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Summary

In environmental analysis, the commercial reagent and reference material products of analyte compounds are indis-
pensable for chromatography such as GC/MS and LC/MS. However, most of their purities are not certificated traceability
to the International System of Units (SI). Hence the possibility that their obscure purities greatly ruin the reliability of the
quantitative value is incontrovertible. In this study, the purities of forty one commercial pesticide reagent prodycts (new
or old) were determined by a quantitative analytical method which is traceable to SI using nuclear magnetic resonance
(@NMR). gQNMR is a rapid and simple quantitative analysis method and no reference compound of analyte is needed. The
purities of ten commercial reagent products among our measured forty one products are different more than 5% to their
labeled purities by the manufacturers, and the values were found in 47. 9-94. 8%. Therefore it consequently seems that
the differences between S traceable purities and labeled purities cause the error of 5. 1-50. 8% to the quantitative values
of analytes. This result represents that gNMR analysis has potential to work as a bridge of SI traceability and the quality
control of reagent productusing gNMR is greatly important to secure the accuracy of analytical data.
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DEHLAS D% [HER] LRLTWBEHENE, Y- AR
AR, 707755 LCBRSAS TRTOBFOY -2 E
OB A HEN RO — 7 EMEHRE LTERLL
LDOTH NI TEEARLORLZ 2L ECREWOME IR
FREOCHEZIENERETH L, T, RAEKEETE, LAY
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2. 2 BESLURK

T # & hexadimethyldisilane (HMD) It ETE KRN E&H
HEER, EBBIT acetoneds (99.9 atom % D) B & U methanol-ds
(99. 8atom % D) (Isotec), diethyl phthalate (DEP) 3, #RIZFTEC
EAN EEEHRAHERORIEZREYE (NMIJ CRM 4022b : i
B2 99.98 = 0.01w/w% (99.74 £ 0.09 mol/mol %)) %R\ 7z,
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L7z REOFREMEIZ, BPABRK0.000lmg F CHRAN - /2 %
Awie,

HRESIEHER (NMR) 34— > 75 —{+ & JNM-ECA (600
MHz, HFEBFHRN&+ (FR: #kX&4t JEOL RESONANCE)) %

ERLZ qNMRO & I AV 7 MEW, HMD 2&#> 73V
(Oppm) &L, J1E% ppm B THEL7c NMRHESHEIZ Table
212

%3, QNMR BB S L UABBRORARICE, 1LEAGR
B (50, 100mLARX7523) FLREHA—- LRy ¥—(=
VFE¥ARy b Xstream (Zy XY FL7R), 10mL (RFER»S
£0.4%), 3~5mL (FHE,E£0.5%)) AV '

2. 4 gNMR REERORM S LU HMD DBERKIE

HMD #20mg % HFEICE DEL D, acetone-ds l00mL IZER L
2o B L CIZ, HMD#100mg 23 %ICHR Y B Y, methanolds
S50mLICEARAL, ZDEBEHE% methanokds TBHEHFM LA, Th
& HMD ® acetone-ds 5 # ¥ 7243 methanol-ds 5 % NMR F4Z
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7272 L, Wimo, Worr = HMD 3 & U DEP @ i ¥ (mg/mL),
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222.2337, 5 FE X TUPAC 2007 £ RROFFREED & AWVWTHE),
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8, Iimp,Iper = HMD O CH; X 6 8L U'DEP D CH: X 2D ¥ 7 F
VIR, Poer = DEP OMIE (99.98 w/w%) %7R7 .
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TR LW 5-10mg HECERINY, FORRLAqNMRA
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L7ce ShODBEH0.6mL # NMRERFICHALZ b 02EE
BHE Lo ZORBERE QNMR IfHL, HMD O Y 7 V3%
M, tAWCHERTLIENETNOREY 7/ VO ER 5
FE, BESER Q) RAL, BESoRRILEWOMELH
HL 7,

Ly !Ho M, IV,
= St C g gt et 100
ot IWD / HHAD g MM / WiMD (2)

7275 L, Wimp, Wiarge = HMD B X U RILEH O IRE (mg/mL),
Mump, Muge = HMD B & UHR{LEWO5FR® (146.3781 8 &
U'Table 1), Iump, luge = HMD B L U RILEWOREED Y &7
F VIS E N, Hamp, Hoge = HMD B & Ut RILEW O FEED
78 b ¥, Poge = WRICEWOME (%) 2RTo

2. 6 QNMR RIERMHS L UBITRE

IIREATE 41 BROMEN, EHO QNMRE® |2 & 1) RIS
WHEICRE L7z QNMRD & 3 A VY7 MEIEZ, HMD % &S &
F)V (Oppm) &L, 6fE% ppm BN TRL 7. gNMR 7 ¥ &
#7i%, %5 N7z Free Induction Decay (FID) 88 57— 4% * E&E
Y7y 27 (Alice2 for gNMR, BABF#ASH (3 %KX
4% JEOL RESONANCE)) (CHA L THBREBLL, Tabb,

- 276 -



BRB{LE Vol.22, No.l (2012)

Table 1 Information of commercial reagent and reference material products

Manufacturer?

Compound Class ® Formula Molecular mass Sample No.
Acetamiprid NN CoH, CIN, 222.67414 Wako 1
Benzofenap PZ CHy,CLN, 0,4 431.31180 Hayashi 2
Bromobutide AA C,sHp,BINO 312.24528 Wako 3
Butamifos opP C3H,N,O,PS 332.35560 Wako, Kanto, Hayashi 4,5,6
Cafenstrole AA Ci¢HuN,038 340.43588 Wako 7
Carbofuran CM CHsNO, 221.25240 Sigma 8
Dalapon FA C;H,C1,0, 142.96866 Kanto 9
Dichlorvos(DDVP) OP  C.H,Cl,0,P 220.97574 Wako 10, 11
Disulfoton oP CgH,50,PS; 274.40402 Wako, Kanto, Sigma 12,13,14
Diuron U C,H,(C,N,0 © 233.09450 Wako 15
Fenobucarb CM CoH;7;NO, 207.26888 Wako 16
Fipronil PZ C,H,CLF¢N,0S 437.14778 Wako 17
Fipronil sulfone Pz C,H,CLFN,0,S 453.14718 Wako 18
Flutolanil AA C,7H,6F;NO, 323.30965 Wako 19
Iprobenfos (IBP) opP C3H; O3PS 288.34280 Wako 20
Imidacloprid NN CoH,(CIN;sO, 255.66100 Wako 21
Isoxathion oP C3H;¢NO,PS 313.30920 Wako, Kanto, Hayashi  22,23,24
MCPA PA CyH,ClO, 200.61896 GL Sciences 25
Mecoprop PA CioH 1 ClO; 214.64554 GL Sciences 26
Mefenaset AA Ci6H 4N,0,8 298.35956 Wako 27
Fenthion (MPP) (0)4 C,oH,505PS, 278.32806 Wako 28
MPP sulfoxide op CoH,504PS, 294.32746 Wako 29
MPP sulfone (o) C;oH;505PS, 310.32686 Wako 30
MPP oxon opP CioH;5s04PS 262.26246 Wako 31
MPP oxon sulfoxide OP C,oH505PS 278.26186 Wako 32
MPP oxonsulfone  OP C,oH;506PS 294.26126 Wako 33
Pirimiphos-methyl ~ OP C HyoN;05PS © 305.33356 Wako 34
Pretilachlor AA C,7H,CINO 311.84684 Wako, Kanto, Sigma 35,36,37
Pyroquilon HF CyH)NO 173.21114 Wako, Kanto, Sigma 38,39,40
Tricyclazole HF CoH;N;S 189.23698 Wako 41

® The analyte compounds were classed by the chemical structure: neonicotinoid, NN;
pyrazole, PZ; acid amido, AA; organophosphorus, OP; carbamate, CM; fatty acid, FA,
urea, U; phenoxyalkanoic acid, PA; heterocyclic fungicide, HF.

