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Summary

Polycyclic aromatic hydrocarbons (PAHs) and dioxins have several toxic properties, including mutagenicity, carcino-
genicity and reproductive toxicity. PAHs mainly originate from the burning of petroleum and coal, while dioxins originate
mainly from waste incineration and agrochemicals. Both PAHs and dioxins have aryl hydrocarbon receptor (AhR) binding
activity which is related to toxicity of PAHs and dioxins.

In this study, we evaluated AhR binding activity of airborne particles collected in Beijing, China and Kanazawa, Ja-
pan by DR-CALUX and the contribution of PAHs and dioxins to this activity. AhR binding activity of airborne particles
in Beijing (1, 200 ng-m™?%) was four hundred times higher than in Kanazawa (2. 7 ng-m~%. The composition of PAHs
didn’t show large difference in Beijing and Kanazawa. The contribution of the PAHs to CALUX-TEQ was higher than di-
oxins and especially high in Kanazawa (10. 4 %). These results suggest that PAHs show large contribution to the toxicity
of airborne particles, and other kinds of PAH and PAH related compounds will also contribute to that toxicity. The differ-
ence of concentration and composition of these compounds result in the different level of toxicity of airborne particles in
each city.

Key words: Dioxin, PAH, DR-CALUX, CALUX-TEQ

1. BUBIC

ERAEFEER{LKFE (Polycyclic Aromatic Hydrocarbon; PAH) #§
RYA4AF L VR, BB OERIGER L TREET RIBH S
MED—2THY), HisGERLOEEEFEHRINLTVWE, Zh

L0ERER, FUREGPOEERTFTHZ AhEEE (AWR) ©
EHALE N L CHESNL D", PAHER YA +5 1 YE0ENE
DEI I E L DFE AR DEWILR T > > v MV EHBET 5, AR
PIEELS I D L EBEYIEERAN (XRE) 2 AL T4 2 &8ET
ORBNFEENLN, HIZLIAMBRTVWADIZCYPLAL 2 &
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LEMABERI L AR EZ T VY, AERRCERL
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BEDICIFATF S VEORMESSCHFEL, SEMFICL
NEUDPKELCERD, #0100, 1437 VEWKIBETH-
T, #OREEWRTEREIBTE BRE LTRESEIR
BBy, BICERELTTESLTFMT A0 LY, 20
BLEBEA,S, 714 % Y Y EOBWFMIC I EESMRE (TEF)
BIUEMEE (TEQ) OME HVWOLND, TEFZ Y14 F
VO TRLEEDEV237.8TCDD # 1 L LA, &
BUEEOMTHLEROBRETH S, FTEQ I, FEMEDR
BFIZ TEF %5 U-EOBMT, 20 TEQ RREMA0FESDM S
REBLEVA XY Y EOREICR D, B, #HRFETIO
TEQ # AWVT, ¥4 4% Y Y EOME—HBENEL EOHEI
FENTV D, —FFTHA LBEROM S %5 -7 PAHBRLRET
CEEHIZRELTVADIOEH ST, F4FF L VEEIRS
DR#FEZIIRT VS, TOEMOMWE, FHOMEE AN
i ERBILLRT L, F1AF YV RERAKOFHEE S Tw i
Vo LAL %A S, PAHERKEHERZ LIV /43S V4
RELTWDBI LY AR OEHILE AL CERYBETLZLO
BBV LY, TREWIEEDOEEL A ) A7 BRFLE
ThiHLEXLNb,

ZhETE, XREBMTTRATLN L 7 27— EIZL DFE
1= AhR DEMAL 2 B+ % 2 L AT EETd % DR-CALUX (Dioxin
Responsive-Chemical Activated LUciferase gene eXpressions) 7 v
A %M, TCDD % 1 & L-$H4 0% PAHEOMM HHME L
L CHEH L7 CALUX-TEF ##i& 8 T\ 27, K58 Tit, PAH
HL VA AL VHOEHEEVRRIPE (GLE) EBE (2R
D2 OB ORESE vy, DR-CALUX 7 v+t 1 L KEH
Eo#HM & TCDD 2x ¥ 2 x4 (CALUX-TEQ) THHL 7.
72, WAL ARREROBVERHL,IIT D720, {BEFITIZ
IDHHREHEDO PAHES L US4 45 VHEHOBE - #K
% -, WHO-TEF &% UF CALUX-TEF & ¥ #h &1 WHO-TEQ &
Theoretical TEQ # & L, 15@ CALUX-TEQ iIZX¥ 275 % &
L7,

