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1. #%

WEs (MREZ i) R izl sk, S8 (i Hh sy
rEtWwbw s [ OmEITmFED 40% Ll L
i b &SN THY (Fernandez, 2002), &I 45 %
E D8 7 0 VT EREAR © B AR IR S
(Particulate Matter; PM) O EE LN EZO O L DT
bHbHEVz DL, ST O VRN B ALF UG
LT ERIE, RERA VY Y A (CaCO,) &AL
KFE (HCD) AR TRRILEHR (NO,) FALORE—
BB ASHL T OWRHEZAL DO s 20 H G S T 7z
") (Itoi and Harano, 2015), fiffZ (HONO,) < Hf i iz
(HONO) ®v — A & L CRFEREBIHFET 5K & NO,
E ORI — RIS E &L Tw b (Ullerstam et al.,
2003) o — T 1O BT 2 EHEY O UG &
L&, w8 AL £ T @ 2-bromophenol ® AL
(Wang et al., 2019) 7V V' F 7 A MF AL (Arizona
Test Dust; ATD) 12313 % dicarboxylic acid D JEERAL X
It (Ponczek ef al., 2019) 72 DR SN TV A7,
FEROS & B9 2 & AU OMEGIT E DO Th 7%
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WODHIRTH 5

HERGBEWEDO O L OTH b LB FHRRILK
# (Polycyclic Aromatic Hydrocarbons; PAH) (Z5825 A%
RERFEWEET DI EBHMSEN TS, PAH A
MORFEEBBIZLLEWTHY, T4—¥LIT Y
VI E OB BT, BB oS RALKE D
O TV F I T T NNEBGHIN, Z5 D8R
i MEExRRm) T EI X VERTAEELZONT
% (Richter ez al., 2000) o PAH O N %17 — RIS
12, 74 —BNVELR EOBEISEAEFEOII N, T,
SEEAT, BEHVH, REMERE &\ o ZEESERN S
OHEH B ) (Yang et al., 2010), VTAEDRESETERIZLE
WL 7 & EABTTES CER E & 7 B B SR S
Tw5 (Tang et al., 2005), T Z D X ) IZERTIHRIC
BOWCHEA L FERGIGRWE %I AKRERT 5
PITHRL, ALEREORE L CHEEEH ZH -
TWAT UL H B, 2 THABTIE, BRI
BT S PAH DILFEFUSIZDWT, FHH S OWFZE O #
(Kameda et al., 2016; Kameda, 2018) % A28 5o

2. BMHFEICE TS PAH OEZERG

21 PAH®O= hO{tRIE

—RFEEAETFE L DB Sz PAH 1L, FOFESEITIE
CCHAAMER THIZAER SN, KEAPIZIERT %,
WAL T, F 757y bRy E2 3R
DPAH I IZEE LTHAMICHFEEL, — NV Y [q] ¥
Lo 58U EEAT S PAH IEB b IR THICHE
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50 4RO PAH IWAHICHFIEL, £ D5ECIZIREC
& o> T%1t$ % (Finlayson-Pitts and Pitts, 2000)
HAMIZBIT S PAH OB E LTIE, V0
FEIC X DML H T H N5, FEICEBOOH 7Y
HOVE DORIGIEHE CHEFT L, KEH PAH O EZ 2% 5K
ROV EDTH L, —7, KHIZIENO, & 0y & D
BUBIZ & o THEBT 5 NOy 7 ¥ 71 )VHY PAH O HIZE
B33 Z20NT0w5h, OHBLUNO, 7V 1V &
H AR PAH & D SUGIE, NO, FETFIZBW =%
By E WAtk FE (Nitrated Polycyclic Aromatic Hydro-
carbons; NPAH) O —kAEKZ b 7-56F 2 25N T
% (Atkinson and Arey, 1994) o
—77, 43D O PAH IZZ { DRF RICHIET 572
B, RT EICAE L7z PAH & ARYE & OAE— K
J5AY, PAH OB & O PAH 8 MA kAR O EE 72
THYRADOVEDE R D, KL L FEE, AEH—K
JEIZ & > T NPAH AZRAKR T 5 2 &A%, 1970 4518
|2 Pitts 512X » THED O HNIze TTAMKET 1 V5 —
FIZBRFE L 72 PAH & NO, & D SUGATERA S L7z D D5 h
F)THA (Pitts et al., 1978) > 4B PAH O—FETH %
¥'L ~ (Pyrene; Py) & 1ppmv ® NO, & @ 24 B¢ DOF
IS CIEERT A 1-= bu 'L > (1-Nitropyrene; 1-NP)
DLFIZ 0.02% & Z DO TR, JEBFE OEIRA L
F4 5 LR 285%F THINT S 2 L2550 5Nk
(Tokiwa et al., 1981) o ZDHEFE SF T T AL —
b (substrate ; 72 & X7 A4 7 v o, KREPREEH R
WT, 5k, T —EUHER T (Diesel Exhaust
Particles; DEP) %, AlLO,, Fe,0, TiO, 7% & D& EERL
Wiz L) @ TREKED PAH-NO, ISR A b7z, L
WLV, BEOEIEIHLDIOD, WINOFT A+
L — M ETH PAH & 7 AIRNO, & O KIS HEE 1L <,
FERALVNNVDNO, EETIZBNWTIORIGIZ LS
NPAH OARITHEER L 9 % &t S LT\ 72 (Finlayson-
Pitts and Pitts, 2000)
22 EMHNFEOR - BARH—REICL S NPAH =
RERK

