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[77i%] T 2016 FG R 10—17 0 (9 AR M E A8—15H), AT RTIIEXILEEKR4E
HITFEXEFRYHA, RASIRECIEENERRZFT A PM.s F 16 7 PAHs K,

X P 5 i PAHs LL1E SR FI B PMos 7 PAHS KR, R AR EIRRRIFBBRE SN IF(4T5F
R IR NAEELSS PAHS H 1T ABHR R NBL T .
[ 255 ] PMys SEE9RE R E A S4ug/m’, BT FEFRE (35ug/m?) . PM.s 1 16 FiPAHS G H 2

REWREN T 1.60~ 31.26ng/m*, £ 6.11ng/m’, PM,s H1 BaP fE 15 R E R E 4 0.50ng/m”’, ﬂi
BEHEXRREESRERAE (Ing/m’), EHBHREREBIRE N 2.1%, 16 FPAHs B/R
ﬂgéwﬁﬁzgéﬁ‘EéﬁoMﬁE%ﬁﬂ%,uxﬁmkﬂP%ﬁ#Mng%ﬁ$
SRIMBRIGE. ABEIR A PM,s A PAHs TLEURE KBS (Risk=0.54x10°) , i IEBURE MBS (HQ=1.06) .

[P | 1IZXHERTFAEREPMs 58, AFBRIERNIRZRE T PM,s /f PAHs TERE XS,
BEIESENE.

K RRFH: PMus; ZIRFR, JRMBAT. BRIEITE

Source apportionment and health risk assessment of polycyclic aromatic hydrocarbons in PM, 5
in an urban area of Ningbo LENG Peng-bo, WANG Ai-hong, WANG Qun-Ili, TAO Jing-yang, JIN
Yong-gao, LU Bei-bei (Institute of Environmental and Occupational Health, Ningbo Municipal
Center for Disease Control and Prevention, Ningbo, Zhejiang 315010, China)

Abstract:

[Objective] To investigate the pollution levels of polycyclic aromatic hydrocarbons (PAHs) in PM, s
in an urban area of Ningbo, identify their sources, and evaluate their potential health risks.

[Methods] Particulate matter samples were collected from the four-storey roof platform of
Ningbo Jiangbei Children’s Hospital from 10th to 17th of every month except September (from
8th to 15th) in 2016. High performance liquid chromatography was used to determine the
levels of 16 polycyclic aromatic hydrocarbons (PAHs) in collected atmospheric PM,s samples.
PAHs ratios were used to identify sources of PAHs. The inhalation model recommended by Risk
Assessment Guideline for Superfund of the US Environmental Protection Agency was used to
assess the health risks of PAHs.

[Results] The average annual concentration of PM,s was 54 ug/m?, exceeding the national limit
(35 ug/m?3). The total concentrations of 16 PAHs in PM,s were between 1.60 and 31.26 ng/m?,
and the average value was 6.11 ng/m?. The average annual concentration of BaP in PM,s was
0.50 ng/m?, which did not exceed the ambient air quality standard of China (1 ng/m?3), but the
unqualified rate of daily average concentration was 2.1%. The total concentrations of 16 PAHs
were high in winter and low in summer. According to the predetermined diagnostic ratios, the
PAHs in PM, s at the selected sampling site were mainly derived from gasoline combustion. There
was no carcinogenic risk (Risk=0.54x10®) but was non-carcinogenic risk (HQ=1.06) if populations
were exposed to the sampled PAHs in PM,s.