® The compounds were purchased from five manufacturers: Wako Pure Chemical
Industries, Ltd., Wako; Hayashi Pure Chemical Ind., Ltd., Hayashi; Kanto Chemical Co.,
Inc., Kanto; Sigma-Aldrich Inc., Sigma; GL Sciences Inc., GL Sciences.

Table 2 Instruments and acquisition parameters

Spectrometer
Probe

13C decoupling

Spectral width

Data points

Auto filter

Flip angle

Pulse delay

Scan times

Sample spin

Probe temperature
Sample solvent

gNMR reference material
Primary standard material
Window function

JNM-ECA600 (JEOL)

5 mm broadband autotune probe
Multi pulse decoupling with Phase
and Frequency switching (MPF-8)
-5~15ppm

64000

on (8 times)

90°

605 (>5*T))

8

no spin

22-25°C

Acetone-d,; or Methanol-dj

HMD

DEP
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AR %IT, HMD B L UREY VY F VORFHEB EE %%
ER, FOAN L2 HMD B L U RILEMOBRE, 5FE. ¥E
Eo7o by BEOLEYERL O AMEER Q) IKEVWEH LA,
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g, —FOEHOMENRS P TERMICRETIRIE, £he
oY 7 VEREFESTAIRERTFEERTLHILT, MEDE
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HRATED) b, —RERETZbL [MHBROEIL 22501t
EMEAEFAV, ThEDRBIIBWTHNOILEDEOHER
ETHHE] ORBYRBMICET 5, BICEER, BEFRELYHE
RRIEEME (CRM) = EUERETHIET, SIKKHL—
TVEERDIE (WE) 2B5Z LHFTETH S,

I HAmA=HAWA/MA \

ot %
I, Hym, HW,/M, : ®3)

Ly /Hyy My IW,
. _sompls sanpla sampls sample
Fow == TH, MW, = , @)

RtiL, I=37F VER H=8%E£070 b8 m=%L
BE, W=ER, M=9F& P=WE (%), sample =%, std
=HEMBE L RT,

FHETIK, (NMREEPHL LTHMD * v/, L L%
Ho, SHIZ b L= T WiRMEAGER S /e HMD 2 L Tw
ZWI Edh, gNMRICLZERSHEDSI M L—FEY T4 D
FERICIX, SIICh L—4 77 CRM TH 5 DEP ¥ —RiRH# L L
TRV, gNMRZE#ZEHO HMD ORELHKIEL =42, HMD %
ZRIFRE LTASHRIEEWDO gNMR BISER 1T ) ZRIEHR &
WRALZ. T4bbH, HMD % qNMREEMA L L TRAVZED
REARILEVOERAMTEDSI M L—HE Y 741k, CRM®
DEP #fr L TEHL % (Fig. 1o 74, gNMRIZIFUELAY D
FRERMIH 1020 3 TH h, BoONWEELHVERELRL,
AEEROAFEDN S 138 1 % UANER STV,

3. 2 WHRRMIOHME

TR, FH2IUR, BHESHEATFN2~5£0 18HA
DFF 4 ®RIZOWT, QNMRICK WEFREBI ML —FEYF 14D
FERSNIMEFREL . BE A —3HLOHMALALREIR
FNENORIER - —OFEXFTHEL, Tz, FA—RIJ0RH
HERBRTEYSELHR GRAY) 028 S %HAEL /= DDVPIX
DDVP-old, DDVP-new & %8 L720 gNMR A% bV EIZEIERE

g_OCHzCHg

Sltraceable
International System of Units ‘:>
(sh
ﬁ——"OCH2CH3
(o]

Diethyl phthalate (DEP)
NMIJ CRM4022-b(99.98+0.01 w/w%)
C;H1404(222.23716)

@ calibration

CH; CHj; -

Standard material product <:::] H;C——8i—8i——CHjs

calibration CH; CHj

Hexadimethyldisilane (HMD)
C¢H, S0, (146.37812)
Fig.1 Strategy of building up SI traceabi]itjr of qNMR analysis

‘The concentration of HMD in gNMR solvent was corrected
by DEP

M- Z#HH HMD B & UHRIESWICHRT 5 &Y 7+ VER,
REH BESFBERX Q) KRAL, FhZhoMEZEHB L/
B, BBEINLYZFVO) L, OH S NHEHREDN ST b it
HAZBRMIEZZ N 3720, ERICEAVE»o7 T2, BS
FALEWDO NMR 2<% b ViE, BEREEM LY BREFMO L 7+
KFRENIAMBOY 7 F VB2 5 EREIEV. gqNMR @
FRAY 7FME, TRBOL 7 FNVETHIITHLTWBI LA
BRTHH0, BoPCTHPOS 7NV EBER>TWAY T+
VEBSL, FhEFADY 7F VL) ERS - FEEEsaRILS
PWOMBEL Lo ERICAVAY VNV EHIBENMBE% Table
IR T gGNMRE BV TH L h/ME (£n=3RSD%) i
47.9%25~100.9 £ 0.2 % TH o 7z MENEVRBICOWTIE,
NMR ARZ bV LOLEY L £ A O HMD ICHRT 5 7+
VUSRI O Y 7 FVRREES 1z, DDVP-old B L T,
BT FNPOBONIMEDORSD 2150 % K& L, Ryt
SATVBTREENEVWEEX bh/z, o TDDVPold 2, ¥R
TOV TNV EAEREZAVT, RIEVERME47.9% %M
&ﬁt l,f:o

3. 3 MEFERAFEORECRETEE
HRICEWOREEH M L— ) 7 1 OFERS NI-HEE & Bt
BFEROMEME LB L7 (Tabled)o ZOHER, MRAREBRIC
RROBMESRICL 2 MEMIZ, 95.3~100%THh, 41 HH
DILTB2%BIHAETLIORE (FRI6WNA HHEL YR
f) ® gNMRIZ X BB 95 % LT, ThEhORRERRD

- MEMERLTIERFLWEELTRLA (Fig. 2)o —#, 18RO

3%, #&EO butamifosW, K, H, pretilachlorW, K, S® 6 H.S, B
285 A B O acetamiprid, dalapon, DDVP-old, fipronil @ 4 8
Bt 10 B3 qNMR IS & B HEE & B EF LM OMBEME & D25 %
UbHote ohoD 10 BEIIDOWVT, qNMR I &5 MEF & Bt
HEROMEMB L DB % Fig. 3ISRT. MEEARBTIXS1 ~
50.8 %, R TIX5.2~22.8%DENHo7,

