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GRHBEIEDS TV, THITH L, ERER OLFWEAERE T UL, REGERORE & ZOERIZOW
TALFEMRE=Z S ) V7PN RTIE R EEZ, ERICEEINEEWEORTIIET L. £7, AF,
v/ F, T AR OMBEEELR M ZHEARTERRL 7227 ) OERITOWT, MBBiE-F A 7a<x b7
74— /BRI ZITo7. ZOKRE, $XTOEFIIFEILEY DIFIEAITR S NI2H, IR,
% OB ICEEOWESRONS 2 EPMERI N, TR IE L b WE & LTI, opinene,
B-pinene 2 EDE/ TR VDI, nonanal X nonanoic acid, 7% H FITE A F T IR D B-eudesmol
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(PEA), tetracosane DMFIIRME & L TEIF SN Mh SR L 72 £ 4 EBER O b= & Il &
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Table 1 Analytical conditions of TD-GC/MS for pollen compounds
Device Procedure Condition
TD 1™ desorption 150 °C X 3 min, He 50 mL min™, splitless
Trap Tenax TA at 5 °C, purging trap box with N, at 50 mL min™

2" desorption
250 °C X5 min

Ramping 40 °C s up to 250 °C

Oudlet split flow 10 mL min™

Temperature Valve 225 °C
Transfer line to GC 280 °C
Carrier He 1.0 mL min™!

GC Column

Oven
Transfer line 280 °C
MS Ton source 250 °C
Inonization Electron impact 70 eV

Mass range

Inert cap 5MS/Sil (0.25 mm i.d. X 30 m)
60 °C (1 min) — 30 °C min™ — 200 °C — 10 °C min™' — 280 °C (5 min)

m/ z 60-300 in TIC mode or SIM mode as in Table 2

BTI QWA LER, KFRICET LR $4bb, fEh
CHEOWHEER Y — 7 — L L, BRI 52 K5z
WA L7274 VG =D o~ = —WHIFRITE
&, S OWEED SR ORBARDL O LR T BEIZ 2 5 D
TEZRWD, £n)ZLeTHD. EHITIE, TOMIIEL
THex IERYEABIL AW G £, HHESY, Wi
B BT, 0 F b0k L4 ORI ORI S F
N2 A OEEEWH OGN W STV D, A%
TiX, %7 A F (Japanese cedar, Cryptomeria japonica: C.
japonica), ¥ /7 ¥ (Japanese cypress, Chamaecyparis obtusa:
C. obtusa), 7 #1</ (Japanese red pine, Pinus densiflora: P.
densiflora) 7 ') (Japanese chestnut, Castanea crenata: C.
crenata) (2O TIER I E TN B AL & NGRS -
AAZAX 7T 74— /HEGH (TD-GC/MS) 12To
Tafre, fEh~—A—t%0) ) 2{LEMOEKREIT -
7z, BT, KRRY Y7 v I RATo7T7 4V — kD
o, BEHWEORMZ AL, EHERYE R~ —
A —E LTOAMEIZOWTHREEL 72, 512, FEARTHREL
DL ZE & 5 ) OFERRIEWE OB % AT

2 % B

2-1 TEMEBRUEHE

W~ — 7 — 2 ERT 5720, AR )T CHRIL
T AL RREATNO N HIL TR L7 ) ieHolz
B, RWHEET LVF - ofhanhTnwb AF, ¢
%, TAYOEMEMW. BHRENIER L THIE
FEICREL, 77— —ANTHEIRIIRE L TMEICHL
7o, AEICE FN AW EMOREEY R L LT, ®ifb

B T3 D a—pinene, B-pinene, myrcene, carene, limo-

nene, f-caryophyllene, 2-phenylethyl alcohol (PEA),
nonanal, decanal, dodecanoic acid, tetradecanoic acid % H
Wz, SRHOWE 10 mg 372, HETHRIE L2 hRr %
YA rBERy FTR)RY, AFF Y THRL T 10 mL
&L, 1000 pg mL™" REWRERERE L. F2, WE
#YE (ISD) & LT, cyclopentadecane 100 mg % 3 -
VZHEM LT 50 mL & L, 2000 ug mL™ PIREHE T IR &
HELL72. COWHIZ, AF e/ FhoHHT A EXF
TUNRVHE, VTR VEHOWEIZ LIE LIXHEEEDE &
LTHWORTWE™ 26 B A T O PR i
WHEEBRZEERD, ~FH T THRLT0.05~1 g
mL™" (WEEEYH 2 ng mL™) ORBEHERBR A RR L 72,

