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Organic compounds that are included in the PM, s collected in the mountain and urban areas of Kanagawa Prefecture were
analyzed by GC-MS for identification and quantification. As a result, some compounds were confirmed that is have not been
previously reported in PM, 5. Both the mountain and urban samples contained pinonaldehyde that is the main oxidative product
of a-pinene emitted from softwood. A number of artificial organic compounds, such as butyl carbitol, were detected in the
urban samples. e-Caprolactam that is a raw material of nylon 6 only found in the mountain samples. Perhaps ¢-caprolactam
found in the mountain samples would be transferred from emission sources. The organic compounds composition in PM, 5 is
different in each areas. Therefore, identification of organic compounds that are included in the PM, s may lead to determining
the source for PM, . Incidentally, organic compounds in PM, s tended to decrease in concentration in the spring and summer
and increase in concentration in the autumn and winter. Additionally, some compounds contained in the PM, s identified this
time were developed as alternative substances. Furthermore, these compounds are currently being considered for setting the
indoor concentration guideline values in Japan. It was suggested that the composition and concentration of the organic

compounds contained in the PM, s may change with time, indicating the need for continuous monitoring in the future.
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Fig. 1 Location of sampling points in Kanagawa
Prefecture.
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Table 1

List of measured compounds, retention time, target ion, qualifier ion (CS-12-1: 2,2,4-trimethyl-1,3-pentanediol-3-

monoisobutyrate, CS-12-2: 2,2 4-trimethyl-1,3-pentanediol-1-monoisobutyrate, CS-16: 2,2 4-trimethyl-1,3-pentanediol
diisobutyrate).
Compounds Retention time (min) Target ion Qualifier ion
Butyl carbitol 11.75 75 100
e-Caprolactam 12.73 113 84
Pinonaldehyde 13.18 83 69
CS-12-1 14.35 71 98
CS-12-2 14.63 71 89
CS-16 17.66 71 159
Pyrene-d10 (Internal standard) 23.65 212
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Fig.2 GC-MS Total lon Chromatograms (TIC) of PM, s extracts [ X : contamination (siloxanes)].

57
peak 1
80
Z
2 60
s
=
K
T 40
3
= s 75
87
20 580 7 85 | & 1001
55| [58°% 773 | 4,
| 8 69 | 7afrd s4| 85’ 99”103 124382
0 [ [11 1.1 1 s 1
50 70 %0 110 130 150
m/z
100
57 °
NN
o ™o
80 Buty!| carbitol
z
2 60
5
£
2
3 40
e
E
75
20 56| 560 72 87,
5 1861
55 2 7173 85
53 ““53 69 77 ssl 98 | 115 1382
0 m T | | 1
50 70 %0 110 130 150
m/z

Fig. 3 Mass spectrums of peak 1 in Fig. 2 (top) and butyl carbitol (bottom).



206

J. Jpn. Soc. Atmos. Environ. Vol. 54 No. 6 (2019)

100 55]56 113
8 peak 2
80
z
2 60 84
§
=
]
2
% 0
3
2
67
* 7 & h1a
55734 || s9 01, 82| | [ o6 98 112
0 11 L, | 1 il
50 60 70 80 %0 100 110 120 130 140
m/z
100 56 113
55 0
ES
80 NH
z
2 60 84
g
z € —Caprolactam
2
E
3
e
67
20 -
$4 % | 3 14
552 |559 65 | 270 73 82 96 98 112
P T L1, I . Al
50 60 70 80 %0 100 110 120 130 140

m/z

Fig. 4 Mass spectrums of peak 2 in Fig. 2 (top) and e-caprolactam (bottom).
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Fig. 6 Mass spectrums of peak 4 in Fig. 2 (top) and CS-12-1 (bottom) (CS-12-1: 2,2,4-trimethyl-1,3-pentanediol-3-
monoisobutyrate).
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Table 2 List of boiling point and vapor pressure of measured compounds [CS-12: 2,2 4-trimethyl-1,3-pentanediol-3-
monoisobutyrate (40%) and 2,2 4-trimethyl-1,3-pentanediol-1-monoisobutyrate (60%), CS-16: 2,2 4-trimethyl-1,3-pentanediol
diisobutyrate]. MHLW: Ministry of Health, Labour and Welfare (Japan).

