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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. ZC®IC

SEEERERILKZE (Polycyclic Aromatic Hydrocarbon; PAH) 48
RFAF XY VEIL, LEBREOERICER L TRET SRR
WED—DTHY, e RERLOBBUENERHENLTVWE, Zh

bOFEWER, FIIEXFEPOBERTTH S Ah ZEMS (AWR) ©
HEHEALEN L CHFESINE 20, PAHERY A4+ F 2 VEOFN
DEEITE S OBE ANR DEEALRT ¥ ¥ vV EAHBT 5. ARR
MEELSN DS L EFERYHERES XRE) 24 L THA RBET
DERPFEINGD, FICLSALNTWEDIECYPLIAL 2 &
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OHEYRHEE TH Y, PAHEIIFEYABRRICL Yy B2
I HE SN T R B8, KELARBILELR & LY EFEED
BOWRBEME 2553, —F, F¥4+F VT
5LEMRHTEERIC L ARBE ZIII D, AR CERL
RV,

BRI A4 %Y VEOBREENSCEEL, SEMEEKICE
DEUNKREL BL D, F020, FA4FFY VEIMEEETH -
Th, FORMEISRTELESEIIUEL, FRE L TREZEIIR
E By, BIZERES U THESRYFHIT 203 LY. 20
BRBEBPL, 744 %Y VEOF M IHEESMBEE (TEP
BLUBHERE (TEQ OEFHVLNL, TEF X5 A 4+
VHEOBTRLFEEOH2,3,7,8TCDD # 1 & L2HE&D, %
BEYEEOMM L BLEORETH S, T TEQ L, FEMADR
EICTEF # B U7 EOBIT, 20 TEQ & EEEOFEDHR S
PEBLISAT RV VEOREICR D, BE, WRZETZO
TEQ 2 AWV, F44+* L VHEOME—HERE L S 0EH
FENTVD, —FTHLREEOMS %o /- PAH 3 b Bigd
WIHEHICEEL TWADIZLEbLE T, ¥4 X VEEIZESR
DRFEZIRPT VD, ZOBEORS, FHEOEE, KA
B EDRBALL R T, F4 4532 VEHERABOFMTSIN VA
Vo LALEDS, PAHERAKEHEFZ LISV X > V4L
RBIELTWBZ L5 AR DIEHILZ AL CHERZ2RET L0
DWENZ ERE, IROICIEHBOBEL R VY A7 SIWE
ThbEEZLND,

INZFTIE, XREFIBMTTRETAINY 727 —EIZL ) HE
\= AhR O EMALZ BT § 5 2 & ST EETH % DR-CALUX (Dioxin
Responsive-Chemical Activated LUciferase gene eXpressions) 7 v
+A %y, TCDD % 1 & L7356 0 &% PAH oM HEME &
L TEH L7 CALUX-TEF 235 8 T 37, AW Tk, PAH
HR A4 VEOEEEVELRAHE () AR (&R)
D 2oDHHDOKRLTH# % FH:, DR-CALUX 7 v £ 4 » b KEH
BEnHEM % TCDD 125t 5 %t fE (CALUX-TEQ) TH#HH L7
F72, BWI L BREFUEDECEFHLPICT B0, EZESTIC
I VMHARSHESO PAHEB L U5 A 4 3 VEOBEE - M
% #~<, WHO-TEF % U° CALUX-TEF & V) #### WHO-TEQ &
Theoretical TEQ # EH L, Li® CALUX-TEQ 23§ 255 % &
HL7,

2. IRFE

2. 1 KRHERAH

KEMEE, FE - LR (PERERARBRENREEY -, 5
MELE) &HAR - &R (BRAFAMX v 23R R ETFEH
SRV F) O 2HHIZBVWTNAR) 2—L LT =Y 75—
(SemplZtRR &4, HV-T00 FED % i\VC, REEME 7 « vy — (%
V7 Ly z AT7aF sy, 2500 QAT-UP 8" x 10"in) LIiZ#&EL
7oo WME - AETIREF20084E3~4 712, BHE - IRTEREL
FEED208EFES5~6 A2, FNEFNY V7)) T afTolz. 24K
MZEic7 4 vy —5cid Lad™s 10 A MERE CRERE TV,
B L 72383 H L, DR-CALUX 7 v & 1 R Ob&ESHT ot §
2FT-4COEREHTTRAELA. 10 HMOFHHERER
E - LR T289 g m 3, HAE - £RTBugm P THH, K
DOFVWERLIDIPI0EZERETH 72,