[Conclusion] PM,s pollution is identified at the sampling site. Exposure to PAHs in PM,s by
inhaling in the selected area poses no human carcinogenic risk but has human non-carcinogenic risk.
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ZFNRBREREHTUNAMEHSER T mE
IR S a8, R ERES X KR PM,s iRk EAB
EETFREACHIBEESHERATEY, PMs RINY
MASHELE, FXEMALRER, LTHZPMsH
% IK 7 12 (polycyclic aromatic hydrocarbons, PAHs)
HESUHAHXMARBRORETE, sSIEMRARAR
REEEY, RITRERAREI, AL PAHs I}
ARESEARXD, XERXRERIZE (Envionmental
Protection Agency, EPA) 31§ 16 FhXt A 1 & = 3% K iy PAHs
FAEEEF SR REHTERRBEMERS, F
PAHs HEFRUE 5 £ 3k 5 PAHS HERUE /9 20% 7', B,
B RS PM,s H PAHs FYSRIR . 75 Z 4 AE 708 BR MUB X0
THREXSHEEERERMEEAEERN.

THEREK=ZAZEEMNBEOTIVRHT, EEREHN
MRRHE S, HMEETFRET PV RRRITR RS
SEAMEEBFEREFTENHR S, B PMs
PAHs S5 4L 275 L W) L0975 R A AE K @ RS F9 B 52
WD, RFRIBIE D TIR T RB X KS PM,s
PAHs 8975 L 451E . SRIFER ARHEEN, WA TE
AR EBRERHBZRIE, FHAERBRXR
REME,

1 MR5R*E
1.1 HREE

PM,s B fn B TR T B R T B 2 % /0 & B H)
656—2013 (IR T THAY) (PMos) F TIN5 7A (E
B5) BAMSEY WHTRE, RSN TFEHIL
EXILEERARENTE, XEsE ME EFH
14m, XS BABRLEESEERERY, AR
M 130m_ P 180m 4h Y25 W 3 FIE R\ + FiE,
m4om B E2EEREBRTIE, KB MVS6H
REPTR Y RFERR (Sven Leckel Gmbh, EE ) #1TXR
M, XEERE N 2.3m’/h, FEF 4046 LR =T (TSI,
XE) #HTRERE. REIRRA 647 mm AT %
B & (MUNKTELL FILER AB, I8t ), RAERF|8] 252016
FHAI0-17H OB XHMEA8—-15H), X
08:00— >k H 07:00, EL%#£23h,
1.2 PM,s JRE K E K PAHs i 2 IRE

PM,s 1 PAHs 7> ZFEHT M 3 o] W AR B R
S HE— N, PM.s T2 R E N E £ B H 618—2011
(REBEBE S PM M PM.s (9 E EEEY ™, JREEM
¥ 5 F A XS205 B+ 7 43 =z — B F K F (METTLER

TOLEDO, Fyt) #RE. PMys H 16 i PAHs G 20 I & &
BERXRHAR2ABHCE[MESENSFHE) (FM
FRIGHNER ) 1 H) 647—2013 (B S FES S8
PR P SRS ENNE SRR AN F
FH 1260 B 5 %% #H & 1 {Y (Agilent Technologies, ZE
) FREIME R HEF R KX 16 7 PAHS #7460,

PM. s $5%7 4 F 16 Fh PAHSs #) B4 1 K2 77 7% 46 i BR
W1,

&1 167 PAHs ¥ BRr i R 77 A4 R

R E RXREE B R (ng/m?)
ES Nap 2B 0.2
ikt Any — 0.2
% Flu 3 0.2
7 Al 3 0.2
Ef Phe 3 0.2
P\ Ant 3 0.2
WA Fluo 3 0.2
TE Pyr 3 0.2
)= Cchr 2B 0.2
I (a) & BaA 2B 0.2
#3f (b) A BbF 2B 0.2
I (k) A BKF 2B 0.2
x5 (a) T BaP 1 0.2
—%3 (a, h) DahA 2A 0.2
#3 (g. h, D BghiP 3 0.2
B (1,2, 3¢, d) tE lcdP 2B 0.2

DE]+. 5% EIRBET L (ARC) (L FMEBIEM % . IARCT]
ERETEETRAOMLENS 1. 2A, 28, 3 4K, 1KR "
AR, 2AKR RITEARBEN ", 2BLR"TH
KEBN, IXNROBBTR, FESHIMIEETHE, 4
SOURARIE B AT 070 AR TR TN .