2. MEFE

2. 1 KEBERH

KEMER, HE - b (PERNEREERENELY—. 5
BEE L) & HA - &R (SRKFEAM Y v 2/ A BARREZEM,
AWART ) O2HHIZBWTNAR) 2= A LT—H 75—
(SEHIR RS, HV-T00 FED # V¢, A7 Loy — (%
V7 Ly s ATay sy, 2500 QAT-UP 8" x 10"in) Licdi& L
Fro WE - LHTIIHEF 200843 ~4 A1, HE - ERTREEL
HEED008ES~6 IS, FRERY T T Tl 245
BEC 74 vy —5cH% Ledth 10 AMERTHERELTV,
FE L - EHA S U, DR-CALUX 7 v & £ RUMLZBAT I3
2EIT-ATOERFETTREF LY. 10 HHOTHHEREIX
hE - LR T289ugm™3 BA - £RTPBugm *ThHH, K
OHBERIVGH 0 ESBRETH -7

2. 2 MERVIV-FvT
KEMELHE L ERRMET7 vy -1, WERED 1/2%

DR-CALUX 7 v £ 42X % AhR iEHALIEA DM, 1/4 #1b%
G L B PAHME ¥ 4 4 * ¥ VEOREICEFREFRLH V.
DR-CALUX 7 v £ 1 I BHRT ARSHBHE 7+ V¥ -1, b
mm FICH®E, Rry¥r-=y /- (3:1, V/V=30mL:10
mL) CXAEEEMHE 2ETo . B/, A
(E# No. 6 HfE 125mm) BLU ALY 7T 714 0% — (HHELE,
HLC-DISK13 E% 13 mm FLiZ 0.45 ym) THEIZ BB L, Z/NF L —
y—T1lmLICE#BE L. Sh% 300ul @ DMSO IXERELTT v
AT HFTLCEHTTREL 72

PAHERU Y 1 4% 2 VBOESTICERT 5 KM ERE
TANET -G F L AN OLEEIR->T, FNERD
Ax > (300ml) -V 7 AL—HHBETY, SOl hE
AEETOFHLTEALAI Y RY v MEHER v Tbs s
W4 ERL 72 PAHEOGTIC2\TIE, Loy RV M
WHIZZ ) — > Ty TASM 7 (FIEMET 60, PAHI6 EOR
LS BC) 2L, 1mL £ ML MEmE L
oo ¥AAFLUHICOWTIE, TRV y MAMRBRIS, 7Y —
7y TANA y (BEALETIE (#k), PCDDs/DFs: 19, Co-
PCBs: 14 %) ORMAILEY BC) &k SR UAF VAT
ARUETNIFHAGIALEDB )= Ty THRITV, RV Y
A284 » (BEAL3E1L%¥ (#), PCDDs/DFs:37%, Co-PCBs:17)
AL, SEICL DB ER LY,

2. 3 DR-CALUX

KSR AR #EIEEEAORIER, DR-CALUX 7 vt 1
FHGERIFECER L 2249, REBESE QML o /R
BRI A BRIBEL, BoNL iy 7T T ERREDSL,
AhR &M ALVER % 2, 3,7, 8-TCDD #8 % (2 4t U 7218 % CALUX-
TEQ & L, BT B RS 70 0 THEIM LA (pgTEQ-m ™%,

2. 4 PAHs RUS A %2 L HOWEI

US.EPAISE® PAHIGRER U Y £ 4 ¥ L VEOBESITE, 7
Az A< 757 -HESHEN (gaschromatograph-high-resolution
mass spectrometor; GC/HRMS) (Agilent Technologies HP-6890,
Auto Spec-Ultima, Waters/MICROMASS) # Ji vy, EI-SIM # T%
ML 7Y, PAHEGHHISBWT, S8ES 7 41243 DB-SMS (60m
x 0.25m id., Agilent Technologies) % i\ 7z, % 7 L DIRE LM
3 150T (15 /min) —200T (8T /min) —300T (25min),
EADBEIZI0CT—310C (100T /min) & L7 ¥4+ %2
Y HE D HHFIZ1E SP-2331 (60 m x 0.32m id., 0. 20 um, SPELCO)
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J&W) & Bviize K7 9 A ORELHE, SP-2331 T 160 T (1 min,
6T /min) —220C (Omin, 3T /min) —260C (30min), ¥
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T /min) & L7

