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FEEE: HHAEZ A 0T (NPAHSs) R4 (L 22 B4 05 1 (OPAHS) & P Al 22 1K) 22 F1 55 R (PAHS) T AE M) AT T 2023 4F 4~5 JRAE A4 2 % A BB A i, )
i} GC-MS 4341 18 F1' NPAHs Fl 5 Flt OPAHs ¥ PR T H AR B0 BERAE TFREAT AU AR 45 R Bos - RS A 22 Py 1sNPAHSs FI1Y sOPAHs ¥R
REAH 537124 37.95 F1248.82ng/g. 1171XY1sNPAHS FIY sSOPAHs < J8 A7 fEL W m T-FR4R X, 117 X FIFR KXY | sNPAHSs Y sOPAHS IRk [ ASAAAE B35 PR 75 .
TS S0 R 25 47 00 =0 PR R U2 R0 38 A 2R P 87> NPAHs Il OPAHSs 1) B (AR J3E () 5 00 22 S AT v 2 7 SUARAIE E A 0 85 1 (B 7R, R
Re2x v NPAHS 3= 2R REEIE — CHE ORIV )2 BB 343 LA OH-HEAK S RE D A — IR A k.
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Pollution characteristics and source apportionment of polycyclic aromatic hydrocarbon derivatives in Tianjin indoor dust
deposition. MA Jiao-fan, JI Ya-qin", XIAO Yang, SHI Jing-wen, XU Wen-ju, SHEN Rui-xing (College of Environmental Science
and Engineering, Nankai University, Tianjin 300350, China). China Environmental Science, 2025,45(12): 6534~6543

Abstract: Nitrated polycyclic aromatic hydrocarbons (NPAHs) and oxygenated polycyclic aromatic hydrocarbons (OPAHs) are two
important derivatives of polycyclic aromatic hydrocarbons (PAHs). Samples from households in Tianjin indoor dust deposition were
collected from April to May 2023 in this study. The concentrations of 18NPAHs and SOPAHs were analyzed by GC-MS, and the
concentration characteristics and source apportionment of these substances were discussed. The results showed that the median
concentrations of Y ;sNPAHs and ) sOPAHs in Tianjin indoor dust deposition were 37.95 and 248.82ng/g, respectively. The median
concentrations of ) ;sNPAHs and } sOPAHs in the urban area were slightly higher than those in the surrounding urban area.There
were no significant differences in these substance concentrations of ) ;sNPAHs and ) sOPAHs between the urban area and the
surrounding urban area in Tianjin. From the perspective of different influencing factors, there was a statistically significant difference
in the impact of smoking habits and energy types on the monomer concentrations of some NPAHs and OPAHs in Tianjin indoor dust
deposition. The results of the characteristic ratio method showed that NPAHs in Tianjin indoor dust deposition mainly originated
from primary emissions of combustion sources and vehicle exhaust emissions, and some secondary generation mainly formed by
OH -+ catalytic reactions.

Key words: indoor dust deposition; nitrated polycyclic aromatic hydrocarbons (NPAHs); oxygenated polycyclic aromatic

hydrocarbons (OPAHs); source apportionment
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J IR F AT 3R W, Ukt 2 AT 51 & DNA S5 2B K 5
T3, 32T HL 5 40 i v A (ROS) I o =
FEAEEEYIAR SC AR TRHA PAHs,OPAHs FHLH 5
558 PR 4R A 58475 2, 461 T A IR T A i N AR
(ROS)A: e f i 7y i 3 et SL R g 11O

