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2 TR ARIE) (GB3095-2012) “ARMERRIE, —K PM SRR K; TSP, PM,,. PM,s Y PAHs Jfi &k
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Characteristics and health risk assessment of PAHs in particulate
matter of mainroads in Kaifeng in summer and autumn

LIU Yingying' PAN Chao' LI Quanwei' XU Xiang' SU Yanxia* **
(1. The College of Environment and Planning Henan University, Kaifeng, 475004, China; 2. Key Laboratory of Air Pollution
Prevention and Ecological Safety of Henan Province, Kaifeng, 475004, China)

Abstract In order to understand the concentration and determine the degree of harm to humans of
polycyclic aromatic hydrocarbons in the particles of the main roads in summer and autumn in
Kaifeng City, the particulate matter samples were collected at the junction of Jinming Avenue and
Zhengkai Avenue in Kaifeng City from July to September 2019. Gas chromatography-mass
spectrometry (GC-MS) was used to determine 16 kinds of PAHs in different samples. And then, the
method of environment health risk assessment proposed by Nisbet was adopted to assess the health
risks of PAHs in particulate matter of mainroads in Kaifeng in summer and autumn.The results
showed that: The concentration of TSP, PM,,, and PM, s were generally lower than the limit values
for the class 2 according to the National Ambient Air Quality Standard (GB 3095—2012), and the
secondary PM contribution rate was large; the total concentration of PAHs in TSP, PM,,, and PM;,
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were 7.64—19.42, 5.171—9.40 and 2.52—4.79 ng'm*, and the mean monomer concentration were
0.466—1.488, 0.177—0.934 and 0.087—0.493 ng'm, respectively; PAHs were mainly distributed
in inhalable particles. Based on BaP, calculating the toxic equivalent factor and the incremental
lifetime cancer risks to adults and children through respiratory exposure routes, which were
1.62x107 and 7.75x10°%, respectively, which were not obvious risk to human health.

Keywords PAHSs, traffic arterial road, GC-MS, risk assessment, Kaifeng.

Z 355 12 (polycyclic aronatic hydrocarbons & #X PAHs) 4& K | 1Z A5 A HLT5 4L, IR )7
O %, BA SR By, Bo AR e 0, X AR R fa F O KA 23058 F R A A ThiE
K ARG L A ORE L S IR AR AR NS Bl B — 2k [ AR R, I LA FUBUR AR T AR AE.
TTUREAH T I B [ A0 4 2R 1T, UKL A R AR /), S B0 LE R TR, IR FfE PAHSs FfE 7 s o9,

AR, V8 2 BN AP 2238 X BURL ) h Z2 38 05 S8 6 AT T AR 534« SR IR A ATT LA K JRURS: A . ok B 25
) FH i AR A 3 3 X6 22 P T A X A AN UKL ) PM, 5 T 23855 18 (PAHS) 547 5w ik 1 e HL 21 mi
HES BT, i TR 24 B vk B R & B #2500 IXURS: (ILCR) EA T BP0 T-pr . i 77 2500 X PRI T g L X AN
T b X AT RASCRAE, TR OB (435 10E 523 B AR PMy s Y PAHS & &5 5K 2L iS50 R KR
TRKZE KA PM, 5 FF i, (8 AH G35 5T 5 (GC-MS) 738 T FE S b 17 R 2 3005 & 1 vk 5 Fn 4l
BCRFAE , 33 32 543 43 B s R LG (8 1 2 PAHSs A9 75 G4 ok U5 Kim %512 7 Environment International
(ED) %3 T PAHs Xt Al B (1 5 0.

FE T A v i M DX, MR, AR TS e iy . BE R BRI R TR S0, JE K
A I 4 G RS R R A SR . H 2017 4F, 2 FE A A S M H 35 EH, WA KR
PRI RIVEAS 25 5 0. AR 4l I A, 2018 4F, FF 3T 28 RS ik A R B 5 2 4F 54.12%, 88 F5 KA LGB &
ik 45.88%. 2019 4, —AFH A S5 YL I PM, s S s K(EIR 278 pgom ™, PM o (18 2 ik 286 ugrm .
KA PR & e R 7E = ACF, 3K T 2 305 Bext A e 35 9 mT RE Pk, PRt % T AT i A B0RE )
PM,, FN4HISRL ) PM, s H' PAHSs BT — B2 T A7 2R (1 45 16 .

