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Abstract ; In this” study, PM, ., samples were t!olle( ted synchmno‘ubly at Gaoxin and Linxiao in Luoyang City during autumn and winter
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Py

(4 October 2018 to 30 January 2019). Sixteen priority polycydlc aromatic hydrocarbons ( PAHs) associated with fine particulate
matter were analyzed by gas chromatography mass spectrometry ( GC-MS). The concentrations and composition characteristics of the
PAHs on clean and polluted days were studied. Diagnostic ratio analysis and principal component analysis (PCA) were used to identify
the emission sources of PM, ;-bound PAHs and the equivalent carcinogenic concentration of benzo[ a ] pyrene (BaP) and incremental
lifetime cancer risks (ILCRs) model were applied to evaluate health risks. During the sampling period, the concentrations of PAHs at
Gaoxin and Linxiao ranged 24. 33-90. 26 ng-m > and 23. 81-76. 99 ng-m *, respectively. With the increase in PM, ; pollution, PAH
concentrations increase significantly (the mean PAH concentration on polluted days was approximately 1.3 times higher than during
clean days). PAH profiles at different polluting levels were similar; 4-ring PAHs (43% -48% ) >5-6 ring PAHs (32%-35% ) >2-3-
ring PAHs (20% -22% ). Diagnostic ratios and PCA demonstrated that PAHs in the study area were mainly derived from combustion
sources including coal combustion, biomass burning, and motor vehicle emissions. The coal combustion was the main pollution source
in the study area ( clean days =49.28% -56.38%, polluted days =49.44% -60.60% ). The resulis of the equivalent carcinogenic
concentration of benzo[ a]pyrene (BaP) and ILCR model revealed that the human health risk on polluted days was higher. Moreover,
the cancer risks from adult exposure to PAHs were higher than those child exposure, which has an acceptable level of risk ( <107°).

Key words :clean days; pollution days; principal component analysis; coal combustion; incremental lifetime cancer risks
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Table 1  Pearson’s correlation coefficients of PAHs concentrations and meteorological parameters under different PM, 5 levels

f=%:0 N
mH
R K (n=53) TSYKR (n =53) R K (n=47) V5K (n =60)
TR -0. 666 -0.709 ** —-0.689 -0.792 *
R -0.165 -0.007 -0.007 -0.101
FAST L EE ~0.185 ~0.340* -0.265 -0.373 ™
KEE 0. 588 ** 0.461 ** 0. 609 ** 0.514

1) s FORTEEAFE N 0. 01 B AHOCHERR BIERT; « FORTEEAF N 0. 05 I FHOGHE R B3 M



598 I 0%

20 1 — 1 000
I
] i ; 95 o
o0 | 990 El
S 4 985
0 : 980
| SO [P TR RO NP PR U I S Dt SR B P P TP TR -
E | — R — A e— K 100
pe 2
g0 =
£ =
= 60
|m 6 4-’7{
g . 0 g
?"'é ) 20
0 . 120
00 | FEHE -—i—-PMvs—LléPAI!s EER AT 00
'= 160 | 5
] 18 &
S 0f leo £
3 80 {a0 Z
40 F
i ! y LA
200 | A = PMys === )16PAHs —— HHK HhHHEHSM {80
T;E | ';'é
g :
z s
10-05 10-12 10-19 10-26 11-02 11-09 11-16 11-23 11-30 12-07 12-14 12-21 12-28 01-04 0I-11 0I-18 01-25
H# (H-H)
r LT .1 B\ [
E2 RiEEHE PM”\PAHsE’JJE;’&F&’%%%m'JHﬂ@ﬁﬂ . d,x- &

Flg 2 Time-series ciif PMz 5y PAHS d.na me,teurologlcal pdmmeters durm% the simphn,g penods

