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FEE . T 2012—2013 4F 6 A A1 12 A RE T WSEH RERTEFETT BN FE &, F GC-MS 234l Hrf 16 # PAHSs Bk B,
It FZRIT (a) BE (BaP)BUR \BUSEA8 S5 A5k B 2% B SIUI R 40 1 Iy B AN TR Fo A 2% 3 MR PN 77 PR 58 oy WP AR A ol R Bk
Yy TSP F1 PM,, " PAHs [ AFEAERRE XU o 25 3R s N 52ty W RNTS R T AUBORE ) TSPl PM,, h PAHS XN LR H 3
TR EIEF B4 0.71x10° ~2.01x 10 045x10° ~1.28x10°F1 0.31x10°~2.41x10° ,0.19x10° ~1.15x10"° mg-kg™" -d" ; TSP
1 PM,, " PAHSs X i A R0 L3 Y 2 B S300 06E A0S 00 32 Y R 433310 R 221107~ 6.24%10°° | 1.41x10°~3.97x10°F1 0.95x10° ~7.47
x10°,0.60x10°~4.75x 10", 4 B By AU I B Y A0 T 452 K M (10~ 10°) . TSP #1 PM,, ' PAHSs X B A FLEE 1
WA A Je Y 4 13.74~38.78 .8.752~24.70 Fll 5.88~46.39 3.74~29.54 min,
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Abstract; During June and December of 2012 and 2013, the atmospheric particulate samples were collected from
Hohhot City, Inner Mongolia and among which, 16 kinds of PAHs were detected by GC-MS. Furthermore, health
risks to the local population induced by PAHs in TSP and PM,, were assessed by applying carcinogenic, mutagenic
equivalents of benzo (a) pyrene (BaP), the average lifelong risk of cancer and loss of life expectancy. The results
showed that range of average daily exposure dose of PAHs for adults and children in TSP were 0.73%10°~2.01x
10, 0.45%10°~1.28x10°mg-kg™" -d”, and in PM,, were 0.31x10°~2.41x10°, 0.194x10°~1.15x10°mg-kg™ -

d'respectively. The excess risks for lifelong carcinogenic disease of adults and children were 2.21x10°~6.24x10
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and 1.41x10°~3.97x10° in TSP, 0.95x10°~7.46x10"° and 0.60x10°~4.75x10" in PM,,, which were possibly in
the acceptable range levels. The expected loss of life time of PAHs for adults and children in TSP were 13.74 ~
38.78 min, 8.75~24.70 min, and in PM,, were 5.88~46.39 min and 3.74~29.54 min respectively.

Keywords: PAHs; health risk assessment; Inner Mongolia; model

Z 5 15246 & W) (polycyclic aromatic hydro-
carbons, PAHs) 245 7 2 L 2 DL B IR IF Y 2 44
RYATAFEA DY, 2 E 5L )5 (Environ-
mental Protection Agency, EPA)E. % 16 ' PAHs %1 4
PesetzEilys 4, Hoh 289 (a) BE (BaP) U 18 B LU 4K
e 3 R AR BT BUE P PAHS IR R Y
HRYEIEA T AH OCHR B , PAHSs /= 2 85 Pk 5 it W%
R E AR 4 e S S S S U N5 S N+
BRI 5, # N SEDI X i A R R E NS R
PM, ;1" PAHSs 5 YL REAIE S At B AU 2R 47 DFA, >R
L S B R KA | 29T TR A=
R TR AR ZU(WHO bR E, 1185 5 X% &
HE PAHs [ R R #E1T T BIFSY, JF X5 £5 4 HE i
PAHs (A 4T T S PFH, A PAHs £
FOR RS (KGR 3 2.7x 10 #84F US EPA(10°)F%
T, RT > 1 JoE: T A A AR i B AT BB A7 A — 2 1Y 52
Gaga Z5EUNE -+ HHABNE SE B Tk 3 T K< PAHS
HEAT A B XURS DPA , JE XU B AE 10 ~ 107, .
US EPA(10°) iy b o, 25 5340 b 7 A3 2 301 e 4t 2
191 PAHs X A\ At e 22 0T, BLIY B 98 3 %5 Y
5 i HL X RO ) H PAHs 1 it B IXUIS: P £ A
i, H TR IEH RS T UL BaP 8Um B8R A2
SERUHR B A B BUR B ARG I B RN U i 2k 3
ANFEBRXT N 52 T IR R R T R SUWURE Y TSP A
PM,, " PAHs AU{ R R #E1T 1 1Al