Compounds Bmh(r:g )p omnt Reference Vap Or(II:S ssure Reference
Butyl carbitol 230 MHLW (2015) 3(200) MHLW (2015)
g-Caprolactam 267 MHLW (2018) 0.26 (257C) MHLW (2018)
Pinonaldehyde 237 (estimated value) Bonn et al. (2007) 5.1 (257C) (estimated value)  Hallquist et al. (1997)
CS-12 255 MHLW (2018) 1.3 (207) MHLW (2018)
CS-16 281.5 MHLW (2018) 1.1 (257C) MHLW (2018)

Table 3 Results of spike and recovery test of measured
compounds (CS-12-1: 2,2 4-trimethyl-1,3-pentanediol-3-
monoisobutyrate, CS-12-2: 2,2, 4-trimethyl-1,3-pentanediol-
1-monoisobutyrate, CS-16: 2,2.4-trimethyl-1,3-pentanediol
diisobutyrate).

Recovery=Standard
Compounds Deviation (n=7)
(%)
Butyl carbitol 104.4+3.3
g-Caprolactam 104.0+5.8
Pinonaldehyde 97.2+6.1
CS-12-1 106.7+4.2
CS-12-2 103.7+2.9
CS-16 96.6+5.6

3.2 REREER
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I AT VAL & KBRS % F50 CS-12-18 L U°CS-12-2. 7 b
VLT VT PN EEOE ) Y7 VFR R, TR
GEREDe-NTUT 7 ABLIONT—FIVHE L KEEIEZ FE
DT FNHNE F— & ZORmMEIIMAK~EOM &g S
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16 ng/m®. CS-12-272%43 ng/m® [CS-12 (CS-12-1 & CS-12-2
OREW) L LTORKREIZSTng m’], ¥/ v TLFe
F25140 ng/m®, e- 705 27 % 1753230 ng/m>. 7 F Vv
Y k=371 ng/m® TH - 7z, F 72, Sasaka et al. (2017)
TR ES)N IR KON T3 L W) R B O P B A 9 B B R IR O
MHE A BV TE ORI 2 R Tdh s
ATV hLBALERENS2-2AF VT bu—)v Ok
RHEFO) BIOE ) YT UFE Flilkta-¥ % ¥ 5 5L
R ENDcis-¥ ) Y (N EEFONIVRVEE), &5
WCLVRZVayy (A Lvol X ) igEomEVIRS O
PM,s il A A - MG L CTHBY . ZORKIREIZ2-2F
VT a—= VA2 ngm’s cis-¥J VA2l ng/m®, LAY
VAt UH2,600ng/m’ TH o7z (TXCTT I 705 D5A
BYH). 512, Kumagai et al. (2010) & 73 [ kk R
FOFECALE T 2 BB RN ORI I BV CE it A b s
WTHBETHANKUEE QM) BLXOLARI VIt o
PMys HIBEEAFRAEL TB Y. TORKIBEIZY 27 B2
749.5ng/m’, LARZ N aH IOV TIE436.0ng/m* Th -
7o L LT B SREUGHTRCRIUR N 255 70 2 720 — 41
BEABWA, I E THIFHNTHRED D 5 PM, s H D
HRILEWIC OV TR Z OB EH VI EERE L 25
DSR2 5 b, PM,s Ok FEREERE I 1d, KA
EEBIL SN b ODIE. 58050 - 5k TEKTH
BLRIER. BRUINRL TR L OB X R T AR, BEfERL T
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Fig.9 Seasonal changes in concentrations of organic compounds in PM,s (CS-12-1: 2,2,4-trimethyl-1,3-pentanediol-3-
monoisobutyrate, CS-12-2: 2,2 4-trimethyl-1,3-pentanediol-1-monoisobutyrate, CS-16: 2,2 4-trimethyl-1,3-pentanediol

diisobutyrate).