LT AN, RIRO T HR T FICf#E S €72 PAH
£ NO, & DFULIER I H < T L, BIEET NPAH
HHEWRT LI ENEELOWNEIZL > THLNE R T2
(Kameda et al., 2016) o

Fig.1a, b2, > U7 (Si0,) ¥ 1B L O HEREL
#E (Chinese Desert Dust; CDD) #IT- 1T ® Py & j& &
3ppmv D NO, & DRISIZHE), Py DEEL = b ¥
L v OEREOREILE ENEFIURT, ) 7 BT
X Py SR DB £ 2 50% F T35 D12 12 Kl
FELZOIHL, CDD ECTIRKISOM#ETAEL L,
HE 0 LR T 90% Ll o> Py 25 L, [RIER Ik
= (~60%) @ 1-NP % 5-2 720 ERL L 72 1-NP H &
b BT bic= bafbah, WEREELHT
%5V =M ¥EL Y (Dinitropyrene; DNP) 4L % 2 &
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Fig.1 Concentrations of Py and nitropyrenes (1-NP and

DNPs) on quartz (a) and CDD (b) (expressed as a
percent of the initial Py concentration) after expo-
sure to 3 ppmv NO, for the indicated times. The data
points represent mean values (=1 SD) of triplicate
experiments: circles, Py; squares, 1-NP; diamonds,
DNPs (=1,3-DNP + 1,6-DNP + 1,8-DNP). (Repro-
duced from Kameda et al., 2016)

B L7, CDD Loiga L FBL L 724 R 1L, ATD I
BT ThELN (Fig. 2a).

FAEOBGEZ T4 OB 7 A ML — b ETiTo 72
# &, CDD B X U ATD Al k& Py 7 5 1-NP 3 X U DNP
ETARPICERTALOL, FUSOMETIEEZR D
D EIZKBIE NIz, Table1 (2, EERIZHW/2H 7 X b
L— 1 EIZBITS Py & 3ppmv D NO, & DFBIZ L D,
Py ED BT (1K) OMEEER ky, & ILEL 720
EVEYHEFA N, A R EOR YR T Eo
G T, CDD 3 X OY ATD _E &[R4 0 33 > [ 78 8 2
BoNize 2O RS, CDD B L WATD EiZBI
% PAH = b TfLDRAEIZIE, ZNSIZE TN AHTHE
Ws#ES L TWw5b Z L gEb Tz, R T8RRI
GUEEE LT, ZORMIES (EEAE AR O mIE
ERTHAN) 2ETAHIERHITFLNL, 2T,
POSEBRICH W FRAOREE L2 EY P vl
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Fig. 2 Concentrations of Py and nitropyrenes (1-NP and

DNPs) on ATD (a) and ATD with NH; pre-titration
(b) (expressed as a percent of the initial Py con-
centration) after exposure to 3 ppmv NO, for the
indicated times. The data points represent mean
values (£1 SD) of triplicate experiments: circles,
Py; squares, 1-NP; diamonds, DNPs (=1,3-DNP +
1,6-DNP + 1,8-DNP). (Reproduced from Kameda et
al., 2016)