NPAHs I OPAHs =% H— IR HF — k4B
U2 VR B AT B R 58 A kb AR oY
TN AR H L R K Ak
16 40 R R A0 % 5 4% R IR 5 oo Rt VOVt &5 7 2
NPAHs H1 OPAHs Jf B Jit 2| 3f 55 o' NPAHs Al
OPAHs [ — W A Wil i K< A & (W
OH-HI-ONOO- H A6 st #]5 PAHs KAtk
% RN NPAHs  — K 2B BRI 32 22 & 42 02 i
OH-FI-ONOO- 7= 4= 1] J ), OH- AN A [ RAZAE, K It
HATEE OH 5 PAHs by 1 S W, 7% i) 35 B
#£-ONOO-5 PAHs %/ il '®L OPAHS (1 — x4
B LR PAHs 5 RS AW Os. OH-F
FEAA S 2 etk e A 20 s e ok
17 A2 16 NPAHS F1 OPAHS 5 #l FHVE X 43 AN )5 4%
VPN 7 e

AR AR O T = N R A v 23 05 R AT AR
W (R A 9T A/ AH A WS AE AN ) R B
R 7R T R B IR 5 SR SRR A (0 3 P 5 22 e A
1, Yadav 25 PAE JE VA R SRS ML BT e IR IX K
L= B4 NPAHs F1 OPAHs WK 5, 4R
NPAHSs 22K [ A2 1, 1l OPAHS = ZEYR-T[H &
V5 YR 5 2 M E, Zhang 25 B ob R R) 35
W (Ip s BES i) PRk 4 Fh NPAHs Fl
5 7 OPAHSs, H: 1145 45 NPAHs #11 OPAHs ¥ /% %% 5
FIP A U AU 7 T, 3 B 1 R
X IR R I A A2 NPAHSs P89 i T %
PN, 25 Y IR 555 J2 OPAHs 1) B B Ry R A1E LU AR5 0E
— L HIWr tH NPAHs =22k A —CHER, 5 Je /R i
FUH NPAHs PAIRAE B =47 B A ), 1 7R AN [7)
DX V5 YR T] REATAE 22 7.

FEETITAE A 5 3 X LY ) TNV 3 T ML Bh
ERVSSE-ONUNIRE S 1iESE AL W AaN I PSR
T REVR . BSR4 PR A, 2 S5 iR il
B PR P4 5y 2 1 kg R R R R AR TS
T 0 N A B3 5 P 5 T e L300 1. DRI e AR 0 5
X R T AN [F) 2K i 25 N [ 22 7 NPAHs #11 OPAHSs 3

AT 58 M 5 A AT, R 90 LR P AR A R R, R I i
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Fig.1 Distribution of sampling points locations
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(PRGSO B 2 B R AR B IR B A R i FH B S AR
ALGF 0 3 g, [P S SN T4 T8 3d.F
B LR 100pum R 28 AR HE T BB R SR
WORL 24 PR T 5 T 18 C ¥A VR AR A, it J5 48 i ib 3
i H.
1.2 FEShATALEE

A B 7 3 AR B T A 0 S O A A
(>0.1g) & T EPA ArdEREREIR Y, 70 3 WRaEAT B Al
BhAEE(20mL & FF B/ IR, 20min/IR), & 3 IRZEH
WO R 60mL), 28 e i 25 K AN (45°C KA IR AT 2 4
SmL J&, N 10mL 1F Siidt— 2k 45 2 4) 1mL, ¥
TR R 1E O 394 o R A A P Ak /4L B A
REEUE, TG DL 20mL 1E Ceii b P s, L RR R 4
W LURA W HIIE Cobt/ — S Re(1: 1,46 kL) 70mL
I it 58 i MAT 5 8 It A SR 4 7 R FH R ik
45 /N T 0.25mL, N 25uL W FRER (1 ng/mL) Ji5 )
IE O/ & (L AR E RS 0.25mL, B 2%

B 2 ERE R 58 ORE DR & 1) 1 4%

25 R it AR I (e e 26 1 0 g o A S ik
i, 223k Ty b 450°CHE 4h BRA%E 2 I FRE 0.1g, 3
I3 NN GE B NPAHs A1 OPAHS FIFRUERE i, 55 0 (i 55
25 FRAS, F2 8 3R i A B 5 VA REAT I [T 2 A1
X EREAR TR 2 fe 280U 75 NPAHSs Al OPAHSs [Ffit %
TE 60%~130% 2 [H], 2% FAFE b H 4 ARG H.
1.3 AU#o T