1 ##l5 7% (Materials and methods)
1.1 FRECREE

2012 46 H 30—7 H 6 H A1 2012 4 12 H 26
H—2013 4F 1 A 2 H, FIFFRET AL ) A%
X FN S TR 2= Al 22 2 AR S0 IR A
KAL) 2 m, R RALE A RS (KC-6120
AU 505 1L A AR 4EUEAE (90 mm, RIEH R KR
TRBHE R A RA ) ), SR 7 d, B
i I 8:00 20 800, B K RAE 12 h, RFE L E 45
#I7E 100 L-min™
1.2 BRSO BTN E

FESHIE R /N, A 100 mL PN R/ IE 2 % 1R
AL RBETE 70 CRIEAE 12 h, 1 & jiE

ez S R bR BURTE el 25 AN | 50 C AR AF T
W4 ZE 2 1 mL K20 1 mL P IR (ORE A RS
AC AL RER AR, 4x5 mL 1F C %/ 8 b
HTRA (L1, AR IR BE , # kv T A R 2218
W+, il A PCNB(pentachloronitrobenzene))5 , 7€ 25 i,
1 mL, A € 35 - T 35 156 A (GC-DSQ 1T, Thermo
Zvu], SR I E 25 (Nap) | JiE (Ace) | Ji 5 (Acp) |, )
(Flu) . FE(Phe) , & (Ant) , %¢ & (Fla) . 2 (Pyr) A [a]
(BaA) , jifi (Chr) , 4% Jf [b] 9% B (BbF) , 4 Jf: [k]%¢ B
(BKF), K Jf:[a]t£ (BaP) , - 7K Jf: [ah] B (DBah) , 7 Jf:
[ghi]dE(BghiP)FIEi I [1,2,3-cd]EE (InP)%5 US EPA %)
Ay 16 FLSeFE | PAHS,
1.3 Fim ik 53 ( QA/QC) -

TEARMFE R A B, QA/QC J7 ik A4 .
IEZN L SR AT S ISR e Pl ivalll] 58
1.3.1 s R

SN 0.1 ng-m™ 1 ng-m” 2 ng-m>% 3 Fh
ANIFJHR BE 1 PAHSs BRifEd) ot , BNV BE A8 3 P AT
R, E PAHs Y a1 2830 [ 430l /2 53% ~ 157%
46% ~146% 47% ~ 154% ,RSD U [l H 12.82% ~
86.42% .11.35% ~81.04% .15.75% ~93.79% .
1.3.2 & HiAE

H4 2275 AL PR R AT BIFFITERE 2 AN RAF A
J A T S5 3 X6 AT RAASE o A (] g 5 4 38 R
b AN H L RN BOA S E A L E
P YR

2 ARGMMERHTRSH PAHs #ERXEITH
BRI RS HIRE
2.1 R P PAHs 28 B SO 8401 5 I B2 R 3500 250
G XU P A B e 46

M4 US EPA 254 XU {5 B0 )% (The Inte-
grated Risk Information System, IRIS) ¥ %i 4k %%k} LA
N2 H8 Jung Ml Larsen 557 (85T, 7154 DL BaP &y
Z: I8 B9 B0 25 30k JE (toxic equivalent quantity, TEQ)
FNEL 58 A8 26 3 e B (mutational equivalent quantity,
MEQ), Jf-# #fi BaA  Chr, BbF, BKF, BaP, DBahA
BghiP F1 InP % 8 # PAHs 1Yk i f1 L) BaP Jy 5 IR
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Mooz i} 10 %

Y U8 55 5L R F- (toxic equivalent factor, TEF), LA iF
A3 NS AT R T R SUBURL Y v PAHS B0 3L
ZAF KPR, #1458 16 Bl PAHs A9 TEF Al
MEF(mutational equivalent factor, MEF){H"" |

*&1 16 F PAHs iy TEF {&#1 MEF &

Table 1 The value of TEF and MEF for 16 PAHs
PAHs TEF PAHs TEF MEF
NaP 0.001 Chr 0.01 0.017
Ace 0.001 BaA 0.10 0.082
Acy 0.001 BbF 0.10 0.250
Flu 0.001 BkF 0.10 0.110
Phe 0.001 BaP 1.00 1.000
Ant 0.01 DBahA 5.00 0.290
Fluo 0.001 BghiP 0.01 0.190
Pyr 0.001 InP 0.10 0310