_ *wa@~ﬁ Tﬁ%ﬁ%PMh%HTH%ﬁf
/\ﬁéﬁﬁ?ﬁﬁm%ﬁﬂﬂf 16 ﬁ/ AIHS E’ﬁﬁﬁﬁ /’“ﬁlfﬁﬂlﬂ? iy A“*ﬁgﬁl‘]maf&ﬂ(ﬂ?? PAHSs 4

aﬂ%r“ s e AL ) %nlzl 8 4% ﬁ'@ﬁ%@% 53 Fla | BaA Pyr. BaP I Phe 45 B {AHINS S
Fﬁ% PM 5 e i &, 16 Fh PAHs %Mﬁiﬁjﬁa 5k PAHs TR 55%.~ 61%, 3% KW [A] 15 G

@F%*H@Fﬂﬁ B, 5 PAHS TR K Rk AT,
- F2 BMATARGAHEAS PM, 5 PAHs M T RERE"

i Table 2 Mean PAHs concentrations in PM, 5 under different PM, 5 levels in Luoyang City

__.
|
M!

2. z PAHs %éﬁﬁb\%ﬁ

WiH E - -
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Nap 2 0.68 +0.14 1.18 £0.21 0.93 £0.31 0.70 £0. 14 1.23 £0.29 1.00 £0.36
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Flu 3 0.89 +0.36 1.52 £0.41 1.20 £0.50 0.97 +0.41 1.63 +0.46 1.3420.55
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Fla 4 6.61 £2.07 7.80 +2.43 7.21+2.33 7.09 £2.34 8.25+2.58 7.74 £2.53
Pyr 4 4.05+1.92 4.95+2.17 4.50 £2.09 4.27+2.07 4.75+2.23 4.54 £2.16
BaA 4 6.20 £1.29 7.56 +1.88 6.88 +1.74 6.78 +1.44 7.59 +1.84 7.23£1.72
Chry 4 2.15+1.67 3.01+1.82 2.58+1.79 2.14£1.57 2.74 £2.00 2.48+1.84
BbF 5 1.51£0.72 2.03 £0.90 1.77 +0.85 1.82+0.78 2.25+1.05 2.06 +0.96
BkF 5 2.72 £0.89 3.78 £0.79 3.25£0.99 3.15 +0.80 4.06+£1.06 3.66 £1.05
BaP 5 3.921.10 4.67+1.18 4.30 £1.99 3.72£1.36 4.77 £1.01 4.30 +1.28
DahA 5 0.5220.15 1.11 £0.29 0.81 +0.37 0.61 £0.15 1.20 £0.33 0.94 +0.39
InP 6 1.66 +0.73 2.96 +0.61 2.3120.93 1.99 +0.88 3.00 £0.84 2.55+0.99
BghiP 6 1.84 £0.57 3.05+0.75 2.44 £0.90 2.11 £0.66 3.16 £0.62 2.70 £0.82
> 16PAHs 39.00 +9.90 52.05+11.93 45.52 £12.73 42.13 £11.02 53.42£12.83  48.46 +13.26

1)PAHs $1ﬁj~7ng m~3

FRYGR IR B AT 43 F s 16 Fh PAHs  DUEH, 2 A SREE SRS YLK AN FREL PAHS
YRR T e (2 ~3 ) PAHs \thor 7R iE (4 BYOMAAAE 225, HL 2 A RAE SRy 43 Ai R IE B A AH
FF)PAHs & 0 Tt (5 ~6 1) PAHs. I3 0] [A. AFEI5YKE T PAHs BRESTROVGUT AL, 4 FF
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PAHs(43%~48% ) >5 ~6 ¥ PAHs (32% ~35% ) >2
~3 ¥ PAHs(20% ~22% ). SER KA, 53K 4
R PAHs [ FUIRAK, 5 ~6 FRFI12 ~3 3 PAHs ff i kb
FIRE . XA RES PAHs Y BRE RS Y IR HE A
K, 2 ~3 ¥ PAHs FELVSARLETE, iR, &2 ~3
5 PAHs (5 LA F 25 5 4 3F PAHs 245 %
PR, IR T AR AE b 22 18 B 5 i 4
K FRA R BE AR AR, A ) T 45 &M B 1) [

