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Abstract: In order to explore the time variation of fifteen polycyclic aromatic hydrocarbons (PAHs) pollution in

floor surface dust, dust samples were collected once a week from Mar to July in typical Beijing office in 2012. Fif-
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teen types of PAHs were detected by means of HPLC-FLD (High Performance Liquid Chromatography-Fluores-
cence Detector). The results showed that Y. PAHs concentrations ranged from 1 180 to 24 300 ng- g, and the aver-
age concentration was 8 960 ng-g”. In a word, detected PAHs were mainly composed of 3 ring congeners, in
which PHE accounted for more than 59% of the total content, followed by the 4-ring and 5-ring congeners, and
CHR accounted for the highest proportion (34% ) of 4-ring PAHs. Additionally, > PAHs concentrations of floor
surface dust decreased with the increase of temperature for the investigated office, indicating its significant time
course. The results of source apportionment showed that the emission of motor vehicles, petroleum sources, the

combustion of wood and coal were the primary sources of PAHs present in floor surface dust. Health risk assess-

ment results indicated that ILCR > JLCR.

dermal contact

ingestion >

and the mean value of CR was higher than 10°. In conclu-

sion, PAHs pollution in the sampling site has potential carcinogenic risk to the staffs in the office.

Keywords: office dust; polycyclic aromatic hydrocarbons; time variation; health risk; Beijing

25 & (PAHs) = — 28 12 50 A T KA DU
Yy HHE R AEGE KRR T A A 2 Ak
2 AN LA ARER IR A LIS Y MR R0
Ui BA 7R A AN IR BT A I O HLELA B0 B0 B
YER® . A nEatipmg f ez R F- iR g %L
R At K AR P25 i PAHs 7= A 252D

BRI R R BIR A, & SNEURL YR
BNtk NS N IRBE S 5 N K 2R 1 — A H Ok
T, DT AL A5 I A 1 2 A T e W i) “ it e ™
H1 T AT 46 K 22 B0 e) 7 2 P9 BE e, T L8 P K
2R PAHS V5 44X AR B 5% 1) STk ] RBIE %
AR T, — 26 PAHS #% 35 [ 37485 {4 47 B (USE-
PA)FI R 51 R A 5 15 Y, AR PRBE 975 YL R AiE
B AE A BT K 518 T AMTTBIRFLE 6T

Bt TR 4T 2 2 B I R B, E N KR PAHS
(75 Y S N EE R AT | I A SR XS Y P A b
g M R IRAE M X A5 A B PAHSs 975
FRAE SRR AR AT 52 8] 3% B ft BRE XU 25 P 28 O FF 9
Hilas 202 ST RAPRY H PAHSs 15 Y4t 2
AR LA (A A o B L T RS R Y
JERTZE N IR PAHS B 8] 728 £k KL A AF G BIF
FEHVEE WAHE . PAHs 7EFR B B b A7 FRAE (1
() A5 Ak, T e ) JH N A 2 5 T ke R I B s 1) )
AR HRAE , PRI AR 55 05 % P K 22 v PAHSs 15 44 bl
R[] 28 Ak LA A R S AT 5, DA T R A5 A fdt B JXU B
(AT EF [i) 25 Pl R L 4R o DR P41 55 SR A o e A 5
Bk,

AR FE R B 5T T F TN A KAR B I3 % P Hb
R A SE R4 T 2012 4F 3—7 H #4748 5 —
(3 S R % IR AR R B, RGERTT T A EN
JR2A2 PAHSs Bfifs ()25 TR A T35 YR AIE V5 ek R A

PRERFRARIE AR e KBS, O PAHSs B2 N 15 Qe Bii if
RS H R,

1 ## 57 % (Materials and methods)
1.1 FEFCREE

PR T SR A Ao 2 SR 8 ) S o PRI ¥
HAZ WP 2R, A 52 8 B[R] K AL A\ % R R A
R ZCRAE ATAE 5 T P BRSO 2 JR] 11 UE X
SR I 1S R 8 R R R B R B XA
X, JE Tl s Y HECR . IvA = ALY 140 m*, A
IMANDL25 N, 2 WA F#5E PAHs 159438 JE N
0 ELIE XUIR B0 R AR IZ I 3 I BR A > 15t
MRS 2 g JH AT — R AR SRAEITE] Ry 2012 4
3H—TH . KA EBENIAE R AR AL
HRE  HERAE T 22 MRS BEGIRAS AR SR A R
20 g ICEB—DREA IR H IR A B
PR IR IR A VKA B B R AT
1.2 s 5id5)