1.3 BEXSYH

BAl. EE EPAXHI 5T 7 BaP AY R A B T X &
(inhalation unit risk, IUR) #1I& N\ & %R E (reference
concentration, RfC) ) W% 2,

&2 WABPHIFEUSHIE

R EMSEE

RfC=2x10°mg/m’

BIR, SE, 8%, 08, BRSsRMmaE IUR=6x10" (pg/m?) *

1.4 PAHsEf##
PM.s H PAHs 3k JJ5 X [ & {& PAHs 3 44 1K X A9
EL{E SR ¥ B, %5 %E PAHs LL{E = E €234 BaP/BghiP.
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Phe/Ant_ Ant/ (Ant+Phe)_ Pyr/ BaP_ Fluo/Pyr_ Fluo/
(Pyr+Fluo) . BaP/ (BaP+Chr) BaA/ (BaA+Chr)  lcdP/
(IlcdP+BghiP)  BaA/BaP, JRKE. JRIHMAKE. SRIMIRER.
SR, BIREE. KRERRESEDPINESR
RER4EE PAHS SRIRHFEEL{E "%,
1.5 EEXEITMER RS HEUE

TEQ,=) TEQ=) PXTEF;

EC= (CAXEFxEDXET) /AT

AN TEQ, REMRERE (ng/m’); TEQ, &
AP ERREBRE (ng/m*); P, KEFEFES
B RS R E (ng/m?), TEF, £FANHENETF.
EC, ZREMNRERE (g/m’), CA, TEYRER
E (ng/m®), IXZ F PAHs 19 TEQ, k7~ U BaPtE A5
BB B9 & M E 3L & F (toxic equivalency factor, TEF) T8,
Nap. Any_ Flu_ Acl_ Phe_ Fluo_ Pyrf3y TEF{E 4 0.001, Ant.
Chr. BghiP 4 TEF{& 24 0.01, BaA._ BbF_BkF. lcdP 3 TEF
{E 501, DahARY TEF{E 45, BaP R TEF{E /1%, EF,
FEME, MEH365d/F; D, BFEFFLEAE, U
% E EPA GRIT A A BETE 52 3 /B (R AV RY (8] L BR 30 FF 1t
ET. &ERE, BUE X 24h/d; AT, LT E], BB
Rz VR B H2 15451 I € [ EPA B A9 A B9 — 4 5 65 70 £F
i, BRI (AR EUE R ED 3% 30 £Fit,
1.5.1  E09E MBS Risk=ECxIUR, T, H . Risk, EiE X
o, EC, ZBMVRERE (ng/m’); IUR, RABRTH
B (ug/m’) . Risk>1x10° R AR A BENK, k=
B RE KBS EATR
1.5.2 ezt MBS HQ=EC/ (RfCx10°), N H . HQ,
BERE EC RENRERE (ng/m°); RFC, KA
SEIRE (mg/m*), HQ>1 BT RIBEFETENE . &
Z AR B MBS BAR
1.6 FitFESHh

PM,s #l PAHs JRE IR EIZ A B Z Tt TR 2
. 2T HNEEB-S5H). EF(6—88). F(9—
NA)MEEFE(N-2A.128), RERERERKEE
PRI AERN T ERREREREREN 1/2#
18T, DUYE. PSR, SRR MO
MGt F I TIRK A SPSS 17.0 Geit 45T, LEIR
F Excel 2007 525 .
1.7 RER

