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Teq

Abstract . .In. order to study the seasonal variation characteristics and pollution sources of polycyclic aromatic hydrocarhons (PAHs) in PM, ; in Chengde, PM, , samples were
collected in January, April, July, and October 2019, and the concentrations of 16 PAHs were determined using gas chromatography-mass spectrometry ( GC-MS). In
addition, the health risks of PAHs were evaluated by using the BaP toxicity equivalent method (BaPy, ) and incremental lifetime carcinogenic risk (ILCR) model based on
PAHs and PMF results. The results showed that the variation in p(PAHs) in PM, , in Chengde during the sampling period ranged from 2.7 to 246.4 ng'm >, and a
significant seasonal characteristic was observed, that is (136.8 +52.1) ng'm ™ (winter) > (70.3 +36.7) ng'm > (autumn) > (24.7 +17.4) ng-m ™ (spring) >
(13.7£9.4) ng'm ™ (summer). For the percentage of PAHs with different ring numbers in the total PAHs mass concentration, 5-6 ring PAHs were the dominant
components in four seasons , 2-3 ring PAHs were of smaller proportion, and 4 ring PAHs were of the highest percentage in winter (37.63% ). The contribution of crude oil and
petroleum volatile spill emissions to PAHs was relatively high in spring and summer, and coal and biomass combustion emission sources were absolutely dominant in autumn
and winter. BaPy - concentrations showed that winter > autumn > spring > summer. ILCR models pointed out that adults had higher respiratory exposure risk than that in
children, and adults had different degrees of carcinogenic risk in spring and autumn and winter, whereas children had some degree of carcinogenic risk only in winter, and the
variation in ILCR in all four seasons for both adults and children was ranked winter > autumn > spring > summer.

Key words: polycyclic aromatic hydrocarbons (PAHs); PM, < ; seasonal distribution characteristics; positive matrix factorization (PMF) ; source analysis; health risk
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R R
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Retention time and quantitative and qualitative ions of 16 types of polycyclic aromatic hydrocarbons( PAHs ).« -

Table 1
LB sk o ey r 7 T
AR e <é§ﬁ§%%) CELY (ﬂ%‘&%ﬁ??i&%?) CE2/ Jj/i*rﬁga
I %E(Nap) 5.815 128/ 00> 127. 00 9 [128.00 5102, 00 18/ 0005
2 JEki(Acy) 7.740 152.00 > 126. 10 27 | 152,00 5150410 27/ 40011
3 JE(Ace) 7.955(" 153400 > 152. 10 30 153. 007>151.120" 27 * 0,004
4 H(Fw) 6. 640 165.100 »>163-10 27 | 16500 511510 27 0.007
5 —~3F(Phe) 10.28 178500>476. 00 29 | 7178400 > 152. 00,4 20 0.089)
6 E(any” ST 10.38 W 0/ 1987 005 176. 00 29 /17800 > 152. 00 20 0013 )
= gemomey | 12,750 < [ 2097005 200. 10 33 " 202,00 >152. 10 30 0.007 &
8 | E(Py) 13.245 I /4 202. 00 £200. 10 30 120200 >198. 10 30 750, 008 4
94 JEIF[m] B (BaA) 16.045 |/ I 228160>226. 10 30 226,00 >224. 10 30 0.007
10, a(Chiy) 16.125 298,00 >226.10 30 226. 00 >224. 00 33 0. 006
i HRTD 1 (BbF) 7 18. 445 252, 00.>250.00° 33 250.00 >248.00 36 0. 006
12/, B[ V5 (BKF) 18. 500 252. 00:=950. 00 30 250. 00 >248. 00 33 0.018
13 #IE[al tE(Bap) 19. 100 252. 00 >250. 00 33 250. 00 >248. 00 36 0.017
14 JEIF[1,2,3-d]EE(InP)  21.345 276.00 >274. 10 39 274.00 >271. 90 45 0.019
15 “JEJF[a,h]f(DahA) 21.410 278. 00 >276. 20 39 278.00 >275. 10 45 0.015
16 HJF[g,h,i] JE( BghiP) 21.930 276. 00 >274. 00 45 274.00 >271. 70 4 0.014

1) CE1 I CE2 433X 1 7 Ax i B 8 - R A 8 7 Tt Jon 7% il 4 b

ZITF IR TR R IR DL T AU
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PRSI E B0 Z A 5 R B, pg- L', py AE
FIIRMSE AL it Ak B S I 5 15 3 1Y 22 30 05 ke i Wk B2,
peg- L7 VORISR SRR Ly v, WEEARTE
PRUEIRIL T AT, m?.
L2.1 EERERN T

1F 2 B A ( positive matrix factorization,
PMF ) 720K ) I8 A A 7 TS 2 1 T2 B9, AR SC
i PMF 5. 0(US EPA) fi#tdlr 16 Fft PAHs HUACUE, 22
AR

X; = Zgikfkj +é; (2)
X, X, 055 i A PAHs BESL b j IRIIOVREE ; g, oh
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W

FRAE EPA (19 P W8 J7 v 46 H BR (MDL)
FR 28O T 5RE 5 00 A0 E BE . U SR e 1K
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T MDL, AHf 2 B F DA A 2Rl 78
(RZEDE x WFE)® + (0.5 x MDL)?