A 1252 T8 = RO AR €8 35 A (35 B Waters 24
Hl);RV-05 B i % e 4 26 R AX (T8 [ IKA A7 BR 2>
) ; KQ-502B Y5y Ty A8 5045 75 I8 1 e e (B LU
FEALESAT BR 28 7] ) 5 T AR (L v b B A il i
AR F]); PAHs & 3% (32 E Accustandard Co
HBRA T, 715 F PAHs fIR A bR vE IR 1 (55
Ultra Scientific Inc 2 w]); FH B PN A, — 4 H b |
IECKE, 35 2l (3 [ Dikma A F]); TTK LR )2
MratEie , sr#r et b st A 2250 A FR A Al , ToK B iz
A HRTZ 450 CHIKE 6 h, LRAFFE TR A & H
FALER CREER SRR A F),

1.3 FEAALER K PAHSs 19 E

PERAE Y 22 A IRAFE 5 HTJE Je i 47 0 3 OF

BOkide< 50 wm #8473, SR 5 AR il v 1 1 B
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0.5 g, BTE.LE T, A BISCRAE R Y 200 ng
30 mL (RFEE A 1:1 A9 1E O be/N B TR AW, SR 5
HEAT 30 min fY 8 7 2K L, M 2K UG 098 G D
4 000 r-min” FEAT 20 min BIES0 0B K FIREG
R AR UREE A 2 W, 3 YO AU 19 L3
W T 7 R AT 78 R 22 1 mL, ¥
) o E O BT TR AR I AR TR (A |
1M TR 1 em A TCKBRIREN (12 cm A RERE AT 6
em A48, 1 0.5 mL 1F C Beil vERE S 3 1Kk,
SR AT VR A% 22 T AL, 40 mL AR R L
1:1 A IE O e/ — G H e 1 TR A WO J2 A A A7 10
J VR T 30 C AR N IHIRIEF KL B4 1
mL, HEMPASIREE T, R P EERE 1
mL

I e R8O AH 8 352 5 A T % R I 43 A
PAHs, LA - /KA R it 2l AH, ZE 3 38R 1 ml - min™
MR Ve R P FistT, M FR—KiafT, % g
BAA~ PAH A4S R SRR DA &5 i I K AR 7
WF (N, /\,,):280/334 nm 0~9 min (NAP);292/324
nm 9~ 10.8 min (ACE);268/308 nm 10.8~11.6 min
(FLO);292/366 nm 11.6~13.0 min (PHE); 253/402
nm 13.0 ~ 14.2 min (ANY);360/460 nm 14.2 ~15.2
min (FLA);336/376 nm 15.2~17.5 min (PYR);268/
383 nm 17.5~22.0 min (BaA ,CHR);296/408 nm 22.0
~29.0 min (BbF, BKF, BaP);300/410 nm 29.0 ~36.0
min (DahA, BghiP);302/506 nm 36.0 min E £ 4%
(IcdP), 5T N 20 pL, 5T 75 S8 E il £k 17
PAHs HYE 2 50H7 .
1.4 BHE A0 o7 2 P TE R0 5T £ 45 )

PAHS (115 ik F T8~F 7™ A% 1 I s #E ol . 3R]
23 IR R0 8 | 4% PAHSs 5 3T 4 0 b [0 g % 1
o R A BB 2 2 i .