ARH RS- T G A, L AR ) DB-SMS,
TR (SIM)EL X NPAHs A1 OPAHs 2} 7 1 {4,114
PEIERE DRSS 290°C 5 (0 RS A (1 FHELRE Y h - 40 h
FEIL 40°CLL 15°C/min F+2 150°C,Bfi 5 LA 5°C/min
TF42300°C H-4ERE 15min 25 0 4l 2SS KT
99.999%), ) W, Ay ey 2 F B AL REFE A 20uL; 5
WA Ak 2 B (NC) YR, 25 T U5 2 2 150°C, 1Y
WAL EE A 150°C, i RIAEIR 4. 5min. AHIRAXAS 73 A
s WA 1.

F 1 NPAHs #1 OPAHs R{RERTE. EHEF. BIRETF. FHiEMH R &N K PAHs

Table I Retention time, qualitative ions, target ions, method detection limit and corresponding parent PAHs of NPAHs and OPAHs
gl Y% 45 £ B I [ (min) Hbrsi T wEtdT DR BR (ng/g) XV EE#K PAHS
1-fif 28 IN-NAP 11.68 173 173,174 0.25 %5(Nap)
2-TiH AL 2N-NAP 12.67 173 173,174 0.48 %5(Nap)
S-TdkE 5N-ACE 20.27 199 199,200 0.25 Jt(Ace)
2T %) 2N-FLU 22.24 211 211,212 1.38 i (Flu)
3-figdkE 3N-PHE 24.96 223 223,224 0.58 3E(Phe)
O-fiFE 9N-PHE 24.09 223 223,224 1.05 3E(Phe)
2- i3 2N-ANT 25.81 223 223,224 0.13 H#(Ant)
O~ i3 18 IN-ANT 22.67 223 223,224 2.35 H#(Ant)
NPATS 2T B T 2N-FLT 29.66 247 247,248 3.45 PEE(FIL
KRR 0 3N-FLT 29.66 247 247,248 3.45 PEE(FIL
2- T FEI AR 2N-BIP 13.56 199 199,200 0.08 T4 (Bip)
KRR ST SN 3N-BIP 16.53 199 199,200 0.70 T4 (Bip)
2-THFE T 2N-PYR 30.86 247 247,248 2.73 tE(Pyr)
1Lt IN-PYR 29.67 247 247,248 3.01 tE(Pyr)
T-HE AR a] B 7N-BaA 33.33 273 273,274 1.80 #Jf(a) B (BaA)
6-Tif % 6N-CHR 34.62 273 273,274 2.28 J(Chr)
3B R I R 3-NBA 34.76 275 256,257 3.15 () (BaA)
6T FER I [a] i 6N-BaP 38.82 297 297,298 3.65 H I (a) HE(BaP)
1-Z5 g NAP-1-ALD 9.59 156 156,157 2.30 %%(Nap)
9-J i 9-FO 14.70 180 180,181 0.08 %5 (Flu)
OPAHs W ATQ 19.61 208 208,209 0.13 i (Ant)
HKIEB-7,12- 2 7-NBaA 30.36 258 258,259 0.48 HJf(a) B (BaA)
2RI BZO 28.90 230 230,231 0.55 () (BaA)

1.4 U gl
25 AR bty B AR AL H AR D000 JE, IR L S B A it T
it THBR 2% AR T AR BE BT Y 3803 45 LA T 42

REPRE IR ALK RS 3 LA L, b AR 100°CHE
T am R B W N 0.5,1,2,5,10,20,50,100 1 200ng/
mL ) NPAHs I OPAHs [FARAER I, I I 25uL
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WEEA 1pg/mL AR SRATARdE th 2. BRI 2
BT 0T IR AR M T 2 10T H R KT 0.999.
GC-MS MEmRRE 10 ANFE 5 — 41, RELLFE IS
— AR A,

1.5 Zevl- )

AHIEFEM R T AR TR 7 A H R (MDL),
R4 US EPA M5 s SR “1/2MDL” #4Qik ik
AT B b B T B <MIDL, MR b R K Y (ND), Tk A1
0.5xMDL 17 J5 240 v 73 #r.