BRTI, THREERGKOMEMEIIEHECEMNTESRTVELEH
RLT, ERABEPEL LTHEBT 2 &8V, RICHRARE
HROBBRERROMEELEALTZu~ b 9571412k
BEANTEFTo7z T HE, qQNMRIZ & 5 ME &L SRR OM
BEHEICENH o 0 RKEOEBONLERMMTHEITEMEL D 5.1~
50.8 % DEREXLELAZLICRBETR b,

3. 4 MIEFEORES

# &4 @ pretilachlor 3 BidAiz QNMR (S & B FEHT76.9~ 77.1 %
ey, BAORBECRROBRESBICL Z2MEMIT7 ~
9.8 %L KERMEND 572 BOHNINMRANRY V% Fig. 4
V7R pretilachlor WHI3RY B 7 F b & £ HYE D HMD |2/
RTBYZFMPSC, BB E L ERERBICARTAERD
nay 7N (Fig. 4 H*EID Y 74V :0.89, 1.12, 1.55, 3.38,
3.78, 4.55, 7.12, 7.20ppm) MBI N, BLICHEIMENT
EFRIN, COMBRRAERRE AR su~ b7 /ER
SHet (GC/MS) Itk hfIEL, RO —2 2BBL =R,
70 b7 5 5 LI pretilachlor A D K — 7 i3 S W v o
7o (F—FFRINK). 2% Y, gNMRARY PV LSRG O
THEVERRICERINTWAZ L3 EET L L, BT OBESIEC
BRENTVWEI7UR 7574 —DLBOR-HEEYEESHM
BELLTHRI ZLITHEL THHLELZ OND,

s7uv 7574 - LZEREFEEBVTEMT S ARE
A=A —ORBEFRROMEMED, HOOIFMPOVAK YR
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Table 3 Calculated purities of samples from listed proton signals

BHALE Vol.22, No.l (2012)

The signals of OH, NH and overlapped protons with the impurities were not used for the quantification.

SampleNo. Compound

Signall 2

3 4

5

6

7

8

9 Average (%, RSD%)

Acetamiprid

a) 3H,s 3H,s
b) 2.45 3.20
© 746 75.1

2H,s 1H,d
4.79 740
750 74.8

749 (0.3)

Benzofenap

3H,s 6H,2s
1.81 2235
99.8 99.0

3H,s 2H,s
3,72 - 564
99.3 94.1

1H,d
7.08
103.7

2H,d
7.27
99.8

1H,d 2H,d
734 771
100.5 97.5

99.2 (2.7)

Bromobutide

9H,s 3H,s
1.06 1.56
99.7 100.0

3H,s 1H,s
1.63 429
995 994

1H,t
7.13
101.0

2H,t
7.24
99.9

2H,d
737
100.4

100.0 (0.6)

Butamifos-W
Butamifos-K
Butamifos-H

1H,d 1H,s
7.09 742
944 950
90.1 904
945 949

1H,d
774 -
94.7
90.5
94.9

94.7 (0.3)
903 (0.2)
94.8 (02)

Cafenstrole

6H,s 3H,s
115 225
98.5 977

6H,s 4H,q
2.61 347
97.9 98.2

2H,s
7.03
97.9

1H,s
8.96
974

97.9 (04)

Carbofuran

6H,s 2H,s
137 299
100.2 100.3

1H,t 1H,d
6.68 6.80
100.8 100.4

-1H,d

6.92

100.1

100.3 (0.3)

Dalapon

3H,s
2,16 ~—
71.8

718 (=)

10
11

DDVP-old
DDVP-new

3H,s
3.80
64.9
96.6

3H,s
3.81
479
934

1H,d
716 —
57.9
93.5

56.9(15.0)
94.5 (1.9)

12
13
14

Disulfoton-W
Disulfoton-K
Disulfoton-S

3H,t
1.18
99.6

102.0

100.6

6H,t
128
99.9
9717
99.3

2H,q 2H,m 4H,m

2,55 3.04
99.9 994
1022 96.9
100.1 984

4.11
99.7
974
99.2

99.7 (0.2)
993 (2.6)
99.5 (0.9)

15

Diuron

6H,s
2.94
99.2

1H,d
732
98.9

1H,d 1H,s
743 7.89
98.9 99.6

99.1 (0.3)

16

Fenobucarb

2H,m
1.51
100.0

7.11
100.1

1H,m 2H,m lH,m

721 697
99.6 100.0

99.9 (0.2)

17

Fipronil

2H,s
809 -~
92.9

929 (—)

18

Fipronil sulfone

2H,s
8.13 —
99.9

99.9 (—)

19

Flutolanil

6H,d
126 455
1006 99.7

1H,m

1H,d 2H,m
6.64 17.19
99.7 995

1H,s 2H,2t 1H,t 1H,d
746 7.65 17.70 7.76
99.9 1004 98.9 100.7

99.9 (0.6)

20

IBP

12H,m 1H,s
121 401
99.8 100.3

1H,s 2H,m
403 455
98.0 100.2

1H,t 2H,t 2H,d
722 728 1735
998 997 .98.8

99.5 (0.9

21

Imidacloprid

2H,t 2H,t
361 3.78
993 99.2

2H,s 1H,d
452 741
984 98.9

led
7.80
99.0

1H,s
8.36
99.6

99.1 (0.4)

22
23
24

Isoxathion-W
Isoxathion-K
Isoxathion-H

6H,t 4H,m
133 428
98.7 985
999 99.8
98.8 98.7

1H,s 3H,m
6.82 17.50
98.0 99.2
994 999
983 992

2H,d
7.83
98.0
99.8
98.3

98.5 (0.5)
- 99.7 (0.2)
98.6 (0.4)
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Table 3 Continued