1.5 REEHHIS5ZH

TR 28 N 5T HP 8 TS G ) i ak A [ 0 iR AR i
VNN NI ITEE N 3 i e A /3 R VNS B
F L KR ol T PR IR AGX 3 R AR
FEA AR ARG R RS A B0 KBS PP (IL-
CR)FEARITEXT b 3 T I8 28 B T AR 2B v PAHS (1)
faE KBS EA TR 7 bl b T A 2 P R A —
YIKHZE 2 mm, BIERF RSN 0 2 100 um,
WA AN R FH o 3R A 1 UKL, fiff FH % 22 T 9 PAHS
TR EE VPG I GR AR SR AN Y, PRI AR SR Bz JEk 22 fi
A B RS IPAG AT 1T 0F5 , BT L

P JER % i 5 R TR A

3
ILCR e = CSF pppp ¥ (w) X

70
CS X(SA x AF) x(EF x ED x 10°) x ABS
BW x AT
F O IR

3
BW
ILCR g = CSF g X /(W) X

CS X IRy, X(EF x ED x 10°)
BW x AT

CS =Y, C, x TEF,

CR = X, (ILCRyypjzss + ILCRp1145)

LRy AR R EE SR 1 FTR, 721155 PAHSs
IRA YR EUE KRS I R F 45 FF PAHs AHX T BaP
(BN 2 5 (K1 (TEFs), # PAHs &5 ¥ i vk B 5%
fb 4 BaP Mk " | 4 PAH PRI 2 R AT
fHUNF 2 fi7R, CS Fm KA PAHs 12 & ik J&
Z N, CSF s ~CSF 110 77 HIHUAE 25.0.7.30 (mg-
kg'-d)' PP S ML E EPA X TEN KL T
PAHSs 1) 4H G A8 5 KU PPAf B o 227

®1 RETEEEXSH

Table 1 Parameters for risk assessment
Z% Parameter )3 R X Physical meaning LA Unit HU{H Short-cut process

BW 1 Body weight kg 559
ED & #% I [A] Exposure duration year 7
EF TN Exposure frequency d-year™! 350

R rza IR/ 4% A Intake rate mg-d’! 100
SA 77 7 R AN Dermal surface exposure cm?-d! 5 000
AF J2 )ik Bft 25 P9 F Dermal adherence factor mg-cm 0.2
ABS JZ R U PR F Dermal adsorption fraction Ji i 49 Dimensionless 0.1
AT SF-Y R EET ] Averaging life span year 70
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2 R 5118 (Results and discussion)
2.1 IMAZEWIRAEH PAHs YU E 54150 E

F2 BT 15 B PAHs ¥R JE /A i GE Bl
15 Fft PAHs 145 H 2318 100% , 22 =N KAEFE
& PHE FiF o5 H T B is , PR 9 5 310 ng- g,
i PAHs S4E 1) 59.3% . ANT Fl1 FLO fIf (5 [b H#¢
A%, SR 53 31k 24.7 ng-g (50.5 ng-g 30l
PAHs B 511 0.28% .0.56% , H5REUEY i BaP 1)
WeBETE B A 65.1~590 ng-g™, FIHJE Hy 195 ng-

g, i PAHs B AY 2.18% . 7 F 5% MR 48 8 B0 19 %L
H¥¢ 38 15 Ff PAHs 200 2 2 3 5 4 5 5 A1 6
T, HWUFFEEY PAHs HIBUR SIS E A
HE M 2w mE A SRR 22 At
T INAE NIRRT PAHSs 4R N 3 28 > 4
W>53 >6% >2 0, H 3 ik 23.5% ~
80.6% , BRI IL 34 2% i PAHs i & A9 HL B #¢ K, Mai
SPGB W Gl IRERZS PAHS SR IE T A5
JURIARLE AW SRR T RS2k