XEREATHTRERE, XEREEAR
Z400°CERMAShEBRBNY. XHEHFIRERER
BHTREFEES B—REEERETHENEE

FHTEFENRERR, WRAEEZZ/T0.04mg
AWEEERR, MRAREBENEREHEENF
mRE, REHRTICEN. BXRTEH: HFh
T -18°C{Rf7, 30d W SEALAL 7 IR ERAG T, 38¥ 5 PAHs
. SRR EEFEANERTAATRE
XtF. BRMOTERERERISH. SHORHE R
SR=H, HMEABAF=A. HFRXA5CRA
KESRHTRIRIZR, 40CHKBHITIREEL RS,
HmMAEM DT BIIATREKEEABRY X
PAHs I X #TRIE, #NTTEREXEERFESKA
MRBRARES E YR 1648 a (T TT R A\ k4 ) i
THIN . EICRIE S 65.6%~115%.,

2 &
2.1 PM:s J PAHs BT 8K BEHIE
FESAIBMRE T, PMys RERE R 19d 1T
BREREZSRERERERHN ZRIFE (75u8/m°)
IR 5 20.0%, PM,s T 14 R iRk & 54 pg/m’ 2 n
PR1E (35ug/m’) iy 1.54 £, PM,s F 16 i PAHs g H & 5T
ERENTF 1.60~31.26ng/m?, F156.11ng/m?, BaP H R
ERENTFRELE (ND) ~3.49ng/m’, F 2d I FE IR
BESREME (25ng/m*), A2 FBRENKEH
2.1%, W33, B 1HE 2,

&3 2016 FXSPM. s R H PAHs [REIRE 0 (n=95)

%N Xts Min M Max PR1E
PM,s (mg/m?) 0.054+0.032 0.013 0.046 0.162 0.035
Nap (ng/m?) 0.10£0.00 0.10 0.10 0.10
Any (ng/m?) 0.10£0.00 0.10 0.10 0.10
Flu (ng/m?) 0.10+0.00 0.10 0.10 0.10
Acl (ng/m?) 0.10+0.00 0.10 0.10 0.10
Phe (ng/m?) 0.21+0.29 0.10 0.10 1.29
Ant (ng/m?) 0.10+0.00 0.10 0.10 0.10
Fluo (ng/m?) 0.30£0.42 0.10 0.10 1.98
Pyr (ng/m?) 0.38£0.52 0.10 0.10 2.45
Chr (ng/m?) 0.52+0.76 0.10 0.21 4.76
BaA (ng/m?) 0.30£0.47 0.10 0.10 3.26
BbF (ng/m?) 1.47+1.92 0.10 0.72 8.81
BkF (ng/m?) 0.34+0.34 0.10 0.22 2.00
BaP (ng/m’) 0.50£0.58 0.10 0.30 3.49 1.000
DahA (ng/m?) 0.26+0.40 0.10 0.10 2.47
BghiP (ng/m?) 0.41£0.55 0.10 0.10 2.82
lcdP (ng/m?) 0.91+0.82 0.10 0.61 4.34

S1sPAHs (ng/m’?) 6.11+5.35 1.60 3.89 31.26
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0.20 = N NNl
B RERE = PM,s H1 PAHs 3 Z 3K R T im IR It
T 015 i
) 5 PAHsSEIRFHELLE
L. PAHS SR 451 L 1E
i mE bl ol dom &9 B
B R N e i =
W 0.05 IR MR BREE T
HE BaP/BghiP 2.1842.76 0.90~6.60 0.30~0.40  0.46 - —
0.00 Pyr/BaP 1.19+2.04  <1.00 1.076.0 = = =
0 20 40 60 80 100 BaP/ (BaP+Chr)  0.52¢0.10 0.07°0.24  0.49 0.68 — —
B (%) BaA/(BaA+Chr) 0.41+0.10 — — — >0.50 <0.20
E1 ZSHFPMBREREEHLESH IcdP/(IcdP+BghiP) 0.72:0.16  0.56 018 0354037 —  —
4,00 BaA/BaP 0.69£0.29 = 0.93 497 = =
m RERE
T 3.00 2.3 A\BHERXR T
Ei Yo RIBBUREA 16 FiPAHs R E M TN RERE
= REFEER, ZXEERBIRNEERET PM.s
@ 1.00 F 16 F PAHSs f S B8 KRS 18 (Risk) 29 0.54x10°, 1
- F 1x10°, LK BB R 7 B AT MK T 5