FEE T G W R E 5 AR TF KIS AL, B KA AN 18, K28R TS, HoRAE SR FA &
I SR RS, &% A 2N PR SRR, I, AR SCEBSS A AME 5T 5, REES —FF
JE(7—9 A) B RARES, ] GC-MS XF TSP, PM, o PM, 5 % 3 FhIBURL 4 b (14 22 R 55 8 9 T 13 A
FEAEFEAT 34T, 38 3 11538 I 1 A5 A5 0 M 8 TR 28 B S0 8 200 AL s B8 00 4 (e e XU TPy

1 MR (Materials and methods)

1.1 FRSCREE

AW FEAETF BT 4 B KRG 5 8B TF Al 5 B A 8 R A, Rl (R BE 43 < PM o il PM, 5 I 2
) (HI618-2011) fff I v 3t it R AR FER R AE K AIURL Y. SRAERT I A 7 H 2 9 H, B FERFE 1R,
B SR BE 3K, B FATRE, B HORFERI 8 2 H 8:00 = 18:00. TSP, PM,,. PM, s £7 54 FE 4%
18 4™, REEARBARHEIR DL T 258 65 m?. SRAEERIAF I SRR BERF 1] | A . SERHRLEE | YR | AR B
LRGSR WG 48 h NASRAE.
1.2 FALEERN 537
12,1 AR S M 46

SR FH PR 7 790 A B B BCRURE 0 v A AL . 44 i RS AR AR R 5 e, ) ke 3 - 58 SR R G v, AR B
VR0 IE CRBE M (R LG R 3 0 1) BIR A IR, St vk . B T, #S AR , vpyk AR
H, S AR ECA WY 23075 1. RV i 15 001 T 4 2 25 ARBUREE 78 Wi b, I 1 IE & be i PR i
B, M Z DI Be A RAL T 45 °C F AT ARk 4, K B2 OB AR 2 5.0 mL LB, FEINACGE Ok, 4k
SRk, AR SR IE O b, WA E 1.0 mL LA R. S R 4 °C F R IRATE, Z515 1AL
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1.2.2 PAHs [l sE

S S BT AN PAHS 5 1 IS G5 - BT 5 34X, e A A 95 B 41 A5 (30 mx
0.25 mmx0.25 um), YEFE IR EE R 250 °C, 439 b 60 : 1, FHREFEF MHE 70 °C &4 F £ EF 2 min 72U
10 °C-min™" B FE FHE 2 320 °C #1445 5.5 min, B -FIRIEE N 230 °C, & FILREE N 70 eV, (LML IR E
H 280 °C, HEREFR N 2 pL, XH4AL G FORE S HEAT SE AT

SEBGANES B SR Ay T T iR AN 1 TR,

R TLRAUE K BTk

Table 1 Experimental instruments and analysis methods

SLEIH (BERZAN AR HLMS B B
Experimental projects Instrument name Instrument specifications and models
s AR (EAR DTS5 mm)
o B AP Y (H A2 D90 mm)
TR R AL B
IR
EEe
N B AR AR SRR BORLRAT: 2%
LEREY/Pc S G 2 T bR B TH-150A%!
AR [ B2 A IR
AR EIE- B 5975C/890N %I (S [HZHE(R)
Z IR I 4 H Bl AAAE UYL Preval SPE 304 #I (L5037 %71
ZIRERMAL HN200

1.3 Jh A Sl Ao s il

S AEFR B R T R BRSO RO T AR, EMM“M%FHH—:.%% Z PR,
SERMIRZEARKT 15 pg. LI R A IS8, SPAT L5 HEAT T Aa ], AR o, 1R B
JE B AR a0 S BT RIS S Z2 3R 05 S b UE i A EE T 98 [E] AccuStandardlnc, 16 ﬁgﬂﬁﬁxﬁfﬁﬁﬁéﬂi
R HEFEAE 0. 999 LU L, JInbR [BDICRAE 68%—87. 0% =2 I6], J5 Bk i BRAE 0. 01—0. 20 ng-m* 22 J&], SF-A7
FER AT IR 22 7E 12% LAWY,