mNap ® Acy ® Ace ®mFlu mPhe m Ant m Fla ®Pyr

2-3% 4
22%

m BaA

IR E 4, 5 ~6 38 PAHs EMEE RIS,
FEAEE PR AR, AN, ASFEFE PAHSs 2k H
ANERHERC IR, 4 5 PAHs = BREEHE R B9 bR v
J) &R X A 4 T AR B B, R kK
MR BEYE N A% 4 PR PAHs TT#KECK, 5 ~6 24 PAHs #
WHENLBI 4 B AR bR Bt 4143, HLAE TS G2
KU BERG I s | PRt R W R AR e FNAIL 3N 4 e 2
B BHTRKA 2 PAHSs 1Y ZR .

#Chry mBbF mBKF = BaP InP = DahA BghiP

5-6Fh
35% =

LSV SEE TR

M- tE R K

B
20% { 48% > 32% -
- R
! L 1 1 L I L ! 1 | "'-M
0 10 20 30 40 50 60 70 80 90 100 ?
ks 8%
I P r ,
S ' . :" - E3 :ﬁwﬂﬁi?ﬁﬂﬁ#&ﬂiﬁi—x PM, . PAHS H’Jﬁzﬁ#&ﬁﬁ? L) ‘;f..-':“J
r. .-? ;" I‘;"" Flg 3 Dlslnbutloni of 'gAHs 1n"atmo€phen(‘ PMZ 5 under dlfferen.L PM2 5 Tevels in Luoyipg City
|

3) ;le@ﬁa-%
2.3.1 ,f#%%ﬁtt{ﬁ/f
BT HAE B 2 0 1 T PM, 5 PAHS 19

SEVESR AR AT AW ST 5 1154 BaA/ (BaA +
Chry) . Fla/(Fla + Pyr) . Ant/( Ant + Phe) #l InP/
(InP + BghiP) (1 FU B R R 58 38 BH T AS [\ 75 G K-
PAHs PIEAE 15 Jol IR, B WL 3. 24 BaA/(BaA +
Chry) FL(E/NT 0.2, 0.2 ~0.35 KT 0. 35 W20 Hi4E
FATTMIE JRIEIERHLB 4 HERR ™ 24 Fla/ (Fla +
Pyr) I HAE/NT 0.4, 0.4 ~0.5 KT 0.5 Btk

r e

-. vf,.r _
PR T R SRV RS TR ¢

Ant/ ( Ant + Phe) FL{E/NTF 0. 1 B8 A7 SRR, K F
0.1 Bf 7~ PAHs K H R B IE); 24 InP/(InP +
BghiP)/NT 0.2, 0.2 ~0.5 KT 0.5 B 53R A
IR AT TIRBE IR SRR A 1 R e TR A R
FH 3 AT UL, 2 R s R RS G R AN [R) AR
OB A A0 TC 0 3 25 5, AR W& BRI T O R R RS e KK
SH PAHs A5 JRIEARRL. LD B ihisaT DiAs )
IBBHTRRA RS P PAHs EZ0k A TRRBEIR , (045
PRI LR BRI Bl A HE TSR

£3 BETRESRELIAS PM, & PAHs fH4ELL

Table 3 Diagnostic ratios of airborne particulate PAHs under different PM, 5 levels in Luoyang City

S Hf PR R R R REE TS AR R LSEREETS

FleAi] H1H FleAi] BE T BE TLH B1E
BaA/(BaA +Chry) 0.48~0.95 0.77+0.11 0.17~0.98 0.73+0.13 0.62~0.97 0.79+0.11  0.59~0.92  0.76 0. 12
Fla/(Fla+Pyr)  0.55~0.70 0.63+0.05 0.15~0.75 0.62+0.09 0.56~0.72 0.64+0.05 0.16~0.73  0.65=0.08
Ant/(Ant+Phe)  0.18~0.51  0.29+0.07 0.24~0.71 0.33+0.07 0.11~0.63 0.31+0.09 0.25~0.68  0.34+0.07
InP/ (InP +BghiP) 0.28~0.69  0.47+0.10 0.35~0.64 0.49+0.06 0.31~0.70 0.47+0.09 0.32~0.64  0.48 +0.06