— IRV G TR L = ™ e AL BOUG HEE & o B E &
MFE L7222 A, RiliEN, LWbFETHTZET
BNVAA (L) BREPEE M TEWRT LICBT 5
Z PP o THCETTH2 I Db o7z
(Kameda et al., 2016), F 72, ATD &~ 7 A& T
200°C THIE:, HART v E=7 THA %2 NEHL
WME L Py D= b LG EITo72& 25, Py D
FPE IR EACLEE 22 | o354 & Il LT 60% KT
L (Table 1), 12 K O SUSH% T S DNPIZAR L 2520
72 (Fig.2b)o INH DR LY, CDD, ATD IZ&H T
DRGSR T Lo LS (3 b b E AR
A3, Py D= P UREIZTR HEL TVWH D EER S
N7z RMO L BRAIIES L7 PAH (T % L BRIt
YA, BHIIEEZ PAH I VIV A T4 &7
HZEH, BEFALY L IGP: (Electron Spin Resonance |
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Table 1 Observed pseudo-first order rate constants (k)
for the reaction of Py on the substrates examined
in this study with 3 ppmv NO, (Reproduced from
Kameda et al., 2016)

Substrates ks X 10° (s)*  DNP formation ¥
Chinese desert dust (CDD) 86+4 +
Arizona test dust (ATD) 36=*1 +
Kaolin 110+10 +
Montmorillonite A 53+5 +
Montmorillonite B 29+4 +
Saponite 39=+3 -
Potassium feldspar 1.1£0.2 -
Sodium feldspar 0.30+0.06 -
Feldspar 0.86+0.14 -
Limestone 14%+0.1 -
Dolomite 0.83%+0.15 -
Calcium sulfate 15%0.5 -
Quartz 1.7£0.1 -
Aluminum oxide 0.25+0.00 -
Iron (III) oxide 9.0%3.3 -
Titanium (IV) oxide 1.4%+0.0 -
Montmorillonite K10/ 250%20 +
ATD w/NHj titration 15+2 -
Graphite” 1.9+0.1 -

* Errors represent one standard error derived from nonlinear least-
squares fitting for the Py decay plots.

* Reaction time, 12 h; +, yes; —, no.

I Acid-activated montmorillonite.

1 Acidic surface of ATD was pre-titrated with NH.

# As a control.

ArH + DS* - ArH* + DS
ArH* +NO, > Ar*<HOz > ArNO, + H*

Fig. 3 Proposed mechanisms for the NPAH (ArNO,) for-
mation on Lewis acid sites of the dust surface (DS)
from the reaction of PAH (ArH) with NO.,.

ESR) % &% HW/-llETH S M2 EN TS (Muha,
1967), FHWERE L L CHAFET 5 NO, 2 PAH 7 7
VT4 ERIGL, o#fifkzifEd LT= b ik PAH
52 DB EMIC L) = o LT Lz o LI
ESN5D (Fig.3)o

CDD B X UNATD R8BI 5 ky, & NO, i & D
BIfE % Fig. 4 I27R T o NO, IEEDIINE & D12 ky @
fEIZEITHE 2D, ¥ A MRMIZBITA Py & NO, &
OFIBET vy 7327 -vrioivyy FHOMKE (+
b bERBWAFER OIS THIITE2 ZL0b
o 7z (Fig. 4 1 Eq. (1)o Fig.4 ® 71 v b % Eq. (1)
TIAVTA YT LTHRONTNRNT A= (e B &
O Kyoy) DR FIVCT, ERKL VD NO, i (72
& 21X 50ppb) FIZBF % CDD L Py iFED B2 D
HEEHT RO L L 67Xx10%s1 &), TDL &Py
DRENFIT 41 EFEIND, Zoflix, =
NFCRAT Py OMEMEL L Tho b bEEL SN

7 )i



3
PIOT Ko = KmaxKno2lNO,Je/ (1 + Ky, [NO,Jg) (1)
8x10*

-~ 6x10*
Z
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o
= ax10*

2x10*

1 1 1 1 1
15 2
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Fig. 4. Pseudo-first order rate coefficient (k,,) as a
function of gas-phase NO, concentration: Kyeg,
obtained adsorption equilibrium constants; K,
the maximum pseudo-first order rate constants.
The curves are nonlinear least-squares fits based
on Langmuir-Hinshelwood-type mechanism. The
error bars represent one standard error derived from
nonlinear least-squares fitting for the Py decay plots.
(Reproduced from Kameda ez al., 2016)