SampleNo. Compound Signall 2 3 4 5 6 7 8 9 Average (%, RSD%)
3H,s 2H,s 1H,d IH,d 1H,s
2.18 471 683 708 712 — — o~ -
25 MCPA 100.1 1002 992 1004 99.1 : 99.8 (0.6)
3H,d -3H,s 1H,q 1H,d 1H,d 1H,s
1.56 2.17 4.81 677 7.06 712 — —
26 Mecoprop 1002 99.7 99.5 995 999 99.0 99.6 (04)
3H,s 2H,s 1H,t 1H,t 5SH,m 1H,d 1H,d
: 320 487 ‘721 740 745 757 175 -~ @ —
27 Mefenaset 953 90.1 101.9 107.3 95.5 106.7 100.7 99.6 (6.4)
3H,s 3H,s 3H,s 3H,s2H,std1H,d
224 242 379 3.8 698 717 — @ —  —~
28 MPP 101.1 100.9 100.4 99.3 100.1 100.5 1004 (0.6)
3H,s 3H,s 3H,s 3H,s 1H,s 1H,d 1H,d
234 261 381 384 706 725 782 - @ -
29  MPPsulfoxide  100.8 100.7 100.1 98.8 1002 998 99.8 100.0 (0.6)
) 3H,s 3H,s 3H,s 3H,s2H,s+d1H,d
2.65 3.11 3.83 385 722 795 — @~  —
30 MPP sulfone 993 994 99.8 989 993 99.8 99.4 (0.3)
- 3H,s 3H,s 3H,s 3H,s2H,s+td 1H,d
224 241 376 378 17.04 717 — —  _
31 MPP oxon 977 973 985 967 973 97.6 97.5 (0.6)
3H,s 3H,s 3H,s 3H,s 1H,s 1H,d 1H,d
234 261 380 3.82 7.1 724 781 — @ — ,
32 MPPoxonsulfoxide 994 999 986 975 982 98.0 979 98.5 (0.9)
3H,s 3H,s 3H,s 3H,s2H,s+d 1H,d
2.65 310 3.82 3.84 726 795 — @— @ —
33 MPPoxonsulfone 996 998 977 969 99.0 99.6 98.8 (1.2)
6H,t 3H,s 4H,s 3H,s 3H,s 1H,s
1.11 223 355 385 385 602 — — —
34 Pirimiphos-methyl 992 99.6 972 99.8 99.7 987 99.0 (1.0)
~ 3H,t 6H,t 2H,m 2H,t 2H,t 4H,s+t 2H,d 1H,t
079 120 142 325 351 369 724 732 —
35  Pretilachlor-W 79.1 795 734 792 791 79.0 785 783 77.1 (04)
36  Pretilachlor-K 786 802 71.6 793 799 787 782 798 77.0 (1.2)
37  Pretilachlor-S 789 796 728 789 789 784 78.1 783 76.9 (0.3)
2H,t 2H,t 2H,t 2H,t 1H,t 1H,d 1H,d
249 289 3.1 392 682 693 701 —  —
38  Pyroquilon-W  101.1 100.8 100.7 100.8 101.0 100.9 100.9 100.9 (0.1)
39  Pyroquilon-K  100.6 100.2 100.3 1002 1004 100.3 100.3 100.3 (0.1)
40  Pyroquilon-S 101.1 100.8 100.8 100.8 101.0 100.9 100.8 100.9 (0.1)
’ 2H,m 1H,d 1H,s
736 765 927 - @~ — =
41 99.6 99.8 988 99.4 (0.5)

Tricyclazole

7708 —DERFERLETH S LREL TERGT OB LERT

a) Upper column shows a number of proton with the spin-spin coupling (s: singlet,
d: doublet, t: triplet, q: quartet, m: multiplet). ‘

b) Middle column shows the signal region (ppm).

¢) Lower column shows the purity of each signal (%).
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Table4 Summary of commercial reagent products purities calculated by gNMR and labeled percentage of peak area on chromatogram by

material products measured by gNMR

The 41 products were classified according to the absolute
purities, The proportions and the number of new and old
products were shown.

SEBRL, MBEEIMET LTV TEEL2TETE RV, COMED
BT, SRELTEEMTEOHRELEBLTE2BANHH I LT
BAohéirols

BEZOREICERENTV2EHMERIX, FAHFTOA—A—D
BRI TH Y, BEHBICOVTA—I— R L T iV, F72,
BHEOERAPRERELTH, FEEMEL2TRITERE RS
BV, 2% Y, BIRTCRARORETRE, B REOBEIEHREN

manufacturer
s ) Purity (%) Samn} Purity (%)
ample : mple 4 -
No. Compound qNMR Manufacturer® No. ompoun qQNMR Manufacturer®
(n=3 average, RSD %) (n=3 average, RSD %)
1 Acetamiprid = 749 04 98.8 (GC/FID) 21 Imidacloprid  * 99.1 0.6 100 (LC/UV)
2 Benzofenap 992 1.9 99.6 22 Isoxathion-W 985 0.5 98.9 (GC/FID)
3  Bromobutide » 1000 02 —b) 23 Isoxathion-K 99.7 0.3 99.1 (GC/FID)
4  Butamifos-W 947 08 99.8 (GC/FID) 24 Isoxathion-H 98.6 0.1 99.9 (GC/FID)
5  Butamifos-K 903 0.6 99.2 (GC/FID) 25 MCPA * 99.8 0.2 —b)
6  Butamifos-H 948 0.7 99.9 (GC/FID) 26 Mecoprop 99.6 07 —b)
7 Cafenstrole * 979 0.8 99.8 (HPLC/UV) 27 Mefenaset * 996 0.2 99.9 (GC/FID)
8 Carbofuran 1003 04 99.9 (HPLC) 28 MPP * 1004 04 99.9 (GC/FID)
9 Dalapon 718 038 99 (GC/FID) 29  MPPsulfoxide 1000 03 99.8 (LC/UV)
10 DDVP-old 47.9 2.5 98.7 (GC/FID) 30 MPP sulfone  * 99.4 0.4 99.3 (GC/FID)
11 DDVP-new 94.5 0.4 99 (GC/FID) 31 MPP oxon * 975 03 100 (GC/FID)
12 Disulfoton-W 99.7 04 98.6 (GC/FID) 32 MPP oxon sulfoxide 985 05 99.4 (GC/FID)
13  Disulfoton-K © 993 02 95.3 (GC/MS, 33 MPP oxon sulfone 98.8 0.5 99.8 (GC/FID)
LC/DAD) 34 Pirimiphos-methyl 99.0 0.1 98.9 (GC/FID)
14 Disulfoton-S 99.5 03 98.6 (HPLC/UV) 35 Pretilachlor-W 77.1 0.5 99.2 (GC/FID)
15 Diuron * 99.1 0.01 100 (LC/UV) 36 Pretilachlor-K 77.0 1.6 99.8 (GC/FID)
16  Fenobucarb « 999 0S5 —b) 37 Pretilachlor-S 769 04 97.7 (HPLC/UV)
17 -Fipronil  « 92.9 02 98.1 (GC/FID) 38 Pyroquilon-W 100.9 0.2 100 (GC/FID)
18 Fipronilsulfonex - 99.9 04 —b) 39 Pyroquilon-K 100.3 1.1 99 (HPLC/DAD)
19 Flutolanil = 999 0.7 100 (GC/FID) 40 Pyroquilon-S 100.8 05 99.9 (GC)
20 IBP * 99.5 0.3 100 (GC/FID) 41 Tricyclazole  » 99.4 0.1 100 (LC/UV)
®) The purity means the area percentage of main peak on chromatogram.
5 There was no mention of the purity in the certificate.
* Eighteen products are stored in 4°C for about 2-5 years after first opening the pack.
35 28 ,, 208 o051 08 0 B9 %
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30 1 80 - % R @ %
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X ey o B BB =
K& 2 40 1 la i l J
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5 20 - R g B 2 ] %
- KX 20 Bl B ! B
g 2l | -
21 A g 1
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Yo% + . X » & 4 X
10 - 12.2% :::: & Qé F & S 4‘2',03 \ng 3 QQ’Q@Q
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54 2.4% :::: Q}Q Q‘z}) Q‘b ¥ ® & v
01 % KX { 1oL i
X
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Purity (%) ) ©Manufacturer
Fig. 2 Distribution of absolute purities of commercial reagent Fig. 3 Differences between manufacturer's labeled purities and

the absolute purities measured by gNMR

Ten pesticide reagent products, which had difference more
than 5% between the labeled purities and absolute purities,
were shown.
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Fig.4 gNMR spectrum of pretilachlor

HMD was used as a reference at J O ppm and an internal
standard for quantitative analysis. * Signals were impurities.
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Twenty-one data sets composed of readings collected by atmospheric ozone monitors worn by individu-
als on their clothing and installed outside their home or office were collected using Ogawa passive ozone sam-
plers in southeastern Hyogo prefecture, Japan from September 12 to 13, 2011. The concentrations of personal
and outdoor ozone ranged from not detectable to 23.2ppb and from 4.7 to 38.3 ppb, respectively. The mean
concentration of personal exposure to ozone was 3.7ppb and was significantly lower than that of outdoor
ozone (18.5ppb). This suggests that the concentrations of outdoor ozone affect personal ozone exposure. How-
ever, in this study, we found no correlation between the concentrations of personal ozone and the total time
spent outdoors or the time of day the individual was outside. In contrast, the mean concentrations of outdoor
ozone were similar to those of ozone measured at the 12 nearest Ambient Monitoring Stations (AMSs). How-
ever, when the AMS was situated near a main road, the regional ozone levels were underestimated.

