source apportionment and toxicological effect[ J]. Science of the Total Environment, 2018, 616 223-235.
AR R, AR SE . TR B NIRRT SRR R IRRATL) ). PEEERE, 2016, 36(2) : 363-369.

LIF S, HAN C, ZHOU B H, et al. Distribution and source analysis of polycyclic aromatic hydrocarbons in indoor dust from Anhui



2 4

WRIHRER 45 « 25 N IR 2B v 22 305 J S AT A T O A5 A R R F 5 i 413

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

Province, China[ J]. China Environmental Science, 2016,36(2) : 363-369 (in Chinese) .
AR, ARG B TRES KA D 2T AT P S AR R BRRHIE[ )], FRBEAk2, 2017, 36(3) : 463471.
CAOZ G, ZHAO L C, SHI Y M, et al. Pollution and exposure characteristics of polycyclic aromatic hydrocarbons in indoor dust in
Xinxiang, China[J]. Environmental Chemistry, 2017, 36(3) : 463471 (in Chinese).
BOUDEHANE A, LOUNAS A, MOUSSAOUI Y, et al. Levels of organic compounds in interiors ( school, home, university and hospital )
of Ouargla City, Algeria[ J]. Atmospheric Environment, 2016, 144 . 266-273.
YANG Q, CHEN H G, LI B Z. Polycyclic aromatic hydrocarbons (PAHs) in indoor dusts of Guizhou, southwest of China: Status, sources
and potential human health risk[ J]. Plos One, 2015, 10(2) . 1-17.

THU H H, SON L T. PAHs in household floor dust collected in Amman, Jordan[J]. Journal of Chemical Engineering & Process
Technology, 2016, 7(2): 1-6.
ARNOLD K, TEIXEIRA J P, MENDES A, et al. A pilot study on semivolatile organic compounds in senior care facilities: Implications for
older adult exposures[ J]. Environmental Pollution, 2018, 240 908-915.
WANG X Y, BANKS A P W, HE C, et al. Polycyclic aromatic hydrocarbons, polychlorinated biphenyls and legacy and current pesticides
in indoor environment in Australia-occurrence, sources and exposure risks[ J]. Science of the Total Environment,/2019, 693.-133588.
WANG Z C, WANG SZ, NIE J Q, et al. Assessment of polycyclic aromatic hydrocarbons in indoor dust from varying categories of rooms in
Changchun city, northeast China[ J]. Environmental Geochemistry and Health, 2017, 39(1) . 15-27.
TRIREE FBRRE. BT Z SRS RARERFSE[J]. AL TATFEE, 2017 (3) : 172.
ZHANG R J, QIAO P P. Pollution characteristics of polycyclic aromatic hydrocarbons in findoor dust'['J]. Chemical Enterprise
Management, 2017 (3): 172 (in Chinese).
YADAV 1 C, DEVI N L, SINGHD V K, et al. Concentrations, sources and health risk of nitrated- and oxygenated-polycyclic aromatic
hydrocarbon in urban indoor air and dust from four cities of Nepal[ J]. Science of the Total Environment, 2018, 643, 1013-1023.
KADI M W, ALI N, ALBAR H M S A. Phthalates and polycyclic aromatic hydrocarbons+( PAHs) in the indoor settled carpet dust of
mosques, health risk assessment for public[ J]. Science of the Total Environment, 2018, 627 ; 134-140.

ALI N. Polycyclic aromatic hydrocarbons ( PAHs) in indoor air and dust samples of different Saudi microenvironments; health and
carcinogenic risk assessment for the general population[ J]. Science'of the Total Environment, 2019, 696 1-7.
GAO P, LIU DT, GUO L, et al. Ingestion bioaccessibility of indoor dust-bound PAHs: Inclusion of a sorption sink to simulate passive
transfer across the small intestine[ J ]. Science of the Total/Environment, 2019, 659 1546-1554.
TANG J, MA S, LIU R, et al. The pollution profiles and human exposure risks of chlorinated and brominated PAHs in indoor dusts from e-
waste dismantling workshops: Comparison of GC-MS, GC-MS/MS and GCxGC-MS/MS determination methods[ J]. Journal of Hazardous
Materials, 2020, 394 . 122573-122573.