2 FRFMTE

2.1 NPT Z IO RAT IR KK

R 1 2N-BIP 24 R Z I 05 AT AE M A
DA pT . LS Bl OPAHSs K HIR KT 85%,
NPAHs W47 9 Rl pAds th 3K T 60%, 46 H 48w
K= N BREY NPAHs % (54.11+44.16) ng/g
(P78 37.95ng/g);Y sOPAHS ¥ J& 4(303.72+£251.54)

ng/g("F A 248.82ng/g). P W.3% 2.18 Filt NPAHSs Hiik
O RE AR I 2N-PYR[(12.42+22.47) ng/g]
7N-BaA[(10.13£19.47) ng/g] F1 2+3N-FLT[(8.31+
18.46) ng/g| X H i B = W B A G5 Kk
P 2N-PYR J& E %) NPAHs ¥, {H Wang 25215y
BT T R TIT B I RS S BURL ) PML s ' NPAHS 1]
V5 YLERE, R B 2N-PYR . 7N-BaA 4 211 NPAHs
BRI S ANEURLA 2 T ] A RBE . HARIE
BN BRE NS AHEN S P9, 5 0 5 Y ORI B =
A B 2 PR AR 3 R ek PO AT Y OPAHSs WK%
B AR O ATQ[(111.47£109.94)ng/g] Al 9-FO
[(95.09+73.59)ng/g]. # F > 56 F 111 4 v 3 gl v i
7 Hh X 5% 2 5 P B 2R A 9 AR 75 2B B
R P B2 OPAHS 5 4 H Lk NPAHSs 514
AN X SRR E 6 44 ML R AR R
[X % P B2 o NPAHs F1 OPAHS V5 Y45 AE IBIF 9% 45
R

£2 XKiE=MNFEL T NPAHs F1 OPAHs B3R E (ng/g)
Table 2 The concentrations of NPAHs and OPAHs in Tianjin indoor dust deposition (ng/g)

NPAHs WPV ML RNl OPAHSs R AN P fE
IN-NAP ND~5.47 0.67 0.84 NAP-1-ALD ND~64.30 5.53 7.14
2N-NAP ND~7.67 1.11 1.57 9-FO 13.55~385.94 71.87 95.09
2N-BIP ND \ \ ATQ ND~663.47 88.05 111.47
3N-BIP ND~6.64 0.91 1.37 7-NBaA ND~486.27 19.22 41.16
SN-ACE ND~17.49 ND 1.14 BZO 0.93~801.28 27.25 48.85
2N-FLU ND~25.81 ND 0.57 >'sOPAHs 67.43~2.01x10° 248.82 303.72
3N-PHE ND~42.40 ND 1.07
9N-PHE ND~27.37 0.54 1.72
ON-ANT ND~46.27 1.22 2.46
2N-ANT ND~10.41 ND 0.62

2+3N-FLT ND~123.17 3.13 8.31
2N-PYR ND~161.85 4.14 12.42

IN-PYR ND~22.8 0.55 1.85
7N-BaA ND~116.87 2.57 10.13
6N-CHR ND~20.79 ND 1.14
3-NBA ND~79.49 ND 3.04
6N-BaP ND~78.14 ND 5.87

Y.1sNPAHs 5.73~220.29 37.95 54.11

VENDR R A H 27 T E  2N-FLTAI3N-FLT 43 #7 I TG 1% 43 IF, R AR SO R W R 28 3 A0 A TR A 41 43 LA 2N+3N-FLT# 7 I [#).