2:2 TEBRHHERIEEMD TD-GC/MS 717

e OLEREIZOWTIE, MEARE- A7 8= b
797 4 —/BE5HH (thermal desorption—gas chromatog-
raphy/mass spectrometry: TD-GC/MS) 2 X » TH M %
7o 7z AERHE 10 mg ZHEY — IV THA T TD HHO
HIAF2—TITHEE L7, TNEMEABAERE (Turbo
Matrix 650ATD, Perkin Elmer, Waltham, MA, USA) 2 T
HEEWHEERAEL, #onhzft&W%E GC-MS (Trace
1300-ISQ, Thermo Scientific, Waltham, MA, USA) I2TH
M&EAT-72. TD Tld, BiEWE ZIKIHEE (Tenax TA,
20 mg) ICTH#HET7 +—H AL, ZWRPIAE L TGC~NEA
L7z, WESMOFME Table 1 1R T. BAREICOW
T120~210C £ COHPATI/ U M T LDE =I5
SIEMN LRI ONE - 720T, EHBEERILEDD
B BT B 720 IR 150 C TI7) 2 &2 L
72, B, FEBRLEW ORI total ion chromatogram
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Table 2 Scan times and mass numbers for the pollen compounds

Compounds Scan time/min m/z
o-Pinene, B-pinene, myrcene 3.50-4.60 93
2-phenylethyl alcohol (PEA) 4.50-5.00 91
Nonanal 4.60-5.00 73
Borneol 5.00-5.40 95
Nonanoic acid 5.40-6.10 73
B-Caryophyllene 6.10-7.00 133
Cyclopentadecane (ISD) 7.00-7.85 97
B-Eudesmol 7.85-9.00 149
Hibaene 9.00-10.20 81, 134, 243
Kaur-15-ene, (13R)-8,13-epoxy-labd-14-ene 10.20-10.70 81, 94
Kaur-16-ene 10.70-11.20 69, 229, 257
Sclareol 11.20-11.70 69, 81, 275
4-Isopropyl-7, 11-dimethyl-3,7,11-cyclotetradecatrienone (IDC) 11.70- 81, 123, 259

(TIC), AW E TE % DO REEMIZ I selected ion moni-
toring (SIM) ZH\W7z. FHEHILEWIZOWTOD SIM 5
PEIZ DWW T Table 2 (2R Y.

2:3 AKEBOEREM T
RAHITEET 5 8B ORIUL, 2013 ~2017 4EDFF,
REARRFBEEZHF v VS AHFENO 9 BT Y VE B
b L <M CRENT NI D B AR A BEZEAT LN S o 92
BARNICH B BREEFHINE IS THr o 7. $72, —WEl, K2
REN D A AT 2 AHEREOR LICTEHIREL D
16 FFIZA CORRMA R D R U7z, i, SRR ¢ 47
mm O 7 v FEIRLEL A T AMHET 4 V& — (T60A20, 4
HAE) 1210 L min™ (£7213 ¢ 80 mm @7 £ )V ¥ —I2 30
L min") OWHBETRRERIIL, 2~7HEZ L1271V
F— MLz, WRBED 7 4V F —IZEE Y —VICA
N, Frx v 7 iFEE VBRI AN THBRE TR L.