2 PM,sHiBaP HRE

20

40 60 80

B (%)

100

REBSLLSM

PMys REREZED D HZ2XFRS. R,
ZEZS2FH %I ¥ E X (2=-5.219, P=0.000), BaP } 15 FH
PAHs =50 70 5 PM.s BB K INIFIE, ZRBHITHE
= X (BaP. z=-6.011, P=0.000. 15 ## PAHs. z=-5.506
P=0.000),

x4 PM s RHPAHs REREFTHM
PMos R E PAHs &3 (n=24) %/ (n=24) EZ (n=24) = (n=23)
PM,s (mg/m?) 0.078+0.040 0.056+0.030 0.030£0.010 0.050+0.030
Nap (ng/m?) 0.10+0.00 0.10+0.00 0.10+0.00 0.10+0.00
Any (ng/m?) 0.10+0.00 0.10£0.00 0.10£0.00 0.10+0.00
Flu (ng/m?) 0.10£0.00 0.10£0.00 0.1040.00 0.10£0.00
Acl (ng/m?) 0.10+0.00 0.10+0.00 0.10+0.00 0.10+0.00
Phe (ng/m?) 0.55+0.44 0.10+0.00 0.10+0.00 0.10+0.00
Ant (ng/m?) 0.10+0.00 0.10+0.00 0.10+0.00 0.10+0.00
Fluo (ng/m?*) 0.73+0.60 0.26+0.28 0.10+0.00 0.10+0.00
Pyr (ng/m?) 0.56+0.57 0.75£0.65 0.10+0.00 0.10+0.00
chr (ng/m?) 1.36+1.07 0.35%0.32 0.10+0.00 0.26+0.26
BaA (ng/m?) 0.76+0.75 0.18+0.16 0.10+0.00 0.17+0.14
BbF (ng/m?) 2.55+2.86 0.54+0.63 0.57+0.43 2.24+0.71
BkF (ng/m?) 0.68+0.45 0.20+0.14 0.10+0.00 0.38+0.26
BaP (ng/m?) 1.12+0.79 0.34+0.26 0.11+0.04 0.42+0.35
DahA (ng/m?) 0.61+0.65 0.23+0.19 0.10+0.00 0.10+0.00
BghiP (ng/m?) 1.04+0.71 0.40£0.35 0.10+0.00 0.1+0.00
IcdP (ng/m?) 1.64+£1.03 0.67+0.39 0.32+0.19 1.01+0.71
S16PAHs (ng/m?) 12.11+6.78 4.52+2.17 2.30+0.56 5.48+3.29

2.2 PAHs3kiE

MEANHrE ELIEFI BT, 2016 F e < P XK

KB, mE2ESENKEE (HQ) 106, KF1, &R
ZXEEREBEMKETEERERRNR,

RYE 16 7 PAHs 5 B B F U REB R E 71T,
FHERRAREEDLSM, ZRUAE 11.8% REFEF Y
RERETENSSERKRES TS EELI 7
EBENE: 29.8% RIEHREREITENZIFE
BNRESTSXEL FaFsERRENR, LE3
FE 4,

5.00E-06

W Risk
- - KD R

4.00E-06

f': 3.00E-06
,|_u“1\3
# 2.00E-06
i

1.00E-06

0.00E+00
0 20 40 60 80

Btk (%)
E3 PM,sH1PAHs R EE XIS T 5tk 57

100

10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
100
0.00

0

B HQ
- - R Fiek

BIEBUE R

20 40 60 80
Bt (%)

4 PM.sHiPAHs 2AEBERK B S LL 2

100

www.jeom.org



#5572k & % | Journal of Environmental and Occupational Medicine | 2019, 36 (1) 77

3 it

A5 B 4 472016 IF 7R T F I X SO =
225 PM,s F1 PMys E PAHs (975 R0, AT
PM,s IR ERE S TAREBRE. PM,s F1 16 Ffi PAHs
RREREEDDHBFMEAZES. EEMR. 12BN
R AR PMys H PAHs = E3RFE T IRmR B, ABEIRA
PM.s H1 PAHs LB KB B FE B XS .

