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Compositions, Sources and Health Risks of Polycyclic Aromatic Hydrocarbons

(PAHs) in Surface Dusts from Driving-schools in a City of Henan Province, China
CHEN Yi-nan', MA Jian-hua'”", DUAN Hai-jing', WEI Lin-heng'

(1. Tnstitute of Natural Resources and Environment, Henan University, Kaifeng 475004, China; 2. Collaborative Innovation Center on
Yellow River Civilization of Henan Province, Kaifeng 475004, China)

Abstract: The contamination of polycyclic aromatic hydrocarbons ( PAHs) in surface dusts attracts great attentions due to their
properties of threatening human health. Twenty-nine surface dust samples were collected from driving-schools in a city of Henan.
Concentrations of 16 priority PAHs were analyzed by gas chromatography-mass spectrometry ( GC-MS). The health risks exposed to
dust PAHs for three different scenarios (working for 5 a, 10 a and 20 a in driving-school ) were estimated by the health risk assessment

model (ILCRs). Source identification was analyzed by diagnostic ratio, composition analysis, and principal component analysis. The
results showed that concentrations of the z PAHs in dusts ranged from 198.21 to 3400.89 mg-kg™', with a mean of 908.72
pg-kg™'. Among individual PAHs, the contents of naphthalene ( Nap), phenanthrene (Phe), anthracene (Ant) and fluoranthene

(Flu) were higher, and the content of dibenzo[ a, h]anthracene (DBA) was the lowest. The dominant compounds were 2-3 ring
PAHs, which accounted for 55. 79% , while the 4-6 ring PAHs accounted for 44. 21% . The health risks exposed to PAHs in dust in
three different scenarios were 9.27 x10™®, 1.85 x 1077, and 3. 71 x 10 ™7 respectively; only sample J11 was with potential health risk
in scenario 3, and the other samples were all without risks. Average daily doses by dermal contact of dust particles for the PAHs was
the main exposure way. PAHs in dusts of driving-school were mainly originated from the combustion of fossil fuels and mixture
combustion. The major sources of dust PAHs in farmland area driving-schools were natural gas and diesel combustion (56.44% ) , coal
combustion (26.55% ), gasoline combustion and the leakage (17.01% ); dust PAHs in industrial area driving-schools were from
mixture combustion (76.26% ), gasoline combustion and the leakage (22.85% ), coking and coal combustion (0.89% ) ; and dust
PAHs in mixed area driving-schools were from coal combustion (45.57% ), natural gas and diesel combustion (45.41% ), gasoline
combustion and the leakage (9.02% ). The concentrations and health risks of heavy metals in dusts were closely related to the
surroundings around driving-schools and the previous land use status.

Key words ; driving-school ; surface dust; polycyclic aromatic hydrocarbons( PAHs) ; health risk assessment; sources; compositions
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figl2) . 26 E LB (US EPA) ¥ 16 Fl PAHs [ 28
(Nap) | J&(Acy) . JEMi (Ace) . 25 (F1) . FE(Phe) |
B(Ant), KE (Flu), B (Pyr), KIf[a] &
(BaA) | #(Chr) . #If[b] 5 (BbF) | KIF[k]9¢
BE(BKF) . ZKJf[a] B (BaP), — %I [a, h] K
(DBA) | Z3f:[ ghiJ4E( BghiP) | EiHf:[1,2,3-cd] &
(TedP) 150 R f Je s dlis e ). R5E PAHs B
R RL A T R 2 —.

HF KA R FREE PAHs T A« PR A
FEAFON (AT, B0 WK BT, 13k
JRAX ) PAHs £ HB B TR 31 2 Ao stk A KR,
YRR A5 L) IRk PAHS TTIE G - TR, R
IO N 7 4 i 5 R AR A AN AR 35 B
WA BRI TT K 2 | R . ENK
A PAHs YRS e oRiENY | A S
JRURS: I R XU 1 45 T o R A 9T, R
R E R (HYE 4 A 1k T 25 45 i 3 K 2 (2 4%

JKZE) PAHs RORFF5T H1 6 DL E .