AT 3 A B2 b NPAHS Fil OPAHS ¥4
KPR WA 3 AW5TY sNPAHSs -2 B4
54.11ng/g, {5 Yadav™I7E JE W1 /R LE 47 7 3 1 K (1)
WF98(2.10x10°ng/g) 2= BE A A B i 2 1, 15 Mol
JiWF TR ZE AT — AN G AT g R R AE T
A SR VAR 5 G s g 7 T LT R ) A R BB

155 Y K PA T BRAR S 20, 1 S e 3 it
SR WIN Sy B NEA IS A AR Wie e )i
2 i J3 BOLRIE P9 (M ST LA AR T 2020 4F T A
(346.25ng/g)PY, B T 2018~2019 4 1l £ M X
(9.01ng/g. 23.33ng/g)*'. 2021 4EHM(11.09ng/g)™
F12019 45T 6 T (16.99ng/g 16.46ng/g) I
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FEPT R B KT B v 25 X R 22 SR R BE S SR AR
AN R F 525 H, %2 PAHS £E 10~100um Fi424%
b Ll B R Bl R AR K b EE T AR P2 R AR N,
b2 T RO, ¥ S B A s i T g 2 5
$ Kong HIFFE IR 50 = Py FE2R I % 538 i T AT
(1) i IR 22— (P mORLAR <75 pm, A B 5T R 4£.<100pm,
FOARE B3 TGO Ml ARy M L 6 It
FUIRIRLAT (150 wm) A8 K, BATIX L8 1 5 5 Py [ 2R R I
h AR L.

AHWEFTY sOPAHSs [F°F-3KIE A 303.72ng/g, 5
# 7 PVLE B (1.80x10°ng/g) A1 WulH 75 1 i

x3 AMREEAIIEHXEARE

g

(1.65x10°ng/g) I WF ST A LR — D BB 40, 5
Yadav?®?I7E JE 112K BN T (99.40ng/g . 95.00ng/g)
(RIAIE A b i — AN Bl 4, Ak 1 Hp TR KPR PR Al
15T BRI FC IR SRR 55 BT o, 10 AT R v 8%
RBF IR E LA e £ FH Sk AN 4 o A LA 32 e A 4
fif 237 £ OPAHSP; i AR B 5 R [X 38k FF 1 Jif
P B TP R SR R v G i, AR Sk L ib T e
T HE Y s TP D e (00 AT B T ARSI 1
OPAHs M RH Z M AHFFLH 9-FO(95.09ng/g) Hl
BZO(48.85ng/g) (1< 5 5 | N Aff 5 (113.00ng/g
110.00ng/g)fZilT.

f B9 NPAHs 1 OPAHSs R & tbi (ng/g)

Table 3 Comparison of concentrations of NPAHs and OPAHs in indoor dust deposition in different regions at home and abroad