TEZEMOH 7T A IWVRISDOEEERK % b L IZFE

SNhaFar (2.8 MH) LHEEETHY, ¥ A LB

I} % PAH-NO, UG D EEM:Z IR L TWhb,

23 BEHREBOEAKBBICE S NPAH ZRAERK
DIRFE

Flk L7z A MRT ETONPAH AR %, dLEICH
T2 EREEBWIC L DRI L 72681 % 783 (Kameda et
al., 2016) . ¥R I HAGEIROM AR 7T, HARIZHR
T2 b DE3~4um 12, JLETTIE L ) MK EN R RS
HOE=IRHbE b Tnh, £2T, MO
A S 722010 F 3 B L UF2011 44 ~5 A1
HEILETICBWT, 7y ¥ =tk oK) a—1T
T =TT = HWTREKT O5RIEE 6B
#:<1lum, 1.1~2.0pm, 2.0~3.3pum, 3.3~7.0 um,
>70um) TV, EEA LD L E TR DK T
757 v a v & H0IC NPAH O W - 8T & 47 - 720
FOREF, FROERDICRER IS T Py 0= b ufl
HTHD INPIREPIEL ML TWAHZ Ehbho
720 2T, 1-NP OIRBESEARE S O HFEHEE O 2%
I BT 720, —KER PAH TH ) LFEWIZLET
SHANOBBAIZE A ERRY )] TN T VT
(Benzo[k]fluoranthene; BKF) & DIEFEIL % BEFT 5 Z &
T, 1-NP DR E AR % 5 L 72,

JEEIC BT 5 2010 4E B X U 2011 4F O TR iDL FE
&ORAMF- P [1-NPY/[BKF] th o HZ AL %, Fig.5 B LU
Fig. 6 |2 Z L2 1URT o 2010 SE D TRV 1, BRIEA
T AT —EHWBL T — & 2= (http:/soramame.
taiki.go.jp/dss/kosa/en/index.html, Accessed 23 April, 2010)
L0 1R7e 2011 4EIX T A 5 —OBEIT— ¥ BAFTER
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Fig. 5 Atmospheric dust, PAHs, NO, and 1-NP concentra-

tions in Beijing in March 2010. (a) Size-fractionated
particle-bound 1-NP. (b) Gaseous NO, and size-
fractionated particle-bound PAHs. (c) Aeolian dust.
Variation in concentration of 1-NP relative to that of
BKF (1-NP/BKF) is also shown in (c). Arrows indi-
cate a heavy dust period. (Reproduced from Kameda
et al., 2016)

molzlz®, ALETTN T S vz PM,, BB TRE L
72 (www.bjee.org.cn/api/index.php, Accessed 27 July,
2011)0 2010 4F 3, BRI S A7 RN AR
(> 2.0 pum) OFLT-H1T [1-NP)/[BKF] lLA* EF-§ 5 1@
MERO LN, & <123 H 20 HOmWEBBLHIZ &1
Wi (3 A 19~22 H) 21, BUNH M &E oM
(0.1) o#8f%F (08) &, FLwioMmisslisn
7z (Fig.5)o F72, 2011 12 [ U < WD A3 EHA
Sz 4 H30H~5H1HBXU5 11 H~12
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Fig.6 PM,,, PAHs, NO, and 1-NP concentrations in

Beijing during 25 April — 30 May, 2011. (a) Size-
fractionated particle-bound 1-NP. (b) Gaseous NO,
and size-fractionated particle-bound PAHs. (¢) PMy,,.
Variation in concentration of 1-NP relative to that
of BkF (1-NP/BKF) is also shown in (c). Arrows
indicate heavy dust periods (30 April-1 May and 11
—12 May). (Reproduced from Kameda et al., 2016)