Key words

Ozone is a strong oxidant and is mainly formed by photo-
chemical reactions from nitrogen oxides and/or reactive vola-
tile organic compounds in the atmosphere. Acute and chronic
effects of ozone exposure on human respiratory system have
been investigated by many epidemiological studies.™ Some
researchers have also reported that ozone had negative ef-
fects on cardiovascular and respiratory mortality.*® A strong
relationship has been noted between measured outdoor ozone
levels and ambient ozone levels measured by the nearest Am-
bient Monitoring Station (AMS).” Ozone concentrations were
usually the highest in outdoor and lowest in indoor environ-
ment.>” Therefore, in the past, these AMS data were some-
times used to evaluate the personal health risk of ozone>®
However, the specific location of the AMS site and wind
direction around the AMS affect its value for evaluating ozone
levels at specific localities. The passive ozone sampler, named
Harvard or Ogawa passive sampler, developed by Koutrakis e?
al'” is a useful tool to accurately measure ozone concentra-
tions in a much smaller area.®>!? The passive ozone sampler
is able to provide a precise measure of the ozone to which a
single person may be exposed, which we call the “personal
ozone” in this paper. These samplers can measure personal
ozone exposure with a precision of +4ppb and relative error
of +10%."

In this study, passive ozone samplers were used to evaluate
the ozone exposure levels of selected personnel from Hyogo
College of Medicine and of their outdoors. This is the first
study to determine the ozone exposure levels for people living
in Japan. This study also investigates the relationship between
personal outdoor ozone exposure levels and the AMS ozone
data recorded by the nearest outdoor sampler.

Experimental

Sampling and Pretreatment Procedures Twenty-one
employees of Hyogo College of Medicine were selected as
study participants, This study was approved by the ethics

The authors declare no conflict of interest.

*To whom correspondence should be addressed.

e-mail: tang@hyo-med.ac jp

ozone; air pollution; personal exposure; nitrogen dioxide; Ogawa sampler

committee of Hyogo College of Medicine, and informed con-
sent was obtained from each participant before the study. All
participants live in five cities of southeastern Hyogo prefecture
and their houses are located there (Fig. 1). Each person and
house was monitored by a set of personal/outdoor passive
ozone samplers (Ogawa sampler manufactured by Ogawa and
Co., Ltd., Kobe, Japan). The personal sampler was pinned to
the top front side of participant’s clothes; the outdoor sampler
was placed in a well-ventilated area outside the participant’s
house. Sampling was performed simultaneously starting at
07:00 September 12, 2011. A total of forty-two 24-h samples
were collected and stored in a refrigerator (4°C) until they
were analyzed. The study participants were also instructed
to record their daily activities from 7:00 to 12:00, from 12:00
to 18:00, and from 18:00 to 24:00, so that the amount of time
spent outdoors could be estimated (Fig. 2).

The passive ozone sampler consists of two glass fiber filters
coated with sodium nitrite and potassium carbonate.® The
mechanism is based on the oxidation reaction of nitrite by
ozone to produce nitrate. In this study, the mean concentra-
tions of ozone during the sampling period are estimated by
the amount of produced nitrate and collection rate (21.8mL/
min)." The filters were treated according to the Ozone Pas-
sive Sampler Protocol published by Ogawa & Co., Ltd."¥
Two glass fiber filters were placed in a vial and 5mL ultra-
pure water (Milli-Q) was poured in the vial. After shaking
gently, the vial was left to stand for approximately 30min.
About 1mL of supernatant solution was filtered (Cosmonice
Filter (W), pore size 0.45 um, ¢13mm, Nacalai Tesque, Kyoto,
Japan) and 100 4L of filtrate was injected into the HPLC sys-
tem described below.

HPLC System and Chemicals Nitrate was analyzed by
using an HPL.C system with an UV detector. The HPLC sys-
tem consisted of a mobile phase pump (SI-1/2001, Shiseido,
Tokyo, Japan), an UV-visible detector (SI-1/2002, Shiseido,
Tokyo, Japan), a chromatopac integrator (C-R7A, Shimadzu,
Kyoto, Japan), a degasser (SI-1/2009, Shiseido, Tokyo,
Japan), a column oven with a manual injector (SI-1/2004,

© 2012 The Pharmaceutical Society of Japan
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Fig. 1. Cities in Southeastern Hyogo Prefecture in Which Samples

Were Collected

Numbers in parentheses indicate the number of samples collected in each city.

Shiseido, Tokyo, Japan), a guard column (Shim-pack IC-
GA2, 4.6 i.d.X10mm, Shimadzu, Kyoto, Japan), and a non-
suppressor type analytical column (Shim-pack IC-A3, 4.6
i.d.X150mm, Shimadzu, Kyoto, Japan). The mobile phase
was 0.4mmM disodium phthalate (Tokyo Kasei, Tokyo, Japan)
and the flow rate was 1.0mL/min. Both the guard column and
the analytical column were maintained at 40°C in the column
oven. Standard nitrate (sodium nitrate) was purchased from
Kishida Chemical Co., Ltd. (Osaka, Japan).

Quality Control Indirect photometric detection ion chro-
matography was used for nitrate analysis. A standard solution
of nitrate (100uL) was injected into the analysis system to
verify the method. The calibration curve showed good lin-
earity (#=0.9933) from 0.1 to 1.0 ug/mL. The detection limit
(S/N=3) was 0.1 ug/mL and the relative standard deviation
(n=3) was 4%.

In order to assess the accuracy of the passive samplers,
data from collocated passive samplers were compared to those
obtained from a UV Ozone Monitor (EG-700, EBARAJITSU-
GYO Co., Ltd., Kanagawa, Japan) at the roof of No. 9 build-
ing of Hyogo College of Medicine. The mean (*S.D.) ozone
concentrations of five 24-h data sets obtained from passive
samplers and Ozone Monitor were 23.5 (2.96) ppb and 23.9
(*£2.14) ppb, respectively. In addition, the Ozone Monitor-
passive sampler/Ozone Monitor ratio of each data set was less
than 10% (in the range from 0.9 to 8.4%). Approximately 10%
of the samplers from the same batch were used as field blanks.
The mean (=S.D.) concentrations of four field blanks were 11
(=1.1) ppb. The values from the field blanks were subtracted
from the ozone measurement for calculation of the concentra-
tions of nitrate collected by the passive samplers.