3 REBIUEE

3. 1 AhREAEM

DR-CALUX 7 v £ 1 % W Ci# i o KRB E AR AbR 5%
{EERIZ DT CALUX-TEQ % B it L 7o %, ALH T3 360 ~
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3. 2 PAHIRES#H

ARFGEIR, KREF AL TR E 12 RE U7 74K PAH % 2%
OHRELETD, N B a— b7 —% 75— CHEHE
TANS—ORERACAZEL), FICFARTHEETS2 3B
OFEFEFRICEPN OV TRAHARAL LTw2Y,

AL T, US.EPAAEET 5 PAHIG 2 ST oM R & L
720 PAHIGHED 2 VR Yy MMM PICBIT 2 XA EREE D
7o) OWE R Table 1 1278 L7z, PAHIGHEDBE L, HAE - &R
(22,000ng-g~ ") ZHRTHE - B (180, 000ng-g~ ") M8
B o 2. FOHT, £ T2 benzo[b]fluoranthene (41, 000 ng-g~ 1)
R OEBRETH D, &I indenol1,2,3-cdlpyrene & benzo(ghi]
perylene SEBWELZ R L72. —F, SZIRTRLEEEZRLZLD
t4 benzo[b]fluoranthene (3,300ng-g~") T, Z #1i fluoranthene
(2,900ng-g = "), indenol1,2,3<dlpyrene (2,700 ng-g ~'), pyrene
(2,600ng-g~ "), benzolghilperylene (2,600ng-g-") HHENSE
BETHRS, ERESRETEIBFICRELENROSRALLDOD,
MK E R BEVEIRO R oo LR THBEICKRE S L
3O PAHHIZ, LR O T7OYFVF AN CLRABICHE
EREBENTEY, BEBRESATRVLOO{ET IHEDNT
HREHSHIET 2 RN H 5P, —F T, ZIRCBVWTHBETH-
7zpyrene 37 4 — ¥ NIy VU EEAREREL TAEAICEE
BEREINAZEFRMEINTVELEIEHSY, SIRTHRIBS A
PAHEO—HE T+ —CENP T AEBERET L2 EZLR
PAS

SHRAMECHEL NI RRNED 2 ) O PAHI6 FE R (2B
LT, oBRTicBiis28F0RELEBETLI0, KREHL
DIE L. ZORE ETE54000pgm-3 £RTE
740pg'm-3 ki, tho#Eh L HET 5 &, kEORKPIZBIT
% PAHI6REIX, 1 F VA 28— 3 44 (21,000pgm- 3 %

BRIE{LF Vol21, No.l (2011)

F)Ix 754 (3,500pgm IO A EORRMOET, TE%
EUT7 I T7ToMmoART, BE (89,300~ 74, 300pg-m -, KiE
(239, 000 ~ 540, 000 pg-m ~ )@ &k (18,000 ~ 68, 000 pg-m ~ )"
EIET 2 LRIERED L VIIE WVEFR LA, £IRIIVTROE,
#RH & b Aoz KIZ, CALUX-TEF (DR-CALUX iZBWT,
2,3,7,8-TCDD Oifth% 1 & L - HEOMIGH)® % PAH b
DATRERICR U C, PAHHEIC & 2 H5R197% TEQ (Theoretical TEQ)
FEBLALER ETIE26pgm% £RTIZ0.28pg'm~3
LR, AREESROMIBLOEMEE R L. BEERENI &
W, EEESRICBIT2PAHEOREDE (H81F) 1Kk
Theoretical TEQ TEH L7275 % ) EABEE (100 )ik - 720