T2 R 5V B S | RO A
TR RRIRSE RPN G2 LA ™, T L2 A K
AH ) PAHS BR3Z AR RS A WAL, F 8 5K S
RAMHERE DI G, 2R 5y 2 > i) [ 0, 2%
& K2 PAHs T S0 5 JAURS: AN EL BH 2 H 20 25
TAERFRHE , 7] BE A7 FE — 5 (W B f . AR SC AT
B T 29 BT A ST 4, TE K4 PAHs & i
IS (LR B XH2S M 2 PAHs (088 4HA . ok
VRHEAT A3 BT, I FH 2 A SO0 XU 348 A5 TR X6 ) 2
FER N (IEBRTAES a, 10 a F120 a) By X
B EATIRANY , B LI 202k 51 SRR RR | i 2R 85
PAHs Z545 B iR S b 5.

1 MR

1.1 HESfmESHERRE

T 2015 4F 2 H RS FlT 29 Fr B e iy K
CRRE D A A ] | TR | B RE  R
T R IR I R 8] IR B A B L% 1.

®1 REBRERBFRY

Table 1  Basic questionnaire of driving-schools
- prerse—y —
it 2 1.36 10 A4 H £ H
2 7 0.72 11 A% H N-FESR T HL; SRR WA VBT E-25H
13 2 0.71 13 A2 H N-JE R RAC 5 S5 b s W-FE A e bl 5 B-25 1l
J4 2 0.35 6 R N-JEERIX 5 S-N; W-zsith; E-JRIX
J5 8 0.51 7 i N-FES T HL; S-AM; WSl E-RRIX
J6 8 0. 64 10 i N-ERIX ; S-iRHFIX ; W-Shii%; E-25 1
77 2 0.05 7 i R
8 8 1.95 18 A<M N-JERIX; S-Sk, BissJm; W-FEY; E-FRIX
19 0.5 0.05 6 R H N-{E437, S-a5 4, W-25 L, E-IR AR &L
J10 4 0.15 3 A2 H N-15 437 Z5 it S5 423 W-2s il B
Ji1 6 0. 69 10 pedil N-KER S 5B, S-E45Yy; W, E-RRIX;
J12 2.5 1.13 15 S N-fudfl; S BRI W-A il ; B/
J13 1.5 0.02 6 /N NAZHY; SHREREWE B ; W-IERIX; E-FE
J14 7 0.97 15 A N-A s SERIX; W-RRK; E-ERKX
J15 3.5 1. 54 18 A H N-3EHb ; S-Z5 A Fl; WA H ; E-f¢H
Ji6 0.24 0.2 10 i N-JE X SARAE); W-ERIX ; E-iE)
n7 0.2 0.27 2 A M A H
J18 1.5 0.62 10 =R N-ALHET ™ S-4R46); W-ALAES; E-ReE
J19 2.5 0.8 5 A H N-Z5 1l S-25 i, W-IR IOl ; E-45 1
120 2 0.57 8 WA NARL AT S-fchigsl; W) E-4LE
121 5 1. 25 A H N-2 5 S-BACHTIX ; W-BRIX ; E-ZAHIX
122 2.5 0.8 5 A H N-Z5Hl; S-25 3, W-IR IOl ; E-45 1
123 2.5 0.84 13 A H N4 AR T S-25#; W-3EE8) 5 E-feH
124 2.5 1.45 7 A m N-Z5#l; S-254; W-2sih; E-fb T
125 2.5 0.54 A N-AL T SE43; W-BE88); E-f¢H
126 2.5 1.35 12 b3t N-fEA) " SERFWEAE); WA, E-AN %
127 6 1.35 18 A H N-jifi THb ; S-HIZ5) ; W-T4; E-a5ih
128 2.5 0.79 13 A H N-Z850 T 255 S-38M%s; W-T M ; E-25Hh
129 3 1.34 13 A H N-ghJLBE ; S-dsideul; W-HL) 5 E. EHME)
DFRPE, S, W, NABIERRR, M. 74, i
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SRAEFESHHT 10 d FORFEIIRIY TR K. B2
BAE P, FEATH B K U6 45 A 335 /K T 1 BE AL A 1%
30 ~50 FREM. FERATREG L, B e Yk
EMBRITEH KA 50 ¢ 2475 SRIGHE4S FRECE
—ii, SR AT AP A R AR | RSk R R
85 BRI & SR 2 RFE R B 500 ¢ K
i, BEA R A AL AS .