Data Analysis For statistical treatment, correlation analy-
sis and multiple regression analysis were performed by using a
statistical analysis program (PASW Statistic 18, IBM, U.S.A.).
For the multiple regression analysis, the following form of the

963

model was used:
‘Co = ﬁlca +ﬂ2P +ﬁ3D+ & (1)

where C, and C, are the outdoor and the AMS ozone concen-
trations, respectively. P is the relative position of the outdoor
sampler with respect to the nearest AMS (based on the wind
direction including leeward, windward, and parallelism); D is.
the distance between the outdoor sampler and its nearest AMS
and ¢ is the error term. The distance between the outdoor
samplers and the nearest AMS was between 0.5 and 4.4km.

Results and Discussion :

Outdoor Ozone A total of 21 outdoor ozone samples were
collected for this study. The mean and median ozone concen-
trations in these sample were 18.5 and 17.0ppb, respectively,
the same as the concentration levels recorded from the 12
AMS sites nearest to the outdoor samplers (mean, 16.2ppb;
median, 15.5ppb, Fig. 3).” However, the concentrations of
outdoor ozone measured at study participants’ houses ranged
from 4.7 to 38.3ppb, while those of ozone measured by the
AMS ranged from 9.5 to 20.2ppb. The difference between
the two concentration ranges was considerably large (Fig. 3).
No clear relationship was observed between the outdoor and
AMS ozone concentrations (Fig. 4, solid line; n=21, »=0.161,.
p=0.481). However, because ozone reacts with nitric oxide in
the atmosphere, local variations in nitric oxide concentrations
may affect at atmospheric ozone levels.'®. When nine data
points for the outdoor samplers and the AMS’s located within
100m of main road were deleted, a significantly positive cor-
relation between the outdoor ozone concentrations and the
AMS ozone concentrations exists (Fig. 4, dotted line; n=12,
r=0.711, p=0.001). Therefore, these results suggest that the
ozone concentrations recorded by the AMS, which keeps is
placed away from the main road, could represent the mean
levels of outdoor ozone concentrations at the home around the
AMS.

In order to further evaluate the effects of wind direction
and distance on the ozone concentrations determined from
outdoor samiplers with respect to its nearest AMS, a multiple
regression analysis was performed. As shown in Eq. 2, no
relationship was observed between the outdoor ozone concen-
trations and the relative position of the AMS (p=0.89) or the
distance (p=0.11).

C,=42.6-1.02C, -0.46P ~3.79D @

Similarly, if the same nine values for the outdoor samplers and
the AMS mentioned above were ignored (samples collected
within 100m of a main road), the analysis result was

C,=0.26+1.08C, -0.80P~0.58D 3)

In this model, only the coefficients of outdoor ozone concen-
trations and the AMS ozone concentrations were significant
(p=0.05). The relative position and the distance are less im-
portant for the outdoor ozone concentrations measured by the
Ogawa samplers. ' '
Personal Ozone This is the first study to report the per-
sonal exposure levels of ozone in Japan. A total of 21 personal
ozone samples were obtained for this study. The mean and
the median concentrations of personal ozone samples were
3.7 and 2.7ppb, respectively, and these concentrations were
significantly lower than outdoor ozone (Fig. 3). The range of
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Questionnaire on Ozone Exposure Investigation

1. 1D
2. Address
3. Start Time )
()-1 . Sep. 122011 H. M. (personal)
()2 Sep. 12 2011 H. M. (outdoor)
4. Stop Time )
()1 Sep. 13 2011 H. M. (personal)
()2 Sep. 13 2012 H. M. (outdoor)
5. Time in outdoor
06:00 - 12:00 H. M.
12:00 - 18:00 H. M.

18:00 - 24:00 H. M.
6. Sampling Method
* Open the container and remove the sampling badge from the resealable bag,
. * Check that the ID label on the bottle; (ID)-1 use for personal ozone and
(ID)-2 use for outdoor ozone.
* Place sampling badge as same as the following Figures.

Personal

* After sampling, replace the re-sealable bag in the brown storage bottle and tighten cap securely.
* Record daily activities during sampling period.

‘Noto

Thank you very much for your collaboration!

Department of Public Health,
Hyogo College of Medicine
Fig. 2. Questionnaire on Ozone-Exposure Investigation
40 40
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Fig. 3. Ozone Concentrations Found in Personal and Outdoor Samples 0 1'0 2'0 3'0 40
and Ozone Levels Recorded by the Ambient Monitoring Stations (AMS)

Error bars indicate the range from minimum to maximum concentrations of each AMS

sample set. The upper and lower edges of each box represent the 75th and 25th
percentile concentration ratios, respectively. Within each box, mean and median
concentrations are indicated by the dashed and solid lines, respectively.

Fig. 4. Correlation between Outdoor Ozone Concentrations and the
AMS Ozone Concentrations

Solid line: all data (n=21), Dotted line: nine data points for the outdoor samplers
and the AMS’s located within 100m of main road were deleted (n=12).

- 286 -



August 2012

25

965

100 150

3 %
20 F(A) L(B)
15 y= 0.0239x +7.36 5 = -0.0256
S~ y A X +5.12
g wf ¢ (=0.290) | ¢ (r=0.148)
N= - !
s LTt | [ginieves,
g 0 100 200 300 0 50 100 150
B 25 é r'y
§ 2 [O) (D)
2 5t y = -0.0583x + 7.50 A y=0.00490x +3.71
S | ® (r=0.414) R (r=0.032)
5 k %
L 4
e, s fS 2
50

0 100

150 0 50

Time (min)

Fig. 5. Distribution of Data Points Showing the Lack of Correlation between Personal Ozone Concentrations and the Total Amount of Time Spent

Qutdoors
(A) 07:00-24:00; (B) 07:00-12:00; (C) 12:00-18:00; (D) 18:00-24:00.

concentrations for personal ozone was from not detectible to
23.2ppb. Compared with other studies using the same sam-
pling methodology, the mean concentrations of personal ozone
found in this study were similar to levels as in Nashville
(3.5ppb)” and lower than those in Mexico City (7.8 ppb).'®
Atmospheric ozone is formed during daylight from com-
plex mixtures of nitrogen oxides and reactive volatile organic
compounds by photochemical reactions.” At night, however,
ozone reacts with nitrogen monoxide and disappears slowly.'®
Therefore, ozone concentrations are usually the highest in the
afternoon and low in the morning. Lee et al. reported that the
concentrations of personal ozone were affected not only by

the total amount of time spent outdoors but also the time of-

day the personal was outside.” In this study, we plotted the
concentrations of personal ozone and personal daily activities,
as shown in Figs. 5A through D. We, however, found no cor-
relation between the concentrations of personal ozone and the
total time spent outdoors or the time of day the individual was
outside. Furthermore, we also found no correlation between
the concentrations of personal ozone and the concentrations
of outdoor ozone at the same locality (r=—0.208, p=0.352).
We cannot explain these results, perhaps because our ques-
tionnaire did not include questions about the office or house
construction, equipment, and outdoor environment that they
spent during sampling period. Items such as a window fan,” a
laser printer,” or an air cleaner®” might increase ozone levels,
and the close proximity of a main road might be decrease the
ozone level.”? An improved questionnaire will be used in our
next study.