3.3 F1FXLHRE

A 95 T it PCDD, PCDF., PCB D T 4 2 F A7 <,
WHO-TEF S LN T2 29/ 5 1 4% o VHE SO
FeLle IRLFLAFY VHIZOWT, MEHOKRAHED D
YARYy MlHHE (bR 0 36.6mg-mL-! &R :6.0mg-mL-1)
BT AREWEEEDS /) ORE % Table 21278 L7z, PCDD/Fs
DRBEIZOVTIE, PE - LHTIE27,000pgg"! BHEF- £
IRTIE240pg-g ' DFEERBFE LN, HE - EEOFVEE - &R
L0 2HIBERSCEERLL, PE - LR THEEERLASY
14 % »$ix1,234,67 8HpCDF (6,600pg-g~"), OCDF
(5,900 pg-g ="}, OCDD (2,500pg-g ~"), 1.2, 3. 4,7, 8-HxCDF
(2,000pg-g~") THY, KEBEFTOIF 135> VHOBREKS
i7% PCDFs "0 58| &13 88 % EFEHICE D o720 —F, HA -
£INCiE, OCDD (12,000pg-g~!) PRI BBELRL, T
1,2,3,4,6,7,8-HpCDD (510pg-g~!) "EVRELR L. £
OO EEAFIL 180 pg-g L BT, HAHVIHRETREXRB CH-
2o T & JICHET PCDFs MRl ER H & /@i, I8
BECERGEECBSIT L LB ALZ EOEES, BIAETIE,
MBERESHBEMEKECHIARAROBEI S LW &0

Table 1 16 PAH (prioritized by the U.S. EPA) concentration and theoretical CALUX-TEQ for the six PAHs

. . 1 Theoretical- TEQ
Compounds Ring number CMm-mEi(fmm base) ™ Concentration(ng g ) (b2 2,3,7,8-TCDD g'l)
’ Beijing Kanazawa Beijing  Kanazawa

Naphthalene 2 - 800 720 - -
Acenaphthylene 3 - 230 <300 - -
Acenaphthene 3 - 59 <300 - -
Fluorene 3 - 380 <300 - -
Anthracene 3 - 730 <300 - -
Phenanthrene 3 - 5200 1300 - -
Pyrene 4 - 12000 2600 - -
Fluoranthene 4 - 13000 2900 - -
Benz|a |anthracene 4 6.00015 12000 830 1800 120
Chrysene 4 - 16000 1600 - -
Benzo[) |fluoranthene 5 0.0012 41000 3300 49000 4000
Benzo[k |fluoranthene 5 0.00066 11000 12060 7300 790
Benzo[a |pyrene 5 0.00032 17000 1700 5400 540
Dibenz|ah |anthracene 5 0.0013 4100 360 5300 470
Indeno|Z,2,3-cd |pyrene 6 0.00089 25000 2700 22000 2400
Benzo[ghi |perylene 6 - 25000 2600 - -
Total 16 PAHs* - 180000 22000 - -
Total theoretical CALUX-TEQs* - - - 91000 8300

a Quoted from ref. 39)

*The total concentration means the sum of compounds that were over quantitative limit.
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BETZIOEEL LD, REWHHTE AOER L HELUT
28, tokii, —HKi, KEFOY M F¥ Y vEiZ, PCDDs
£ b PCDFs DEEFSHWEIZH LD A5, BHE - EFROF 1
¥ UMEBEICOVWTIE, OCDD PHEMIIE,N o/ TD LD
A, EACEHFSEET A HARENOBORT ISV TY
HEINTHY, FOREIRFEIC X - T, OCDD #945 RHYIC iR
BRI S W TWw A Z e HEES LTV,

375+ —PCBIZ2WW ik, FHE - JLFEIZB VT PCDD/Fs i2
s EekMlRBETH-. —H, BE- £RICBLTE
S AR T3 AED PCB I DWW T TREL T Th o 7208,
PeCB#118 @ &AM H 21172, PeCB#118 ik, #BFIIH KRB THEH
shTtwharFr+—%l5$fh % PCB RAPOEEREMET
HNP, BEDCEBRLALOCHKTATRENEZ bR