TERZI E, SAMARA C. Gas-particle partitioning of polycyclic aromatic hydrocarbons in urban, adjacent coastal, and continental
background sites of western Greece[ J]. Environmental Science & Technology, 2004, 38(19) ; 4973-4978.
BAMFORD H A, BAKER J E. Nitro-polycyclie aromatic hydrocarbon concentrations and sources in urban and suburban atmospheres of the
Mid-Atlantic region[ J]. Atmospheric Environment, 2003, 37(15) ; 2077-2091.
HATTORI T, TANG N, TAMURA K, ‘et al. Particulate polycyclic aromatic hydrocarbons and their nitrated derivatives in three cities in
Liaoning Province, China[ J]. Environmental Forensics, 2007, 8(1/2) ; 165-172.
HUANG B, LIUM, BI' X H, et al. Phase distribution, sources and risk assessment of PAHs, NPAHs and OPAHs in a rural site of Pearl
River:Delta region, China[J]. Atmospheric Pollution Research, 2014, 5(2) . 210-218.
MAERTENS R M, BAILEY J, WHITE P A. The mutagenic hazards of settled house dust: A review[]J]. Mutation Research-Reviews in
Mutation Research, 2004, 567 (2/3) . 401425.
JONGENEELEN F J. Benchmark guideline for urinary 1-hydroxypyrene as biomarker of occupational exposure to polycyclic aromatic
hydrocarbons[ J]. Annals of Occupational Hygiene, 2001, 45(1) ; 3-13.
MA Y N, HARRAD S. Spatiotemporal analysis and human exposure assessment on polycyclic aromatic hydrocarbons in indoor air, settled
house dust, and diet; A review[J]. Environment International, 2015, 84 . 7-16.
LIURR, MAST, LI GY, et al. Comparing pollution patterns and human exposure to atmospheric PBDEs and PCBs emitted from
different e-waste dismantling processes|[ J]. Journal of Hazardous Materials, 2019, 369 142-149.

NISHIMURA C, HORII Y, TANAKA S, et al. Occurrence, profiles, and toxic equivalents of chlorinated and brominated polycyclic
aromatic hydrocarbons in E-waste open burning soils[ J]. Environmental Pollution, 2017, 225 . 252-260.
LWy, TrrBRZERKAANTARY) PM, s Th 23055 )% (PAHs) S A4 99 (NPAHs, OPAHSs) 1975 YA fiE MR IEMAT[ D], Brm: ILAR K
2%, 2018.
JANG P. Characteristics and sources of PM, s-bound PAHs, NPAHs and OPAHs in Jinan in spring[ D]. Jinan, Shandong University,
2018 (in Chinese).
ALBINET A, LEOZGARZIANDIA E, BUDZINSKI H, et al. Polycyclic aromatic hydrocarbons ( PAHs) , nitrated PAHs and oxygenated

PAHs in ambient air of the Marseilles area ( South of France) : Concentrations and sources[ J]. Science of the Total Environment, 2007 ,



414 w5 o cE 40 &

384 280-292.

(48] Effh. BUMNIZ T PAHS 15 Qe SR EHIFE[ D). BU  HITLRE, 2004,
WANG J. Sources and fate of polycyclic aromatic hydrocarbons ( PAHs) in air of Hangzhou[ D]. Hangzhou: Zhejiang University, 2004
(in Chinese) .

[49] HAREAR. 2RI T MBI BT P 230508 | TR IR AR SR IIIE [ D], 3% KB TR, 2009.
TIAN F L. Source apportionment of persistent toxic substances in typical environmental media by receptor modeling: Polycyclic aromatic
hydrocarbons, dioxins and polychlorinated biphenyls[ D]. Dalian: Dalian University of Technology, 2009 (in Chinese).

[50] FRE. L THLX HHEh ZIOF TG QAR AE ORI BUB X[ D], R RIEH T, 2007.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

WANG Z. Regional study on soil polycyclic aromatic hydrocarbons in Liaoning: Patterns, sources and cancer risks[ D]. Dalian: Dalian
University of Technology, 2007 (in Chinese) .

HAYAKAWA K. Environmental behaviors and toxicities of polycyclic aromatic hydrocarbons and nitropolycyclic aromatic hydrocarbons[ J].
Chemical & Pharmaceutical Bulletin, 2016, 64(2) ; 83-94.