2.2 BHERVIY-TF v
KREWELHELCEREMMET VY —I13, WEEED 1/2 %

DR-CALUX 7 v £ 112 & 5 AhRIEHALIER OFFIC, 1/4 #1b%
A& B PAHEEE ¥4 52 VHOBEIZEFNENH N,

DR-CALUX 7 v £t A CHEB T2 REMWEMET s V¥ -1, 5
mm fAIZHg, Xr¥r-xzy - (3:1, V/V=30mL:10
ml) 12X ABERME % 2 FETo /2. Bo/ i, A%
(3%, No. 6 EE 125 mm) BEU AV 7574 V¥ — (HHEALE
HLC-DISK13 E % 13 mm L& 0. 45 ym) THEICA@\ L, =/ WKL —
7 —T1mL 2 L7ze 2% 300l @ DMSO I2ERELT7 v
AT B ETACTEHETTREL..

PAHER Y 14 F 2 VEOLESHTICHEAT 5 KA ERE
TANE —FFTAFF L VESTAOREERIIEST, FNEFND
VIY (300mL) -V v AL—HBEITY, B0 E
FEETOSWMLCTRA LIV RY y MHTEE BV CbEs
WraEm L7z PAHEOSICOWTIE, LR EYy M
BECZ ) =7y TASA 7 (MBMIET IR, PAHI6 O
MAALEY BC) ML, 1mL ¥ Tl LBz oot L
oo A XX VHEIZOWTIE, TRV y MM, 7)) —
YT v TANA Y (BE LFETLE (#), PCDDs/DFs: 197, Co-
PCBs: 14 ) OFRAMALEY BC) Lk, £BL I ASVE S
AROPTNIFATALELD ) =0Ty TR, RIZPY Y
254 7 (BEALFETH# (#k), PCDDs/DFs:3#, Co-PCBs:1 %)
AL, SENC LD aTEE R LY,

2. 3 DR-CALUX

REMEF O AR FEATFEEEAOWER, DR-CALUX 7 v ¥ 4
& AV ZBERRICPE VR L 72910, KA ERE MR OFR
BRI 4 REHBE L, Bohni 725 —EREEND,
ADRVEMALIERE % 2,3,7,8-TCDD #H 4 (T2 # L 7218 % CALUX-
TEQ & L, R B FERES ) THE L (pgTEQ -m™3),

2. 4 PAHs RU S A H X% CEORBEMN

US.EPATRED PAHI6 R U5 A 4 ¥ VHEOBEESTIE, ¥
Aza< by 57 -BESHE (gaschromatograph-high-resolution
mass spectrometor; GC/HRMS) (Agilent Technologies HP-6890,
Auto Spec-Ultima, Waters/MICROMASS) % F V>, EI-SIM #: T
ML 728, PAHEHOGHIC BT, H#A T 4121d DB-5MS (60 m
x 0.25m id., Agilent Technologies) % FH\ /2o & T L DEESRMG
13 150C (15C /min) —200C (8T /min) — 300 C (25 min),
EAOREZ150C—310C (100C /min) & L7z ¥4 4%
YOG HIZIE SP-2331 (60m X 0.32m id., 0. 20 pm, SPELCO)
& DB-17HT (30m X 0.32m id., 0. 15 um, Agilent Technologies/
J&W) % iz, &7 5 L DRESMIZ, SP-2331 Tid 160 T (1 min,
6C /min) —220C (Omin, 3C /min) —260C (30 min), ¥
AMEEF 160T— 280 T (0min, 100 C /min), DB-17 HT TiZ
130 C (1 min, 20 C /min) — 200 C (0 min, 3 /min) 250 C (0 min,
5C /min) =»300C (3min), {EADEEIX 130°C—310TC (100
C /min) & L7z,