In conclusion, the concentrations of personal ozone and out-
door ozone in southeastern Hyogo were investigated by using
the Ogawa sampler. The concentrations of personal ozone
were significantly lower than that of outdoor ozone. This sug-
gests that the concentrations of outdoor ozone are important
for personal ozone exposure. However, our data found no cor-
relation between the concentrations of personal ozone and the
total time spent outdoors or the time of day the individual was
outside. In contrast, according to our data, the regional ozone
levels may be underestimating by installation feature of the
AMS, such as near the main roads.
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Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental pollutants, and
generate various types of PAH derivatives, such as nitrated PAHs, hydroxylated PAHs,
and PAH quinones through chemical reactions in the atmosphere. PAHs are well known
to activate the aryl hydrocarbon receptor (AhR), followed by the induction of metaboliz-
ing enzymes mainly in the liver, while biological responses to PAH derivatives are not
understood well. In this study, we investigated the induction patterns of gene expres-
sion of CYP1 family and Phase II metabolizing enzymes in rat H4IIE cells exposed to
PAH quinones and their parent PAHs for 24 h.

Dibenz[a,h]anthracene and benzolalpyrene dramatically induced mRNA expres-
sion of CYP1 family, such as cytochrome P450 (Cyp) 1al, Cypla2, and Cyplbl, and
PAH quinones, especially 1,4-chrysenequinone, possess a high potential to induce CYP1
family. As for Phase II enzymes, PAHs induced NAD(P)H: quinone oxidoreductase 1
(Ngol) and UDP-glucuronosyltransferase (Ugt)Ia6, and their induction potencies by
PAHs were similar to those of CYP1 family. On the other hand, expression of sulfo-
transferase (Sult)lal, heme oxygenase-1 (Hmox1), and Ugt2b1 were augmented mainly
by PAH derivatives. Finally, we examined gene expression changes of metabolizing en-
zymes by the airborne particles. Their organic extracts significantly up-regulated the
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expression of Cyplal, Cypla2, Cyp1bl, Ugtla6, and Ngol, but not Hmox1, Ugt2b1, and
Sultlal.

These results suggest that PAHs mainly induce the expression of genes encoding
CYP1 family while PAH derivatives, especially quinones, induce the expression of genes
encoding both CYP1 family and Phase II enzymes. Furthermore, our results show the
organic chemicals which adsorb on the airborne particles exert biological effects in the
similar manner of PAHs, suggesting the involvement of mainly AhR activation.

Key Words: AhR, metabolizing enzyme, PAH, PAH derivatives

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs), which generated from the combus-
tion of fossil fuels and biomass burnings, cause various health effects through
the diverse changes of gene expression and signal transduction. In the atmo-
sphere, PAHs generate their derivatives, such as nitro PAHs (NPAHs) (1), hy-
droxylated PAHs (OHPAHSs), and PAH quinones (PAHQs) through the chemi-
cal reactions of nitrogen radicals (-NO3), hydroxide radicals (-OH), and ultra-
violet light (2).

Many studies have shown that PAHs and PAH derivatives have various
physiologic actions in vivo and in vitro. For instance, PAHs activate the aryl
hydrocarbon receptor (AhR), which is a transcriptional factor and play a piv-
otal role in the PAH toxicity (3). On the other hand, the derivatization of PAHs
gives PAHs different functions from those of the PAHs. It has been reported
that PAHQs have toxicities related to oxidative stress-producing reactive oxy-
gen species (ROS) (4). OHPAHs have estrogenic/antiestrogenic activity, sug-
gesting that they act as endocrine disruptors (5). In most cases, these biolog-
ical effects of PAHs and PAH derivatives are caused concomitantly with gene
expression changes, since PAHs and PAH derivatives activate various tran-
scriptional factors. It is anticipated that such gene expression changes may be
useful for understanding the biological effects of PAHs and their derivatives,
and may also be useful as biomarkers.

When PAHs and PAH derivatives enter into animal bodies, they induce the
expression of genes encoding metabolizing enzymes, such as CYP1 family (e.g.,
cytochrome P450) and Phase II enzymes (e.g., (NAD(P)H: quinone oxidoreduc-
tase 1 and heme oxygenase-1), via transcriptional regulation in the liver (6-8).
Since PAHs and PAH derivatives have different physiological effects, it is spec-
ulated that numerous kinds of atmospheric pollutants show various regulation
of genes, such as metabolizing enzymes. However, it has not been fully under-
stood how the derivatization of PAHs changes the physiological effects under
gene expression level.

Although derivatization of 4-rings PAH, especially quinones, gives biolog-
ical effects such as ROS generation (4) and estrogenic/antiestrogenic activi-
ties (5), there are few studies about comparison of cytochromes P-450 between
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parent PAHs and their derivatives (9). In this study, we investigated the in-
duction potency of genes encoding CYP1 family and Phase II metabolizing
enzymes by PAHs and PAH derivatives having 4-rings. In addition, we exam-
ined gene expression changes by 5-rings PAHs, which have strong activities
of AhR activation, as a substance strongly inducing the genes of CYP1 family.
Four-rings and 5-rings PAHs and their derivatives are the main components
adsorbed in airborne particles, and are thought to be involved in most of toxi-
cities caused by airborne particles. Therefore, in order to explore mechanisms
under which PAHs and their derivatives adsorbed in airborne particles cause
biological effects, we also examined the expression changes of CYP1 family and
Phase II genes by exposure to the extracts of airborne particles.

MATERIALS AND METHODS

Chemicals

We used four PAHs and four PAH derivatives (Figure 1), which show
AhR activation by dioxin-responsive chemical-activated luciferase gene ex-
pression (DR-CALUX) assay according to the previous report (10,11).
3,4-Dihydrobenz[a]anthracen-1(2H)-one (3,4-OH-B[a]A) was purchased from
Sigma-Aldrich Corp. (Tokyo, Japan). Dibenz[a, hlanthracene (DBA) was

Benzo[a]pyrene Dibenz[ah]anthracene
(BlalP) (DBA)
o
0 >e CO)
T, Son
(e]
Chrysene 5,6-Chrysenequinone 1,4-Chrysenequinone
(Chr) (5,6-CQ) (1,4-CQ)
OH
O e b
I LI o
Benz[alanthracene 1,2-Benzanft)hraquinone 3,4-Dihydrobenz[alanthracen-1(2H)-one
(B[alA) (1,2-BAQ) (3,4-OH-B[a]A)

Figure 1: Structures of PAHs and PAH derivatives tested in this study PAH: B(a)R DBA, Chr,
B(a)A, PAH derivatives: 5,6-CQ, 1,4-CQ, 1,2-BAQ, 3.4-OH-B(a)A.
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purchased from Tokyo Chemical Industry Co. Ltd. (Tokyo, Japan). 5,6-
Chrysenequinone (5,6-CQ) and 1,4-chrysenequinone (1,4-CQ) were purchased
from Chiron AS (Trondheim, Norway). Benz[a]anthracene (Bla]A), chrysene
(Chr), benz[a]lpyrene (Bla]P) and 1,2-benzanthraquinone (1,2-BAQ) were pur-
chased from Wako Pure Chemical Industries Ltd. (Tokyo, Japan). These chem-
icals were dissolved in dimethyl sulfoxide (DMSO).