ALBINET A, LEOZGARZIANDIA E, BUDZINSKI H, et al. Nitrated and oxygenated derivatives of polycyclic aromati¢ hydrocarbons in the
ambient air of two French alpine valleys-Part 1. Concentrations, sources and gas/particle partitioning[ J]. Atmospheric Environment,
2008, 42(1) : 43-54.
YUNKER M B, MACDONALD R W, VINGARZAN R, et al. PAHs in the Fraser River basin: A critical appraisal of PAH ratios as
indicators of PAH source and composition[ J]. Organic Geochemistry, 2002, 33(4) ; 489-515.

W B BIERRS S RAUP IR Z IO R BTSR[] AR kAR, 2012, 41(1) 119,
ZHAN J, YANG Y, LIU D J, et al. The research progress of nitrated polycyclic aromatic hydrocarbons. in the atmosphere (in Chinese) .
Science China: Earth, 2012, 41(1): 19 (in Chinese).

WADA M, KIDO H, KISHIKAWA N, et al. Assessment of air pollution in Nagasaki' City: Determination of polycyclic aromatic
hydrocarbons and their nitrated derivatives, and some metals[ J]. Environmental Pollution 2001, 115(1) ; 139-147.
ZAKARIA M P, TAKADA H, TSUTSUMI S, et al. Distribution of polycyclic aromatic hydrocarbons ( PAHs) in rivers and estuaries in
Malaysia: A widespread input of petrogenic PAHs[ J]. Environmental S¢ienée &\ Technology, 2002, 36(9) . 1907-1918.
VIGURI J, VERDE J, IRABIEN A. Environmental assessment of-polycyclic-aromatic hydrocarbons (PAHs) in surface sediments of the
Santander Bay, Northern Spain[ J]. Chemosphere, 2002, 48(2) . 157-165.
WANG X C, SUN S, MA H Q, et al. Sources and distribution of aliphatic and polyaromatic hydrocarbons in sediments of Jiaozhou Bay,
Qingdao, China[ J]. Marine Pollution Bulletin, 2006 ;52(2) : 129-138.

HARRISON R M, SMITH D J T, LUHANA L. Source apportionment of atmospheric polycyclic aromatic hydrocarbons collected from an
urban location in Birmingham, U.K[J]. Environmental Seience Technology, 1996, 30(3) . 825-832.

MASCLET P, BRESSON M A, MOUVIER G." Poly¢yclic aromatic hydrocarbons emitted by power stations, and influence of combustion
conditions[ J]. Fuel, 1987, 66(4) : 556-562.

LI J, ZHANG G, LI X D, et al. Source seasonality of polycyclic aromatic hydrocarbons (PAHs) in a subtropical city, Guangzhou, South
China[ J]. Science of the Total Environment,*2006, 355 145-155.

LIU J, MAN R,sMA S, et al. Atmospheric levels and health risk of polycyclic aromatic hydrocarbons ( PAHs) bound to PM2. 5 in
Guangzhou, Ghina[ J]. Marine Pollution Bulletin, 2015, 100(1) ; 134-143.

BARBARA K, WIOLETTA R K O, KRZYSZTOF K. Seasonal variations in health hazards from polycyclic aromatic hydrocarbons bound to
submicrometer. particles at three characteristic sites in the heavily polluted polish region[ J]. Atmosphere, 2015, 6(1) : 1-20.

KHANAL' R, FURUMALI H, NAKAJIMA F. Toxicity assessment of size-fractionated urban road dust using ostracod Heterocypris
incongruens direct contact test[ J]. Journal of Hazardous Materials, 2014, 264 . 53-64.

SHI G T, CHEN Z L, BI C J, et al. A comparative study of health risk of potentially toxic metals in urban and suburban road dust in the
most populated city of China[ J]. Atmospheric Environment, 2011, 45(3) . 764-771.
JAMHARI A A, SAHANI M, LATIF M T, et al. Concentration and source identification of polycyclic aromatic hydrocarbons ( PAHs) in
PM10 of urban, industrial and semi-urban areas in Malaysia[ J]. Atmospheric Environment, 2014, 86 16-27.

YADAV 1 C, DEVIN L, LIJ, et al. Possible emissions of POPs in plain and hilly areas of Nepal: Implications for source apportionment
and health risk assessment[ J]. Environmental Pollution, 2017, 220 1289-1300.

US EPA Exposure factors handbook 2011 edition ( Final) [ M]. Washington DC; National Center for Environmental Assessment W D,
Immediate Office, Moya J, 2011.