3. BRBLVEE

3. 1 AhR#E&EN

DR-CALUX 7 v £ 4 & B\ THEHEH O KEMES T AR I
LrERIICDWT CALUX-TEQ E# EH L /2R, bR TIE 360 ~
2,900pg-m-* (E3ME:1,200pgm-?, &RTELLI~60
pgm 3 CEFHME:2.7pgm™% Thoto RFERIV LY
100 L BWEEEE R L, WHTHONEREE LICKE 2
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ERL72,

3. 2 PAHEBESR

AREFFEIE, KA HFHER IR B\ CWE L 7R FIK PAH % 247
DORGEE LT, NAK) 2a— b7 =% 75— |CHEME
TANS—DRERCZLEY), BTV RABTHEETS2, 38
DEBRACEP IOV TIESIN R E LTWnBID,

e TId, US. EPAXSEET 5 PAHI6EEZ SO R L L
720 PAHI6FED 2 VR Yy MHMIBEWEF BT RANEERES
7o) DEE% Table 11278 L72. PAHIGFEDEEX, HA - &R
(22,000ng-g ") Ck~THE - JLE (180,000ng g~ ") 114 8 1%
B ol ZF0OH T, JLE Tid benzo[b]fluoranthene (41, 000 ng-g ~ )
MHELEEETH Y, KIZindenol[1,2,3-cdlpyrene & benzolghi]
perylene BEWERR L. —FH, SIRTRIEEELARLLDO
i3 benzo[b]fluoranthene (3,300ng-g~ ") T, Z #iZ fluoranthene
(2,900 ng-g ~ 1), indeno[1,2,3-cdlpyrene (2,700ng-g ~'), pyrene
(2,600ng g~ 1), benzolghilperylene (2,600ng-g ") A ILEHE
BETHRE, LRLSRETIIBEICRERENRONZDOD,
MBI KREREVIIRON o/, EETEBEICHRHE S L
3O PAHEIX, LRI TOTIVFT A7 THRBICEE
ERHEENTEY, BEFEIHO L TRVWLODLET AIFENE
EFESHEETHHREEYH 52, —F T, EIRICBVWIERETH-
Jopyrene 3714 —ENZ VP U R EERREREETOILAIIER
ERBENEZENRFEENTHEI ERLY, SRTHRIESIN
PAHEO—EIZ 7+ —ENVET A% BERETHLIENEL LR
720

EHWAETHONLRENES 2D O PAHI6 FERE Y
LT, MoOMHICBIT2BEOMELLET LD, KREHL
DIICRE Lz, ZOR%E, LETIE54,00pgm 3 £IRTHE
740pg'm P &Ry, MOMHEL KT 5L, LEOKAFIZBI
% PAHI6%&1X, A FY R - N—3I 2 F A (21,000pg m™ )W %

BIEILF Vol.21, No.l (2011)

FUYTx - T7A (3,500pgm N L EOBMOET, hEE
L7 V7 OO, #HE (89,300 ~ 74,300 pg-m ~H)®, K
(239, 000 ~ 540, 000 pg-m ~ )@, #EKE (18,000 ~ 68, 000 pg-m ~ )7
EWEBT B EEBED L VIEEWEZR L, £RITThol,
ALY bIED» o7 WIZ, CALUX-TEF (DR-CALUX iIZB W\ T,
2,3,7,8-TCDD OiFHE% 1 & LA OILIHEE)® % PAH LA
DHAERIZFE LT, PAHEIZ X 23097 TEQ (TheoreticaTEQ)
FEHBLAER JLETIE26pgm™3 £IRTIE0.28pg'm ™3
ERY, ERIEFZSROBI0HEL OEMEZRL 7z, EERENI &
12, AR EERIIBT 2 PAHEORENE (H8FF) 1T~
Theoretical TEQ THEH Lz AL Y ZHEEE (79 100 ) 127 o 72,6