(ng/g)
T i X AR 8] 4% (um) IR WF5TY R RS YIRS B0k
) N N NPAHs  5.73~220.29 54.11 .
Ko, [ 2023 4 4~5 J 100 ERGE R LER) Lis . AWT5
YsOPAHs  67.43~2.01x10°  303.72
" . ) . o NPAHs 439.00~3.93x10°  646.00
IS, JE 3T /R 2014 4F 500 TAEE. B3, fE Lis [22]
;0PAHs  95.10~384.00 99.40
by e s NPAHs  409.00~2.03x10°  568.00
b, JE IR 2014 4 500 TAHE®. A%, Lo [22]
;0PAHs  92.20~433.00 95.00
e NPAHs 451.00~1.75x10°  832.00
LEARHE 25, JE VR 2014 4 500 TAHE®. A%, Lo [22]
S;0PAHs  93.40~348.00 115.00
e m NPAHs 586.00~2.41x10* 2.10x10°
B AR, JE AR 2014 4 500 TAEE. AN, Lo . [22]
;0PAHs  227.00~1.15x10°  606.00
FEREI R A 2017 4 10~12 A 1000 e Y ;NPAHs 0.72~29.40 7.52 [36]
i ET AR R i 4 2016~2017 4F \ o Y4OPAHs  74.10~287.00 174.82 [37]
. ] . NPAHs \ 9.01
e, 2018~2019 4 150 R B Lis L [24]
Y sOPAHs \ 1.80x10°
NPAH \ 2333
S, 20182019 4 150 B B R 2isNPAHs [24]
Y sOPAHs \ 322.07
i > 14NPAHs \ 16.99
KA, E 201945 A 150 B B [27]
T8, Y'sOPAHs \ 646.46
i, > 14NPAHs \ 16.46
VF B, 2019411 H 150 B B [27]
PR, > sOPAHs \ 860.03
NPAH 4.42~20.95 11.09
M, 2021 4£ 12 H 150 PAE, HE. mE Z:NPAHs . 8]
YsOPAHs  152.05~1.15x10°  385.80
. N . NPAHs  90.30~1.31x10° 34625
i 5 20468 75 AR fE. e EhkT 2 [31]
Y6OPAHs  139.00~860.00  520.00
], 2015~2017 4 \ . AR, L%, U88%E  Ys0PAHs  250.00~5.16x10°  1.65x10° [34]
2.2 HEWEDLTZ IO RATAY) A R S AR 903.04ng/g, P AL 254.39ng/g. IR X,y |sNPAHSs

T X 5 IR X 22 B8 057 S AT ARk B ) L LK 2.
T X,Y 1sNPAHs ¥ E TN 12.22~178.09ng/g, v
i o 45.71ng/g;Y sOPAHs ¥ & Ju [l 4 67.43~

WRPEVE R A 5.73~220.29ng/g, T {E A 31.84ng/g;
Y'sOPAHSs ¥ J& Yl 92.20~2.01x10°ng/g, F VA N
248.37ng/g. 11 [XY sNPAHs F1Y sOPAHs ¥/ 4y (i
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W T FA 41X Y sNPAHs 3 A AE 22 R A
Y sOPAHs “K.ifid Mann-Whitney 46 ELE T X Al
IRIRIX Y sNPAHs 1Y sOPAHs 2 [ [ J5E 25 5 4
B R P>0.05, —H E R TG

4%/ NPAHs fll OPAHs HLiA K F 517 X FIFR
WX 2N-PYR #2432 ZE[f] NPAHs H.4£,ATQ F
9-FO 44 1= % f] OPAHSs ¥4k, 3X 55 SR> A 15
— BT X RITFRIE X 4 NPAHs Fll OPAHs # A HEFT
Mann-Whitney A5, 458 278 AP X 2N-PYR.
7N-BaA 1 3-NBA [f] P {E %31 3 0.00.0.04 1 0.00,
FIX 3 PR EW X R 22 A gl e
NPAHs 41753 F1 OPAHs % ¥4k 2 R AIEAE G 2

T 2N-PYR H g Pyr 5 OH- A 3t k4
J2E B8 T X 2N-PYR K B K T BRI X, 35 B
NPAHs [ Z A B AR X . IN-BaA &5
2R RSO R L B P 3-NBA. g iE 52
FEAE TV R AP L3 42 R A HE U 365 ik
TN-BaA 1 3-NBA 7117 X FIFRIE X 22 7 (1) 2 22 R
DR Bk X A A1 P 9k P58 T i 5 FE A 3 9t o ¢ /0 g i
— UCHET /N T DX B M SR REURE /I 1 1l X A
FF95 B9 85 < OPAHs 4 B A X dak /) TG b 2
Z5E RN ATQ Al 9-FO 5 R4 itk be
A5 I S R A 4 TR B A R 5 P OPAHs 1)
F BRI, B2 DI R 5 )N