T : TEF S BURSFAUH s MEF W 35BS+,
Note: TEF stands for toxic equivalent factor; MEF stands for mutational

equivalent factor.
LA BaP 292 BRI B0 5 30H E (TEQ) MI B R A2
SR (MEQ) TR A3 (1) A
TEQ=Cx TEF, )
A, TEQ, 58 i Fh PAHs B 80w &3 ¥  ng -
m™”; C,, K5 i # PAHs #R¥ ,ng-m”; TEF,, % i
it PAHs B U FERUH 7,
MEQ=CxMEF. 2)
P MEQ, 5 i Fft PAHs B BU5 A8 S 30k
ng-m>; C,, K5 i # PAHs K& ,ng-m™ ; MEF,,
5 1 R0 PAHs BYBRABSFRA T
BaP i o EUE A W, Hom i R R Ge i A
AR i 5 | R 1 e B XU I S 78 Sy T 8 Ak 2 75 e )
R RS PR ALY | LA ()
R=qxADD 3)
K. R, B 5 00 BB G 6 B, T 49
q, LAY ge bk A i IR B0 38 8 R 8 ke - d -
mg™ ; ADD(average daily dose), H ¥ Z & 57 &, mg -

kg'-d',
WP R FE iR A2 1) BaP H 2 2 8 50 & i3 WA
A@):

ADD= CAXIRXETXEFXED(BWxXAT)  (4)
K CA, =PI R IE, mg-m”; IR,
IR m’ - by ET, B A], h-d” s EF, B 8250
Hd-a’'; ED, BFE LT H] ,a; BW IR kg; AT,V
Y f st E
2.2 FRBISEN LR
R4 US EPA( R ZE A 1 F M) Fi (R 94 3% 4 fit
FE XU T DO R 25, 45 A SEBR I Ol , 1 A

RFEVFH S HL, AR IRIS {5 BB " 2% BaP 11
BURSRE RE g Ry 3.1 kg-d-mg”, LK 2,
2.3 WAL ITE
KA PAHs PRUEUR 1 H TS B0 T 75 fi 45
RS WA @) AREAS T HRIE 75 1 10°/Y
TR AR A S BT X IO 14 RS AF N U 73 i 452 2K (lost
of life expectancy, LL)>~ 62.16 min,
LL=62.16X(R/107) 5)
b LL, U A3k, ming R, N2 5 BUR
LRV IEN s

®2 REFMmEISH
Table 2 Exposure factors in health risk assessment™”!
N IR/ ET/ EF/
EDla  BWkg AT/
Multitude (m?-d') (h-d?) (d-a™l)
LUN
20.0 24 365 30 70 70%365
Adults
JL#E
24 365 10 16 70x365
Children

E:IR \ET EF \ED ,BW AT 5331 Jg W W 53 3R 5 o o) Ji1) | % G AR |
FEEE AL (] (AT 1P 4 1 ik e ]

Note:IR, ET, EF, ED, BW, AT stand for respiration rate, exposure time,
exposure frequency, exposure duration, body weight, and average contact

time.