T OMIEB Y E OB EN D B & I N T 5% (Wilson
and Suh, 1997). bk PM,sH O H ALY O & iR IE
DORED S, HRILEW S T OBIEDEWIT ERE P TOR
TERCRE )R H BN, BEATAL T RO BEETE AR & Wil ik
HEAEZ HND,

3.4 PMyIcEEN2FRILEVORLER

Al A2 I LN CHREL & 72 PM, s Hi s & [ 58 L 72 6 1050
(TFNANVE =), ehTUuS7 %A ¥ U7 LFE
F, CS-12-1, CS-12-2B X U°CS-16) ®HH, ¥ ¥ T
T FIEAR T B0 2 g & 1L R o0 4 22 B TR R AR
- ERENTBY, e-h 7a 577 MMINETBTORAM
WA AR & 0 b 8HE UL EE A - 72 (Fig. 9)o F 72, i
DA (TF VANV b=, CS-12-1, CS-12-2B L O
CS-16) 13RI T O P i BEAS LG8 C O PI Hii
BEX D DBHFICH S KR & F 7 T2 Oz IC K

EREWIE LD o7z (Fig. 10)e RO L HITE ) YT IVTF
v FI3SEHPRBET2E ) TRV O—FETH D a-¥ 4
v OEALER Y T 5. Rasmussen (1972) 1364 A D
ENa-¥ A 2R L, FICHEM T E Ry EADbE
TIRROEZR S TH L LHELTBY. S HITHEREHRT
BARDIEDSEMLTSX10%tD D F VR VEFHE I T
WL ERED > TWD, bOENZBWT, 2o D
67% WA TH U KHERFIRIZ BT 2 HARFRIIRMELT D
30%LLETH D FREFTF, 2017)0 & SISHRMEIRD 70% LI
b (ERELO) 2EEMTHL LS BT, 2017).
a-¥A Y OFELRBUVERY TH LY ) YT VTE FOfFER
BLOGEARPIIMY 2 b D& 20 #lES, WERERZL
CIAHIFITE ) Y TAT e FOMIB SN ERE > TWd
LEzo6N5,

eh 7T 75 AIOVWTIEALERMTH L1252 hb
59, SIEEHRINZ 17 - 72 i 0 9 B ILHEE T ORI IR EE
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Fig. 10 Seasonal averages and standard deviation of concentrations of organic compounds in PM, 5 (CS-12-1: 2,2 4-trimethyl-
1,3-pentanediol-3-monoisobutyrate, CS-12-2: 2,2 4-trimethyl-1,3-pentanediol-1-monoisobutyrate, CS-16: 2,2,4-trimethyl-1,3-

pentanediol diisobutyrate).

HHAE I E o 72 (Figs. 9, 10)e UFWHZ LR X 912
PRTRZESE —HIEELFE=WHTH AL 2 &b, BELAD
[PRTRA ~ 7+ XA —¥ 3 VIES ] W® [PRTRF— % #1X I
FRY AT L] TPMys DRAB 2RI L 72 FETOMEK %
fTo7222 5 (BEEIA, 2018). KM% 0 2 F4%£20 km
DI YRGB 2 AE T 1 e DL IR D 305 i Mo S 3 e
ATE LD ol KBEKIEFig. 110 X ) IZFHREBOIER
OB 2WERTH Y. FBIEFEETRPRED
TEAE L 2 W 723 B 12 PRTR IR e A o PRI R s 5 &
FEZIT Ve LA LD S KRB S I28 15 kmIZ X E
246 5 HEATRAVIROWE NN - THEE S L. HEEEO
ARG S SN Oy RINFREEA RO AS
PRI % R TR F ThivTB Y L%illEH iy
JFIBRO KRN O KO F % Bt iz - T b
NELZ & o TR 2 & 7> T b (Fig. 11). HKME
B IZEGNNCR > TH A a VR ZEELTW D