2 iR 54508 (Results and discussion)
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Fig.1 Comparison of atmospheric particulate concentration at sampling points from July to September 2019
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1 AT, 8 H A K AT R I AR, TSP, PM o, PM, s =20 1 75 (R 23 S B s )
(GB3095-2012) — 4 brifE, 7 HiRZ, =PRI W IF5 6 Z Hbnifl; 9 A fe2s, TSP & 53k 180 pgrm™.
AP ELAM, FEET 2019 4F 7. 8. 9 A s SR ISR RTE 60% 2oty RG24 i 38.9%, HEETS I
27 1.1%; BEISYEYER Oy, IORE F S M0 = RN AR R R

PM, s il PM,, 2K A TolkAE 7= HLEh RS 5, SO,. NO,. CH (b & WE IS5 12 56k
SR AL AT P A PM, 01, Yk BT R | AC A A S A R A TR AT A PM L R 4 RURE ) T
PM, o H A L, AT IR PM B BTHR . pew, o/ pew B R, IR PML A BT HRR A K, AR S, #5242 5 1Y BT
HR SRR, TF BT K ZE ppa, o/ oo, LIS 90 R 58.3354% ., 59.7166% ., 59.736%, 1t 1% 3538 Tl 4b 8.
9 A Oy A i K PM SRR R AT K.

2.2 R 2 AT IR U KA B BT
221 WAL

T i B Bk o A 3 T R ASUBURL I RE il v 2 R 05 R 1 16 Rh B R B2 A At A1 R dn ] 2
7. Ant, BaP [ 5 ¥ B &I, Acl. Phe. Chr. Bbf, Bkf, DBahA i & i i 45 & . TSP. PM,,. PM, s i
SPAHSs Joi ik B 70 Bl 23 30 °h 7.64—19.42, 5.171—9.40, 2.520—4.787 ng-m™>, FA{K- 149 15 115 [l 3 )
9 0.466—1.488., 0.177—0.934, 0.087—0.493 ng-m™, Z I B34 76 0l WA BORY . 5 [\ 2
7 H Al 39 T UKL 9 PM, s B PAHs BT VR BE A H, JF & T PMys P ) PAHg B K TR B T
(17.95 ng'm, 2013 4E) . T HIU¥(17.95 ng'm™, 2016 4F) . KHHI(15.69 ng'm™, 2017 4F).
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Fig.2 The concentration of Y PAHs in TSP, PM,, and PM, 5

222 WEHT

&l 3 A PAHs 78 0k 4 b 9 3R 5043 A, A R T B 43 32 2 28 (Nap) . 3 5 (Acl. Ace. Flu, Phe,
Ant) . 4 2R(Flt, Pyr, BaA, Chr). 5 ¥ (BbF, BKF, BaP) . 6 #X(IDP, DBahA ., BghiP). H:71 2. 3 2K
#, 5. 6 B2 m AL, 38 1 3T TSP oo.10 PMigas. PM, s UKL i) PAHS BRECS: A 175 10 & B, IR 3R %k
>SE IAEL, D304 O 3 REEIAESY PM,y s AN [RI PR %0 PAHS Jr 5 L6 R 3 34 (41.6% ) >4 3£(23.7%)
>5 5 (16.1%)>6 ¥1(13.4%)>2 F1(5.2%).
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223 R

MR PEARAE Fe A 1 6 I 358 117 32 38 18 40 BURL Y PM, s WP 0 PAHSs JEAT IR AR AT, 3¢ 2 J2 100 H T ik R ke
FUAE FTSCHR B 8 19 PAHSs SR JE AR AT RRAE FEAE T 20, 3R 213 3, DFFE X B2 ppap/ ppenie FEIEZE RN
0.64, &b T 5 R B8 VR B N, pene/Pants PBar/PBar+chr PiDP /P1DP+ Behips FLAELZE SR 7351 O 6.47, 0.505,
0.482, Ak F PR BEHE R IR I, FUHT prry /ppia + pyr BEAT FEAEL, S5 RAL THRBEDR FE JE R A . h IR
WIS 3T 35 T8 PAHSs TR0 . SmBRGE . AL AR, HLVRIM AR ke =2 muik, b R 5 4 g A e
PRIC B 5t rh Ll At B A Tl A R ASUUR ) Hh PAHS 1R IR —EL.