TANY =R LA EENWEOMEE, LInT
WMFFEE TIMi L 72 PMys DL RIS FRIALK T OHE
G ERU LI, 7405 —D 1/4 % EMRICER L
TIDHDOHFAF2a—TIZHHAL, 22 2HTHRAF
% - &M TTID-GC/MS 3T 24T o 72, ERODERE 2 ug
mL™ WEEHER 10 uL % TD I H 9 AF 2 — T IC%E L7z
ME 74V F =T L, SIME— FTGC/MS 5T %
oz, MEWHICE D70~ b7 T L%, HEHEEE (21
HZM) 0L % TD HiF S AF 2 —TICRE LTI v
774N =T L (BINEIZ 0.5~ 10 ng (2HHY, 72
72L 27 VAR O PEA AT O BRI 5~100 ng & L 72),
TD-GC/MS PHTIZ & o THz. RRERE Y, n/B L7
TANT =K EOZWEOER w (ng) %/, KRIEE C
(ngm™) 2R (1) Ly b

nXw(ng)
FR (m”min™")x ¢ (min)

C(ngm™)= 1)

T, FRIKKRF Y7V v 7k, 13y r 7Y o
MWTHhs.

BEF TS, WEELBBIN Y AT 450 LR EMS
NVAT T2 vy —ICBIT A EhRimoT— 4 205 L
7z (http://kafun.taiki.go.jp/) . AMEMEIF L — —HElk
WX BEHINCHED VT WA, T2, HEERIIKRFEHND
AEBR B 2 SH T 3.5 km ICfE L TWwWA. E512, H
S8 (insolation) ZREARNF DR MITFIE L 724 KEkH
HEEE (MS-601, JEANERE) W —E/ 31 V) % [
D 7B TRESR L 72

3 KiRLEL

31 XX, /X, ATV, 7UDREHREZOESD

AR e L7ebhg, stEfox¥, v ¥ Ta<
v, RLRIAEHO ), OAEETHS. T, K16
B oS Blx Fig. 1 1R T, A FERILE AR 80 um ORI
DORFTHY, NEFLwIREYERFD, FE/HERT
BAEHEmMA L -y ¥ a/MREMIENE YT I 70 4%
DRFIZEDLI TR Dhbhr b, —Ht IR
400 um DBEOHIZA->TEY, BRIMICHZ 2 EEOR
TR TH L (Fig. b ). v/ FEREZILERT S L
BAZEZ LTBY, EEIIH 30 um B CTA X & HEF
Tholz. TH<IEBIILBIHRE 50 um FEDOKE
KT, 200RRORELFHR LEUCTED) R uEZ o
TWaY, 2 )EBIEED S L IIRE L RAY, HEF
Sum, B3 13 um BEOMEOHIREZLTBY, K3H
ORI SNz, DD X )12, EHoRIRITHY
WCEoTRELERY, ZNEFNEHODH I LHIREN
7z.

BT, TNHOEHRDLHET 2 HBILEWITONT
PRTHAIz. TICE— FTHE L7 TD-GC/MS D 7 1< b
77 8 REN YRS EADETFg 21087, Erb
AF, e/%, TARY, 2V)EBoTwA. WINOFE
W5 b% S OFRILEW I BIL Shiz, BBl s
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Fig. 1 Four kinds of pollens investigated

Photos of tree branches having flowers (upper) and SEM images of their pollens (middle and
lower) for (a) cedar (C. japonica), (b) cypress (C. obtusa), (c) red pine (P. densiflora) and (d)

chestnut (C. crenata).
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Fig. 2 Detected compounds from the pollens

TIC chromatograms obtained for volatile compounds
from 10 mg of cedar, cypress, red pine, and chestnut
pollens.

7ALEW S 575, MWIZ L o TIREIMZWE DL CAD
N%. o-pinene, PB-pinene, myrcene 2 EDE /S TR
FIEITXCoOEB DL LB L TRIES . Th
IZOoWTIE 3-2 HIZTHEH L (X%, ZDIIA nonanal R
nonanoic acid 25, A¥, b/ FpoS M hsz. &
¥, e FOEBIEILAF TV 4 FTH 5 B-eudesmol
ML CTHELRE -2 %2527 £/, ThTholih
BEAEALNLYED N OHhH LI AL Flz