Airborne Particle Extracts

Airborne particles were collected on the roof of the 5th floor building of
the research center for eco-environmental science from the Chinese Academy
of Science in Beijing, China for 10 days in March and April in 2008 using
high-volume air samplers (Kimoto Electric Company Limited, Osaka, Japan)
at a flow rate of 700 I/min on the quartz fiber filters (2500QAT-UP, Pallflex
Products) (Putnam, CT, USA). Every 24 h, the filter was changed. The amount
of volume of air that passed through each filter was 16,800 m®. After being
dried in the desiccator in the dark, the filters were weighed and then stored
in a refrigerator (—20°C) until use. The average weight of airborne particles
of each filter was 4.8 g and the particle concentration was calculated to be
approximately 300 ug/m? on average. Extraction was conducted from these fil-
ters with benzene/ethanol (3:1, v/v), and then the extract solution was filtered
by ADVANTEC filter paper (125 mm in diameter) (Toyo Roshi, Tokyo, Japan).
The extracts were concentrated by evaporation and residue was dissolved in
DMSO. Among ten day samples we chose three which show relativity high
AhR agonist activity by DR-CALUX.

H4IIE Cell Culture and RNA Isolation

HA4IIE cell line rat liver cancer cells were obtained from BioDetection Sys-
tems B.V. (Amsterdam, The Netherlands). The cells were cultured in alpha-
minimal essential medium (a@-MEM) (Invitrogen Corp., NY, USA) supple-
mented with 10% fetal bovine serum (FBS) at 37°C under 5% COs. The cells
were seeded into a 6-well plate, and grown up to 75% confluence. Then, the
cells were exposed to each PAH and PAH derivative in triplicate in a final con-
centration of 4 uM. These concentration was in the range from 1-10 uM which
didi not show any cytotoxicities in our previous study (10). DMSO alone (0.4%)
was used as a control group. In the experiment of exposure to the airborne par-
ticles, cells were exposed to the extracts of airborne particles (corresponding to
3.2 mg particles/well). These concentrations showed no cytotoxicity to the cells
in our previous study (10) and thus selected as testing concentraions. After 24
h exposure, the medium was removed, and then total RNA was isolated from
the cells using RNeasy Mini Kit (Qiagen, Valencia). The total RNA concentra-
tion was determined spectrometrically, and quickly frozen at —80°C until use.
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Quantification of mMRNA Encoding Metabolizing Enzymes
by Real Time PCR

First-strand ¢cDNA of each gene was synthesized using the Transcriptor
First Strand ¢cDNA Synthesis Kit (Roche, Tokyo, Japan). 1 ug of total RNA
was added to 2 ul random hexamer primer (600 pmol/ul), and then the mix-
ture was heated at 65°C for 10 min. Four ul of transcriptor RT reaction buffer,
0.5 ul of protector RNase inhibitor (40 U/ul), 2 ul of deoxynucleotide mix
(10 mM each) and 0.5 ul of transcriptor reverse transcriptase were added to the
reaction mixture, and they were heated at 55°C for 30 min, followed by reac-
tion at 85 °C for 5 min to inactivate the enzyme. Expression of genes encoding
CYP1 family (Cyplal, Cypla2, and Cyp1b1), Phase II (Ngol, Ugtla6, Ugt2b1,
Sultlal, and Hmox1) metabolizing enzymes and g-actin (housekeeping) were
evaluated using TagMan master (Roche, Tokyo, Japan) and a LightCycler®
480 system (Roche Applied Science). Primers and hybridization probes were
designed using the LightCycler® Probe Design Software 2.0. Oligonucleotides
used for RT-PCR were commercially synthesized by Japan Gene Research Lab-
oratories Inc. (Sendai, Japan) (Table 1).

The relative changes in gene expression were calculated by the ddCt
method (12.13) for the mRNA expression of CYP1 family and Phase II metabo-
lizing enzymes, using the following formula: ddCt = [C¢ gene — Ci-p-actinlsample —
[Ct-gene — Ct-p-actinlcontrol. The expression was normalized with g-actin, and the
relative gene expression was calculated by the equation 2-4dCt,

Table 1: List of primers used for quantitative RT-PCR
i e S B L i e e S B i ]

Primer Sequence (5'-3")
Phase |
Cyplal gagaaagatccaggaggagttaga
gggacaaaggatgaatgtcg
Cypla2 tcctacaactctgecagtctee
cctctcaacacccagaacact
Cyplbl ctgctctacaccgetggaa
tfcagctgcetgtggactgtet
Phase |l
Ngol agcgcttgacactacgatcc
caatcagggctctictcacce
Ugtlab aagcgatggaaattgetgag
cgatggtctagticeggtgt
Ugt2b1 tftggtttcaaccatttaaagaga
gccttceccatcaictcag
Sult1al acacatctgeccctgicct
gcatttcgggcaatgtaga
Hmox1 gfcaggtgtccagggaagg
ctettccagggecgtataga
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RESULTS

Expression Changes of Genes Encoding CYP1 Family
Metabolizing Enzymes in PAH and PAH
Derivative-exposed Cells

We investigated expression changes of Cyplal, Cypla2, and Cyp1bl genes,
which encode cytochrome P450 1al, 1a2, and 1b1, respectively, when cells were
exposed to each PAH and PAH derivative (Figure 2). Because Bla]P and DBA
are well known as strong AhR agonists (14), we used them to show gene ex-
pression changes elicited by pathways through AhR activation. Predictably,
both Bla]P and DBA induced the expression of Cyplal, Cypla2, and Cyplbl
(Figure 2A). Four-rings PAHs, Chr and Bla]A, significantly induced the ex-
pression of Cyplal, although their effects were less than those of Bla]P and
DBA (Figure 2B). In addition, Chr and Bla]A induced the same expression
level of Cypla2 and Cyp1bl, while Bla]P and DBA exerted a greater effect on
the expression of Cyp1b1 than that of Cypla2 (Figure 2A). On the other hand,
quinone derivatives of Chr and Bla]A also induced the expression of Cyplal,
Cypla2 and Cyplbl (Figure 2B). 1,2-BAQ significantly induced the genes of
CYP1 family, and was comparable in degree to the parent PAH, while 3,4-
OH-Bla]A showed no ability to induce the genes of CYP1 family. Surprisingly,
1,4-CQ more strongly induced the expression of genes of CYP1 family than
its parent PAH (Chr), although 5,6-CQ more weakly induced the expression of
genes of CYP1 family than Chr.

A) B)
200 100 p
150 b 75 b [ 0 Cypiat
H Cyplaz
100 b 50 b B Cypibt

50F

Induction {ratio to control)
Induction (ratio to controf)

Figure 2: mRNA expression of CYP1 family metabolizing enzymes by PAHs and PAH
derivatives. The cells were exposed to PAHs and PAH derivatives at concentration of 4 uM for
24 h. Symbols and vertical bars respectively represent the mean and £S. D. (n = 3). Asterisk
(*) shows significant difference (p < 0.05).
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