FEIPBHRDOLNLZ LD, 29 LEFEN L RA
HICHRE S N ce-h 70 T 7 & ABFERROMIETO L H 5
KB TIH L. PMosiZ& TN B0 & LT s h
7o LHEME NS, Cheng et al. (2006) 134 F 5D 7 L —H—
MNTHRTFERNOZEM - > A VL B AR, FRARSE.,
HH il 377 5 & OBRMRAERR T RIS B W CTPMy s D e-7 71
Z7 7 L EHAELTBY) ., HRRIITE TR d BV IRED
51 (69.8 ng/m’), FREUEE 0 JELIA & A & %97 km B 72 ik
DOHEHERT O THAPETEINC B VTR E LTRSS hze-
ATOT T EANEERTHS EHWL TV 5, AT,
Cheng et al. (2006) & FARICHERILEW ZHAET 5 2 &I X
D PMys I EN LB OF A Z K & {HEETE SRR
PEATRIB SN2 —Bl LS 2 5o

eh7a 7y KAUSONTEEWARS (TFVAaNE
F =V, CS-12-1. CS-12-28 X O°CS-16) ZIHEFR LD B
HIH T oMM AR 2R < (Figs. 9, 10). SN
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Fig. 11 Around Inugoeji [This map is based on the Digital Map (Basic Geospatial Information) published by Geospatial

Information Authority of Japan].

AR5 DFERPEAHBTTERIZ DO ARLFAE L PEHEE O IR
X o TUHEH TIIBRIMBENKL b0 E2 b5, %
7zv Fig. 1O X ) ICEAH TR IS kmiEEh T w2 Kfl &
F oG CUFAR I FERERE - BRENTVWEIERD
(Figs. 9, 10). #liEN CILHPIC b7z THA%S S hTw
LI NG,

B, CS-12-1 £ CS-122DHEEWTH 5 CS-12 (% 7
FH =) E BMEICEERTVWE IS HAENIC
BWTYy 2y ZERER ERAAR 2SRRI TR
HHLFEWEE L CENBERMEIRESNTYDE 75V
BEA Q-ZF ATV )I) ORBWE E LT S &
NI D REFHEEE, 2019). /2. CS-16 (BI%: TXIB) i
CS-12X 0 b b 5 ASE V729 (Table 2). VOCx 3k & L T

CS-27 6 8L ICBEINTbDTH L RFEEA,
2019)0 HEE2WITIZOVTIE, HARENOHEEEEFEDE

MNZE5 A 5 i (CS-12: 1,900 pug/m?, CS-16: 531 ug/m?)
TR E N6l A S TH Y (Saito et al., 2011), L7z
A5 Ty CS-128 L UCS-16 12DV TIEHM 0 & DFiFIC
LB REGBEFH~OBATOMURH L DD LN SINL, &
DEIITRBEWE L LTHHIN TS HRILEWAPM, 5
PHRE - B ENTHNIAREINDOTOLOTH L, &
S512CS-12B L °CS-16122oW\WTIE ¥ v 7 N7 ZFEERED IS
AR T LV F— Wil e OSSO bz, &5

SN2 L OMEDLBELET S L2 5 (e.g., Sahlberg et
al., 2013; Choi et al., 2010; Villberg et al., 2008; Kim et al.,
2007). BAEGBEDO Y v 7Ny A (BNESTGR) MEIC
M3 2MEIEICBVT Y y 720y ZEBEBO RN L LT
FEWNRERSMEO R EVHET 2N T b (EAE A,
2019) . ZOHEEOENS LK P ORETREHMEO % E A
BRI SN T RBERILEW A PMs ICE T TwE T E
B E LD BFABERILEGWIT OV THREMED R E
SIND LI NEHER -2 ABAERILEM PR INS
WHEPEDSHE U 5728, PMys O A BAL G ORI R iR 1
PRI 528, HOLVIEINFETHEELBEIT T
LI EPTH, BEShL, L7zdS-> T, ) X7 &
B 5 S PM, s OF AL G DOFFRLNY 2 FEREFRA A O VB
P EEPIZIEFICENEE R BN,

4. ¥ & &

2016 4F I BV THZEIR N3 T T I LRI
72PMsid Bt & i et L. GC-MSH #5462 & T
NI TPMysIZEEND L DIMED R WERILED & B
[ L. EDOPMysHiEZ B S 202 L7ze SCANZHT O
B EES TSI EERNCHKR T 5 TRV OBLYITH
LY T VTe N EAEBIRER RS ORDYE — 7 H32
DHNT—FT, FHMTIIE , Y 7V Fe FIghx ‘élzd?
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