R2 REPRY) 4 PAHs &5 HEHE HE

Table 2 The characteristic ratio of PAHs content in atmospheric particles

PBaP/PthiP Pphe/PAnt PBaA/PBaA+Chr pFlu/pFlu+Pyr pIDP/pIDP+thiP
ﬁ%ﬁume (9] 0.9—6.6 3 0.2—0.35 0.4—0.5 >0.5
gsﬁiﬁi?buming [19-20] 03—04 3.4-8 70.35 703 0203
SEAHIHADE 0.46—0.81 7.6—8.8 — - _

Diesel combustion *”

2.3 fEERRE RS DAL
PM, s S 41/INBURE Y, 1 I L 2 TR AT 2 R R A HL A, 30 e P Gt it o6, H Bt A A o 3 3810 36
G B 4 b b N M4 B 7R A R RS A 38 S T T A Nisbet 45 2 B 57 (9 LA Bap S 2 HR W4 16 RO 45
PAHs [ TEF, 33 #1430k B (TEQ), M PR PAHSs Xt A A{d B A 520 . TEF /), S0 M ik
55, TEF #4230 F 1, SU@ MR (5828 S0 S AR i ) FLE 25 < BaP 24 /NP Y9k B bR BRAE
2.5 ng'm>. 16 Fh Z I35 K )85 2 5 [+ UL 3R 3.
TEQ = ZC,- x TEF,

A H, TEQ i PAHs FEPESEROKE, ng'm™>; Cr 4150 &, ng-m®; TEF: 714 4 & K 1.
P02 75 A 7 2 2 A 3808 XU (TILCR) TR A
ILCR = TEQ X IR x EF X ED x CSF/(BW X AT)
28, JFE T PM, 5 " PAHs ) TEQ & 0.395 ng-m>, & F 4 H 117 29( 2016 4, 0.415 ng'm™),
W AL T B X PI(2015 4F, 0.354 ng'm ), % 3% 4 NARPFIG R 40, 115008 of P 2% 78 i 12
X RGN AL s B 1 A A 2 A BOE RS, 43 518 1.62x107 F1 7.75x10°% AR 4 55 [ IR 55 AR 0 35 0,
ILCR<10~°, 15 B X A A figt 5 JRUS: A~ BH i
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Table 3 The record table of toxicity equivalent factors for each compound

k&%) Compound name TEF, 1t&%) Compound name TEF,
Nap 0.001 BaA 0.1
Acl 0.0001 Chr 0.01
Ace 0.0001 BbF 0.1
Flu 0.0001 BkF 0.1
Phe 0.0001 BaP 1
Ant 0.1 IDP 0.1
Flt 0.001 DBahA 1
Pyr 0.0001 BghiP 0.01

R4 NI R SR
Table 4 Human respiratory exposure parameters®!
A#fGroup MPWMHARIR/(m*d") ZRFEREUEF/(d-a') HFERHKED/a KHBW kg FHATAT/A  BUw#E RECSF/(kg-d'mg™)
Adult 20 365 30 61 75%365 3.14

Child 7.5 365 10 16 75%365 3.14

3 Zhie (Conclusion)

(D FFETT 7—9 F 2238 118 28 FAN R ) o 0 e B2 A A (R BE 28 [T i b o ) — b e, 8 A R
R A, 9 H 2, 7EBUHFSE 21 Hh Ik PM TR K.

(2) FF & K PMy s Y PAHSs J5t i ¥ B2 F- 34 4 (3.49+0. 097 )ng-m >, 1% 42 [ H: 3ok it A1 i X
Z TGI8 E B A AR AT IR A SR .

(3) Tk h Z 355 K LA 3—4 IR R =, HARYE 2 3055 KRR AE F AR 50 B, BIFSE 042 2232 A1 7l
BRIGER ) 5 M, T )22 S R ofE V8 ¥ A D 10 9/ 2 L R 4 il 2 3 o )

(4) FF £ PM, s ' PAHSs 38 2 P I 2 5 345 4 %o A AR s ol i74) 830 22 A 00 AUS: /N F 55 [ SR B AR
BRI 107 JRUBSE [, I BH Xk A A4 (e B JXURS: A B 4.
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