PAWAR G, ABDALLAH A E, SAA E V D, et al. Dermal bioaccessibility of flame retardants from indoor dust and the influence of
topically applied cosmetics[ J]. Journal of Exposure Science & Environmental Epidemiology, 2016, 27(1) : 100-105.

CEQUIER E, IONAS A C, COVACI A, et al. Occurrence of a broad range of legacy and emerging flame retardants in indoor environments
in Norway[ J]. Environmental Science & Technology, 2014, 48(12) . 6827-6835.

ABOUELWAFA A M, PAWAR G, HARRAD S. Human dermal absorption of chlorinated organophosphate flame retardants; implications
for human exposure[ J]. Toxicology & Applied Pharmacology, 2016, 291 ; 28-37.



2 4

WRIHRER 45 « 25 N IR 2B v 22 305 J S AT A T O A5 A R R F 5 i 415

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

TAO S, LIX R, YANG Y, et al. Dispersion modeling of polycyclic aromatic hydrocarbons from combustion of biomass and fossil fuels and
production of coke in Tianjin, China[ J]. Environmental Science & Technology, 2006, 40(15) ; 4586-4591.

OBIRI S, COBBINA S J, ARMAH F A, et al. Quantification and characterization of vehicle-based polycyclic aromatic hydrocarbons
(PAHs) in street dust from the Tamale metropolis, Ghana [ J]. Environmental Science and Pollution Research, 2011, 18 (7):
1166-1173.
A RN, B, 4G JLntiT S AN K A v 4 RIS R R R AR AR S AR R ERIPA (], BREEREAE, 2016, 37
(4) . 1272-1278.
CAOZG, YU G, LUX Y, et al. Particle size distribution, seasonal variation characteristics and human exposure assessment of heavy
metals in typical settled dust from Beijing[ J|. Environmental Science, 2016, 37(4) ;: 1272-1278 (in Chinese).
CAOZG, YUG, CHEN Y S, et al. Particle size; A missing factor in risk assessment of human exposure to toxic chemicals in settled
indoor dust[J]. Environment International, 2012, 49 ; 24-30.
WANG W, HUANG M J, KANG Y, et al. Polycyclic aromatic hydrocarbons (PAHs) in urban surface dust of Guangzhou, China; Status,
sources and human health risk assessment[ J]. Science of the Total Environment, 2011, 409(21) . 4519-4527.

ALEXANDER M. Aging, bioavailability, and overestimation of risk from environmental pollutants [ J]. Envirenmental Science &
Technology, 2000, 34(20) . 4259-4265.
EHLERS L J, LUTHY R G. Contaminant bioavailability in soil and sediment[ J]. Environmental Science & Technology, 2003, 37(15) ;
295-302.
TR Bt AR R KRB S P RIRL (1], AR, 1999, 19(5) « 421-426.
WANG H L, TAO S. Application of biomarkers in aquatic environmental research[ J]. China-Environmental Science, 1999, 19(5) ; 421-
426 (in Chinese).
SIJM D, KRAAIJ R, BELFROID A. Bioavailability in soil or sediment; Exposure of different organisms and approaches to study it[ J].
Environmental Pollution, 2000, 108(1); 113-119.
HERMENS J L M, HERINGA M B, TER LAAK T L. Bioavailability in dose and exposure assessment of organic contaminants in ( Eco)
toxicology[ J]. Journal of Toxicology and Environmental Health-Part a-Current Issues, 2007, 70(9/10) ; 727-730.
SCHIRMER K, TANNEBERGER K, KRAMER N I, et al. Exploring the role of dosing procedure and chemical properties in in vitro assays
using a fish gill cell line[ J]. Comparative Biochemistry and Physiology a-Molecular & Integrative Physiology, 2009, 153(2) : S89-S89.
BRI, VPR, BT AL R A A ST ITE [T ] BB, 2011, 30(1) ; 158-164.
CHEN S, XU Y P, WANG Z J. Methods for evaluating the bioayailability of organic contaminants in environments[ J]. Environmental
Chemistry, 2011, 30(1) : 158-164 (in Chinese).
W, e, MR, 5. HIETh Z IR AE AR E N TR R [ T]. T ARG RE, 2010, 37(5) : 81-84.
XU H, CANG L, ZHOU D M, et al. Progress on the chemical assessment methods of polycyclic aromatic hydrocarbons ( PAHs)
bioavailability in soil[ J]. Guangdong Agricultural Science, 2010, 37(5) ; 81-84 (in Chinese).