2.3.2  ERS TR

H TR P (R 2 HRE 4R it PAHs BT 7K I,
ARER ML YR TIRR. T B R B AR RS
PN PAHs 0 3 ZEHEBOE S STk, AR 12

JH SPSS 22 BAEXF & BA T 2 AR AE AL Ej‘c%ﬂ?ﬁ“ﬂ
K PM, .14 16 Fh PAHs #E47
mE 4 PR, FERHILR K, W+ 1 qﬂfﬁkiiﬁm

T T EMS T, 4

f2H 43 & Flu, Phe. Fla, Pyr, BaA. Chry, BbF #
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Bap,/ﬁ\':F' Phe. Fla, Pyr, BaA . Chyr #11 BaP SRR
HERL bR 5 0 F A, BbF ZEBRBE e T b 2 B A
[T P 11 7Sl W S LRI R 3 1/ W P P S
TRIRBE bR G Y ZE R 2 P A i, Bl
FRim e, T 3 Acy M BRF SR, A
W58 BKF 7EL8 A R P#fmri m '), Acy £
Bk { T AmIE RS IR 3 Al R A L
EHEUE. A 4 AL BghiP & =55, & 7m R
KRB AR P U0 S P A HE . R TS Y
K ,AT 1 5 Flu, Phe. Fla, Pyr. Chry #il Bap 1%k
R IR AR, NaP | Ace, DahA Fl1 BghiP 7£
BT 2 Bk, NaP I Ace 54 ¥ IR BT 3h A
P DahA Fl BghiP AL 4 B S HER AR i
Lo AR Ry A W TR e R L Bl 4 HE TR A
U8, InP £ 3 STk s, i Im A HE L.
TEMMEAS ]S G K7 T A5 20/ PAHS fift B R R
5 RGBT L AR R, B 1 ARFIRME; Nap |
Ace il InP 76 8 F 2 vh g5 5 , R30S A 00 0k

BEFIHLEN ZEHEBOA IR AR s Ant A1 BKF 7EH - 3 F
PR 4 i s e, 3 RO DA AR 5 24 0
HERL. MRATE YR, I F 1 IR0 R REUR ;. Nap
InP ., DahA Fl BghiP 7€ F 2 rh5ilik i 3%, Uik
PLsh 4 B HERL. PCA 4558 R WA % BH T Bk & 5
PM, ;"1 PAHs EEK H TR HLah 2 R AE
YBhRGE. TEATRS Gk F-F  BAIEXS PAHSs 75 3¢
TR B K (I BK . 49.28% ~ 56.38%, 15 Yt K.
49.44% ~60. 60% ) , 5 BT LUIRIE S 32 1 BE IR 45
FE R AR — 30, 9% BRTIT 717 DX AR v LR B e, &
AR (R RE B 3G O, 55 MR A T 1 S v B
T AR Y R BEA T 08 P T it R TR AR
X% PR T A5 e il oA o . HakLah 4
HERCIE 5Tk #Ak, SCHk [ 13 ] A9 ECHE o, 3% B T
2017 AEHLEA A RN 97.9 T, 271 R b
R R XA B 2 A T 3 BB e i 2
KRB , B RA N PAHS WER R 0 4L 85
BLSH 25 1 i i 5 W BL 3 |

%4 | HIBHA RS RETN PM, o PAHs OERA S

Table 4 PCA ‘loading "fact.o.r__g- izqr PAHs in PM, under (different IPMZ_S levelsd . s
wdud A ap-R x| ] L gk AT T e RR_~
TR WT2 AT BERAW ETr ET2 BTl EFL BT WME3 WT4 BT W