3 R 57712 (Results and discussion)
3.1 NSRRI TSP #1 PM,, ' PAHS 3L
IR R0 B (BaP-TEQ) FIE S8 AR 540 Hk 1% (BaP-MEQ)
f% 3 Al WL, 7E 2 Z= TSP w7, Pyr A4 Y5 4Ll il i
I, PM,, ", Bbf ()75 Y 7l Bl B K 64 28 TSP
Fluo .Pyr .Bbf Bkf Phe i) & ¥ # it 20 ng-m™ , 1
PM,, ', Phe . Fluo & & #id 30 ng-m™, Bbf I fRik
#'7 5126 ng-m>, WHO X} PAHs ) S E5 1 24 FR
{52 1 ng-m™, GB/T3095—2002 { ¥4 23 < Jfi A
) TR 3 R I IX RS PAHs (9 8 #5 M Y
WA 10 ng-m” ., HFR 4 AT UL, N 52 IERIG
¥R TSP 1 E 2 BaP-TEQ ¥ B 75 Bl 43 %1 4 5.85
~6.75 ng-m” , %2 BaP-TEQ MU EETE Bl My 10.71 ~
16.50 ng-m~, LI WHO Jyhrif, K< TSP £ H
PRAEELZI o 5.8~6.8 %, & ARG ELZ) 10.7~16.5
7, LI GB/T3095—2002 { #5525 Sl AR fE) A S
X H AV 058 ~0.67 15, & Z bR G
1.07~1.65 £, KA PM,,"hE Z=HI4ZE BaP Wk i3
FEl 73518 2.50~6.15 ng-m™ Fll 6.44~19.74 ng-m”,
L WHO Jghnife, KRS PM,, i 2 FIA 2 bR 4L
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AR 2.5~6.2 15 H16.4~20 1% ; L GB/T3095—2002
ARHE, 5 A ZE RS R0 0.25 ~0.62 1%
f10.64~2.0 %, JCiEFE TSP £ /& PM, ', PAHs &
FRREME S B EA S T = 2, Xl G5 NS A
TR TR BOR AR R U UK R A
K, MR FZ R MRH PAHs 5 T2
SN NARGE NP7 A i 7 S T G NTTK (L P N
w1 PAHS e B FEAIG

£3 HNREFEMEHAS TSP # PM,,F PAHs iKEEE

Table 3 Concentration range of PAHs in TSP and

PM,, at the atmosphere in Hohhot of Inner Mongolia

TSP/(ng-m™) PM,,/(ng-m™)

PAHs ~ HF PE: PE: PE:
Summer Winter Summer Winter
NaP 1.79~2.18 3.57~3.61 0.96~1.94 4.05~8.38
Ace ND 4.39~4.68 ND 1.29~19.22
Acp  2.35~2.87 ND 2.62~3.52 ND
Flu 2.59~343 9.06~9.97 1.36~2.90 2.82~9.744
Phe 2.86~3.49 22.38~2595 2.65~3.15 2.94~33.74
Ant 4.79~5.09 11.64~15.67 1.81~5.00 543~15.18
Fluo 4230~542 27.83~41.32 2.95~4.20 3.75~30.67
Pyr  329~1639 27.87~47.771 3.11~485 3.56~27.052
Chr 4.79~5.67 1.08~16.12 2.38~5.69 4.87~12.58
Baa 345~424 8.38~16.53 2.00~4.18 327~11.57
Bbf  4.76~6.53 23.77~37.48 2.73~6.44 4.67~51.26
Bkf  4.30~4.70 37.22~37.51 2.88~5.68 4.12~20.75
Bap 4.55~5.15 3.66~7.19 1.72~4.47 5.19~11.26
DBahA ND ND ND ND
BghiP ND ND ND ND
InP ND ND ND ND
> PAHs 44.80~54.16 190.6~263.8 27.16~52.01 4594~2514

T ND SARK
Note: ND is not detected.
®4 ARHFMERFKS TSP #1 PM,, F
PAHs B Bap-TEQ #1 Bap-MEQ
Table 4 BaP-TEQ and Bap-MEQ of PAHs in TSP and
PM,, at the atmosphere in Hohhot of Inner Mongolia

itz Bap-TEQ/(ng-m™) Bap-MEQ/(ng-m™)
Particle Bz P == B X2
size Summer Winter Summer Winter
TSP 5.85~6.75 10.71~16.50  6.57~7.74  14.57~2231
PM;, 2.350~6.15 6.44~19.74 292~7.14 7.16~27.52

32 NSRRI AR R A TSP A1 PM,, 1t PAHSs I
W 2 R 7K -

W 2 ARSI 4(BaP-TEQ), I F 2
T(4) RV AT 45 1 IR AR T BN R L 2 O % 2% 8 3%
R4 E M ZE K< PAHs ##& 7l i (ADD), H13 5 7]
DL M NS AT R T P TSP Hl PM i i

WP g4 PT AE R OB ML EE PAHS FY 2% B 7 15
FlM 0.71~2.01x10° mg-kg" -d".0.35~1.02x10"
mg-kg"'-d",031~241%x10° mg-kg" -d" .0.13~1.05
x10° mg-kg' -d", ABFAIREEKFE AL TSP &
PM,, &R T 2 R 1) R ig KF H 2 2
K FR IS PAHs 175 4 ik B TR 2= 1 B
NP 2 5% K - 2 v T L2, X e 25 T AL 8
AT, KL DI AR i N A A A7 R85 LA A
A B B B UG IR JE
x5 HNERHFEFMERHFKAS TSP #1 PM,,F
MASILE PAHs REFI=EE