¥, A F T3 kaur-15-ene, sclareol, 4-isopropyl-7,11-di-
methyl-3,7,11-cyclotetradecatrienone (IDC), t / F T
hibaene, 7 %% Tid borneol 2 U¥ (13R)-8,13-epoxy-labd-
14-ene, 7 ') T & benzyl alcohol, phenylethyl alcohol,

tetracosane DV 2 WE L L THEIF LNz, 2Dk

2, HEBCEINDMEMOF YT 7Y ¥—Ta vk
o 72AE8, SHEBNILBICE TN LA FNENE
AIZZENIALEMEHRT LI LB TEL. T2y
5, RAFELH OWHE L ZDILEWMD I X B IEHTR
R DR D W RetEATR Sz, 2 2 TUREOfE ) O
LI LT L7

3-2 DT/ FILNHE

FIRLZEY, $EBTXTOMRHE, TR
AR SNz, FIUVRVEMNSEROEICEITNATVD
ZrRk<monTwa Y, Su, BICb L EEN
TWLIENRHBHLE. 22C, EBRIcEEhsze/ 5L
N CHy TAFTFURVECHy, JTNVNRUH
CoHyy ICDOWTHEL, IhofbEWoiER~—h—L L
TOFMMEME L7z, Fig. 312, €/ FARVE, &2
FTNRVE, VFAVRVERDNRICNELZZ7 < T
SL%RYT (ZOLERELH 525 (DBXLB) 2334 S
NTWIz R M 7 a< b 7S5 4 8 —F LT
W), RERTH B 7 VIZOWT L RIBO T 2175 7.
Ihoorzuav brIa1%, B FURVENIEL TR
DIFTTAYMIY (m/2=93), ROEAF, IFIR
VHENENOG T AV (m/2=204, 272) X V1572 1%
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Fig. 3 Terpenes detected from the sampled pollens

Chromatograms obtained for pollen compounds by
monitoring at m/z 93, 204 and 272 for mono-, sesqui-
and di-terpenes, respectively. All pollens were
sampled in Kumamoto prefecture. Note that these
chromatograms were obtained using a DB-XLB
column, which was different from one used for other
chromatograms.

bR ERD L, AF, /%, THAYYOERIZ
m/z=93 DY — 7 FPFHIZHA SN, KT m/2=204 2%
<, m/z=272 DY — 7 IR S vz, 7)) Bk
HiE, TVWRVEEFAZESIN =2 3B ST, T
NI A FO—FTH 5 geraniol EALNLHE— 7P F LN
72. AFLe ) FIZONWTATASLE, AFTIX o-pinene
A, &/ FTId fpinene BPH ICA LN, o &y
5, TNOLDE) TR VENELEDORER T EORE
HEINTVRBENITOWTHE L 7.
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57 OLAHSIRNTE L oM THE. T/, B
BEAAER B > A 7 & X 0 1372 AEEHIE (7Y 8.5 km B
7B A DETRTA, 2018 40 A FIEH O RBLR
Mz 2 ATA25 3 A R, v/ FERomRiEs 3 A
HE»S 4 H ETH o7z, REAHF DK pinene R, B
R AT T GRINE 0.5~10ng) L7274 )V & — % ik
B L CRHRELIFY Y TL—3a LTINS —
FoWEE b LD, ROTHERROSEKFCTHRL TR
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MR D IR/ ME, I RAIER SR EE T 0.028, 0.46 ng m™
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Fig. 4 Pinenes in filter samples in the spring season

Variations of o~ and f-pinenes found from filters
sampled at Kumamoto University from March to June,
2013. Pollen count at the downtown and daily
average of ambient temperature are also shown
together.

s A EE RO, BAfEIZ 017 ngm™ THo7z &
72 3 A AL, 12 B—pinene 2SHHF & 2 D, 3 HKH»
54 H BT T0.06~011ngm™ THEELE. 20
%, 4 HFW55 6 H T $ TR 0.01 ~0.04 ng m™ DK
ETHR L7z, 2D X9 IZ a—pinene 733 A I4J, B-pinene
24 EWICBRERLTEY, ThehaFie/ 0
R L7z EZ b5, ZORENPDL a-, B-
pinene O REHRLF-i BE 7> & 1By OB & & 12 B3 % 1