Fx2 DAEHNRKRLESH PAHs BIREXKE
Table 2 The concentrations of PAHSs in office dust

SO T PR BHHRRT  GBmee) IR
BIE A A ng-g” %N /%
/ng-g")  /ng-g')  /ng-g") 3 o .
PAHs . . Toxic equivalence Detection The tagged
Max Min Mean Relevance ratio
) ) ) factor limit/(ng-g™) recovery/%
[ng-g”)  /ng-g”) /Ang-g”)
ZE(NAP)
668 474 292 100% 0.001 0.13 57.1
Naphthalene
T AUE(ANY)
731 162 203 100% 0.001 0.18 60.4
Acenaphthylene
%5(FLO)
160 122 50.5 100% 0.001 0.09 64.7
Fluorene
3E(PHE)
13 300 447 5310 100% 0.001 0.08 93.6
Phenanthrene
TE(ANT)
60 6.5 24.7 100% 0.01 0.06 84.5
Anthracene
WEB(FLA)
732 76.5 257 100% 0.001 0.08 912
Fluoranthene
EE(PYR)
989 82.5 384 100% 0.001 0.04 103
Pyrene
HIf[a] B (BaA)
771 924 308 100% 0.1 0.06 94
Benzo[a]anthracene
Jii(CHR)
1190 834 484 100% 0.01 0.06 94.8
Chrysene
FIF[b]E E(BLF)
1920 42.7 401 100% 0.1 0.07 91.7
Benzo[b]fluoranthene
HIF[K]PE 1 (BKF)
447 19.2 181 100% 0.1 0.06 89.4
Benzo[k]fluoranthene
#If[a]E(BaP)
590 65.1 195 100% 1 0.11 86.6
Benzo[a]pyrene
28I [a,h]H(DahA)
954 68.9 315 100% 1 0.09 83.3
Dibenzo[a,h]anthracene
I [1,2,3-cd]EE (IcdP)
1 630 98.4 485 100% 0.1 0.11 82.8
Indeno[1,2,3-cd]pyrene
ZIf:[ghi]EE (BghiP
£ ) ghiP) 154 19.4 66.3 100% 0.01 0.11 84.9
Benzo[g,h,i]pyrelene
> PAHs 24 300 1180 8 960
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FE /N LA 5 T2 ) PAHSs (10734 3¢ 5 44
EIL 3, TR REF Qi TR BIF oY K, TR E 23
AT 81 MARIHLX ZE N KA 16 Fl PAHS W &
YIETERI N 400 ~30 900 ng-g™' . AHFIERTH KKy
IVAFEN KA H Y PAHs HREEVERI A 1 180~24 300
ng-g!, FIHE Jy 8 960 ng- g, 4b T4 4K
-, 5 [ P XA EL, AR 9 2 N K2R H PAHS
SR AT TAF(12 500 ng- ™) (20 700 ng -
g B A (21 100 ng-g™ )&, 1 T 448 2 i
FUEIKZA(2 100 ng-g™), 5 EHM LT AH L, A&

A
Percentage

WEFEITHS B I P KA PAHSs 19359k 5 e 41X
FHNERIR KA X (12 900 ng-g™) . 35 [ 1 72 5% 10
(27 400 ng-g™) FEE M Z MM (47 400 ng-g")5E,
TR KA B B X (5 110 ng-g™) 3% FE A 48
JEEIN I ARO11 ng- g™ )45, 5 36 [ A B b [X 5 I
JRB v PAHS f75 4K FAH4(8 380 ng-g™),
2.2 PAHs ¥ ] 25 Ak B A
AT 2o 3% 2 v 2 P SRR Y 22 AN IRAHE
> PAHs V< FE R B ] A8 AL AR N 8] 2 P, 4521
FW, Y PAHs MR EEAEIL T I A & kA v 2 ] 5

#5-ring
% 4-ring

# 3-ring

®2-ring

1 BREREHRS PAHs BIASHFE

Fig. 1 The component characteristics of PAHs in the office dust

x3 EMIREHTENRKRER PAHs FHKE R
Table 3 Comparison of average PAHs concentration in indoor dust from China and abroad