H) 2R > 2.0 um O F-H1C [1-NP)/[BKF] Jb2s L&
L7z (Fig.6)o N6 ORI, FRAHOEMERIC
BWTC, INP B RAER L TWeZ EA2RBL TV 5,

PR CRER T 5 & 5 W 56 L & #dkE

TS5 2 xR EEZR 720, Rt omtx i
B, BRI BT 2L 0 Z AR & 5T L 72
(Kameda, 2018)s Z Z Cid, NPAH 25/~ § HEFZE RIH
IR L CEWIEZ % A S 5 Salmonella typhimurium
MN2009 #% % V> 72 wmu 3888 %, 2009~2010 451246 5T
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Fig. 7 Direct mutagenicity of soluble organic fractions of
size-fractionated ambient airborne particles ( >
7.0 um) collected in Beijing. AF-2: 2-(2-furyl)-
3-(5-nitro-2-furyl)acrylamide. (Reproduced from
Kameda, 2018)

T SN FERKFEEHI L CEM L 720 umu iBR
A DR T SOS B & W) - FIH L, DNA
ANOHEGIZ L N FEEND umuC Bin T OB =% 5F
fifid 2 ZERERRBEO—DOTH Y, BIZHFEEDOAZ ) —
ZVTICHVENT WS, bo bk bRfEOREVT T
7 va IB LT (> 7.0um) OBEHEE RN
(FFemy 72 22 RIFWE T 5 2-2-furyl)-3-(5-nitro-2-furyl)
acrylamide J# IR RE) 12134 (103£17 pg m3) >F
(80+38pgm?) >E (2916 pgm?) & HAHEZ K/
FEARRD Hit7ze &) bIFIRWETAEI S 7z 2010
#£3H 19 H~22 HoREE, 2Bl cd - &
SEWVIEHE (137pgm?®) Z/RL72 (Fig. 7). Hitb
NDSERSTRERIED R A & F54 L 72 1-NP D FERERL
E%E@ IZRS 25543, 0V 2%EEICT X

W2 EPHEENTWA (Hayakawa ef al., 1995). L 72

75’0’( DR R BT B o R SUZS SR LT 1 1
INP O R L 2 F 5720 TIEFEBRTEd, K

ROBEHELERFENDFGPRE NS T T RILEY

DWEM ETCTRERL TV L2 RIEL TV,
3.5 b W

(2

AR TIEERRL T EI2B1T A NPAH O kA KIZD
W, ZEHOLOMIEERICL EDXMH L, 22T

TR L 72 EBRORERIIEATNIC B 2 BRI Lo TH S
N2 DOTH LA, Py ~DNO, DELY A&, LIRS

TCTEMDBWEIRFET LI EAMESNLTNS
(Ammar et al., 2010) . JtEhEE & 172 Py %)7?77)1/7'.77‘
FrEERT A LS (Ammar ef al, 2010), TGRS

TIZBWTIE= b ufbRn 2t S I E S A TRE:
Wb, T/, 7o)V ETiE= baftbyto

LA b RESNFEL D EEZ LN, HRITHR

ERBWERUSZIRT 5 & &I ﬁiﬂ%’?’?*/}”\
R OFERG S SHHH li@a’éé&%ﬁ%%ﬁﬁ“

BEIZOWTHOMFEL TWL S EDRETH 5,
F 70, REERICKILT U, O R SR 8L
WaattEh TIXEM O = P ORISR T

Byl u RV



TAHEEZONDL, —HMWEIILAE L2k 713 b
LEAHADZ L, BRMSAREZ EOH, Ko ER
7% Sl BWTHEELFWEAIERRKIMIER L T
WAHTRREIERETET, 2hoo () REUILHE
BEORENHHH . BHEIZORLIZLHIZ,
e OB IR TIIES o TBY, KEICRL
k) Ty ETOESIEET VTS
BEOBETE L WEHREREINL, ZOL) EED
AOIEEHERDPIECHFATEI > TWnb e T5 L,
PM IC L 2B ED R ICb RE B e 525
TREED D %o PM ALELEL T O S L OB % # 1E
VR L, ZO#ERICD & O MRERERTl % # o T
W ZEPROHNS,

References

Ammar, R., Monge, M. E., George, C. and D’Anna, B.: Photoenhanced
NO, Loss on Simulated Urban Grime, Chem. Phys. Chem., 11,
3956-3961 (2010)

Atkinson, R. and Arey, J.: Atmospheric Chemistry of Gas-Phase
Polycyclic Aromatic Hydrocarbons: Formation of Atmospheric
Mutagens, Environ. Health Perspect., 102, 117-126 (1994)

Fernandez, R. J.: Do Humans Create Deserts?, Trends Ecol. Evol.,
17, 6-7 (2002)