1.2 FESALHLE PAHS JI5E
1.2.1 FEAALEE

FESEHG 2, FE AV VR TS, FH 30 B F ok
J | A ERiE T 60 H ISR, AT 4°C VAR h .
1.2.2 PAHs #Ht 554k

FREUK A RERS 15,000 g, 5id Bk IR A%
SIEIEA 22 mL ZEHGH. PLIE O - TN ERR A (A
pEal AR R 1 1) VEBRIRGR], R i 70 A B
(ASE-350 #4 SE[E# 4 ) 20 PAHs. Hl4: A 3h[E AR
B (Preval SPE 304 %I b 503 37 28 A ) % A5 L
W) PAHs BEAT Al o A8 BOR 22 B (1R
J£50°C) #4522 2 mL, A 5 mL NEE-1EC LEiR &
W (A%l AFRI  1:9) 5 5 mL iF S LT MK
Ak SRJEE 3 mL 3RS YA BUR 2 A Florisil
FHAEBCRE , H 5 mlL PNER-1E O be i &k e ; fa
R AR 2 T HIEC b E R 2 1 ml
i),

1.2.3 PAHs ill5E

JKZE PAHs % 2 iU X (GC-MS,5975C/
7890N MY S ZHEIS ) ME. ik, Bk
EE AR HP-5MS(30 m x0.25 mm x0.25 um) ,
AN & 2l He, # HT K 0.03MPa, i # R 1.2
mL-min~"; ¥ 1H IR E 60°C, LA 14 °C +min ™' FHE 3|
280°C , Pi4F 14 min BHER SE W . B RN
EI FLE VR 70 eV, J5i 2 7 [l 45 ~ 600 u, £%5 34 5 Hi R
1288 V, 4 SIM 5 it 5 25 TR EE 230°C, DUZRFT
T 150°C  fEHZRIREE 280°C , B 7 W A=ty SIM.
I AR NISTOS KUH FER %, 45 A bkt )

TR K4 PAHs 19 ILCR .

TTEC x CSFyq x vVBW/70 x IRy x EF x ED

1.2.4 JuigdEd]

SR A P A S | AT S AN AR (]
WCSBET55A TRRE ) SN A B PAHS
i & F 3 AccuStandard Inc. , 451 PAHs A
PRI A J5 B2 1 R® HRAE 0.999 LA b, 28 1 5E
A /DRI PAHs At P47 5256 00 AR 7 D 22 /)N
F 15% ks IR FE 63.5% ~89. 0% Z ], ik
G FRTE 0. 01 ~0.20 ng-g ™' 22 ]
1.3 JKE PAHs fFEXUS AN T7 ik
1.3.1 PAHs BEEMEY BRI

AR PR 5 PAHs 1Y 757 22 S AR K, PRk
17 1d FE XU 3F Hr B S BB B 2 1] PAHs B &
( > PAHs ). ARSCRIHEEE Y 58 H T (toxicity
equivalent factor, TEF) 3, S5 45 Fh PAHs FAURA)
FEGE— T 55 W RE B8 LU 0 75 7F 4 5 WK T (toxicity
equivalence concentration, TEC) , R J5 ¥ 45 1~ PAHs
FLPR TEC RIS B HAE i PAHSs (1% 50 75 1 e
(' total
TTEC) ™'/ B],

toxicity equivalence concentration ,

16 16
TTEC = > TEC, = > PAH, x TEF, (1)
i=1 i=1

A, PAH, M TEF, 535128 @ F PAH B0 A S0 ve
B (gekg ) FIEEHE 4 BB (B 40). ET, I
WAMALL BaP 1Y TEF (TEF,, = 1) 2 M5 3 HAth
PAHs H TEF,,H:':F' Nap., Acy, Ace. Fl, Phe, Flu,
Pyr B9 TEF 4 0.001, Ant, Chr, Bghip Y TEF &
0.01,BaA . BbF, BkF . IcdP 9 TEF & 0. 1,DBA {9
TEF 5 BaP #i["7.
1.3.2  PAHs X T7 5

FHZ A BUR A 34 B A Y (incremental lifetime
cancer risk, ILCR) "' PPAG 2 K Gt iR B . WA
I 5 4 12 5255 2k PAHs B R
o % R R % 4 72 0 PAHS ORI B F 5t
(17,19, 207

ILCR 0
IS0 JK 21 PAHs 19 ILCR .

TLCR gy

Fe A2 Ml Ik 2 PAHs (9 ILCR .