Nap S7050 049 -0'1 [0.2000 0.43 7077 -0.03 0.43  0.68 .“f,o. 22 -0.22  0.44 0:77.,
Acy 060 0.10 0.65 020 Q459" -0:57 0.28 10.60° 0.26 -0.30 -0.05 0.59 “-0.8
Ace : 0.46 0.46 -0.37 40.20 | 0.32 0,82 0.00 038 40.68 0.05 -0.39 0.49  0.70
ny@ L 0.86 0,05 -0.07 -0/09 | 0.8 _.0.07 0.05 0.8 0.08 -0.00+ -0.14 0.93  0.11
phe | 1l o087 008 012 —0.19 “0.84 =041 0.03 092 015 -0.06 0.0l 0.8 0.3
And * 0.54 0.25 -0.38 -0.44 071 -0.16 0.04 0.47 0.16 0.71 0.03 0.83 -0.04
Fla = g 0.90 -0.34 -0.01 0.11 0.8 -0.30 0.03 0.92 -0.33 0.02 0.03 0.84 -0.40
Pyr 0.88 -0.38 -0.12 0.03 0.90 -0.03 -0.21 0.90 -0.38 0.04 -0.11 0.90 -0.29
BaA 0.90 -0.18 0.07 0.00 0.77 -0.26 0.3 0.90 -0.30 -0.14 -0.11 0.87 -0.08
Chry 0.83 -0.38 -0.14 0.29 0.8 0.09 -0.34 0.8 -0.42 -0.01 0.14 0.75 -0.36
BbF 0.85 -0.27 0.04 0.32 0.8 011 -0.338 0.81 -0.45 -0.16 0.10 0.76 -0.40
BKF 0.43  0.29 0.69 -0.30 0.76 0.00 -0.08 0.28 0.03  0.58 0.63 0.83  0.33
BaP 0.85 -0.16 -0.16 -0.18  0.87 -0.28 0.12 0.91 0.04 -0.07 -0.10 0.87 -0.35
InP 0.15 0.68 -0.21 0.14 0.23  0.43 0.75 0.22  0.64 -0.41 0.34 0.31 0.75
DahA 0.68 0.50 -0.13 0.09 0.5 0.70 0.08 0.58 0.52 0.19 -0.04 0.60  0.68
BghiP 0.26  0.50 0.31 0.62 0.4  0.67 0.02 0.35 0.46 -0.34 0.56 0.37  0.76
A AR 7.89  2.10 1.43 108 7.91  3.17 .10 7.66 2.66 1.36 .12 85 3.1l
iR Iy 2% 49.28 13.14 8.90 6.76 49.44 19.84 6.84 47.90 16.61  8.48 7.02 60.60  19.41

1) SR R TR — B b LA O o 2 A (R A T R

2.4 fHEERXUS

KAFR Y PAHs 23l i T A SRR 2 i A
A S AR fit R 3 RS R A 52 R 2 A SR RO
{594 K F BaP, BaP-TEQ I CANPAHs HY ¥ &
AN 4 Fizs. 78 16 F PAHs FAR | BaP #
N BUEPE Y B, AR 2 e (g U R
FMRRHE R K BaP H #9443 90128 (3.92 1. 10)
ng-m 1 (3.72 +1.36) ng-m ", ¥5 ¢ K 5 5 Ky
(4.67 +1.18)ng-m *Fl(4.77 £1.01 ))ng-m * , Kkt

PN T RS 20 A 93% 1 89% B SR FE K ot
Fo 2 i HARMERRE (2. 5 ng-m ) ¢ A
WEBHTH AR 4 28 BaP 15 Ye /™, N %% B £ 0 H
P T UM P R R 81U 2 34 05 48 ( CANPAHSs,
fU45 BaA | BbF, BkF, BaP, Chry, DahA Fll InP) ¥
S 5354 (18. 68 4. 81 ) ng-m > F1(22. 31 =+
4. 72)1r1g-m_3 AR M (25. 12 5. 7())ng-m_3
F1(28.77 +6.55) ng-m ", CANPAHs/ > 16PAHs
FE 2 A RAE ARG YK T B9 AR fE 5 LK 0. 48
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Fig. 5 Incremental lifetime cancer risk (ILCR ) of PAHs

under different PM, s levels in Luoyang City
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