Finlayson-Pitts, B. J. and Pitts, J. N.: Chemistry of the Upper and
Lower Atmosphere, Academic Press, San Diego, CA (2000)

Hayakawa, K., Kawaguchi, Y., Murahashi, T. and Miyazaki, M.:
Distributions of Nitropyrenes and Mutagenicity in Airborne
Particulates Collected with Andersen Sampler, Mutat. Res.,
348, 57-61 (1995)

Itoi, K. and Harano, A.: Heterogeneous Reactions of HCI, NO,,
and O3 with CaCO3 Particles, Earozoru Kenkyu, 30, 262—269
(2015) (in Japanese)

Kameda, T., Azumi, E., Fukushima, A., Tang, N., Matsuki, A.,
Kamiya, Y., Toriba, A. and Hayakawa, K.: Mineral Dust Aero-
sols Promote the Formation of Toxic Nitropolycyclic Aromatic
Compounds, Sci. Rep., 6, 24427 (2016)

Kameda, T.: Secondary Formation of Toxic Nitropolycyclic Ar-

omatic Hydrocarbons Promoted on Mineral Dust Aerosols,

Vol. 35 No.1 (2020)

Trans-Boundary Pollution in North-East Asia (Hayakawa, K.,
Nagao, S., Inomata, Y., Inoue, M., Matsuki, A., eds.), Nova
Science Publishers, NY, 129-145 (2018)

Muha, G. M.: Electron Spin Resonance Studies of Aromatic Hy-
drocarbons Adsorbed on Silica-Alumina. I. Perylene, J. Phys.
Chem., 71, 633-640 (1967)

Pitts, J. N., Van Cauwenberghe, K. A., Grosjean, D., Schmid, J. P.,
Fitz, D. R., Belser, W. L., Knudson, G. P. and Hynds, P. M.:
Atmospheric Reactions of Polycyclic Aromatic Hydrocarbons:
Facile Formation of Mutagenic Nitro Derivatives, Science, 202,
515-519 (1978)

Ponczek, M., Hayeck, N., Emmelin, C. and George, C.: Heteroge-
neous Photochemistry of Dicarboxylic Acids on Mineral Dust,
Atmos. Environ., 212, 262-271 (2019)

Richter, H. and Howard, J. B.: Formation of Polycyclic Aromatic Hy-
drocarbons and Their Growth to Soot—A Review of Chemical
Reaction Pathways, Prog. Energy Combust. Sci., 26, 565-608
(2000)

Tang, N., Hattori, T., Taga, R., Igarashi, K., Yang, X., Tamura,
K., Kakimoto, H., Mishukov, V. F., Toriba, A., Kizu, R. and
Hayakawa, K.: Polycyclic Aromatic Hydrocarbons and Nitro-
polycyclic Aromatic Hydrocarbons in Urban Air Particulates
and Their Relationship to Emission Sources in the Pan-Japan
Sea Countries, Atmos. Environ., 39, 5817-5826 (2005)

Tokiwa, H., Nakagawa, R., Morita, K. and Ohnishi, Y.: Mutagenicity
of Nitro Derivatives Induced by Exposure of Aromatic Com-
pounds to Nitrogen Dioxide, Mutat. Res., 85, 195-205 (1981)

Ullerstam, M., Johnson, M. S., Vogt, R. and Ljungstrom, E.: DRIFTS
and Knudsen Cell Study of the Heterogeneous Reactivity
of SO, and NO, on Mineral Dust, Afmos. Chem. Phys., 3,
2043-2051 (2003)

Wang, Y., Peng, A., Chen, Z., Jin, X. and Gu, C.: Transformation of
Gaseous 2-Bromophenol on Clay Mineral Dust and the Poten-
tial Health Effect, Environ. Pollut., 250, 686-694 (2019)

Yang, X. Y., Igarashi, K., Tang, N., Lin, J. M., Wang, W., Kameda,
T., Toriba, A. and Hayakawa, K.: Indirect- and Direct-Acting
Mutagenicity of Diesel, Coal and Wood Burning-Derived
Particulates and Contribution of Polycyclic Aromatic Hydro-
carbons and Nitropolycyclic Aromatic Hydrocarbons, Mutat.
Res.-Genet. Toxicol. Environ. Mutag., 695, 29-34 (2010)

19