= 2
BW x AT x 10° (2)
_ TTEC x CSFy X JBW/70 x IRy x EF x ED (3)

- BW x AT x PEF
TTEC x CSF i X JBW/70 x SA x AF x ABS x EF x ED @)

ILCR s =

BW x AT x 10°
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3 PR ER IR AR A B XU .
= > (ILCRyg + ILCRypy + ILCR )

(5)
A, TTEC A9 B mg-kg ™', CSF & K2 PAHs
AN ) 2 8 3 12 1 BUR AR K - CSF g CSF gy Fl
CSF sy 2R 7.3 .3.85, 25 (kg-d) -mg ™' > 7
ILCR g . ILCRy ILCRW%ﬁ%IJ%%E- HiRE | 07
W W R R JhR 22 ik 2 % i 2 PAHs JIT 2R fi 2 XL
s CRJE BiR 3 Fh 2R 2 0 B XUk Hh 221
A SR B UL 2. A4 ILCRs 8% CR K/hvA]
TFRAE R XU MY . TLCRs B8 CR < 10 °F/RAFEAE
faFRE XU 10 ° < ILCRs 8%, CR < 10 ~* TR A AL 7E
faERE XU, ILCRs 5% CR > 10 ~* 3 718 77 78 18 JE X

BQWJ

1.4 JK4: PAHs ZEEME %I

BB TAERT [ AR, 2285 K PAHS 1Y
HAIRANA] g B AU L 2> 7R 22 5. ARWFSE BT
THEBKTAES a(fF5 1), 10 a(fE5F 2) M 20 a
(155t 3)3 s st 0 i K42 PAHSs 255 I
A R IXLG

2 HRE5H

2.1 ZRJKAE PAHs &t S
MIZTH 29 T A Ik 2 16 Fl PAHs (75 2 (R
3)A[ ML, > PAHs & & i fH 0 198. 21 ~ 3 400. 89

pe-kg XA 908. 72 pg-kg 'L MK D PAHs &
R IS A 118 (3 400.89 pg-kg ™), Hik 2

J20(2443.41 pg-kg ') M1 J16(2379. 10 wg-kg™");

x2 ZKBYERRITNEISHE X RIED? 2] B AR AR 15(198. 21 we-kg '), HUE J1
Table 2‘ Definition Aantil values of p:aramelers used in the (255 76 e kg -1 ) ﬂ&ﬂ 77 ( 274.78 e kg ) ) ,ﬂi& B7
incremental lifetime cancer risk assessment ‘
BW IR ke 64.15 55.79% ,HMWPAHs fi > PAHs [ 44.21% . A
RN /da! ST
EF &%ig/d a 285 (T IHHT) LA PAHSs P45 Fi 4 500 3 BR(38. 18% ) >4
ED TR /¢ 5/10/20
o N u;w;z/ - N 1 (24.92% ) >2 FR(17.61% ) >5 H(15.03% ) >6
g SN W/ m” -d "
I} Aa 2N ) 8 8
Rogn  JRAHHIE mged 100 W (4.26% ). AWK FLL 3 3AF1 4 1 PAHs
SA PR AR B B IR em? - d ! 5700 HE, S d > PAHs /963, 10% . LMWPAHs L3 3
) 0 A1 9 B/ me+cm -2 . N v
AF PR BRI R AL 007 HEG Phe A1 At B3, 409 ST PAHS #1918, 57%
ABS TR ¢ 0.13 \ o
AT S 70 % 365 M1 11.04% ; HMWPAHs DL 4 FRef 4 Flu S 3, &
PEF KT BT/ kg ™! 1.36 x 10° >  PAHs #910. 63%.
£3 ERKREPAHs A 588" /pg-kg™!
Table 3 Composition and contents of PAHs in driving-school dusts/pg-kg ™!
PAHs FifA R R/ ME S FNIE] HyfE Fife 22 5 R %
Nap 2 11.31 1188.10 160. 03 266.97 166. 82
Acy 3 1.93 68. 42 15.31 16. 59 108. 37
Ace 3 2.01 66.22 14.03 16. 09 114. 69
Fl 3 7.89 289. 68 48.52 57. 46 118.43
Phe 3 30.03 774.71 168.76 151. 41 89.72
Ant 3 7.42 406. 36 100. 32 86.13 85. 86
Flu 4 21.95 250.43 96. 63 58. 66 60. 70
Pyr 4 15.68 207.51 68.72 45.45 66. 14
Chr 4 5.13 179. 16 61.10 40.29 132.23
BaA 5 0. 44 180. 18 23.61 31.22 65.94
BkF 5 8.15 121.99 43.26 30.23 71.12
BbF 5 0.05 100. 71 28.96 20. 60 69. 87
BaP 5 5.67 190. 40 34.49 36.59 106. 09
DBA 5 0.26 19. 40 6.24 4.26 60. 56
IedP 6 3.35 43.33 15.25 9.39 68. 30
BghiP 6 3.33 68. 18 23.48 16. 21 69. 07
z PAHs 198.21 3 400. 89 908. 72 709. 30 78.05
LMWPAHs 93.98 2531.38 506.97 555.57 109. 59
HMWPAHs 104. 23 1016.26 401.75 228.08 56.77