Table 5 Adults and children dose range of PAHs in TSP
and PM,, at the atmosphere in Hohhot of Inner Mongolia

WN/(10°mg-kg! -d) JL#/(10°mg- kg™ -d")

i .
Particle Adults/(10°mg-kg™! -d!) Children/(10*° mg-kg™ -d™')
Gire ES A7 HE 2
Summer Winter Summer Winter
TSP 0.71~0.82 131~2.01 0.45~0.52 0.83~1.28
PM,, 031~0.75 0.79~2.41 0.19~0.48 0.50~1.15

33 NSRS RER A TSP Al PM i AHFZ
REER G B TR

P 5% R RE K TSP H PAHSs 3 i) I I 22
TR AN AR LEE 1 A1) 28 B BUR B A5 G 6 B v
B3R5 R 2.21%10° ~ 6.24x 10 Fl 1.41x10° ~3.97x
10, PM,, AR FITLZE B T LR 0.94% 107 ~7.46 %
101 0.60x10° ~4.75x 10" ¥ 4b T US EPA nJ 453
K107 ~ 10, I 6 T HR N 5 ILEAM L,
TSP 1 PM,, " B Fr) 28 B S50 48 45 A5 6 5 35 v
JLEE, HS R E0E RS 202 JLE R 2 f5, R
FE N R AR K 1 23S, R I 7R 58 BaP (1) &=
BRI AR RLAR 43 A K F, TSP H PAHs & &
AR B 5 T PM,, X & T PAHs £
FAET RIFORL A 78 0T RS 4 K ASUBURL Y TSP
1 PM, 1 BRA i IR B4, XA HE ik
VAT O 0SS IR R IR, AN R4 Ze g v
PERRIAAE  BRRHIE FE SURIIE N, in b 4 2211 B 441K,
Sy B 2 HOXGE BN ] A5 KA Y PAHS
NG AN, B 4, T30 PAHS ¥R BE 2R
Thes s AT, N2 EZRRY O3, £ 50
FRSTRER  eAE N Hh PAHSs YT AR R AR fiff
R G EE, HEERR N, BEFERA
PAHs ¥R B BAIC T4 3%, 1T 75 Y (A i 5 ARG
SEFET NBFLE BRI TG 1
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&6 MERERHRS TSP #1 PM,, R A
5)LE PAHs £S5 Bz ETEE
Table 6 Adults and children risk range of PAHs in TSP
and PM,, at atmosphere in Hohhot of Inner Mongolia

b IEES /10 JL#EN0®
Particle size Adults/107 Children/107

TSP 221~624 1.41~3.97

PM,, 0.95~7.46 0.60~4.75

34 NZEE PRI RS TSP A PM,, ' PAHS i
oSG 4 FAU) A7 i 45 %

AT R 6 AR S BUm B G R EE 2
(5)n 153 7 PEAE R T KA R TSP 1 PM,,, ) PAHSs
Ao P 2 5 AT B A LB T A i 4 2
[E°A7 13.74~38.78 min F1 8.75~24.70 min, PM,, 7] it
T SN AL B TR 73 i 451 2% Y5 LR 5.88 ~46.39
min £ 3.74~29.54 min , HLAF7E GRS

x7 HNEHEMiEHTAS TSP #1 PM,, H
M A5 JLE PAHs Bl E i k3 E
Table 7 Adults and children lost of life expectancy
induced by PAHs in TSP and PM,; at the

atmosphere in Hohhot of Inner Mongolia

P IEES A /min JL3E/min
Particle size Adults/min Children/min

TSP 13.74~38.78 8.752~24.70

PM,, 5.88~46.39 3.74~29.54

AR T 2 RS, AR A
— BRI, I BRI US EPA #fE7E
BAL REPEAL T S5 RS R RS TSP i PM,
H1 PAHSs X £8P I 3 44 2 i 13838 A RE 9 B
JLEEAR AR AT

B RAHARFRERP TARFHRER MNP O3EH
H,

BHEE RN B W1973-), %, TR FHREHAF L L+
Bk B3R, ERAE T QAT IR EANT R
HRBLATH
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