[P WA Oy /M ng-g")  FKAE/ng-g) PAHs [-F-H% B f(ng- g ™) B SR U5
Country City/Province Min/(ng-g™") Max/(ng-g')  The mean concentration of PAHs/(ng-g™')  Data sources
"1[# China Jb &L Beijing 1180 24 300 8 960 AHF5E This study
1 [E China -7 Shanghai 9 840 21 400 12 500 [11]
1[H China G Anhui 5200 89 300 20 700 (5]
" China B 5% Nanjing 184 280 395 21 100 [28]
#[E China # % Xinxiang 203 9 500 2 100 2]
%[ America TSR T Texas 1 040 194 000 27 400 [29]
2% [E America HZ MM Ohio 500 500 000 47 400 [30]
22/ America #E %15 Washington 5 400 22 800 8 380 [30]
F[E America IR ER Southern California 163 4 390 911 [31]
Jing= X Canada &K 4E Ottawa 1 500 325 000 12 900 [32]
B Italy  #)SCHE X Palermo region 36 34 500 5110 [33]
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(R TR AR Ak, BB IR TH R A %2 18 2 PAHs ¥k
EBRWEN,3—4 A5 5—7 Aty =R KT
Y PAHsHKEEAFTE &M 2557 . WAEEIRRE ,3—4 H
19 X PAHSs V& B3¢ 5 , 11133 A~ B i) B SR A AR,
PISIRAE 18 °C /iAq, T PAHSs WAL IE F A 5 400
~18 500 ng-g"', X PAHs ¥k &k 12 800 ng- g™,
1Ml 5—7 A 453 19 X PAHSs ¥ B2, i i A4~ i i) B <
TaA R FRAE 31 C A4, X PAHs HEAR (LT
FEl ol 2 520~9 670 ng-g”, ¥ PAHs “FHJ3 &l 5 730
ng- g’ X RRIE] 22 5 AR 0 IR R RT RE A . A TR
LR 5 R 16 3 77 AR 1 PAHs 4255 T KB
PAHs AYT5YLFESE , SN PAHSs 8 13l KR Gk A=
P, B PAHs 7E = N BL R a1, [EE,
PAHs SWA IR MRS  BARM RS S 80X s
Y 22 Gy T B M TE R AR AL, AR 55 SR
KRR EEMAR TS 38, XA v fg
BTN T MR PAHs AODCRBURIAL R ASBF 58 % W] —
KL R AT VRS i 2 R A BN T S 5 B e T
SEME, RISt 2w B T A AR Y e T AR R
Z4h, PAHs B S BT — o py 3 T IELL AR R R
(AN KL ), H B3Rl A KR I8 20 194 i PR v e
S — T YRR IR B R AR AR Ak S T E KR
SEUbIR KA PAHSs (VR B &R T ARk, 2,
NIRRT T A T 281k, S

3 PAHs MMk EERAE T RAR, = AR BN ER,
R @ N ORI = A K S L E R 7] K
R WERAE TR h A7 A 1 SR BN R T BB &
S PAHs SE &AM, T =4 R Y 5 42
P ARG Z 8938, I E Ui A 25T
(e P P . B s SR AP 118 i AR BB o —
AR TES Y B B ] REAA R AU A IR 22 (& 2),
2.3 RIEMHT

E2S AP S VIN=EAS 3 RS PNGTE 3 WSS
R SR ORI H A T A5 R AR
BeAv Birh PAHs SRR I 77 vk £ A B | R
SR (PCA) (CMB AZ (B8 LK L fE 75 5 PCA BX
A, Hop A BN Hr ik (PCA) T .5
11, R FTZ , BEE ME IR PAHSs V5 Yo M 4
PGS AR S PCA BRI iR & Z K
K PM, s T2 IS IR IR R, Franco 58P FFH LA 7%
Y5 PCA W i 43 1 HL 20 B4 PN 5 38 [ K 2B b PAHSs
ARSI TR , Peng Z5%V FI I L AH 75 5 PCA BK FH 75 fd A
btk L3 PAHs Ak IR, B 20 &0 R 1
A TR TR Y o PAHs FRIE, A
55Kk A PAHs FRAE LL{ETE 5 PCA B 40 #Hrdt
T IMAZE IR PAHs BUKJR . Contini 2P/ 5T
R, YRR 5 ¥5 K 1 PAHSs HEAT FU R VR DR IR 43 BT
Bf, AR AR 0 2 22 5 A I 5 e B e vl 4

50 20000
® The maximum temperature
#a B 3 PAHs concentration 15000
a0t 16000 —~
i s
T 35f 14000 =
] £
E | E
& 8 301 12000 -
2 : | E
oD oSk 10000 &
A 5 | £
- 8000
g T
s =
£ 15 6000 n
101 | 4000
5 | 2000
0 ~ N “ 0
RN
ZAALIITIIT LIS Ed TR
/ VA VNN LN
DI Y NI
NI VNS ININNIJIIIINS
I IS
2 HREREH PAHs BZENHEELRESSETUNXR