3.3 H1AXTERE

Af 9% T 12 PCDD, PCDF, PCB O W T 8 ICH WA ¢,
WHO-TEF 28BS 65N T 5 29O 5 A 4+ %3 VHre gifoxt
KLl INLYAFFTVVEIIONWT, MBTOKREPED
RV M GEE 0 36.6mg-mL!, £IR:6.0mg'mL"")
KEBIIBREHMEEES /- DIEE % Table 2 125K L 72, PCDD/Fs
DRBEEIZOWTIE, FE - EETIE27,000pgg™!, HE- £
IRTIE240pg-g ' DEENESN, FEH - LEOFHFHAE - &R
VL 2HBEBVEEZR L. HE - bR CTHEBEXRLLSY
44 % 311,23 4,6,7, 3-HpCDF (6,600 pg-g~!), OCDF
(5,900 pg+g =1, OCDD (2,500pg-g "), 1,2, 3,4,7 8HxCDF
(2,000pg'g™") THH, KEBHEFDOF A 4L VHOBRELS
175 PCDFs 25 590 2 E[&13 88 % LIERIZE o T2e —F, HAE -
£IRTIiX, OCDD (12,000pg-g~!) »HROLEBBREZRL, T
1,2,3,4,6,7,8-HpCDD (510pg-g~") 2"BVREE R L e %
DD BHEAKIT 180 pg g ' BT, H5IIHRETREERBECH -
720 2D & S IZHET PCDFs 2 B EME SN2 @B, Fi2H
BYE R IR BT B DBV A 2 EOBER, HICILE T,
BRRRE S LERIETH 2 AKBEROBENL W L9 L2

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

a . 1 Theoretical-TEQ
Compounds Ring number CALUX'H;:EFC(:"“‘ base) " Concentration(@gg ) 5378 TCDD gV
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 Janthracene 4 0.00015 12000 830 1800 120
Chrysene 4 - 16000 1600 - -
Benzo[b |fluoranthene 5 0.0012 41000 3300 49000 4000
Benzo[k Jfluoranthene 5 0.00066 11000 1200 7300 790
Benzo[a Jpyrene 5 0.00032 17000 1700 5400 540
Dibenz[a/: Janthracene 5 0.0013 4100 360 5300 470
Indeno[7,2,3-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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BETDLDEEZ LN, BEEYBEHPET 2 OM L EPT
BB, ZDLHIC, — kI, KEFOF AL X VHHIE, PCDDs
X 9 & PCDFs ODEEIBWERIICH 5% 5, BE - &ROF A 4
F T VHHBEICDOWTIE, OCDD SR WICE o/ 2D LS
B, EBIBRIESEET 5 BARENOMOBHICBWTH
MEINTBY, FOBRBEIREIZL 5T, OCDD 221 ICEE
BHEHRENTWD 2 EDEEEN TV B,

a7 F—PCBIZD2WTid, #E - LFHIZB T PCDD/Fs 2
B2 EEHmREETH o2, —F, BER - ERICBVTIE
I ETo721 38 AED PCBIZOoOWTHETRIELL T TH - 7225,
PeCB#118 O A & 17z, PeCB#118 1%, BFE I HAREN CHEH
ENTWaryFry—E2&3$h5 PCBEAMOFEERMAET
HHB, BEPICERLZLOICHET HAIREESEZL SN,

WL, TNHFAFF L VEOBEBLUWHONED 5
WHO-TEF # BT, ItEBLUEROREBEXR BT
5 WHO-TEQ # i L7z, Table 1R LA & 92, dbETI
0.499pgTEQ'm % &R TI130.021pgTEQ m~3& 72 o726 2
NooOfEIX, HARORKFSIALTF LV EOBRBELEM (0.6
pgTEQ m~3) L) dbEbhole T/ INFTOHRELD, &
Eo#H (b :0.018 ~0.64 pg-TEQ-m ~3, L :0.0022 ~ 21
pe-TEQ-m % JEIN :0.057 ~ 1. 3pgTEQ-m ~)*® HAE% &
MO 7 V7 HEEOERT (FHE:0.018 ~ 0. 43 pgTEQ-m ~3, B E:
0.018 ~ 0. 43 pg-TEQ-m ~* &8 :0. 056 ~ 0. 35 pg-TEQ-m =3, HA:
0.083 ~ 0.55 pg-TEQ-m ~ )% RO, (FY % :10.04 ~
0.12pgTEQ-m ™% <Y F A% — :10.026 ~0.22pg-TEQ-m 3,
0y FY:i0.062~018pgTEQ-m~3 A4 ¥ :0.01~0.36

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-Pe CDF 0.03 1100 <89 33 <27
2,3,4,7,8-PeCDF 0.3 350 <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 2.5 <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 236
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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