KR OIIRD W REVEARIR S 7z,

L2 L, o~ [B-pinene |ZFEFMEHNE L, 74 V& — ik
OB L TL Vv, HMEROSKIRSCE, RS
EDOFMZE o TRRDELASNG. £72, [ERZT TR
<, HYEREIFEOMD /PN RRFIZH EL VEPGEER T
bEEZOLN, FEHEHTIEIRVIE2V S AR 6 HIZH8
WENTWDE. 2O, FHEMES L VKL, 2ofERFE
HOWHDTHI—h—L LTHELWEER, DK
e 72,

33 FEIAXTERICEEThZ{LEYORE

L BB~ — 7 — ROz, £ TN
PAOYEIZOWTHE 217 o 72, 3REATTERT X <
HONDAFIZOVT, R~ =7 —WHORKELT -
720 3 1HTHANIGEY, AFERITHRNZWEE LT
B-eudesmol, kaur-15-ene, sclareol, IDC 3BT HM b, Z
HIZTIRDAEBZ DOV TIHRARTz D D7EAH3, FERRITREAILET
BRI TRINL 22 A F OB DB 2 MY L, 2D
SIM E— R TINEDOR/FITOWTHET % & Fig. 5 D &
ITHWA FABIE TN TS T RTHMI S h
7z, £72, v FITKFEM % hibaene, TARVIZHALN
% borneol X (13R)-8,13-epoxy-labd-14-ene, 2 ' ® ben-
zylalcohol, phenylethyl alcohol 7 &'1&, A F{EHA 6 —14)
Bl SN arol TOILEND, ZOL) BWELEIE
BOREICHMZZ EAHE@IhZ 22T Ihboo
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Fig. 5 SIM chromatogram for sampled cedar pollen

Chromatogram was obtained for selected compounds
from cedar pollen sampled in Kumamoto.

LEWITONT, FEBITRGRIL 727 4 v 7 —H 5 Hih
TEDLNE) PalBEHl L7 2058, IDC 2% HEFEIC
BN T& 2 Z Labh o7z (Fig 6a). 72, AFEH D5
AT & o THIH & 72 B-eudesmol, kaur-15-ene, sclareol
D=7 RSN, F72kaur-16ene & Bbihz ¥ —7
(1x 10.80 min) d A O5N727%, FONIZHEZA XY PV
M CTldpoizizdh, IDCOAZHRE L7z, IDC 13O
BERIWE L D 5 TRIKE L, 2oBEEEZFO72D, K
KB OEED /NI VEEZZONE. TOHRE 2T,
AFARE L THHRGIRML 727 4 V& =122 TIDC
O 272 ZORRKE Fig. 6 (IR T. 72721, IDC
EOWTREEWHOATHFATRERTHY, KDL IC
IDCqus & L CEEBDICIRIEZ RO /2. AFIZE TN, &
2 IDC & #EiE D72 B-caryophyllene (CPL) DA%
Vv, IDC ¥ — 7 i B % B-caryophyllene (2 #530 L 72 8 B2
CPL (ngm™) Z%H L, ZMN%IDC & B-caryophyllene
D5 (Mpe, Mon) THIIE L T IDCypg % RO 72.

IDCquasi (ng m_g) =CPL (ng m‘3) x Mipc

Mo (2)

%3, IDCqu IRETORBRA (S/N=3) 13027 ng T
Ho7z. BAEAIZ, 10 L min™ (2T 7 BRI SGEUR 2 BREL
LZ?D 1/4 5 L7238 ORKIRE BT T % &
0.25 ng m~ MY T 5. F72, IDC D Y I L7 B-
caryophyllene #2HEW B O EHFEP 0.5~ 10 ng THIBILR
BR*=0.9988 DHEAMEDF LN T WD, HARHRITZ OHIPH
W&, ORI TORLIRE T 0.48~9.5 ng m™ 12414
L, ¥72, 74 % —I210 ng DEEMWE % BTN L 72
WEHOFBINEZ, MAFERAET34% (n=6) Tho
7z.

EC, Fig. 6 DFERICOVTATAD L, AFKOE
THRRLTWA22eddY, Bngm™ LILBEMERED
IDC A F N7z 3 A 27 HA 6 4 A 2 HIZHF, KAtk
ALTVE, ZRIZONAFOMEDSHTWE, BIIIS
N7z IDCEBIR L. LaL, [EHARELTLES7
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Fig. 6 Detected IDC from air sampling filters

(a) SIM chromatogram obtained from a filter sampled
on April 2, 2015. (b) Variation of IDC collected
near Japanese cedar trees in daytime from March 27,
30, 31, April 2 and 15. Pollen data observed in the
downtown Kumamoto, ambient temperature and solar
radiation (insolation) are shown together.