1) LMWPAHs 3§ 2 37 A1 3 3R R FR PAHS (452 Il HMWPAHSs 5 4 ~ 6 FRAYEFR PAHs 5 22 Al
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TR A > PAHs i B35 T e s
(330 pg-kg™') 7 iE K > 5 OO F
(1074.58 pg-kg™' )P Mg WO (1500
me-ke ™) P IE K A2 i B B K E AR, MRS %
(10620 pg-kg ') K (4204 pg-kg ')
By (3 223 p,g'kg_l YL HR M (2884.7
pg-kg ™) P IR BH (1 928. 66 wg-kg ') P IR

il KA.
2.2 RS PAHs fdEE RS TEHY

L (1) ~ (5) 20 BT 545 2 2 40 K 2

PAHs 7£ 3 2 2255 F 9 ILCRs 1 CR(F&4). th
A A, 3 FE AR TLCRs e > ILCRsy >
ILCRsuy. 185 1. 2., 3 BY-F 24 ILCRs jypppppe 73 91 15
H CR # 64.03% . 63.97% Fl 64.62% , ¥ 3 Ky
64.21% ; ILCRsg, 43 7l /i H CR 9 35.97% .
36.03% #136. 11% , V-3 4y 33.04% ; WM 4E Al
DIZBEATE. T FRRE 3 FifE 5T i
CR K/NIF R 5 3(3.71 x1077) > & 2
(4.47x1077) >1EF 1(9.27 x107%) , PLWI 5 2
SR BB TS, B 88 K2 PAHs JT 800 f Bl
XU 8K

®4 BERTEREFERTH ILCRs 71 CR
Table 4 ILCRs and CR of PAHs in dusts for different exposure scenes in driving-schools

BB et ILCRs 4 5 ILCRS g ILCRs gy CR
/M 7. 50E-09 1. 33E-08 5.81E-13 2. 08E-08

5 1(5 a) SN 1. 34E-07 2.38E-07 1. 04E-11 3. 72E-07
¥ 3.34E-08 5.93E-08 2.59E-12 9.27E-08

/M 1. 50E-08 2. 66E-08 1. 16E-12 1. 25E-07

55 2(10 a) KM 2. 68E-07 4. 77E-07 2.08E-11 2.23E-06
¥ 6. 68E-08 1. 19E-07 5. 18E-12 4. 47E-07

/M 3. 00E-08 5.33E-08 2.33E-12 8. 32E-08

fH33(20 a) e RAE 5.37E-07 9. 53E-07 4.16E-11 1. 49E-06
YoM 1. 34E-07 2.37E-07 1.04E-11 3.71E-07

M\ 29 BT A IR A g R XU (181 1) AT WL 71
Sl R R 2, i FE s KLY CR #/NF
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J11 R M A SR 1Y BaP & AR &, 35 190. 40
pg kg EAEAAEYIMEA 5. 52 fF; K4 BaP %
L] ZPAHS () 17. 24% 38 7 T 45 2 R 4 (8
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185 3 IR 3] T I AE (R BRE XURS: /K-

3 itig

3.1 KA PAHSs JRf#BT
3.1.1 PAHs 454F HeE7:

PAHs AN [m] BAA ] 5T et 43 500 LU AE 7T M 23 A
HOR YR 720 ARHF S HL BaA/ ( BaA + Chr) Al
IedP/ (ledP + BghiP) #E47 25 £ JK 22 PAHs U5 fi# Hr .
BaA/(BaA + Chr) <0.2 #8751 ihJi,0.2 ~0.35 3§
A AR TE R TIR AR, > 0. 35 46K
AT IRRE AR SE IR BE TR 5 TedP/ (TedP + BghiP) <0. 2