AHF 3 H TR 2016 TF MO s P E X K S PM,s &
ZRERE 7 (0.078+0.040) mg/m®, 5[E) X OHHAY
KFIREELSHXRERE [(0.079£0.056) mg/m?] 1
1Y, BRTESEELERERE (0191mg/m?) 2,
KZE16FhPAHs R RERE A (12.11+6.78) ng/m*, 1k
F L #IEHRKF 40~100ng/m* >

RIBFHETHRERR AR, FEHIE10ET
X PM.s EHREBREEZMEFETEEE, B2016 F
METHRERREZSREZRIE, WIHKSPMs
SRMALLRE, TIE T KSR PMas X PAHs 5 2

E2X5. ERONET LA™ XTEFESK[KE
HTEX BTEZESAZTEXRBAME, SBTE
YR EHm, MEERBFASEEEFS[ESTT
SEERBEER .,

teoh, AFAREIN, BERAXAFFEHRERET
IR N IR 12 PM,s B PAHs %ﬁﬁ“‘éﬁkﬁﬁ BN FAEHR
EREEDEDHIENEE 11.8% RIEAHRERE
HENBENEES TRRSXE, hEE—ELLH
HNRERNE., X—MREREEMEFHPMsH
PAHs HIYREREN MBS LS ENERARL O
FREINRERESE—IHR.

BRIXTHRANEEABERNKR, MEXAE
EPAFE 1989 F A MM (B A E S N TTF{HIERE $1
& ABHEBRIETFM (ASSH ) ) Hh 3 %5 F A9 RFD AN
HIEREK (slope factor, SF) &4 Bt EIE BB MEE
KB 61027290 2009 FEE EPAR H I (B RE S
REEIEETER 5 15 ABBRETETM (FEHS BA
REETR AT ) ) #EE A RICH IUR{E AT IS
SEIRTRRATRAREABEBRRARLNITE, &
SUSURIERNESRE . FBUEDRERLARE
EERANENC, i, XAPA(BEESNE
iR ) (FEBY ) HEMNERH#TRANEENER
REETHEE AR, PAHs FliE ¥ & XE EPA R HEX
WRARTHERCHIVRIHARER, At KRR
FATEF SR {5 & PAHs &R EIRE, M LI 16 F

PAHs S R MR AL . 7E TEF N2 AT, EXE EPATE
TE{d PAHs S8 B XUBS B, 3R & FT 5 PAHs 5 BaP [y
HESSHRN—H, XBPES{ET PAHs XL Y,
i TEF 24k #& PAHs A8 Xt F BaP F M3 K/ AR &
TR, EARXEBART B PAHs /) IUR F1 RFC i T 7 XF
PAHs # 1T RN A ARE, MAETE AR ZE R
Bk PAHs R34,

HTAMRNRIZINFEXRENBEEEX
FE, B YN s PMys B H PAHS 5534k FE 5% s Fr 7t
BXSEREIURFE—ERE. B AR F Nap,
Any_ Flu_ Acl Ant5F4¥)REFRGE, BR K Phe/
Ant_ Ant/ (Ant+Phe) . Fluo/Pyr 0 Fluo/ (Pyr+Fluo)
BERHNDHT, XA O] RE S B PM,s Ff PAHS JR AT 45 R
HFHERE. £ R85 PAHs iR /D RFCHI IUR F M S 0%
BHYIE R TR BTEF R ETFEH B @R, X
HREFXBEZEPAHs W ERZMERRFHKEER.
XX HERBE —EF,

B33k
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