Fig. 2 Seasonal variation of PAHs in office dust and its relationship with air temperature
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K W RRHE BURLY) AY PAHs(4H BaA F1 Chr, InP Fi1
BghiP , Flu 1 Pyr, BaP il BghiP) [ fIf 52 % 43 B 1%
2 BRI 4 iR, AIRAREETHEE
BaA/(BaA+Chr) JRHIE HL IR T 0.24, Ut LT
INAZE N KA PAHS 52 F1BH 5 9 HL3h 2= HE I
R0, 5 7% BaP/BghiP 19 HL{E 4 3.01, [ AU B A8
W EATE B, PAHS V5 e B, &FR T 5E
Z% Flu/(Flu+Pyr) () LU(E 443 0.4, it LAA M
BVGYLYR . FH U A8 S R T o T R SRR

& 47595 5 5 75 InP/(InP+BghiP)Y L {EH KT 0.5,
P PAHSs 76— T2 2 SR BB HE ik
TR B 52

R4 PCA A #ras B o (B 3), ERisr 1 g
A 2 4 AR Y 50.2% F1120.9% . SRERK
A IRARES 5 A 1 A B, KT 1
FLA PYR BaA CHR %40 5 HA 8¢ (07 1,
VLB 1 AT RE L8 4 R S HE U, R A8 3 Y 2 3
FERIE, AT 2 f,PHE , Ant ZE4 70 BB 85 1Y

JERIMAENIKA T PAHs 1 F S MR, AWES

R4 DREAKREFR PAHs BIFHELLE

Table 4 The characteristic ratios of PAHs in office dust

AL, 7 2 ] RS ARBHRBE R, PCA 7

PAHs ##iE U {E Lo AE V5 YL Sk R LS =St ES BRI
Characteristic ratios of PAHs Ratio Pollution source Winter and spring season Summer Data sources
PER(::H
BaA/(BaA+Chr) <02 0.37 0.39 [15]
Petroleum source
0.2~0.35
Coal combustion
BLsh 4R
>0.35
Vehicle emission source
. r ikt
BaP/BghiP 0.3~044 2.60 3.01 [37]
Traffic source
S AR
0.46~0.81 ) ) o
Diesel vehicle emission source
PRI
09~6.6
Coal combustion
At &
Fla/(Fla+Pyr) <04 ) 0.38 041 [42]
Evaporation of petroleum spills
PaRliib e
04~0.5
Oil combustion
05 SR A Wy R e
’ Coal and biomass combustion
. PERIIiF/
InP/(InP+BghiP) <02 091 0.86 [42]
Petroleum source
RS BB kL
02~0.5
Combustion, motor vehicle emission
VNI TN
>0.5
Wood, coal combustion
x5 MREAREAREZEF TH ILCRs (1 CR &
Table 5 The ILCRs value and CR value for office staff under different exposure scenarios
CS/ng-g™) TLCR g o TILCR g g
f%/IMHE Min 161 6.41x107 1.87x107
R AH Max 2 050 8.16x107 2.38x10°
SFHIE Mean 660 2.63x10°¢ 7.66x107 3.40%10%
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& o R A ;
EIRES [ETIE o o e et S
S -1 : : * H
= 0 H ¢ 7 .d.- -----------

3.03.0“ 2
PC1(50.2%) P

3 HAEIRLEH PAHs FIER ST
Fig. 3 Results of principal component analysis (PCA)
for PAHs in office dust

Fras 5 RS R — 5, MLl W, FERA EN
SYIE DL R, ok B = SMEY PAHSs [RIFE S 7E R N
TR I X % PR BT 3 B T5 G , 0T 2 A 2= P 3R B
PAHs (1) 7% 28 KB, 75 B s xf 2 4 PAHs HERL i #2
i, &FZE 5 EZE PAHs {5k R 2 9 W%
A AR AR U & B/ 2R 5 - I A % KA
H PAHSs [ EZ 5 L IRAE LA K,
2.4 15 YPEH BN AR XU A

AR 22 EPA AH CHLE 22 80 KUK & 424
FEl R ILCRs < 107, ¥ 78 200 KRz El 4 10 °<ILCRs
<10*, 2 PP B R A ILCRs {5 3¢ 5 FroR,
ILCR s 1H 78 [l B 6,41 x 107 ~ 8.16 x 10°,
ILCR .,y BTG R 1.87%107 ~2.38x 10, Jz Jik 4%
filt T A 2 B #8420 ILCRs fHTE 10° 4
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