BnATH IR, 0.2 ~ 0.5 F5 /8 A A RS 52 R 5%
TR, >0.5 57RO 58 B IR -
Ah , TedP/ (TedP + BghiP) BI¥I{E R 0. 43 £0. 20 B 3%
ARSI ZE A HER R R R S A R G
BaP/lcdP ¥J{E 54 1.0 A1 0. 4177,

MIZ T 29 Fr %25 ¢ JK 22 BaA/( BaA + Chr) Fll
TedP/ (TedP + BghiP) 434 (& 2) A 1,6 N2 4% Ik 24
BaA/(BaA + Chr) 7E 0 ~0.2 Z[a], A ; 19 4
BRAE 0.2 ~0.35 ZIA], Al BARIR G ; 4 1>
BRE > 0.35, Ak A RREAS 2 BRBEE. i H,
93. 10% 1725 1 JK 2R TedP/ (Tedp + BghiP) 7E 0.2 ~

iy e e HAHE et
N + : 1t
05| + E A
= + | i
S 04f : %%
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S 02 g e +
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Fig. 2 Bivariate plots of BaA/(BaA + Chr) versus
IedP/ (Tedp + BghiP) in dusts of different driving-schools

0.5 ZIH], YA R 0. 41, R A BB 78 2 8L 2
PAHs 19 B VR. 79.31% )72 4 K 2> BaP/IedP
fE1.02 ~2.79 Z A, ¥ 1. 45, B 43 31 50l 4¢
1.0. FULAT LIS EIANF 4598 . X 2K K2R PAHs
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S E A HE DTk K.

3.1.2 ik

MRPEFRE 1 Fra 29 P A i ISR O, KRBT
WA R 3 2 — A X AL, i Bl = B Ak
M, A4S PAHs A JRAH XS B — A0 25 4%, 0 45 25 £
JU~J7 017 488 s, R T X AL, JHH £
BT A, 528 J11, J16, JI18 ~ J21, J23 ~
J29 313 IRy, —RIRA XK, B AL,

25 AR SCH, AT BB B T, A4 I8 ~ 110,
J12 ~J15, J22 38 Ars s,

A FH DX 25458 AT LA 658 deg b i 7 228 48 6 K 4 PAHs
()52 ), At 25 A ] [T 8 NS0 Bl A S A P B A IR
22 PAHs Fr A R ERREE 0948, gk B X2 4
TR PAHs W43 (& 3) RT3 IR 2 LA {fﬁi
HEBARIRY) Phe F1 Ant'™ (5 48 X3 HOE 14

S50 D PAHs B9 15. 14% F1 15. 06% ; Pyr Fil BKF

FRET S, 9. 02% M1 7.81% . KRIRK Lj]
TP G HERR IR A Flu £ Nap'™*' | HOP2

S5l D> PAHs fY 11.55% | 5.30%. mﬁaiﬂﬁﬂlﬁ

JCBRIRY) BaP |, TedP il BghiP 45134 FJ?;EB@ tMﬁJi’H&
Mt 5% . A 53 FRAEIE— A U0 W% T 2 R S Th 4
(KF . Bz %) %K PAHs HEK 'ﬁfﬂf%ﬂ’] Tk
2 LR R KRS L sh & (2 H T 44
0 EES) ) 48 YRS TR,
Sk XA E, Tolk X RNR & X 288 KR
PAHs 1Y B35 BEA AL Z AL 17@@?2%#( K3).
SRR A PAHs B A A S A — 5, Ui
RAERFZE RIS KK 22 PAHs BIRIBEAE7EZ H,H
RIR G HE A SR & 3 T M7, PAHs AN i A
o2 R B i A T U B A
ZREAG IR PAHs B 1S A AR W] =22 A R B
A X 2 4 Jk 4 HMWPAHSs (5 > PAHs (b

R, AR PIZE B A LMWPAHs (5 > PAHs [t
AR N 3 AL, LA Ant S 5 A5 0 g ER
PAHs ﬁﬁilﬁ > PAHs Py LL Y FBLN 4 [ X 25 £
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