(3)

Unc =

1.2.2 XU PPN A

T VAL 22 05 R R B0 RS AR T
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BaP PP A A R LB (144 2500F o A5 3. R v i)
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ILCR = BW x AT x cf (4)
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F i Table 2 PM, 5 'and its PALsz mass-€oncentrations in dlfferen.! sedsons‘m Chingdé City -“F'A” 5
& [} | I, = - i = "7 l

i H— VAl w2 §/7) / ,ﬂ;f'l y‘r’fgfé ,}.r‘ b o« & % /)
ﬁé.-';%é ﬁ[ﬁ & -'ﬁ:ll I|| I‘u;::.- 29 | -:;? ':' jl"r .‘_.- | 32 _.:'78 — g
p(PM, 5| | 26.59 +15 WY f,aﬁﬂ +8.38 ry ?g 72 £17. Fi 47.68.£30.37%
p(Nap) | L 0.15 +0. 11. ,- ., § I 0.15:+0. 28 i 0.13 £0. 05 0.16 £0. 10 ‘d_;:.
pERey) 4 - 0.09 0,08} .n:' ) ! 4 0.100;26 gt 0. _q9 +0.03 0.47 £0.29
p( Age) ;'I | . . 0320016 4 | 0.34' j> 0.20 4 0.34 £0.08 . 0.12 £0.08
p(Flh) (@ | & 0.10+0.05 = —*0” £0. 13 0.11 £0.05 0.16 +0. 13
p(Rhey W7 0.52+0.25 S0, 51 0. 24 0.87 +0.52 2.10 2. 00
o( Am)_‘r_:"“' 0.10 0. 09 0.07 £0. 16 0.17 0. 14 0.64 0. 55
p(Fla)' 0.77 £0.72 0.24 +0.24 3.25 £3.04 10.31 +4. 19
p(Pyr) 0.91 +0.94 0.21 %0.18 3.48 £3.25 13.47 £5.30
p(BaA) L11£1.13 0.21 £0. 13 4.90 £4.27 15.04 £5.92
p(Chry) 1.85+1.58 0.56 £0. 52 6.45 £5.22 12.78 7. 80
p(BbF) 6.33 £4.48 3.65 £2.34 14.13 £7.34 18.95 +6. 65
p(BKF) 1.79 £1.32 1.20 0. 78 3.74 £2.36 6.86 +2. 68
p(BaP) 3.20 £2.58 1.02 0. 66 9.73 £4.97 14.33 5. 55
p(InP) 1.64 +1.09 2.22£1.56 7.17 +4.37 11.27 +£5.55
p(DahA) 0.96 +0. 62 0.69 0. 70 4.22+2.56 11.66 6. 03
p(BghiP) 4.84 £3.26 2.49 +1.63 11.54 +5.38 18.57 7. 44
p( > 7PAHs) 16.89 +12.39 9.51 7. 60 50.35 +27. 19 90. 90 +35.93
p( > PAHs) 24.69 +17.42 13.74 £9.35 70. 34 +36. 68 136. 80 +52. 07

1) PM,, PR FE ML pugem =, SARHEIE 0 ngem =

x3 EEHAEZTE PM, 1 PAHs $5{ELL{E
Table 3  Diagnostic ratios of PAHs in PM, s in different seasons in Chengde City
; &% 7 K A%
FRAE L fE — — - -

i FHE penic] A b TIE b FIE
Flu/ (Flu + Pyr) 0.40 ~0.55 0.48+0.04 0.31~0.64 0.52+0.06 0.35~0.57 0.49+0.04 0.30~0.54 0.43 =0.06
BaA/(BaA + Chry) 0.13~0.63 0.36+0.11 0.11~0.78 0.36+0.22 0.18 ~0.53 0.41+0.09 0.34~0.73 0.57 +0.09
Ant/( Ant + Phe) 0.05~0.43 0.14+0.07 0.02~0.39 0.09+0.09 0.09~0.30 0.16+0.05 0.16~0.61 0.28 +0.09
InP/ (InP + BghiP) 0.14~0.32 0.25+0.03 0.19~0.40 0.28+0.06 0.21 ~0.62 0.36+0.11 0.30~0.51 0.37 +0.06
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Fig. 4 Graphical representation of the diagnostic ratios of PAHs in PM, 5 in different seasons in Chengde City
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