161 (a) W X FIFFIRIX NPAHs 44K i
0 X

NPAHs# % (ng/g)
SIS
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SosnEbEl
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Fig.2  Concentrations of NPAHs and OPAHs monomers in

the urban area and the surrounding urban area

2.3 EWNEDZ I RATEY R 5T
KM Kruskal-Wallis H AEZ 5085 5%, 047 7
H i, & HH SR . 2 =R GE
PERAINT NPAHs 1 OPAHs % 544 [ 5% Wi ; 4k 1)
Mann-Whitney 250K 7515, 734 7 WOHE >3 4500
NPAHs F1 OPAHs # LA I 5E 1. 25 5 LK 4.
% 4 NPAHs 1 OPAHs IES 1016 45 R (P 18)

Table 4 Non-parametric test results (P—value) of NPAHs and
OPAHs

BEF AL A H

NPAHs/OPAHs PP PR WIS Redsi il
IN-NAP 0.39 0.56 0.08 0.86 0.08
2N-NAP 0.49 0.85 0.61 0.24 0.77
3N-BIP 0.55 0.84 0.77 0.01* 0.39
5N-ACE 0.63 0.86 0.78 0.03* 0.58
2N-FLU 0.45 0.60 0.40 0.04* 0.23
3N-PHE 0.24 0.05 0.10 0.49 0.47
9N-PHE 0.60 0.31 0.16 0.39 0.47
IN-ANT 0.47 0.46 0.30 0.78 0.57
2N-ANT 0.31 0.68 0.53 0.40 0.58
2+3N-FLT 0.92 0.13 0.22 0.68 0.30
2N-PYR 0.06 0.42 0.26 0.61 0.53
IN-PYR 0.61 0.78 0.68 0.39 0.24
7N-BaA 0.34 0.85 0.37 0.32 0.49
6N-CHR 0.20 0.39 0.33 0.77 0.84
3-NBA 0.73 0.66 0.46 0.01* 0.02%
6N-BaP 0.33 0.33 0.67 0.02* 0.78
> 1sNPAHs 0.24 0.85 0.80 0.99 0.19

NAP-1-ALD  0.08 0.25 0.65 0.88 0.95

9-FO 0.47 0.45 0.94 0.20 0.55
ATQ 0.11 0.58 0.48 0.12 0.16
7-NBaA 0.47 0.72 0.36 0.14 0.68
BZO 0.39 0.21 0.76 0.56 0.26
>'sOPAHs 0.49 0.54 0.57 0.09 0.47

TR P<0.05.

W A5 2 A% R s b T 335 00 2 T A1
(<1 W/d)s R RREEG2 /d), N EEH
AT A (A AT/ v AT v A ) S A L e THT 375 9 A0 %
(IR AT/ 0 A3/ v A30) 3K 3K A ol AN () 6 A2 9% > 1600
NPAHs il OPAHs %1 ¥ 2 55 W b it P {E
BIRF 0.05,1X 3 WA H 50 AT 4505 0 1 T3 345 4
F I 22 5 R % NPAHs Al OPAHs ¥ B /K77 4E ik
FHMEgm AR (RAEA &% —friE) (GB
50352-2019) "V 11 2 4% IR i 4y W AR 2 (1~3
Z)s ZIE@~6 J2). TEIE(~9 E)MEEZE0 2
Je UL B AN[R] i B B 2 2 1] NPAHSs Fil OPAHESs 1) 2
S M AT P YR T 0.05, D AN [F] = B A%
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3 %i’e dominant source of exposure to heavy metals for residents around

3.1 RiFEENFELY sNPAHs FIYsOPAHs &
R4y WK 37.95 1 248.82ng/g NPAHS FLAAk ik Jif
IR ME 2N-PYR,HUCH 2+3N-FLT Al 7N-BaA.
OPAHs ¥ LR =it 54Ky ATQ F1 9-FO.

3.2 MAE[E 40 A B, TT XY sNPAHs M1y sOPAHSs
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3 A4 31.84ng/g F 248.37ng/g, 1T IX Y sNPAHs Al
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S SOPAHSs [1U 22 53 o Ge v 2 i ST ORI I X
% NPAHs H1 OPAHs .44 ) Mann—Whitney 3% 45
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