#4115 HiZiZ, IDCRIZEAEREBEI N7 &
D IDC OHERIZ, 3.5 km B 7= AL a8 TR L 22 AER R
BEL 3 A3 H, 4 A2 HIZ200 M m™ DL EMRE L 725
WAH Y, REEE IDCEDOHEAVRE N7

T 2015 AEHRFIC, FH IR TCORE LR HI
DOMEARMANIZ T, BHIMICH725 IDC OB %247 72, &%
R#x Fig. 7ITRT. WIBIMALET S F ¥ VA TH
IDC AEM S, BHETDH 0.02 ng m™ HifE THE L T
7o, 2 HRBICREWVIRES G LN/ bk ) EZ DN
2015 4E T A FEB ORBIE ThH 72, FFic2 H 23 H
~96 HIZHRWM L7274 V& =251, Z ORBUYE Y
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Fig. 7 Variations in the IDC concentration

Variations of the IDC concentrations at (a) Kumamoto
University and (b) Mt. Tatsuta, in the spring season,
2015. In addition to the IDC concentration, pollen
count at the downtown, insolation average and
ambient temperature average for the sampling period
are shown together.
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Fig. 8 Detected PEA from air sampling filters

PEA concentrations were analyzed from particles
collected at Mt. Tatsuta station, in the spring season
of 2017.

Fig. 9 Filter after use in the chestnut bloom season

Photos of a filter used for sampling in the chestnut
bloom season (left) and its closeup (right).
Sampling was performed at Mt. Tatsuta station in May
17-19, 2017.
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Pollen allergy is serious health problem especially in Japan. Therefore, the forecasting and
monitoring of pollen scattering have been a important techniques for decades.
Conventionally, the pollen scattering is monitored by physical counting such as labor-required
microscope observations or counting laser scattering. In this work, we started on investigation
of chemical compounds contained in pollens because the identification of pollens and
determination of pollen concentrations can be carried out chemically by monitoring
atmospheric pollen compounds. First, organic compounds thermally desorbed from pollens
were analyzed by GC/MS for commercially obtained conifer tree pollens, such as Japanese
cedar (Cryptomeria japonica: C. japonica), Japanese cypress (Chamaecyparis obtusa: C. obtusa), and
Japanese red pine (Pinus densiflora: P. densiflora), and broadleaf tree pollen namely Japanese
chestnut (Castanea crenata: C. crenata) sampled in a trivial woods forest. Monoterpenes,
nonanal, nonanoic acid, and sesquiterpene f-eudesmol were observed from all conifer tree
pollens. In addition to these common compounds, kaur-15-ene, sclareol and 4-isopropyl-7,11-
dimethyl-3,7,11-cyclotetradecatrienone (IDC) were observed only from Japanese cedar pollen.
Also, hibaene from Japanese cypress, borneol and (13R)-8,13-epoxy-labd-14-ene from Japanese
red pine were found as their specifical compounds. Benzyl alcohol, phenylethyl alcohol
(PEA) and tetracosane were observed as characteristic compounds of Japanese chestnut. The
same compounds were observed from the corresponding conifer tree pollens sampled in a
neighboring forest, and it was shown that these compounds can be candidates for pollen
markers. Next, pollens suspended in the atmosphere were collected by filter sampling. The
particles were analyzed, as they were on a filter, by thermal desorption-GC/MS, and IDC and
PEA were detected from the filters. The concentrations of IDC and PEA varied according to
changes in the cedar and chestnut pollen scatterings, respectively. It is expected that
chemical observation will be available in the future for the identification and quantitative
determinations of pollen scatterings by further detailed examinations and automated
instrumentation.

Keywords: pollen scattering; atmospheric sampling; thermal desorption—gas chromatography/
mass spectrometry; Japanese cedar; Japanese chestnut.