I, TG A+ VEOREBLIUWHORED S
WHO-TEF # iV, £ EBIUVEROKABEAEIZEB T
5 WHO-TEQ # B H L 720 Table 1 ISR L 72 £ 91, bR T
0.49pgTEQ'm 3%, 4R Ti20.021pgTEQ m * & & o 7o
NoofElR, BROKEFF 4143 v HORBEEEM 0.6
peTEQ m 3 Xy b oike T4 ThITO®EELD,
Eo#m (b :0.018 ~ 0.64 pg TEQ-m =% i 1 0.0022 ~ 21
pgTEQ-m 3, KM :0.057 ~ 1. 3pgTEQ - m~)*® HEXL &
BT 7 L TEEOHT (Fi%:0.018 ~0.43pgTEQ -m ~3, BHE:
0.018 ~0.43pgTEQ-m ~3, &i%:0.056 ~ 0. 35 pgTEQ -m "3, HA:
0.083 ~ 0.55 pgTEQ-m ~ )2 Bk o#fii (FJ T+ 10.04~
0.12pgTEQ m~3 <> FxA¥— :0.026~0.22pgTEQ -m 3

Ox Fr:0062~0 18pgTEQ-m~3% A4 ¥ :001~0.36

Table 2 Dioxin concentration and WHO-TEQ in airborne particles collected from Beijing in China and Kanazawa in Japan

Compounds WHO-TEF* Concentration (pg g ) WHO-TEQ (pg g™)
Beijing Kanazawa Beijing Kanazawa

2,3,7,8-TeCDD 1 17 <89 17 <89
1,2,3,7,8-PeCDD 1 120 <89 120 <89
1,2,3,4,7,8-HxCDD 0.1 140 <180 14 <18
1,2,3,6,7,8-HxCDD 0.1 220 <180 22 <18
1,2,3,7,8,9-HxCDD 0.1 170 <180 17 <18
1,2,3,4,6,7,8-HpCDD 0.01 1200 1100 12 11
OCDD 0.0003 2500 12000 0.8 3.6
2,3,7,8-TeCDF 0.1 350 <89 35 <8.9
1,2,3,7,8-PeCDF 0.03 1100 <89 33 <27
2,3,4,7,8-PeCDF 03 350 <89 110 <27
1,2,3,4,7,8-HxCDF 0.1 2000 <180 200 <18
1,2,3,6,7,8-HxCDF 0.1 1600 <180 160 <18
1,2,3,7,8,9-HxCDF 0.1 200 <180 20 <18
2,3,4,6,7,8-HxCDF 0.1 1300 <180 130 <18
1,2,3,4,6,7,8-HpCDF 0.1 6600 510 660 51
1,2,3,4,7,8,9-HpCDF 0.1 1300 <180 130 <18
OCDF 0.0003 5900 600 1.8 0.18
TeCB #77 0.0001 190 <180 0.019 <0.018
TeCB #81 0.0003 21 <180 0.0062 <0.054
PeCB #126 0.1 240 <180 24 <18
HxCB #169 0.03 83 <180 25 <54
PeCB #123 0.00003 24 <180 0.00073 <0.0054
PeCB #118 0.00003 420 240 0.013 0.0072
PeCB #105 0.00003 330 <180 0.010 <0.0054
PeCB #114 0.00003 <21 <180 < 0.00063 <0.0054
HxCB #167 0.00003 76 <180 0.0023 <0.0054
HxCB #156 0.00003 320 <180 0.010 < 0.0054
HxCB #157 0.00003 110 <180 0.0033 < 0.0054
HpCB #189 0.00003 210 <180 0.0063 <0.0054
Total PCDDs* - 4400 13000 200 180
Total PCDFs* - 21000 1100 1500 51
Total PCDD/Fs* - 25000 14000 1700 230
Total Coplanar PCBs* - 2000 240 27 0
Total PCDD/Fs, Coplanar PCBs* 27000 14000 - -
Total WHO-TEQs * - - - 1700 230

a Quoted from ref. 39)

*The total concentration means the sum of compounds that were over quantitative limit.
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Table 3 Contribution of PAHs and dioxins to the CALUX-TEQ of airborne particles

Compounds Method TEQ (pg'mi’) % of CALUX-TEQ
Beijing Kanazawa Beijing Kanazawa
Airborne particles CALUX-TEQ 1,200 2.7 - -
PAHs Theoretical TEQ 26 0.28 22 10.4
Dioxins WHO-TEQ 0.49 0.021 0.050 0.074
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